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AN EXAMINATION OF THE HONMA METHOD AND ITS APPLICABILITY IN DEVELOPING INDICES OF ABUNDANCE
FOR WESTERN ATLANTIC BLUEFIN TUNA

NMFS, Southeast Fisheries Center

SUMMARY

The Honma Method for estimating effective fishing Intensity amnd
indices of abundance has been widely used for stock assessment analyses
of tunas and billfishes. A detailed mathematical development of the Honma
equations and estimators is given, with particular emphasis on the as—
smmptions that are needed to employ the method. The Homma Method 1is
compared with the Robson Generalized Lipear Model approach for developing
indices of abundance. The Robson Method appears to be preferable on
theoretical grounds but the Honma Method has some practical advantages
when dealing with large, unbalanced data sets. Honma indices of abundance
are developed for western Atlantic bluefin tuna. The Honma large fish
index declined dramatically in the early 1960’s and fluctuated about a
stationary mean since that time. Similarly, the small fish index declined
sharply in the mid~1960's and then fluctuated without trend.
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La méthode de Robson semble préférable du point de vue théorique, mais
celle de Honma présente certains avantages pratiques au moment de traiter
des jeux de données volumineux et héterogénes. Les indices Honma d'abon-
dance sont &laborfs pour le thon rouge de l'Atlantique ouest. Le taux
Honma de grands poissons a décru de fagon remarquable au d&but des années
soixante, et fluctue depuis lors aux alentours d'une wmoyenne stationnai-
re. De méme, 1'indice de petits poissons a brusquement baissé au milieu

des années soixante, puis fluctud sans montrer de tendance.

RESUMEN

El método Honma para estimar la intensidad efectiva de pesca y los
Indices de abundancia, ha sido ampliamente aplicado a los anilisis de
evaluacidn de poblaciones de tfinidos y wmarlines. Se presenta en detalle
un desarrollo matemdtico de las ecuaciones de Honma y estimadores, po—
niendo especial Enfasis en los supuestos necesarios a la aplicacibn del
método. Se compara el método Homma con el enfoque del "Robson Generalized
Linear Model” destinado a desarrollar fndices de abundancia. En teorla,
el método Robson parece mis adecuado, si bien el método Honma presenta
ciertas ventajas prfcticas en el trato de conjuntos de datos amplios y
desequilibrados. Se desarrollan Indices Honma de abundancla para el atdn
rojo del Atlintico Oeste. El Indice Honma de peces grandes descendi®
visiblemente a principios de la d&cada de los 60, fluctuando desde enton-
ces en las proximidades de una media estacionaria. De forma similar, el
fndice de peces pequefios descendid bruscamente a mediados de los afios 60,

fluctuando posteriormente sin mostrar tendencia.
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INTRODUCTION

The Horma Method for estimating effective fishing intensity and indices
of abundance has been widely used for stock assessment analyses of tumas and
bilifishes, since the publication of Honma's (1974) paper. Similar methods
had also been employed prior to this time, mainly by Japanese scientists

working on tuna assessments in the Pacific Ocean.

The Homma (1974) paper was published in Japanese with a detailed BEnglish
sumpary attached. In the English summary, the development of the equations
and estimators, as well as the rationale for their use, is rather brief. In
particular, it is difficult to determine the kind and the scope of the

assumptions that are required to carry out the method.
The purpose of this paper is threefold:

(1) To provide a detailed development of the Homma equations and estimators,
with particular emphasis on the assumptions that are needed to employ
the method.

(2} To briefly compare the method, in general terms, with the Robson
Analysis of Variance Method (Kimura 1951; SEFC 1984) for developing

indices of abundance.

(3) To use the Homma Method for developing indices of abundance for western

Atlantic bluefin tuna.

BQUATIONS AND ASSUMPTIONS

If the fish are wniformly distributed over the entire stock area and the
stock area is constant throughout the year then following Gulland (1969), the
annual catch is given by:

C=qg N )
A

where C is the annual catch (number per yr)
g is the annual effort (hooks per yr)
N is the average stock size over the year (number)
A is the area inhabited by the stock (number of standard 5 degree
subareas)

q is the catchability coefficient [1/(hooks per area)j

Equation (1) requires the following assumptions:
(A1) The fish are uniformly distributed over the entire stock area.
(A2) The stock area is constant over the entire year.
Rearranging terms, the average stock size is given by

N=AC (2)
ag

Subdividing the entire range of the stock into 5 degree subareas, denoted by
the subscript i, we have
V= Z.:Ni = Z AiGy
i 1 TEEY
Then invoking the following assumptions:
(A3) Catchability has mo subarea or monthly component (i.e. catchability
is constant over all subareas and since no distinction is made as
to the month in which the catch is taken, q is also assumed to be

constant over months),
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Z Ay G (3}
i

The average density (J) of the fish over the year is then given by

<7 A G
2 .

T = 1 T )
q i

ﬂ- =
K
A
By definition, effective effort (X) is given by
o o
X = ~— = — (5)
i) qd
where U is ‘the effective catch-per-unit-effort and all other terms are

defined as before.

Substituting Equation (4) into Equation (§) and simplifying, we have

X = C

A Gy
S5

i

Then making the following assumption:
(A4) The entire stock area is fished during the course of a year, such
that 31 Aj = A
i

we have
X = G C X (6)
played
Then since C = Z(Ci/g:i) * gi we have
{
X = Ci/g; .8 M

Equation (7) can be rewritten as

X =37 r * g (8)
1

where ry = Ci /g 9

AiCi / Ay
raya

8i

and rj is the ratio of density in subarea i to an area-weighted average den-
sity (since q is constant). The form of Equation (8) implies that effective
effort is estimated by adjusting the nominal effort in subarea i (gi) by a

relative density term for the same subarea (ri).

Assumptions Al and A2 are quite restrictive, especially when dealing
with highly migratory species. When the fish are rot umniformly distributed
over the stock area (Al) or when the stock area is mot constant throughout
the year (A2), due to migration, the only problem arising from deviating from
these assumptions is that the sample average density (from Bquation 4) will
generally be greater than the true density since in general, fishing will he
done in the subareas (and months) which produce good catches. The resulting
estimate of CPUE (denominator of Equation 6) will still be a valid index of
density as long as the ratio of true density to sample density remains
constant from year to year. Assumptions Al and A2 may be replaced, there-

fore, by a less restrictive assumption:

(A5) The percentage bias in the sample density index (denominator of
Equation 6), due to the non-uniform distribution of the fish and
the changing stock area throughout the year, is constant from year

to year.
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Horma discusses the use of Equation (7) for estimating effective effort
for tunas in earlier papers by himself and other Japanese scientists.
Because of the restrictive assumptions needed to employ Equation (7) on the
Japanese longline data (i.e. Assumptions A3-AS), various ad hoc procedures,
whichAused subsets of the entire time series, were developed for stock
assessment analyses in the late 1960's. One method [Honma et al. (1971); in
Japanese, cited in Honma (1974)] used only data fram years when the fishery
covered the entire distributional range of the stock. This was done to
satisfy Assumption A4 but indirectly satisfies Assumption A5, as well,
because the Japanese effort distribution was consistent during the years when
the fishery spanned the entire Atlantic Ocean (mid 1960's). However, this
method did not allow for the estimation of stock size indices from the early
years of the fishery. Another method f{Suda and Kume (1967); in Japanese,
cited in Honma (1974} attempted to accomplish this by developing. geographi -
cal density indices from years when the fishery covered the range of the
stock and applying these indices to earlier years, when the fishery was
limited geographically. Horma (1974) further developed this method and
applied it ot only to the earlier years but also to the later years, when
the fishery was again more limited geographically. All of these procedures
assumed that catchability (separated from density and availability) was
constant (Assumption A3). If the type of fishing operation, the type of bait
used, etc., affect q, then nominal effort must be adjusted accordingly before
using these methods. The development of Homma's (1974) equations and the

implied assumptions are given below.

Horma (1974) generalized Bquation (8), which has no monthly indices, by

adding a term that allowed availability to vary monthly and by introducing

the concept of "standard years", over which indices of availability and den-
sity were estimated. (Homma actually used quarters of the year rather than
months, but most subsequent applications of his method (including his own)

have employed months rather than quarters). His generalized expression and

the central equation of his methed is
ko= a5 3 e a0

where Xjy 1is effective effort fished in the jth month of year k
aj is an index of availability during month j
rij is an index of density in subarea i during month j (similar to

Equation 9 but generalized)
gijk is the effort fished in subarea i juring month j of year k

In formulating his method around Equation (10), Homma accounts for the mi gra-

tory nature of tunas with the monthly avajlability term (aj). Any other

monthly effects on catchability and any subarea effects (on q) are assumed to
be constant, as per Assumption A3. This can be seen more clearly in the

following development of Honma's equations and estimators.

He develops an index of density (rij) analogously to the development of

ri in Equation (9), above

rij = Eij /Ej (11)

Tij = Nij /12 Nij az)
ij Aj
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where Eij is the average density in the ith § degree subarea during the

jth month

dj is the average density in month j throughout the stock area

Wij is the average stock size in subarea i during month j

Aj; 1is the area of the ith subarea occwied by the fish during the
jth month

Aj is the total area inhabited by the stock during month j

Substituting Bquation (2) into Equation (12),

L. A Gy >0 A G )
i @i e 17955 B
ij Aj

Since catchability is constant over all subareas within a month (Assumption

A3), we have 4j = qjj and

= s L 3T A Gy
A 5 a 1 T (14)
aj gij/ Ay

Then by definition Aj = BlAj
1

but in practice the Ajj will come from the fisheries data and it is, there-
fore, tacitly assumed that:
(A6)  The subareas fished within a month (during "standard years")

correspond exactly to the stock area for that month.

(A7) The fish are uniformly distributed throughout each subarea. This
avoids having to estimate the portion of each subarea that was
occupied by the fish (which cannot be done since the catch and
effort data are mt available with finer resolution than the 5

degreee; subarea),

- . L8| (15)
Y owy S TRy
1

When data are available for a subarea-month from several years, Homma

suggests estimating the subarea-month CPUE term (i.e., Cjj /gij) by

1i4 .. . 16)
Uij = 1 t_ . Ci % / Bijk (
1ij kK=

where k is the year index

1jj is the mumber of years area-month 1j was fished during the

“standard years"

Note that in the Honma notation, djj is used in place of the Ujj used above.
This departure from the Honma motation was taken to avoid confusion with the
average density term, djj, in Equation (11).

Substituting Equation (16) into Bquation (15), gives Homma's density index

s an
rij = o U1J
ST A Uss / SAY
i i
Next, the index of availability (aj) is developed
_ n
% = N /1 > N; (18)
n j=1
where n is the number of months fished during the standard years
Substituting Equation (3) into Equation (18) and assuming qj = qjj
(Assumption A3):
n
aj = 1 I3/ 1 o [ L TaU5 ) G9)
qj 1 n =1l g d
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Since catchability is constant over months, i.e., q = qj, we have Honma's

availability index:

n
ay = ZAj Ui /L 3D 20 Ay Ui (20)
i ’ n J=1 1

Neither rjj or aj have a year index, which implies that they do not
change from year to year. Honma suggests estimating these parameters from
the "standard years" and using them to estimate effective effort for all
years using Equation (10). He recommends that the "standard years'" be chosen
suwch that: (1) the fishery covered the entire distributional range of the
fish; and (2) the stock size was relatively stable during the period. The
first condition attempts to satisfy Assumptions A4-A6, while the second con-

dition is needed to estimate the year invariant parameters (rij and ajy,

After estimating effective effort (Xjk) using Equation (10), ammual

fishing intensity (fy) can be estimated from
n n
R L T @)

where as above, Aj is the area inhabited by the stock in the jth month. In
practice, this is estimated by summing the area of the 5 degree subareas that
were fished in month j and that met the following two conditions: (1) the
subarea was within a predefined stock area, usually defined by the species’

range; and (2) that the Ujj from Equation (16) be greater than zero.

Then from Equation (1), we have

C/fx = a* Ny

and thus
Cy/fx Q( ﬁk
Thus Cy/fy is suggested as a stock size index over time.
COMPARISON WITH THE ROBSON METHOD

The Robson Method for developing indices of abundance is an extension of
Robson's (1966) analysis of variance (ANOVA) procedure for estimating fishing
power. The theory and application of the method are provided by Kimura
(1981), SEEC (1984), and others. The procedure allows any effect or interac-
tion between effects, that is thought to influence catchability, to be incar-
porated into an ANOVA model. If all relevant effects are incorporated into

the model, then the year effect can be used as an index of abundance.

Henma discusses his method in the context of an ANOVA model and indica-
tes that the development of his equations assumes a monthly effect (actually,
quarterly) and a month-subarea interactjon (presumably, a subarea effect as
well). He performs a series of ANOVA analyses, using an additive model
rather than Robson's multiplicative model, on yellowfin tuna data to ascer-
tain whether or not his model is appropriate for the yellowfin data. He
finds the month, subarea, and month-subarea interaction terms to be highly
significant. He argues that the ANOVA results establish the validity of his

method, at least with respect to the yellowfin tuna data.
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The primary difference between the two models concerns the handling of
catchability. The Honmma method separates catchability from density and
availability and assumes that catchability is constant over time and space
(or if mot constant, then that it has been standardized prior to applying the
method). The Robson method makes mo such explicit sepération but models CPUE
as the response variable in a multiplicative model involving any mmber of
main effects and interactions, e.g., month, subarea, month X subarea, bait,
vessel size, type of operation, etc. No assumption of constant catchability

is made.

Application of the Horma method is generally more subjective than a
similar application of the Robson method. This is especially true with
respect to the choice of the "standard years" in the Honma method. No analo-
gous decision needs to be made with the Robson method because all years are
used in the estimation and a year term is generally included to account for
stock size changes over time, Furthermore, because the Robson method is
based on a formal statistical procedure (i.e. ANOVA), significance testing
and confidence interval estimation are easily done. Neither of these proce-

dures are possible when using the Honma method.

The Horma method is particularly vulnerable to the assumption that the
stock distributional pattern, in space and time, is constant from year to
year. If this assumption is violated then indices estimated from the
"standard years” will not be valid for other years. The Robson method is
also dependent on this assumption but the inclusion of interaction terms
(e.g., year-month, year-subarea, or year-month-subarea) can greatly alleviate

the problem,

If catchability effects (bait, vessel type, etc.) are thought to be
important, then the Robson method is preferable. It should account for more
of the variability in CPUE and should provide less biased indices of abun-
darce, However, if catchability is constant then the two methods should pro-

duce similar indices of abundance.
INDICES OF ABUNDANCE FOR BLUFFIN TUNA

The Honma Method was used to develop indices of abundance for western
Atlantic bluefin tuna. Separate indices were generated for large and small
fish. The western Atlantic stock area boundaries and the large (age 10 and
older) and small (ages 1-5) fish areas (Figure 1), developed by Parrack
(pers. com.), were used in the analysis. Japanese longline catch and effort
data were taken from Shichama et al. (1965) for the years [1957-61, from the
annual reports of the Fisheries Agency of Japan (1964-82) for 1962-80, and
from the ICCAT Secretariat for 1981-82.

The most subjective aspect of the Homma Method is the choice of the
"standard years' period. A period . -ing which the fishexly covered a large
percentage of the stock area is generally selected. Figure 2 shows the
Japanese fleet's percent coverage of the western Atlantic bluefin stock area
by month and by year. The period 1965-75 has been frequently used by
Japanese scientists when using the Homma Method for twna and billfish indices
in the Atlantic Ocean. This period also provides good coverage of the
bluefin stock area (Figure 2) but its use caused the large fish index of
abundance to become unstable, particularly in 1980 when the Japanese fleet

made large catches in subareas of the Gulf of Mexico for which mo density
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index (rij) could be estimated using the 1965-75 standard year period., It
was, therefore, necessary to expand the standard year period to 1965-80 in
order to provide estimates of rij for all of the subareas fished after 1975.
The resulting fleet coverage of the stock area by month during the 1965-80
standard year period is displayed in Figure 3. The resulting Honma index of
abundance, Cy/fy, is displayed in Figure 4 for large fish and in Figure 5 for
small fish. The large fish index declined rapidly from 1962 to 1966 and then
fluctuated about a statiomary mean. The small fish index declined through
1968 and then fluctuated but with greater variaﬁility than the large fish
index. The increasing trend from 1975 to 1977 may be tracking the strong
1973 year class since bluefin begin recruiting to the Japanese fishery at age

2 and are fully recruited at age 4 (Suzuki 1983).

The ratio of effective effort (Xy) to nominal effort (gx) by year is
shown in Figure 6 for large fish and in Figure 7 for small fish. This ratio
is useful for identifying years when the fishery targeted bluefin tuna. The
general pattern depicted in the figures corresponds well to the general
descriptions of Japanese fleet operations (e.g., Shingu et al. 1980).
Normalized indices of availability (a3) and stock area (Aj) by month are
given for large fish (Figure 8) and small fish (Figure 9). For large fish,
aj and Aj are highly carrelated (r = 0.90). From Equation 20, this would
indicate that the Uj j are nearly constant within a month and that little
month-subarea interaction is apparent for large fish. However, for small
fish aj and A; are mot well correlated (r = 0.419) and month-subarea interac-

tion appears to be important.

The Honma indices of abundance are compared to stock size trends from
virtual population analysis (Powers et al. 1983) for large fish (Figure 10)
and for small fish (Figure 11). For large fish, ages 10-30 were taken from
Powers et al. and both indices were normalized to their 1965 values. The
VPA trend is rather flat with a slight increase in the early 1970'51 and a
slight, but steady, decline thereafter. The Honma index declines from 1966
through 1970 but then increases to about the same level as the VPA index by
the late 1970's. Large differences occur prior to 1964, with the Homma index
showing much larger stock sizes. It should be moted, however, that the
Powers et al. VPA used a different western Atlantic stock area and that this
stock a;;a excluded some large catches off Brazil prior to 1964 that were

incorporated into the Hormma index.

For small fish, age 1-4 stock sizes were taken from Powers et al. and
both indices were normalized to their 1964 values (Figure 11). The Horma
index declines more rapidly than the VPA index but they converge to approxi-

mately the same level in 1977 and remain well correlated through 1982.
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Figure 2. Isopleths showing the percent of the western Atlantic bluefin tuma atock area {See
Figure 1) that was fished by the Japanese longline fleet by month and year, 1957-82.
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Number of years fished during May.



.
t . '
1 .. . 119- secrsonss e srreecs b
t . . 1 1 s oo nees ]
S0.00¢+ . + + * ees ¢ LR + . ? secesees i 3 t
: seeres 1. 2 2 4,2 t
3 esecorane . e Se ves seane 1
- t «s 3 6 . & D £ .9 1 1 3 s 2 LI P | T o t
40.009+ . + see ¥ . * . * + . .. s A4
3 5 6 6,3 ¢ 7T .04 I 4 8 B 3 8 49 .2, b,..b000Be..3 P
t *eseessratescessonrasansane Teenssasae . 3
t saeb 4 2.2 2 i o 1 1 3 5 7 7 7.8 seasa ...:.l
0,00+ o, * v . . + . Y s e oane + 4 saas o!
o9 & 2 4 31 4 3.2 1 1 2 s 5, 2 '
[
. [T Y T B T s 5 1 3.z 2 v o3 2 :
P0.009% .04 wesen . sasn + . . + + 4+ . . * . » 1
1..3 .6 . 2 2 Wduedb. 7 2 5 6.5 2 3 5. .9 8, 1
! senececssssese . tesessssasnse .. s i
- ? 1 va ob 4 lee 2 3. .58 8 a8 8 £.£ o 8, t
10,004« ¢ essvsisases Peeusaaet + . PP . ses ¢ . + - 1
1 5. 1. a2 7T 5 9 9 A 8.7 3 1 1
3 . sssass . esscssesssencseas 1
1 . se 3 4 32 1. : 1. :
0.000+ vee e . . PO . * . * . . ses . ]
1 . “ee 2 . 1 1 2 1 2es 1 :
: . sees . .e H
- b . .
~10.00e+ + taa . . + * ea . . ! . * . ! 3 » 4 8 . f . :
1 . 1 . 1 1 4 7T ¢ 9, t
] “es » . . . i
. 4 .. . . 3 1 k] .} 7 H
=20.00%e - . . + fo. ssersresrasean * . * ¢, . 1
s eels A o, 1
: L . . 1
=30.00¢» 3 ’ « * * ..: 2 . + . 2 - ! z . ? A . ¢ '_3 . :
' . . 5 6 5 3 2 11 1 2 1 3 & '
! “ soiee * sranel
. ' . « 8 & 3 1 1 1 1 & z2 2 ¢ 1
=~40.00%+ ¢ . « ¢ csssses . . + . . . » . ]
: . .o 2 3 1 1 2 4 B 9 L] 5 e 8 i
.. aen 1
! . ee 1 1, 1
“50.004 * + . dea . * . * * . +* * + 1
H e ea s H
1 sseesase .o t
t . t
~60,00e0 * . + + . - + . . N N N . N
' - s H
: “ seen :
: .. . :
=100.00 ~-87.%50 -75.00 =62.50 -58.00 =37.50 ~25.00 =12.50 0.00 12.%0 2%.00
Figure 3 (con't). Number of years fished during June.
» *
1 . 1
! . . 1
! . . '
0,004+ S + + * ees * P . 1
H "lasat 3.2 1 1
1 seacenssan . . “e ssa sanes ]
H 2.4 A A .9 F F .5 L} 4 2 2 1 eslesed 3 e3e e220s as 1
AB.00s . + eea ® . LI D . e s% asses seseel
H 2.. B c 84 + 3 3 3. 3 5 2 2 5 .2 ..8. sas ¢
H ssseszresssssasassscansnanse sseesenns » net
1 veed 2 3. 2 1 . 1 4 3 2 . sessa sess i
A0+004¢  sieavenccses ¢ . + . . . + « & ecas . . ates ot
18 a lee 6 + & 2 4 3 1 1.1 1 2 1 2 1. L]
T . . . .o 3
t 8 c 4 +3.aa3 9 & 6 4 & 3.1 2 2 2 2a L]
704009¢ toe wasen + ese see + LR * .. . . . . t
1ea¥ .9 2 5 6 +3..4?7s 5 & [ 5.6 5 4 LT } 3. !
! steeescsscsana - ssessacnrsane . . s L]
~ % 1 ve o2 [} Sea 5 Sa «5 6 L] 9 o E.F 8 6o 1
10.00e+ * ssensssrves Peeesseant 4 . seses ese * + . . ]
H 3. 5. 5 9 8 7 B 8 .5 4 . 1
H N ereees . tsssssscscenssanes ]
t . e 2 3 1 1 1. 1 1 i 1 1 1. i
0.008+ ese e + hd cess * + . . * e + !
1 s ase o 1 1 1 1 2 2.. } 3
H . sase . .. :
. : . . .11 . 1 3 & A 7 1
=10.00++ . ten . L] * + e . - . . ., . H
t . . . 1 6 c [+ Ao t
1 cee . . . . 3
: 1 .e . 1. 1 A ¢ 8 1
=50.00%4 . . . . . fresteteananes 4 . . ‘. . 1
1 . 1l avee 2 5 8 9 . 1
H .e .. . . H
H . 2 3 1 k] 4 8 4 3
=30.004+ * + . * + "o +* + + + + +* es * b
H . . 3 4 1 1 i i I 5 4 5 i
H . sses : ¢ sansel
; : . . 5 & 2z 1 1 2 8 1 3 2 0 '
-40,004+ . . . cesancae + + + + . * . + t
1 . se 1 3 2 1 1 1 1 2 6 9 A 9 & A A ]
1 .e Xy $
. 1 - ao 1 i 2 H
~50.000 * . . tea + . + 3 + . + » . t
1 . .s . 3
H asessasns .o 1
1 . L
~40.00% .+ 3 * + + - + + * + . . * H
H .. 1
1 * sees 3
3 . . :
Y *
~100.00 -87.50 . ~75.00 -62.50 =%50.00 -37.50 -25.00 -12.50 0.00 12.50 2%.0

Figure 3 (con't).
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Figure 3 (con't). Number of years fished during Octocber.
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Figure 3 (con't). Number of years

fished during November.
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The "standard years' period employed was 1965-80.
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Figure 3 (con't). Number of years fished during December.
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Figure 4. Honma index o
g f abundance for western Atlantic bluefin tuna, large fish, 1957-82.
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Figure 5, Honma index of abundance for western Atlantic bluefin tuna, small fish, 1963-82, The

“"grandard years" period was 1965-80. No bluefin were caught in the small fish area
(Fig. 1) in 1962, 1967, or 1969.
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Figure 6. Ratio.of effective effort to nominal effort for western Atlantic
bluefin tuna, large fish, 1957-82.
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Figure 7. Ratio of effective effort to nominal effort for western Atlantic
bluefin tuna, small fish, 1962-82.
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Figure 8. Availability index (A) and bluefin stock area {B) by month, Both
indices were normalized to their respective April values. Large fish.
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Figure 9.
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Comparison of Honma index of abundance (A) and VPA stock size
*ragd {BY. larage fish. Both standardlzed to 19
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Figure 11. Comparison of Homnma index of abundance (A) and VPA stock size
trend (C), small fish. Both indices are standardized to their
1964 values,



