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SUMMARY :
. RESUMEN

Utilizando los datos més recientes, este andlisis actuali-

This analysis updates the results obtained in 1978
za los resultados obtenidos en 1979 (SCRS/79/86). Se estiman

(SCRS/79/86). The most recent data available are used.
1o0s intervalos de confianza en las relaciones reproductor-reclu-

Confidence intervals are estimated for Ricker spawner-recruit
+ta ajustadas a los datos de la pesqueria de atlin blanco del

relationships fit to data for the North Atlantic albacore

Atlintico Norte. En cada uno de los' casos estudiados se estima

fishery. For each case examined, the probability of very low
la posibilidad de que se den niveles de reclutamiento muy. bajos.

recruitment levels is estimated.

RESUME

La présente analyse met & jour les(résultats obtenus en 1979
(SCR3/78/86), & partir des données les plus récentes dont 1'on
dispese. L'intervalle de confiance est estimé pour les rapports
géniteur/recrue de Ricker ajustds 3 des données sur la pécherie de
germon de 1'Atlantique nord. On estime pour chaque cas le degré

de probabilité d'un niveau tré&s faible du recrutement.



AN UPDATED STOCHASTIC SPANNER/RECRUIT
RELATIONSHIP FOR NORTH ATLANTIC ALBACORE

INTRODUCTION

North Atlantic albacore spawner/recruit (SR} relations have been
carefully examined in recent years (Bard, 1977, 1978; Bard and Gonzalez-
Garces, 1979; Bartoo, 1979, 1980). General conclusions indicate that parent
stock indices (P) are much lower (about 1/5 or less) than the pre-1957 values

and that recruitment index (R) values show an apparent declining trend with
increasing variation.

In 1979 analyses were presented (Bartoo, 1980) which stochastically
treated the data and estimated confidence bands around maximum Iikeiihosa SR

relations, based on the Ricker {1975) SR model. The current analysis updates
the previous resutts using the most accurate data currently available.

DATA, TREATMENT AND ANALYSIS

Based on results and conclusions in Bartoo (1980), the spawner or parent
stock size indicator used here is the CPUE of longline from North Atlantic
adult albacore as estimated by Shiohama (1980; Table 1). No smoathing or
treatment of this data set was done.

The index of recruitment used is the CPUE of “Bonites” or age 2 fish
(Bard, 1974) captured by the French-Spanish troll fishery {Table 1). This
CPUE was calculated from catch in numbers and effort in fishing days as

reported by Bard and Gonzales-Garces (1980). MNo smoothing or treatment of
this data was done.

The estimation of a maximum Tikelihood Ricker SR relation and confidence

intervals about the SR relation was done using a Monte-Carlo or simulation
analysis as described in Bartoo (1980).

The simulation analysis involved generating a series of “new" or
simulated sets of R values corresponding to the observed P values. The new R
values were generated as random deviates distributed normally with mean u and

B

variance 2. To each new set of data points (each point an observed P value
and a new R value), a single Ricker SR curve was fit. This procedure was
repeated 1000 times for each of two different hypotheses on the values of u
and o%. At the end of each 1000 repetitions, distributions of expected R
values from the fitted SR curves for each P were generated. These empirical
distributions can be interpreted as probability distributions and hence the
Joci of the probability distributions as confidence bands on the Yocation of
the mean expected SR curve.

The simulation analysis requires that the u and o 2 of R, which vary with
P, be defined in order to generate the new data sets. To closely approximate
the actual u and o2 of observed R values, the data were segmented into groups
for which u and o appeared similar. For instance in Figure 1, one group of
data might be interpreted as the points at Tow P values, say 0.7 to 1.6, which
appear more variable than points at higher P values. For two cases, different
data groupings (Figure 1), the following means and standard deviations were

estimated:
R Distributed With
Spawning Years Grouped u o
Case 1: 1964-1976 11.89 7.80
1958-1963 11.51 3.44
1957 5.66 1.521
Case 2: 1971-1975 6.88 3.84
1961-1970, and 1976 14.42 7.02
1958-1960 ©10.21 4.12
1957 5.66 1.521

For each case new R values were generated with u's and o's as noted above.

1.5 associated with the 1957 R value-is estimated using the relative
values of R for 1954, 1955, 1956, and 1957 from Figure 2, Bard and
Gonzales-Garces (1980).



RESULTS

The results of, the simulation analysis for Case 1 are shown in Figure 2.
The haximum likelihood SR relation shows a maximum mean expected recruitment
index value of 9.0 at a parent stock index level of about 2.9. This indicates
that the 1977 parent stock index level of 0.71 is about 1/4 the size needed to
produce maximum .recruitment and is about 1/7 the size of the parent stock
index level (4.78) observed in 1957. Figure 2 shows the-90%, 80% and 60%
confidence bands about the mean expected SR relatfon. Note that the
confidence bands are skewed upward with tighter bands shown below the SR
relation than above.

The probability that the recruitment will drop below some threshold
value, for a given parent stock index level, given the relations shown in
Figure 1, is shown in Figure 3. Given a P index of 0.71 (1977 value) there is
about a 21% chance that the measured recruitment will drop below 2.6,
approximately the lowest value observed (1974).

The simulation results of Case 2 are shown in Figure 4. This grouping of
the data produces a mean expected SR relation which peaks at a tower P index
level than the relation shown in Case 1, 1.9 versus 2.9 but declines more
rapidly from a peak R value of 10.5 as opposed to the value of 9.0 in Case 1.
The 90%, 80% and 60% confidence bands are shown in Figure 4. These bands
conform relatively well to the mean SR relation. Under this case the parent
stock index reduction from the 1957 level, is the same as Case 1, although the
parent stock levels needed for the peak R level is somewhat less.

The probability that the recruitment will drop below some threshold
value, given a parent stock index Tevel and given the relations shown in
Figure 4 is presented in Figure 5. Under Case 2 the probability that the
observed R index will be lower than 2.6 given a P index value of 0.71 is about
7%. This analysis assumes that the P index chosen reflects the parent stock
density.

DISCUSSION

The addition and revision of data has changed the quantitative results
presented last year (Bartoo, 1980) however the qualitative conclusions remain
the same. Assuming that the parent stock index accurately reflects the '
spawning stock size, at the current parent stock index level there is a real
probability between 8% and 21% that an observed recruitment index value will
be Tower than the lowest value recorded in the fishery to date. The most
recent value for the recruitment index (Table 1) has the effect of slightly
widening the confidence intervals at lower P values, although the mean SR
relation is not shifted noticeably by the point.

These results appear consistent with those of previous analysis.



Table 1. Parent stock indices (1) and recruitment indices (2).

(1) (2)
Adult Age 2
LITERATURE CITED Catch Year CPUE CPUE
Bard, F. X. 1974, Etude sur le germon (Thunnus alalunga, Bonnaterre, iggg g'gg %;';g
1788) de 1'Atlantique nord. Elements™de dynamique de population. 1959 2'21 5'66
ICCAT Col. Vol. Sci. Papers, vol. Il (SCRS-1973): 198-224. 1960 2.37 598

. da
. 1977. Commentaires sur T1'etat du stock de germon (Thunnus igg% i'gz ) 1g'gg
alalunga) Nord Atlantique. ICCAT Col. Vol. Sci. Papers, Vol VI 1963 1'74 ‘5.98
[STRS-1976): 215-232. 1908 1.38 11.50
. 1978. Commentaires sur 1'etat du stock de germon Nord- %366 %'ié . 12'?2
AtTantique. ICCAT Col. Vol. Sci. Papers, vol. VII (SCRS-1977): 1967 1:37 12'91
- 246-257. 1968 1.52 11.53

. 1969 . 3
Bard, F. X. and A. Gonzalez-Garces. 1979. Commentaires sur 1'etat du 1970 ,i_%i 1;'52
stock de germon (Thunnus alalunga) Nord Atlantique en 1978. 1971 0.93 15'53
ICCAT Col. Vol. SCi."Pdpers, val. VIII {SCRS-1978): 272-280. 1972 0.90 18.0F
1973 . .35
. 1980. Etat du stock de germon (Thunnus alalunga) Nord 1974 i_gé g 2t
KtTantique en 1979. ICCAT Col. Vol. Sci. Papers, vel IX (SCRS- 1875 0.80 7:7?
1979): 379-390. S 1976 . 1.40 . 10.97
] . 1977 Q.71 9.95
Bartoo, N. W. 1979. The status of the North Atlanti¢ albacore 1978 ) 30.64

{Thunnus alalunga) stock. ICCAT Col. Vol. Sci. Papers, vol
VITT (3CRS=T978): 290-303. .

1980. Further analysis on spawner/recruit relationships

for North Atlantic albacore. ICCAT Col. Vol. Sci. Papers,
vol. IX (SCRS-1979): 391-405, -

Ricker, W. E. 1975, Computation and interpretation of biological
statisties of fish populations. Fish. Res. Board Can., Bull.
191, 382p.

Shiohama, T. 1980, Estimation of overall fishing intensity of Atlantic
tongline atbacore, 1956-1977. ICCAT Col. Yol. Sci. Papers, vol.
IX {SCRS-1979): 376-378.
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Figure 1. Paired recruitment (R) index and parent stock (P) index

data by spawning year for North Atlantic albacore showing

grouping of data used in cases 1 and 2 (see text).
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Figure 2. Mean expected :spawner-recruit (SR) relationship of case 1 and

60%, 80%, and 90% confidence intervals (CI) on the SR relation-
ship. P index is the parent stock index; R index is the

recruitment index.



Figure 3.
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Probability that the observed recruitment index value, R, will

be smaller than or equal to some recruitment index value, R',

at any given parent stock index level, P, given case 1 simulation

confidence bands (Figure 2; see text).

209

@

Figure 4.
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Mean expected spawner-recruit (SR°velationship of case 2 and
60%, 80%, and 90% confidence intervals (CI) on the SR relationship.

P index is the parent stock index; R index is the recruitment index.
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Figure 5. Probability that the observed recruitment index value, R, will
be smaller than or equal to some recruitment index vatue, R',
at any given parent stock index level, P, given case 2 simulation

confidence bands (Figure 4; see text).



