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Introduction

Tuned virtual population analysis (VPA) is a tool commonly used
in ICCAT assessments, and elsewhere, to determine the status of
stacks. VPA results are also used to project the expected
consequences of alternative regulatory measures. Because the
values of stock sizes and fishing mortality rates cbtained from
VPAs are estimates whose quality largely depend on the gquality of
the input data, it is useful to obtain measures of their
variability or precision.

In the ADAPtive framework currently adopted by ICCAT working
groups in the assessments of bluefin tuna and swordfish (Parrack
1986, Gavaris 1988, Conser and Powers 1890, Powers and Restrepo
SCRS/91/40) there are two genaral methods in use for estimating
the variability in the estimates.  The first is to use the
inverse of the information matrix evaluated at the estimates,
which yields an approximation of the variance-covariance matrix
of the parameters directly estimated in the Marquardt search.

The delta method (Taylor series) can then be used to approximate
the variance of variables not directly estimated as parameters in
the jterative algorithm, assuming that the distributions of error
are well-behaved about the solution. The variances obtained with
this method assume that all inputs except the indices of
abundance are accurately known and roughly measure how well the
indices match the stock sizes predicted by the VPA equations.

The second alternative is Monte Carlo simulation in which the VPA
is run repeatedly with all inputs drawn randomly from specified
probability distributions (Restrepo et al. 1991). After a large
nunber of runs (generally > 500) are made, the probability
distributions of the parameters and derived statistics are simply
taken from the frequency distributions of the Monte Carlo
results.

The Monte Carlo approach is clearly less restrictive than the
first method above, in terms of the assumptions that must be
made. That is, no inputs or model constraints need to be fixed,
nor do their distributions have to be normal. But this
flexibility comes at tha expense of the assessment scientists’
need to come to terms with defining the assumptions to be madas
regarding the inputs. For every input (M, catch at age, indices,
etc.) a type of probability density function (e.g., normal,
lognormal, uniform, etc.) and some measure of variability must be
agreed upon. In addition, the Monte Carlo method facilitates the
inclusion of some forms of model uncertainty, usually in the form
of flexible constraints, which the scientists also have to
consider.

In this paper we briefly examine the sensiéivity of variance
estimates from bluefin tuna VPAs obtained via Monte Carlo
simulation to the variance of the inputs.
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Hethods

The data and model we used largely correspond to those of the
1990 SCRS western Atlantic bluefin tuna assessment, with some
differences discussed below. We emphasize that some of the
choicas made are our own and do not necessarily coincide with
those that would have been made by the Working Group in 19%0.
However, we believe that these choices are realistic and in most
cases encompass the decisions made in 1990.

The gensral approach followed was to make a base simulation (1000
YPAs) with uncertainties in all inputs as described below.
subsequent simulations were then made by eliminating the
uncertainty in one of the inputs at a time. Because rmany of the
VPA results are usually highly correlated depending on a given
set of inputs, we felt that this approach would provide greater
insight into the sources of uncertainty about the estimates than
examining the results when only the uncertainty in one input is
included at a time.

_For the VPA results, we focused on the approximate 95% confidence

limits of estimated stock sizes of small (ages 1-5), medium (6-7)
and large fish (8+). The limits were defined by the 2.5th and
97.5th percentiles of the corresponding relative frequency
distributions of Monte Carlo estimates. We also exazmined the 95%
confidence limits of stock sizes relative to 1970 (the first year
of data). These relative stock sizes are computed within
iterations in the simulation {Restrepo et al. 1991) and tend to
have greater precision than the absolute estimates. For the
projections we focused only on absolute stock sizes and stock
sizes relative to 1989 (the *terminal® year) for medium and large
fish.

Description of VPA and Projections

The estimation framework followed that described in the 1990-91
ICCAT Report for Western Atlamtic bluefin tuna (data from 1970 to
1989, ages 1 to 10+, and 6 indices of abundance). However, we
estimated fewer parameters directly in the Marquardt ssarch. For
the indices we used iterative reweighted least squarses (Power

and Restrepo SCRS/91/40), with the catchabilities baing
indirectly estimated after reweights. The stock slzes for ages
3, 7 and 8 at the beginning of 1990 (and thus the Fs for ages 2,
¢ and 7 in 1989) were estimated directly as parameters. F values
for the remaining ages in 198% were estimatad from their
selectivities as predicted from separable VPA (SVPA, Pope and
Shepherd 1982), relative to the salectivity of reference ages:
Ages 1 and 3 referanced to age 2, ages 4 and 5 referenced to age
6, and ages 8 to 10+ referenced to age 7. Tha SVPAs were run
with data for the range of agass and years as in the 1990
assessnent.



Four~year projections (1990 to 1993) were made assuming that a
total of 2,660 MT (the scientific quota) would be caught each
year. For each simulation iteration it was assumed that the
catch of each of five age groups (1 to 3; 4; 5; 6 to 7; and 8+)
would be proportionately equal to that caught in 1989 (normalized
to sum-to 2,660 MI'). In order to avoid making assumptions about
future recrultment lavels, results were only analyzed for
projections of year classes estimated by, he VPA up to 1990.
Thus, projected abundances are only pres ited’ for medium fish
(ages 6~7) to 1992 and large fish (ages 8+) td 1994.

Description of Input Uncertainties

Catch.at-age The bluefin catch-at-size data is assigned ages via
cohort- slicing with . a von Bertalanffy growth aquation estimated
from tagging data. We generated uncertainty’'in the input catch-
at-age matrix by bootstrapping the age slicihg procedure 1000
times. ; Each bootstrap. consisted of re-estimating the three von
Bertalanffy owth. parameters by resampling the taqging data with
replacement ee,Turner et al. 1991) and then ageing the catch at
i €hly length-at-age limits have been fixed during

i EY nents (on the basis of modal analysis) and wé kept
the same. constraints. In addition to uncertalnty in growth, we
also included moderate amounts of variability in the fishery-
specific catches at size for 3 time periods (Table 1).

Indices All CPUE indices were assumed to be lognormally
distributed with expectad values as in the 1690 assessmant. For
indices .derived from generalized linear models (GLMs), standard
errors were taken from the GLM estimates for the year parameters.
The reference year was assumed to have . a coefficient of variation
(CV) equal to the. adjacent year. The Canadian inshore fishery
index (not obtained from GLMs)fwaq;assumed to have a CV of 35%
every year. N -

M. Annual natural mortality rate was assumed to be uniformly
distributed between.0.1 and 0.18. Both extremes have been used
in prevxcus western or eastern Atlantic bluefin assessments.

wg;gn; g; agg Nn uncertainty in weight at age was used for the
VPA tuning (only one index is in biomass units). For the
projections, weights at age were taken from normal distributions
with mean and warlance computed from the 1970-1989 data. These
were kept; constant within iterations.

&gggl,gngg;;glngx Model uncertainty was introduced in two places
during the -VPA estimations. First, in the SVPAs used to
detaermine the selectivity pattern for 1989, the selectivity of
age 13 fish was chosen randomly from the range (1.0, 3.0). A
value of 2.0 was used in the 1990 assessment, with age 5 being
the reference age. Note that the actual VPA computations use 10+
as the last age. The second form of model uncertainty was in the
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marameter "hlpha" (Restrepo and Powers 1991; Hiramatsu
5CRS/91/35) also known as the "F ratic" (Powers and Restrepo
SCRS/91/40). Alpha is the ratio of the fishing mortality of age
10+ fish to that of age 9 fish which we did not attempt to
estimate directly and assumed was constant throughout the time
series., We chose a triangular distribution from 0.5 to 1.5 with
3 mode of 1.0 (the value used in the 1990 assesament) The
whoice of a triangular places greater confidence in the modal.
walue than in the extremes.

" Resulte and Discussion

Results from the bootstrap experiment of a@eihq the catches are
given in Table 2. The mean bootstrap values (Table 2a) were very
similar to the results obtained with the point estimates for the
growth parameters, with our mean results ranging between ~7% and
32% of the catch at age values used in the 1930 assessment (Table
2¢). Coefficients of variation generally were high for the 14+
age group (CV= 11% to 46%) and decreased with time (Table 2b).

FPigure 1 shows the median and 95% limits of stock size estimates
for small, wedium and large Tish (ages 1-5, 6~7, 8+) on the left

column, and the same stat;stlcs for the stock sizes relative to

1970 in the right column. It is evident, especially for the 8+
age group, that stock size estimates are skewed and dencte a
large degree of error propagation back in time. Hiramatsu
ISCRS/91/35) showed that systematic ageing biases in the plus
group can propagate back in time in an exponential fashion. The
pattern in Figure 1 may partly incorporate this effect. Note,
however, that the effect is not the same 1n the distribution of
relative statistics (Figure 1).

The etffects of ellmlnatxng the uncertalnty in one of the inputs
%t a time are shown in Figure 2. We have omitted the regults for
the sensitivity to the SVPA salectxvity constraint beéciuse e
found its effect toc be minuscule compared to the others. Figure
¥ shows the percent changes in the %5% confidence limits of stock
size (open circlas) and relative stock size (solid squares)
estimates that were observed by ellmlnatxng the uncertainty in

‘ene input. Thus, if M is fixed, the 95% confidence rahge for

small fish in 1970 (upper left panel in Figure 2) will be about
J6% narrower than that depicted in Figurae 1.

Several interesting results, described below, are evident from
Figure 2. We note that these cannot necessarily be generalized
because the choice of input distributions may affect the results
in various ways.

1) In general; the individual contribution of each input’s
variance to the variance of absolute stock size estimates
was greater than it was to the variance of the relative



skock size estimates. The exception to this was. the
influence of catch at age variability on the estimates for
small and medium fish.

2] As expected, the influence of the variability in the
indices diminishes back in. time. There are no index values
used for tuning the VPA prior to 1976.

3] Uncertainty in natural mortality was very influential on
the range of stock size estimates for all ages.

4] Variability in alpha was very influential for large fish
and less so for younger age groups, as expected.

Projection results are shown in Figure 3 for the absolute stock
sizes and stock sizes relative to 1989 of medium and small fish.
Note again that the estimates for large fish are skewed.

The results of eliminating the uncertainty in one input at a time
for the projections are summarized in Table 3. In this case we
have ocmitted the results of eliminating the variability in the
weight at age vectors because they had only a minor impact. For
mediuwm fish, uncertainty in M and the indices had the greatest
contribution in stock size uncertainty (Table 3). For large
fish, alpha alsc had a large impact (Table 3). The impact of
uncertainty in M was less on the variability of relative stock
size estimates than it was on the absolute ones (Table 3).

The results presented above do not include a detailed analysis of
the VPA sensitivities to the shapes and ranges of the input
uncertainty distributions used. Somewhat different results might
be expected if, for instance, M were assumed to be triangular
rather than uniform, or if its range were set to be narrower or
wider. Nonetheless, we believe that this study provides
valuable insight into the behavior of the variance of statistics
compiled from VPAs through Monte Carlo simulation. Of particular
interest is that, in general, the Monte Carlo~based confidence
limits for relative stock size estimates are less sensitive to
input uncertainty than are. the absclute stock size confidence
limits. This result gives additional support to the notion that
UPAs give more precise estimates of trends than of absclute
quantities. .
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TABLE 1, Coefficlents of variation (%) assumed for western Atlantic Blusfin tuna
catch at slze data, by nation, gear, time and size strata, Velues were
used to generate additional uncertainty for the catch at age data.
Size 1: < 145 cm FL; Slze 2: >= 145 cm FL.

Nation Gear Time Size ey, Nation Gear Time Sizs CV Nation Gear ~ Time Size CV

Strata (%) Strata %) Strata (%)
Can. PS 70-74 170102 USA PS8 70-74 2 102  USA "UNCL T70-74 1 0.0
Can. PS 70-74 2 102 USA PS 7581 1 102 USA UNCL 7074 2 0.0
Can. PS8 7581 1 102 USA PS 7581 2 26 USA UNCL 7581 1 0.0
Can. PS8 7581 2 102 USA PS 8289 1 28 - USA ‘UNCL 7581 2 0.0
Can. RRHL 7074 2 102 USA PS 8288 2 28 USA UNCL 8289 1 0.0
Can. RRHL 7581 2 5.1 USA RRHL 7074 1 102 USA UNCL 8288 2 0.0
Can. RRHL 8289 1 5.1 USA HRHL .70-74 2 102 Other LL 70-74 1 102
Can. PRRHL 8283 2 5.1 USA RRHL 7581 1 102 Other L 70-74 2 102
Can. TRAP 70-.74 2 10.2 USA RRHL 7581 2 51 .. .Cther LL 75-81 1 10.2
Can. TRAP 7581 1 5.1 USA RRHL 8288 1 102 Other LL 7581 2 102
Can. TRAP 7581 2 5.1 USA RAHL 8289 2 5.1 Other LL 8289 1 102
Can. TRAP 8289 2 51 USA TRAP 7074 1 102 Other " LL 8289 2 102
Can. LL 8289 1 28 USA TRAP 7074 2 102 Other RRHL 8289 1 102
Can. LL 8283 2 26 USA LL 7581 2 102 Other RRHL 8288 2 102
Japan LL 7074 1 102 usa LL 28 1 102 Other UNCL 7074 1 102
Japan LL 70-74 2 102 - USA LU 8289 2 102 Other UNCL. 7074 2 102
Japan LL 7581 1 102 USA HARP. 7074 2 102 Other UNCL. 7581 1 102
Japen LL 7581 2 102 USA HARP. 7581 1 51 Other UNCL 7581 2 102
Japan LL 8283 1 102 USA HARP. 7581 2 51 : Other UNCL 82838 1 102
Japan LL 883 2 102 USA .HARP. 8289 1 5.1 Other UNCL. 8289 2 102
USA  PS 70-74 1 102 USA HARP. 8289 2

5.1 .
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TABLE 2. Rosulis of culch at ags boolatrap analysle

(&) #san caich at age trom booisirep
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70 Tt 72 73 74 73 78 bid 78 78 80 L1 82 (5] 24 85 a7 84 1]

1] 85061 83107 45357 5103 55885 43449 5386 1287 5206 2741 3156 G065 3542 4180 809 568 573 1523 4852 798

21105180 153540 08546 74372 20010 147830 19703 22369 10804 10578 16155 - 8595 3739 2453 7481 . 5562 6103 13398 9i82 2890

31127440 38454 33748 305356 21090  BGS1 72318 9728 19885 16197 11055 16534 1635 . 3276 1871 . 12320 6986 9074 11727 1649

4] 21282 45874 30854 T2 64Dl 11540 7848 32115 6495 14946 8862 - 5278 - 501 896 2013 2793 3441 5522 12 3748

81 3840 07T 318 2101 a13¢ B854 2937 4919 10306 3439 2885 5973 353 851 2135 4318 1162 4352 4193 1762

[} e i6s2 118 1481 FAT] 556 366 3591 4128 51 2910 3630 725 898 1650 4041 1651 2323 4152 2060

7 177 2026 547 885 905 07 2n 1004 658 2811 5300 2877 488 1389 603 1028 950 1521 2218 2650

8 152 1419 78 1588 881 648 1133 519" 503 841 3736 342 507 1351 177 639 545 1332 1618 1851

® 553 1138 281 579 1099 1837 564 1103 N7 533 1008 2665 859 1018 1045 701 341 1022 1604 1452

10 742 1298 734 774 703 1474 1358 1389 480 634 874 1465 892 1138 1072 954 827 640 1046 1373
1 1121 1675 1478 1040 2248 1907 3349 1741 1015 1628 219 1245 443 1197 1198 1383 1R 791 962 1169
12 894 1803 1476 008 2785 2445 3702 2884 2116 2683 1998 1234 2860 833 863 . 1496 1507 947 817 1004
13 517 903 1028 013 3471 1887 2745 3237 2805 2875 M@ 1488 267 " 481 814 103G 640 - 753 756
14 459 480 56 714 3254 Wi 2018 4326 5301 4513 5288 5319 1187 1811 994 831 1052 860 ‘966 1009

(b} Costificlent of varistion (percent) of cetch al age rom bootstrap

70 7% 72 73 74 78 78 77 78 79 0 81 82 83 84 ¥ &4 87 a5 &g

1 [ 8 [] 7 7 7 8 8 7 10 T 3 8 & 9 10 10 10 T 10

2 7 7 8 7 7 8 7 7 7 7 7 6 8 10 8 10 1" 16 10 10

3 [ ? ] 7 7 12 7 7 7 8 ] 8 5 8 8 7 9 8 7 9

£ 5 10 10 8 8 1" 10 7 8 10 7 " [ 8 10 i 8 7 9 9

8 11 12 8 12 & 7 2 10 5 » 1 7 8 8 9 10 g9 7 [ 7

8 14 7 12 18 [ 13 19 7 14 9 1" 10 9 10 14 10 0 11 8 7

7 ] 10 35 20 1 9 20 18 10 1 12 10 ] 10 g " g 13 11 7

E 47 12 10 10 13 23 10 13 10 14 16 8 11 6 9 8 12 B8 6 8

@ 10 10 12 5 8 10 5 12 10 10 10 ® 1" s 1 30 8 7 5 5

10 14 4 24 18 1 1" 26 7 18 20 11 9 7 1" 7 14 ‘23 7 5 4
11 11 [ 18 7 34 18 18 23 28 25 17 9 20 6 7 " 14 10 6 5
12 11 8 e 10 " 9 $ 14 20 i 28 8 7 10 13 8 9 9 5 4
13 20 24 13 8 16 10 13 10 12 9 13 11 18 16 11 21 13 15 14 8
14 29 48 a8 41 »n 2 27 28 19 20 21 1" 11 17 15 22 28 21 24 22

{c} Porcont diftas ety mean bootetrepped cetches and SCRE €0 catches =

70 n 2 73 74 75 78 ” 78 7% 90 81 82 83 82 85 &6 87 28 89

1 ") ] ) 0 1) ) 0 1 1 0 0 2 [ 0 5 0 2 1 0 2

2 o o 0 0 1 0 0 © © 0 © 0 1 1 0 1 4 1 2 0

3 K] 0 0 [} -1 4 0 ‘3 0 0 2 -0 -1 1 1 0 -3 0 -1 -2

4 1 -0 3 0 0 -3 3 0 1 0 0 6 -3 -1 1 3 2 0 3 3

8 -5 [} -3 5 0 -5 -3 -5 -1 1 -5 -4 5 § 1 2 0 0 0 -4

[} -5 4 2 -7 1 2 2 1 2 1 1 1 -1 2 -3 -3 1 -4 0 2

7 -3 1 8 7 -1 -1 13 -7 0 -4 0 2 1 0 3 1 -4 7 -4 0

s a2z -4 -4 -2 0 15 -3 8 -1 1 -1 -1 5 3 8 -2 5 -1 2 -0

9 2 -1 7 - 1 -3 10 1 1 2 1 i 4 1 3 6 a2 ) 3 3

10 -1 o 3 o -3 -1 4 -0 5 8 -8 - - -3 ] -1 12 2 -2 -§
1% 6 4 7 4 5 2 12 i3 14 12 13 [ -3 z 3 9 4 0 2 0
12 r] -5 8 -3 2 4 -3 1 & 0 10 ¢ 7 -t - -5 -2 0 4 -0
13 -§ -1 -3 -2 4 2 -5 -2 0 5 -1 6 4 10 1 6 -8 7 -7 1
14 4 -4 -3 -6 -4 -5 -6 -5 5 -3 -4 -2 -3 -5 -2 -4 - 1 1 -4




TABLE 3. Senslitivity of projections x‘o elimination of Input unceriaintles in the YPA

Percert change in range Percant changs in range of
of stock size estimate stock size estimate reiative 1o 1988
Madium fish
Year M Catch ind.  Alpha M Catch  Ind. Alpha
S0 37 -11 37 12 -23 -10 -41 16
91 -33 -12 40~ . 9 -19 A1 . 44 -13
92 32 -1 40 ... 5 47 .- 43 -9
' Large fish
Year M Catch "ind. Alpha M Catch  Ind.  Alpha
90 -23 9 = -53 -24 -11 -5 -85 -36
91 -20 -8 53 - 2 -8 -4 -56 35
92 21 8 -52 -21 8 -4 55 33
83 -23 -3 49 47 -11 4 -51 30
%4 24 -8 -48 -18 -12 -4 -50 32
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