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Abstract

A comprehensive analysis of growth for southerrefitutuna (SBT) was conducted
in 2001-02, integrating growth information from ¢ggg data, length-frequency data
and direct ageing data to provide estimates of neagth-at-age for each of four
decades (1960s, 1970s, 1980s and 1990s) (Polaehatk003). The results showed
that SBT growth increased over that time periodc&ithen, additional tagging data
and direct ageing data pertaining to growth of $Bforts from the late 1990s and
2000s has been collected. Here we report on updabedh estimates for the 1990s,
and preliminary estimates for the 2000s, usinglath available at that time of
analysis. The growth estimates for the 2000s afnpinary due to the lack of
information on fish older than age 7, however, tfanghey suggest growth has
remained similar to that of fish born in the 1990s.

The growth estimates for the 1960s, 1970s and 19&3ented in Appendix 10 of
Polacheck et al. (2003), and the updated growtmatgs for the 1990s given in this
report, have been used to calculate age-lengtpaats. It was agreed at the 2010
CCSBT SC meeting that all of the historical lengjité data would be re-aged using
this new set of cut-points (referred to as “VBLK20J which replaces the previous
cut-points agreed upon in 2001 (“*SC2001").

Introduction

A comprehensive analysis of growth for southerrefitutuna (SBT) was conducted
in 2001-02 (Polacheck et al. 2003). The analysienmorated growth information
from the following three sources:

1. Release length, recapture length and time at jilwkta from conventional
tagging experiments conducted since the early 19%0s last year of tag
releases available for analysis was 1997 as pdnedRecruitment Monitoring
Program (RMP), and the last year of recaptures20a4.

2. Historic length-frequency data from the Australsamface fishery. No length-
frequency data were included after 1989 due tateity issues arising from
changes in the nature of the fishery.

3. Otolith direct ageing data from samples collectedarious components of the
fishery from the late 1980s to 1998, and in theoimebian spawning ground
fishery from 1998 to 2000.

These data were used to estimate growth rates bff@Beach of the four decades
from 1960 to 2000. The results of this study conéd previous findings that cohorts
from the 1980s grew substantially faster at youggsahan cohorts from the 1960s.
The results also suggested that the 1970s wasaal mertransition, and that growth of
fish up to about age four was faster in the 198@s in the 1980s. However, the data
available for cohorts born in the 1990s were lichitgo conclusions about the 1990s
were uncertain. Since the time of the Polacheel. ¢2003) analysis, additional
information pertaining to the growth of SBT cohdrtsm the 1990s and 2000s has
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been accumulated. The following additional dataenserailable as of February 2010,
when the analyses for the current report were cctedu

1. Release length, recapture length and time at jilskta from recaptures
corresponding to:

e conventional tags released as part of the RMP 9911997 and 2001-
2002, as well as a few opportunistic releases 0822006;

e conventional tags released as part of the CCSBan8fic Research
Program (SRP) in 2002-2007.

2. Otolith direct ageing data from:
* juveniles caught in the Australian surface fishargeasons 2002-
2008;
e adults caught on the Indonesian spawning groun26®1-2008.

In this paper we fit the growth models describe®atacheck et al. (2003) to the
updated data for SBT to obtain updated estimatgsanvth for cohorts born in the
1990s, as well as preliminary estimates of growticbhorts born in the 2000s.

Also, it was agreed at the 2010 CCSBT SC meetiagah of the historical
length/size data would be re-aged using a newfsejeslength cut-points. Here we
document how the new cut-points, referred to asl‘’KB010”, were calculated. They
replace the previous cut-points agreed upon in 2@érred to as “SC2001".

Methods

The VB logk growth model described in Appendix 4 of Polachetc&l. (2003) was
fitted to growth data for SBT born in the 1990s @000s, respectively. SBT growth
does not appear to follow the commonly used vonaanffy (VB) growth model;
instead there appears to be a change in the gmatess during the transitional
period from juveniles to sub-adults. The VB lomodel was developed to
accommodate such a transition in growth.

The VB logk model uses six parameters to describe lehg#s, a function of age;

_ _ 1+ e_ﬂ(a_ao—l]) ~(ky=k)/ B
1 | =L |1- klag) J+TE€ 7 7
(1) (a) { e o

where g, is the theoretical age when a fish would havetlezgro; L, is the

asymptotic lengthk; is the growth rate parameter for the first staiggrowth; k, is
the growth rate parameter for the second stageowith; £ is a parameter governing

the rate of transition betwe&pandk,; anda is a parameter determining the central
age of transition. As age increases, this funatiakes a smooth transition (according
to a logistic function) from a VB curve with growtate parametek, to a VB curve

with growth rate parametds,. If k, equalsk, , the model reduces to the standard VB
curve.
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In addition to this basic model, a seasonal compiwas included in the model to
reflect the fact that SBT growth, particularly asgniles, appears to be substantially
greater during the austral summer months than guhi@ winter. Seasonality in
growth can be modelled by replaciag-a, with a—a, + S(t) in (1), whereS(t) is an

annually periodic function ands the fractional time of year since January le W
chose to model within-year growth with a sinusoidi&ction:

) S(t) = % sin(272(t - w))

whereu is the amplitude ang@l controls the phase shift. Both parameters were
estimated in the growth model, witiconstrained to be between 0 and 1 to prevent
negative growth and constrained to be between —0.5 and 0.5 (any bowitds

span of one could have been chosen due to thedpetyoof the function). In this
formulation, the rate of growth is maximaltat w and diminishes symmetrically
aboutw to a minimum at =w- 05 andt=w+ 05

The direct ageing data used in fitting the 19905 2000s growth curves is
summarized in Table 1 and Figure 1. The same soigenteria described in
Appendix 3 of the Polacheck et al. (2003) were i@ppio the direct ageing data, with
the exception that we include data from fish age@id older caught on the spawning
grounds, as opposed to aged 14 and bldér only direct ageing data that pertains to
cohorts from the 2000s comes from otoliths collédtethe farms in the Great
Australian Bight (GAB). Although otoliths have beewllected from Indonesia in the
2000s, they are from adult fish that were bornrevpus decades.

The tag-recapture data used in fitting each ofjtleevth curves is summarized in
Table 2 and Figure 2. The same screening critesartbed in Appendix 3 of the
Polacheck et al. (2003) were applied to the tagdatg, except that we included data
from farm-recaptured fish. Even though there igwdence that growth in terms of
length differs between farm and wild recapturesrg¢hwere enough wild recaptures
for the 1990s that Polacheck et al. (2003) erretherside of caution and excluded
farm fish. However, for the 2000s, there are matugth wild recaptures to give
reliable estimates, so here we opted to includéaime fish in both decades to be
consistent. We fit the VB lokg growth model for the 1990s with and without therfa
data and found that it made very little differenaehe results.

Maximum likelihood methods were used to fit thewgito model jointly to both sets of
data. There is a likelihood component for the &gppture data and one for the direct
age and length data, details of which can be fon#ppendices 4 and 9 of Polacheck
et al. (2003) (see also Laslett et al. 2002 ands&@vet al. 2004). Individual variability
in growth is allowed for by modellingy,, as a random normal variable with mean

! Farley et al. (2001) found evidence that the ayesize of fish below age 14 on the spawning ground
is larger than the average size of fish of the sagesfound off the spawning ground (since largar fi
mature earlier). Thus, in Polacheck et al. (200&)only included fish of ages 14 and above caught o
the spawning ground in order not to bias the grawthilts. However, we re-investigated the direct
ageing data prior to fitting the updated growth eisdand found that this size bias appears to péesap
by age 12; thus, we chose to include fish of agearid above in our analysis here.
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and standard deviatioa, . In total, there are 14 parameters to be estonai@mely
6 parameters defining the mean VB logrowth curve {7, k., k,, a, B, &), 2

parameters defining the seasonal component of griwt w), 2 parameters for the
tag-recapture component defining the lognormatitistion used to model the
unknown ages at releasg,{, », ,,44), the variance parameter for asymptotic length

(02), and 3 measurement error parameters: (the error variance for the tagging

data when lengths were measured by scientistshvagplies to all release lengths
and some recapture lengtlas? : additional error variance for the tagging dataewh

recapture lengths were measured by fish&ﬁs;the error variance for the direct aging
data).

Results and Discussion

Growth estimates

Parameter estimates from fitting the VB kogrowth model to the updated 1990s data
are given in Table 3. They are very similar to phevious estimates reported in
Polacheck et al. (2003), which are also given ibl@& for comparison. The addition
of direct ageing data for older fish caught ongpawning grounds has led to a
slightly smaller estimate in mean asymptotic lenigure 3 shows the estimated
mean growth curve overlaying the data. To plottdgging data, we required an
estimate of the age at release for each fish. \We tiee approximately conditionally

unbiased estimatorséf , described in Laslett et al. (2004).

Fitting the VB logk growth model to the 2000s data was problematicesine data

are not sufficient to get reliable estimates opaltameters. For instance, there are no
data on fish older than age 7, so we fixed the nasgmptotic length parametgr, at
181.5 cm (the estimate for the 1990s). The data doecontain much information on
seasonal growtteither, and unrealistic estimates were obtaineentthe seasonal
parameters were estimated freely (i.e., fastesttipravas estimated to be in winter,
simply because we have almost no data in the winterths). Thus, we also fixed the
timing of fastest growth to be February 1st (ive=0.16), but still allowed the
"strength” of the seasonality to be estimated, (uewas estimated). Furthermore, the
parametep3 controls the speed at which the transition betwhenuvenile and sub-

adult growth phases occurs. We have done simukatlmat show this parameter is
poorly estimated (Laslett et al. 2002). To helpiaah convergence for the 2000s, we
fixed £ at 30, which means an almost instant transitidwéen the two growth
phases, since this is the value estimated for #@4 and most previous decades (see
Table 4). The parameter estimates obtained baséteambove constraints are given
in Table 3, and the estimated mean growth curg@aesvn in Figure 4.

? Length-frequency data were only included in thewgh models for the 1960s, 1970s and 1980s.
These data are the most informative on within segsowth (see Appendices 7 and 10 of Polacheck et
al. 2003). The tag-recapture data contains soneenmation; however, most recaptures in the 2000s
came from the few months of the year when the fasmare culled, so information in growth
throughout the year is lacking.
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Given the absence of data on mature fish, andebessity to fix many of the model
parameters, the results for the 2000s are consideny preliminary. However, based
on these preliminary results, growth of fish barrthe 2000s appears similar to
growth of fish born in the 1990s.

Age-length cut-points

New age-length cut-points for ageing the historieabth/size data were calculated
using the decade-specific growth curves given ibldd. The values for the 1960s,
1970s and 1980s were taken from Table 2 of Appehdiaf Polacheck et al. (2003)
(also Table 2 of Polacheck et al. 2004). The vataethe 1990s were taken from the
updated estimates provided in Table 3 of this repie assumed that growth in the
1950s was the same as for the 1960s, and thatlgiowiie 2000s was the same as
growth in the 1990s (once more data are availaisléhie 2000s on older fish, it
should be possible to use a growth curve estimgedifically for the 2000s).

We use the decadal growth curves to calculatexpeated length of a fish from each
age class on Julylof each year; this gives the lower and upper leogt-points

for estimating the age of a fish caught on Jantiatypased on its length (i.e., the
lower cut-points are the predicted lengths at agefths earlier). The cut-points get
adjusted for fish caught later in the year usingdir interpolation. The appropriate
growth curve to use to calculate the cut-pointsede€ls on cohort not year, so when
calculating the expected length of a 10-year-adt tn WJuly 1985, the appropriate
growth curve to use is the one for the 1970s dihisefish belongs to the 1975 cohort.
Where cut-points change from one decadal growthecta the next (i.e. cohorts
starting in 1971, 1981, 1991), we smoothed thesttimm over two years using linear
interpolation. This makes the difference betweepen@nd lower cut-points for each
age class more even during the transition times.

The new cut-points are provided in Appendix A.
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Table 1. Number of direct age estimates used imashg growth for the 1990s and
2000s, broken down by area of otolith collectioheThumbers for a particular decade
correspond to fish born in that decade.

Area 1990s 2000s
GAB 422 575
Tasmania 1 0
WA 86 0
South Africa 0 0
SE Indian Ocean 25 0
New Zealand 7 0
Indonesia 1115 0
Total 1656 575

Table 2. Number of wild and farm recaptures used in estingagirowth for the 1990s
and 2000s. The numbers for a particular decadesond to fish tagged in that
decade.

Place of recapture 1990s 2000s
Farm 2854 6915
wild 3276 584
Total 6130 7499
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Table 3: Maximum likelihood parameter estimates from fitting the integrated VB log k growth model with a seasonal component to the most recent data from
the 1990s and 2000s. The previous estimates for the 1990s as reported in Polacheck et al. (2003) are given for comparison (1990s — old).

Decade :uoo g, k1 k2 a 18 aO u w :ulogA Ulog A as Uf Uy
1990s—-old 1849 8.7 0.25 0.16 2.5 12.4 -0.31 0.41 0.26 0.72 0.32 1.81 3.36 5.57
1990s 1815 8.6 0.26 0.17 2.5 30.00 -0.30 0.39 0.28 0.71 0.31 2.26 2.14 5.25
2000s 1815 9.8 0.24 0.17 3.5 3000 -046 014 0.16~ 0.88 0.18 3.60 0.10* 7.63

" Estimate is equal to the upper or lower bound@ethis parameter.
" Parameter was fixed at this value.

Table 3: Parameters of the decade-specific VB log k growth models used to calculate the new age-length cut-points (referred to as VBLK2010). Note that
1950s growth is assumed to be the same as 1960s growth, and 2000s growth is assumed to be the same as 1990s growth. (0, is the measurement error

variance for the length-frequency component of the model, which is not included in the 1990s and 2000s growth models)

Decade He, g, k; k, a B 3, u w Hoga  Oiga O O g, g,
1950s 187.8 7.0 0.14 0.15 55 30.0* 0.53 -0.07 1.19 0.16 2.40 1.49 -1.57 5.87 2.01
1960s 187.8 7.0 0.14 0.15 5.5 30.0* 0.53 -0.07 1.19 0.16 2.40 1.49 -1.57 5.87 2.01
1970s 184.3 7.9 0.15 0.19 5.7 30.0* 0.92 0.06 0.77 0.12 2.05 3.06 -1.28 0.00* 3.54
1980s 184.7 8.1 0.22 0.17 2.8 18.3 0.34 0.13 0.58 0.17 2.08 2.61 -0.43 4.57 4.30
1990s 181.5 8.6 0.26 0.17 2.5 30.0* 0.39 0.28 0.71 0.31 2.26 2.14 -0.30 5.25 -

2000s 181.5 8.6 0.26 0.17 2.5 30.0* 0.39 0.28 0.71 0.31 2.26 2.14 -0.30 5.25 -

" Estimate is equal to the upper or lower bound@ethis parameter.
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Figure 1. Otolith direct age and length data for fish born in the 1990s and 2000s. Only data
used in fitting the growth models are included.
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Figure 2. Change in length between release and recapture versus time at liberty for fish
tagged in the 1990s and 2000s. Only data used in fitting the growth models is included.
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Figure 3. Mean growth curve estimated for the 1990s, overlaying the direct ageing (red
triangles) and tag-recapture (blue circles) data. To plot the tagging data, we required an
estimate of the age at release for each fish. We used the approximately conditionally unbiased

estimators, Af , described in Laslett et al. (2004).
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Figure 4. Preliminary mean growth curve estimated for the 2000s, overlaying the direct ageing
(red triangles) and tag-recapture (blue circles) data. To plot the tagging data, we required an
estimate of the age at release for each fish. We used the approximately conditionally unbiased

estimators, Af , described in Laslett et al. (2004).
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Appendix A: VBLK2010 cut-points

Lower cut-point for age: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1950 46.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1951 46.3 64.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1952 46.3 64.7 80.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1953 46.3 64.7 80.6 94.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1954 46.3 64.7 80.6 946 107.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1955 46.3 64.7 80.6 946 107.2 118.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1956 46.3 64.7 80.6 946 107.2 118.6 1283 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1957 46.3 64.7 80.6 946 107.2 118.6 128.3 136.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1958 46.3 64.7 80.6 946 107.2 118.6 128.3 136.7 1439 0.0 0.0 0.0 0.0 0.0 0.0
1959 46.3 64.7 80.6 946 107.2 118.6 128.3 136.7 1439 150.1 0.0 0.0 0.0 0.0 0.0
1960 46.3 64.7 80.6 946 107.2 118.6 1283 136.7 1439 150.1 1554 0.0 0.0 0.0 0.0
1961 46.3 64.7 80.6 946 107.2 118.6 1283 136.7 1439 1501 1554 160.0 0.0 0.0 0.0
1962 46.3 64.7 80.6 946 107.2 118.6 128.3 136.7 1439 1501 1554 160.0 163.9 0.0 0.0
1963 46.3 64.7 80.6 946 107.2 118.6 1283 136.7 1439 1501 1554 160.0 1639 167.3 0.0

1964 46.3 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1965 46.3 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1966 46.3 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1967 46.3 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1968 46.3 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1969 45.7 64.7 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1970 45.1 64.5 80.6 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1971 44.5 64.3 80.7 946 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1972 44.5 64.1 80.8 948 107.2 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1973 44.5 64.1 81.0 95.1 1076 1186 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1974 44.5 64.1 81.0 954 108.0 1195 1283 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1975 44.5 64.1 81.0 954 1084 1205 1296 136.7 1439 150.1 1554 160.0 1639 167.3 170.2
1976 44.5 64.1 81.0 954 1084 1215 131.0 1382 1439 150.1 1554 160.0 1639 167.3 170.2
1977 44.5 64.1 81.0 954 1084 1215 1323 139.7 1455 150.1 1554 160.0 1639 167.3 170.2
1978 44.5 64.1 81.0 954 1084 1215 1323 1412 1471 1517 1554 160.0 1639 167.3 170.2

13
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1979 41.7 64.1 81.0 954 1084 1215 1323 1412 148.7 1532 1569 160.0 1639 167.3 170.2
1980 38.9 64.7 81.0 954 1084 1215 1323 1412 148.7 1548 1584 1614 1639 167.3 170.2
1981 36.0 65.3 83.6 954 1084 1215 1323 1412 148.7 1548 1599 1627 1651 167.3 170.2
1982 36.0 65.9 86.3 98.3 1084 1215 1323 1412 148.7 1548 1599 1641 1664 1684 170.2
1983 36.0 65.9 89.0 1011 1111 1215 1323 1412 148.7 1548 1599 164.1 1676 1694 1711
1984 36.0 65.9 89.0 104.0 1138 1234 1323 1412 148.7 1548 1599 164.1 1676 1705 172.0
1985 36.0 65.9 89.0 104.0 116.6 1253 133.6 141.2 148.7 1548 1599 164.1 167.6 1705 172.8
1986 36.0 65.9 89.0 104.0 116.6 127.2 1349 1421 148.7 1548 1599 164.1 167.6 1705 172.8
1987 36.0 65.9 89.0 104.0 116.6 127.2 136.2 1429 1492 1548 1599 164.1 167.6 1705 1728
1988 36.0 65.9 89.0 104.0 116.6 127.2 136.2 143.8 149.7 155.1 1599 164.1 167.6 1705 172.8
1989 36.0 65.9 89.0 1040 1166 127.2 136.2 143.8 150.2 1553 160.0 164.1 167.6 1705 172.8
1990 36.0 66.9 89.0 1040 1166 127.2 136.2 143.8 150.2 1556 160.1 164.1 167.6 1705 172.8
1991 35.9 67.9 89.9 1040 1166 127.2 136.2 143.8 150.2 1556 160.1 1640 1675 1705 172.8
1992 35.9 68.9 90.7 1045 1166 127.2 136.2 143.8 150.2 1556 160.1 1640 167.3 170.3 172.8
1993 35.9 68.9 91.6 1050 1168 127.2 136.2 143.8 150.2 1556 160.1 164.0 167.2 170.1 172.6
1994 35.9 68.9 91.6 1055 1170 127.2 136.2 143.8 150.2 1556 160.1 164.0 167.2 170.0 1725
1995 35.9 68.9 91.6 1055 1173 127.2 136.0 143.8 150.2 1556 160.1 164.0 167.2 170.0 1723
1996 35.9 68.9 91.6 1055 1173 127.2 1358 1434 150.2 1556 160.1 1640 167.2 170.0 1723
1997 35.9 68.9 91.6 1055 1173 127.2 1356 1431 149.7 1556 160.1 1640 167.2 170.0 1723
1998 35.9 68.9 91.6 1055 1173 127.2 1356 1427 1492 1550 160.1 1640 167.2 170.0 1723
1999 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 1544 1594 1640 167.2 170.0 1723
2000 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 1588 163.2 167.2 170.0 1723
2001 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 1624 166.4 170.0 1723
2002 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 1656 169.1 1723
2003 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 168.2 1713
2004 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 167.3 170.4
2005 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 167.3 169.5
2006 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 167.3 169.5
2007 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 167.3 169.5
2008 35.9 68.9 91.6 1055 1173 127.2 1356 142.7 148.7 153.8 158.1 161.7 164.7 167.3 169.5
2009 35.9 68.9 91.6 1055 1173 127.2 135.6 142.7 148.7 153.8 158.1 161.7 164.7 167.3 169.5
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CCSBT-ESC/1107/9

Lower cut-point for age: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1951 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1952 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1953 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1954 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1955 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1956 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1957 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1958 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1959 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1960 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1961 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1962 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1963 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1965 172.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1966 172.7 174.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1967 172.7 1748 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1968 1727 1748 176.7 178.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1969 1727 1748 176.7 1782 179.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1970 1727 1748 176.7 1782 179.6 180.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1971 1727 1748 176.7 1782 179.6 180.8 181.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1972 1727 1748 176.7 1782 179.6 180.8 181.8 182.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1973 1727 1748 176.7 1782 179.6 180.8 181.8 182.6 183.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1974 1727 1748 176.7 1782 179.6 180.8 181.8 182.6 183.3 184.0 0.0 0.0 0.0 0.0 0.0 0.0
1975 1727 1748 176.7 1782 179.6 180.8 181.8 182.6 183.3 184.0 1845 0.0 0.0 0.0 0.0 0.0
1976 1727 1748 176.7 1782 179.6 180.8 181.8 1826 183.3 184.0 1845 185.0 0.0 0.0 0.0 0.0
1977 1727 1748 176.7 1782 179.6 180.8 181.8 1826 183.3 184.0 1845 1850 1854 0.0 0.0 0.0
1978 1727 1748 176.7 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 0.0 0.0
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CCSBT-ESC/1107/9

1979 1727 1748 176.7 1782 179.6 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 0.0
1980 1727 1748 1v6.7 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1981 1727 1748 176.7 1782 179.6 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1982 1727 1748 176.7 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1983 1727 1748 176.7 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1984 1734 1748 176.7 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1985 1741 1754 1v6.7 1782 179.6 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1986 1748 1759 1770 1782 1796 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1987 1748 1765 1774 1785 179.6 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1988 1748 1765 1778 178.7 179.7 180.8 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1989 1748 1765 1778 1789 1798 180.7 181.8 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1990 1748 1765 1778 1789 1799 180.7 1816 1826 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1991 1748 1765 1778 1789 1799 1806 1814 1823 183.3 184.0 1845 1850 1854 1857 186.0 186.3
1992 1748 1765 1778 1789 1799 180.6 181.3 1821 183.0 184.0 1845 1850 1854 1857 186.0 186.3
1993 1748 1765 1778 1789 1799 1806 181.3 1818 182.6 1835 1845 1850 1854 1857 186.0 186.3
1994 1746 1765 1778 1789 1799 1806 181.3 1818 1822 183.0 184.0 1850 1854 1857 186.0 186.3
1995 1744 1762 1778 1789 1799 180.6 181.3 1818 1822 182.6 1834 1844 1854 1857 186.0 186.3
1996 1742 176.0 1776 1789 1799 180.6 181.3 1818 1822 182.6 1829 183.7 1847 1857 186.0 186.3
1997 1742 1758 1774 1787 1799 180.6 181.3 1818 1822 182.6 1829 1831 184.0 1850 186.0 186.3
1998 1742 1758 177.2 178.6 179.7 180.6 181.3 1818 1822 182.6 1829 1831 1833 184.2 1852 186.3
1999 1742 1758 177.2 1784 1795 1805 181.3 1818 1822 182.6 1829 1831 1833 1835 1844 1854
2000 1742 1758 1772 1784 1794 180.3 181.1 1818 1822 1826 1829 1831 183.3 1835 183.6 184.6
2001 1742 1758 1772 1784 1794 180.2 181.0 1817 1822 1826 1829 1831 183.3 1835 183.6 183.8
2002 1742 1758 1772 1784 1794 180.2 1809 1816 1821 1826 1829 1831 183.3 1835 183.6 183.8
2003 1742 1758 1772 1784 1794 180.2 1809 1815 1821 1825 1829 1831 183.3 1835 183.6 183.8
2004 173.3 1758 1772 1784 1794 180.2 1809 1815 182.0 1825 1828 183.1 183.3 1835 183.6 183.8
2005 1723 1749 1772 1784 1794 180.2 1809 1815 182.0 1824 1828 1831 183.3 1835 183.6 183.8
2006 1714 1739 176.2 1784 1794 180.2 1809 1815 182.0 1824 1828 1831 183.3 1835 183.6 183.8
2007 1714 1729 1753 1774 1794 180.2 1809 1815 182.0 1824 1828 1831 183.3 1835 183.6 183.8
2008 1714 1729 1743 1764 1784 180.2 1809 1815 182.0 1824 1828 183.1 183.3 1835 183.7 183.8
2009 1714 1729 1743 1754 1774 1792 1809 1815 182.0 1824 1828 183.1 183.3 183.6 183.7 183.8
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