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A PRELIMINARY ANALYSIS OF MORTALITY OF BLUEFIN TUNA (THUNNUS THYNNUS)
TAGGED IN THE NORTHWESTERN ATLANTIC OCEAN
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INTRODUCT1ON
This study 1s based upon rveleases of tagged bluefin tuna, Thunnus
thynnus, made by a variety of organizations and 1ndividuals at various
locations along the middle Atlantic bight of Nofth America during 1954~
1978 and recoveries of these tags through 1978. The purpose of this paper
is to present the estimates of mortality rates and exploitation rates as
determined by a tagging experiment. The fishing mortality rates can be

used in a Virtual Population Analysis (VPA) as starting F's.

MATERIALS AND METHODS

The data used for this analysis were extracted from a master tagging
file of the National Marine Fisheries Service (XMFS), Southeast Fisheries
Center (SEFC). The file includes bluefin tuna tagged from U.S. vessels in
the northwestern Atlantic Ocean, those tagged in Bahamian waters, and some
other foreign releases from fishermen participating in the joint Coopera-
tive GCame Fish Tagging Program, sponsored by the NMFS and the Woods Hole
Oceanographic Institution (WHOI). A summary table of all the releases and
subsequent recaptures for 1954-1978 can be found in the ICCAT working
document SCRS/79/ by M.I. Farber and T.W. Chewning.

A summary of yearly releases and subsequent recaptures of U.S. tagged
small bluefin tuna through 1978 is presented in Table 1. Only small blue-
fin tagged in the general area defined as the Mid-Atlaatic Bight were
included in the releases, though a few records from the New England area
were also counted. Multi-tagged specimens were counted as single re-
leases, and similarly multi-tagged recaptures were counted as single

recaptures. The total number of tags recovered from a given release year
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is separated into the number of returns from each subsequent year. The
phraseclogy “subsequent year” is considered to be synonymous with "follow—
ing sezson”. For example, a tagged fish at liberty for six months would

be considered as the same year recapture with the release/recapture months

‘being May/November, or as a subsequent year recaptuwre with the release/

recapture months being October/April.

My analysis is limited to include only small ("school-size”) bluefin
tuna. Chapman and Robson (1960) and Robson and Chapman (1961) derived
techniques for determining the minimum variance unbiased estimate of the
annual survival rate (S). These rates were calculated from the values in
Table 1. The assumptions included constant annual survival rates at least
over a limited range of age groups and that all fish beyord some minimum
age are equally vulnerable to the sampling gear. To use as much of the
available data as possible, I followed ihe procedure used by Mather et al.
(1974) and combined the results from the sport and commercial gears to
obtain the estimates of mortality rates. Though data have been compiled
for 1954-1978 the actual analysls is carried out for 1964-1975. The
period of 1954-1963 is excluded since the total number of returns from
each year is small at best, ranging from 0 to 10. The period from 1975 to
date is excluded because the number of possible recovery years 1s insuffi-
cient to allow any confidence in the estimated results. The analysis
technique employed in this study is based on wulti-year recovery periods.
Therefore a minimum of three subsequent years for recoveries permits esti-
wations through only 1975.

Estimates of total instantaneous mortality (Z1) were calculated from

the annual survival rtates (S} with a correction for bilas applied as



outlined by Chapman and Robson (1960). Each value of S and Z1 is tabu-
lated in Table 2 for 1964-1975, along with their respective estimated
variance, standard error and approximate lower and upper bounds for 957
confidence intervals.

From the values in Table 1 and the annual survival -rates. in Table 2,
v I applied the equations found in Lenarz et al. (1973). [In general, I
followed the notations, techniques and equations used by Bayliff and
Mobrand (1972), Llenarz et al. (1973) and then by Mather et al. (1574).]
This yielded estimates of rates of exploitation of tagged bluefin tuna (UT
and Ul), instantaneous fishing mortalicty rates (F) and total instantaneous
other loss ;ates (X). Estimates of the instantaneous rate of tag shedding
(EL) and the rate of immediate tag shedding (1-RHO) were determined by a
bluefin tuna double tagging study (Baglin et al., In Press). By applying
these tag shedding rates, I calculated the "corrected” estimates of toral
instantaneous mortality (ZC), annual survival rates (SC), rates of ex-
ploitarion of tagged bluefin tuna (UTC and ULC), instantaneous fishing
mortality rates (FC), total instantaneous other loss rates (XC), and rates
of exploitation of all bluefin tuna (UTCC and U1CC). These values are all
shown in Table & with a list of definition of terms found in Table 3.

Mather et al. (1974) determined hypothetical values for immediate
tagging mortaltiy (1-PIE) in their study that included tag releases during
1964~1968. By applying this factor to the previously estimated values,
refined “corrected” estimates were calculated for rates of exploitation
(UTCCC and U1CCC), 1instantaneous fishing mortality rates (FCC) and total
instantaneous other loss rates (XCC). These values are shown in the lower

portion of Table 4.

[
W

RESULTS AND DISCUSSION

The estimate of the instantaneous rate of tag shedding fs EL = (.2045
and the estimate of the rate of immediate tag shedding is (1-RHO® = 0.040
as determmined by Baglin et al. (In Press). Estimates of an ual survival
corrected for tag shedding (SC) range from 0.241 to 0.640 with the average
being 0.499 (Table 4). The range of estimates for the instantaneous fish-
ing mortality correctéd for tag shedding (FC) is 0.114 to 0.653, with the
average being 0.285. This value is roughly in agreement with the average
F's for ages 1-4 ("school-size™ bluefin tuna) for 1960-1974 detemined by
Parrack et al. (1979).

Estimates of other losses corrected for tag shedding (XC) range from
0.216 to 0.928 with the average being 0.447. This is higher than might be
expected, assuning an instantaneous natural mortality rate of 0.2 as used
by other previous investigators. One possible cause for the discrepancy
considered 1n this study is the existence of immediate tagging mortality.
By assuming hypothetically {as was done by Mather et al. (1974)) that the
portion of bluefin which remain alive after impediate tagging mortality
takes place is 80%, I calculated the average estimate for instantaneous
other losses corrected for shedding and immediate tagging mortality (XCC)
to be 0.376. This value is still higher than a natural mortality rate of
0.2. Therefore, there may be significant amounts of long—term tagging
mortality, mon-reporting of recaptured tagged fish or apparent mortality
caused by emigration. The estimate of fishing mortality corrected for
shedding and tagging mortality (FCC) may actually underestimate the true
rates for tagged bluefin because the estimate of the fisﬁir;g rate relative
to its true value, as determined by tagging experiments, tends to be

decreased by the various sources of error that may bias these estimates.
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Table 1. Preliminary summary of yearly releases and subsequent recaptures of U.S. tagged

Baglin, R.E. Jr., M.I. Farber, W.H. Lenarz and J.M. Masom, Jr. small bluefin tuna for 1964-1978 (revised Sept. 1979)

Total X

In Press. Shedding rates of plastic and metal dart tags from
Year  Releases No* N, N, K, N, Ng; N, N, Ngz Ng N,, N,, Recap~ Recap-

Atlantic bluefin tuna, Thunnus thynnus. Fish. Bull., U.S. : - tures tures
Bayliff, W.H. and L.M. Mcbranu ’ .
1964 452 100 32 4] 0 o 0 0 0 0 4] 0 132 29
1972. Estimates of the rates of shedding of dart tags from yellowfin 1965 1694 166 63 36 0 0 0 0 0 0 o 0 266 16
tuna. Bull. Inter-Am. Trop. Tuna Comm. 15:441-62. 1366 3302 523 578 51 8 6 0 2 0 0 0 1 0 1169 30
1967 628 97 60 16 1 o]
Chapman, D.C. and D.S. Robson 3 6 0 0o o 0 0 O 186 30
1968 259 87 19 bl 0 o© 0 0 ] 0 0 0 - 115 44
. . Bi i 16:354~68.
1960. The analysis of a catch curve iometrics 354-68 1969 337 13 82 12 2 1 0 0 0 0 0 _ _ 110 13
lenarz, W.H., F. Mather, J. Beckett, A. Jones and J. Mason 1970 461 51 119 9 7 1 0 0 0 0 - - - 187 41
. 97 - - - -
1973. Estimation of rates of tag shedding of northwestern Atlantic 1971 343 11 59 9 0 0 0 0 0 79 23
1972 194 3y s 6 0 0 ©0 0O =~ ~ =~ =" = 69 36
bluefin tuna. International Commlssion_for Conservation of 1973 348 40 20 7 2 0 0 N . ~ B _ ~ €9 - 20
Atlantic Tunas. Collective Volume Scientific Papers 1:459-471. 1974 1707 73 122 51 12 7 - - - - - - - 265 16
Mather, F.J. III, B.J. Rothschild, G.J. Paulik and W.H. Lemarz 1975 32 22 27 3 2 - - - = - - == 54 17
1576 2386 184 62 74 - - - - - - - - - 320 13
1974. Apalysis of migrations and mortality of bluefin tuna, Thunnus 1977 1887 34 194 ~ _ - ~ _ ~ _ _ _ - 228 12
thynnus, tagged in the northwestern Atlantic Ocean. Fish. Bull., 1978 1360 16 - - - - - - - - - - - 16 1

U.S. 72:900-914.
*Note: N, are the same year recaptures.

Parrack, M.L., S.L. Brunenmeister and S. Nichols th
Ni'represents the number of recaptures in the { subsequent year.
1979. An analysis of Atlantic bluefin tuna catches, 1960-1976. '
International Commission for Comservation of Atlantic Tunas.
Collective Volume Scientific Papers 8:391-420.
Robson, D.S. and D.G. Chapman

1961. Catch curves and mortaltiy rates. Trans. Amer. Fish. Soc.

90:181-1883.
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£ oo Table 3. Definition of terms used in Table 4.
Fig
3 S = Estimate of annual survival rate calculated from Table 1
nog
E E zZ1 = Estimate of total instantaneous mortality calculated from S
]
" 4 :i T = Estimate of total exploitation of tagged bluefin tuna over n years
)
g E Ul = Estimate of single season exploitation of tagged bluefin tuna
el - .
g & F = Instantaneous fishing mortality on an annual basis
oo
E % X = Instantaneous other losses on an annual basis
©
& E g Z = Instantaneous total losses on an annual basis, i.e. F + X.
0w .
W -
® A = Estimate of total instantaneous mortalicfy corrected for tag
£ w shedding rate EL,
2 3 where EL = instantaneous Type-Il tag shedding on an annual
s basis
L >
52 sSC = Estimate of annual survival corrected for shedding rate (1 - RHO)
4 >
3 2 where RHO = portion of tags which are retained after
% : E immediate Type-1 shedding takes place
o3 e .
ey UIC = Estimate of total exploitation of tagged bluefin tuna corrected
LB for immediate tag shedding
L '
[ gs UlC = Estimate of seasonal exploitation corrected for immediate tag
noE R shedding.
&
o -
° 3 FC = Estimate of F corrected for immediate tag shedding
O o
[V
F s XC = Estimate of X corrected for immediate tag shedding
2 oooe
c 3
2 e UlCC = Estimate of single season exploitation of tagged and untagged
I~ E bluefin corrected for all tag shedding
[}
a3
=82 E UTCC = Estimate of total exploitation of tagged and untagged bluefin
= E corrected for all tag shedding
[
(LI UTCCC = Estimate of total exploitation corrected for shedding and Type-I
- 5 tagging mortality (1 - PIE),
RN where PIE = portion of bluefin which remain alive after
Z:é Type—I, immediate, tagging mortality takes place
o
? 5 UICCC = Estimate of seasonal exploitation corrected for shedding and
= o Type~I tagging mortality
§§' FCC = Estimate of F corrected for shedding and Type-I tagging mortality
-
Lo

XCC = Estimate of X corrected for shedding and Type~I tagging mortality




NI

562

Table 4. Preliminary initial estimates of anrual survival, rates of exploitation, fishirg mortality rates and total othter lcss rates; arnd
estimates corrected for tag shedding and a hypothetical value of immedlate tagging mortality (Sept. 1979). (See Table 3 for definitions.)

YEAR S a3 ut vl F X i c SC urc ulic FC xC ulcce utTcc
1964 Del9t 1.603 0.292 0.235 0.476 14152 l.628 lodga Uo24} 0.304 0.245 0.496 0.928 0.264 00347
1965 De352 1.039 0157 2.103 0.166 0.877 1eD04 0.839 0.432 0.1b4 0,108 0.173 0.6066 0.117 0.1%99
1966 D391 0.938 0.200 0o ll7 0.288 0.651 0,939 05736 G.480 0.312 0,195 0,300 G.a3s 0.213 0.387
1967 02415 0.876 0.296 0179 0.269 0.612 o.881 G.676 0.509 0.309 0.186 0.286 0.396 0.203 0.386

" 1968 D245 1.386 0.444 0336 0.627 0.780 1.406 IQZOZ 0,301 0.403 0,350 0.653 04549 0.380 0.539
1969 De516 0,658 0328 0.170 0.233 0.430 0,663 0458 0,833 04340 0.177 D.242 0.216 0.194 Gedas
1970 Dedbs 0.761 0.406 0.227 0.325  0.439 0.765 0.560 0.571) 0.423 . 0.237 0,339 00,221 g.260 0.5%1
1671 D497 0.6§3 04230 04123 0.172 0.528 0.700 0.495 0.609 0.240 04129 0.179 0.316 0.141 0.311
1972 D.493 0.701 00356 0.192 0.2687 Deéal 0.708 0,508 0.604 0.370 0.200 0.279 00225 0.219 0,480
1973 0,370 0.978 0.198 0.127 0.201 0793 0.993 5.78% G.454 0.207 0.133 0.209 0.580 0.145 0.254
1974 0.522 04649 0.155 0,080 04109 0.542 D.651 Pohod 0.640 0.162 0.084 0.114 04332 0,092 0.212
1975 0.424 0.844 D.108 0.100 0149 0709 C.858 Bab54 0,520 00,175 0.104 0.155 0.498 0a114 0,220

AVERAGE VALUES ARES

0.407 0.927 0.277 0.172 0.274 0,663 0,935 0.732 0.499 0.289 0.179 0.285 0.447 0.195 0.360
wTCcCcC ulccc FCC xcce YEAR
0.434 9+331 0.620 0.804 1964
¢.249 0.147 0.217 0.623 1965
8,484 02066 0.375 0359 1966
0.483 0.254 0.350 0.326 19617
8.673 0.475 0.816 0.3806 1968
0.556 0e243 0303 0,155 1969
8.676 0324 0e424 0.136 1970
8.389 0.176 0.223 0.272 1971
$.600 V2T 0,348 00155 1972
9.317 0.181 0.261 0.527 1973
8.2065 0.115 0.142 04304 1974
8.275 0143 Cel9s 04459 1975
AVERAGE VALUES ARE:

‘.450 0.244 0,356 0.376

se TAGOGING PARAMETERS LG aRg EL = §eZ045 RHO = 0960 PIE = 0.80 LA



