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ABSTRACT

A stock-recruitment model of the Pella-Tomlinsomfias fit to recruitment and adult female abundassimates
from the Base Case ADAPT-VPA assessment of Aread/Ivombined. The trends of these plots require the
assumption that minke whale carrying capacity finsteased, then later decreased during tifeCntury. An
initial attempt at this fit suggests that this garg capacity increased about five fold from 198Qhe mid-1960s,

and then decreased again by about hallSYR;:. is estimated at 4.0% for this model.

INTRODUCTION

This paper focuses on the results of the Base &ssessment of Areas IV and V combined that is pteden
Mori and Butterworth (2005), with a view to impralvenderstanding of the dynamics of the minke whildhis
region.

Fig. 1a plots the recruitmentN(,,) time series estimated by this Base Case assessniég. 1b shows the

f

associated stock recruitment pldt\Iy 1 Vs Ny_l,

where the “adult” (reproductive) population ikea to be:
A 45
Ny =D Nyq (1)
a=7

and the number of adult femalelstyf = 0.5EIN)’,*, i.e. an age at first-parturition of 7 is assumeihis plot

includes a “replacement line”; this is the line wdeacruitment exactly balances deaths from natacatality, i.e.
for a point on this line, population size is main& unchanged for the following year in the absent

harvesting.

For a conventional stock-recruitment relationshgeruitment levels would lie above the replacentieet at low
adult female population sizes, but (in the abseofcénarvesting) as carrying capaciy was approached,
recruitments would cluster around a stable equilibrpoint on the replacement line. This, howeigeNOT the
behaviour evident in Fig. 1b. The recruitmente®ridoes approach the replacement line (in abowd) 18wt

thereafter drops below this line as both recruitnagr the number of reproductive animals decrease.

Such behaviour requires not only the conventioaslimption of amncrease in the minke whale carrying capacity

K in the mid-2@' Century as the then unharvested minkes increpsesiimably in response to the depletion of



other krill-feeding Antarctic baleen whale spedieough overharvesting, but also a subseqdetitne in K (a
result also demonstrated earlier by Butterworth Bodt, 1999). Possibly this could be a responsedent

recoveries of these other species.

This paper attempts an initial model fit to thecktoecruitment information in Fig. 1b, to assesswibat
guantitative extent changesHKnare required.

THE RECRUITMENT MODEL

Recruitment is assumed to follow a Pella-Tomlingom:

N Y

_ f y

Nyoaz =ADNJ | 1+ AL @)
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where
is the recruitment (1-year-olds) in ygar

N

yl
A is the combined pregnancy and first year satniate when the population is at carrying capacity
N; is the number of adult (past the age of firstty#ion) females, taken to be given by

45
0.52 Nya = O.5N)’,A (i.e. we assume equal numbers of males and fejpales
a=7

A is the resilience parameter (relatedt6YR),
KJ is the carrying capacity for adult females, whicdy change over time, and

z is the degree of compensation parameter, whiehket here at 2.39.

When Nf =K ', the recruitment must equal the number of 1+ vehdigng annually as a result of natural
mortality, i.e:

MK, =K*[-e™) 3)
(ignoring for simplicity the small correction thatcounts for an assumed infinite natural moratioyrf age 45).

Further, expressions for unexploited equilibriunminers at age values yield:
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where u can be computed given the valudw{0.068 for the assessment to be considered here).

Thus equation (2) can be rewritten:

N £ 239
Nyigs = ,u(l—e‘M )Nyf 1+A 1—{K—Vf} (5)
y



The unknown parameters of this model Arand the parameters describikgnd its temporal variation. These

are then estimated by minimizing:

ss=;(m(w;’zs)—m(wz"’d))2 ®

where
Ng'?f is the “observed” recruitment for yeafrom the Base Case assessment for Areas IV+V guedbi
as shown in Fig. 1a, and
N)’,“jde' is the recruitment for yeagrpredicted by the model of equation (5).

RESULTS

Thus far, the following functional form fonK; has been considered (see Fig. 2):

Klf ( ) ysy;
K k!
Ky + 2= y=y1) Y +1Sysy,
K; - 6ny_yﬁl.)f (7)
f 3 ‘Kz) _
K, + (y yz) Y, t1Sy<y,
( 3—y2)
K3f yz +1l<y

with the following choices made for the “changegays: y; =1930, y, =1966 and y,; =2000.

The results of the fitting process yield=1.28, y = 1530, K,' =36639, K, =151455 and K, =69089,

suggesting that carrying capacity originally inaeé about five-fold, but has since approximatelydth

The model fit itself is shown for recruitmerg year in Fig. 3a, and for the stock recruitment pidFig. 3b. The

estimated trends in carrying capacity are showrign4.

DISCUSSION
The fit of the model to the recruitment and stoegruit plots in Fig. 3, while showing qualitativersistency,

clearly manifests some systematic deviations. heunvork will seek to modify the functional formsasned for

KJ to achieve a better fit.

The estimation of the value of resilien&én turn allows an estimate MSYR (=Fusy) to be effected. The result
is:
MSYR:+ = 0.040 (8)

with a corresponding adult-female population sizeerms of the corresponding carrying capacity:

MSYL =N (Fysy )/K T = 0548 9)



The model of equation (5) could be used to prdjeetabundance trajectories estimated in Mori anieBaorth
(2005) forward in time under alternative futurectalevels. Indeed, the stock-recruitment modet foauld be
incorporated in the ADAPT-VPA assessment procesadfitthen also providing an improved approachhie t

process used by Mori and Butterworth (2005) to tatljearlier estimates of abundance for “missingfiarts.
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Figure 1. The “observed” recruitment time trend and stoaruit plot for the Base Case Areas IV+V combined
ADAPT-VPA assessment of Mori and Butterworth (2005)
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Figure 2. The functional form assumed for the change due tn carrying capacity of adult females.
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Figure 3. Fit of the model of equation (5) to the recruitmhrend and stock-recruit plot for the Base Caseaé
IV+V combined ADAPT-VPA assessment.
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Figure 4. The estimated trend in carrying capacity of athrtales over time.



