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Condition and sizc composition cffccts on the simulated relationship hetween spawner
biomass and total egg production for Northeast Arctic cod (Gadus morhua L.).
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ARSTRACT

Spawner biomass (3SB) is often assumed to be proportional to total egg production (TEP) by

fish stocks. Recent studies suggest that this assumption may not be valid, particularly when

the physiological condition of fish varies. Thig study used Monte Carlo techniques to simulate
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simulation exercise, reproductive traits reflecting condition (iength-specific maturity, weight

and fecundity) were varied according to food abundance (capelin biomass) while the size

composition (numbers at Jength) was held constant. [In the second exercise, the size
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held constant. In the final exercise, condition and size composition were varied

simultaneously. The first exercise indicated that variation in TEP was not constant but

increased as the SB increased. The second exercigse showed that, for a given SR, TEP
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second exercise showed that food-dependent variation in condition introduced greater

variability into the relationship between SB and TEP than did shifting the size composition.

When condition and size composition were varied simnltaneously, as would be expected in
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possible that a fish population having the same spawner biomass (SB) in different vears has
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Interannual variation in condition of spawners is one source of variation in TE
Frank 1999). Condition is commeonly measured by the Fulton‘s condition factor (K):
K= 100 x W/’

where W is whole body weight (in g) and L is ioial length (in cm). Another measure used for

describing condition is the liver condition index (LCT):

LCT =100 x LW/BW

where LW is liver weight (in g} and BW is whole
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atresia (Ma et al, 1998). At the stock level, mature fei

Shifts in the size composition can also introduce varfiability into TEP (Kiesbu et al. 1998)
Maturity in Northeast Arctic cod occurs ai age 0-5, with a length of approzimately 60-20cm

(Torsvik et al. 1995). Larger fish are more fecund then smaller ones (Kjesbu et al. 1991). In

lier, perhaps because of a higher fishing pressure
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Stock reproductive potential is further diminished i

smaller compared with larger members (Trippel et al. 1997).



size composition of spawners affect the simulated relationship between SB and TEP. The
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specific objectives were 1 the first exercise to vary condition according to capelin

0
d exercise conditio

and keep size composition (i.e., numbers at length) constant. In the second ex wlition
wrng hald Amsoton nA tha ciga Anemeanifian nag vneiad Tha firmnl avoararos sromaacd e o3240 s
D LI dul l.-UiJ.DLCU,l LIWL BAlh DA WULLIPJUDLINIVIL YWadd ¥ dheUL, L LA LIMICLE Al dlios Vell il CULIGLILILML

and size composition simultaneocusly to see how this affecied the relationship between SB and

TEP.

The goal of the first exercise was to simulate how varying the condition of cod while keeping
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combined acoustic/trawl surveys of Barents Sea and Lofoten region were used to describe the

size composition (numbers at length or n;) and sex ratio (s} of Northeast Arctic cod (Marshall
et al, 1998}, Values of iy and s

wi), fecundity () and
maturity (my) were predicted using the statistical models described in Marshall et al. (1999).

These models were developed using potential fecumdity data collected from the Lofoten area

as the independent variable. From these data sources, the following statistical modeis were

developed.

Multiple regression model was used to estimate

In(w,cn} = — 9.5 + 4.07 (Inlength} + 0.32{InCapBio) — 0.07(Inlength x InCapBio) (1)

In(ficp) = — 15.64 + 6.36(Inlength) +1.11(InCapBio) — 0.21(Inlength x InCapBio) (2)



A logistic model was used for estimating my at each capelin biomass (my o)
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The value of miy o, was then estimated from:
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Predicted values of wi e, fi and my o were assumed to have errors that were normaliy

ean of zero and a standard deviation of 6. For f, ., and w, b O Was

distributed with a mean ero an an 1ch

estimated to be 0.3Z and 0.17, respectively. For my g, G was assuaied to be noii-constant with
length, with a maximum at my ., =0.5 and decreasing linearly to zero at 50 and 100cm
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For each simulation in exercise 1, TEP for a given capelin biomass (TEFP.) was estimaied as:

LY - (5)
TEPgu= D, mX 8;Xmmyg X fie '

N (6)
Sz 300X My X Wi
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than 1.5% change in both the mean and s.d.)

confidence intervals were approximated as the mean = 2 s.d. Tweive separate simulations
were perfermed using ny values for 1085 through to 1996

In the second exercise, the size composition of spawners (i) wWas d
numerical optimization techniques (Solver in Microsoft Excel for Windows, Versio

. were determined by solving the equation:



for pre-snecified values of both SR (SRB._) and the madal lenoth. The values of my and wy viced
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WCIC nCiG constant ana ine ovservea vaiues for 19571 were arbitrarily chosen as the constants.

The pre-specified vaiues of SBy. corresponded to the annual VPA estimates of SB.. for the

years 1985 to 1996 (ICES 1999). These twelve values range from a minimum of 112 000 t to

a maximum of 882 000 t. The pre-specified moedal lengths ranged in 5-cm increments from
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67.5 to 97.5 cm. This is a fealistic range for the modal lengths of spawning NA cod (see Fig. 9

in Marshail et al. 1998). Figure [ illustrates seven different length compositions which gives a

SB.. corresponding to that observed for 1991 (679 000 t). Each simuiation estimated the TEP

or a ogiven gize comnocitinon (TEP Y ace
for a given S1Ze Composiion { L 8oy a8
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Twelve differant cimulations were nerformad usine SB_ values from 1985 to 19058, To he
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d to ihe observed values for 1991. Because

each simuiation heid both condition and the pre-specified SBy. constant variation in TEP,, was
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introduced solely through variation in the size composition. Uncertainty i

estimates of TEP. wacg not estimated
estimates o wag not estimated.
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In the final exercise, condition and size composition were varied simultaneously. The values

of n, used corresponded to the values of ny . for the minimum and maximom modal lengths
(67.5 and 97 5cm) at each of the SB values used in exercise 2. Only the minimum and
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W chs fleb and myep using equations 1, 2 and 4. TEP sc and SBey o were estimated from n; e

and the predicted values of Wy, fic and mu e using equations 5 and 6. Monte Carlo
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of the TEP;, . and SB
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These three exercises each generated a bivariate relationship between TEP and SB. Error bars

{+ 2 s.d.) were put on both TEP and SB for exercises 1 and 3.



increased (Fig. 2). To look more in detail at the magnitude of variation, one specific
simulation (1993) was chosen. The possible range in values of TEP and SB is indicated by the
lowest to the highest extremes in error bars in the y- and x-axes respectively. In 1993 SB
ranged frorm about 700 000 to 1200 000t and TEP ranged from about 120 x 10'* to 480 x

ed quantity of spawners subject to food-dependent variation in conditior

X
exhibits nearly 2-fold variation in SB and 4-fold variation in TEP.

A, bl e o or
: with increasing SB. In 1993 ¢

10" t0 350 x 10'*i.e. less than 2-fold. Comparing the magnitude of variation in Fig. 2 and
ggests that condition-dependent variation in
between SB and TEP
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than did shifting the size composition.

ngth and high condition/low modal length combination are higher than
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the slopes of the low condition/high modal length and low condition/low modal length
combinations. This indicates that variation in condition iniroduces more scatter into the

simulated relationship hetween TEP and $B than does variation in size composition.
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DISCUSSION
For all three exercises, varying the condition and size composition affected the simulated

relationship between TEP and SB, but varying the condition seemed to introduce more

into the relationship between TEP and SB than did varving the size composition of
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The condition of the cod stock is influenced by food supply. The main food item for the cod is
the Barents Sea capelin (Kjesbu et al.,, 1998). And as the size of the capelin stock varies, this

will also affect the cod stock. In this study the capelin biomass were varied from a low level to
a high level (Gjgseter, 1999) and the resulting variation in TEP was approximately 4-fold

We have not included condition effects on realised TEP and egg quality. Egg quantity are
neither included, but are expected to increase the variability in TEP.

In future we p[ELll to use the simulated relatlonsmp between TEP and SB U.“lf’ 2,3 and 4) as the

starting point in an investigation into how variation is introduced to the relationship between

We would like to thank Olav Sigurd Kjesbu for commenting on a previous version of the

mannscript.
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