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Effects of parameter variability on length-cohort analysis 

Han-Lin Lai and Vincent F. Gallucci qyj 

'- c '" i :'f 
Lai. Han-Lin. and Gallucci. Vincent F. 1988. Effects of parameter variability on
length-cohort analysis. - J. Cons. int. Explor. Mer. 45: 82-92. 

The equations of length-cohort analysis are used to derive analytical expressions for

the errors in stock abundance (N,)and fishing mortality (FAt, 
 that would result
from: (i) the use of different-sized !ength intecvals (AI) in length-frequency his
tograms of catch. ii the use of incorrect!., puessed natural mortaliv rates (Mi, and
(iii) the use ot incorrectly guessed terminal fishing (F,) mortality rates. Further, the

variances of N, and FAt are derived as a function of the estimated variances of the
 
von Bertalanffv growth parameters. L. and K. Together. these analytical results

allow the prediction, in terms of the estimates from a length-cohort analysis, of the
 
consequences of incorrectly guessed and/or noisy values of M. F , _.1 K. and
different Al. The results are applied to a bivalve fishery 
on Protothaca staminea in
 
Garrison Bay. Washington. The results show that the estimated N and F,At are
,extremely sensitive to variation in M. For example. a difference of _0.1 in theestimate of NI leads to a 4O% to 50". error in the estimates. Relatively low variances
 
in the von Bertalantfy parameters result in coefficients of vartation that range from
 
80% to 140% for N, and from 270% to 7160% for FAt,.
 

Han-Lin Lat and Vincent F Gallucci: Management Assistance for Arttsanal Fisheries,

Center .for Qiuatitative Science. HR-20, School of Fisheries. 
 Universtty of Washing
ton. Seattle. Waistngtort 98195. USA.
 

Introduction N=N. 1 AavK + C A~V (2)
2K 

Virtual Population Analysis (Gulland. 1965) and its ap- and the corresponding fishing mortality over each
proximation. Cohort Analysis (Pope. 1972), are stan- length interval (I. l+Al)

dard techniques for stock assessment when historical
 
catch-at-aee data are available. Jones (1979. 
 1984) pro- FAt, = ln(NIN,.. ) - MAt1 (3)
posed a length-cohort analysis (LCA) in which length
frequency data are used to construct a synthetic cohort where 
when information about growth and mortality is avail
able but age data are 
not. It is assumed that the length- C, = the catch in number assumed to occur at thefrequency distribution of a catch (made up of mar year middle of the length interval (I. I+AI),
classes) at any time is representative of the catch from C, = the catch in number in the terminal length in
one cohort over the years in the fishery, i.e.. that a terval (.. L.).
steady state prevails. It is also assumed that individuals N, = the stock size at the beginning of the length 
grow according to a von Bertalanffy curve. Just as in interval (I. I+AI),

Pope's Cohort Analysis. the computation in LCA 
 pro- N = the stock size attaining length k. 
ceeds inversely starting with the largest animals in a A, = (L,-I)/[L,-(I+Al)], 
length-frequency histogram. i.e.. the terminal length At, = the time required for a fish to grow from length
interval (X. L.). and proceeding stepwise over all length I to I+AI. and 
intervals (1, I+AI) to the smallest fully recruited size in 
the catch. 1,. An LCA (see Jones. 1979. 1984: Lai and I 
Gallucci. 1987a) estimates the stock sizes attaining ter- = In A, (See Gulland, 1969). 
minal length . and lengths I using 

N), = CZk/F. (1) L. and K = von Bertalanffy growth parameters. 
F = the instantaneous fishing mortality rate in theand terminal length interval 0., LW). 
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M = the instantaneous natural mortality rate as-
sumed constant over all lengths. 

FAt, = the fishing mortality in length interval 
(I, I+AI). and 

ZIAt( = the total mortality in length interval (I. I+AI). 

Lai and Gallucci (1987a) derive a catch equation in 
length 

F,

C, = N, - (1 - A,- jzK) 


of which (1) is a special case when I= X and all of the 
larger lengths are compressed into the interval (k. L,) 
and where, as consequence. .'K =0, Pope (1972)a A, " 

uses a similar expression based on the Baranov catch 
equation to cover the case where older ages are com-
pressed into the last age group. Equation (2) is the 
canonical equation of LCA and can be derived by anal-
ogy with Pope's Cohort Analysis (Jones, 1979, 1984) or
analytically (Lai and Gallucci. 1987a). Equation (3) is a 
restatement of Z, = F, - M for I -<I _< 

The input parameters are: (i) M. (ii) F, (iii) the size 
of the leneth interval Al (not necessarily equal) which is 
used to group catch data in a length-frequency his-
togram. and (iv) L, and K which are used to transform 
age into length. Since input parameters are frequently 
difficult to estimate and may be no more than guesses, it 
is important to know how the estimated N, and FAt 
respond to errors. The principal contributions of this 
paper are the mathematical derivation of the relative 
error estimators o[N j and o[FAt,j for each type of error 
and the derivation of theoretical variance estimators for 
N, and F At,. It is shown th;,t the estimates of N, in any 
LCA may have an une.pectedly large :oefficient of
variation. The use of the estimators is demonstrated 

with a bivale population. Protothaca staminea, found 

in Garrison Bay in northern 
 Puge: Sond in the Pacific 
Northwest of the USA. 

Methods 
The sensitivity of a model to parameter error or var-
iation can he investigated analytically or with a sim
ulation study. In a simulation the parameters of interest 
are assigned an allowable range of values, the model is 
run for suitable combinations of values. and patterns 
are sought in the output. In this paper. the sensitivity ofthe model is evaluated analytically using expressi on,-I 

derived for the relative error ratios and the variances of
the model's output. NI and FAt,. 

I, 	 Derivation of expressions to investiqate the effects of 
changing the size of"the length interval 

The current guideline for the choice of the size of in-
terval Al for the length-frequency histogram is that it 
must provide a number of individuals in each Al that is 

not too small (Jones, 1984). Simultaneously, it is also 
true that the precision of an LCA increases with smaller 
Al. Thus. the optimal choice of Al is a balance between 
two guidelines. 

Let the length-frequency cdata be grouped into a 'is
togram with equal intervals of size Al. and let C, be the 
catch in number within length interval (I. I+AI). We 
examine the consequence of combining the C, from n 
individual units of Al into a new larger length interval 
(I. l+nAl). Catch in the old and the new (denoted with a prime) length interval is related by 

C (4) 

The corresponding estimate of abundace follows 
from (2), 

N 	 = N'+n I K+C I1rK (5) 

where: 

n-I
 
c1 = F1A 1-,I*
 

1=0
 

The input parameters M. F;, L., and K are constant for 
the old and new length-frequency distributions. Con
stant F, implies that the new and old terminal length 
interval (k. L.) is not changed. so N! = N..
 

The relationship between N, and Nl-,
1 ,, is found by 
using (2) n times to calculate 

'Njj = NI.,2AA% +IK AI, 2Kt"-K 

which is substituted into (2) again and then NI2,:1 is 
written in terms of NI.M3., etc.. until 

, = -IN/K	 1",-°,,,, +,o,,"-,,,,,+,,,W . (~ ~ ) 

.-	 , 
N I , Z C, ' 	 (6= N , I K + t= C +01 	 (6)1 

where. 

After some algebraic manipulation, the relative error of 
N, is defined by o[NJl = AN,/N,. where AN, = N,' - N, = 
(5) - (6), becomes 

A- . 
ANI +,I "lC'alV 2K --I)+,, 

(7) 

/
'V 
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n-1 

Division of both sides of (7) by When a value different from the "correct" M, say M',
is chosen. Nj is calculated with (2) 

i-o 1NI =Nl~nal fjJ. P-I+il N ---NA+aAIAWK + CIAm 2 K. (10) 

yields the relative error To find AN,, let AM = M'-M and subtract (2) fromn-I (1(0),
n-1
 

Q[N 1 1 A 1;I-&i/K +==N+,A a J ,-NIJo a-,.,(,,1[N'I A N, = (N K.1A,i' K _ i + C AK( A 1tV2K _).+[,,,CA-[
The addition and subtraction of N ,.,AM/K and rear-

I, . 
rangement yieldsCl +,C,,-(a ' -j ,,) (8) 

", / +A,-[ANlAIA + NI+,1 (A _VK-1)1 
+ ,AVin which the second term dominates since the magni- + CIA

2K(A~/KIA.MrK-Itude of the first term decreases as the number of in- The relative error o[Nj = AN,/NI follows from dividingtervals n increases. the r e t by N = A / NThe relative error of fishing mortality o[FIAt1jlength interval (I, l+nAl) is defined by in RHS by N =°[NJ A1FI/Ko[N+alAlM/K + AF'/(APNVK - I) + 

1 1 Q[Ni =Ft NAIt [ A[F,At,l = K
n-1 C, %V_1K(ANV2

+ N, (A. -Z Fl~,~lAtlIA. 
N 

Substitution of 
Since A t = At1 +.,and M is a constant, C A i K A I- F/ K 

i

n-I 
AFAt, = F,'Ah, - 2't PI+,djAt..,Aj N1 

- and simplification yields. 

= (FAt,' + MAht) - !(F ,, t + M)Att, Q[N dj = o.[Nl.%j(A-FK)(At VK) 
= AZAt, 

+ 
+ (A-F/K)(A' ANVK- - K 1) + (A a "x - 1)(1l A-FK), 

N +N,-A,11 = In y---) which is further simplified by expanding and rearrang- In \ N, ing the second and the third terms: 
CN+_ l,[a]goN,l 

= o[NI . I(A ,- F,,K)(At VK) +

In +[Nt J 
 + (AtVK - 1)(1 A,'KAt/2K) (11)

Therefore. the relative error of FAtI is a function of When a value different from the "correct"Q[NJ and 9[N1+naj, IF, say F,, iserror is introduced directly into AN), 
chosen in addition to the incorrectly chosen M', the 

= Nx-/I+[NI+n1IJ\ Nx, wheren- N; = CZ)/F,' and Z = M'([It = In _TQ[ ~Z + F.. The relative error of N,..F~A 1 1 (9) 9(N;.). is obtained by dividing AN). by (1): 

2. Derivationof expressions to investigatethe effects of ZxF" - 1 +,[ F errors in natural and terminal fishing mortalitiesIf the "correct" natural mortality rate is M and the where o[Z] = ZI/Z. - 1and o[Fd = F,/Fkterminal fishing mortality - 1.rate is F,, N, is calculatedusing (2). Unfortunately, M and Fx are usually based on Substitution of (12) into (11)only vague impressions of the resource's dynamics, but 
and proceeding backward. 

both parameters are necessary inputs into any LCA 
step by step. from length X to an arbitrary I (over a totalof n length groups), yields the equation for 9[NJ:model. 

1 
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/(a F )-Q[N1 ] =p[N ](aalK) TA F.')i + 
SI.0 

n-l 

+., (a.%%K - + A- 1,).1 ,A-a, K)-1 00 A 1and 

Ni 
AF,' ix AI- , 

%K
l 2] 	 (13) 

-i, =I 
where A,.,- K I when j = i = 0. This equation has
the 	following implications: 

(i) When the "corret'" M is input with F. it followsthat .M =). ct.K = A.'tjr: 1 = 0, and the sec-, 	 = - , l-,t 
ond 	term vanishes. 
(ii) Then. the relative error o[NIj depends on the sign 
of AF, in o[NJ: o[NI will decrease as LCA proceeds 
from . to L and converges to an asymptotic value. 
(iii) When the "correct" F, is input with M'. it follows 
that o[N;= 9 [Z.] from (12). The signs of o[Ntj and 
9[N;I depend on the sign of AM. If AM <0. two 
terms of the RHS of (13) are also negative and de-
crease in absolute value as i and j increase. If AM > 0. 

a5i K> 1. the decrease due to the second component 
in 	the first term will not be as effective as in the case 
of AM <I). When A%,> i0.o[N] grows exponentially, 
mainly owine to the first term. as I decreases, 

The relative error ratio of F.At, is computed as 

9[FAt,] = (FAt, - F.A',)iFAt, 

= 	[(Z'At,- Z.At.) - AMAt]/FAt 

= - n% - lnN J/it- AIM 
N: Nj-Aj/ F,

1 .N,M(

I'n A M 


F-At , , -,N) F, 


I + o[Nta 1V" AM 
In- + - F, (14)n I

FiAtj I ± _91M, 

3. 	 Derivation ofexpressions to investigate errors due 
to variation of I, anid k 

Length-cohort analysis assumes that the growth of all 
individuals follows the deterministic von Bertalanffv 
growth model in which there is a unique theoretica, 
one-to-one relationship between length and ace. In re-
alitv, variation in individual growth can he viewed as a 
stochastic process expressed in terms of probability den-
sit yfunctions of the growth parameters L and K 
(Sainsburv. 90). When ace or tag data are available. 
one can estimate the variation of L.: and k with the 

estimated covariance matrix (Gallucci and Quinn,1979). When these data are not available, the LCA still 
requires values of L,. and K. except that now they must 
be chosen based on experience. In either case. L. and K 

can 	be viewed as random variables with means E(L)
E(k) and variances V(L,), V(k), and Cov(Llk).Since the estimated N4,is an analytic function of L. and 

K. 	 it can be expended in the neighborhood of the point
[E(LE.,E(k)j using the Delta method (Seber. 1973) to 
find the variance of Nr, 

Var($4,)
Var(l /, = - V(LE) + V(K) +

GlJ 3K) 

3 1-N, N+ 	2 3L 3K /I Cov(L.k). (15) 

Note that the VirWl;) is zero since (1) contains nether 
L. 	nor I.. 

The abundance N, can be written as a function of L., 
K. 	and N; by rewriting (6) as 

n-I 
" r4 = r lW ±j- C , IT12Ak (16) 

= 

where k = I+nAL. The derivatives of N, in (15) with 
respect to L, and K are derived in Appendix A. Using 
the notation of Vs and B's in Appendix A. (15) is 
rewritten as 

/ n-i 

V( N (\Ni.. CI ,%L) V(L')= * 

n-I Z 

+ (N;.(K + 1=11 IO V(k) + 

.-,
n-i 

+ 2 + /..KCI..iL.K Cov(Llk). (17) 
=11
 

To obtain a corresponding variance for the estimates of 
F, from LCA. the instantaneous fishing mortality rate issummed over each length interval (I. I+Al). and FAt is 

written as 

FAt, = ZA - MAt = InNl, - InN,,,, - (M/k)InA,. 

The variance is found by expanding with the Delta 
method. 

3H,) 
V(FAt,) = V(ln) + V(In,.,,) + - V(L ) + 

07L 
(3H,!' V 3 H, 

V() + ov(l ) (18) 
\ 3K,) \3L-3K( 
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where: H, = (MIIZ)InA,, V(In(4,) = V(F,)/ll1, and
V(Inla,) = "(N The derivatives of H, withV 1 a/Ni'. 

respect to I. 
 and k are given in Appendix A. Note that 
the coefficients of the covariance term in (17) and (18) 
are negative and are also found in Appendix A. 

Results 

The dynamics and management of the bivalves in Garri-
son Bay have been under investigation for about a dec-
ade. The environment, the bivalves, and the manage-
ment scheme are described Scherbain and Gallucci 
(1976), Gallucci and Rawson (1979), Gallucci and Gal-
lucci (1082), Gallucci (1985), Orensanz and Gallucci 
(1988), and Gallucci and Lai (in prep.). One of thebivalves, Protothacastaminea, is a venerid hard-shell 
clam harvested commercially and recreationally along 
most of the Pacific coast of North America. The bivalve
is found in the shallow subtidal and intertidal regions
and is thus subject to heterogeneous environments, 

Tagging experiments and other analysis in Garrison 
Bay provided the following estimates: 

L, 61.0 mm. V(L.) = 7.053, 
1 0.346, V(lk) = 0.00017, 
M. 0.2, and F, = 0.1. 

Parameters estimated from this long-term experimentare considered the "correct" values and are used with 
1979 catch data in an LCA to generate the N, and FiAt,estimates in Table I. The analysis was done with 
Al = I mm using the program "LCAN" (Lai and Gal
lucci, 1987b). The program is for an IBM-PC and com
patibles and is available from the authors. These N, and 
FAt, are the basis for computing the relative errors from 
different choices of M and F, and from the use of 
Al-values greater than I mm. The variances of N, and
F,At, are computed using the above-noted variarces of 
L. and K. 

Table I contains the estimates of N, and FAt. using 
-LCAN" on the catch data with Al = 1 mm. These esti
mates show expected abundances in all the size classes.
and they show a relatively major increase in FAt, (and
thus ZAt,) around 48 .nm, which is in fact the dominant 
harvested size. The estimates of N, and FAt , are consid
ered the "correct" values against which estimates de-

Table 1.The results of a length-cohort -analysis on Prorothaca staminea using 1979 catch data. 
Length (I) At Catch Abundance FAt, 	 ZAt, F/Z, Z,(mm) (yr) (C.) (N) (yr_') 

29-30 0.091 8 8 47688 0.(YX) 17 0.1185230-31 0.0948 8 	 0.(X)9 14 0.2018446813 0.0W0 17 0.019 13 0.009 02 0.2018231-32 0.0980 
32-33 

5 	 45926 .01) 11 0.01971 0.005 58 0.201 120.1014 25 45030 0.00056 0.02084 0.0269133-34 0.1051 	 0..205 5350 44101 0.WR1 15 0.02217 0.051 71 0.2109134-35 0.1091 
35-36 

49 	 43134 0.101 15 0.02296 0.050( 0.21154).1134 17 42155 0.tX)41 0.02308 0.0176836-37 	 0.20360).1180 66 41 193
37-38 	 O.(I 62 0.025 22 0.06434 0.213750.1230 85 40167 ).00214 0.02675 0.08019 0.2174438-39 0.1285 170 	 3911)7 0.)4 41 0.030 1139-40 0.1345 171) 	 0.14657 0.2343537947 0.00455411-41 	 0.0314 0.14474 0.233850.14110 95 36772 0.W0262 0.03083 0.1)8511 0.21864)41-42 0.1482 126 35656 0.[3 59 0.03324 0.10808 0.2242442-43 0.1563 221 	 34490 0.0W6 53 0.03778 0.17281 0.2417943-44 0.1652 348 33212 0.01071 0.04375 0.24478 0.2648344-45 0.175 2 997
45-46 	 31790 0.03243 0.06748 0.481)62 0.385130.1865 998 
46-47 	

29716 0.03481 0.07212 0.48267 ).386660.1994 1796
47-48 0.214 2 2188 	

2748 0.06855 0.10845 0.63207 0.5438624800 0.109441 0.13727 0.6876( ).64119048-49 0.2313 2861 21625 0. 145 3949-50 0.2515 2411 	 0.191 76 0.75822 0.82891)17851 0.14897 0.19938 0.74719 0.7928250-51 0.2755 2058 14624 0.15612 0.21134 0.73870 11.7672251-52 0.3045 1620 11839 0.15193 0.21297 0.7133852-53 	 0.69941)0.344)4 1420 9568 0.16652 0.2347953-54 	 0.70923 0.68973(.3859 905 7565 0.13262 0.20995 0.6316754-55 	 0.44020.445 5 715 6 133 0.12789 0.2171655-56 0.5269 854 	 0.588 93 0.487434936 0.20092 0.30676 0.65498 0.582 1556-57 0.6449 442 3632 0.13874 0.2680357-58 	 0.51763 0.415600.8315 295 2778 0.12227 0.28891 0.42322 0.3474858-59 1.1719 171 2081 0.09654 0.33132 0.29139 0.28273
59-L. 
 - 498 1494 0.1(X)0 0.30000 0.333 33 -
'L. =61 mm. 
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rived from incorrect, inappropriate, or noisy input pa- crease asymptotically to a constant error Q[N,] for 
rameters Al. M. F;, L., and K are compared. any Al. 

Figure 1 (lower) shows that the fishing mortality1. The effects due to changing the size of the length FAt,' from the pooled histograms is underestimated asinterval, 11 Al increases except in the length interval (X-Al. X)The data in I'able I are the result of an LCA with which precedes (X. L). The large positive values forAl = I mm. The histoeram is reconstructed into 3-mm. o[F _Al At)._.] in all new Al's are due to the over95-mm. 7-mm. and -mm size 	 intervals and the results estimation of N%-,,, when large Al's are used (Fig. Ifrom an LCA compared to when Al = 1 mm. The (upper)). Note that N; = N1, for the terminal length inarouping of Al values proceeds in reverse from the tervals (X. L.). The value of o[FAt, is seen to oscillate 
group (.-AI. .) to the smallest size group. The error and increase in absolute value for larger Al. 
contours in Figure 1 (upper) show that g[Nil increases For the bivalve example. Al = 3 mm is probably therapidly as Al is increased from 1 mm to 9 mm. The RHS largest Al that could be used for grouping the lengthof each curve shows a region of rapidly increasing error frequency distribution of Protothaca staninea because 
to the rieht 1 the dashed line which is routhlv the locus QJN,J and oIF,AtJ are greater than 5 % when a larger Al
of points oi the left boundary where MAt,> 0.3. This is is used. It is clear from the contours that the objective
empirical confirmation of the constraint noted by Pope should be to retain as many length intervals (Al) as
(1972) that MAt < 0.3 when At = 1 yr. On the IHS of possible. especially for the sizes on the RHS of the
the dashed line. the error contours are stable and de- dotted line. 

0.3 	 

.j "> l--mm
 
6AL=3m m
 

= 
a L ;_mm 

0.2 Al 9mm 

.11 

- 0 Fiure 1. Relative error of N, and FAt, 

corresponding to the use of different
sized Al in the length-frequency hisio
grams. The dashed lines correspond to 

-0,2 ,the 	 region of the plane where
30 403 5 55MAt, > 0.3. a theoretical upper bound

30 25 40 45 5C (see results) and thus where relative er
rors show a large increase. M = 1.2 and

LENGTH (mm) 	 F, = 0.1. 
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2. The effects due to errors in the choices of M and F, 0.1 ("correct" value) to 0.01.0.05, 0.2.0.3, 0.5, and 1.0;For this analysis the data in Table 1, based on M = 0.2 Q[Nxl is large at the beginning and then decreases andand F, = 0.1, are considered the "correct" values. We becomes approximately constant in the 29- to 40-mmnext examine the effects of separately changing M and range. This is expected because when AM = 0, the sec-Fx. First. fix F, and change M to 0.05. 0.1. 0.3. 0.5. and ond term in (13) vanishes and the first term is doam0.7. When M = 0.05 and 0.10. AM <0 and p[Nj <0. inated by its second half. Figure 3 (upper) also showsFigure 2 (upper) shows that when AM < 0. q[NJ = -0.5 that AF, < 0 (i.e., Fx = 0.01 and 0.05) causes a larger(or N, is underestimated by about 50% of N,) and error o[Nj than does AF,>0 (Fk=0.2, 0.3. 0.5,remains constant over all length groups. When AM > 0, and 1.0).

Q[N1l > 0 and increases rapidly as M increases from 0.3 
 Figure 3 (lower) shows that the direction of g[FAt,Jto 0.7. This is due to alNVK being greater than unity and corresponding to AF). is opposite to the direction ofthe fact that (12) accumulates the error due to AM over C[Nj]. When AF, > 0. o[Nj > 0 and decreases rapidlyall length groups in the LCA. from a large positive value (at I = k= 59 mm) to a valueThe direction of o[FAtJ due to changes in M is oppo- less than 10% (at I= 29 mm) and when AF, <0.site to that of e[NJ, viz.. o[FAttJ < 0 when AM > 0 and Q[NJ < 0 and approximately constant.
 
Q[FAtI] >0 otherwise (Fig. 2 (lower)). For any M. the
value of ofFAtel increases as length decreases, but the 3. Errors due to the variance of t. and Keffect is less than that in o[NJ. Poor choices of M are The variances of 11. and 1Zof Protothaca staminea wereclearly more detrimental to N, than to FAt,. cotimated from tagging experiments. Cov(L,,lK) isIn Figure 3 (upper), notM is fixed and F,. changed from available from the estimation so we assume that Coy 

20 
aa - FIXED 

15 

A 

Q 1 A A 
" 

"0 7~n 000 0 0 O _=:, 0 0 C : A 

4 Z ZII
c c I0 
A o 

a A., 
-

A '- : 2 7 
A
 

-12 -1 , un ,,1i -r- -- T-
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6 a Figure 3. Relative error of N, and FIAt, as 
Fk changes from 0.1 (the **correct" value) 

M FIXED to 0.01, 0.05, 0.2, 0.5. and 1.0. while MisJfixed. 
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(L.K)0 = I) although it is well known that L, and .arc In the bivalve case. we find that 18N,/3K -isI5tlmes
 
negativelv orrelated. Because the coefficients associ- larger than '3N1,/L, 2 at I= 58 mm but is"11) times
 
ated with Co,(%L,,) in (17) and (IS) are negative val- larer at I = 29 mm. This indicates that the estmate ,I1
 
ues, our estimates of variances and 95"%confidence Var N,) is more sensitive to a unit of chanie in K th.n j
 
intervals (95 % c.i.) for N, and FAt, zre larer than unit of change in L.. This can be anticipated hecau,,e K
 
when Cov(L,.K) 7I= is included. Usin L., = 61.I0 mm. appears as a power in (2).
 
K = 0.346. V(IL.)= 7.053. and V(K) = 0.0)017 as the
 
standards from the bivalve example and (17). the 95 ",,
 
c.i.for N, and FAt, are shown in Figure 4. Ficure 4 
(upper) shows that the 95 % c.i. of N, increas,,s rapidly Discussion 
as length decreases. In contrast. Figure 4 )Iower shiiws The results of a length-hased cohort anal',s, .1oCrii !he 
that the 95 1 c.i. of FAt, decreases rapidly at first and end-product in the assessment of a fisher'. or m,,n.,ke. 
then becomes approximately constant for I < 44 mm. ment purposes. The results are usually used It,c..rm.,te 

The coefficient of variation (c.v.) of N. decreases a potential yield and perhaps to guide deLiLIn,, .ah. 'Ut 

from 141- at I = 58 mm to 78 -4 at I = 2) mm: while how that yield may be extracted, e. ..Aoh respe. ',
the c.v. of FAt, decreases from 46)"',, at I = 58 mm to the allowable exploitation pressure that rn.i, hte pal ,,n 
27V% at I = 48 mm and then increases to 7160 -%at length or age groups. One of the contrhitm-,.,t i ha, 
I= 29 mm. These extraordinarily large c.v.'s are a ser- paper is to help clarify the complex queti-,n ,Ih. 
ous concern for the user of an LCA. variability in the catch data and the '.aran.e ,It!he 
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estimates of the growth parameters combine in the re- (1984) suggested choosing the largest fish and Pauly 
suits. (1983) suggested choosing the largest plus 5%. What-

The very high coefficients of variation in these param- ever is done must be done with the understanding that a 
eters are not unique to the bivalve example but are also unit change in L. leads to a big change in N, (i.e., 
found in other organisms. such as the iVephrops exam- 3N,/3L. is very steep). The choice of K is more compli
pie in Jones (1979). One of the advantages of the analyt- cated because K and L,. are inextricably related (Gal
ical type of investigation over an investigation by sim- lucci and Quinn. 1979) and because K cannot be 
ulation is that the cause of the high variance of the guessed by observation. Since the ratio M/K arises nat
estimates of N, and FAt, can be traced to variation in K. urallv in the formulation of LCA. it is fortunate that 
suggesting where to focus attention in the estimation of M/K is more easily estimated than either M or K alone. 
growth parameters. This sensitivity of the estimates of It has been suggested that M/K is in the range of 0.8 to 
any LCA to variance in the input parameters is dis- 2.2 for most of the fish species in the world (Beverton 
concerting and must be of concern whenever an LCA is and Holt, 1959). In the bivalve case, M = 0.2, K = 0.38 
used to generate estimates of abundance. Perhaps LCA and M/K = 0.53, which is out of the suggested range. 
results should be used only as indices to reflect relative This implies that guesses of NI/K extrapolated from fish 
changes in abundance. to other organisms could be riskv. 

The sensitivity to L, and K is of special concern when In the bivalve example. Al = 3 mm (instead of 1 mm) 
a specific growth study has not been done and estimates introduces about a 1 % Q[Nj and a 1% o[FAtJ for 
of L, and K are not available. In such situations. Jones I -53 mm. For 12:56 mm. there is a 2 % Q[NJ and 
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0[FtAtt1 . The relative errors obviously increase for 
larger Al values. The size of Al is associated with the 
condition that MAt,>0.3 (Jones. 1984: Lai and Gal-

lucci. 1987a). This inequality is not satisfied on the RHS 
of the dashed line in Figure 1 (upper), which may ex-
plain the extreme jumps in Figure 1(lower). Further, to 
assist in the selection of the size of Al. the conditions 

MtNl\ or InA, < 0.3 and FAt, < 1.2 

should be satisfied (Lai and Gallucci. 1987a). 
The relationship between NI and F, is seen in Figures 

3 and 4. The relative error in N, i.. inanv times larger
3 

when NI varies than when F, varies, and is in the oppo-
site direction. Thus, the accuracy of an LCA is more 
sensitive to poorly chosen M- than F,-values. Sims 

sis. 
This work shows that there are consistent patterns in 

the relative errors of abundance and fishing mortality in 
Pope's Cohort Analysis and 1n LCA as a consequence of 
incorrectly cnosen input parameters. except that the 
relative errors are usually much higher in LCA. Since 
length-frequency distributions are easily assembled over 

many ,'ears the,,' can be used to evaluate the steadv-state 
assumption by looking for trends or shifts in the modes 
of either newly recruited or fully recruited animals. 

g
Nevertheless. the greater dependence of LCA on a 
steady state and on the von Bertalanffy growth model 
suggests that much less faith may be put in the results of 

LCA than in, Pope's Cohort Analysis. 
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Appendix A 
Derivatives of N, with respect to L. and K 

From Equation (20), 

n-i 
N - N(11i1K C1 

1.',Al-'tI,
N,-, 

and
where Ui,= f A1 ,1, and 
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....[L -(1+ iAI)JI{L. -[I+(i + 1)AIJ) 

It is obvious that 3N,13L., 3N,/3K and 3-N,/3L.3K are 
dependent on a, and 13,.Define the following terms: 

(L. = Su,iSL,; DK = au,/3K; ('L.K =52-,/EL=3K; 

L. = IK; .K = 2,IL K;= 33133L; 

and H, = () InA,. 

The explicit forms of these variables are 

m1 ___ 

K L L[--(I+nAl) [
=- a~ c4'K a 

) - 2[L-(l+i~l)]L-[+(il~I]= (L 
(PK = _-" 1K In a, 

PL. - 3L. I +-- -In L 

M)A,3K 

w
a'H, = 3:n / -[ 11J 

32 H,K - 32 L( =3- ( -)[LI L.-(l+al) 

"V-'K 
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