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ON THE STATISTICAL DISTRIBUTION OF THE
 
LARGEST LENGTHS OF FISH
 

I. I.NI RO1)1I 01 11111 

A conius ing Ltuat. i ori that most oten C::on fronts a 

bio1ogist i s tihe observaLtion that a determini.st ic growth rluat:ionwL 

B 'rtl.a n ir-owth .,r'ris r.al ,ovh when:i 

a rel ati vel y large number of fish r. studied and ''t the- same 

equation failL.s mi serab Iy whni appl i ed t., an :irli v i.dual i ih 

like'Lhe vIi rt:. y equat.ion g .y :yip.d 

growing over time. 

Io uni ,rstandliii s corifusi on. it' must br' remembered 

that the von Bertal ,nf} t y eqL.'Li on 

L_L ( . - [(F 

t 

(where L.. is the length atL age t L0 0 is the mean length the Fish 

would have r'eached ii the'y wer e to grow to a very old age; k is a 

growthi coe.ffticient; and "t is th "age" of th"p "fish at l.ength 

zero) is a (::eterm:i nistic equatior; and as such, indicates that if 

the parameters I_.., and t are .fixed, or are furcti onally 

determined,, tihen .for a par.ic:ular t value, there is only one
 

value for L. 'fhus we can imagrine that if we have two identical 
t 

of are i. nitia Ill, 

same length) and we leL hese two .Fish grow in exac-Lti, Lhe same 

ifter er"L -ice L.L .

fish (i e.. the same spec ies and age arnd':t of the 

envir onmetri L., Lhen a : r ain r Iod of me, the two i:sh 

would have attained exacrtly the sae .cngt.i YeL, obser"vaLion s 

of growth of :1.individua. fish qro i, g under conLrolled condCitions 



do not bear this out. Rather, the most likely event to happen is 

to have the .fish grow to di.ff:erent lengths f:or the same length of 

ti me. 

C ear I y, :i sh qrowth is not der:termi ri sti r : rin natVure. 

Rather, .f: growth repesen e as a proc..uss whoseish is bett er el 

development.over time is governedl by probabi lint:ic laws; t.hat is, 

as a stocha.t.i c pro:ess-,, 

. : .l "f'or prl"OWl "miay be ta.kePeln asstocthas moc 


W'
V Wt~ 	 - L. Wl: t. 

where 	Y(t) is the at V length o1 the fish at time t' 

L.(t) 	 i s the .en:i-h t.lat the .fish wc,ouic have at.tained if it 

c.grew arc::ordin..g to the det.erministic equat i like the 

von Lert alanaf:y equiation, and 

6(t ) 	 i a' random vi:--abl e,, ,someti.mes ref erred to as a 

random noise or a perturbat ion, which represents all 

other i.nfluences affect ing cgrowth that cannot be 

exactly accoLnytle. for nor determined as in LM. 

The 	 us l. assumptions imposed on the random variable 

(t) are that 

EE[ 	 (to J C)
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VarL (t)] 	 (a constant). 

rhus, Under this stochastic model for growth, the 

actual .length of the :ish, Y(t), is a random variable whose 

distributior is determined by the distribution of (t ) and 

whose values for fixed t values will. vary abc:ording to this 

probability distribution. 
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an important consideration is the +act that 

•E[Y(t).J = L(t)
 

aver - [.... I.n run value-:,s the 

fish of h anc:d 5 I:bv v lue 

that is, the q is long o-f:the lenwcth of 

the ame secflis age providJed-C] the length ",aJ. 

obtained trom Lhe cletermi n sLic ].enIth equation; say, the von 

.ertai anF f . prowitl equat: on tor ].l-,n,-1-h Ihusi if[- a rge nLiumber 

i of- , O i t: theo-f sh thie s-ame spec and: age aren 's0uctdied, i s 

cs f r ish isaverage c.'haracteri-sti ,o thlese . p gr.]p'oup at f that 

predicted bcy the vo\-cn betL:aan+-t, e:,quati on. 

(ine of i-he paramoe'ers aff-erti ncg the value of L(t) the 

length oredic.lIed by the von Her.alan,-f ty equation, 1s L.oo the 

mean l.enct.h the fiSihr w',ould have atta .-ed i f the f sish were o gro'w. 

to a ae. ech n's of est-i mating or every old Var :ious n: qt.ch L..0 


found in the lit-ratue, the majority of- which ar-e-basecd on a 

linear trarsf-ormat-ion ot the von IPorta.f-fy ecqluation.F, t-empts 

to est-i..mate [.. inclependenl-tI[y of the von belrtalan F:f y equaL Ion 

rIe -,o . humb .ae .. t:.o the 

biggest, length measur-ement ever recorded tor We g iven species; 

or take L.-a0 to be the aver-ape length of a number of very old 

Fish.
 

Tlhis paper is a further attempt at finding an estimator

for L o( that i s i ndependent of the assumed under lyi ng 

deterministic equati on governing the .growth o: fish. The
 

technique is based on the observation that vari.ous surveys have 

reported di f-.fereit v\.a.lues for "t'e length of- the' biggest fish o-f a 

given species,, indicatingq that the longest length o.f .Fi h of a 

given species .is not a Fixed quantiI:y but a rancdom vari able which 

.takes on di-Fferent values according to somn probabilistic law. 

were prov:ided by suchi . ' t, as: L' t be 2/ " 



Thus. inorder to identi-fy a reliable eitimator for Log for fish 

of a gi yen spec: ie s I t i s i mpor tant that th: statist i cal 

distri butior o f the longest lengths o.f tihat particular f-ish be 

first established. 

The' di strib ut i o: te. . lengciths of RastrelligerL:- on(jest 

ca. o f:r the Visayanbrachysoma (to name: hasa.hasa) cau:ht om Boa
 

4. via
f:r om Januaryt .: t.o Docember ,.iss _tLtdi .d the Lhe<or o>-f 

-
ex1:ren va. ue. e eomvol op o:l bd lel (19M54)'T4 whi::h aims t0o x pl a in 

observed o t:r,:.muE ar siS na in sampl :esof gi ven s z es, or valid for 

a g ven pr od,, or .ength , area, or volume, and to -forec:ast 

ex.tremE's Lhat may be x pect:d to occur with:inn a certa:,ri sample; 

tmarea, ettc. 

The appli,cation of the theory of extreme valLeOs starts 

with the ful fill ment of the-f ol lowi ngj condi.t i ons: 

1) The var iables (length, in our case) are c:ontinLIOLS. 

2) All the samples fiom where the extreme lengths are 

drawn have a constnt di str i buti on with f:i xed 

parameters. 

3) -The ex treme lengths are taken from independent 

sampl e.s.
 

Not.e tlhaL lencg'th measures are continuous measures., the 

distribut:on of: fi::ssh l.engths may bie. safely aszuned normal with 

fixed patrameters for a paric:u~lar species i.n a particular area, 

and the vari ous sLur'veys -From which the extreme lengths were 

obtained may be treated as independent samples.. [hus, the study 

of the disetr:ibuti..or o.f the extreme length values is a natural 

appli cati on of the theory s f extreme val.Les. 



Considc-r Lhe or ciinal set of length measurements. F(m) 

is the pr-.omi:ib:i. 1 i t.,y t. hat any observed lencth i s I es'.s than a 

spe-cified vaLe, ;. 

Consider also the set. of maximum .lergiths drawn f:rom Lhe 

original observaL:ons. Let 6 ,.) be' the probabi ity that the 

largest value :is less than a given length x. Therefore 

n 
&(x ) F (W
 

n ri Ii
 

whose derivative 

n-1
 
0 (, ) = nF f
)F(x 

II I n n 

is the distribution of the largest value amono n independent 

observati ons. 

S i mii lar 1 v, the di st ri buti on of the sal est va lues 

among n indeper, ent measurements i s 

ri 

(;.m ) 1 - El - F(A )1
 
in 1 i
 

n--i 
and e (x ) nE1 - F(x )] f(x ) 

I n i 1 1 

Here x is the smallest va.Lue and x is tne largest value. 
1 n 

2. ~YmP Lot i r Di str i.btio5-Exrm VlLC 

Even if the initi al distribution of the sample is 

unknown, the knowledge of the type of di stributior is enough to 
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determine the distribution o: the extreme values by deriving its 

asymptoLic d , 'isrbution. An asymptoti(- disiribution of a random 

variable ima--i.mum ength.li, our case) is any disLribution t.hat.I. :in 

is appromim atLuey equa Lo le actual distribution of the extreme 

1 fnorh a .sam::e.sii:->r lar-ge e . 

If the:- varaablei :s infinrit e to the riqht, then its 

cumLIaLive dis :r i l-on functi.on F( a:proaches I as quickl y as 

the e' ,orJ.i L a I funi Li oon. Var i abl es wi th th i s char-acter . st i c 

have a:SyMP:.at L c ii. st.r ibuL ions wh:i c:h bel ong Lo Lhe-, . onent._a 

K..I> v,r ii a-..es wh ch are i n *i ally i stri buted as e'ponerti al 

normal . ch:i square , . . i c and the log. or-med lormall-t ransf 

be.i ong to the exponenLi al nroup. Under thi s type of asymptoti c: 

distribut.ion , al. moments exist but not all distributi ons with 

existi ng moments belong to Lhis class. The distribution of 

extreme values be].onging to this tyne is 

1 =(y) y) e 	 -- 00 y <no (Equation 1) 

with the reduced variate y = C( (, -u) (Equation 2) 

and wher'e x is the variable belonging to the exponential typ.e 

(and is continuous to the right). 

IA/ 	is a measre of dispersion which gives the scale of 

measure applicable to Lhe observed value of x to 

that of the reduced variate y. 

u is an average (specifically, the mode for the 

exponential type) of the extreme value 

di stributi on. 

6
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A simple tool f or the study of extrema values :is the 

probability paper which gives a Aimple graphical method of 

testinq the fit between theory and observati,ons. 

Let x be a c:ort i n.ous var i ate , unl.imi ted in both 

directions, for which a lirnear reduct: ion 'equation 2): 

+.Ayio ......-... y - 0(x U)+ 

exists, where u is a atqyt,-in average and iA% a certain measure 

of dispersior. 

A probability paper" is a rectangular grid where the 

observed va. ate :.: iS plotted on one ax. is, and the reduced 

variate y is plotted on the other axis. 

Further , note that if F (x) i s the probability 

di stri buti on o t.Le vari ate x and W(y) is the probability 

distribution of the reduced va-iate y, then 

&$(/) - F(Q). 

Thus, the probabi Iity paper also i ncl udes the probabi I i ty 

W(y) = F(x) plotted on a srale parallel to the scale of y. 

If the theory holds (i.e., that the observations x are 

distributed according to F,)), then the observations, plotted on 

the probability paper should fit the straight line given by 

x., = u + yiOW 

An extr.mal probability paper may be constructed Lsing 

an ordinary graphing paper by using the Fact that :its horizontal 

and verti cal axes have linear scales. The length units are 

arranged along the vertical axis; while the reduced variate y and 

the probab:ilities are plotted independently along the horizontal 

ax i s. 
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Since the scale of the probabilities is nonlinear, this
 

axis is constructed based on the linear scale of y. Values f or 

Wy) are purposely selected for qtick interpretation and are 

computed and positiorned using the For-mula f-or M(,y) in equation 1. 

(Here recall thaL M(y) = FWx)) v ,values in the graph rarge ifrom 

-2 to 7 since M(y) of poirits oulsi de this inuterval converge 

toward 0 and ,-ive.Ly.1, respect 

If thIe normal probabi lity paper i; used i nstead, the 

most obvious di Fferentce is the cr.e o.f expected extremes. An 

extremal probab:i.ity paper clearly shows a straight line of such 

values. Hower, the sca tet : the observati ,ons ar ou.nci the 

theoreti cal curve/linr e in both cases seems to be the same. 

ThE. JI ne o f .p ected ex.remes in the extremal 

probabili ty paper is a straight line because oF the linear scale 

of the reduced var:i ate y (along the horizontal ax:i s) from where 

the l ocati on of the probabi I. i ty val ues are based and the 

assumption of the ex.isl-ence o.f 

X = u + y/oK (Equation 2A) 

which is another way of writing equation 2. 

II . METH.ODOLOGY 

1. F'i..ot.t.ing_ t h_e.Observation.L .DS_ 

A.fter the max i mum lengths are removed from thei r 

respective sets of observati onis, these values are arranged 

according to size. I-f one is studyi ng extreme largest values, 

the ex tremtes are arranged in i ncreasi ng order. Otherwise, 

arrange the values from hi ghest to lowest, 

8
 



The observed lengths are then plotted on an extremal 

probability paper using plotting positions which are val ues 

comput.ed from the order of the observalions. A plotting position 

may be i rterpreta(d as the cumuilative pr-obability assigclned t i the 

mth observat i on. 

GuLimbel pre-fers to use- :he pl1ott.:ing posit ion, m/([+l) 

for the mth observation and n is the total number of xtreme 

values. fh'is chl :i.ce of pl,,:tin . positiion enables the plotting of 

both the smallest arid the largest of extr'eme values in the 

probability paper. Alternative positions lose either of the two 

ment i oned e.' rme. 

An observption is plotted usiig its length as the
 

ordinate and its plotting position as the abscissa.
 

2. E±stiation af_.r.aMeter 

After arranging the lengths from smallest to highest, 

the sample mean , and the sampie standard deviation S , of the 

measurements are c:omputed using these formulas:
 

.i - x arid S = x X-('.).

i nI I M in tl i n 

n- !ri n 

These values are used to get the parameters u and I/a needed 

'for the fitting of the theoretical line- (equation 2). 

Two sets of estimates of u and I/A, are obtained with
 

the application of the classi cal least squares method to the
 

vertical (using length values) and horizontal (using values of
 

the reduced variate) differences bet.een the points along the
 

9
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fi tted .Jine and the observed measurements. Ihese estimates
 

involve rather troublesome computations whi ch may be reduced by 

getting the geometric means o the parameters obtained from the 

vertical and horizontal di -ferences stated above. Anyway, 

separate computations of all tihe estimates show that the values 

do not largely differ from each other. 

[he parameters io and u are computed as follows: 

i/o( S and U= - y7 0 
n 

n 

where a are that explained at the beginningand S the same as of 

this section.
 

y and C are the mean and standard deviation, 

respectively, of the plotting positions, I/(n+l).These two 

quantities are used to solve the parameters u and 1/o as can be 

seen above. , and G are fixed -for a specif:ic n and a table 
n n 

for such values is given in Gumbel's monograph. Likewise, a 

computer program which includes the computation of and O is 
n n 

provided at the end of this article. These values are not 

statistics (since they don't depend on the observations but on 

plotting positions) nor are they purely population values (since 

they are influenced by the sample size Q).
 

1(0
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Having computed the parameters u and 1/0( , the 

theoretical straigh: line x u + y/e (eqtuation 2) , can i-ow be 

fitted to the observat:ons. By selecting a few length values, 

their correspondigrq y va.lue is compLted using ecluation 2. Anain, 

with leigth as Lhe ordinate and tLhe reduce-.cd varia. e as tile 

absc i sa:., plot these point-s over the observati,ons in the e' tr-mal 

:robabi 1i y papr then connsct all theoret:ical points to make the 

I ine of e peLe d x treme. 

A good .fit between the observaions and the theoretical 

line :implies that the stat istical theory of extreme values hIolds 

true. In Lhis way, the line of expected extremes enables one to 

predict the occurrence of a max imum length and its prol:ability 

under constant environniental conditiors. 

4. Contro Curve 

The control curves provide .a graphical way of testing 

the goodness of it of the theoretical straight line to the 

actual observations. To construct control curves, first compute 

the st andard error of: the mth reduced vari ate usi ng this 

equat ion: 

Fn C7 y (y )[I - 1(y )J/ O(y ) (Equation 3) 
fri )Ti (TI m 

where M(y ) is the frequency of the mth extreme length computed 
m 

from equation I, and
 

W(y ) is the first derivative of M5(y ); O(y ) is computed 
Mn . m M 

from equation 1.
 

1.:.
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With the value obtained in equation 3 as the numerator, solve .for 

the Etandard error- of the mth observation, x , with the equation 

bel ow: 

>, tr )/(F ) (Equation 4)O(y n% 
m ITm 

where 1/0( is the same parameter previouily def :ined, and 

n is the number of extreme lengths under study, 

'he standar-d error of x compuLted from equation 4 is 

added Lo and subtracted from the length x found al. ong the 
m 

theoretical line to get the upper point and lower point of the 

control curves. Plot these two point s parallel to the length 

axis since these are length values al so. If only one o unit is 

used to get the c ontrol c:urves, then tIere :is the probabi.ity o: 

0.6827 (approximately 2/O thaL each po int is conta:ined in Lhe 

ar ea enc. osed by the two ci.i',,ers. I+ two 0 uriiLs are used , the 

in terval made by the control curves expands anid the probab il.ty 

increases according.lly to 0. 9545. 

The contro.l cutrves are Lsed as a chec:k on the amount of 

scatter of the extreme lengt-h values about the .fitted line. In 

other words, they may be c onsidered as corfidence bands of the 

dispersion of observations about thei.r t:heoretica]l values. 

Analysis :of'the data related to control curves are 

safely made for M(y) values between .15 and .85, or else, errors, 

may be encountered in interpretation. 
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An expected .largest'valuLe u , i,- defined as an extreme 

length that is expected to occur in a sample of size n with a 

probabilityu:i',en by: 

F(u 1 .. in 	 (Equation 5) 

Of c.ourse, the expected largest value is not the mean largest 

value.L.ikewise, the probability of the expected smallest value is: 

F:(u ) = I/n
 

II
1Tle ex pected~ extreme Lu is obtaB ied biy firs~t 

qtting the c:orrespondinq reduced va-riate y for the probability 

F(u ) uitng equation .l. (Recall that' (y) F:(;'). Then solve 

for u from equaL ion 2 usi ng the parameters u and I/C( compLted 
Ii 

from the observations. 

To determine the relationship of the expected largest 

value u and the sample si::e n, the quantity (2 is introduced 
rT 	 n 

and is defined 	as 

= n f (u 

where f(u ) F' (u) or may be computed using equation 1. 

Tal::ing the derivative of equation 5 with respect to n, 

the following is obtained: 

d u = . (Equation 6) 
FE 

d log n n
 

Therefore, I/ O measures the increase of u with the logarithm 
n n 

of n. 
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Equati on 	 6 is cal 1ed the trend of I .,r.ithi _incra.e 

and is further stated as f ollows: If is 
n 

independent of n-, L increases with log. n. if O inlcreases 

F) 	 n 

with in u increases more slowly than log ni. I.f O decreases 
n n 

with n, L increasas more quickly than log n. 
n 

There.Fore, the trend of logarithmic increase o1: the 

extremes determi; es whether expected extremes vary greatly with 

varying sample sizes. 

IV. RE.SULTS 

Length data from fishing vessels using purse seine and 

trawl net are deal:, separately. (The data used have been 

proviced by the Department ot Agri: culture aid are part of their 

on-going Fil stock assessment pro jec t). 

A. 	 PURSE SEINE (Refer to Fi gure 1). 

'he data set used in the appli:cation of the theory of 

extreme values consists of several fishing vessels ulsing. purse 

seine. The smallest and largest length are 18.5 cm anl 28 cm, 

respecti vel y. 

There seems to be a good fit between the observed 

lengths 	 and the theoreti cal line except for some points 

(18.5 cm 	 and 24 cm) which deviate a little bit from the fitted 

straight 	line having the equation 

y =,6124(x - 22. 3810) 

14 



and ,go outside the area covered by the control curves.
 

The computed expected extreme u for this dat a set with
 
l
 

a sample size eq:l to ;1 is 27. '617595626 cm. Takinc the value 

of the quan t. y O 1 or n -:1 and f or" other Eamp I e sizo', ( 

incr eases5 wi th incr easing n. Iherefore, based on the .rend cf 

.ocgarithmicL: inc:rease of the ext remes, the 0xpected extreme U 
n 

increas.es more slowly thar log n. l hi..-. mueanls that inc:reasirg the 

samltp.e size:: wii I also chanc:e t.theIexpected extr eme but the raLe of 

incr. se :is rather silow Lto have big chanes in inLerpret.at:ion. 

Wit.h l.lte value o-f u. give. above an d ti:L-ng its reduced 
Ii 

variate y, , the .ength :i.nterval c:>vered by the control c:urves is 

(26.329 cm, 29.595 cm) Maximum length values obtai ned from 

other sources and such values arrived at using, procedures! other 

may be validated using thi s interval. Here, there is a 

probabi lit'y of around 68% that the true maxi mum 1engith of a 

R. brachysona lies in ths- interval (26.3i'2P cm, 29.595 cm). 

B. TRAWL NET (Refer to Figure 2).
 

This data set contains maximum lengths from :31 surveys
 

of fishinc vessels using trawl net. As one may observe from
 

FigLure 2, the survey lengths don't greatly depart from the
 

theoretical line 

y = .6476( - 21.9700). 

If analysis is to be based on &(y) valu es from .15 to .85, the 

control curves could say that the above fitted line provides a 

good fit for the survey data. However, for larger lengths, the 

observed points go beyond the interval of the control curves and 

the fitted line. 

15 
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rhe e'xpected extreme u is computed as 29.49238247 cm 
n 

and from this value, va. idat ion of max imum length values is based 

or he interval (27.9482 cm, 31.03b6cm). 

C. 	 A COMPARISON OF RESULTS 

Other authors Ii sted the foil owi ng. val uLes or 

R. 	 brachysoma: 

Gulf: of: Thailand 1970 (Somjaiwong and Chullasorn) 18.20 cm 

Gul+ of Thailand 1970 (Sucondharman, it al) J9..60 

Gulf: o Thail-.and 1970 ( Sucondharman, et al) 20.00 

Gulf: of Thailand 1972 (Hongskul) 20.90 

Gulf of Thai 1 and 197C) (Somjai ao.nd .hlI1 asorn) 20.90 

Thailand West. 1985 (Al'on'mocus) 	 22.40 

Java Sea 	 1979 (Dwiponggo, et al) 22.90 

GuI.F oF h :i lan." 1970 (Kurogane) 	 23. 00 

Malaysia 	 1985 (Anonymous) 23.50 

Thailand West 1985 (Anonymous) 	 24.5C 

Raqay Gulf..: 1981 (Corpuz, et al ) 	 24.50 

Samar Sea 	 1979-80 (Ingles and l-P'auly) 25.00 

Samar Sea 	 1981 .orpu., et al ) 25.00 

Samar Sea 	 1979 (Corpuz, et al) 25.50 

Thailand West 1985 (Anonymous) 	 26.3(0 

Sumatra 1985 (Anonymous) 26.50
 

Mani 1a Bay 19?8-79 (Ingq es and Paul y) 34.00.
 

Comparing these values and the intervals obtained 

above -- (26. 329 cm, 29. 595 cm) far purse seine data and 

(27.948 cm, 31.037 cm) for trawl net data -- maximum lengths 
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found in other sources (and using other methods) seem to be 

underesti mated. Most of these measureme'nts are rel ati vel y 

smaller than the lower limits o: the intervals civen here. 
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SUMMARY.
 

The statisti cal theory of extreme val ues ai ms to 

explain the occurrence of +ar--removed observations and to predict 

extreme points that may occur. -here is a wide field of irnterest 

over which this theory may be applied. In this article, the 

statistical theory of extreme values is applied to the maximum 

lenqths of fish (obtained from catches of commercial fishing 

vessels) and with the hope of validating L values obtained by 
m a 

other authors.
 

If the initial sample distribution is known, the exact 

distribution of extremes may be easily obtained. If it isn't but 

the type of distribution is I::nown, the asymptotic distribut ion of 

extremes may then be obtained. There are three types of 

asymptotic distributions available. They are the exponential 

type, the Cauchy type and the limited distribution. The 

exponential type is particularly discussed in this article since
 

the two other asymptotic distributions may be transformed into
 

this type.
 

A theoretical straight line, x = u + y/O( is fitted 

tQ the ordered observations plotted on an extremal probability 

paper with the observed lengths on the vertical axis and the 

corresponding reduced variate y on the horizontal axis. The 

extremal prob:Llity paper graphically checks the goodness of fit 

between theoretical (or expected) length measurements and the 

actual observations. LA is an* average of the extreme value 

distribution and 1/0( is a measure of dispersion. 

18 



The parameters mentioned above are computed as follows: 

13X , L = , .. /O 

V n 

0" nn 

x and S are sample mearn and sample standard deviation. y and 
M' n
 

are the expected (or reduced) mean and standard deviation 
n 

obtained from the plotting position, m/(n+l). 

Control curves are computed to check the amount of 

scatter and to deter'mir're the +it of the actual measurements about 

the fitted curve. 

The expected extreme value for a sample size and its 

corresponding leng-th interval covered by the control curves may 

be used to validate extreme length values obtained using other 

methods. Ulsually, the control curves are corstructed with one 

uniL to e-stablish their distances from the theoretical line. 

This provides a 68% probab:ili ty that bhe true maximum length lies 

in the length interval enclosed by the control curves for the 

computed expected extreme value. 

In this article, the theory of extreme values was 

applied to two data sets of: length values obtained using 

different gears. Computati ons r-evealed that there is a 68% 

probability that the true max imum length of a R. brachysoma 'lies 

in the interval (26.329 cm, 29.5 5 cm) for the purse seine data 

and (27. 9482 cm, 31. 03"b66 cm) for the trawl net data. Maximum 

lengths of thiis species found in the literature and using other 

methods seem to be underestimated in comparison. 
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THE COMPUTER PROGRAM
 

The procedures discussed in this article may be 

conveniently performed using the computer program provided here. 

This program written in BAESIC and made for" use with an HP 86 

computer provides instructions f or the folilowing: computation o+ 

the parameters u, 1/m , and O whi ch are needed for 
n. n 

c:omputing the line of expect:ed extremes (equatiorn 2 or 2A) 

without uinr'g -he table of these values in Gumbel 's monograph; 

the construct i on of the line of expected extremes and' control 

curves; Lhe computati on of expected extreme. val ues; and a 

graphics section featuring the plotting of observed valueE, the 

theoretical lire and the control curves. 

This program provides the option of whether a hardcopy 
0 

of the computed results and the graphics display is desired or 

not. It also allows the creation and retrieval of data and 

graphics files. However, all necessary data file. must be 

arranged according to size before running the program. 
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COMPUTER PROGRAM AND PRINTOUTS
 



10 REM : THEORET3 - CRSP
 
2 REM : DATE OF LAST REVISION >> JA4UARY 28, 1988
 

30 OPTION BASE 1
 
40 DIM OBS(500) ,F,500),Y(500),YY(2000)
 
50 DIM R (2000) ,B (2000) , T (2)00) , MARKX (3), MARIY(3) 
60:
 

70 ! DATA ENTRY ************* 
80 CLEAR
 
90 DISP "ENTER DATA FROM
 
100 DISP " EKeyboard" 
110 DISP " ED]:iskette'
 
120 DISF " [E]'it"
 
13: DISP @ DISP "SELECT OPTION ";. INPUT OPT$ 
140 IF OPT$="K" THEN 260 
150 IF OPTV="D" THEN 370 
160 IF OFT:s="E" THEN 3990 
170 GOSUB ERROR 
18.GOTO 30
 
1.cw!
 

200 ERROR:
 
210 CLEAR
 
220 DISP "ERROR
 

23. BEEF 1('000,10000 
240 RETURN 
250 
260 ! KEYBOARD DATA ENTRY 
270 CLEAR @ RECALL=O 
280 DISF "NO. OF OBSERVATIONS ";@ INPUT NOBS 

29; ]:F NOBS::2 OR NO8S#INT (NOBS) THEN GOSUB ERROR ELSE 310 
300 SOTO 270 
310 FOR I= TO NOBS 
320 DISEP "ENTER OBSERVATION* ";I;@ INPUT OBS(I) 
330: NEXT I
 

340 SOTO 490
 

370 [ READ DATA FROM DISKETTE FILE
 
380 CLEAR @ RECALL=l
 
390 DISP "NAME OF FILE TO RECALL ";@ INPUT FILENAME$ 
400 ASSIGN# 1 TO FILENAME$ 
410 FOR I=l TO 500
 
420 READ# 1,I ; OBS(I)
 
430 IF OBS(I)#O THEN 450
 
440 NOBS=I-I @ 1=500
 
450 NEXT I
 
460 GOSUB 490'.
 
470 GOTO 710
 
480!
 
490 CLEAR
 
500 DIS "DO YOU WANT TO PRINT DATA (Y/N) ";@ INPUT Y$
 
510 IF Y$="Y" THEN 550 
520 IF Y$"N" THEN 710 
530 GOSUB ERROR
 
540 GOTO 490
 
550 GOSUB 570 
560 GOTO 710
 
570 CLEAR 



580 DISF' "PRESS <CON.T> WHEN PRINTER IS READY." @ PAUSE 
509 PRINTER IS 708 
600 IF NOT RECALL THEN 620 
610 PRINT "FILE : ";FILENAME$ 
620 PRINT " (INDEX) OBSERVATION" 
,630 FOR 1=1. TO NOBS 
640 IF I=NOS THEN 6C 
650 PRINT " ";VAL$ (") ') 

"'O B S( 1 )' ; ;@ SOTO 670" 660 P:RINT "&<"; VAL$ ( I );" ) ;OBS (I ) 

670 NEXT I 
8C, FOR 1=1 TO 7 @ PRINT @ NEXT I 

690 RETURN 
700' ! 
710: ED I T=0 

720 CLE.R 
71 DISP "ARE ALL ENTRIES CORRECT (Y/N) ";@ INPUT Y$ 
740 IF Y$="Y" T-HEN 890 
75IF Y$="N" THEN 790 
7M.SOSUB ERROR 
7"7;u SOTO 720 
780" ! 

790 EDIT=i @ CLEAR 
800 DISP "INDEX OF OBSERVATION TO CORRECT ";@ INPUT INDEX 
81:0 IF INDEX<I OR INDEX>NOBS OR INDEX#INT (INDEX) THEN 790 
820 D I SP 
830 DISF "INDEX"; INDEX; " >> F'revious entry : ";OBS(INDEX) 
840 DI.' "ENTER NEW OBSERVATIONH 
150 INPUT OB1S ( INDEX) 
860 IF NOT RECAL. THEIN 88(-) 
S70 PRINT# 1,:NDEX ; OBS(INDEX) 
8*0 GOTO 720
 
890 IF NOT EDIT THEN 970 
900 CLEAR 
910 DISF' "DO YOU WANT TO PRINT EDITED FILE (Y/N) "'@ INPUT Y$ 
91 LIF Y$="Y" THEN 960 
930' IF Y$="N" THEN 970 
940 GOSUB ERROR 
950 GOTO 900 
960 GOSUB 570
 
970 IF RECALL THEN 1140
 
980 CLEAR
 
990 DISP "DO YOU WANT TO SAVE ENTF'TM " N> ";@ INPUT Y$ 
1000 IF Y:$="Y" THEN 1040 
1010 IF Y$="N" THEN 1140 
1020 GOSUB ERROR 
1030 GOTO 980 
1040 CL.EAR 
1050 DISP "NAME OF FILE TO CREATE ";@ INPUT FILENAME$ 
1060 OBS(NOBS+I) =0 
1070 CREATE FILENAME$,NOBS+1,8 
1080 ASSIGN# 1 TO FILENAME$ 
1090 FOR 1=1 TO NOBS+I 
1100 PRINT# 1,I ; OBS(I) 



110 NIEXT I
 

1120 ASSIGN* 1 TO *1130 
!140:: C L.EAR
 

1145 DISP "Computing n & Y, please wait .... " @ BEEP 10,100 
1150 ! T0 COMPFUTE Yn AND n 
1.1.60: K=(O @ UM) 

It70 FOR 1=1 TO NOSS 
11. RR=- I/(NOBS+I> 
1 '0 SS=-LOG (-LOG (RR)) 
120,0 K=K+SS
 
:1210: Q=Q+SS"2
 

1220 iEXT I 
1230 H=K / N0S 
1240 DA=SQR (Q-K2/NOBS)/NOBS)
 
1.250 DISP "MEAN Y VAiUE IS -,H 
1260
 

1270 DISF' " SIGMA n VALUE IS ",DA 
12% ! 

1 DISP "'PRIINIT ALL RESLLTS (Y/N) ";@ INPUT Y$ 
" Y1 IF '$= ' THEN PRINTER IS 708 @ GOTO 1340 

1320 IF '.="N" THEN PRINTER IS 1 @ SOTO 135C) 
1330 GOSUB ERROR @ GOTO 1300 
1340 DISP "PRESS <CONT> WHEN PRINTER IS READY. " @ PAUSE 
1350 CIEAR @ DISF "CO'PUTING, Please wait ... " @ BEEF' 10,1000 

1360 REM : COMPUTE PLOTTING POSITION (P) AND REDUCED VARIATE (Y) 

1370 RINTT 
13I-8 F'PRINT TA-:3 (9);LENGT H';TAB (..19)"PHI(X)'";TAB (32);"Y" 

1390 FORI=1 TO NIODS 
1400F(I =I/ (I'OBS+I) 
141' Y(I)=-LOO (-LOG (P(I))) 
1420 PRINT USING 1440 ; I,OBS(I) ,P(I),Y(I) 
1430NEXT I 
1.40 IMAGE ,X,3D,2X, 3D.D,5X,Z.4D,4XDZ.4D 
1450 
I:O REM : COMPUTE MEAN AND STANDARD DEVIATION OF OBSERVED VALUES
 

WO SUMM,SQUARE=: 
1480 FOR 1=1 TO NOBS 
1490 SUMM=OBS (I)+SUMM 
1500 SQUARE=OBS (I)""2+SQUARE 
1510 NEXT I 
1520 !
 
1530 AVE=SUMM/NOBS
 
1540 STANDEV=SQR ((SQUARE-SUMM^2/NOBS) /NOBS)
 
1550 !
 
1560 REM : COMPUTE l/ALPHA AMD MU
 
1570 W=STANDEV/DA
 
1580 U=AVE-H*W
 
159(:) PRINT 
1600 PRINT 
1610 PRINT "Yn = NH 
1620 FRINT "SIGMA n = ;DA 
1630 PRINT "MEAN OF OBSERVED LENGTHS = ";AVE 
1640 PRINT "STANDARD DEVIA'TION OF OBSERVED LENGTHS = ";STANDEV 
1650: PRINT "l/Alpha = ";Q
 

1 660 PR I NT "Mu = U 
1670 !
 
1680 REM : FIND THEORETICAL LINE AND CONTROL CURVES
 

http:3D.D,5X,Z.4D,4XDZ.4D


1690 PRINT 
1700 FRINT TAB (8);"LENGTH";TAB (17);"'PHI CY)";TAB (30);"LOW";TAB (40);"HIGH" 

1710 IMAGE 3X 3D,2X, . D3X.DZ.4D.,3X,3D.4D,3X,3D.4D 

1720 X=OBS(1) @ 1=1 
1730 YY(I)=W . I(X-U) REDUCED ARIATE 

1740 R (I =EXF' (-EXP (-YY())) THEORETICAL CUMULATIVE FREQ 

1750 j=EX'P (-YY(1)-EXP (-YY(I)) ) FIRST DERIVATIVE OF R 

1760 M=SIR (:)' ())) /J STANDARD ERROR#:(R-I P(! 

1770 L=MI-WiSQR (N'.!OBS) STANDARD ERROR FOR CONTROL CURVES
 

1780 B(I)=X-L LOWER POINT (CONTROL CURVE)
 

1790 T(I)=X+L UPPER POINT (CONTROL CURVE)
 

1800 PRINT USING 171.0 I,XYY(I) ,B(I) ,T(I) 
S810 IF YY(I)>7 THEN 1850 
1820 X=X+.5 @ 1=I1 
1830 GOTO 1730 
1840 
1850 LAST=I 
1860 I ******:-:- EXPECTED EXTREMES ******.*** 
1870 BIGF=Il/NOBS 
IN= YEXT=-L.OG (-LOG (BIGF)) 
1870 XEXT=U+YEXT*W 
1900 SMALLF=EXP (-YEXT-EXP (-YEXT)) 
1910 SIGMAI=SUR (FIGF*(1-'BIGF))/SMALLF 
1920 SIGMACC=SIGMAI*W/SDR (NOBS) 
1930 LOWER=XEX T -SIGMACC @ UPPER=XEXT+SIGMACC 
1940 DISP "EXPECTED EXTREME VALUE IS ",XEXT 
1950 DISF "LOWER POINT OF CONTROL CURVE FOR EXPECTED EXTREME IS ",LOWER 

1960 DISP "UPPER FLINT OF CONTROL CURVE FOR EXPECTED EXTREME IS ",UPPER 
1970 DISP 
1.980 DISP "DO YOU WANT TO PRINT THESE RESULTS (Y/N) ";@ INPUT Y$ 

1.990 IF Y$="Y" THEN PRINTER IS 708 8 GOTO 2020 
2000 IF Y$="N" THEN 20(*50 
2010 GOSUB ERROR 
2012 PRINT @ PRINT 
2020 PRINT. "EXPECTED EXTREME VALUE = ";XEXT 

20 PRINT "LOWER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = ";LOWER 

0qP) PRINT "UPPER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = ";UPPER 

2050 DISP @ DISP "Press <CCNT> to proceed." @ PAUSE 
2060 * PFLOT CURVES ************ 
2070'
 

2080 GRAFHALL 
2090 LIMIT 0,171,0,75.2 
2100 ! 
2110 LOCATE 20,222,15 ,97 
2120 RAISE=I 
2130 IF FP (000())=0 THEN 2150 
2140 YMIN=OBS(1)-FP (OBS(1Q) @ GOTO 2160 
2150 YMIN=OS(1) 
2160 IF FP (OBS(NOBS))=O THEN 2180 
2170 YMAX=OBS(NOBS)-FP (OS(NOBS))+5 @ GOTO 2190 
2180 YMAX=OBS(NOBS)+5 
2190 CUT=O @ INC=I 
2200 IF YMAX< 100 THEN 2300 
2210 CUT=I 
2220 FOR I=10 TO 100000 STEP 10 ! REDUCE BIG NUMBERS! 

http:YEXT=-L.OG


2230 EXPCUT=YMAX/I
 
2240 IF EXPCUT>100 THEN 2260 
2250 RAISE=I @ I=100000 RAISE >>>> CNoJ * RAISE 
2260 NEXT I
 
2270 YMAX=YMAX/RAISE @ INC=5 SET Y-INCREMENT TO 5
 
2280 YMAX=INT (YMAX/10)*10+10 NEW Y-MAXIMUM
 
2290 YMIN=C ! NEW Y-MINIMUM
 
2300 SCALE -2,7,YMIN,YMAX

.2.10 XAXIS YMIN,.5,-2,7
 

2320 IF CUT THEN 2340
 
2330 YAXIS -2,1,YMIN,YMAX @ GOTO 2350
 
2340 YAXIS -2,INC,YMIN,YMAX
 

2360 

2380 X-AXIS TIC LABELS
 
2390 LOCATE 20,222,0,15
 
24W SCALE -2,7,0,10
 
2WOF CSIZE 3 @ LORG 5
 
2420 FOR X=-2 TO 7
 
2430 MOVE X,9
 
2440 LABEL VAL$ (X)
 
2450 NEXT X
 
2460 DATA -1.93,.001 ,-1.53,.01,-.83,.i 

2461 DATA -. 48,.2,-.19,:3,.09,.4,.37,.5 
2462 DATA .67,.6,1.03,.7,1.5,.8,2.25,.9 
2463 DATA 3.2,.96,3..49,.97,3.9,.98,4.6,.99 
2464 DATA 5.3,.995,6,.9975.6.9,.999 
'2470 CSIZE 5.5 
2480 FOR 1=1 TO 18 
2490 REAP A,B@ MOVE A,7 @ LABEL 
2495 MOVE A,4 @ LABEL VAL$ (B) 
2500 NEXT I 
2510 

2."
 
2840 
2850 X-AXIS TITLE
 
2860 CSIZE 4 @ LORG 2
 
2870 MOVE 0,1 
2880 LABEL "UPPER SCALE: y LOWER SCALE: I (y) 
2890
 
2910
 
2920 Y-AXIS TIC LABELS
 
'2930 LOCATE 20,222,15,97
 
2940 SCALE -2,7,YMIN,YMAX
 
2950 CSIZE 4
 
2960 FOR Y=YMIN TO YMAX STEP INC
 
2970 MOVE -2.2,Y
 
2980 LABEL VAL$ (Y) 
2990 NEXT Y 
3000 ! 
3010 ! Y-AXIS TITLE 

http:67,.6,1.03,.7,1.5,.8,2.25


:3()20 MID=(YIIN+YMAX)/2 FIND MIDDLE POINT OF Y-AXIS
 

30()30 DEG @ CSIZE 5 !
 

3040 LORG 5 @ LDIR 90.
 
3050 MOVE -2.75,MID 
3060 LABEL "LENGTH (cm)'
 
3070 ! REDUCE DATA
 
3080 FOR 1=1 TO MOBS 
3090 OBS(I)=OBS(I)/RAISE 
3100 NEXT I
 
311'
 
3120
 
3130 PLOT LENGTHS
 
3140 FOR I=1 TO MOBS
 
3150 IF I#1 THEN 3170
 

3160 MOVE Y(I),OBS(I) @ SOTO 3180
 
3170 DRAW Y(I) ,OBS(I) 
3180 NEXT I 
:I LDIR 0 @ CSIZE 4 
:33- ! PLOT THEORETICAIL LI NE 
3210 X=OBS(I)*RAISE
 
3220 FOR JOANNA=1 TO LAST
 
3230 IF YY (OOANNA)<-2 THEN 325()
 

75240 START=JOANNPA @ JOANNA=LAST GOTO 3260
 
3'50[) X=X+.5. 
3260 NEXT J OANN,1A 
3270(: OK=O: 

3260 LINE TYPE 5 
3290: FOR I=START TO LAST 
3300 IF I#STAIRT THEN 3320 
3310 MOVE YY(I) ,X/RAISE @ GOTO 3360 
3320 DRAW YY(]) ,X/RAISE 
3330 IF YY(I :4.5 THEN 3360 
3340 IF OK THIEN 3360 

3350 MARKX(I)=YY(I) @ MARKY(1)=X/RAISE @ OK=1 
• - ")X=X+.5 

NEXT I 
3380 
339() PLOT CONTROL CURVES 
340) - 1owerI curve first 

3410 X=OBS(I) 
3420 FOR JOANNA=1 TO LAST 

3430:) IF R(JOANNA)<.15 THEN 3450

3440 FIRST=JOANNA @ JOANNA=LAST GOTO 3460 

3450 X=X+.5 
3460 NEXT JOANNA 

3470 OK=O 
3480 LINE TYPE 3 
3490 FOR I=FIRST TO LAST 
350U IF I#FIRST THEN 3520 
3510 MOVE YY(I),B(I)/RAISE @ GOTO 3560 
3520 DRAW YY(I),B(I)/RAISE 
35'3 IF R(I)<.9 THEN 3570 
3540 IF OK THEN 3560 

3550 MARKX(2)=YY(I) @ MARKY(2)=B(I)/RAISE @ OK=1 

http:R(JOANNA)<.15


3560 X=X+.5 

3570 NEXT I 
3580 OK:) 
3590 ! - upper curve 
3600 FOR I=FIRST TO LAST 
3610 IF !#FIRST THEN 3630 
3620 MOVE YY(I) ,T(I)/RRAISE @ GOTO 3670 
3630 DRAW YY(I),T(I)/RAISE 
3640 IF R(I)K.:9 THEN 3680 
3650: IF OK THEN 367(-
:'6a.O MARKX(3)=YY(I) @ MARKY(7)=T(I)/RAISE @OK=I 

36.70 X=X+. 5 
3680 NEXT I 
:3690 !
 

3700 ! LABEL PLOTS
 
3710 FOR 1=1 TO 3
 
3720 READ A$
 
3730 MOVE MARKX(I) ,MARI<Y(I) @ LABEL A$
 

I 
DATA "Theoretical", "B" ,T" 

3760 GSTORE "GRAFSAVE" 
3770 ALP'HA 

CNEXT 

3780 CLEAIR @ BEEF'
 
3790 DISP "DO YOU WANT A HARD-COPY OF THE GRAF'H (Y/N) ";@ INPUT Y$
 
3800 IF Y$="Y" THEN 3830
 
3810 IF Y$="N" THEN 3840
 
3820 GOSUB ERROR @ SOTO 3780
 
3S:; DUMF'GRAF=1 @ SOTO 38C,
 
'840 DUMPGRAF=() 
3850 CLEAR @ FRINTER IS 708 
3860 DISF' "F'lease wit ... " @ BEEF' 10,100 
3870 GLOAD "GRAFSAVE" 
"3_880 IF NOT DUMPGFRAF THEN 3910 
3890 DUMP GRAFHICS 0,0,0,1 
3900 GOTO 39.40 

7LOCATE 20,222,0,25
• -.1,-iO SCALE 1,10,1,10 

3930 MOVE 3,8 @ LABEL ">>> PRESS <CONT> TO PROCEED." @ PAUSE 

3940 ALPHA @ CLEAR 
3950
 
3960 BEEF' 10000 ,10000 
3970 RESTORE @ GOTO 70 
3980 
3990 REM : END PROGRAM 
4000 GLOAD "VCSJ" " 
4010 BEEP 10,1000 
4020 END 

2L
 



FILE : R brach 
(INIDEX) OBSERVA'IUtN
 
(1) 	1 )5 , (2) ""1 , ;.) 21.5 (4) 22 4 (5) 22 (6) 22 , (7) 22 (8) 22 , (9) 

22 (10) 22.5 ., (11) 22.5 (12) 22.5 , (13) 22.5 , (14) 22.5 , (15) 23 , (16) 

23 (17) 23 18) 2V A19) 24 (20) 24 (21) 24 , "(22)24 (23) 24 (24) 

(29) 26.5 (30) 27 (31) 2824 (25) 24 , (26) 24 , (27) 24 , (2 ) 26 

LENGTH F'yI (X) Y 
1 19.5 0.0.::1 3 -1.2429 
2 21.0 0.0625 -1.0198
 

3 21.5 0.0938 --0. 8617
 
4 220 0.1250 -0.7 321.
 

22.0 0. 153 -0.6186
 
6 22.( 0. 1875 --0.5:152?
 
7 . . 0.2188 --0. 4186 
8 2.0 0.2500 . 3266) 
9 22.0 0.28W -0. 2378
 

10 '22.5 0.3125 --0. 1511
 
11 22. ,1.3438 -... 0656
 
12 2.5 .75') . 0194 
3 22.5 (. 4063 0. 145
 

14 2")2. 4375 0. 1903
 
155 . 0 0.4688 0.2775 
16 . .0 0.5000 0. 3665
 

17 23.() 0.5313 0.4580
 

18 ".0 0.5625 0.,5528
 
1'9 24.) 0.5938 0.6514
 
20 24. 0 0. 6250 0. 755C)
 
21. 24.0 0.6563 0.8646
 
22 24. C) 0. 6875 0. 9816
 

23 24. .)7188 1. 1079
 
24 24.0 0. 75)0 1. 2459
 
25 24.0 0.7813 1.3989
 
26 24.0 0.8125 1.572C0
 
27 24.0 C). 8438 1.7726
 
28 26.0 0. 8750 2.0 134
 
29 26.5 0.9)63 M 318SJ
 
30 27.0 0.9375 2.74)5
 
31 28.0 . 9688 3.4499 

Y ..53712707599 )
 

SIGMA n = 1.:1 1591681:14. 
MEAN OF OBSERVED LENGTHS 23.2580645161 
STANDARD DEVIATI ON OF OBSERVED LENGTHS = 1.82222377348 
1 /A pha = 1 ..6329"872529 
Mu = 22.38096760'7 

•7
 



LENGTH PHI (Y) LOW HIGH 
1 18.5 2.3767 24.4T71.-- 12.5629'-
2 19. ) -2.0705 17. 0515 20.9485 
3 1'.5 -1. 7643 18. 5710 20.4290
 

4 20.0 1.4581 :19.418&i 20.5812 
5 20.5 -1 . 1519 20.0587 2). 9413 
6 21.0 -0. 8457 20.6166 21. 3834
 

7 2165 21 :21.865)
.0.5395 1 .
8 22.0 21 "3698-0.2333 .

9 22.5 .,.90. 0729_ . 8907 

ib) '')' 0 .': 91-'" 5to. ...... 2 . 702: 
= 

23 .424e
 

11 .23.5 0.6853 .'-' 23 .911. 

12 24.0 0.9915 23.47' 2 '4.5298 
13 24 5 1. 2977 23.8983 25. 1017 
14 25.0 . 9 24. 117 25.688 

5 25.5 1. 901 24.7087 26.291: 3 

16 26.) 2.2..63 25.0870 26.910 

17 2.5 .52 25.4436 7.5564
 

118 27.0 2.887 25.7755 28.2245 
19 '7. 5 3. 1349 26.. 5 2.9215 

2; 28.0 .4411 26.3481 29.b519 

21 28J 3.;473 26 5789 34 '11 
9 ) 4y.4 '26 7645 31 .235 

2 9 r 4.3596 26,8977 32. 1902.3 
24 .' 0 4,6658 26.9697 3.U3 
25 30.5 4. 972 26.9706 34. )294 

26 31.0 5.2782 26.8885 .115 
27 3:1.5 5. 5844 26.7099 36.2901 

28 , 5.8906 26.4189 37.58113.0 

29 .5 6.1968 25.9967 -9. U:)3:)
 

30 33.0 6.503) 25.4218 4. 5782 

31 3:.5 6.8092 24. 6690 42.3310 

32 34.0 7.1154 23. 7)87 44.2913 

EXPECTED EX TREME VAL.UE 27.9617595628
 
LOWER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = 

UPPER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = 


26.3287476828 
29.594'7.4429
 



(INblX),--OBSERVtATION ()1 7 C 8
 

-L48~.5ca-;) 19~,. (3) 19 '(4) A.9 '5, (5), 19.5 ()15 (720 8,2
 
1 9' ,21 20) 21
 

,2. t-2" (17) (211) 21 , (22) 21. (23). (24 
1: (2 (6) 21 (27) 21 (28) 21 (29) 1 ( 0) 21 (31) 21 (,2 

21.5 (36) , 22-, 22 (39) 
2 (C4c)22 ~,(41) 22 ~(42) 22 , (43) 22 1 (4 4) 22 , 2'(45) (46) 22 (47) 

"' 4)22, 22 49) 22 ,(50) -22- , (51.) 22-, (52)'22 ,753) 22 . (54) 22 5, 

(34) .21 5 ,(35) , (37) 021.5(3) , 

225,,(2) 22.5 63 2.5 ,-(64), 225 (65) 22.5 (67) 22 

, ,1).23 (76) 23 (77) 23 , (76) 230, (79)2 ()2389) : ( ). 23 ,(82) 23,. (8 
1~...... (68), 2Z4,.,,2. )-2 (84) 23.5 ,.(85Y)24, ,(86) 24, (87) (89): 24, ('90) 24,(99 ) 4 (3 4 ( 42 4 {(95)' 2424 7::(96).4 (7 2 9 ) 2 

(106)>2 (17)24, (02) (19 (103), 5 104) . (105) 24.5(99), 24 4.5.(100). 25:(.101)24 20ie, :224 5 C i24.5'1 24. 5 (1)2 
'1 ) 5.14 ( 1 ) 5. '.U i ) 5 5 , 7)25 5 (118) 2'5.5. .. ' .... 

119.) 5 , ..(120),25'.5, '(121) 25.5 1.'12 25.5,, 3 2 (124): 25.5'a 25.5 (126) 26 , ( 7) 216 ...1 (1.8)-.<26 ., (129) 26.5, (130)27, (131) 28.,5 
. , ., < .. .4,. ,-'. .... , . .. . .. , ... . -'! 

"9 ,:H , :: 

, 'LENGTH FHI(X) .Y.
 
1 1..5 00076' -- 587
 

2 19.0., C.0152 -1.4.26.
 
.,: <'1 -1.3308.
,J,227 


6 19.5,. 03Cj.. 1 18
 
7 19.5' .r -1
C) ''l'79 .45&"
 
8 0 ' 1 66 030845
 

1., 1658}Ta~i7!3L7..J ' ()()37C) : 

C0606 3C.-88! 20'. 0 01 f89"
,::"),3 . 2-

"0 '. . 07 9479
 

11 20., 5.0. 0833% -C). 91Q2 
 .4' 

-1, "0. 909 0. E3746, 
- 13.. 20).5 C).0985..C). 8406 . 

.14 20. 5 91061 -CU8081 
15 21 C o11:76 -C.7769, 

-,,16 21. 0 0. 1212 " -0. 7468 
1.7 2 1..0 0'(. 1288 .7176 

180 2'1. 0 C). 1316A 0 'B94 

21 2'1 .0 0. 1591 '--0. 668's -.
 

'-., 22 21.0, U 1667, "'--058,32 , 

5334~-''"~'';A-.-24 .e.*c ' -0 1-6184 C).'- 4 ,' 

:--4 

25 21,,, 5'..".)- C)~J4~ 



26 

28 


29 

30 

31 


).2 


33 

34 


3".5 


36 

37 


38 


39 

40 


41 

42 

,3 


44 


4.5 


2:1.0 


2:1. o 

21.0 

21.0 

1 


() 

21.5 

21.5 


21.5 


1 5 

2."...0 


2..
-"'..0 


2.-'"..0 

"22.0 


22.0 

22.) 


2''.0 


*22.0
4 .. 

,."''',.
22 .0 


6I, 220 


0. 1970) 

).2121 


0.'21i9]7 

0.2273 

0. 48 


0 '-0. 


0:.2500-

0.2576 


0. 2652 


0.2727 

0..280)3 


0..2B79 


0.295, .
-.-? : 

3030 


0.3106 

0 .312 


0 2 


0.3.%33
C)) 
0.,3.09 


0.3485 


-0. 18 .... 

-0. 4386
 

-..
0 ,.4157
 
-0. 3931
 
..0.370,7
 

. )3486
 

-0. 3266
 
.3049
 

-0. 28S]3
 

-0.261fil
 
-...
0,,2405
 

-....193
, 2 


...
0. 1982
 
-. 1772
 

...
0.!56
 
-0. j3/ 
-... 4[
 

.... )
0.09T.
[tA"I"LS" 
.. 073,.
-/;r4 •
 

-0.0'
 
47 


48 


49 

50 

51:) 


,.52 


53 

,4 

'5 


56 

57 

58 

59 


60 


61 

62 

63 


64 

5 


66 

6 

68 

69 


70 

71 

72 


74 


75 


02.0 


2...0 


22.:) 

2:2.0 


2....0 


..
22".0, 

2 .
 

' 

22."5 

.
2.. 

22.5 

:.5 

'2. 5 


22" '5 


25-. 

. 

22..5 

''2. 


:.,. 

.)5
58 ' 22. 5 


' 


2'0 

"23.0 

23. 


7 

23.0 


2:3.0 


0.3 6 i.0321.-0,.,. 


.63,
.
 

0 712 

0-..'788 

0.3B64 


0. 3939 


0.4091 

4)0.067 


0.4242 

4.318 
.4394 

. 4470 


) 4.545 

0.4621 
4697 


',773 

0.4848 

0 .4924 


) .500) 
0. 5076 

4) U ,..
0),I.152 
)5 '0. 5 


). 5303: 
C. 5379 

0.:C),5455 

23.00.5530 
0. 5606 


. 5682 


J0.
115
 
0.0091
 
0-.029T7
 
0,050.'!
 

0.07('9
 

0916
 
) 112
 
0. 133
 
0.1530
 
:.1747 
0.1956
 
0. 216
 
0.2377 

0.2589
 

0. 2802
 
0. 016
 

0.3231
 
0. 3447
 

0. 3665
 
0. 3884
4j(')5
0 .410
 
0 4328
 

0.4552
 
).4770
 
0.50
 

.5C)27
 
C.5469
 

0.5704
 



76 23. 0 
77 03.() 
78 2.0. 


79 , ).
80 23.0( 


81 23.0 

82 2. 0 


2'-....5
83 ." 


84 23.5 


95 24.0 
86 2.'I. () 
87 24.0 

88 24.0 


89 24..,,0 


90 24.0 

91 24. 0 

92 24.0 

9:3 24. 


Q4 24.0 


95 24.0 

96 24.0 


97 24. ) 

98 24. C0.7424 

99 24.0 

100 24. 0 

101 2?4.0 

102 24.0 


103 24.5 

104 24.5 


105 24. 5. 


106 24.5 


107 25.0 


108 25.0U 

109 .,.5 .0 


110 25, 0 


111 25.0 

112 25.0 
11 . 25.) 

114 25. 5 

:15 25 .5 

116 5. 

117 25.5 

18 25.5 

119 25.5 

120 25.55 

121 25.5 

12 2. 5 

123 5.5 


124 25.5 

125 25.5 

126 26. C) 

12 ,, ). 

128 26. C) 

129 26.5 
130 27.0 

131 28.5 


0. 5758 

. 5033 

.5909 

0.5985 

0.60:61 


0.6136 

.. 1:
0 H.. 

0 .6:288 


0. 636"I 


0. 6439 


0. 6515 


(. 6591 

0.6667 


0.6742 


O) 6818 


O. 6994 

(.6970 

0). :70(45 

C 7121 

0.7197 

0,. 7273 


0. 7348 


.7500 

C.756 

0.7 '52
 
0.0;727 


C 7803 

0.7879 

7955 


0. 8030 


(. 81.06 
u.8182 

0..8258 


0..8333 


.. 8.409 

I0.8495 

0.8561 
0. 8636 

0.8712 

C). 8788 

0.8864 

0.8939 

0.9015 

..9(0)91 

0. 9167 

0.9242 

0.9318 


.0.9394 

0. 9470 

0. 9545 

0.9621 

0. 9697 


0.9773 

0,,9848 

0.9924 


0. 594.1
 
U. 6180
 
0.6423
 

0..6668
 
0.69 16
 

0.1:16) 
742
 

0.,,7680)
 

(). 94:1.0 


0.8206
 

0
U.8476 

0. 8749
 
( 	 9027
 
.)931 C)
 

0. 9597
 
0. 9890
 
1.0188
 
1. 0492
 

:I. 080-,3 
1. 1119
 
1. 144:3
 
1 77P. 

1. 211
 
1. 2.5Y 
1. 2.)) 

.,
1...,'555."]J 


1.-940
 
1.4 .3
 

1. 4 747
 
1.5170
 
1:.5608
 
1.6061 
1 ,....
53:"1
 

1.702C)
 

1.7529 
1. 806)
 
1.86:.7 
1..920C
 

1.9814 
2. 0463 
2. 1150
 
2.1882 
'2.2665 
2.35)6 
2.4417
 
2.5411
 
2.6505 

2.7723
 
2. 9098
 
3. 0679
 
3.2541. 
3. 4812
 
3.7727
 
4. 1820
 
4.879)
 



Yn .563;22533690,'1 
SIOMA n = 1. 2958647204 

MEAN OF OSE LENGTI 22. 85396946565EI) F-H 
STANDARD DEVIATION OF OBSERVED LENGTHS = 1..88330063477 
I /A1 ph a = 1.5442:1246705 

Mu =: 21.99954.608 

L.ENGTH 'HI]I Y) LOW H I OH 
1 18.5 ' -2. 1 . 168843 20.1 57 
2 1.9.0 -1.923 18. 966 19.6034 

3 .5. -:1.5 1.772 199.82..8 
4. 20.0 -)....2.',57 :19.777,! 20:.2:--22b 

E 20.5 -0.95 9 20.311. 20,689 
6 21.0 -.) b.281 2.B38:09 21.,.1. 9 ]. 

./1.5 .- .3045; .33 . 21. 6689 

8 
9 

).0 

. 5 
. .195 

0,,. 43" 
21.R 2 4 

. 
. 

"2 
1'776 
'22693r 

1. 2..).,0 ().bb 22&,.:u...Y84?2 23 .215.. 

11 
2 

2.5.'"r. 
24.0: 

0i..9 90)':.U:i82. 25..,'::63 
1.,146 23./2'2 

23;.."':.,7437 
t.278 

1.3 24.5 1.638 S 
j 

24,,.170 i:l 
I 

24I:L:",, ,:.82 6 

1l 25.0 J .9622 24.62 1. 2, 72 

I5 52..I :522060 25 .0659 25.9641.,0::3).....99 (3;I 

16 26.0 2.6098. 2 .49-,2 2b. 068 
1L7 2',6.5: 2,,933":'"6 :25!.9072 2:L7.0('92t:] 

18 27.0 3.25: .74 2._'6.3.:,5_, 21:.,6901Zl 

.9 27.5 3. ,58.1 26.68-8 2 .314 

0 ''.. 3.90 72..0446 28. 9554 
2 8.5 .22'87 /7..702 2. 62 1 

.0 ....552 27.6824 0. '76 
23 29.5 4.S762 27.9520 3 C.0480 

4 
25 

0)0
30 5 

.5 2001 
.5239 

28. 1809 
28 .3620 

31 .891 
3..'630 

26 3'.0 5.8477 28.4870 33.513
 

27 . 4.1 715 29 .5460 34. 4540 
2" 32. 6. 4952 0.28.52 4"5"' 

29 32.5 6.8190 28.4175 36. ,5825
30 33.0 7. 1428 28.2004 7. 996 

:Px:F C1ED IEX<TREME VALUE 2'9.49238247: 
LOWER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = 27.9481662278 
.FFER POINT OF CONTROL CURVE FOR EXPECTED EXTREME = 31.C365987182 


