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~ntroduc"tio:::.

To elaborate effect1ve methode ~o evaluBte the Bbundance

o fieh stc~4e, ~t i~ firet nece3sary to knOll' eomething abou~

fiah habite and ~he character of concentrations fermes. This

reters 1n particular, to pelagic schooling fieh. So far, me­

thode hav.e beeu ?/orked out for tbe evaluation of fi,eh inhabi-

ting the near bottorn layer~ /Cuahing 1968. ~owd 1967, Elmin

~icz 1974, Burc~~Cs~i and WrzeBi~ski 1974/ Bnn ~elB~<' ,~

/Creig and Forbes 1969,~~g·eund 1970, Smith 1970, Jo~a~nos-

ec~ and ~OBse 1973, Burczy~~ki et a1. 1973/. The methed~ f

eva1ua+.ing etocks or pe1&gic fieh concentrated in Bchoele, ~e-

;ui~ fur,be~' urovement. The diffioulties which Sr'8e

Il'ork~~~ ou such Q ~.thod reBult ~om the var1ety Q~ pQr~~e+-

ere of schoole ~orm9d by differen" 9peciee of rish, and h~ir

_ont1n'"oUB ch..n~e", not to :nenti"'n the many f'actoZ"9 u. n ich

iud
Thünen
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these depend~

Thue, to elaborate an ~ffecti~ method of evaluatio~ of

.elagic fieb e+.ockB Jsing hydroacoustic app&ratus. the par&me­

terB of 8<,boole, ae WIlll as tbe cha1"6c-;er &nd exten-; of cban­

g8e, shoul~ first be m~asured, aftar whicb tha _ost Bultabla

a~pa1"6"U8 -nd evaluat1~n ••-;bod ahould be chosen.

II fluramenta of tl1e eis. of r1.Bh echo01. tor th. purpou

of dtOO 5eaa ant carriad out tor t a first time in p~

laud, on the m.t. -Kan ~ /E1mino os 1975/. Dene1ty of fiah

in echoeIe had besn e luated fram control baule, _hieh gave

ri~~ tc certain reeerva+'io s. Aimed tra~ling and the ~atc

cara~itr of the trawl are BeB nt!al :&ctora in the e9t~ t~on

of ~)eh school uensitiee. Tne ehortcominge in the ~ethodB

:plie1 or. the m.t. -Kantar" resulted in -;~e .dopt10~ cf &L-

0. er method of evalua~ing stocke of schooling fiso, el~D-

atins tne tra~l aa an inBt~ent used ·0 estimate the deneit~

of tsh in schoole.

•

Tbe methode of evaluat1ng this deneity preeentec bere, i~

tled "n measurementa carried ou~ by e&ne o! hydroact'uetin

applien~e8, in pa~ticular. ~he geometrical p.~.~erE of tieb

6choolA, ueing • f16b concentration counter /Slminowica 1970/

and an integrator to estiDate the deneity of fieh in the echool!

i1ozow &nd Suomale 1971, Stepnoweki 1974/. ~

Thia nethods a adopted to mB&sure !18h schoole during

the III Bcienti~ic surv.~ c~se by the -Prof.aor Siedlecki-.

~easurement6 ot 6,500 sardine achools were made in the N.W.

African grounde between 25 April end 17 July. 1::'74.
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~~ p&ram~ter5 or tish echeols include ~h~6e of a eeomet­

rical character /l~ngth, height, volums, ·er 1cal eecti~n era&e

and depthl and density of fiah in tne dchoole. Xno~ng the

volums and deneity of fieh in a ecbool, the rumber of fieh can

be calculated, as nao the total bioms~e - knowing the mesn ~nit

weight o! fiah. The abundance of • sp~ciee inveeti€6t~n i~

a given region, can oe eva!uated on the basie of the Qiomas~

cf ~lsb in particular schoole. Durins the r.v. RProfeaor 3ie­

drecki- III cruiee, the follo~ apparatus waR usa« to meas­

ure the parameters of fieh schoele:

- EK-38 /Ja "kH~/ vert1cal echo eounder,
- QI-KKII echo integrator,

- 140A t7Pe oecilloecope with memory,

- fieh concentration counter.

!ig. 1 giTee a block diagram of the hydroacuetic equipment

cODllectiona.

The EX-Ja echo eounder outpu· signale are ~ntroducen t

tbe QM-~! .eho integrator input for tnitia ~r~ceeoi~~. :ht~

oone19te in the detection of signals, thl'! elimina"lc.. c~ c:>"i"e

end interferance by meane of a threshold system, fallowel h~

• the choice 0 signale ariginating from the water 18yer en'r.nl'l~,

i.e. trom the fieh acho~15 obaerved. After this initial pr~

ce.eing. th. signale are p&eeed t~ the next blocks of ~ne

QM-MKII echo integrator, the 140A type oecilloacope and flsh

concentration counter, The echo Bignals for each schaol are

integrated ,eparately and the maximum signal amplitude measured

b~ the 140A type oecillascope.
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P'ig.1. Block diagram of h;ydroacoustic equipment used tc
measure f1sh 8chools~

The vertical cross section area of the schools and the~

length along the ship' strack are measured b, the fish cOIICen-

t=ation counter.

The mean height of the school can be calculated from tne

vertical cros~ sect~on area and length ef school along the ~

ship's track, and the volWlle trom the sha,pt" of the schoel. The

depth of the scheol 1s read from the EK-}8 ver~ical echo sounder

echogrammes.

The re8ults of messurements earr1ed out tor each school sepera-
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tel;r 9re entered into a special form.

~ethods ~f 3labora~ing Reeults

~ne rarQ~etere of scr-oole meaeured by this cethod are ~2-

torted • Thi::o 1s 6ne to he opera Ung principle of the 'fitiebeam

acoustic equipment. includin~ the EK-38 echo sounder. The effect

echo sounder paraceters have on the mea8ur~ents of schools hss

beeu described by Oleen 119691 ana others. The eleboration of

reaults consists in the ealculation of the true paremeters of

sehoole fron the measurementa. The length. height snd volums

of 8choo1s are ca1eulahd from th. tormula. ginn b;r Elm1no­

Wicz /1975/.

C&leulat1on of th. Deus1tl of Pish in SChools

Lozow snd Suomala /1971/. Eamilton /1973/ and Stepno~sk1

11~74/ g1v the following formuls relating the target strength

of volums sC8ttering with that of single fish snd density of

fisl: schools.

T5v ,. target strength of TOlume acsttering 1dJ3/.
Ti) ,. target str !lgth of single fish /dJ3/,

9 • densit;y of fish school /fish/m3/.•
TSv ,. :1'3 + 10 log 9 111

The fo~ula /1/ 1a true when all the fiah are of equal

length. Where fieh of different length oceur, /different tar­

get stre!lgths/, end the deneit;r of fieh ehsnges. the formula

/1/ can be written aa followsl

T5v c TS + 10 log ~ /2/

In a certa1n range of fieh deneities, formula /2/ can

also be applied for fieh schools. Multiple reflectione in

I

l"-" _
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schoole can be omitted if thft mean denelty of fieh and their

mean target etrength satisfy the equat10n:

Thie ineQuality 1s not always eatisfied for the operating fre-

G~encieB cf the e~ho Bounders, true lengths 81 density of fiB~. ~

eaeurementa of volume Bcattering target strength are car-

ried o~t by the inteeration of echo signal~ of eaah echool aep­

aratel:.

The rnean value of volums scattering target atrength can be

expressed aa follo~a:

13/

~he?8: TSv • mean value cf volume ecattering target strength

/dJ3/ ,

v~ D mean output signal value correaponding to the

inte~tor indices for 1 nautical mile IdB/ •

• integrator acplification,

C '" constant de])endin.s upon the echo Bounder pal· ...~ter9

ana setting.

The conatant C consiate of C1 and C2 • the latt~r coverin~ cor- ~

rectione ~hich ehould be Introduced where the setting diff.ra

~rom the atandard, and C1 can be expreaaed byr

01 • - 8L- VR+/20 10ß . r O + 2 <iro/-10 log 4' -10 log f' 141

wherel C1 • constant dependlng upon the echo 8ounde~ parameters

/dJ3! ,

5L .. souree level /dBl/1 J1bar at a dietance of 1 .m/.

VR • receiver responell') voltage /d:B//1V re:r~ 1 J1b8Z/, !
r 0 • maximum TVG range.



•

- 7 -

~ • absorption co~f~icient IdB/m/,

c a speed of 80und Im/e/,

r • pulse length lai.

~ 2 equivalent widtb of bearn 1d3/.

~ eouree lev~_ cf SL- + 122.2 dB 1e attained for an EX-38 ~cho

~ounder transmitter with a 1/1 setting. a ~eceiver reßpo~se of

~~ a + '.8 dB i8 attained for a receiver amplification with a

~t'tting of 0 dIl, and the ~etor 20 log r + 2 d: r
o

equale
T 0

+ 6.4.5 dB. The wlue of 10 log- -f- for [2 0.6 ma 1a 3.5 dIl.

The rectangular trensdueer transmitter-receiver bearn equiwlent

width expresaed in dB relative to 1 ateradian is obtained from:

10 log,'f' ~ 10 log /51

where: i\ _ve length lern.1

I\. • ).95 cm aud 10 log r . 10 log
15.5

+ 7.4

ie obtained for the EK-Je echo aounder TR-3 treneducer.

'rhereforSI

10 log 1" • -25 dIl

C, will bele C,. -'22.2· 4.8 + 64.5 + 3.5 + 25 • -34 d1l

AB an amplifier amplitication of 20 d1l 18 app11ed. then C2
• +19.5 dB.

Different integrator amplificatione were applied during

meaaurements Idepending upon the denaity of fiab concentra­

tione/. but the integration reeult was normaliaed to 30 dIl.

but _8 ten timss greater tban the accepted normalisation.
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Thue:

/6/

'::'he V8lue .'0 was read from t~e graph givez: in tl,e ~-MK :::

integrator instructions. In order to read tbe ~ the in~e~-aoor

index far 1 nautical mile and the thickneae of the layer conta-

~ning the fian ahoulä be known.

To m~asure the roean value of volume scattering ~.rget

Btrength of a school, the mean height of the school &nd mean

value of the Vo aigD&l should be calculated. ~or th1a pu.~os~,

• Pieh Concentrat1on CQunter .ea.uriag th. aurtace areae of

vertica1 ero.e eect1oZlJ! of echocle ••d th.ir 1.Jagth. _11 ua.d.

The mean h.1ght cf & echool 11 calculat.d trom /7/:

•
di P
.~ /71

Whb~: 4h • mean height of eohool Im.l,
F • vertical cross aection ~f.ce araa of a echool Im 2/,

Ba • len~h of sChoel Im.l.

To determine the msa signal value from the Sraph /preeented

in the integrator inetructiona/, the integrator indices ehould

oe standardieed to e Width equal to 1 nautical ~le. Por this,

we 8~ply the fonmlla:

- I 1a52
"'," L ~ -s

/8/

where: :, • iD~es-~tor indices etandardised for a 1 ~ile

eeetion /mm/,

l~ • inte~tor indicee for tbe ecbool /rnm/.
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With a mean 8chool thicknees of Be and I G, the mean value of

volume scattering target etrength is calculated ae for toe

layers.

To caleulate fi8h density in schoole using the formula.

/2/, tbe mean value of the target etrength of single fleh

should be known. Measurement of target strength of single f.iah

~ i8 by the method presented by Craig and Forbes /1969/ snd

Johanneseon /19711.

Prior to tbe commencement of measurements, tbe bydroac­

ouetie sppare. tus ""'s cal1bl'llted !lnd the gl'6J)b for direct

read-out cf target strength illustrated in Fig.2, ~s dre.wn

up.
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l'1g' 2' Di&gram ~or ths direct reading of target strength in
• ". the echo sounder-integrator-oscilloflCope measuring

system ffor the EK-38 echo soundar and TR-3 transducer/.
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~e ~ph wse d-~wn in tbe following menner:

A test signal giving 0.3 V at the integre or "~ivnal" input

ar.d witb an &mpli~ication Q~ G • 20 dB, was fed fram the sen­

ereto~ tc he EA-38 echo sounder input. Thi& result was ob­

tainee for the type 20 loS E TVG end integrator operetion in

a 2-metre layer at a depth of 18 m. A signal of 0.045 V was

obtained at tbe ES-38 echo ~ounder output.

~ target stren~th correspcnding to O. V csn be calcula­

tee fOT tne integrater "Si~alP ~utput as follo s:

~~ " -SE + 19.5 - 9.~ e -48 dB.

~1e ~rBph in Pi~. 2 i8 eseential for the follo~ing data:

- trensmitter 1/1 cutout,

- receiv-r emul fication - 20 dB,

- ~R-3 t~nBducer,

- tY?~ ~o log R TVG

- 3-230 Dl range.

Other echo sOULder settinga neees8itate correetions after the

data listed i "Perfo~nce Measu-~ment on Simr&d 3ci~nti~'c

Soun":e!' ~_J8u.

Juring the cruise. ~eaaurementE f ge~metrical p&rame: ~

.er~ arriec ut on a~out 6,500 sardine schoole.

T~e ~rue pa~meters of schoele were oale~.te on he

~11i~tt-9~ co~puter installea on boarc the ~.V. "~rofep r

Siedlecki", by meBns cf the "PELAG" ~rogr&m. ~ble 1 gives

er exa~ple of print-o tS fro~ thie p~og~. ~ p~int-out con­

t~i~ the followine 0 in_ and ger.e~l dat& introduced into

the pro/;:-am:

•
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P~RAMETRY LAIoIC
Table 1

•
Dl>TA 20.05.74 GOOZ
PDZYCJA 24° 32'::; 15° 46'

DANE OGOLNE:
PREOKOSC STATKU VST
PREOKOSC REJEST~ATQRA VP
DLUGOSC IMPULSU T
~R DSTATNIEJ LAWICY ~

ILDSC LICZD YCH LAWIC K

'IR L 'i8 HC TS TSL GRUB DLUG JBJEl JBJE2
CI"" ) (M) (~) (V) (Dal (M) (M) (M3) ('0)

2.0 17. J 5.0 O. "0 -29.1 ".1 9.1 198.3 321.8

2 "·0 28.0 2.0 0.2(\ -:l0.8 1.0 21.3 248.4 403. I

3 10. . 20. 8.0 0.80 -21.7 7.0 58.0 12359.8 .,0057.3

" 1. G 28. 1.0 0010 -36.9 0.1 3.5 0.4 0.7

5 45.0 20.0 10.0 1.20 -18.2 9.0 273.6 352592.4 572179.3

6 8. 0 23.0 7.0 0.40 -26.5 6.0 45.1 6606.3 10720.6

7 1(\.0 21.0 2.0 0.40 -27.3 1.0 5B.1 \890.9 306;' .

S 4·G 27.0 6.0 0.90 -18. j 5.0 19.9 1041.0 16 .4

0 \ • U 30·0 1.0 O. 10 -36.3 0.1 3.3 0.4 .J.6

2.ry 20. 8.0 0.80 -21.7 1.0 70.4 \8180.6 2"5 3,,)

• Ordinal data

A.TA - date,

GODZ - bour,

pOZYCJA - position.

Ceneral data

vr-m - sbip speed,

VP - recorder speed Ischo sounder/,

Tl» pulse lsngth.
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N - So. of last school,

K - Do. of ~chools counted.

Date from meaeuremente input 100 the computer are cont&i~-

"ed i~ the firet five columns of Table 1 and denote:

NR - coneecutive number ef sehool,

1 - eehool length Im:m. I.
HE - sehool dl!lpth Im./,

He - eehool height Im.l.
TS - maximum amplitade of eohool eoho signal /VI.

~e resultc of caloulatione are oon~.ined in oolumns ~ix tc

nine and dell.ote:

TS1 - maximum value of "~chool target etrength" Id.BI,
GRUB- true height of school Im.l.
DLUG- true length of eohool Im.l,
OBJE1- sehool volu.'lle /'lL3/,

OBJE2- true velume of Bohool 1m3,.

A "SORT~ program'wae compil.d 100 fi~d the dependeneie~

between eebool parametere and 10be break-down cf reeults into

olasse~. Ta le 2 gives an example of print-out from this pro­

gram. Data i~ the form of oolumne of parameters in bet ee~

~hieh de~endeneiss wi~l be caleula1oad, are introd eed 100 tne

computer. The followi~ mußt be ~~~ied out for &ach cyole of

calculatioDsf

- 10he ohoios o~ -:"0 parameters betws.n whieb dsp.ndeneie.

a" caloulated.

- 1;hl aholal It ola•• br..k-dolm of these pare.metere..

- ths ehoies ot ths D.umber .t p&re.ms1oer cl••asa,

- 10hs eh010e ot the DWIlber ct pa1re nf parameters r.ad,

- the ohoiee ot • third parameter and range cf ooourrenoe

•

•
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for which the two preV10usly chosen parameters will be

read.

The results of calculatious comprissf

eorrelation table,

- psrcentage table,

- tabls of the number of valuss in each elass and their

percsntage sbare in the whole ffor two parameters/,

- arithmetic me8n of parameter values,

variancs8,

- standard deV1atious,

- cOV1lriances,

- correlation coefficient,

regression equation.

The calculation of eingle fieh target strength Bcattering

18 by "TARGET" progrem. Table J gives an eDmple of calculation

print-oute from this program.

Table. 3.

T-='. I'E~ 5TRE GriT C LCiJL"'TlC;.'

•
D·nö::
5,.Jr::-Ei \I!:
'-;"'JL NI}:
LOG f~~~ - f1J:
-nu"! "';<0'1 - TO:
2CH'tS;JU [JEr(:

f?'" '~s DUC SR 'Ja:
L'" ~R FR'}M - TO:

I Lj. 16.74

11'3/EL
59~ - 598
2'3.10
EK-'3
'3
7 - 2

T5 S L

- 43 - ,,0 76 17.0
- <in -37 61 32.4
-37 -34 47 13 ... 7

T5 5. EON JE -36.58

S number ~ readings,
L - R - numbe.r of fi sh.

L-i(

48.77
47.74"

134.67

L-'t

9.26
17.60
73. I"
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~he "TARGET" program priut-out conteins auch ordinal data

aa: date, No •. of abeet, No. of haul, log, hour. type o~ echo

sounder. No. of tranaduoer end depth of integration leyer, three.

dB cl&aa, number of s1gDala in these c18sees, number of fiet

of different target atrengtbs, percentage abare of fiab of

different target atrengthe and m~en value of target atrength•

~~ltll achi~

Mean heights. lengthG, vertical cross-5ection and density

of sardine ~chools at different timea of day were calcul8t~d

by meaD6 cf "P3:I,G" ane "SO?~" pr~grana.

The re-ults e~ calculatioDa a~ givea se er&phe in Pigs.

3,4,5 and 6. Tbe Bch cls 8cettered be ween 21.00 ane 04.00 hours:

therefore Da rneaaurements of par8m~ters were 0 nnuc.eä fOT .bat

period.

It can be eeen from the dsta eiven in 'he sr&~h8 I~~~.

•

3,4,5 and 6/. thet sardine schoola attain maXimum eize !height.

length of vertical section aurface aree and v~ltmel be wee~

08.00 and 15.00 hour~, tbe ereateet m~an heig~t of .beut 3 ~.

occurring bet~een 08.00 end 11.00 hause, t~s same period 51eo

covering tbe greatest mesn values ~or school length labeut 1~/.

ver i0l11 eection area 124 m2/ !lnd volums 1400 3/. •

The chan?es in tbe volume of schaole a~e ve~ interestlng.

~he roe8n vo1umes nf scboo1e change depending upon ~he t~e o~

day - Pig.6. They are srnell during the period from 04.00 to

08.00 hre and are followed by a subatantial increase. Thi.

~ould seem to indicate the ~ti.1 formation of emaIl schoole

whieh later tuse into larger ones. The mean volum~ of schoole
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~m&ine uncbanged during tbe period bet~~en 00.00 and 15.00

hrp. !t chBnges considerably between 15.00 and 19.00 h~,

hicb woulö eeem to indicate B bre~k-d~wu ir-to s~ller scheels

which beceme ec&ttered between 19.00 aud 21.00 hrs •• ~hen the

volume of 8choole increaeed somewhat 8e the resul. cf >he ~ni-

~ tial ~haBe of the break-dewn prooesB ef echooie inte ec&ttered

laye~ etill rec~oned aB sch ols.

The ratio of ~tegrator indices to vertical section ares

e~ the Ichool / I: ! may indicate the densit7 of fiah in the

echool a a ~hole. Thie index i5 given in ~g. 7.

The distribution of I B at different timee cf the da:
p

change. coneiderabl1~ The grestest percentage of high dena~t7

echoole is between 08.00 ane 11.00 hrs., that ef low eneity

scho~le - tram 19.00 to 21.00 hrs., the mean de~Bity of echocls

torming between GA.CO and 08.00 hrs. being relatively lo~.

Eetween 08.00 .nd 11.00 hrs. th. density of sohoele remains

.table. d.creasiug later. There ie a fUrther drop oetween

15.00 alld 19.00 hre., :follow.d b,. aoatteri:ag.

Deuaitl of fiah in .chocl.

III order to calcnlat. th. d...:it;r or tieh 1a th. echeol.

• /toZ'llUla 1/, ....urem.Jlt. of tha targat .treug-;h of' Tolume

.catter1ag ..are ca:rr1.d out b7 record1J:lg the 1Jltegl'lltor indien

tar eaeh achoel and Tert1cal ••ctl0. area, a• • ell •• all 11lte­

grater and echo eoulld.r eetting•• K~nwill8 th. thioJrnees of

aohoole and integrator indioe., the value ef the t_rget strength

cf volume .cat~ering wa. caloulated for sach school in the ea~e

wa,. as for the layers. Th. resulte of mes5Urement. of target
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strength of volume scattering tor particular times of day are

gi~en in Fig.9, and changes in the meen value of target etren-

gth for volume scattering ITSvl during the day • in Fig.8. The

roe8n value of the target strength of sardinen - 39.5 dB - was

determined from measurements of the target strength ef single

fiah. Konwing the values of the target strength of.volume

sCBttering for each school and the mean value of target stren­

gth for single fish /sardinee/, the denaity of fieh in ec~eols

was calculated from formula 1. The results of these calculations

1e presented in the form of distribution tablea of schools with

different fieb densities at different times of day /Pig.10/.

•
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Table 2a.

!LJsr ~L~S Y:ll4A'C=J2 "'~"")=2.r):

ILJSC' :Z"'T4 ..... s,:--- ~~I~ ;=.". ~"·~T".·

'Y4J; 1-!ECiEG: ~~~~~; ;-_=
~~:~~l!~~ P~~~J J~ •••• u
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-,,:
1

9 '

' ...~L I CG 00( J"EU' ''1' _ M /eorrele.t1on tablei

"J = i~.~

21
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2

2

o

G :J

c

J 1 ~
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Table 2b~

,A3LICA PROCE. ,01.<\ /percen'tage table/

1 .0 tl.6 o.r i.3 C.:? t • L. 0.1 O.t 0.0 . 0.0 0.0 0 .. t

-.1 -• r e:.,: 0.<: L6 [0.7 0.0 0.0 0.( 0.0 G.I,

~. e 4.<: .2 0." 0.2 CI.6 O. '" ü. c C,. 0 r..G C. 0.6

1. , ~. c 0.6 :;.5 0., 0.2 O. ' O. [ 0.0 Q. i> 0.0 0.00

1,,,. ~ 2 •• O.::? ;:. r 0·4 ~. 4 1 • ., 0.0 0.0 0.2 O. 'J O. 0

C• f 2. 0.2 ) .B 0.4 0.2 0. 0 0.0 0.0 0.2 0.0 c...

c. '" ~. f 0.2 1.1 0.2 1).2 0.0 0.0 0·2 O. P . ( 0.2

t. ! O. - r. [ 2. i) 0.2 '0·6 1.3 0.0 o. C G. G O. . o./)

o • r c,r. ~. 0 0·6 0·6 0.6 ij.1J 0.0 c·~ 03.0 0.0 O. t'

. 0 o. o· r ü. 0 0.2 n. '" 0.9 0.0 r. 0 0.2 ü.2 'je ,(J

0.0 r. ( l' • ~ G. r 0.2 0." o. r J. C O. <: Cl • ~ C·.o::l

n.O .2 • < [.0 ( .2 •• '2: n. t J' tJ ü.2 o•r CI.2

• L ". [ "'I." ( • 0 . . - 00 n .~ 0.0 0.0 [,. [ Ci· :: C'_

.. r. [ n. r 00 [. r (." O. C C·.2 O. C O. C j.2

CI. ~
r .0 .[ O. , o. r o. (l J. 0 o. r 0·0 0.0 0·2

J. n r. " C. [ .2 O. e lJ·O CI.4 O. C 0.4 Q. ;: • C 0.4

" , . ". r O. _ O. C ' • l .0- j. l ."
r r :. r; 0' e•c • n c. : ~. ~ O. 0 :. :2 G· C D· (I ).

lL'J5C A"nSC, , o<LAS!E DL'< D'I"::G: rk"~ ::T~ ... Itable cf the e
number of Talues 1.11 ea~h class and their perc:entege share
in the wDolel

-<:""5 ! "-;' 22. eS:
:l-~S~ 2= ) 42 27. 2~f"

1o(I_ 6 5 L C 1,66"
,
-~..:;- <:= Q2 • 7.13::
.. uSA 1:'= :.".L <.. 42~

'<l...'L ~: 23 u.2'4':.,

KL'IS4 ,= 55 t 0.13"
KLASA 8: 0 0.00::
KLASt\ 9: 11 2.03:t
KLASA t 0: 9 t.66::
KLA5A 11 : t 0.16::;
KLA5A 12: 47 8.66~...............
5U'1A : 543
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Table 2c.

, - , --. -
numbe~

1n tZle
~
-- =

,~

.4_

-<'-"-~• .l1.J). ... '"':...;:;- 3"
>('-~::;.:. ~ :. - ;= '':

"'-
,
~

:.,,: 5
; r = t 3-,. :'~-'I 1 I ~

"C...AS ..... • ':= ",L-,';~ I 3= ;:
"-1.,0.;;1'. : ..= ~

....·L A':: 4 ; ,,:>::

... _tl.s .... I "= 1 3
:"4~ : : --

"'.-3- , -=
;1_-I.)M 1 9= 3

-1. ~- -; 1.
-~. .. = 5u3

- ~~CI _.-\~l::: ,L ..... )~ ES: = /table o~ the
of values in each class and their percentage shere
whole/

.... .a:;,,-

-. t· .
) .
~ .
2 ..... ".­
.!. JO.
!. ~7

:. vS'"
'.37,.

;. S 5 ~

:;.3?­
iJ.5:'~

1.q~

~. :>S,'
5." I'

: ~""'. : .. _;':'Tv~7v,;,: ,:. ~.... T:.e .;).........~.
/ari thmetio eall of parameter
ve.luesl 13\:;. '>1

•
':,Jc..:"V:: :f.. JV

/variances!
\d

JD ~YLE~IE 3TA~C. ~,_~~ ~ELTAl

!standard deviations/
1.99

1328.53

0<:: ..1'.'" t"-'o/CJA :XY

I covariances!

ßPGLC!Y~~I~ KO~ELACJl ~ =
/correlatlon coe~~1clent/

"0.1-'111'11- ",,<OSTE.) ~SGRE:SJI

/regress1on equation/

:1'0;::

1.02

"S3.44
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