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‘The Sigma function describes the relatibn of the standard de-

- vation s, from the average X: sg = f (X) as it frequently oc-
curs in biological data. It is brought about by (a) multipli-
cative correlations of individual events, (b) the time-series

- character of biological data and (c) regulation of processes.
The interpretation of the sigma function on the basis -of this ’ 
set of causes has prooved to be effective. This is demons trated;

~ by giving two examples:

(a) On the basis of monthly cabtches conclusions can be made
with regard to the behaviour of the caught flat fish and
fishing power of trawls; (b) By. comparing the efficiency of =

- two bottom trawls used under normal fishery conditions gquan-
titative estimates can be made af the differences of herdlng
by means of the gear of dlfferlnb typeg of trawls.
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Résumé

\»

{ La fonction 81mma decrit 1a dependance ae Y ecaru type s-J:

*:moyenne x qui existe souvent dans 1es donnecs blolovlquea.
,TElle résulte a) des llaisons multlpllcatlvea ues chnements indivi
?iduels, b) du caractere de series temporelles des donnees biologi-‘

ques et c) des procedes de regulatlon. En fonctlon de ce complexe

5devcauses, l'interpretatlon de la fonctlon si gma 8" avere tres'
Ldapable ce qu1 a ete montre sur deux etemp1e5° a) A partlr des:
“captures mensuelles 11 est p0831b1e de dcdulrﬂ des con"lusicns O
‘ relatives au comportement des plles capturee et a 1% cap&cité.
captive du chalut b) pour une comparalson de 1a cabaclté captive

?;de deux chaluts de fond utillses normalement en pbcne, il =st

p0351b1e de quantlfler les dlfferences dans l'enta&geﬂeni des
-p01ssons a la ?one du greement avant du chalut en io;ctQOn au

type du chalut.'

.

J..Introduction

t .

.SOLLBERGER(1960) described tho relatlon of the standard de—,fCA *"

viation S8y from-the averape T as common for time useries as 7‘55E¢“’
kthe sigma lino s f (x). in the aizect 0XPTCU~10H of" S
the tlme-uerle oharacter of a-data oprle : hlolorlcal

variate may move (changing its value with tlme) and that 1fg145 3
,v01001ty may be. unlform, acccleratlnw or decele“ab¢n°. The |
probablllty of obuerv1n~ a cer*a:n value of a variate durlnoi;”

a given short space of time will bhe 1nversnly pronortlongl i

to its vel 001ty ve. Individunl moving variate paths may e
differ with rogard to the share of the curves. The resultine -

e dive;gencg,ox'eonvergence,of the paths will sive rise to a b . 1°

;' ‘
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2;'Causés; properties anu 1nternretdtlon of: the 1gma function

‘rence, propert’e. and causes of of the olgma functlon (HERIKG

correlatlon between bhe aver%ge and dluper51on cbar cteris-f&
tlcu of thc varlate" (SOLBB SRGER 1960, . pp. 15 4nd 18)

In,naming the relation’sx = (x, we follow oOLLB wc“q”a14,,u;,_
though he derived .the ternm "ﬁl”ma llne" fme the uynbol é

~for the standard deviation of an enpiric: distx 1butlon as’. itzE#V

Wag commonly us séd in the past and ig used in more. recent »
publications for_ des crlblnn thée standard deviatlon of a Pdriyﬁj
ent populatlon. We thlnk, hovever, that it would be morc ’
sensical to speak of a Sigma function in oxrder to av01d that:
the name of a- phenomenon of an obaectlve correlatlon between}

ave ages and dlﬂperblons be limlted to its nurely graphic'“
repregentdtlon.' :

Frequency of oceurrence, causes xnd posolbllities of inte
pretation of the sigma function are of bas 10 interest with*
regard to two aspects '(a) Variance tabillty is an importan
preconditlon for many parametrlc metiod i (b)) deviationu from
~the "normal” condltlon can be used for diavnoutlc purposes:
tahlnn oaupeg and 1nterpretat10n of a. given 51gma functlan
into account. . [ » ‘ <‘ﬁ;jg%; '

In contlnuatlon of the investloatlonu parried ou ﬂln the fiel
‘of bio~ Lndlcatlon OL condltlonu gnd omoturbanceu in ebc ystems
( FERING G 1976 a,- b) we have iﬂVLnﬁl”&fed the frequency of occur

9T L s
Te Contrary to tﬂb magorlty of Lextoook% on b1010g1cal~statis-
tics varlance 1nutab111ty and, tha > blgmu function app@ar'
ulurly in DlOlOglO&l data.cﬁkewneos gnd 81vma functicn

are ‘correlated both by mauue a;by Ibrmuia (KAPT“YH and BERITCES
VAN UVAW 1916, }OTLLLL}G and o. 010 NS 1932 SOLI.BLRCER 19@0) L

—



:22,f§igma funcilon (d;d 'Simultaneéusly; skew xrequency dis- .
‘giﬁribu31on ) occur if the diffcrent5Variatm% are correlated

;“$§h° ach ofher non-additively. This(is tyue both for the

 ¥£ecu“ c* the stochagflc 1nflucvé “coumbinaed i tbe "error

i he addltive basal tyne
"iy £(x) +e | N
- depandent varlable' e o~ tochaut*c nrror cumponeni-
X o= 1ndep°ndent vgrlablv) muot, whﬁn &&t&blluhiJg the oegur-
renue of a sigma functlon emplrlea?lvp bu 1epl“cad by model o
_ anvements of the ollowlncr ‘tvrw. NN A ; .
o f( ) ox S . c .
| f(x%C) - T e
blgna functlons, furthermors, result from the fact that bio-
lowjua; procecses proceod in é'regula? m{nﬁc?7(i,e;'ﬁepre¥_ _
::SLHL tnmp merlﬁo) and that. cnlv ,,finifﬂ nuﬁbef of =» eiéﬁaut~
ffcaus 28" dis iLYOchd YAPTEYN and VA UVFN; rherefore, propos
_ fto e tlmate the quan*ity of reTCVQnu ea through the term
(G / ')2 In the case of time series-the eifect of a random
“"varlation from +he formerly esta blished: guantity is par51c~
ularly e, if uhb qvantltleg in qucution ara correlated
multlpllcauiv“ly {SACHS. 1968). Ths proof of the presence of
) “1a zlgma function involves the LGC“boify of “inve stigat ing the

- probl em by chronoblolog:t cal mpthod R SR ‘
o 4 Thc_uigma ﬁunc*ion 1u ‘also. an. expression of blologiuallyf" h
o "controllmd processe 5. Organismic (i?kaiuﬁli mainfaiming

g
and optimlzing) syutem ghow stabilisation: o2 vavit 111ry.
DlepchLOn 19,,aq a rula; ‘smallaxr ab the uywipm outputs a
conpared. wrath gystem inpute.. At th ﬂ-sgme,uim;,.ﬁowavbr,_a'
~definite “"rest" qurbrulﬁn forms the basis for dptimum‘adapta~
uicn. mhe utabilibaflon uf dL)per 3ion is us ually relafud to
tho zean ¢evel of a y;ven p*ocess; i.e. s o p (Y)

Q —
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5, Insofar au a linser relutien is present between dispersior

and mean value, the regres: ion parameters a and b of the

regression furncticn y = a -

bx can be inbterpreted specifi-

cally. Ir accordance with SOLLBPRGER the following possi-

bhili
o a)

T

. |

1)

4

- o] .
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a < O

of interprctation sare

I

bq#by

pogzible: ,
no sigma funcétion because there is no time
dspeudence, but identical (level-dependent)
individual variability; ’

posttive sigme function:

- varishility disappears together with the variabt
o

inerease of differeance at high values;

igme. function:

negauive

.
variability ig invergely proportional to the

‘mean values;

L 3

‘oere is an upper threshold value;

Lhe nmeasured variable can beccome negative;

the biologicai factors of variability remain
vifective (possibly fulfilled by other functions)
even if the variable approaches ZeT0..

A meagsuring exror (in the broadestFSense of

the word) is involved to the effect that the
measured values of the variable remain below

the actual ones. The mean deviation between
meagured and actual values amounts to the

value of a (see also below)’ '

At zevo dispersion the mean value ('"basal value®)
of & given bioclogical process becomes positive. |
' "basal value™ is te be interpreted in the
sense of the normal “basal state". f

Data sets I and II are heterogeneoﬁs; In partic-
ular, the time dependence is different (the
larger b the more explicit is the time depend-
ence of a given process);



:Thé~qkewnﬁss is calcu ated in‘theAushgl%ﬁay;
8= (%~D)/s, (D=~ mods) D
The linear 5lgma function of ubpa?s’w'
~ .can be transformed to becoma 1/b (x - ("a/b)/s
'1”hus S = n/b and D —a/b dnl it is poasiblg

‘ through skemneas and modo on uha basis of one-
‘uerles of meagurenentye

f%On tho baqld of thig systsm of 1nturprauati01 1n the'
: ~following Hwo examples ars given of behav;cur anamf
';[;1ysi33and‘assesnment,cf fishing7psmgr

‘*,3 Enshina,rowh: analﬁﬂ'* and inﬁarpmatation‘nf‘behév our

‘7f[MEEK (1Q05) hag publlenea catchag égﬁvunik ¢£f0rt (uz
=;catche ) stating spe01u€ of fish, 7ear; month and L*Sliég
'ﬁreglon. By compllation of the valuss for the povigv»095
‘dab (prasum&ably yellowtaml flounaer, Liwanda f@rﬁuwxnau
"(STORER) and plaice (presunpably Anerlcan ﬂldluﬁ, sznc“
jglossoideu pldteasoide (rﬁBRICUn)) it ves pooeibls %
"ﬂdetermine mean values including approprlata tandafd“déJV
“v1at on. Thp time—-geries structurs ¢of the ox 1nal d
T Was - lost, however. The. LGear 51gma iuncfsona nhown 1n
’ table 1 were obfdlneda N
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~Table 1: 3igme functions of unlt catches expresssd as linear
' regressicne s = a 4 bi. Oxiginal dabz acc. ta- tf-}:r:i’.
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;7xﬁ;Thé, oefticient' or thc values of % (i.e, the mean ‘unit

ot
0 vas 2ollowss

choat a wtwﬂv r& deviatlon of ucra) can be interpreted

'","’Tovlttve valueu of (i e. negative values of xo)'oﬁcur
t“u& 2 result of low effic ienoy. By far legs fish is ‘eought
lth&n ig present iun the region, many escape before or out

the trawl. The value x  is a direct expr6551on of the.

:f fish escape and thus, of the cfflclenks o* the fisg hing

‘fgezrq-’

. by the eitfeet Of FerdinW. The fi

’Ee aulvb'valun of a (i.e. positiJ values of xg ) show
“\fhak oUOLCSule Luul are always c 1ﬁraofer1zed by a cer-
_;tainﬂnlnluxh catch (x,>0). Fean unit cabehes between zero

and xofaro’nat o 531b1a. This phenomen@n can be explalned

sh concentration in the

‘*[fishins regloﬂzmuz ontinuously voary between zero and a
- maximum value.. The Weur of the {trawl causes primary herding
tiinto the. wav of the trawl This bfvai is ofte

m - 1nc“ea"ed
by *agllxtdtion (o JUantlﬂ from the fish hsrded by the

fgear;and~influenclng other fich which,'though in the area
of the head gear would normally not become primarily herded
or herded into the wrong directiocn) (HZIRING 1969). The

or avquantity of fish’corru°p0ﬁd*np to the orlwlnal fish
concentration inecreased by the gquantity resu]tlng from the
hexding cffect.

travl will'catch'eithef nothing "xlf there is no fish)

The 10~va1ueu for ab end plaice show a remarkable movement

over the year (fig. 1). It correspona

in an alwost ideal

nanner to the general ulclogy of both speciocs. Thig cor*aﬂpond—

“ence ig remariable, beeauce, among other things, the flgur°°

. (mcnth‘y mean values of the unit cabtehes from different, not
Calwayr,

Chd 8

used lor the caleculation of the x -valuwss are exmrumely rough

&)

avs Pfrsr'vo years)., The circannuu“_eyclc of fish behav-
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"f:,,(,icn¢wfelative to the Tishing gear can be explained ag follows:
"anQJanuﬁry the fish is situatzd in the cold water in the depth
"'”na food is token. It reacts te the gear of the trawl in the
‘fanm of herdlnv. In March to April the flat fish moves into
lj{waxmcv“watcr near the surface o fomm there pre~s awning and
;uPAwnlnﬂ concentralions., Takiag the to-valuep as a bas is, the
igrating motivation can be established already in F@bruary (Lthe
:ancrea,ed motoric activities prevents directed herding in the
*.+rawl.aay). This motivatior,; in March, obviously causes clear
{?rea“tlon of escape in relation to flghlng gear and thus the

'3& ~values to become negative. The formation of pre—upawnlng
'axd_gnawnv ; concentrations leads to a reduction.of the aculv1t\

. and thus also to reduced roactions of escape without a directed

‘eﬁ“ﬂrdinv occurrinf in the sense of positive x,-values. The dis-

- solution of the pre-spawning and spawning concentrations, i.e.

. the transition to the feeding period is, as could be expected,

 characterised by a reduction of efficiency caused by non-direcihed
reactions of socaps. '

ln the case of efficiency analyses on the basis of data from
the Tishing log-hook the sigma function w¢ll also supply valuable
1ﬁﬁormations. '

In the Tirst quarter of 1971 = Flotilla comprising 3 o 7 side
Trawlers and the factory main vessel "Martin Andersen Nexd"
{205 315) Tished off the Norwegian coast on pre-spawning con-
centrations of Saithe (Pollachius virPus L.).‘Tha eclassical
140-feet-trawl and a newly déveloped bottom trawl with a largp«
1y increased opsning were used. Ths cxperimental trawl was nor
efloctive only in the case of very uniform Ffish concentratlon.
Ca days with a high standard dov1aLLon, i.e. on day on which-
fizh sehools wers Tormod the 140-Ffeet-trawl was more effective
(experience~ontinated herding Lfect of the gear of the trawl

aon -

ce. to HBRING, see tie, 2).



;vf Uhit cafches related to tﬂawl type indicate the p:esencé~~;:fﬁ
 55of a clear sigma function: (115. 3). For all days on uh&nh j5;i¢
" the. experluental trawl was fishing bettcr or worﬂa thcv5“‘$“ *ﬂ
" '{lfollow1ng sigua functions were calculated'

;-8 35 & 1239 cpue [basknt/n]

 opue, = 6.02 baske“cs/n T 0.39 (p\ 0. ,‘ N)
| f;$cpue = —4 89 + 1 0? cpue [@asket/h] |

'}“he cpue ~value can, in accordanca thh the GVplawations made
on the sigma functlons of tha MEEK data (Jee dbova), be inter~

'Tf; preted as & qpantitatlva measure of the herdxnD effect. Days

*with low catches by the experlmental trawl are not only char«iﬁ

_‘”“fiacterlsed by a dlsper510n which. is less depencent upon tha N
‘ﬁ;[,mean value (small h-value), but also bJ a lowcr spusowvaluen o

‘j~5Tha two axamples glven furnlsh, in oux. opxnion, a conV"“c1ng
vifproof of the efficlency of the sigms funbtion“ Particulariy
. the analy51s of MEEK's cacch «tatlstlcs hOwS ‘that it is pos—

7 u1b10 on the basis of very rough acologlcal data to draw
conclu81ona with regard to the ‘bilological behaviour and to
- the fishiny gear. It is true,showever, for the sigua function

' as well as for all: othev methenatical sylloglsma that they

are only formal logic dadu(tlonu boaring hypothstizal ohardcter

Thelr final. verlflcation s only posslble oy approprlate
exper1ments.~;‘ ‘
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| Fig. 1: The X_-values (for & = 0, i.e.

| X = -a/b) of the unit catch of
déb and plaice (original data acc, to -
MEEK 1905, X, celculatsd from the & 3ﬁé'k 
b values ligted in table 1, colwmn 11=16} -
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Fig, 31 Slgma fuuctions of the mesn unit ; e o / !
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