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Pract ical  and Rapid Diagnosis

o f

Fish Populat ion

Takeyuki Doi

{Tokai Regional Fisheries Research l,abof,atory)

Tokyo, Japan

1 . Introduction

Problenrs of population analysis have been increasing year by year.
This is attributeal, on the one hand, to the prognams of exploitation of
f,j.sh r:esour:ces having been carried out so guccessfully that the use of
data plocessing is now required and, on the other., to the nranagenent of,
fisheries in the worfd having becone vely inportant not onl-y to conserve
marine resources at the opt imun level,  but also to deal scient i f ical ly
with internaliona1 fisheries problsns. ttoreover, stock assessnent should
be carri.ed out as soon as possible. The scientific echo sounaler is one
technique for quick assessnent. However, whereas by t}|e use of the
scient i f ic echo sounder,  populat ion size is est inated quickl-y,  diagnosis
of population status cannot be obtained.

To rneet such a demand for a technique gj.ving quick results, I have
developed a nathematical nethod capabfe of being used practicafly and
rapidly when faced with actuaf problens of populat ion studies. This
nethod is a kind of unified field theory shich is neitler fraqmental
nor partially independent but applicable generally and systenatically
and syntheticall-y to any situation of any species in any ground and at
any tine, By this nethod, theiefore, the present data, whethet pelfect
or not, are fully taken into a unified field based upon biology witnout
mechanical calculations and fragmental fornula.

This concept is an essential elenent in my newly aleveloped unified
f ield theory-

2 . Flois of jobs

The general netl{ork of population studies is shown 1n Fj.g. 1 by
alrolr diagran frotn the view point of populati"on studies as a thofe.
Actual ly si tuat ions such as those sho\/n in Fig. 1 are very rare.
Usually $e do not have sufficient satisfactory data at our alisposal.
llorrever, ln soite of bad conditions, we rnust often riake a diaqnosis at



the request of the coverfinent, fisheflnen
lhen rapid nethods should be developed,
metlod, called DOIRAP, which is suitable
The arroti/ diagrarn of DOIRAP is shown Fig.
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or any other organizations.
I devised a rapial aliagnosis
for use with a conputer.

2 .

The basic data are d iv ided into three categol ies as fo l lows:

cronth fa!r,

Li fe cycle;

Catch stat ist ics

1 .

2 .

These categories can be found in the lef t  s ide of Fig. 2.  I
sha11 now explain hov, we can obtain a diagnosis, \rhich is the aim of
this method, frorn the basic alata, following the arrow diagran step by
s tep.

If by only one theory we can solve every probleln, s'e call it a
unified fielal theory. In this theory, indivj.dual theories for
individual occasions or situations are not taken into account. The
DOISAP systern can be applied to any stationary situation of popul-ation
ploblelns. This is tne first thing to enphasize. The second illtr)ortant
consideration is the relationship be$reen each jotr shown bl' arrovrs in
Fig. 2. Considering g.owth as an exatq)le, this is analysed and then
we obtain crowth law. In the usual method of analysis this is all that
can be achieved, Bu! in the DOIFAP systern crowth is connecteal with
vital factors such as netabolisn, catabolisn, biofiass analysis, natulal
nortal . i ty,  f ishlng mortaf i ty,  popufat ion size, diagnosis I ,  etc.  l . lo job
is independent but atl jobs are connected with each other:. Absurd
assumptions orresults are rejected by such a connecteal network.

As mentioned above, in a pr:ocess of analysis there we deal wit-h
cornbined data, jobs such as data col lect ion, survey, research, etc. ,
ale not independent but are related r\rith each other in a corelicated
pattern. I f  we treat a probten without any considerat ion for relat ions
ltith other factors, biased r.esufts are obtained and not only retationships
allE)ng jobs but also mutual influences upon other jobs canrot be unalerstood.

Accordingly, in oxder to grasp relations bet$een a research plan
and jobs carried out in a process, the graphic representation of an arrow
diagram can be used, that is a technique adopted in PERT (progran
evaluation and revievr technique) . As the diagram is a neans of checking
the new p1an, the total net$ork of jobs is organical.]y clarified, and
charge share, necessity anal importance of jobs nay easily be understooal.

Researches on mar.ine resources are bounalary sciences connected wit|
two or rpre fields of research: they constitute interdisciplinary
research. Interdisciplinary resea).ches are becoming nore necessary and



urgont to aleveLop scienc€s on toDnalaly problemE, Solutions of problens
can be achieved lllole effectively and quickly by a group of persons who
have a knowl-edge of aliffelent sciences lathe! than by persons nho have
the 3a!E knowl,edge. l{hen heterogenous nelibelg with a differelt
knoltledge set up a teah cooperatively, the work rnay be recognized as
systeloatic, and aplendid lesults nay be expecteil. As research fiel&
of fiBhe,.les are all interdisc ipl"inary, valuable achievqrents cannot
be erpecteal within a slngle fielil of research. But ',systernatic,, nust
not. be taken to Dean a style fonEtlon of organizationr it tlenotes
the Emoth firnctioning of €ach unit vithin an olganization.

f! ortLe! to achieve outatanililrg !€6u1tE, corpetent legearcherg
al.e requiredt thele neeil not be tlany ordinary tesealchers but at
leaat one of then must be an excellent lesearcher.

3. crortfr

. Grow'th Lalr can be obtaineal from the'sets'of fteasulenents of
lengtb t, wetght ahd a9€ t i.n indivtdual fishes, as is leplesented by
the following equations in tJIe DolRAp dy6teDr.

- 3 -

- -kt

or4F- . -k l t - to )1

It = AL3

Constants 4 anil k are calcul-atett fron the
equatlon

, . . . . . . . . , . ( 1 )

foll.drinq alif ference

Lr+r= Bo+BrLn

Ba=  a l t  -  e - ^ "1

e,  = a-xv

'4 : nufielica1 value of t i,nterval

The alrove equatLon ls linear regressive, Therefore,'rre can calculate
Boand Bl . Then 4 and k ale estij|ateal frotn g^ and Pl, where b or to
is to bE decided fron the initial conditions; as follo$rs!

l 2 )
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n+L

Fron a set of observed values of t: and ,,/; li is nuniber of
lndividuals, i  = I,  2,3 .. . . .n, h is thi saurpl; size), paranete!,4
tre estlnated from the least square nethctal as follons:

l -  b

n

1r n-  
n l ; ' -

r-

- - L L

L . -
1'

loq d

Alpunt of cataboLism per day = -g-
36s

llnbunt of netabolisn per day = ;;;

r**'o]

If we obtain the growlh parametels atk and A in Eqn. (1) flon a
set of dbserved vaLues (age, H,L'), te anount of netabolisn anal
catabolism pe! day can be easily cafculateat.

According to the above equation not only coefficienls of
netabolisn and catabolisn but al6o amunt of netabolistn, cata.bolisrn,
and growth per day ar:e calculated as follows!

1

o. = 3A- ak

B -3k 2
. . . , . . . . . (s)
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G!.owth of weight per alay = dlfferetce between th€ above aDunts
suPpoEing unit of age is one year, Equ.tion (5) is de:ilveil floot the
funalamental growth law of body welght €xpressed in the dlffelential-
equation as follor{st

on2/t- Bv

o : coefficient of catabolisn

B ! coefficient of $etabollsn

dY ! increnent of weight in tlme inclenent dt

Sakanoto (I9??, l9?8, 1979) calried out tnveBtigation on reil 6ea
breans in the Kii Stlait, the ea6teln part of the Seto Inlatd Sea. I
uae this alata a€ the basic input of the mIRAp coryuter proglaD.

Age atd length alata correspontllng to arrow 1-2 in Fig. 2 is shs.n
in Table 1, which are obtaineal flolo acale-reaaling. Length and weight
of 3la individuals vrere also measuteil. Flon this input alata, calculated
t:esults are as followst

-  I 2 8 . 9 5

= 0.7929

= O.232o/year

- -  O.O42t yea!
I

= 0. 00002082 q,/ftn-

= I ! .g2/yeat

= 0.596o,/year

Then we can calculate length anal weight in any month for atry ag'e,
as irel1 as arDount of catabolidl anA tretabolisn which are sbown in
tab}e 2.

In the a!!ow diagran of Fig, 2, there are 5 pha6es in the comguter
program. The above calculationg correBponal to phase 1.

(6)d

B1
k

b

A
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e. iJrre cyc.Le

The second itrpoxtant input 16 the fife cycle anal reproaluction.

life cycle is the essential concept in stualying bio1og!'. Basic
conponents of life cycfe are life span, naturity by age and fecundity
by age.

The average l|uniber of years the species unaler consideration
Iives is considered to be its life span.

Rate of rnaturity varies accotding to age. Juveniles are of
course inunature and, as age aalvances, tbe rate of naturity increases.
Over a given tilne all individuals nature, !,laturity can be aleterhined
by shape, colout and size of eggs.

The nuniber of eggs spawled by an inalividual also increases $ith
age. A ve:.y farge nwiber of eggs ts founA in qonad:, so a flaction
sanple in gonad has been exanined.

The life cycle of red sea breanns is represented in Fig. 3. The
conponents of the life cycle connect with the following ptocedures of
bionass anal"ysis, estimate of natural rnortality and life cycle analysis-

5. Biomass analysis and estimate of natural nFrtality

Biomass in each year o! at a given age can be easily calculated
unaler a given annual survivaf rat€, because individua] weight ls
already obtained in the previous section.

where fc : individual weight at 4-age

Ps : biohass at c-age

5 : annual survival late

i\' : nurnber of population in given n-age after larval
stage,

Pr is represented as fol lows:

Pt = nf-n 'lt

Now lll and S are unknown but the lelative pattern can be calculated
in var.ious 5, as describeal in Fj.g, 4 trnder the values of n = 1 and
d = 1O,0OO, This figure is afso tkawn by coq)uter.

( 7 )
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There ar6 nany nethoals of egtilatlng natural rbitallty, although
they are mostly :'ether dlfficult to apply. Here I sho\r a 1ltt1e rough
but siry)1e and repld nethod which 1s ilerlveal from the Blotnass culve
shol{'n in Fig. 4.

Genelally 6peaklng, bj.onass lnctoases at the young stage, has
a tlone at a glven ag€ enal aleqreaaea to h€arly zero at naral,lrun age.
In the exaq)le ln F19. 4, the curv€ of S = O.7 seers to be adequate.
The relation€hlp between natura] brtauty and survival rate in the
une).ploited 6tete ls' erqrressed as

-tt
S  =  e "

5  =  -  l o q S  =  - l o q  0 . 7  =  0 . 3 5 ?
Therl

Noi{ natula]. rEltallty of r€Cl sea brea[s ls estl-mateat as ]tt = 0.357.
In tlle ar'row diagtam of Pig. 2. we have filtished the jobs 6 + 7,
7 - 8, anal a + 10 of phase 2.

The survlval late aluring egg to l-age is ruch Le66 than 1n the
caae of youDg or aaluLt fishes. In the virgitt or unexplolted stete
the populatlon nalntalns a given 1ev61. Therefore, th€ following
equation is establlsheil!

p{-7 tnnk) E(d = t
20

S I  E (8)

s
P

: Survival rate duilng egg to ]-age

: Annual survival tate of I age fish to 20-age.

: sex lalio

ItIRk) | I, '.^|-rri]ry proportlon of o-age which is glven in Flg.

E( r Fecunality of r-age whlch ls atso giveD ln Ptg. 3

,9 l'as elleaaly estiinated to be 0.7 and p is assrrcd to be O,5.
Th€irefore Lrtrknown palaneter S, in Eqn. (a) can be solvett easiLy.
We dbtaint



-a-

S ' =  0 . 4 1 9  x  1 0 6

Then Mt = -  Iog S'  -  I4.7

llhere lt' is natural noltality coefficient during
l4t cannot usually be obselved by survey. Hoideve!,
theoretical process of fife cycle lre can estinate
This cal-culation is job L2 + 13 of phase 2 in the
o f  F i g .  2 .

egg to l-age.
by the

i t  deduct ivefy.
arroo diagran

6 . Estillates of survival rate and availabilj.ty obtained fron catch
statistics

It is natural that catch is itrrpoltant infornation in analysinq
flsherles problens. The most essential alata for stock assessment are
total catch and age composition of catch. In order !o obtain age
conposition, nany aliffelent stuilies nust be cariieal out. such as aging
character., leadiDg age character, saq)1ing methods fron catchr etc,
lherefofe, someti.nes we nust use categoJ.y composition instead of age
corposition, because categories are surveyeal very easlIy in the fish
nrarket.

It is usual in estimating the survival rate S to use age
corpo6itions, Altlough there ale several calcuLation nethods, I shal-I
present here the average age methoal (mI, 1974) '

Age of fish is not as wide as O - @. Put a fo! the foitest
a + L for the highest age, where A = (hiqhest age) - (Ioeest age)
the avelage age t of fishes, in a sanple which is larger than 50

age and

vialuals r is-regardeal as lrorrEl distlibution with mean, n, and stanalard
deviation -+ . H€le t and o a!e:

Mla ,  S ,  L ) =  4+k  (5 ,A ) (e)

and val-ue of 14 and o are indicateal ln Table
Accoldingly in calculating 5 by aver:age age
are carf,ied out successively;

To find a and A

calculation of t

Toob ta i nk : k= i - a

3, as changes of S and A,
nethoal, the following steps

t .

2 .

4. To search for ,5 in Table
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( r0)

that is!

F =  - l l ^^  'q !  -  l , (u)

F is a instaDtareous coefflci€nt, whlch i6 a little difficu.l-t to glasp.
tbelefore, ve usually u.s€ late of er<ploitation E irhich is ratio of
catch to total population.

(12l

Cofiespondl.ng to k anaf A unabr considleration, nufierical interpolation
o! graphical lnte4Dlation nay be ailopted. Tab1e 3 is built in
mIRAP pfogliam ,

Fl6hing rbstality .P is alefined by:

o-aqe Catchable ploportion

g - e-(N+F)

In the 6ea, populations of the younger alte ale ibre abundant than
those ofolde! ones. But in the actual catches, the n].uber of younger
apecimens ls sdreti.nes not gleater than that of the olaler ones rrp to
a glven age (full recluited age). htroducing the availabj.lity 4-
(l8 Is age), $hich iB defined by

" =o+" [',"]

t-age population in the sea n,

f- ia l€ss tlEn 1 q) to fully recruited age, and €- is equal to
I tn tng aqe be!@na fuUy lecruitetl age. 4- ts determingd by nesh
EIze, fiEhl-ng area, flshing 6eason, etc., wEich are conditions relevant
to hDllan activity of fishing operatLons. 4- can be calculateal fron age
colE)ositlon8.

If we kno$ tlte age coq)osition of catct, Ch), natural nortality
/1, anil flshing ftDrtality tr, availability q, is calcutateal as folloirs !

Assumlng age t3tr is fuUy recruited age, in lhe schenatic lepresentation
bf Fiq. 5, shattetl palts ale catchable phases. therefole,

Q t  = L  a t  8 > '  !

4 -  < 1  a t  & = ? - f



- 10 -

fhe general folrmrla for estihating 4- iB derived frdr the nbatel
of Fig. 5, as shown in the equation belo!r.'

If we put t = f. in Eqn, ll]-), Qt-1 can be easily calculated. And
then €, can be successively calculateil back to age o 1e6s than 1..

At the fishing ground of red sea breans unaler consideratlon, ag6
deternlnation of fiEhes of older age6 is not so easy, The l.ellable
age c.orq)osition as a input is shown in Table 4, in unit of catch pe!
alay per boat. The total catch per year in recent years (1974-1977)
averaged 126 Eons. These alata are input atata colregponding to the
axrow 4-5 in the diagrarn of Fig. 2.

Calculated resrrlts of survival rate are as foflows I

SuwlvaI rate S = 0,274
(at the present level)

By Egns. ( I0,  (11),  and (12) coeff ic ient of ,  f ishing lprtal l ry F
and rate of exploitatj.on ale estinated.

tr '  = 0.939

E  =  0 . 5 2 6

rull. recruited age is 2 age. Thelefore,

Q e = l a t 4 > 2

ADd then by Eqn. (13), 41 is calculatedl

Qt = o 'els

rhus the jobs 5-14, 5-16 and 14-15 of phase 3 ar:e finishe'al.

1! - ,,' ', [+:F uo.''*1......(13)



7. Estlnate of popuLation 6ize

The last job to lenatn ln phaBe 3 of, the mIRAP alrow allaglah ls
aEo, 15-17, whlch iE to estltiate popujitlon size. The rate of
€tploitatlon E has already been eetlnateil antl total catch I is known
aB ltlput data. llhelefore, the catchable populetion slze Pd i6 easiLy
calcuLetetl as followa:

--=- = zl:, !,ons

Nudber of population by age lE necesaaly in the following
aliagmosig analysis. Calculation is carriea out by the folfonlng
plocealureg. Denoting iy as the nullber of l-age fishes in the 6ea,
n\uiber of fishes by age in the sea and weight of flshes by age in
catchable phase are repleselrteal as belou.

- .Y

the
the

Age Availabllity Indivialual
weight

e H(s)

weight in
catchable phas€

Nunber
in the sea

O- = 0.6753

I

I

t

I

(r-0r ) 5l_ -.1

tr-4rrds
(1-4r) So_JS-

( r-{i I, D o-l D

:

NQW lr')

Nn (21

Ir'U(3)

Mt 14)

r (5)

( 1-e1) so]

( 1-€r) 8o] s

{r-41)sJs2
(1-4, )s^ls-

r (r)

,1(2)

v(3)

r(4)

f l(s)

f4.'s
L -

l-et s
L -

[ers
L41,'

ltt

r lols
n L4rs
iv fo's
r l4rs

where ll(c., are known tn Table 2 and both sulvival late of vlrgin atock
S^ (= O.?) and the present survival rate S l= 0.2241 are akeady
eEtinated. The population size estinated above is 239 tons, which is
the total right of the hanil cofirnn of the abov€ lepre6entation' In thia
equation the unknonn parameter iB only lI. Thereforer iV is sitlrply obtaineal
the following vaLues I
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It = a7 x Iaa individuals

Then e/e can calculate the above rsea_and weisht t" th. ";;.;;;; ff::::""::i::L::."::l"ly::.':,:l:ln  Tabte 5.
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8. Diagnosis I  -  s ize l i .n i tat ion or legal s ize

It  is not rat ionaf to catch too smal1 or juveni le f ishes, because
it decreases not only the futuie abundance but afso destroys the nornal
reproduction mechanisn.

size l imit  can be found fron the bionass analysis,  The bionass
curve as shown in Fig.4 has a done at a certain age. We choose the
adequate curve from several  t r ia ls of var ious values of 5.  On the
chosen or adopted curve, lre know the age at vhich the biomass has a
dome. Up to this age f ishing should be prohibi ted, because the brornass
steadi ly increases year by year.  Above this age, biornass decrease
graalual ly year by year even i f  there is no catch. Therefole, f ish
beyond this age can be caught.

In the example of red sea bream shov,n in Fig.4, the adequate curve
adopted is the curve of S = 0.7 which has a, _dome in age 4. Therefore,
i t  is iecomrnendable not to take f ishes betolr  this age. The size t imit
or legal size at age 4 is about 38 cm as shown in Table I on the growth
taw- In the actual f isheries a 1ot of f ishes snal ler than 38 cm ale
caught.  This is one reason of overf ishing which is exptained in the
fol lowing sect ion.

q .  D i a S n o s i s  2  -  I s  t h e  p r e s e n t  s L a E u s  o '  p o p L l a r  i o n  u n d e r -
exploi tat ion or overf ishinq?

The cl i ter ion to judge underexploi tat ion or overf ishing is the
reproduct ion, that is the total  nunber of eggs spai.rned by adults- I f
this anrount becomes less lhan half  of  that of  the virqin stock, we can
judge that the presen! status is ovef, f ishing. The reason vrhy such a
decision may be adopled is the conmon concept of the maximun sustaj .nable
yield on which usual ly an abundance of adults is about a half  of  adults
in virgin stock. This nethod is a very pract ical  one under the lack of
reproduction nechanisn.

Actual calculat ion can be carr ied our from weight,  natural  nortat i ty,
f ishing ncrtal i ty,  avai labi l i ly,  fecundity,  matur i ty percentage $lhich are
the important biological  parameters of l i fe cyc]e. Tab]e 6 shows the
f o r n o f  c a l c u l a t i o n ,  j l l u s t r a t e d  b y  t h e  r e d  s e a  b r e a n s .

the nurber of f ishes at the age of 1 year can be est inated as
e4)lained i .n the previous sect ion (see Table 5).  Then, by using the
est imated values of natural  mortal i ty,  f ishing rnortal i ty.  avalrabi l i ty,
weight,  fecundity,  natur i ty,  etc. ,  the nun$ers of each age-qroup in the
sea l l l ,  catcha.ble poputat ion nunber lvc, calchable biomass Pc, expected
catch 6, expected yield -y,  total  numbe, of adu1ts.4, total  nunber of eggs
spawned E6 are al l  reconstructed. In lhe above calculat ion, the pornt
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to be carefuf is the followinq Drocedure:

tr *I 
= @, N, e-M + lt - Qr\ N$ e'lv+Fl

The sarne calcul .al ion can be carr ied oul as fo!  lhe virgin stock in
which fishinq mortality tr' = 0. Ihe nultrer of ase 1 fishes in the sea
can be adopteal the sare values i.n the present status, atthough lt is
a I i t t le doubtful  theoret ical ly.

After both calculations we can conpare the present status with
the virgin stock, Then the rate of decrease can be calculated for
not only populat ion size but also reproduct ion,

Table 6 indicates thal  the led sea brean populat ion has suffered
overfishing because r:ate of decrease of reproduction is about 4* r,rh.ich
is much srnal ler than 5Ox. Ther:efore, expansion of this f ishery
ptesents a big probfem. Regulation of flshing should be recomnended,
Phase 4 of the arrolr diagran of Fig. 2 is thus conpleted.

Optimun status of population unde! the
p r e s e n L  c o n d i t i o n  o f  f i s h i n g  g e a t

We can judqe the pr.esent status of populatj.on to be overfishing
or unalerexploitation by Diagnosts 2. We rnust then proceeal to estinate
what levef of e4)loitatj.on is the optinun. For this purpose, the
same calculation as shown in Table 6 is carrieal out with various values
of F. Then after further calculat ions, tolal  y i€Id L rate of aleciease
of eggs spawned and efficiency of fishing ! are pLotted against
P-values. Such a al iagram is sho!,n in Fig.!6.  opt imun level of  popi] la-
t ion status and f ishing intensity should be decided f i rst  f ron the
values of rate of decrease of eggs spawned rhich nust be larger than
0.5, and secondly in connect ion with total  catch -y and i  which are
econonl ical  or pot i t ical  efenents rather than factors related to popula-
t ion dynarics.

The opt imum value of f ishing mortal i ty . f l  is 0,168 which is
indicated at the 50t alecrease rate of leproduct ion in Fig. 6.  The
present f ishing ncrtal i ty is esthated already as being 0.939, which
is nush targer than 0.168- Therefore, in order to maintain the .
optimun popurarion rever. tisrrerieJ-"i""ra-i"-'.J"..i-;"-iii*-l= #$S)
of the present magnitude.

Thus the Phase 5 calculat ion is conpleted,



11. Diagnosis 4 . . . . . . .  opt imun status of populat ion in condit ions
of change in fishing gear

Assumihg we can change fishing gear or net nesh size in futule,
nhat j.s the best fishery under !,rhich the optimun level- of population
can be lElntaineal? This is the proble$ of Diagnosis 4 that is the
calculation of phase 6 in the a:rrow diagram,

Accolding t3 changes in fishing gear, values of availability 4
chanEe. Therefole many cafculations for Diagnosis 4 Nrst be carrieal
out for valious corsinations of 4 and F. calcufations therselves are
quite tbe same a6 those of Diagnosis 3. Calculateal results can be
suloErized as in Fig, 7 whlch inalicated isopleth diag?an of total
yieLd I and contour. line of rate of decrease of reproaluction (e99s

sPanned), r'rhich $as presented by DOI ( 19?4 ), In Fiq. 7 abscissa
is fishtng nortality F anal oralinate shows collesponding values of @
by age.

the oldinate should be read as shown in the fouowing enarE)les.

Exanple values of ordlnate Q by age.

- 15 -

-  q3 -  q4

=  f  -  0 . 4  =  0 . 6

- 4 4 - v 5

=  I  -  O . 3  =  0 . 7

- s 5 - v 6

=  I  -  0 . 7  =  0 . 3

=4 .=O

=  L  -  0 . 2  -  O . g

= q2 '  Qr=  o

2 .3

te"
l '
le,

) ; ,

Lt'

f"
{0 .

l,;
(a-
t"
lan
I
[4:

-Qa=Qt
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{Q .=q "=q - t - . . . =L
5 .0  {  

-

lQn=Qt=82=8 r=o

In Fig. 7, lErk X reptesents the plesent status nhicb is
obtaineal in Dlagnosis 2. uaik o strows a better status tthich ia
obtaineal in Diagnosls 3, on *hjch level the maximB sustainable yleld
is available unde! the use of present fiahing gear anal nEthoal. ualk
A indicates what appear€ to be the best status, i.e. the leve1 of
the mst effectual naxlmtl sustainable yield obtained if the present
fishj.ng gear or rnethod is chang€d. lloweve!, aa in the ca6e of oPtinal
status of population under the present condi.gions r this futule status
is not the problem of population dynanics but lathe! an econonricaf o!
political problen. h any case, such a gtatus should lie on the J.ine
of 5Ot tlec.ease of reploduction.

12. sumary

l) A unified field theory' rcfRiAP Program for plactical rhd
rapiil diagnosis r€thod is presenteal Ln the fo:.m of an arrow
diagran in F ig. 2.

2) Essential input data are as follows!

i) tlata for aqe, length ana lveight of lnalividual fishes
neasured o! obse?ved

-ii) 
rife cycte of the species under consitLeration incfudiDg
f,ecundily by age or by size of fish body

iii) catch statistics anal age conposltlon or categoty
cotq)os ltion

3) Aitns of the survey anal research are!

i) Diagnosls 1 - size limitatidn

ii) Diagnosis 2 - iletendning whethe! the present status
trDpulation ls under-exploitatlon or overfishlng.

iii) DiagtFsi6 3 - optinusr status of population under the
present conditions of flshing gear.

iv) Diagnosis 4 - opti]Iluln statuB of, popufation in condltions
of change in fishing gear or tnethod.
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4) Jobs shq,rn in Fig. 2 aie achieved by foUowing the arrows
of the diagJ.am.

The main analyses are: bionass anafysis, life cycle
arlalysis and age comtrrsition analysis. Through these
analyses, population paranreters such as naturaf nbrtality,
suxvival rate, fishing rbrtality, rate of exptoitation anal
availabif ity are estjiated.

5) After esti$ating population parametels, population size by
age both in number and in \,reight can be calculated,

6) The four kinds of aliagnoses can be carried out h,y using the
population size and population paraneters. catcutations
are baseal on population size in the sea, catchable population,
catch, yie1d, nunber of adults, total nunbet of eggs spawned,
ra,te of decrease of population size, late of tlecrease of tie
totaf nufiber of eggs which is rnost irporta'rit to judge the
diagnosis.

7) After completirg the diagnosis, suitable rneasures for reglla-
tion of fisheries can be recormenaled.
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Table 1.  Age and length

I

2

3

4

5

6

7

8

9

r 3 7  . 7

2 4 4 . 3

3 2 4 . 4

3 8 1 . l

4 3 2 . 5

4 5 1  - 5

490.7

5 3 1 . 8

549.',7

Age Length nn.
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Table 2. Anabolisn and catabo.lism

Age

(May l

.t

2

4

5

6
'7

a

9

i te ight

I

50

2 7 A

6 5 3

1 1 3 3

1649

2154

3 0 3 6

3 4 3  4

a  =  6 2 2 . 7

K  =  O . 2 3 2 O

A  =  0 . 0 0 0 0 2 0 8 2

b  =  6 f 6 . 7

s/dav g/dav

o  - 0 9 5 3

o . 5 1 5

o  _ 2 4 5

2 . r 5 4

3 . L 4 4

4 - 1 A 1

4 . 9 9 4

s . 7 4 9

6 , 5 4 4

c!c,'dth Fer day

g/dav

0 . 4 4 5

1 . 1 ? 3

2 414

3 - 5 7 3

4 . 5 4 8

5 . 4 8 3

6 . 2 4 9

6 . 8 9 3

7 - 443

0 - 3 5

0 . 8 6

r ,23

t . 4 4

f , - 3 I

t . 2 5

1 , 1 0

0 . 9  3

0 = 3A+a K  =  1 I . 9 9 9

B = 3 K = 0 . 6 9 6



Table 3. Average age and suxvival rate

---  rable of -(  (S, A) ---

A

s l- 2 3 5 6 1 8 9 10

0 . 0  5

0 . 1 0

0. r5

o .20

0 . 3 0

o . 3 5

0 . 4 0

0 . 5 0

0 . 5 5

0 . 6 0

0 . 6  5

0 . 7 0

o.  ao

0 , 8 5

0 . 9 0

0 . 9  5

0 . 0 4 8

0 . 0 9 1

0 . 1 3 0

o . ) - 6 7

0 . 2 0 0

o .  2 3 1

o . 2 5 9

0 . 2 4 6

0 . 3 1 0

0 . 3 3 3

0 . 3 7 5

0 . 3 9 4

o . 4 I 2

o .429

o . 4 4 4

0 . 4 5 9

o . 4 7  4

o . 4 a ' 7

0 .052

o-  108

0 .166

o  . 226

a .246

o .345

o .404

o .462

0 .517

0 .571

o .623

0 .673

o .72L

o .767

o .8 t  1

0 .852

0 .  892

0 .930

0 .966

0 , 0  5 3

o .  f o 7

o . I 7  4

o . 2 4 4

0 . 3 1 8

0 . 3 9 6

o . 4 7  A

o . 5 6 2

o . 6 4 7

0 . 7 3 3

o. a19

0 , 9 0 4

0 . 9 8 4

1 . 0 6 9

1 . 1 4 9

r . 2 2 5

1. 369

1 . 4 3 6

0 . 0 5 3

0 . 1 1 1 -

o . 1 7 6

o . 2 4 4

0 . 3 2 8

o.4].6

0 . 5 1 2

0 . 6 1 5

o . 7  2 4

0 . 4 3 9

0 . 9  5 7

1 . 0  7 8

1 . 2 0 1

1 . 3 2 3

I . 4 4 4

r .679

1 . 7 9 0

1 . 8 9 4

0 . 0 5 3

0 . 1 1 1

o. ]-76

o . 2 5 0

0 . 3 3 2

4 . 4 2 4

o . 5 2 7

o . 6 4 2

0 . 7 6 8

0 . 9 0 5

1 . 0 5 0

t . 2 0 6

t . 3 6 4

1 . 5 3 4

r . 7 0 1

1 . 8 6 8

2 . O 3 4

2. t95

2 . 3 5 r

0 .053

0 .111

o .176

0 .250

0 .333

o .427

0 .534

o .6  55

o ,792

0 .94  5

r . l t 4

r .294

r .496

1 .  705

I . 922

2. r42

2 .364

2 .5A2

2 .795

0 . 0 5 3

0 . r 1 1

0 . 1 7 6

o .250

0 . 3 3 3

o . 4 2 4

o . 5 3 7

o , 6 6 1

0 , 8 0 5

0 . 9 6 9

1 .  f 5 5

f . 3 6 3

1 . 5 9 4

r . 4 4 4

2 . 1 1 0

2 . 3 A 1

2 . 6 7 4

2 . 9  5 3

3 . 2 3 2

0 . 0 5 3

0 . 1 1 1

o . 1 7 6

0 . 2 5 0

0 .  3 3 3

a .424

0 , 5 3 8

o .664

0 . 8 1 1

0 . 9 8 2

I . l a f

1 . 4 0 8

r . 6 6  7

1 . 9  5 5

2 . 2 6 9

2 . 6 0 5

2 . 9 5 4

3 . 3 0 8

3 . 6 5 9

0 . 0 5 3

0 . 1 1 I

o . 1 7 6

0 . 2 5 0

0 . 3 3 3

o . 4 2 9

0 . 5 3 8

0 .666

0  . 8 1 5

0 . 9 9 0

1 . f 9 7

1 . 4 3 9

T . 7  2 L

2 . 0 4 3

2 . 4 0 3

2 . 1 9 7

3 . 2 1 5

4  - O 7 9

0 . 0 5 3

0 . 1 1 1 -

o . 1 7 6

0 . 2 5 0

0 . 3 3 3

o . 4 2 9

0 . 5 3 8

0 . 6 6 6

0 . 8 1 6

0 . 9 9 5

1 . 2 0 8

1 . 4 6 0

1 . 7 6 0

2 . f f f

2 . 5 f 5

2 , 9 6 6

3 . 4 5 6

3 . 9 6 9

4-490

0 . 0 5 3

O . I I f

o . t 7 6

0 . 2 5 0

0 . 3 3 3

o  . 4 1 1 :

0 . 5 3 4

0 . 8 1 8

l . O O O

r . 2 2 2

1 . 5 0 0

1 . 8 5 7

2 . 3 3 3

3 . 0 0 0

4 . 0 0 0

5 . 6 6 7

9 . 0 0 0

1 4 . 0 0 0

Note: 1. X = average age - Iowest age

2. A = highest age - ]owest age

3. Steps to use t}lis tebLe

(f) Calculation of avelage age fron age conposit-ion

{2) To obtain,(  vahre by Note I

(3) To obtain A by Note 2

(4) To find 1( in the colunn of d in Table Z and read S by use of

interpolation.
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Table 4.  Age comPosrc lon

Catch Per day Per: boat

e.ziz

3 . 8 5 5

o  8 7 8

0  . 3 6 1

fu-Lly recrur te ' l

l

2

3

4
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T a b l e  5 . Populat ion s ize by age

x

I

l

Wg

:ril

?-7 A

6 5 l

1 1 3 l

16a9

In the Sea
Population number: Population nunrLer B j.omass

4

5

a l

3 6

1 0

3

I

4 4

9 1

3 4

I 6

5 9

36

IO

3

L

3 0

9 7

ra5

3 4

1 6
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APPENDIX

Oldinarv methods

'the foLlowing itens are interesting anal usefuf topics concermng
witfr otdinaly rnethods. !\rrangenent order is not important. lte can
read an/ iten in any order. Somewhere practical excercises are addeal.

1. Basic guiale to theoretical statistics

2. Relative inalex of abundance

l. Theory of population change

.1. Tagging and marking experiment

;. ReprDduction nechanism

':. Sustainable yield and the naxitnurn sustainable yiel-d

7. Eisheries rnanagement

3. predict ion and forecast ing

'1. Ecosysten and carrying capacity (This i ten is omit ted here)

I .  Basic guiale to theoret ical  stat lst ics

Theoret i :al  stat ist ics is necessary for research planning and data
proceesing. As lt is very t/.'ide and deep in studying theoretically. I
cannot describe it in short. Here only important parts, lrhich are often
used in population analysis, are introductivel-y sunnar:ized. Details
should be referred to special ist ic l i teratures of stat ist ics.

1. Fields oE theoret icaf stat is l ics

What are kinds of statistics? There are lots of fields and
branches as follows:

'theory of proba.bility;
Distribulion function;
Sanrpling distributiont
Iheory of sarpling;
rheory of testing hypothesis,
Iheory oE inference,
Pararnete r estinate,
Design of experinenti
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Qual i ty  contr :o l ;
var iance analys is ;
t " tu l t ivar i  d  Le s laLis t ica. l  analys is ;
T a n e  s e r i c s ;
Sinulat icn;
i i . r d i  e  i 3 ,  r  E : J  r , l .

L ) O E : . r  r " i . .  ,  l r . r i  /  ' l

. , j i

S o m .  o t  L r e  a l ) !  i  , 1 - : r !  a r e  e x p l a r n e d  b r i e f l y  i n  t h e  f o t l o w i n g  s e c t i o D s .

2 .  r ; , i r r , , l  r  l

i r ; i , i l - u t i , .

. { i , . .  n  r  : . r  r l . ' i r r r L . L i o . . t  r a n d o s  v a r i a b l e  x  i s  a  n o r n a l
J - : : .  , , ' -  - ' :  . . i  . :  !  ! , i l  . , 1 , r : . l a r d  . 1 - \ ' i a r i o n  o ,  d e n o t e d  b y  N ( m ,  o ) .

. ' u l  . .  . r '

,  , 2
lx-n)

\  
- ' ; ; 2

, 2  f ,  J

I f  t h e r e  d L e  n r : ! ,  r r n : l c r  ! t r r r t r b l :  x ,  t , i  =  I ,  2 ,  - i ,  - - n ) ,  w i L i '  r . r r . i I
d is t r ibut ian t l (m.  ,  .  .  )  respect ive l t ,  d is t r ibut ion of  n€uly compnuid
var iable L/  del i i rod bt ;

t .  . .  . :  ! ,  
" ,

/  -  . ?  )
- i r L l J L - r L t l , a

t )

i i j L : , , ' 5 t ( x r d x -  1 1
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Putting

t1

o I

l r
1

*z

o2

Lz

o

nn

the l,'el1-known fornn]Lae as foflolts t

!

2-2 Safipling alistribution fron nornal 'llstributaon

The sanp.Ies x,( i  = 1, 2 '  --- ' - -  n) f rorn N(n'  o) can sh@

tne samcle t*""  t  i "a urGiased est inate of s landard deviat ion s:

1

oo: ,=  T

.Anal tben catculated values tt

,  ( x - m l  ' ? n

is t-alistribution with degree of free'loh (n-1) ' Fron this refationship

we can (:stimate a confialencial intervaf of population nean n'

*a 
"f",r, 

X2 cafculated frorn the following equation'

.  _ . 2
? _ ( x i - x ,

d 2

is f-aistriuution with tlegree of freeilon (n-1) '
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2-3 F-distr . ibut ion

Presurc ther:e are tvro I distributions. The ratio beBeen
lhen represents r'- dis tribution | lhat is,

- 2^ l

-E
r  - i  - - - , -

xi
E

where n1 antl n2 ar.e the desrees of freeaton in X! 
""a 

X| respecrj.vely.

2-4 Exponent ial  distr ibut ion

Probability density of exponential alistrj"bution is

\ e -  ^  ( o : x  - )

The population mean anal standard deviation are calculated accoldingLy
as fol lows.

1nean = 
f

standard c lev iat io t  
1

"=  I

Putt ing i  as a sanlp le nean f r .om ar i  ex?olenr iat  d js t r i -but ion,

2nt r i

is X' distribution with alesree of freedom 2n. Therefore the confialence
intelval of population parameter l can be calculated on tlle 1evel of
signi f icance c[ by the fol lowing r:elat ion.

x ;32n j ; t x i

P rob .  t x - .X ; l  =  
t

p rob .  t x -  I i  |  -  - ;



3. Theory of sanpling

3-I Randon sanptlng

It is prj-ha.rily l4)ortant to. select sar$,les at ran&n.
Ranilon sarpling can be carrled out by dlce, by ranaldn nleber, etsc.

Ibntlcnhess canbot be easlly ettained.

Ihe folloning notations ale afbpteal here:

N : Total nunber of a populatlon

n .: sanpled nunibe!

,t : Attrlbuted values of saq)lea i (i = L. 2 ----- n)

m : ltean vaLue of poputation

g ! stanilard deviation of poDulation

V : VarLance

lfe want to know the to:al sun x (fo! instance, catch), nean
f (fo! lnstance lEan length), latio p (for instance, ratio of juvehifea
to - catch) .

In alnple sarpllng, sa4,les ale selecteil at rantloh lrlthout
any claasificatLon of populatlor^.

3-2-1 Estlnate of total 6us X

v txl = N- i:--:: . --:-- N - I N

3-2-2 Estinate of rean X

x = ! i  *.
n l=I r

vr*r  = EX.9
n-r n



3-2- 3

ProPetties and x =
Then:
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Estimate of ratio p

W e p u t x = l f o r s a n F l e s
o for sarples which have

whlch have a definitive
no alefinitive ploperties.

I

v (pl

n
t

N-n
N-1

-2

;

Because p a n a l 0 2 = p ( i - p ) ,

V (p) N-n
N-1

V (p) can be transformed into:

3-2-4 Decision of sample size n

How nany sanples shoulal tre select from a population
in estinating with a given accuracy?

This is a prancipal standpoint of sanpling theoly.

Now we introduce coefficient of variance e as a
measure of accuracy. In considering total slnn X, coefficient of

We want to estinate X
n can be alecialeal fron the foflovring

of, less than Nunber of sanples

/v{x) No
xx

a

o

Although the values of e is
research f ie ld of f isheries

ordinari fy ls -  5t ,

N-n
n(N-n)

N-n
n(N-1)

N-n
n ( N - 1 )

may be l0g -  20t in



e becomes snaU (high accuracy) , n becones large,

foi estinate of nean i, equation of C.V. is the sane descrilre above.

for estinate of ratio p, foffowing equation is aaloptetl!

Before sarpl ing, we donrt  know exact vafues of n,  o,  p.  Therefor ie rde
assune approxinate values to such palameters and then we can calculat€
sary)Ie nutrLJer: n with the given accuracy. Relation between p, e, N and
n are Dresenled in Table I  and 2

3-2-5 Ained precision and achieved precision

The accuracy I nentioned in the above is aimed
accuracy, noL achieved precis,  on.

Achieved accuracy or confidence interval of estj.rEte
can be calculated from ordinary statistical techniqlre described in
section of this Appendix.

(sampl ins rat io)

I'or example, in the case of estirnate of ratio p, the
fouowin,J equation qives us the interval estinate with a given
probabi l i ty.

Pr la  !  - + .  <B l
I  n p ( . r - D ,  I

.  B  .2
)o.- fa.

N-f = N

N

1=.G

3-3 If we can separate a population into severaL stlata withln
which pxopert ies of uni t  are almost uniforn, strat i f ied sampl ing js
better tlEn siq)fe sampling, because we can estimate population
paraneters rlore clearly from rather snalLer sanples.

N-n
n (N-1)
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i  -  nluiber ol  srraLur,  i  = J,  2,  ----L

i  -  a r  r t a  ^ f  c - n n l o c  : r  i - s t , r L U m

L 
" , ,

i - l

Z l l '  n '  o?. : x ;  - . -  r i  i f  _T  _1 i -N '  r = 1

(p is sane with i  a;  descr jbed previously)

l -4 Cluster sampl i  n9

In cluster samp.Ling, uni ts are not uni forn within a cluster
but plopert ies of distr ibut ion in each cluster are expected as uniform.
classi fy ins a popufat ion into M clusters, n clusteis are sampled fron
the total  M clusters. And al l  uni ts in sarnpfed clusters are neasured,
The nethods to estinate population paraineters are as follows:

u(r) = n,2 {:r i
M-l

. . 2
l.l 1,1

N I

t j x= r l x

_x
" - N

(p is  s . t i i .e  r , i i :h  - )
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. 2nrnere o = ( x ,  -  T )2
l

3-5 Ratio estimate

It 
(t '"" o-"tt ' it '"t")

=  

1"  , ' "  A-at t r ibute)

Ir 
tr,as e-attrruutel

-  

1"  , ' "  B-at t r ibute)

M  : - r

l

Standard  devra t ion

o  =  D  l l  -  D  I
x  

_ A  -  _ A

t x .

tY .

v (=)
t g

N-n
N - I  N

- ."",ru, I- '-nn- )

standard deviat ion

o  =  P _ ( l  -  P _ )
y b

.  r l' p - l
B J

l o "  ou

1) A and B are exclusive events

c o w ( x Y )  =  -  P - P -

2) A and B are incfusive events

cov(xv) = P_ (I-P_)

^P8 .2  N -n  l f  I  r ' l, . ,  " ,p^r  
= 

f r : t  ; l ; "  p^ j

3-6 Appl icat ion tor  tagging exper inent  {how many f ishes wi t } l
tags w€ nay re lease into the sea)

In consideriDg tagging problem we nay taker

*ti
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N : Nrlrt rer of fishes in the sea.

n : Catch in tlurnber

R : Nr.rld)e! of taggetl fislle6 lefea6ed in the 6ea

r : Nunber of recaptured tagged fishes ln catch n.

-.  B ^.r-  N  - _ n

As for accuracy of p-estinate I alleady nentioned above : nahely

2 L-e N-n
-  p  n ( N - l )

In plannlng a tagging e:.perirnent. first, lre put N anil n ln rough figules
anil \,se may calculate an probable values of p. And €econdly iue alecide
the nnder of a as R = pN.

Saving cal-culation, Tabfes I and 2 can be pJ.etrEreal. These
tables are of coutse fo)i any kind of estihate of p (for instance sex
fatj.o, rate of juvenile, species coq)oaition, preglanclr !ate, Daturity
rate, etc.)

when vte knor,r captur;-recapture alata, we can calculate abunalance of fish
lesoulces l.l b!' the follo\ring step6:

4. Analysis of variance

Tr'ro-rray layout in the analysia of variance is eraplained here.
Trto factoris of B and V take vaLiou€ valu€6 in an expelinent. Observeil
results are x.., representeal as follorrs,

p
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" ^ 2
" B V  - - - - i i  N

a2
e  = :  t  ' T  '  -  - - ' : -- B K - - i N

, - 2
c =- v  t r ' -  - j  N

"BxV -BV -B V

l

Bi I 2 3 ------------- k Total

1

2

3

"rr 
*!z *t3

*zr *zz *z:

*3r *32 *::

-2k

xn3
n L

Tr

T2

T3

T

TotaI T . l T . 2 T . k T

Factor variation Degree of freedom Unbiased estimate of variance

B

BXV -BxV

n - l

k - 1

( n - 1 ) ( k - 1 )

sB/(n - 1)

sv'/ (k - t)

sB v/(n 
- 1) (k - 1)

BV -BV f i r k - 1



Because t'he ratios of each unbiased estimates of variances against
the denoninato! of unbiased estinBte of varians€ of BxV ale F-
distribution, significances of each factor can be tested by the
table of F-distribution. If v is not factor but repeatinq only.
the fol.lowino is adoDted for testins instead of, the above.
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B m-1 sB/ (tn - 1)

R ( B ) ( k  -  I ) n ( sv+sBxvJ ' / ( k - l ) n

5, aitting of linear legression and interval estitnate

In order to obtain linea! relation fron a scatte! diagtram
of two variables x and y, the following process of calculation is

I-lnear reglession Y  =  a + b x

s* = X (x, - *-)2

sv =  D (vr -v )2

( x .  -D (y i  - 7 )

c/sx

Coefficient of correlation r =

Then

The ncst likely estitnate ? is of course obtained by

i  =  a+bx

And the intelvaf estinate can be calculate by the following equations,



y = y t  t ( t r-2,  d)

where 0 = l t -r \  f f

c : l€vel of significance

t ! t - distribution

fn addition stanalaral aleviations of a anfl b are as folloirse

a /E x(
" r' ;-si

/Sx

seri€s

Ct! obsefieal values at tirn€ t.

self-correlation rk

r,, is a coefficlent of corlefation betrteen sets of
ro as o! coulse equa-L to I.

Predictlve equation

Putting Ct as value to be pledicted at tj.!e t,

H
€ =  X  ac .

t h=l i| E-n

where al Dust be obtained by solvinE the following equation.

6. Iine

(2 '

C .  a n d C .

( 3 )

- I

t2

- f

- f

H-1
-1

"z

' 2

-1

.  _ 2
_ lx-x,
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(4) Predicted values can be calcul"ated fron tlata in the

past lt perioal. However, H cannot be decided sinpfy'

7.  Mult ivar iate stat ist icalanalysis (especiat lypr inciPaf

conponent analysis)

The general concept about principal co4Ponen! analYsis in

inuLtivariat; statistical" anaLysis is described here briefly' A

certain event is suPposed to be explessed as p-dirpnsional vector'

thal  is (x, ,  x. ,  ---x-) .  The pr inciPal conponents of n-nu'nber

(m < p) can be representeal as follolrs:

t1

xz

= r t f  * r * * + -----------  +1 -  x" 2 r p p

'2* ---" ' - ----lzt *1 * +f ^ xz p p

*t an *nX:  =  I : t  r L  *  l 3z  *2 ,

lrhere I.. are obtainetl by solving the f,ollowi$g natrix'
1 l

( R - l l ) l = o

x are values nornaLizetl. R is a natlix of coefficient of correlation

b e t w e e n  ( x i ,  x r ) .  L  i s  a  m a t r . i x  o f  l i i '  ) 5  ( i  =  l ,  2  - - - - - p )  j s

qiven-valu6s of *" t t ix F, whjch can be-calculaled by solving tre

i.t"r^it."t la - frl = o. r and o are i'lentitv matr:ix an'l zero natrix'

loss of information in adopting iFprincj'pa] cotrponent is

.1T.
P i=l

Thelefore, we can aliscuss the probleh under conslilelation fron onlv

a few principal comtrDnents insteatl of Iols of factors' It is enouqh

if f,oss of infornation is less than 201'

cafculations are aalvisable to use an efectronic conFutet because

actual calculations by hand are not so easy when p is f,ar'ger than 4'

tu

rzz

x
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2. Relative lntlex of abundance

2-1 Standarallzatlon of flshtng effott - by efflclency of flshtng
geer

If elements of

Efftciency of fLshing gear,

Inprovdnent of flshlng boat and navigation
aPparatug clr6di are quantlfied, correctlona or standardllation of fishinq
effort beco@s easy. Hdever, these elgnents change year-by-year. So,
l{o cEm not atanitarallze these with a sllght trial.

Generally speaking, standardization will be carried out by
coq)elison of c€tches of varlous kinds of gear operateal ln tie san€
flshing ground in lhe sahe period.

Consldeling thete are firo kinds of, gear (A anA B), colresponding
catih and effort are CA, XA and %, \.

Recogmizing A as a stanalaral, stantlardized total effort x is:

x = xA + kxB ----------- (1)

c ' /x-
-----------  (2)-  ca /xa

lrhere k is a cof,rection coefficient.

Eqn. (2) Ls convetteal to the following;

c r+cR
x =-#

- A ,  . A

lhia neans we call obtain the standardlzed effort lrithout estinatlon of k,
lfhen there are t|e.rry kind8 of fishing gear, the sare eay of calculation
is aleriveil, audr ast

. .  l c t  t c i  __
"  

=.^7F;  -cA L-- - - - - - - " - - (3)



- 4 4 -

2_2 Standardizatlon of fishing effolt - by environhental
conditions

The actual ef f ic iency of operat ion is of course inf luenced byl

Calenalar phenomena: Length of day tine, tialet

sea conditions: wave, storm, curlent, tidal cuxlent;

Meteorological condition: Wind, fog stortn, tt'phoon.

Therefore, correction should becone necessary theoretically. Eoerever,
such a plocedure can be seldon adopted in the practical analysis because
it is very difficutt to obtaln environmental factors during a long period
baseal uDon the sane ru1e.

2-3 Effective overafl fishinc intehsitv anal tel-ative index of
populat ion size

Although the fishing effort is corrected anal stanaiardized, its
influence upon abundance is not yet perfectly grasped. An operation in
t-lte fishing grounal, where a fish school is dense, gives greater. pressure
ofl the abundance ttlan an operation in an alea where alensity is thin,
Thus the concept of effective overall fishing intensity can be recognized,
taking into account of distribution of fish density cc.nbined with distri-
bution of fishing effort. Ihe effective overall fishing effort is
proport j  onaf to coeff ic ienE of f ishing rnortal i ty.

Considering that fishing qrounds are divided into subareas,
we alenote as follows:

i  r  No. of subareas.

A. : Dimension of i-sutlarea-

x. :  Fishing efforts in i -suba-rea.

O. .  Fish density in i -subar:ea.

C. :  Catch in i -subarea.

We can calculate effective overall fishing effort according to calculation
Procealules alesctibed belo$r.

Totat area A = I  Ai  -----------  (4)

Total  populat ion N = t  d.A. -----------  (5)

Mean densit)' of fish 6 = 
; 

----------- (5)



anal tien

effect ive overal l  f ishing effort

l  X d i  X ; ------------  (7)

F r . r 6 ^ r - i ' a  F i e \ i h - . r F ^ i r  i  =  t  0 i  x i  - - - - - - - - -  ( B )' ' - d

?
Effectiveness of flshinq effort ! = 

i 
--------- (9)

where x is the tsotal of an apparent raw effort, t x,

lf fish alensity is unifoln in the whole area. x is equal L And lf fishing
efforts ale distributed uniforrnly in the !",ho]e ground, r is equal I, too.
lfhed operations are concentrateal in dense area, r becotEs lar:ger than 1.
on tlle contlary, nany operations are distributed in the thin area, r
be@mes less than l. Taking a total effort x is t-he satrE, the influence
of effort upon fish population is stronger in case of r > I tJran in case
o f  r  <  I .

6 is usually unknown before analy6is, aherefore, we adopt the
genelal kncrrl,edge of.

6,- + ------------ (lo)

(-  neans proport ional)

sulcstitute Eqn. (16)for Or value of the equations rEntloned above, we
obtain Lhe follocring equations successively. (Herer (dash) lreans relative
figures instead of absolute quantity).

6, ,=  ?  - - - - - - - - - - - -  (11 )

N' = t A, 9! ------------ (r2)
l X i

d '  = i  - - - - - - - - - - - -  (1 .3 )

x = 1+ 
------------ (14)

- lDCrxf = - : : :  - - --------- (15)
A d ,
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According to Eqn. (11) - (15), ye can calculate practj.cally the
effective overall ftshing lntensity (f) , eff,ectlve flshj.ng effolt (X)
and relative index of popuJ.atlon sLz€ (Nr).

2-4 Tlansfodrbtion of relati.ve index of abundance

I.ie can easil,y estLrnate a relative lndex of abundance. li wr
knqd t.he converting ratio into the absolute nurber in the past, hereaf,ter
tle absolute abundahce can be catculated conveDiently by use of the rate.

2-5 Analysis only by index of population alensity

The follcffing equation is the fundasEnlal- oDe.

i = n r N ------------------ ( t6)

Na]IEly, tiis nean6 that catch per unit tin€ is pf,opoltional to an abundance
of popul-ation if no change of f. If we use fishing €ffort X ihsteaal of,
fisldng intensity f, the fouorlng equation is obtalned!

# = 
" i t  

= n"* = qxo -----------  (r7)

that 16r catch per unit time is proportlonat to alensity if no change of X.

eottitw 
S 

as Ct because it is a catch in a unit tine, Egns. (16) and

(17) are trans foflned into:

i = n" ------- (r8)

T = so --------------- (te)

NarEly, catch in unit tire pe! fishing lntensity or per fj-6hinq effolt
is ploportionaf to abundance or alensity of population. Be ca!€ful w€
should use f for abunalance and x, for ilensity. Asguning tlt€re ale r,o
natural nortality, dlsperslon and lecrultment, the populatlon is
alecreased only by fisheries. Accordingly Esn. (tg) is dodified as
follds:



F 
- * ['" j. ".] 

= n "o 
- n .!o ct------------ (20)

0.6 o ,2 0I 0 . 7 4
o . 7

' t .7

1 . 0

2 8 . 9

1 .0
t .2
2 ,7

0 0

0 , 6
4 . 7
2 . 4

1 . 6
3 . 0

r.8.5

0 .?
t2 ,a
49 ,9

1 , 0
1 . 2
4 . 7

o ,2

o-B

\

0 . 7

/)
I

0 . 9
2 . 6

) ro.r

0 . ?
6 . 2

24.2 {J"'
" 1^t;

(Practical excercise)

Catch statistlcs of KttRUUA-prawn tn Sa€Li Bay ale shcirn belon by a!ea.
Calculate the lndex of density, r.elative lnalea of abunalance, effectlve
fishing effort, effective overall flshing lntensltt' anal effectiveness
of fishing effotrt. --- in the mldalle of ,July, 1972 ---

ttpper: Dirension of Area in k!!o

l|lddle: Length of trarl opelation in l(m

Loirer: Nrder of pr.awns caught
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3. Theory of popufation change

3-1 RepresenLation of status of popul"ation

belo!,r.
Representation of status of popufation can be desctlbed

(.1) ora"t ' .  o l  popu]at lon (who)

K j n d s  o a  s p e c i e s

stock unit or f,ocaL stock

(nr l ference ot spawning grounds and behaviour)

s i .z!  of  f ish body

(irolr l -h sLage and age

{2) Ared or cl ls l rrbuLion (Where)

P o s r t  r o n

Dinension of area

DepUr

(3) Period of nigr:at ion (When)

Tine in recrui t ing

Good f ishing season

End of f ishing season

Tine oI dispersion

(4) Abr.rndance (what)

Abundance in nunber or in weigh!

(5) occasion (Ho!r)

l4igratory availability to flshing grounds

Spatial distribution of population density

3-2 Variation factors {rihy)

A st€], :c r t  f is i  popl iat ion sholrn in the above sect ion var ies
because of variouj f3rlrrs flon the standpoint of tenporal deaning as
wel l  as of spat ial  meaninq. causes ale t lEinly classi f ied into inner
act ions and ouler:  FEessul:e:r  rs fol lo lrsr



- 53 -

Variai lon factors reproduction-|-ndult

Leggs strEvrned

natural mortality

{seff-preservation)

outer pressure natural physicaf factor.s
( te inperature,  sa l in i ty ,
sea cariCitions)

Chenica.l factors

broroqr  caI  tactors
(p lankton,  prey,
conpetition betlreen
f ishes)

f ishrng

release of  juveni les

ar t i f ic ia f  change of
fishing grounds

ar. t i f ic ia l

(water pol lut ion,
reclarEtion work,
art i f ic ial  bank,
drainins)

The inner actions - self preservation - are proper natures which
fish population have through natur:al selecrions of survival of rhe
fittest. On the conlraxy, the outer pressures consist of two parts:
enviior)Inent of oceanographical conditions and hudian actions to utilize
not only f ish populat ion but atso sea proper. t ies.

3-3 Modeling

3-3-1 Importance of rl3delinq

As descr ibed above,  var iat ion factors in f luence s ldLus
of a population temporaUy and spalial]y. In oraler to solve a variation
rnechanism pract ica l ly ,  I lpdel ing becomes necessary.  I f  we nake st ight  of
nodel ing the obta ined solut ions i {ou]d not  be ubefut  pract icaf t ! .
Models should be set up after we undersrand physiology and esotogy of
fish and consider envirorunental factors concerned,

3-3-2 cfassi f i :at ion of nodel

In treating a problen nathematicalfy, the probten is
tiansformed to forn dation iccording to establishnent of a mode1, And



then we solve a mathsnatical fornula analytically. It is usually a
basic procedure. Classi f icat ion of models is as fol1ows, represented
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Method
System of problem

Determinist ic Probabi l ist ic

Piobabi l is t ic

The nost nodels adopted in fisher:ies study are detenninistic-
deterministic ones. In the practical analysis, it is iry)ossibfe td take

account of aU factors and conditions in establishing nathenatical models.
Even if we can estabfish formula, we cannot always solve lhem analyticall-v.
rn such a case sinulation of probabilistic rodel is one method to solve
a problen. However,  in the f ie ld of f isheries research, there are verv
f ew probabi l ist ic s inuf at ions,

3-3-3 cross act ion in discussins nodet ing

It is iq)ossible to establish a model which represents
or naps perfectly the actual fluctuation of population. Ther:efore, the
foflowing questions occun frequently. Some researchers who like the
perfectness of tOOg say "the model does not represent the actual s latus
of population by simplifying". on the contrarY lesear.chers lrho like
pract icalness say " i f  we introduce many factors and condit ions in nodel ing,
we wi l t  not be able to sofve. Accordingly any useful  act ions cannot be
taken in al iagnosis,  management and predict ion. I t 's l ike wait ins for ptqs

t o  f l y .  "

Only god knows lhe perfect reliabilitv. As population
dynamics is a applied science, ne should set up a model bY an adequate
si I I {) l i f icat ion.

3-3-4 Feealback

It is not so easy to estalrlish a radel mapping t] e alm

even i f  we can s inpl i fy .  Theoret icat  so lut ions obta ined f rom lhe

established rcdel filust be cornpared with the actual status of population.

If we can find differences between themf we have to exanine carefulfy

the alifferences frorn various scientific poinls of view. And then !/e

feealback such infornation in order to develop a rbre reliable rnodel ' rn

other  words "p lan-do-see" cycfe is  feedback.  Such a cyc le nakes a progress

of research- Fig. I shows an example of feedback indicated bv flod clErt.
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Actuaf recoralE of
whaling operations

Physiology anal
ecology of wlla.les

Estiiate of abunaLance, sustainabte yietat,
maxinun sustainable yie]d, predictlon and
regulat ion neasures, usinq analvt ical
solution t,ith biological paranelets

Actual catch

?est of rnoalel and
data in cory)arison
of estimated values
rrith actual, catch

Fig. 1 Flow chart of IDputation anatysis on whales



3-4 Funalanental fomrJ.a

3-4-l Basic concept

A fish population chabges tanporally accortling to
both, reploduction r,rhich increases population and trbrtality !*rich
dinrinishes population. such relations ate desclibed tlDicaLly as
follo\rs:

fncrehent (decrenent) of population

= increa6e by recruit - decrease caused by
natural noltality-catch by fishing

Recruit ; abunda[ce of, aAults x leproduction ].ate

These al.e basic formula of lopulatiotr var:iation.
tlot otlly reproduction but also rcl.tafity a.re influenceal by envitonrpntal
corditions as external pressules. Laws betrdeen th€nl are obtaineal 8Ej.nly
f:.on correlation arbng th@.

3-4-2 Quantity

Eactors of both inner self-reactions antl extelnaL
pleasures aEe a1l quantified and relations anong then are expressed by
nathematical representatiods, Vfe usually treat problens in nathelEtic
reptesentation. Problens thsnselves are fron ecology anal physiology of
fLsheE but we can solve the probfems ea8lly froh nathematical equations.
FLrstr lre set up an equational nodel whlch replesents a tenporaL change
of populatlon ielateat with factors. Next, it will be solveal nathetBtically
undei the conditions of species, tlme, place. Then patterns of Populatlon
cbanEe become c1ear.

3-4-3 FundanentaL fonrula - I. survival antt reprodlEtion

Sutvival process:

-  5 6 -

# = - ,"+F) n ------ - -  (1)

N :

l l l .

Population size in nndber

Natulaf rbrtality coef f icient

Fishing fibltality coefficientF :

R€plodluction rnechanisn:

R = K (A) x A ------------  (2)

A = f  (N) ----------------  (3)
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atN
dt

).

=  (  I  - M )  N  - - - - - - - - - - - -  ( 4 )

: coefficient relevant to reproduction

(l - !t) is a coefflclent of net recluit. It is not
constant but changeable with popul"ation size. putting !( V - N) instead
of (  l  -  M), then, Eqn. (4) is con!.erteal  to:

# = u  (  v -N)N-- - - - - - - - - -  (s )

If I anil v are taken as constants, the solution of Eqn, (5) is a siglptdal
curve. Eqn. (4) and (5), ale used \rhen we can not take considelation wittr
survival process anal leprotluction nlechanigm selEratefy.

5-4-5 Transient or statioDalv state

Put

, :  a g e
t : time

Populat j .on size N is a funct ion of x and t ,  reFresented as N (x,  C):
nam€ly transient phenornena. As a speciflc eitLtbn of I = o, we
consliler it stationary state. In the actual anatysj-s clt

of population, ne often assunre it slatlonaly. Fowever, it is vely
rare that the actual status of Fopulation of fisheries nay be
lecognized as stationax!'. Be cateful in applyiDg anatyLical results to
an actual Droblen.

A : Abunalance of aalults

K : Rate of reploduction

3-4-4 Funalanental fornula - II. cenerat propagation

5-4-6 catch

c ,

t

in number du!:ing IErioaI o - t, is described

---------  (6)

rn a.l

= r-Jdc
atr

changes

,:"4

If we know tenporaf of F anal N, eqn. (6) wi l l  be solved.



Catch in weight, Y, ls represented as follc'ws:

(
Y  =  

J  FNwd t

-------  (7)

dY-r':- = FNlv

5-5 Solution of the simple nodel

As mentioned in the section of, rDdeling, it becomes very
difficult to solve a problen analyticafly, if we introduce nany factors
into rbdeling. Usual formulae used in stock assessment are alerived
from much simplified rpalels.

This tleans that we shouf,d not adopt the fornulae imitatively
and blind1y, which were preseited iD the past. Always exanine fron the
standpoint of noaleLing originally,

5-5-1 When parameters are constant

In the sirnplest case, af1 pala!€ters of Eqns. (1) - (5)
are constant.

Solut lon of EoD. (1)

1 Unildr a6su4)tlon that !t antl F in Eqn. (1) are constant, rhe solution of
Eqn. (1) ,  is:

_ /M r Fr * ____________ (s)
N = N o e

ltlis is very often used in alyDardcal analysls. Denoting N (t - l) as an
abunalance after unit tfu€,

N ( t = f )  =  N o e  "  - '

N  ( t  =  - L )  ^  - ( M  +  F )  - - -  ( 9 )---E-

where S is a survival rate.
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Solul ion of Eqn. (2)

Si-trE)liest exaq)le of Eqn. (2) is

R = KA -------------- (10)

K : const-aDt

tiat is, the recrultrent is proportional to the abundence of rlatute
fishes. Eo\rever, litrdteil by spatlal factol.s, the vaJ.ue of K decreases
as A increases. Late! ln the Chapter on reproduction culve, this
problem nlfl be explaineal.

solut ion of Eon. (3)

If we kndr N as \deI1 as age at natullty, Eqn. (3), will €asl1y be solved.

Solut ion of Ean. (4)

If l al|d I.t ale constant,

- l l - M r +
N = N @

No,r inllial p<rpulation et tlre t - 0

I.f those are not constant solutj.on would becone coq)Itcateal.

Solut ion of Eqn. (5)

If we take U anal V as constaJrt,

1 I I - uv t l
N  No  v ' -  v

----------- {r2)

\, -uvt1*(fr ;-r)" '

Ihls glaphical reptesentation is Bignolalal as \rell-knonn f,or one exanple
of epatlal effect on populatloD gro*th.

Solut ion of Eqn. (6)

_ NoF t-, _ (l.t + p) t.lu =  
f iFL r_e  I  _______- -_ -  ( i i )



when t = I (unit t ine),

where E is a rate of er<ploltation.

Eqn. (14) is rnost frequentfy used in dynanlical analysis. Nevertheless,
do not forget the assuption tiat F anil lt are cdrstant (sitrFlified
nodet) during period unaler consideration.

If a period of fishlnE season is less than t year, the rate of erploitation
becones, instead of Eqn. (14):

- 5 0 -

------------ ( 15)

where T: perloal of fiqhing sealon,

5i5-2 tlhen pararEters ate variable

when !,1 and F are flrnctions of t, soLution of Eqn. (1) is:

- J ^  l M  r  ! . 1  A +
N = Noe ------------  (16)

Unless u (t) and E (t) are representeal concretely, ee can not obtain a
furt} ler fornula t lan Eqn. (16).

Ctlanges of u (t) aDd F (t) are conplex, ,e nust adopt a n|.4erical nethod
in solving.

(Practical excercise)

Final the theoretical fonnula when tislLing efforts are not sane duting
flshing season but change such as F, in the fllst half and F^ in the latter
half of the season.
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4 . Tagging and marking expeliment

Nurnber: of release
3000

N\nnber of recaptureal
309

The capture-lecapture experiient is a survey to observe speclal
movements or temporat lapse of fishes which are narked or tagged before
release into the sea. Methoals of narking anal tagging are as follovrs:

(1) rag;
(2) Al'roir-tt7tr)ed vinyl tube,
(3) l,letal insert LV gun;
(4) Fin cut,
(5) Dyins;
(6) special diet with particular naleria1.

Data on such experiments are \,ride1y utilized in stualyinq growth
of body, nigration, stock unit, rate of exploltation, estimate of
abundance and so on. But !{e cannot neglect a lot doubts such as: Ale
there alrop-out of tags? Behaviour of taggeal fish is the same with
natural  f ish? Reports of racapture are perfect and ref, lable?r etc,
Capture-recapture plocess is only experinental nethoal i.n population
dynasics. Although theorical treala€nt has been aleveloped, actual
appLications to the fisheries have not been put to practical use enough,
because of many factors such as darnage of function of flsh body, change
of survival, change of behaviou!, faIl out of tags, inperfect report of
recapture, etc. ,\nd also a lot of neney is necessary to alo a tagging
experiment. Therefore, it becdnes necessary to nake a gooat plan in
advance, considering how to analyse, sornetirnes it is nore useful of
study on migration, rather than for estinate of popuLation size.

In planning a tagging experirnent as well as analysing recovery
data, calculations nay be alone as e4)lained lrl Chaptet I of this Part IV.
As a result of analysis we obtain population size N anal accoxdingly,

(Pract ical  excercise)

The follor,ting two tabfes indicate the lecords of caputre-recaptule
on red sea bream in the Inlanal sea on lidly sea turtle in Mextle.
!'ind the interval estimates of populations.

_ N

catch
aa7

Nunber of release
990

Nunber of recaptured catch
9750



5. ReproducLivenechanLsm

Reproductive nechanisn ia a llpst ilportant e].enent fo! eny efui
of popuLation enalyais - aliagrnosis, ptedlction and natEgeoent. gnless
aspects of reproduction are not clarifieal, it iB impossible to do stock
assesanent theoletically and exactly,

5-l Iitatur€ fishes and recrultrent

If a.II age coq)oaition Nx is knolrn in a considerably long
perioal, the nrrltbe! of adutt fishes can be calculated by the foUowlng
equatlons:

- 6 2 -

'  A  = - L  N x

Puttlng R is an abundance at x- (age at naturity), relations betneen R
anal A can be eati.nateal. If t'tplot ln a scatter dliagram of R - A
relatlon, poi,nts do not always lie on a curv€ but usualLy Ecatter verlt
wlaleLy. So, reploductlve curveE ala inductively drawn by eye or by
curve fitting llethoals.

5-2 Survival procesg of juvenile flshes

srEvival process is akeaaly e:q)lessd as

. : = _ rw\l _____________ (r)
dt

ln tbe stage of juvenl.Ie, I{ is not constant but changea irlt}r spatlal
effect. Accoldingly \re call put:

tl - M (x, N) = a (x) +b (:.) N ---------- (2')

u - 14 (x, B) = a (x) + b (x) B ---------- (3)

shete B ia an abunflance at sDecific time, fo! in€rtance, the nubbe! of
eggs apawDed, SoLvihg Eqn. (l) under t}le conaLitlons of Bqn. (2) or

. Eqn. (3r.
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1F
;G) La (x) + ------------  (4)

N  =  P -  B e - 9 ( x ) B
t x )

are derived. P{x) and 0(x) are funct ions
pr.esented here-

- - - - - - - - - - - -  (5)

o f  a ( x )  a n d  b ( x ) ,  n o t

(5)  are t lansforned into:

- - - - - - - - - - - - -  ( 5 )

- - - - - - - - - - - - -  (?)

by sr ibst i t r l t ion of

I "  
at  x

In  a tx

l
R

l l=:  (a+*)

and Q becone constants.I n

B = h A

because t]l€ nunber of eggs is propor:tiona] to A as wefl as coefficient
of  fecwrdi ty  h.  Accordingly  Eqns.  (6)  and (7)  as funct ions of  A becone

r r1
F 

=; (q*Ar  - - - - - - - - - - - - -  (8)

n = pee-9A ----------- , -  (e)

p anal q are constants. The reproduction curves used usuatly are
sunnar:ized into these two equations.

We nust pay attention to the assunptions introduced in obtaining
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In Egn, (8), tie lelation fetween j ana I is llDear regresEion andl,
in Eqn, (9), the relation betvreen " 5 arid A t6 l inear tegla€Eion.

thelefotre. we can esti-nate p antl g fron analyais of linea!
regression.

5-3 Fecuhdlty and reproiluction

Tre rat€ of retrEoaluction (K - + ) is not intllfferent into
populatl.on size. Ilds is the oligiD of s#cies codservatlon. Fron
this stanat)oint,

h  =  a - b A  - - - - - - -  ( r o )

l-s recognizeal. And natural nortality ur in juvenlle stage also varles
as populaLion chdnges. so

M t  =  0 + B A  - - - - - - - - - - - - - -  ( 1 I )

ls assumed. Putt ing sex rat io is 50150,

- A - - M r xR = 
t he " 'rn _____-________ lr2l

Is derlveal, and substitute Eqns. (10) and(ll) fo! h and .lilr of, Eqn. (12).
It la tlanafolEtl i.nto:

_ (a_bA) A 
-xm(d + B A)

R  =  
- e  

- '  - - - - - -  ( I 3 )

- -  - x
__ a-DA !l ,*  =  

_ - e  
- ' ( a + B A )  - - - - - -  ( 1 4 )

rllia le a kinil of f,eproaluctiotr curne obtained elegantly flou alealuctive
trEtllotl.

rf we can estlnate h and llr anyhc*r, thl-s nethoil 13 convenlent
anal uEeful.



(Pract ical  excercise)

Ihe relatlons beb"een aalults anal retulns ale as follows about tlte Fink
sahbn stock in the East Kantchatka. Find the xeproaluctlon cr'Eve anal
alralr the sustainable curve fron which the naximurn 6ustainable yield

can be es tirnated.
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Adulls tn thoustnd tons Return in tlousaDd ton8

1947

4a

49

5 0

51

52

53

54

5 t

56

51

58

59

6 0

6 1

ti2

3 . 0

5 . 0

8 . 3

9.  ! l

5 . 3

\ 2 . 5

0 , 5

L . 7

1 8 , 0

4 . 7

13.  ?

4 . 9

1 6 . 6

1 4 . 6

1 8 . 8

1 4 . 3

30,  q

1 0 . 9

25, I

56.2

3 . 9

55.2

1 1 . 4

29,3

1 0 . 3

x 2 , 9

1 4 . 4

(PracLical  excerci-se)

Construct the reproaluctive mechanj"sn of, gieen sea turtLe in llexj_co,

using the folLowing infortnation on biologv anal ecologY.

Age at maturitir 6 age

Breealing cycle b Years

Nunber of eggs spa\rned bY a
fenale turtle h

Natural mottality of nature M
turtfe

Natural nortalitY of inmatuxe M'
innature turtle

Rate of hatch-out

sex lat io 1: l



- 6 6 -

Note 1, b,  h,  ! , i ' ,  M vary as poputat ion size changes. At the f i tst
approxination, we may suppose they ttil1 chanqe linearly as
populat ion size.

Note 2. In the status of v irgin stock the nost probable est inates of
b ,  h ,  M ,  a n d  M '  a r e  2  y e a r s ,  2 o o ,  0 . 0 4 5 8 3  a n d  i ' 2 .
a is supposed to be about aot.



6. sustainable yield and naxijtrtD slrstainabte yi6ld

the aln of aliagnosiE on fish populations 1E to judge their healthy
or sick stateEi nalnely those popuf,ationg ale on th€ optiiaun level or not.
If population levefs are below the optinun level (ovet fishing) o! above
the optirnum l€ve1 (under enploited), it becorEs pi.actical andl DBcessaai,
to take adlequate Deasures to recover th€ir opti-nrn levets or atrproach to
the opcieum level.

In orde! to diagnoFe a statug of population, a sustalnable yielal
anal rnaxinr$ sustainable yield are inevitable. there ate nany nathsBtical
lbdels and rnethoals to solve. The rnost important factor is, of coulse,
llEchanisn of leproduction. Unl€ss we have no infornation about reproduc-
tlonr we can not do alr exact analysis. ltechanism of reproduction, d.s
de6cribed above, depentts upon changes of natulat lbrtalitl', fecundity.
plegtlancy rate anal gEonth of boaly with vaf,iations of size of population.

6-f Sustainable yleld

It is not a allagnosis to sey tbat a populatidr is inceasing or
decreasingr regalalless of sustainability. Population slze antl catch
Ehoultl be naintaineal and sustained. A sustainable yield can be obtaineal
considering balance of rate of reproaluctj.on to f,iBhing.

lrath@aticauy, it can be calculated, solvlng sirrultaneoua
equations relevant to both reproduction aJtl process of survival.

, 
6-2 Sol.ution in sigdnoialal curve

_ SoneCines growth lalr of biorEss is represented by 619 notdal
culve, speciaLl-y nhen we call not pulsuit each yeaL-cLas6, because of lack
of knorl"edge about not only age cottr)osltion but also leproaluctive
nreihanisn. Representation by diffe!.ehtial equation ls

S = utu-"t

and analytical solution ls,

----------- (1)

t

ak

b! integral, constant

------------ (2)
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a and k (accordingly }l and v ) can be cbtained from the difference

equation analysis. The b is to be calculated fron actual values of Nt

anal estirnates of both U and v, by the least squaxe method. N does not

exceed v !,/hich is a satuiated anount of population in vir:gin stock.

remporal increnent in unit tine is # 
rf we catch 

:+ 
or p (! - N)N,

tne populat ion level does not change. This is a sustainable yield C".

s  
=  u t ! _N tN

Graphi caf representation of Eqn.

N = o a n a l N = v .  C  t a k e s  t h e

is the naxinlrn sustainable yield

populat ion (  
;  ) .

-------------  {3)

(3) is parabola,, , ! rh 're cs

sreatest vahre of :: at N

"o, 
= U, " on the optimun

Such anafysis is used to be applied for a population which is not

clarified in detail on survivaf process and reproduction nechanism.

When survival process and reprod\rctio! are evaf,uated fr.om investigations,

tne method of analysis in the foUowing section must be adopted.

6-3 solution ln which age conposition is taken into consideration

The rate of reproduct ion K is necessary to obtain a sustainable
yield. K is a funct ion of Mr (natural  nortal i ty in juveni le stage),  xn
(age at natur i ty) and p ( fecundity or pregnancy),  ceneral ly speaking,
K is decided at the naturity age. But age at filst captuie or age at
recruitment is not sane as age at naturity. 1n the actual problatr,
therefore, K shoufd be considered at a certain age conveniently, indifferent
frorn biological neaning.

Fig, 1 sho!*'s a sche$atic age conposition with population
pararoeters in each stage. Mathe$atical eryx€ssions becorne easy froh such
a f igure.

The rate of reproduct ion K is given by:

R

A
-------------  (4)



t  ) M
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7, the

(s)

l,le can calculate easilv fron

- { }  -

- M

of adults bet!.teen

fo11<rding adrounts

s o ' ' c  
- n '

- - - - - - -  { 6 )

- - - - - - -  \ 1 )

( t . - r )t  and

- t )

R t - s

E

F is .

u;

N :

1 Age conposition and population Paraneters

Natural  rbrtat i ty of  juvenite f ishes
Natuial nbrtality of aalults
Age at maturity
Age at f i rst  captu.re
Nuriber of iiduft (over tjn)
catchable :r tock (over tc)
Recruitnen': at age tn
Recrui tmen: at age tc

/ {gc



Ihe a.rcunt of aalultE beyonil ,(^ (catchable stock N)

the total a8ount of adlults A

-  ( t  -
----------  (8)

n

I r  ,
S o ' - c T ---------- (s)

---------- (1r)

----------- tL2l

_t

= R

solving Bqns. (4) and (5) as in sirultaneous equations;

( Ioss) -u ]

f -  - (M  +  F )T ' i
L'- '  I

l
K

-  I  - S o ' - c  ' r r l
+so -------- ( lo)

is aterived. The above equaLlon ls a funda$ental one Ythich Plays a gleat
role in estimating a sustainable yteld. tihen K is kn6rn, the srEvival
late in a sustainable yield can be calcuJ.atedt by tlle above equation.
At the sarE tinE, coefficient of flEhing nortality F anal rate of
exDloitation eoulal be obtainetl:

T L

u+F

No E is an optimum rate of erq)loitatiotl, Because catctrable stock N la
calculated in the above €quation of the anount of aalults baJond x-,
sustainable yle1d Cs is obtained by:

C = E N ----------- (13)

The value6 of Kr of courser changes as poPufatLon size varle6. Ther€tole,
the above cal-culatl,ons nust be callieil out for vatlous values of A' Thug
the sustalnable yielil cs ctn be calculated in vatioua arpunts of a-

Plotting cs in otalinate agalnst A in abcisa, we have a alone-fike culve, on

n h i c t t  C s  -  o  a t A -  1 ( v l r g l n  s t o c k ) .  B e t $ e e n A  -  o  a n d  A  ' v i r g l n  a t o c k ,
there is tbe hlghest point that Ls the DaxijruD sustalnabfe yield. The
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above equatioDs axe alL delived froh age coiposition shoun in Fig, 1,
whele \l < xc. In actual fisheries xn > xc sonetines occulsr because
of catdring juvenil.e fishes. In such caseB tbe abo\re equations should
be modif ied.

In studying whale populations we nEry adopt preglancy rate
instead of fecunality. Fig. 2 shdns a preceahEe to <jbtain the
sustainable yield of sei whale in the Antarctic. Reproductj,ve
mechanisn is estimated fr:on a deductive method desclibed in the
plevious Chapter 5, \rhich j.s (3) in Fig. 2. the sustalnable curve
(5) in Fig. 2 can be calculated froh the above equations, where xm = IO
age xc E 17 age.

6-4 Actual sustained catch

sei erhales becone important species for whaling operations
in the Antarctic because of a rapid alecrease of fin whale populatlon.
we are afraial they foUow the same fate lrith blue anal fin whal_es -
Therefore, we did stock assessnent ae shotrn in Fig. 2, taking into
consideratlon with reploaluction and recruit. The annual calch is, of
course, known. so the a.bundance in the coming sea€on can be calculated.

ResuLts are shown in Tatrle 1. This is an exartr)le in
transient phenotnena. The right colulnn of Table l? inalicates the arbDnt
of catch which naintains the sare Level of abundance in the previous
year. I call it "actual sustaineal catch". we can calculate it by
s o l v i n c  i n  D u t t i n a  N  -  = N . .

The maximun suslainable yield of sei lthale is 43OO
ind-ivialuals on the leve1 decreaseal to 459 of the virgin stock.
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5-5 !{axillulo su6talnable yield

. the sustainabte yield can be calculateal in any €tate of
population eize. lthe rnard.lrum sustaitEble yielal is the greatest among
thee. It is nothing to say that the maxinum suetaiftble yteld ts the
tlost alesiyabte status for hlltEn catching. The optlxus level on which
the naxifin sustainable yield would be provialed is aldays bellow the
leveL of the virgin stock or unerpfoited stock, Ilq. tie surplus for
fishing increases by utilization of the plopertles of leproaluction?
IhlB is the tna>drtr(rn sustainable yield, This does not nea.n there are
so Dalw fishes in the sea as tlre viiqin stock.

The sustaj.nable yielal cs is o at A - o aa rdell as at
A = virgin, rn the rdaldle of then it has a rnaxlnutn point irhich is the
haxilltm| sustainable yield. In the aDalysis of slgnoidal curve.r
ruatainable yield curve is a synetllc aDtl the optilluln Level is ; of
the vilgin stock. On the contraly, in the analysis based upon 

-

nechanisn of reproductlon, the curve is asyrhetiic anal the naxinrft point
rnoves to the left hand 6iale o! right hand side of the niddl-e, as shown
in Figs. 2 and 3. Neveltheless, it usualfy lies near tlte nialtlle,
nev€r bellc, f . rtrerefore, we can llake rough estinates of the optlrnun
level in caseJof an unkndn sustainable yield curve. In conclusion I
eq)hasize tiat ag€ corFosition of catchable stock anal nec,hanish of
reproduction shoulal be paitl attenlion to and accordlngly nathe atical
tbdel can be establisheal.

6-6 Evaluation of present status of population

It is desirable to take aalequate legulation neasures, after
w€ decide on vhich side of the optimun level the present status lies,

Ir3 for yellqd croaker in the China Sea, sustainable yields
and the oaxinuD sustaLnable yield can be obtained. conaidering natur.al
nbrtality, grorrth of rdeight and various values of xc. Sustainable yield
curves vary accorallng to age at flrst capture, as shosn in Fig. 3. h
conparing with five curve6 in Aig. 3, the nost effectual one alpng the
rBaxinum sustainabl€ yield ls obtaineal when xc = 3 age and the optillum
leve1 is + of the virgin stock. FIg 4 is a contour llnes baseal upon
Fig. 3.  '



l{ark x lepresents the present status, E irdicates the 4axinum
sustalnable yield using the prevailing llesh size (54 tdr) and A is the lDst
effectual maxllun sustainable yield usinq nets uith 80 nln nesh size.
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fig. 4 contotE llnes of sustalnable yield of yellow croaker.
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(60,000 tons)
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Surdnarizeil lesults frdn Figs' 3 and 4 are as fo]lons:

(1) The optimun level ofrpopulations is i of, the vi-rgin stock'

rrr. pt.=.rrt ti"*i, r" less than *-* 
*t virgii stock an'l extlerielY

oierfished.

(2) Sustaj-na51e yields are calculated un'ler xc = I-5 ag€' The

.o"a 
"ri."*t 

maxi:mrn sistainalle vield is obtained lron a net ltith

aO nn nlesh size by vrhich 3 age is of the fir6t capture '

(3) In order to recover the population frorn the present to tne

"n.i.,*,-i. "ii 
."r." nore than a veari under the conplete stoP or

catching.



(Plactical excelclae)

Flnil the sustainable yiotd anil nar.Lrnrrn sustaln6ble yleld of greer
€ea turtle, using the relEotluctive nechanign obtatneil below,

Crtch Effort
(Nuhber ot

Reproduclive rn€chrntsm
(ln r€hriv€ Index)

Popul.UoI

{0 yerrs ago) B

1948

4 9

50

52

53

54

55

56

57

5 8

59

60

6 l

62

0 3

64

66

68

69

70

56.5

9 4 . 0

1 9 8 . 5

729,1

7 7 . 6

1 5 2 . 4

1 7 0 . 4

1 9 4 . 7

224,4

4 S 0 , 4

4 0 5 , 0

506.?

803.6

554,7

0 1 8 . ?

00{. r

714,9

?30.6

5 2 3 . 0

4 0 ? . 9

396,2

421,O

l6

2 0

32

48

42

54

80

86

141

l?1

17r

lEr

206

24'

3t2

342

301

361

342

336

3{5

350

132

1 . 0

1 . 0

1 . 0

1 . 0

1 , 0

1 . 0

0.994

0,083

0,962

0,9:19

0 . 9 4 3

0.92E

0 . 9 1 1

0 , 8 9 8

0.8?1

0.822

o ; 1 7 4

0 , ? 1 9

0 , 6 4

0 , 5 0 1

0.53?

0.4?8

0.{07

0,0448

0.044E

0.(X48

0.04{8

0.0448

0.0448

0.0450

0.0451

0.0459

0. t!164

0.0466

0.0469

0.0473

0,0114

0.04?8

0,0480

0.0485

o,o1?7

0,04,12

0,0455

0.o{r'l?

0.0121

0.0385

8468

Initial population size l{as e6ti,nateal Plevioualy.
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' 7 .
Fishelies managenent

Studies on fisheries nanagenent becotne of use when results of
studies are able to be applied for denands and needs of administrative
depaxtnent as well as fishennen. The conservation of r:esources can be
carxied out through regulation of fishelies, except cultivation
fisheries such as net culture of young fishes and release of juvenile
fishes artificially hatched out. How do the quality and quantity of
fishing effort influence upon the changes of abundance anal catch,
relevant to conservation as well as utif,ization of fish resources?

Q u a I i E i e s  o f  f i s h i n g  e f f o r L  a r e  k i n d s  o f  f i s h i n g  q e a r ,
construct ion of net,  s ize of net,  nethod of f ishing, f ishing season
and fishinq ground, etc. Quantities of fishing effort are nurll3er of
vessels, nunber of operations, nunber of fishennen, nurnber of days
opelated anal nurber of hours operated, etc. Regulation measures can
be led fron relatlons between fishing effort and population para-'neter.
And also we can say they can be led fron conbination of diagnosis !,/ith
prediction of futuie catch.

Regulations should be achieved by the followlng itens:

A .  B o d y  l e n g t h s  l i m i  L ,
B. !4esh size regulat ion;
C. Sanctuary;
D. No f ishing periodt
F  F . ^ , , 1 : ' i ^ n  n l  ^ " a n + i r w  - F  f i c h i h ^  o F f ^ r r .

F. Catch l i rni t .

Sonetirnes scientific regulation neasures are not adopted by political
standpoint. Aqainst such a situation, scientists should be strong with
good and available results of stualies. In my opinion, the quota linitation
of catcb is the most irnportant technique of regulation measure. The
others are supplementary or secondaxy.

If lre know the relationship bet\reen regulation measure, catchability
and availabitity, it is possible to expect the change of population
due to chanqe of nanaqement.



8-1 Elenents of catch a.rld claesification of prediction lEthoalg

In Feather folecasting, i.,e use rEteolological elerlents of cfinate
such as: fine, cloudy, rain, snow, ternperature, hunidity, wind, at$ospheric
pressule, front and path of typhoon, etc. In the saune nearning we use the
eleroents on fish popuLation and fisheries alescribedl in Chapte! 5, in
prealicting future catches.

lhere are tlro kinals of prealictlon, long-tenr plealiction anal
short-petiod prediction. Usually the forne! i.s fo! wide seas anal the later
for local are.Ls. However r the nethods to be applied are sane for both
sltuatl,ona.

!€thods

I--l

f

8. Prediction of future catch

Nurerical

Logical (qmanical)

analogeous

fo! prediction are clasaifieal into the folloirings:

Projective correlation

time s€lies
Metiod of
Preallctlon

8-2 Colrelation

If we can flnd statistlcal correl,ation Eunong phenoiena on abundance
of population, catch, envilonrnental factors and so on, i$ the past recorals,
ptedlctlon of futule catch can be estinateal unaler conslaleration that tie
aarE lelationships nou].il continue in the futufe, although the reasol
lemaina unkdonn. Ihis is the principle of projectLon, which used to be
often adcpteal popularly. Itte infonnation necessary 1n rlEthoals of
correlatlon is thtee points as follows:

(1) the past !€corals of catch duling a considerabfy long period.

(2) Environnentaf factors in the past which aeen to influence
catches.

(3) coefficients of colrelatlon atrong (1) and (2) are ueuafly used
as a ltEasule of telationships.

lfie pletliction by correlation nEthod wLLL be carlieal out accoraling to the
schematlc flolr shovro 1n Eig. 1.

llt|e rethod of correlatlon is easy to understtnd, alltl data are also
considelably easy to collect. Itrelefore, l|any exaq)les alre reported.
But sonEtinEs relatlonships afiFng phenomena are apt to be a alesk theory
anal subjective.
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In aalditiorr, ranges of tirne anal space are Limited to narrow and
short, because of lack of biological rnechanlsn.

In order to enaleavour to approach to aclentlfic evidence, the
interval estinate is sollEtilEs given by t}le trlethoal in Chapter 1.

If catch lrou1d be related only a cettain one factor, for instance
water te[perature, problellr is very easyt In t]re actual phenornena, however,
a l^ot of envirolunental factors influence change of catch getting intertwined
\dith each other. As for such a situation, the principal corry)on€nt
analysis (describeal in Chapter 1) shoul-d be aalopteal. In the principal
conpolrent analysis, not each factor but corpolrents estftnateal from
conibination with each factor give us useful information concernihd i1-c
influence upon futule catches.

I'ig. 1 Schematic flow chart of method of pxealiction

8-3 Tine series

If there is no systenatic survey Ln the past, a catch is only
an avallable alaturn, without any other information. In such a case,
catches in a consialerably long period can be analyseal by tine series,
which is one technique of infofination theory. This teclnique is usefuf
to aletect Iatent properties in randorn varj.ations of natural phenongna.
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flhero at€ several Ethodg in tl!b serL€s ana1y6is. One of thes
ia a statistical treafuent about cotrDoB€lrts of:

l. long-terd tlendt

2. cycllc variatlont

3. stationary stochrstic va-latLon

whlch are obtatned by breakdorrn of telE)oral changes of phenomena.

A first long-term trentl shoulal be aletecteal by tel@ora1 !€gression
or. rnoving avelage. Secondly cyclic chEnges ale exanLneal by peliodical
anal.ysis. IhlriUy, excludlng a longterm trendl snd cyclic varLations,
stochastic vall.ations €!r€ analysed by coref,oqram whlch ls e:elalneal in
Chapter l.

Itlrs we can get 1aw6 which a-re brurleal in the ranalon fluctuatlon
of phenotrEna.

h preallctlng future catcheB, changes of long telll trend as well as
of cyclic varlatLons ar.e €)allapolated. Stochastlc coq)onent wl1l be
calculateal statiEtically frorn the 1a!c6 whlch afe detected. Sutflnlng up
the above three corFonents, we can estlmate future catches, I'Lg, 2
ahows a schenatic flow chart of analysiE of tirne series. Coqrute!
Ploglems ate usefu.l to calculate peiioalical aialysis and stochatic atralysis.
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8-4 Logical mthod

In the proj€ctlve mel-ioalB re suplrose that th€ aspects of
variations of phen@na in the IEst r{l,ll occu! in tlte futu:ae too. Butt
if such prenise is not gooal, the proj€ctLye methoal ls nctt available
practIcaJ.ly.

The novdnents of the ealthr the tnoon and the aun can be
abtained by solvlng equations of dyna.nlcs. For instance, we can knos
exactly the ti-ne of eclLpse of the eott aDil the sun !D aalvance. In the
Ban€ caning, if the systen of pot ulation dynaDics is 6r!ect, future
catches rill be able to be caLculated nunet ically by' solvlng the
eguatlon of FopulatioD changer thi6 ls a Ia, of cause and effect.
llotteverr accuracy of the lresent populatlon dyrEmics ia not so atrong
aE ilynabics in physlcal study, because lee can not g!a6p pelfectfy tle
ecology of lnaline resoulceE. Flsheg 1lve ln the lride ocean and lEn
only aees a part of thdr. tl|ere are nany specles lrhos€ l1fe cycles
lenaLn unknoFn yet. AltJEugh it i6 lq)osslble to nake nal'tr)lng petfectly,
we can establish a constructure for preallctLon, usllrg aulvival plocess
and leprodluction tlecllanLs descri.bed in Chapter 5.

Fig. 3 ts a floir chart thus obtaln€d. fhe abundances in
Tiible 5 are calculat€al according to Euch a florr.
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8-5 Analogy nethod

Consider a problen to folecast the path of a t]?hoon. The
path of a typhoon inay be solved nathenatically as a problern of fluid
dynanics, which is a dynamical method. Ho$rever, partial diffeieDtial
equations of atmospheric plessure distribution to be solveal are so conF
pl icated ones that i t  can not be sofved analyt ical ly,  or,  i t  takes a
.Iot of time even by use of conputer. tthen we get a solution, a typhoon
!, /ould be passed through. This is not predict ion nor forecast:  In such
an occasion the analogy nethod becones useful .

Nanely, h'e search a sinila! atmospheric pressure distribution
in the past recorats of typhoons, when we can find a sindlar one, lte
think that the present tFhoon \rill go on the alrnost sane f,atn of the
past. rt is not absurd to expect the same effect fron the same cause.
Th. is is a solut ion L! analogy and then we get a predict ion. Hunan beings
cannot solve the pl ?i, rrr but nature solves accordi.rlg to aerodynanics, as
the fact. Although tr" method of analogy is a kinal of ]ogical method
principally, solutions are obtained not throuqh nathenatical pr:ocedure
but through a projective plocedure.

MaLhematical  representat ion on survival  p!ocess and
reproduction nechanisn are given in Chaptels 3 and 5. but many times
we cannot solve them anatytically because of not only lack of conditions
but also inperfectness of concrete f igures. I f  we can f ind the same
situation of fishe.ries and environmental factors in past records,
prediction of future catches liiIl becone possible in follolring the past

In spring larva of anchowy are caught in Japan. And in
Autun juveniles of anchovy (8-Io cm) appear in the fishirg grounds.
This is a survival process. lihen we knot abundant larvae in spr:ing,
\re can predj.ct that in autunn an abundance of juveniles !til1 be large,
and vice-versa. ltolreve!, we don't kno!,, population palatneters such as
coefficient of natural ftcrtality, rate of availability and rate of
e).p1oitation. This is a featule of an analogta nethod.

8-6 Arlow diagran for predict ion

Fig. 4 is a arrow diagram for predict ion on yel lolr  tai l .  1
have example in corr:espondence to each job, but I have to onit here.
Although it j.s very easy to say prediction, actual analysis of predj.ction
is wery di f f icul t .  A lot  of  study and earnest pursuit  are necessary
for predict ion.
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