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(Population dynamics and Aguatic stock assessment)

Why we do stock assessment?
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To provide advice on the aptimum explaitation of aquatic living

resources



" Why we do stock assessment?
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" Need for Fisheries Stock e P

Assessments

Managers must know the answer to questions
such as:

What is the size of the targeted fish population?
What is the population’s age structure?
What is the reproductive capacity of the population?

How many fish can be harvested each year? Which sizes
should be left alone?

Which habitat or water quality conditions influence the
population?

Do interactions with other species affect the population?
Which human activities other than fishing affect the fishery?



What Can Stock Assessment Tell Us?

* What is in the resource envelope?
* how much fish is available,
* what is the potential productivity
e distribution
* population structure

* How much is being harvested using which type of
gears

* To predict consequences of different harvest strategies

* To provide advice on policy formulation and
management plans for the long-term sustainability of
the fishery

Source:www.fao.org
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Figure 12.1 Commonly used tags and their atachment sites (adapted from Wydoski and Emery
1983, with permission).
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* Many types of fish migrate on a regular basis, on time scales ranging
from daily to annually or longer, and over distances ranging from a few
metres to thousands of kilometres. Fish usually migrate to feed or to

reproduce, but in other cases the reasons are unclear.

« Migrations involve movements of the fish on a larger scale and duration
than those arising during normal daily activities.[1] Some particular types
of migration are anadromous, in which adult fish live in the sea and
migrate into fresh water to spawn, and catadromous, in which adult fish

live in fresh water and migrate into salt water to spawn.

T
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Anadromous migration’
from sea to fresh water for spawning.

Eg. Salmon, Hilsa, Lamprey etc

Oncorhynchus nerka

Anadromous Life Cycle

[
Freshwater | Estuary

Freshwater Estuary

|
I Marine

Marine




Catadromous Life Cycle

|
Marine

Freshwater

Estuary




MIGRATORY SPECIES-

U Several species are migrated of mature adults for
spawning and feeding. These are example of migratory
fishes-

The cod ( Gadus morhua)

Herring (Clupea harengus)

Salmon (salmo sp.)

Eel ( Anguilla anguilla, A. Rostrata and A. japanica
Hilsa ( Hilsa ilisa)

Three- spined stickle back ( Gasterosteus aculeatus)

The lampreys ( Petromyzon marinus)

® N AW N R

The tunnas ( Thunnus thynnus)



ol #l Caros Suolud (5,95
 The basic accounting relation for population dynamics is the
BIDE (Birth, Immigration, Death, Emigration) model, shown

as.
. N1=NO+B-D+I1-E

 where N1 is the number of individuals at time 1, NO is the
number of individuals at time 0, B i1s the number of individuals
born, D the number that died, | the number that immigrated,

and E the number that emigrated between time 0 and time 1






A fishery population is affected by three dynamic
rate functions:

» Birth rate or recruitment: Recruitment means reaching a certain size
or reproductive stage. With fisheries, recruitment usually refers to the

age a fish can be caught and counted in nets.

» Growth rate: This measures the growth of individuals in size and
length. This is important in fisheries where the population is often

measured in terms of biomass.

» Mortality: This includes harvest mortality and natural mortality.

Natural mortality includes non-human predation, disease and old age.


https://en.wikipedia.org/wiki/Biomass_(ecology)

ST S YU 5w p gy 38 g1 y5 85T 9 9 Curod posko

* population 1s all the organisms of the same group or
species, which live 1n a particular geographical area,

and have the capability of interbreeding.




Blo g3 Qb1 49 I Sl 0

aow silwlay Hlal axlyo Olale 53 LUyl s )y g

548 gla Jlo b s (b aom (g3lula,y Sy o 53) oL

234555 £ 55 5t Ol e SIS 4 4l s (ale oo LT

A 6T me S sl

Yo _
3 'T't ] -
i e | . i
SN i
A
| Eﬂ 3
IFAY  IFAAIFA4 P4 AFA) vy
E.L:.,d .................... f'bﬂd—'-u_su

e

A
¢
¥
v

(JJ.F JUJ&) }JSLQJ




Bl w55 E 9 (o 9 (339 9 TS Job (s !y amwlxo

W=aFlb
s A il e S8z Job Tl 505 oy ale 55 W alay ol jo a5

Al (oo ovie cud D g ol
wsl o Weight= o/ v eyFLTMA =) o w5087 ol 055U sb abal

Vesr
Fae 4 Weight= A VEPFLTAY .
2 — /8.7
Be- ;.‘
3 ot
.y f ..' .
.3 :.-
?f ¥ '
— .
AR .
\ g
C) \~ \0 T‘ YQ ‘d‘ T’a

(yromilu) Jab



Ay (S yolHl dloxo

wyujubﬂ)u}uﬁjwb)‘ﬂ‘Cﬁgs_wdjbu;j)wu‘jo
3“Q@x}ﬁqﬁsp@@wm,5uﬂb\i

Li=Lo(—e (7o)

K=-b  Lee=-alb t0



b 9 530 (IS gm0 g T 50 ol 40 duilne

5.0000
4.5000
4.0000
3.5000
3.0000

Z2.5000

5
2.0000
1.5000
1.0000
0.5000
0.0000

~ (Catch Curve)wkruwuz,,y(Z)Jsﬂjfﬂ .
s 5 iy la el 5l esliznl b oSt Job S 5 Sl bl

35 o b et 5 el i G ty (Jsb 09 8 p il I

355 g osTp Dot e S sttt (M)l

y=-V/VAAVX+ ) B/FVF

RZ=.,4YFA ®

Age



Il Jge s
Ln (M) =-0.0152 - 0.279 In (L) + 0.6543 In (K) + 0.463In (T) -
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MSY and MEY

Maximum economic yield (MEY) is different from MSY. -

Assuming a proportional relationship between effort and cost, we can plot -
cost of effort versus yield on the same graph:

600
MSY

.....

2> Break-even point

Yield and Cost

100 150 200

Fishing effort (f)



Managing Fisheries: MSY

* The concept of Maximum Sustainable Yield is based upon the
principles of logistic growth and density dependent net

production. 200

250 ~
200 ~
150 -
100 -
50 A

dN / dt

0

......

300 400 500

N

At an intermediate stock size, the rate of net production
(growth not offset by mortality) is highest.

If this net production is harvested, the stock will continue to
produce this highest level of net “surplus”

MSY is catching fish in excess of the number needed to
maximize production of reproductive adults.
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Introduction — Age/size structured models

RECRUITMENT BIOMASS

+
1 year olds (+) Growth
o= DT ()O
I B PR (=) Natural mortality

< v >
(=) Fishing mortality

2 year olds (+) Growth

@%@ } (=) Natural mortality

——itn
(=) Fishing mortality
3 year olds
(+) Growth

} (=) Natural mortality
(=) Fishing mortality




YIELD

FISHING MORTALITY (F)




LM30 (o g (omi 9k Job

100 4
075 4
£ 0804 __________ ..
i
| %
IE Thunnini - !
0.25 1 = (15 spp. of tunzs) -3
. | .
| Sardini % (
0,00 // | (7 spp. of benitos) o0 »
&% 7 OB 8 10 11 12 13 14 15 16 4T
Scomberomorini
(21 spp. of Spanish mackerels) m
Tatal leghi{cm)
Scombrini ,.ﬁ_(
(7 spp. of mackerels) N—

\\



5 b yealls doaSoSul san joa e U0 Glipl 0 ol L8l den ol AL
28l oo LT Dy 4y (6978l 97 (SxeS g peselisS 9 0l @y SladisS

Aigh oo MU ol o sogusne SU o ook [0 aaissS iST 0 ™

09; R0 éJl; LgLCb odle )‘ 6‘“‘7"’ u.u...g‘d =Y u.’JJg.A o).:}:) u.ol.oj.u 0)5]){ 6‘).3 »

20,5 o 2ol ol oleyl alwg 4 AL ol ™

| le...,ca_..lg.: "—")"g_gldé}i” ‘53.'.,.»[.;,.1‘:45009.3 Sl o &g 4 0L 0,



Tmat 3 Lmat cs 5l aiw, oo ob @ b oole 7.0+ a5 Jloj g Jobo ™
o bl a5 (LOGIStIC CUIVe) Sciod  sovis dlwgds Ygans 45 0ty oS oo

P =1/{1+exp(—r(T — Tmax))

P =/1/(1 +exp(—r(L — Lmax))

Yo XX a
ol
A : LM=208 mm
=
LI
} - X
"y ;{ x
¥

T R J.._pJ’ﬁ.H). a4




£ alr sannn

Lm=220 mm

\\




ihlizio sLdigs 4o (53 e 9 Jhodgi (lo) Ll (oS ™

25 9 peie galllae b ol (S 45 (65,058 prdiane godalie .1
(2l sodisS (sl Logas) 0il e o

ooy Jsb o g,¥ (ons Slol 3

SyaneS slealge oSy

blizs Jolo b jo oS )y

oLS g3l b g 0459 S oslail .

O D w N

Bl o (lwgytSs 4y by pe glal 5o 0 0S5 Sloinl lale ST a4 bgije glal> 0 ¥



: @LG —) al> o
Lo 8 & ole 55, 00 i Lnaass 5 Lo oo o (ygis 1 oy oSz s hulss (slaplad
e i itz b osnline 15 ié

sk Jl 55 JUL Y 4l 0

LSS (oSl 0> Job chai I iy (SWlL g al Job o8 4 ble (S Blad das plaess g adn
35565 o 55 Al ol 5 (ol il JIo 8 i) 00,5 (552,055 lenlo 05 aline (e s b oliion | 8 i
tarwgi Jb> yo0-Y al>

ot i b Lo S o Jil |, oS o, i 90 s> S5, b 305 4 hloie Sl a5 iy
gl o0 0030 Sdts 4y hilete slaails & jgas 5 hne
tazwgi o yo-F al> o

5 Zoos BesS e b 4 ble ()l laplaess 058 ad )5 bag ]l (e qale ol JLad L o8 & bilo i laaiay
ile n JUdT 1, oSt 6o VIY gis Lo liess o nduis it ot n iR NI
odew ) — 0 > o

SIS Lo wapdon 55 o 5 sie S ols b by 5 e Loty S gn y [y (oaSih 0y (i slaplad
il o @b g Blad lag)] 5l sam g oo 8,5

S3ap Jl o Al ya

Adloaile lo (SLaS 50 Sl olawy g Blad bpsd 25T wisd o0 5yl (g)lid SWlL S g 050
00,5 e -V Al po

D s0d 0830 Gl (0 Dle Glapst cunnd I MalS oSl 0,85 00l poz 9 00S gy o> D0




obdle S w30 plowss glads o ¥V ol ol po Soolonds %




(GSI) 5oLS azwg poll ™
3o Gl woys Djgo g 0nd S dwlne (o S (139 4 (o 308 5 ()9 e Sl G0l dnug a2l W
Soe T

oz 50 JolSS e Glojen g 99 osliinl (5 058 Juad (3ged pative sl Wl oo OLS Arngi a2l W
a3 oo Gl Bl (eadgs Coddse osle g

5 i g il alS g Wles co s LTV BN 1 S cogasme jo go0lS s li ol W

oles SIS (63 )55 obgS (Sloj 090 S Wl oo
Sle jo gz el gy 155 oo Yol aSicanla i 5l s ools jo ol 59 (Jad Ol sy B

GSI=(GW / TW)*100 (o> 338 aslh =GSI =
(e dAE y9=GW =

o S oW =
Gonad Somatic Index (GSI)



Length{cm)

T T 1 T T T T S
& & 10 12 14 16 18 20
Age (years)




AL T

Length (TL)

A
o

\
‘. "
.."‘ tde

"
LA
m
phes ‘nnmm 2

Fork
Length (SL) Length (FL)




4—-Shndard Langth (SL)—}»
- | ¢——————Fork Length (FL) ———eeeeep
| - Total Length (TL)

\






oo j0 (2lo )l (65109 digod 590 y0 ST W

1S oy sl y S5 @ Ty o0l 091 w due (Camos il p LSS Ll Cég g ™

OIS o 6Bty 5 JS' 43 dry 9 03905 (518 pdigad calisie glay o jluul ™
3 iz S5 glyle oliiun ) 3l (Ao BCwud a5 S (5,l0 pdiged (gyeb Wb ™

S on (Sl paiged (5LSe Voo p T Sy 51 ST LoyE el SIS S50 (s3]

ol YU o5 1,5 a5 09 yiumo (2lr )0 (6510 paiges

Sl Holas b g ,1s paiged bl Bl il ™






»
e
e
2
|
| <




'Ilaf

feb

100,

(wa) yjbuan







oy S Gl oL lee




L -L'=atbL'

L= Z{F xL)/n
L.--a/b
ZIK=-(1+b)/b




s s dals has b oole 4057 S 0ty o 0 U5 g Tpe S Sulid o pb Aiiloea 100 Jgo

L,(L" L, F L- L--L
VAD V4. o 193/9F (St Alzea ;)1 F,FA
14 144 Yy SRRy V.Y
140 Y- ay Y -SIVA VVVA
V.o Y- AY YA VeI
Y-8 Y - £ TIENY ay
Y- an Ty YAVAA VI9A
o YY - £ YY-AF s
Y- YV VY YYAIAY AIOA
S\ YYH YT 2 YYULE (S dloea ) BNV F

Z/K=-(1+b)/b=2.8

L.--a /b=240







. Length at first catch (Lc) (LC)M u.Jj‘ )Q Jg.b

d.ﬂ_.wl?:.o o> Gl caonl s o5l Je 9 Silwas claylS L5|).3 )J..o\)b Oi‘
' Do o 03wl 5 dsles 3l s Job

S g S p0 o Z ol o

N A N
Length(cmy)




Lob-bL S,

255 otle dlami 3,5 (5 5 & pmsS i Sl 5l sk GlslE S e ulal >
| ol ale Jsbo ol w558 S 31 Syme5 Ssb 03,5

Wil plolls BB Jlo s aajei o (oalon U g 998 00 5555 53 (gom )5055 53 3,505, (5 >
0,8 e e e 0150 Jsb (eSle 5 D525 8 (s Al e a0 390 1SS

T 258 plonil Wil go sl 138l 5 alsgas S IUT ol

Frequency

Frequency

Frecuency
=
i

[ Ew T 1
o ™1 ™
= __

IR P

r ]

| SRy 1l
| 417 - - 1] i =
I C # T ." 1 T LB T ]

10 15 20 25 30 a5 A0 a5 50
Langth (em)




-

....................................................... -

Ky




(number of meshes)*(mesh size)

or (see figure):

p s ooy
da hanging ratio > g

Hangmg ratio
067
100 :

=

Mesh shapes with various hanging ratios for gill nets

hanging average number percent size range
ratio caught per day entangled of 954 of catch
0.707 9.3 0 18«23 cm
0.36 29.5 24 13-23 em | e
0.24 81.0 80 8~22 cm s

The product of two logistic curves
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~~Catch per unit effort (CPUE)

* Very coarse and very common index of abundance

Catch= 4 fish

meessssss)  CPUE=4/48=0.083

Effort= 4 nets for
12 hours each= 48
net hours

Catch=8 fish

CPUE=8/48=0.167

Effort= 4 nets for

12 hours each= 48 W\/a conclude population 2 is
net hours .
2X larger than population 1




