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(k): Carrying capacity. This is the maximum population size that the environment can naturally sustain given its available resources.
(E): Harvesting effort. This measures the intensity of harvesting, hunting, or fishing per unit of time.

(N): Population size. This is the total number of individuals in the population at a given time (t).

(r): Intrinsic growth rate. This is the maximum per-capita growth rate of the population when resources are abundant.

(EN): Total yield. This represents the actual rate at which individuals are removed from the population by harvesting.
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N) at equilibrium T 0 (N=const.) => 0=N [r (1 - E) - E] =>

E
N1 =0, Nz =k (1 - —) E<r (the fishing rate is lower than the per capita growth rate of the population).
r

note that when E — 0 (little fishing ) then N, = k (the maximum population size that the environment can naturally sustain).

At the other extreme,when E — r (most intensive fishing ) then N, — 0 (the population size shrinks to zero).

(2

W

NITN T 'K - 02NN 0N 02T DIY'Y Va7 D 2% 'R Np-2 7pwnn iy
DA NANTNA N2 DATA NHOIPIIN 7w AN Ta oy .(E < 7 ' 11DT1) DAT 09NY

7

)
i

Zrir =) .N, -2 09X7 NATNA NNID KIN IMNX7Y XK'WY 1V2AN TV DTN axp
0 . éL K \"4} 299 1217 RN NYY N9on N7 7D .0 NYOITDIN NAX'NN IT NI
[ #e= / 221z .N,-'2 DT IR 'u7N WK
e )/(
23> 'l >//¢ » e l>/ X0 Ny 17'R1 ("9 2iwn) 2yt 7pwn 'y NI RN, 77 msn 72 IR

§32 »39= > 072 2> 2 ‘/°§ (arn 21wn) 2 87 7pwn e N



’ = / g
Pt P3N //7L L E Ankas x> \ //';:a) Ak AZA @)

“ ~ : / / 2 o= o P
()50 s 7.«1?"“ )23 pl3aisa2 (Tliku- jl35 e ) v\/"e*fc/ ~Effort  calve

dN N
T r(l _E)N —EN y = EN is the yield E isthe effort
E k
y =EN, => y=Ek(1—7) => y=—;E2+kE
A} .
yield (EN,)
(r kr) X
—,— | max
2’ 4 y=——E*+KE
r
r rE
2
R E “ : ( C 1')\ Ltfn//(’///)) é': ./\[ /‘})/Y (()

of
dn'o ) /l’?bs Iy A, 'én‘o)A //‘?D 1>y 2> (C
.0 < E <ro"p? X'7,00710 7w (r) 'waon 1ann axpn i nirn'? (E) avTn 2y 2w nan 'K 9ol
Jm ntan (E - N, (11790) 27T NRISNY FTY ATN AXP NP7 MY NN NYRYN N7RWI Nwd
SV YRRN-|1FTON 911 IRNY 19D ,"DINNN Y¥NR" X' NI NNYOIRIVIRD NAIYNN
DINNN YNNI 21T IN'YYT Y'an KD D71 171219 nMon'o NT 91a7

= kE2+kE => (r kr)' th int
y_ " = 2,4 LS emaxpom

ol

At
7712 127 (E) 2n T Q¥ 2 N'7N09IRD NNWON NIR'YA — NNT'0DIR N7XY DXV 'NIT
.(N2) DaTh nmoI'nIx

AU N"Y TNRN D'R2 0N X LINXY7WD AU TR NRIDN DX 7°Tan N8N Dunon awn X"

k
1210 2¥P NYNN7 nNnw (E) 27T AP TWKRD N7apnn R0l TT 72 DX X' NNN ARIsNN
.(r) oaTn 7w waon

k
AT K77 ,2000 'waon 277N nnn? g oAt ntoIIk X' LN, = 5 NTaym




N (T) -«’\ (5" 1 O -~ K 16, ) Fgr B N W
dN N d r dN r
E:T'(].—E)N—EN => d—:(T—E)N—ENZ => NZ_(k_k_E)N:_Edt
r
kE k(r—E) r k(r—E) r
e po AR (s
dN = qdt
NZ — pN 1
(1=—pa => a=-1
1 __ 1 A B _(A+B)N-p4A . Po_
N?—pN NN-p) N N-p N(N —p) kB=—A _s B=%
1 1
1 A B8 _»p, » _ 11 1
N2—p1v_N+N—p_ N+N—p_p(N—p N)
1 1 1 1 1
E(N—_p—ﬁ> dN = qdt => (N——p_ﬁ> dN = pqdt = (E —r)dt

j(%_p—%)sz(E—r)jdt+C
In(N—p)—InN=(E —-r)t+C

1nN -p =(E-1t+C => % — p(E-1Mt+C — H(E-1t+InC _ ,InC,(E-7)t
N —
— Pocent => 1 —% = CeFt => 1-ceti=L
P _ k(r — E) 1
No=1"cee=m == No=—"T " 1-ceemx * No=No =>
_k(r-E) 1 _k(r-E) B k(r — E)

o= 1-¢ - 17¢= N, => (=1- N,
N k(r —E) 1 Nok(r — E) 1

® = _ - _

r 1- (1 — k(:"—NOE)> e—(r-Ejt r N, + (k(rr E) - o) e—(r—E)t




