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Population dynamics. The environment of a species.
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From SCHROEVERS, 1982

Suppose, the environment of a
species is favorable, all
environmental conditions (both
abiotic and biotic) are in order,
that means within the tolerance
width of the species.

That means within the shaded
area of the diagram, left.

How large the species
population can then be ?
That is the subject of
"population dynamics*




Theoretical exponential population growth curve with
unlimited resources in an 'infinite' area.
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- Exponential growth
mathematically correct
Biologically nonsense

N

t - time



In practice, the environment always has limits and
limitations (space, food, ....), resulting in a maximum
population size K.

sigmoid growth curve
Maximum = K = carrying capacity

E time

Also this curve is biologically impossible, because this would mean that a species is
aware In advance of the maximum number K, and takes into account this number
while reproducing.



In reality, a growing population exceeds the carrying
capacity, competition occurs and individuals die. As a
consequence, population size will fluctuate around the

cartylng capacity.

N

In reality, the
population size
fluctuates
around K

L - | time tijd

There is only one species that might escape from this scenario, because it is aware
of the finiteness of resources. Man. Unfortunately ....



Population dynamics: mathematical approach.

Population growth is the result of natality (B) and mortality (D).
Suppose the starting size N, beginning at time t,
and size N at time t

Population growth isthen: dN/dt=B - D (1)

B and D of course depend on the size of the population: B ~ N

en D ~N
B=bN en D=dN (2)
Maths: Replacement of a
proportionality by an
equality, introducing a
species specific constant



Population dynamics: mathematical approach(2).

(2) in (1):
dN/dt=bN—-dN = (b-d) N
r = intrinsic growth parameter of
Malthus (= b — d)

I IS species specific
r i1s high in many insects, rodents.
ris low in mammals and birds (Dajoz, 1975)

dN/dt = rN



r-value of some animal species (Dajoz, 1975)

TABLEAU XIV. — Valeur du coefficient d’accroissement r
pour quelques populations animales.

Espéces et conditions

Valeur de r par femelle

Augmentation de la

de milieu et par an population par an = er
Insectes :
Sitophilus oryzae a 29 °C ... 39,6 1,58 - 101
— a23°C... 22,4 5,34 - 108
— a 33,5 . 6,2 493
Tribolium castaneum a 28,5°C
et 65 9 d’humidité relative 36,8 1,06 - 10¢
Mammiferes :
Microtus agrestis .......... 4,5 90
Ratius norvesiCuS. . «vsvs o' 5,4 221
HOMIG. - capveransss sr v 0,005 5 1,0055




Population dynamics: mathematical approach(3).

solution of the equation: dN/dt=rN

[dN/dt=]N

In N =rt + cte (alst=0is N =Ny, dan is
In Ny een constante)

InN=rt+In Ny
lnN—lnN0=rt
ln(N/N()):I't

N/N0=e”

N=N,.e" This is an exponential function, depending on r.
; Mathematically o.k., biologically nonsense.




Population dynamics: mathematical approach(4).

In reality, there is a biological maximum in any ecosystem. The
mathematical representation must be given a maximum K:

dN/dt=r.N (K-N/N), whichmeansthatif N=KthendN/dt=0

At that moment, population growth stops, the curve gets a maximum
N max = K

Remark that the speed of growth is maximal when N =K/ 2
(K-K/2)

Because then; dN/dt=rN
K/2

And dN/dt=rN
( thus exponential )



Graphic representation of the population growth curve
(Dajoz 1975).

tempst
*’.

The shaded area is the inhibition, due to the limits of the environment (résistance
du milieu) .



Relationship between growth rate and population
doubling (for the human population )

Menselijke populatiegroei (OWEN, 1977)

groeisnelheid in % per  |verdubbelingtijd
jaar . |populatie in jaren
0.1 % 700 jaar

0.5 % 140 jaar

1.0 % 70 jaar

2.0 % : 35 jaar

3.0 % 24 jaar

7.0 % - 110 jaar

10.0 % | |7 jaar




(Disturbing) human population growth curve.

World population growth 9.2 billlon*~¢ 2050

Fertility rates are declining, the United Nations says, but not -

fast enough to stop population growth. The UN.'s '

medium-level projection is for the world's population to 8 billion* —# 2025

reach 9.2 billion by 2050 but still more than 3 billion higher 7.3 billion*~¢ 2015

since the turn of the century. Population activists say that's ’

too much for the world to handle. 6.7 billion —¢2007

& billion 6 billion—¢ 2000
S billion-$ 1987

4 4 billion -L 1975

3 billion
2.5 billion

1960
1950

2 2 billion -4 1930
S million 10,000 B.C. 1 billion-¢ 1800
250 million 1 A.D.
10000 8000 6000 <000 2000 0 2000
Sources: United Nations: Sustainable Scale Project; World Resources institute; NationMaster.com * Projection

http://albertideation.com/2009/12/21/world-population-growth-chart
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World population: urban and rural.

http://esa.un.org/unup
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More than 50 % of the world population is living within urban areas, since 2008. This

IS more than ever before. So solutions for ecological and sociological problems must
be found within urban areas.



http://esa.un.org/unup

An example: population size of a predator (canadian

lynx, Canadese lynx (Lynx canadensis) and prey
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Hare in summer coat. Source: www.sanmarco.nl

Source : SDSU & Joseph M. Mahaffy
San Diego State University

nowshoe hare, sneeuwschoenhaas (I.epus americanus)

number of pelts thousands

Hares
—a— | ynx

pelts { thousands) per year

1900 1905 1910 1915 1920 1%,.

http://mwwwrohan.sdsu.edu/~jmahaffy/courses/f00/math122/lectures/qu

al_de2/qualde2.html



http://www.sanmarko.nl/nl/Vakanties_/Alaska/Denali.aspx
http://www.sanmarco.nl/
http://wwwrohan.sdsu.edu/~jmahaffy/courses/f00/math122/lectures/qual_de2/qualde2.html
http://wwwrohan.sdsu.edu/~jmahaffy/courses/f00/math122/lectures/qual_de2/qualde2.html

Calculated and

measured fluctuations

relatieve dichtheid (%)

in population size in

the predator-prey 5 MOR s i r
relationship (Bakker et avsinsa

Oscillaties van de aantallen in een prooi-predatormodelsysteem volgens de mathematische formulering van Volter:
al. 1985).

Link:
http://www.youtube.com/watch?v=xWm6037urxs

jaar

beelding 5-30

pulatieschommelingen van de Sneeuwschoenhaas en de Canadese Lynx. De aantallen berusten op de door de Hudson
y Company verhandelde huiden. (Naar: MacLulich, 1937, Univ. Toronto Stud. Biol. Ser. 43.)
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Population dynamics: survival strategies.
r-strategy.

r-strategie: -a lot of eggs
*no brooding
*huge fluctuations in population size

-pests
number

~—
-__.—----——-_

Egg, juvenile Old



Population dynamics: survival strategies.(2)
IK-strategy.

K-strategie: <few eggs and juveniles

*brooding
o|ittle fluctuations in population size
“umber *N0O pests
A

. » Age
Egg, juvenile Old



11 existe trois types de courbes de survie (fig 96).

leferent surv 1val 1) Dans le cas de la drosophile, de ’homme et de nombreux Mammiferes
beaucoup d’individus ont lz méme durée de vie et meurent pendant un inter-
valle de temps trés court. Les courbes sont trés convexes.

curves d

P

A

(Dajoz, 1975). R

NOMBRE DE SURVIVANTS.

TEMPS
Fic. 96. — Les divers types de courbes de survie (DEevey, 1950).

2) Dans le cas de 'hydre d’eau douce le coefficient de mortalité reste cons-
tant pendant toute la durée de la vie et la courbe est une droite.

3) Dans le cas de I'huitre et de divers ciseaux, de poissons et de beaucoup
d’Invertébrés, la courbe, trés concave, correspond a une mortalité élcvée aux
stades jeunes.




From survival curve to population pyramid

aantal

ei, jong

maux (PFEFFER, 1967).
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; Fi1G. 100. — En haut, pyramide des dges pour une population du Cervidé Odocoile:
| hemionus dans le chaparral de Californie. La pyramide a été dressée pour chaqu
; sexe séparément (TABER & DAsMANN, 1958). En bas, pyramide des 4ges de la pop
I lation de mouflons de la réserve de Bavella en Corse. La rareté des animaux de
K-Strateeg ! a 3 ans correspond a I’incendie de la forét qui entraina la mort de nombreux ar
1



Human population pyramids: some examples.

France — India - USA - Nigeria

France Age India
Males Females .5

80-85 Females
5 a0 Males

T0-75 =70
G5-70
G0-6%
25-60
S0-55
45-50
40-45
35-40

01 2 2 4 5
Percent Percent

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Populations.html

POPULATIOMN BY AGE (IN MILLIONS)

United States Total population: 301m Migeria Total population: 140m

Age Age
B =+ I | mo+ |
B == B | 7573 |
B - Il I 7074 |
H - Il I esen 1
H - B soss 1
I - B sss9 A
I ---:- B s0s: B
B - Bl ossa B
I - N B v B
I - R | R |
I - | EEETE |
I - e HE - Il
I - HE .-
I - H - B
I o N .
I -- I -- I
I - I -
12 8 4 0 0 4 8 1212 8 4 0O 0 4 8 12

B Male B Female SOURCE: US Census Bureau

http://geofreekzl.wordpress.com



http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Populations.html
http://geofreekz1.wordpress.com/

Belgium 2050....a prognosis.

Belgiun: 20850
MALE

g+
Fo-74
Fo-74
65-65
ao-Gd
a5-9%
a0-54
45-443
40—d4
35-35
30-34
25-29
20-24
15-19
10-14

5-4

(—d

FEMALE

Population Cin thouzands)
Source: U.5. Census Bureau, International Data Base.
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