2. Ekologie jako véda



Ekologie: Védecké studium vztah(l mezi organismy a jejich prostfedi, véetné vtahl mezi rlznymi organismy,
vztah( k nezivému prostredi a vzajemném ovliviiovani mezi organismy a prostredim...
autekologie
(ekologie interakci)
ekologie populaci
ekologie spolecenstev
ekologie krajiny
systémovad ekologie
ekologie chovdni
molekuldrni ekologie Decomposers S Product rs
bacte ria, fungi) o Iplants )

biologie ochrany pfirody
skologie obnovy

ekologie Clovéka

socidlni ekologie camivar

sprdva prirodnich zdroju



Potravni pyramida
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Potravni retézec — pres energii

(1. rostliny, 2. herbivofi, 3. karnivoiri).
I= vsutp, A = asimilace, R=respirace, NU = ztraty, P=produkce,
B=biomasa).



Silver Springs, Florida Floridské mokrady

Fishes 5
Decomposers Fishes 11
(fungi, bacteria) 5 . .
Herbivorous insects,
snails 37

English Channel Kandl La Manche

Zooplankton
Phytoplankton

Kulturni louka v lété
1 Bird

Grassland (summer)

90,000 Predatory insects

Evropska les v |été
5 Birds

Temperate forest (summer)

Insects, snails
336

200 trees
. Tertiary (apex) consumer
Silver Springs, Florida ‘
Secondary consumer
Decomposers Fishes 21 . i
(fungi, bacteria) .
5060 Fishes 383 . Primary consumer

. Primary producer



Potravni sité — kdo koho konzumuje?

Sunﬂ_ght

Jak se to zkouma — dnes molekuldrné
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Flower - flower visitor
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Flower - butterfly
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Plant - aphid - aphid parasitoid
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The Robustness and Restoration of a Network of Ecological Networks
Science 24 February 2012.



Promeénlivost (vyvoj, dynamika)
spolecenstva v ¢ase: sukcese

White spruce
Balsam fir
Paper birch

Aspen
Black spruce
Jack pine

s

Seral stages

Lichens
Mosses

[ mia . ) _.‘
Climax community

e KLIMAX




U a ochranct pfirody

ol MICHAL

total biomass|

| | EKOLOGICKA'

total community respir S_TA BILITA |
Time (years) - 100

Pioneer vs Climax community
7 Pioneer Community Climax Community

% Harsh environment Favorable environment
Increasing biomass Stable biomass

Inefficient energy Efficient energy
: consumption consumption

7 omm I e e s s s . Nutiient loss Nutrient cycling

Low species diversity High species diversity

E Fluctuations common Fluctuations uncommon




Biodiversita a funkce ekosystému

Cim vice druhd, tim Cim vice druhd, tim
aginngji bezpelnéji
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Mumber of species

Figure 1 Possible relationships berween ecosystem processes and the number of species
in communities as predicred by (a) the diversity—stability hypothesis, (b) the rivet
hypothesis, [c) the redundancy hypothesis and (d) the idiosyneratic hypothesis. (Afrer
Johnson e al. 1996.)




TYPICKA EKOLOGICKA OTAZKA: JAK JE MOZNE, ZE SVET JE ZELENY?

...nejspis to bude tim, Ze rostliny se urputné brani!



CO BRANI BYZLORAVCUM SEZRAT VSECHNO ROSTLINSTVO?

Coz mimo jiné obnasi:

- Ukryt rastovych pletiv pfi zemi az v zemi
- Uték pred byozravci rychlym ristem

- ochranu skrze usazovani kremicitan( = horsi
stravitelnost

=> to vSe jsou triky ,, obycCejnych” trav




Ale ne kazda rostlina je trava! (+ ne kazdy herbivor krava)

Beneficial insects _ Herbivores
Pollinators .I" \
= " Chewing
feeders Growth promotion
Induced resistance
Natural enemies
of herbivores Aﬁ\
Phloem

feeders

Aboveground

Belowground Beneficial microbes

Rhizobia Endophytic fungi
Nutrient allocation
PGPR PGPF Plant defenses
Root exudates

Mycorrhizal fungi

TRENDS in Plant Science

TEORIE APARENTNICH ZDROJU

v evoluénim case
NEAPARETNTNI ROSTLINY

(zejm. drobné, kratkovéké byliny)
— pritdhnou malo herbivoru

-- nizkomolekularni, energeticky nenarocné ale
vysoce specifické a silné toxické slouceniny
(alkaloidy, terpeny, silice)

- herbivora zabiji

APPARENTNI ROSTLINY
(stromy, kere, ale i travy...)

-zkusi to s nimi mnoho herbivoru

— energeticky narocCné, ale nespecifické
vysokomolekularni latky (fenoly, taniny, vsoky...)

- zpomali ¢i znemozni herbivoruv rust



CO KDYZ (HMYZi) HERBIVOR ROSTLINNOU OBRANU PREMUZE? VYZUZIJE J!

’ * Sequestration

PA's sequesterad
by Lrvae of
tigermaths

PA's trans ferred
b acduiles

_ Tria facobasa
Senecio facobaea LATCtiidae)

contain
Purrolizidine
Alkaloids (PA's)
- Males produce sphrodisiscs from PA's

- Males transfer PA's to females by mating
[ruptinl gift}

- Femules are better protected against preditors

- Females transfer PA'S to epgs for protection

i R :

H.sapho  H. hewitsoni H sapho H. eleuchia —
leuce candidus efeuchia

- ] Nicaragua
H.cydno  H.pachinus  H.cydno H. cydno Panama
galanthus alithea alithea
A classic example of evolution “ v w ww
by natural selection —
“ mslpam xermdsa sseni mallel
. Ecuader
H. eralo H. erato H. erato H. erato H. erato ¢ /
hydara microclea notabilis lativitta  amalfreda ’
\ - 1000mi
v L s —
¥ N 2000km
0 Bolivia ——



ALE CO S KVALITATIVNi OBRANOU?
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Contrast (Generations)

Contrast (Generations)
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Contrast (Broader sense apparency)

Evropsti denni motyli

druhy s vyvojem na listi
stromu nebo trav maji nizsi
pocet generaci, nez jejich

pribuzni z bylin

Ecologieal Entomology (2006) 31, 337-344

Host plant defences and voltinism in European
butterflies

LUKAS CIZEK, ZDENEK FRIC and MARTIN KONVICKA Department of
Ecology and Conservation, Institute of Entomology. Biological Centre, Czech Academy of Sciences and Department of Zoology,
School of Biological Sciences, University of South Bohemia



NAViIC NESTACi SPOCITAK DRUHY — PROTOZE DRUHY SI NEJSOU ROVNY

. . . . Phyl icP licati
Species are not equal due to historical heritage ¥lageneliv Pesusorep isaiign

Branch Lengths A 9
in Myr X 8 BOdy
B 7 Mass
Red = low Blue = high
Identify and Compute Independent Contrasts altitude altitude
Compute square roots of sums of L L e L
(corrected) branch lengths = S.D.
Standardized 11
Contrast Value S.D. Contrast I—J I—J o) Domemrank
P
A'B 2 2 1 2 Repeat ...
X-C 6 3 2
H H Repeat for this
Phylogenetically independent contrasts 5 SRk comend
(Felsenstein, 1985)
{12. 3 For this branch segment, draw a
7 random pair of numbers from a
Start with an arbitrary pair bivariate normal distribution with
of numbers here at the root zero correlation (the null hypothesis)

(basal node) of the tree

Martins and Garland (1991) — phylogenetically informed Monte-Carlo simulation
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VICE O MEZIDRUHOVYCH INTERAKCICH

Effect on| Effect on Type of
X X interaction
= - | “°" Konkurence
- 0 Ame Amensalismus
: + Exp Kofisténi
0 0 Net Neutralismus
0 +  comn Komensalismus
" 4 vie Mutualismus

Some types of relationships listed by

the effect they have on each partner.
‘0" i1s no effect, '-' is detrimental, and
'+' 15 beneficial.

Symbioza: zvlastni pripad ,tvrdého” mutualismu

Nezvaisly vztah
dvou herbivora,
brouka a kozy

Males © Ungulates present
® Ungulates absent
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1998 1999 2000

Predace, parazitismus, herbivorie...

Jednomu prospiva, druhému je to jedno

Opylovani, pfenos semen,
ziveni se exkrety ( =Cisténi) atd.




EKOLOGICKA NIKA (,,mezirka“, ,,adresa“)

Popisuje ,roli“ organismu v ekosystému,
véetné pozice vuci jinym druhdm

Nika fundamentalini:
v idedlnim svété bez konkurentd a interakci

Odpovida fyzickym limitdm organismu

Nika realizovana:
Kde organismus skutecné Zije

definovana interakcemi

® Chthamaius

% Balanus

Feeding height {(meters)

Warbler Niches each of these warbler species has a differenl niche in ils spruce tree habilal. By feeding in different areas of the

tres, the birds avoid competing with ane another for food. Inferring What would happen if two of the warbler spacies attemptad to
occupy the same nicha?

rid

Lesnackoviti severni Ameriky

Cape May Warbler
Feeds at the tips of branches
near the top of the tree

- Bay-Breasted Warbler
Feeds in the middle
part af the tree ‘fcﬁz
Yellow-Rumped Warbler
Feeds in the lower part of the tree and
-0 at the bases of the middle branches

Fundamental
Niche

Moisture

Temperature



PRINCIP KONKURENCNIHO VYLOUCENT (,,kompetitivni exkluze®)

Dva druhy, které si konkuruji o stejny zdroj, nemohou koexistovat, jsou-li ostatni faktory prostredi
konstantni.

All species which live the same habitat, no matter how many aspects their
niches have in common, there will ALWAYS be some differences that allow them
to avoid competition.

Bl i et latrabhe,

i waen by weesping
iruiiie i o mioe 1o schs
Dot Sad if Afilloe wilsai
wni::*lmlm w 1l i, b
“w n Thailar mml' . o7 | Ve V' v ’ vz 7
R, wrace. s, ard ,Koexistuji-li v néjakém prostredi dva pribuzné druhy,
hul lo g vzdy existuji néjaké faktory, které jim umoznuji vyhnout

se kompetici.”



KOMPETICE A EVOLUCE

- Vnitrodruhova je silnéjsi, nez mezidruhova

- Mdze byt interaktivni (napfr. agrese) x kotistnickd (o svétlo,
prostor, svétlo...)

- MizZe ovsem vyustit i do kooperace (vnitro- i mezidruhové)

CURRENT — ,the ghost of competition present” Character Displacement

i

species realised niches > in sympatry; somewhere in
“niche space” the competition is going on

G. fuli-

Los Hermanos
Islets ginosa
L o
Daphne Major
Island G. fortis
4Allopatric

. G.
San Cristobal and
Santa Maria Islands 4 fu”gﬁ'gsa

)
T

oo
|

4

PAST — ,,the ghost of competition past”

generally hard to detect; current niche
differentiation is a result of past competition

Percentage of individuals
in each size class
i

9 11 13 15
Finch beak depth (mm)

Sympatric

... may eventually lead to speciation...



D. Niche vs. Habitat

Nika

Je role, kterou organismus v prostredi hraje, jeho ,,job”

Prostredi ( = habitat)

Je misto, respektive prostor, kde organismus Zije

Three
Species of

Warblers and
their niches

Feeding height (meters)

Eay-EBreasted Warbler
eds inthe middle
partofthetree

Sprucetree

Cape May Warbler
Feens at?heti = of branches
sgearhe top ofthetree

RumpedWarbler
Feedsinthelower part ofthetree and
it ih e bases ofthe middie branches




STANOVISTE oviem NENI PLOCHA NA MAP

N: nektar
L: larvalni zivna rostlina
R: resting, ukryt

W: wintering, prezimovani

ZDROIJE mohou byt oddéleny v
prostoru, i prostoru a ¢ase

Habitat pak je spiSe Casoprostorova
jednotka

', Occasional f
! two-way

¥
%' Habitat —7"\)
"""" boundary (f)

Dennis et al., Oikos 102(2003), 417-426.



EKOLOGIE POPULACI — KDYZ OBSADITE NOVE PROSTREDI

(a)Exponential (un- (b)Logistic (restricted)

restricted) growth

The growth rate
of the population
accelerates

Population size
Population size

0 Time

dP/dt=rP

growth

Carrying capacity
of environment

The
rate

slows
down

The rate N
acceler- E’g::n?:m
ates

growth

0 Time

dP ;2
EZ"’"P(I_E)’

V podminkach neomezenych zdrojli poroste
populace tak dlouho, dokud nenarazi na

nosnou kapacitu prostredi, K

2.0

== Overs\hot Carrying Capacity

~ 7 N

7

-4

Pak bude kolem nosné kapacity nejspis

fluktuovat, a to vic, nebo méné...



EKOLOGIE POPULACI — Ize samoziejmé rozsifit na koexistenci vice druht

N, N,
I, | species 2 wins r, | species 1wins
@92 S
Lotka-Volterra Competition a% N a_:; :g::;: ;
Model [ [ N
d [N, a,N, |
R 0 0 o
‘ ' 0 iny © 2 N,
%errl_&_aleJ Nz Gy %y N 21 %y
dr - * 2\_ K, K, J r, | unstable coexistence: rf csils soasidiahie
a,,¢ depends on initial N; 5 Ty
g Tz | ; ‘
Ty %22
0 0
0 5 LN 0 L
Mot i By



Podle parametri r a K (chovani populaci) Ize mezi
druhy rozlisit

K-stratégy

...pomala reprodukce, velka rodicovska investice,
nizké populacni denzity, mala schopnost migraci ...
relativné ,stabilni“ populace

r-stratégy

...rychla reprodukce, nizka rodicovska investice,
vysoké lokalni denzity, ¢asté migrace ... proménlivé
populace




REGULACE VELIKOSTI POPULACI

NEZAVISLA NA DENZITE
Néjaké procento zahyne nezavisle na poctu

Zpravidla ,neziva priroda“: vedro, ohen, zima, nestésti...

ZAVISLA NA DENZITE

s ’

Cim je populace poéetnéjdi, tim vic se umira

Typicky paraziti, predatori, epiemie, kompetice a
souvisejici hladovéni...

Nékdy souvisi se zménami chovani: Stres pfi premnozeni,
zabijeni mladat, kanibalismus...

Thousands of animals

100 4

Lermming (individuals ha™)

1996

Predator-prey Dynamics

B Hare (req)
D Lynx (blue)

1845 1865 1885 1905
Time (years)

1925



Dramatic changes in Arctic food chain

September 21, 2012 - 06:20

The collapse of Greenland'’s lemming population cycle has disastrous

DRAMATICKE ZMENY POPULACE ARKTICKYCH LUMIKU consequences for a number of predators.

Keywaords: Animals, Biology, Climate Change, Greenland 4 Send [0 PDF = Print

—Trail @

Zackenbearg

B.O

50

4.0

Lemminger per hekiar

0.0

1988
1982
Taan
1991
2001
2002
2003
260
2005
2005
2007
2008
2009
2000

- RozmnoZzuji se pod snéhem (dost potravy, malo predator()

- S mensi / nepravidelnou pokryvkou jako by ,regulaci hustotou” (potrava, atd.) nahradila
regulace na hustoté nezavisla (napf. klimatické vykyvy)



Zajic ménivy (Lepus americanus) — Zivi se
hlavné rostlinami, ty jsou vzajemné
zaménitelné, déli se o né s jinymi herbivori ... a
lovi ho rfada rGznych predator(

mmm snowshoe hare

160
B., |
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WAOOEE  © 2012 Encyclopaedia Britannica, Inc.

Rys kanadsky (Lynx canadensis) — zajic je sogs | | [ssins | [Tome==] [eiete [ Sniis P |
jeho hlavni potravou / ‘-\\ [ rvers |

Regulace ZESPODU | =X 7

FProc. Nail. Acad. Sci. US4 B
Vol. 94, pp. 5147-5152, May 1997

Ecology = . meiin e
Population regulation in snowshoe hare and Canadian lynx: - —JV\N\/\M \/\/\/\/\

Asymmetric food web configurations between hare and lynx S, ST . 18 oo F— —— s

(statistical modeling /generalized additive models /population dynamics /dimension)

NiLs CHR. STENSETH*T, WILHELM FALCK®*. OTTAR N. BIORNSTAD®. AND CHARLES J. KREBSF

1885 1895 1905 1915 1925
year



ZIVOTNI STRATEGIE ROSTLIN

STRESS TOLERANTNI
Dovedou prezit tam, kde je
minimun zdrojl i konkurentdl

Sedum acre — stressed enoug

KOMPETITIVNI (Competition)
Obsadi stanovisté a nepusti,
skvéle vyuzivaji bohaté zdroje
(obdoba K u Zivocichi)

Quercus robur

RUDERALNI (RYCHLA)

Rychle obsadi prechodné
uvolnény zdroj (obdoba r- u
Zzivocich)

Casem je nékdo vykompetuje.

The C-5-R {Competitor-Stress tolerator-Ruderal) riangie

Relative intensity of stress

-

Barbarea vulgaris .. at a roadside
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Fig. 1. PCA diagrams (axes | and 2) showing ordinations of 136 species of Czech butterflies based on their life history traits. Upper '3_3 = P 0 1 2 3 4
row: ordination not constrained by phylogeny; lower row: ordination constrained by phylogeny. Traits are in the left panel, butterfly PCA axis 1
species in the right panel. Positions of all species are visualised, but only selected species are named. See Table 1 for positions of all
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Ewr: J. Entomel. 111(4): 000-000, 2014
doi: 10.14411/eje.2014.060
ISSN 1210-5759 (print), 1802-8829 (online)

Generalist-specialist continuum and life history traits of Central European
butterflies (Lepidoptera) — are we missing a part of the picture?

Avrena BARTONOVA'2 Jirt BENES?and Martin KONVICKA'2



I. Demograficka stochasticita

— smula, postihne spiSe malou nez velkou populaci

- nevhodna vékova struktura
- nevhodna pohlavni struktura P=1/2""1
- pohlavi se nepotkaiji....

100 000

Il. Environmentalni stochasticita: Nepredvidatelné vykyvy prostiedi

10 000 o

- pocasi

1000

- vykyvy v nabidce potravy
- disturbance

q

- iivelné katastrofy 1960 19I65 1970 1975 1980 1985 1990 1995

Year

Fig.2. Size of the Jasper Ridge FEuphydryas editha bayensis
""" populations through time in log scale. X on the x-axis designates
the years in which both sexes and both areas had a reliability
ranking of four or five (see Tables | and 2). % on the area C curve
refers to a single female estimate with a reliability rank of four.

lll. Genetické problémy

- pribuzenska plemenitba

- geneticky drift

- outbredni deprese, efekt hrdla lahve...




Small

population . |

Random
Inbreeding genetic
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JAK POULACE FUNGUJI V KRAJINE? TEORIE METAPOPULACI

o
VA
\Q C
@

Stable or expanding Q Contracting .

- druh obyva vyhranéné plosky s vhodnym prostredim
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- ty vykazuji vzajemné nezavislou dynamiku
_ 2 jsou propojeny (vzacnymi) presuny jedincd Naprosto reélvné metapopulace hnédaska chrastavcového

v zapadnich Cechach
- pak Ize ukazat, Ze takova metapopulace prezije i v

poctech, kdy by normalni populace méla davno vymfrit
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Metapopulation structure

> Occupied habitat patches

O Vacant habitat patches
¢~ Boundaries of populations

0 Nanequilibrium —. Dispersal
.

— Boundary of metapopulation

All small «———— Small and large » All large

Patch size {Based on Harmson and Taylor 1997, Stith et al. 1996)



EKOLOGICKA SUKCESE
Vedouci k bajnému KLIMAXU

¢ili VYVOJ EKOSYSTEMU — ve vodé a na sousi
Idealni stav s nejvyssi diverzitou, nejefektivnéjSimi
toky latek a energii...

Deep freshwater ne rooted
plants because of lack of light
in deep water

— - typical ecological succession
on land:

Sedimants get carried intz
the pond allawing rooted
submerged and fioating
e start to grow

Sadiments continue to
bubld wp.

reeds and grasses develop

st T T pioneer species

Aomarsh community builds

up arcund the pend margins Annual

lichen herb stage
Bare rock MO¥ ﬂ

Reeds take ower more of the
pond as mare silt build up

A the soils araund the edge _
dry from water logged to

darmp, tree species such as

wilkow and alder become
establishad

Xevorch Succession on RBare Rock



Sukcese muze byt o sekundarni, cyklicka... a dokonce i
destruktivni

ECOLOGICAL SUCCESSION

SECONDARY SUCCESSION

PRIMARY
SUCCESSION

| R
FAGRICULTURE=]
I HORTICULTURE |
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EKOLOGIE SPOLECENSTEV - DVA HLAVNi POHLEDY

ASSOCIATIONAL - CLEMENTS

Species’ distributional peaks are concentrated
in discrete groups

SPECIES
ABUNDANCE
ON GRADIENT

GRADIENT
INDIVIDUALISTIC - GLEASON, CURTIS, WHITTAKER

Species' distributional peaks are scattered
along the gradient

SPECIES

ABUNDANCE
ON GRADIENT GRADIENT

GRADIENT

Kontinentalni skola:

Druhy se spolu vyskytuji podle zakonitych
pravidel, které se opakuji, spoleCenstva lze
popisovat, tridit...

Anglosasko-rusko-kolonidlni skola:

Druhy reaguji individualné na gradienty
prostredi, to, co vnimame jako ,vegetacni
formace®”, jsou jen vyseky z téchto gradientu



KLIMAXOVA TEORIE samoziejmé zdanlivé souznéla s kontinentalni
Skolou

Cim vice druh(, tim lépe Cim vice druhu, tim

bezpelnégji
gross production
total biomass g
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J o
Problémem bylo, ze moc nefungovala....
(c) )]
Mumber of species
Figure 1 Possible relationships berween ecosystem processes and the number of species
in communities as predicred by (a) the diversiny—stability hypothesis, (b) the rivet
hypothesis, (c) the redundancy hypothesis and (d) the idiosyncratic hypothesis, (Afer
Johnson et al 1996}




