Ztratove faktory
,Grazing” — filtracni rychlost, filtraCni rychlost spoleCenstva.

Svetlo
Svetelné podminky ve vodnim sloupci
Eufoticka vrstva, epilimnion, kompenzacni hloubka.
Zavislost fotosyntézy na hloubce v nadrzich s ruznou trofii.
,Light X shade adapted phytoplankton®, Pl krivky.
Adaptace na limitaci svetlem.



,Grazing“



Zmeny abundance v prirodnich podminkach

dN/dt= p-(S+ G + Pa + D)

| koncentrace bunék ras

¥ [ specificka ristova rychlost
S sedimentace
G .predace

Pa.....oeeireeeee parazitismus

D IR odumirani z jinych pri€in



Fytoplankton a ,,qrazing“

» vétSina zooplanktonnich druhu herbivornich — vliv na
pocCetnost fytoplanktonu

 dostupnost fytoplanktonu zakladnim faktorem pro rozvoj
zooplanktonu

* rychlost ,vyzirani® kliCova pro tok energie planktonnim
spolecenstvem




Fytoplankton a ,,grazing*

* Protozoa
* Rotifera
 Crustacea
- vSechny skupiny zahrnuji take herbivorni druhy

- rozmanité zpusoby ziskavani potravy



Protozoa

e Ciliata
* Rhizopoda

- velké druhy schopné prijimat jako potravu celé bunky
ras a sinic

- rozmanité zpusoby ziskavani potravy

- V pripade vysokych abundanci mohou vyrazné prispet
k vyznamnym redukcim fytoplanktonu

Pelomyxa






Nassula

« starobyla linie nalevniku

* potrava — vilaknité sinice



Nassula

* potravni vakuoly



Nassula




Vampyrella




Rotifera

* mnoho druhu uspésné kultivovano v laboratornich

podminkach — kvantifikace jejich role v potravnich
retezcich

e za priznivych podminek az 2000 ind/l — vyznamné snizeni
abundance ,koristi”

» 2 skupiny druht
A/ filtratofi — malé druhy, mnoho druhu selektivnich
- Filinia, Kellicottia — malé Castice
- Keratella — i vetsi kryptomonady
- Brachionus, Notholca — do 18 um

- kolonialni Conochilus



Keratella serrulata




Kellicottia sp.




Brachionus urceolaris
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Rotifera

* 2 skupiny druhu

B/ cingulum redukovano,
specialné adaptovany
mastax

- Asplanchna — jednotlivé
vychytavani, predator jinych
vifniku, ale i velké fasy

- Ascomorpha — vysavani bunék
obrnenek




Asplanchna




Crustacea

e Calanoida a vétsina Cladocera — filtatori

 Cyclopoida a mensina Cladocera — jednotlive vychytavani




Rozdily Cladocera X Calanoida

 Calanoida — vyraznéjsi selektivita ve velikostnich
preferencich

 Calanoida — schopnost vyhodnotit chemickée signaly
(chemorecepce)

L4 4V 4

velkych jedincu




VIliv filtrace na populace fytoplanktonu

e filtraCni rychlost
* velikostni spektrum castic

* rozdily v distribuci — vznik refugii



Filtracni rychlost

 objem profiltrovany za jednotku Casu
* stanoveni v laboratori nebo pytlové pokusy

 zpétny vypoclet ze znalosti koncentrace filtratoru, ¢astic a
rychlosti ubytku Castic, prvni pokusy na kvantifikace
filtrace — na ustricich

— * ~-F/V*t

® zavislost na — teplote

- velikosti ¢astic

- koncentraci castic



Filtracni rychlost a Zraci rychlost

 maximalni hodnoty -
pro optimalni velikost
castic

-pro koncentraci Castic
mensi nez tzv. ILC
(incipient limiting
concentration)

Algal mortality rate
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- Zraci rychlost - konecCna




Filtracni rychlost

Table 24. Individual filtration rates, F, (in ml d=!) for a selection of
planktonic animals, reported in, or derived from, the literature

Species F

Rotifers
Brachionus calyciflorus 0.08

0.007-0.017

various 0.02-0.11

Calanoids

Eudiaptomus gracilis

(20°C) 1.32-2.54

(12°C) 0.61-1.76

(adults, 17+ 3°C) 0.5-10.7

(Juveniles, 17+ 3°C) 0.5-6.7

Diaptomus oregonensis <129

(adults, various 24-21.6
temperatures)

Cladocerans
Bosmina longirostris

Chydorus sphaericus
Daphnia middendorffiana
(~ 2.8 mm, 12°C)
Daphnia hyalina

(< 1.0 mm, 174 3°C)
(1.0-1.3, 171 3°C)
(1.3-1.6, 174+3°C)
(1.6-1.9, 17+3°C)

(> 1.9, 1743°C)
Daphnia spp.®

(< 1.0 mm, 15-20°C) < 4.99
(1.0-1.3, 15-20°C) 3.67-10.41
(1.3-1.6, 15-20°C) 6.47-18.6
(1.6-1.9, 15-20°C) 10.1-30.1
(> 1.9, 15-20°C) > 14.7
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Reference

Halbach & Halbach-Keup
(1974)

Starkweather et al.
(1979)

Pourriot (1977)

Kibby (1971)

Kibby (1971)
Thompson et al. (1982)
Thompson et al. (1982)
McQueen (1970)
Richman et al. (1980)

Sushchenya (1958 ; quoted
by Thompson ez al., 1982)

Thompson ef al. (1982)
Peterson et al. (1978)

Thompson ef al. (1982)
Thompson ez al. (1982)
Thompson et al. (1982)
Thompson et al. (1982)
Thompson et al. (1982)

from Burns (1969)
from Burns (1969)
from Burns (1969)
from Burns (1969)
from Burns (1969)




Filtracni rychlost

 zavislost na velikosti tela a teplote

* Daphnia spp.

F=0,53L, 15°C
F=0,208L, 20°C

Burns (1969)



Filtracni rychlost spolecenstva
Community grazing rate (CGR)

* kolikrat je celkovy objem profiltrovany za jednotku Casu
* jaky je zraci tlak zooplanktonu na fytoplankton

* velké rozdily v prubéhu sezdny

CGR = (F,*N,) + (F,*N,)...... + (F:*N)

[den]
CGR =1 den

- cely objem vody je za den profiltrovan



Filtracni rychlost spolecenstva
Community grazing rate (CGR)

| Daphnia hyalina Keratef,’g
¢ Blel ham Ta rn 60 E cochlearis
L 1

- zavislost na
velikostnim a
druhovem spektru
zooplanktonu

1y
=}
c
5]
=
©
5
c
@
5]
]

20 Eudiaptomus ~ f
gracilis

™ '

Month of the year, commencing March

Iliiglzlreg‘_\‘l.l Seasonal variations in the populations of filter feeders in
und Enclosure A, during 1978. (Redrawn from Figure 3 of Feromnc
T ( om Figure 3 of Ferguson




Filtracni rychlost spolecenstva
Community grazing rate (CGR)

* nejvetsi vliv - Daphnia

-v |été az 1,2 X
profiltrovany objem
X na jare jen 3% objemu

- velké CGR (vetsi nez
0,3 den-') — ztraty
fytoplanktonu
srovnatelné s
potencialnimi rustovymi

. Month of the year, commencing April
ryCh |OStm| Figure 82. Seasonal fluctuations in the community filtration rate

(calculated as equation 55 and expressed as ml 7' d™! of lakewater
filtered) in Lund Enclosure A, during 1978. The cumulative
contributions of five ontogenetic categories of Daphnia hyalina
(DhI-V), Fudiaptomus adults, fifth copepodids (Ea) and first-fourth
copepodids (Eg), and Chydorus sphaericus (Ch) are also shown.
(Redrawn from Figure 4 of Thompson et al., 1982.)
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Selektivita v potravnich preferencich

* velikostni spektrum prijimanych castic primarné urceno
velikosti tela

* @ — uréuje vhodnost urcitého velikostniho spektra

- zavislost na velikostnim spektru fyto- i zooplanktonu
ky=® * CGR

® =0 castice neni pfijimana

® =1 Castice neselektivné prijimana



Selektivita v potravnich preferencich

Table 25. Examples of the ranges of particle size (diameters or GALD
in um) filtered by selected species of zooplankton reported in the
literature; figures in parentheses denote optimum ranges (‘ peak’
selection) where appropriate

Species Size Reference

Keratella cochlearis (0.5-1)3 Gliwicz (1969)
Keratella quadrata < 15-18 Pourriot (1977)
Ferguson et al. (1982)
. Eudiaptomus gracilis 1(5-10)16 Gliwicz (1969)
Diaptomus oregonensis 2.5(12-15)30  Richman et al. (1980)
Bosmina corregoni 0.5(12-23)35  Gliwicz (1969)
Chydorus sphaericus 0.5(12-23)35  Gliwicz (1969, 1980)
Daphnia cuculata 2(11-23)35 Gliwicz (1969, 1980)
Daphnia middendorffiana =267 Peterson et al. (1978)
Daphnia hyalina | (1-20)100 Nadin-Hurley & Duncan (1976)
- < 50-60 Ferguson et al. (1982)
Daphnia spp.® 0.9 mm < 24.7 Burns (1968a)
1.3 mm < 33.5
1.6 mm < 40.1
1.9 mm < 46.7




Selektivita v potravnich preferencich

* Daphnia

y = 22x + 4,87
Veeeunn. nejvetsi rozmer prijimané castice [um]
) U delka krunyre [mm]

e pro velkeé druhy az 50 um — Siroke velikostni spektrum

» obsah stfeva reprezentativni, kvantita ovlivhéna preferenci
castic 1 — 30 um



Selektivita v potravnich preferencich

Table 26. Coefficients for selection (@) of various species of phytoplank
by mixed zooplankton communities, dominated by Daphnia hyalina Vg
lacustris, calculated by Reynolds et al. (1982b).

Species Range of ¢

Asterionella formosa 0.28-1.0

Fragilaria crotonensis 0-0.35

Cryptomonas ovata - 1.0

Ankyra judayi — 1.0

Eudorina unicocca

(< 50 um) - 1.0?

(> 50 um) 0

Microcystis aeruginosa generally 0
but perhaps — 1 for
small (< 60 um) colonies




Selektivita v potravnich preferencich

Achnanthes
minutissima
Nitzschia

actinastroides

Scenedesmus|

acutus

Rhizochrysis
sp.
Synedra
minuscula
Synedra
acus
Elakatothrix
gelatinosa
Ulothrix
subtilissima
Asterionella
formosa
Mougeotia
thylespora

Sphaerocystis

schroeteri
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mostly 8-cell
colonies

» dynamika
nekterych
druhu
fytoplanktonu
relativné vice
citliva k filtraci




,Nejedlé” rasy




Interakce fytoplankton - zooplankton

» filtrace zooplanktonu jednou z pricin fluktuaci fytoplanktonu,
ale dynamika zooplanktonu zavisla na techto

fluktuacich
« Daphnia — optimum 0,5 uygC/ml
- minimum 0,08 ugC/ml

Table 27 Equivalovi came ; : ..
m:)rés‘ : 7{ qu;r}a:.’e_m‘ concentrations of selected algal and bacterial foods E
; ;; SERUNg the minimum maintenance (~0.08 ,ué C ml-?) gnd E
K r{{ fLra oo . 13 y o A5 ; AL B
ating (~ 0.5 ug C ml-1) requirements of Daphnia ar abour 15°C -

ontents calculate ; :
contents calculated as 0.21 pg um=> (see Chapter 1), except for

Asterionella (C = 50°/ ~ob £ o
ella.(C =509 ash-free dry weighr) and free-living bacteria

which are here gscume )
4 );H}(. 'h.e.n..a.smmc d to have conformed to Th ompson’s mean vahye
quoted by Thompson et al. | 982) 0f 0.013 pg C cell- 1) b -

Populations equivalent to |

el Gt A

) cell vol. content : c
S ot content  0.08 ug 0.5 i
pecies (m3) (pg) C ml-! C nﬁ_‘:’l

Cryptomonas ovarg -
Asterionella formosa Sgg 140 880
Chromulina sp. 9 1330 8330
flr;jdomonas minuta . l; i?gg 5430
Ankyra judavi s QoUL 3333
pfcg‘_f{;;’}i‘f‘{;’,jct : o 5 16000 1(;0008
iving bacteria 0013 6.15x10°  3.85x |07




Interakce fytoplankton - zooplankton

* maxima fyto- a zooplanktonu se stridaji

 zooplankton muze kontrolovat fytoplankton, ale fytoplankton
vzdy kontroluje zooplankton
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Month of the ye: nencing March

Figure 83. Seasonal variations in the abundance and size distribution
of})hytoplankton in Lund Enclosure A_.___ 197‘4 in relation to the —
zooplankton community filtration rate (_(..FR,): Generally o.‘nly ‘l.l}c»:,e.‘ ‘
particles < 10000 ym® unit size would be available to the__fllt»;x feeders
as food. (Redrawn from Figure 10 of Reynolds et al., 1982b.)




Zmeny abundance v prirodnich podminkach

dN/dt= p--(S+ G+ Pa+D)

| koncentrace bunék ras

¥ [ specificka rustova rychlost
S sedimentace
G .predace

Pa....ccooiireeeene parazitismus

D JR odumirani z jinych pri€in

e zareni
e teplota

e ZIVINy



Zareni



Slunecni zareni

Ekosféera prijima zareni ve vinovém rozmezi 290 az 3 000 nm
Zareni kratSich vinovych délek je absorbované ve vyssSich vrstvach
atmosféry ozonem a kyslikem

Spektrum 380 az 780 nm = viditelné svetlo (40 az 50% prijatého
zareni)

315 - 380 nm = kratkovinné ultrafialove UV-A zareni

280 — 315 nm = UV-B

100 — 280 nm = UV-C

780 — 3 000 nm infra€ervene zareni




Slunecni zareni ve vodnim prostredi




| orange

Depth (meters)

Depth (meters)

Wavelength (nanometers)




Slunecni zareni ve vodnim prostredi

pronikajici svétlo, %
50 100

-eufoticka _ = . ]
: teplota °C
vrstva

20

16
ot
P T }ep:llmnlon

termokliny

kompenzacni [
hloubka eufoticka ! 4 } metalimnion

vrstva

eepilimnion

kompenzaéni
bod pro
fotosyntézu

hloubka, m

L hypolimnion

afoticka
vrstva

Vztah teplotni a svételné stratifikace v nadrzi v obdobi letni stagnace



P-l krivky
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Primarni produkce a slunecni zareni
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Primarni produkce a slunecni zareni

Figure 21-25 'The surface irradiance
(a), the light extineton with depth (b),
and the P-I curve (c¢) which allows the
specific primary production (ng C mg
chl-'h™) to be estimated as a function
of the estimated light climate (d). The
specific primary production (mg C chl-# !
t") multiplied by the algal biomass (as
chl-2) at each depth (e-h) yields the dif-
ferent photosynthetic profiles shown
(i-l, mg C m~h™). The first profile is
common in well-mixed epilimnia of
mesotrophic lakes, the second in eu-
trophic lakes with surface blooms, the
third in those lakes with a metalimnetic
biomass maximum, and the fourth in
shallow transparent lakes and streams
with most of the biomass on the sedi-
ments. (Modified after Capblancg 1982.)

(mgchl-a) " mg Cm=h"

Figure 21-24 Primary production in
,l&%?zfry four Austrian alpine lakes in 1960 as
Zgp=4m E measured by the in situ uptake of
"*CO,. Oligotrophic Atter Lake (zg = 3
m) does not show a production maximum
or the pronounced surface inhibition
shown by mesotrophic Lunzer Lake.
Transparent Lang Lake (zgp = 5 m) ex-
hibits a metalimnetic phytoplankton
maximum, while highly eutrophic Zeller
Lake (zgp = 1.5 m) has a sufficiently high
biomass and resulting light extinction to
exhibit the maximum photosynthesis at
the surface. (Derived from Findenegg
1964.)
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Primarni produkce a slunecni zareni

Windermere North Basin

DEC./JAN. MAR./APR. JUN./JUL.

Rostherne Mere

Crose Mere

BT

e [ | =]
R. Ant
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Depth (m)




Primarni produkce a slunecni zareni

Hrubé denni produkce, primér
z obdobi duben aZ zé¥i,
g.m’z.denfl uhl{ku

Slapy, prim&r 1960-1969 0,5

Vrané, sdzavskéd vrstva

pramér 1963-1964 3,6
Klizava (vodérenské nédrz)

pramér 1962-1970 0,8
Kniniéky, prumér 1966=1969 1,3

Rybniky u Elatné, rozsah
gsezonnich primérd pro rizné
rybniky z riznych let




Specificka primarni produkce

log (P) = 0.30 - 0.76 log(chl-a)
r° = 0.67

-1 d41]

Specific primary production
Mg ClugC
o
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400 600 800

Phytoplankton biomass (ug C I')

Figure 21-27  Specific primary production, also known as
the activity coefficient, as a function of phytoplankton biomass
in the euphotic zone of the Klicava Reservoir (former
Czechoslovakia) determined over 24 hours between March
and October over a 7-10 year period. Note that the primary
production per unit biomass typically declines with increas-
ing biomass, with the biomass serving also as a surrogate for
the nutrient concentrations. The commonly elevated spe-
cific production in transparent oligotrophic systems reflects
dominance by rapidly growing picoplankton and nanoplank-
ton (see Fig. 21-12). The low community growth rates at
high biomass (high nutrients) usually appear to be the result
of dominance by slower growing microplankton and poorer
light conditions created by self shading. The specific pro-
duction in the lake is overestimated as the picoplankton bio-
mass was not considered. (Modified after Favornicky 1979, in
Westiake 1980.)
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Obr. 28 — Zavislost specifické primarni produkce na

biomase
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