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G. E. HUTCHINSON

Osborn Zoological Laboratory, New Haven, Connecticut

The problem that I wish to discuss in the present contribution is raised
by the very paradoxical situation of the plankton, particularly the phyto-
plankron, of relatively large bodies of water.

We know from laboratory experiments conducted by many workers over a
long period of time {summary in Provasoli and Pintner, 1960) that most mem-

bers of the phytoplankton are phototrophs, able to reproduce and build up
populations in inorganic media containing a source of CO,, inorganic nitro-
gen, sulphur, and phosphorus compounds and a considerable number of other
elements (Na, K, Mg, Ca, Si, Fe, Mn, B, Cl, Cu, Zn, Mo, Co and V) most of
which are required in small concentrations and not all of which are known to
be required by all groups. In addition, a number of species are known which
require one or more vitamins, namely thiamin, the cobalamines (B, or re-
lated compounds), or biotin.

The problem that is presented by the phytoplankton is essentially how it
is possible for a number of species to coexist in a relatively isotropic or
unstructured environment all competing for the same sorts of materials. The
problem is particularly acute because there is adequate evidence from en-
richment experiments that natural waters, at least in the summer, present an
envitonment of striking nutrient deficiency, so that competition is likely to
be extremely severe.

According to the principle of competitive exclusion (Hardin, 1960) known
by many names and developed over a long period of time by many investi-
gators (see Rand, 1952; Udvardy, 1959 and Hardin, 1960, for historic re-
views), we should expect that one species alone would outcompete all the
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» VVysvetleni — ke kompeticnimu vytesneni nutne dele trvajici
stale podminky, rozdily v kompetiCnich
schopnostech jsou asi prilis malé na to,
aby doslo k vytesneni drive, nez dojde ke
zmeneé podminek

- selektivni vyzirani muze podporovat  koexistenci

- kompetice muze byt potlacena komensalismem,
parazitismem

- mnoho druhu meroplanktonnich



Sezonni periodicita planktonu

* béhem roku se méni kvantita i drunové slozeni fytoplanktonu

* pravidelné opakovani cyklu — u velkych nadrzi (ménée
vychylitelné)

* nejedna se o sukcesi v pravem smyslu slova — fytoplankton
ma kratke generacni doby

Hnaci sily

» allogenni — vngjsi vlivy

» autogenni — stavajici populace meni podminky v systemu

Generalizace obtizna
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Table 1. Lakes, reservoirs and ponds of the PEG seasonal succession project.

Zmax Zmean

(m) (m)

ret.
time

(d)

mixis
type

1ce-
cover

summer max.

stratif.

Plol
(rg/1)

spring
SRP
(1g/1)

contributor

Stratifying, temperate, eutrophic lakes and reservoirs
1 Plufisee (FRG) 29 8
Mikolajskie (Poland) 28 11
Glebokie (Poland) 34 12
Vechten (Holland) 12 6

L. Constance (D/CH/A) 250 100

Majc Wielki (Poland) 16
Bieler See (Switzerland) 74

Stratifying, temperate, oligo-/mesotrophic lakes
8 Saidenbach-Res. (GDR) 45 15
9 Lac Pavin (France) 98 52
10 Piburger See (Austria) 25 14

1 L. de Tazenat (France) 68 41
1 Lunzer U. See (Austria) 34 20
l Langvatn (Norway) 55 18

Shallow lakes, non-stratifying (ns) or weak stratification (ws)

14 L. Suwa (Japan) 6.4 4.1
15 Tjeukemeer (Holland) 1.5

16 Neusiedler See (Austria) 1.8 1.3
17 L. de Creteil (France) 4

18 @. Heimdalsv. (Norway) 13
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Fig. 1. Relationship between the maximal spring total phosphorus and the maximal
annual biomass of phytoplankton (in top panel) and of zooplankton (in bottom panel).
Phosphorus in pg per litre; biomass in mg freshweight per litre.
Lakes are numbered according to the list in Table 1. When necessary, the original data
have been converted according to Wineerc (1972). Circles: stratifying lakes of the tem-
perate zone. Diamonds: unstratified lakes of the temperate zone. Plain numbers: sub-
tropical lakes. ;
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Fig. 2. The maximal summer contribution of Cyanaphyta (A), ¢
diatoms (C) to the toral phytoplankten biomass compared with
biomass of the phytoplankton. Symbols s in Fi
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the maximum annual
g L.
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 Plankton Ecology Group

» standard, jak sezonni zmeny mohou vypadat

nelimitovany rust drobnych druhu fytoplanktonu

. vzrust zooplanktonu

. exponencialni rust zooplanktonu

1.
2
3. rychle rostouci druhy jsou nahrazeny pomalu rostoucimi
4
5

. ,clear water” , nasledovana namnozenim nejedlych ras
(Planctosphaeria gelatinosa, Volvox, Pandorina,
Aphanizomenon, Microcystis)
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PEG model

. limitace zooplanktonu

6
/. zraci tlak ryb urychluje sestup zooplanktonu
8.
9

snizeny Zraci tlak — rust fytoplanktonu — komplexni slozeni

. pokles koncentrace fosforu

10. limitace fosforem

11. kompetice o fosfor — zamena zelenych rfas za rozsivky

12. vyCerpani kiemiku - zamena rozsivek za sinice nebo

obrnenky

13. zvyhodnéni dusik fixujicich sinic

14. - 16. prevazuji drobneé druhy zooplanktonu, fluktuace




PEG model

. allogenni vlivy — prohloubeni epilimnia — obohaceni zivinami

. rozvoj fytoplanktonu adaptovaného na michani - vyhodné
pro velké rozsivky

. velke druhy fytoplanktonu jsou doprovazeny urcitym
podilem malych-jedlych druhu

. rust biomasy zooplanktonu — podzimni maximum

. zhorSeni svételnych podminek zpusobi pokles
fytoplanktonu

. pokles zooplanktonu (snizena nabidka potravy a pokles
teploty)

. nékteré druhy zooplanktonu tvori trvala stadia

. vV zimé se prubézné lihnou klidova stadia nékterych druhu



PEG model
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PEG model

eutrophic , oligotrophic

Biomass

physical factor physical factor
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ezonnost a regionalni produktivita oceanu

.02.03 .05 o m i ] %) 10 152030 30

Ocean: koncentrace chlorofylu a (mg-m-3)

Maximum e Minimum
Pevnina: normalizovany vegetacni index




Polarni more

* maximum fytoplanktonu
v kvetnu, zooplankton v
cervnu, vysoka biomasa
az do nastupu polarni
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Polarni more

» Antarkticky ocean — produktivita vyssi nez v Arktide

« vystupné proudeni na ziviny bohate severoatlantické vody

* izotermicky teplotni profil nebrani promichavani povrchovych
a na ziviny bohatych hlubSich vrstev

teplota °C

Na Ziviny bohatg

Severoatlants

(byla zanoreng
asi 300 let)




Severni polarni a borealni oblasti

« dominance rozsivek (zvyraznuje se smérem na sever)
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JiZni ocean

« 20 % plochy svétovych oceanu — role v regulaci klimatu
* relativne vyssi koncentrace zivin — ale FE !

* dominance rozsivek
Nl A
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Tropicka more

* nizka produktivita dana nedostatkem zivin

» ostra termoklina zabranuje transportu zivin z hloubky,
nejvetsi koncentrace v hloubce 500-1000 m

* vyjimky — rovnikoveé vystupné proudy (Galapagy)

- pobfezni vystupné proudy — Z pobfezi kontinentu

termoklina




Volny ocean — tropy a subtropy

* nejvetsi svetovy biom
e [imitace Zivinami — nizka biomasa, vysoka pruhlednost
* maximum biomasy v hloubce

» obrnenky, rozsivky, ALE vetsina biomasy Prochlorococcus,
Synechococcus




Umbellosph



Pobrezni vystupné proudy

oblast proudéni smér vétru
vyvelaného ve

TICHY

OCEAN

1815 20 %0

koncentrace chlorofylu
mg-m™



Emiliania huxleyi
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Oceany mirneho pasma

» strida se limitujici vliv zivin a svetla
v zime nizka produktivita, ale nejvyssi koncentrace zivin

villy Chuda voda

— kompenzaéni hloubka
pro fotosyntézy

Cerven

maximum (+)
Ubytek ()

minimum (=)

tbytek ( §)



Oceany mirneho pasma

e jarni a podzimni maximum fytoplanktonu

fytoplankton

podzimni
nardist

VSV e




Sezonnost a regionalni produktivita oceanu

 nejvetsi produktivitu maji more mirneho pasu

severni polarni
oblasti

severni mirny pas
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