Nekuna 9. Lect 09 Phosph_ Evol biosphere

Linkn dpocopa (okoH4yaHme). Linkn B pekax n B Mope.
CooTHoLLeHne «as3oT : pocop» Ha pasHbIX rybruHax okeaHa.
[TlonoxutenbHasa Koppenaunua mexay cogepXaHnem B
OKeaHM4ecKkoun Bode a3oTa n pocdopa B MUHEPArbHOMN,
npurogHou ans ncnosnb3oBaHnUa PUTonaHKTOHOM, dpopMe.
HekoTopoe HapyLlleHne B panoHax, rae naet UHTEHCUBHAaSA
aeHnTpndukauua. Bosspallaack kK bnocepe. Boigatowmecs
yyYeHble, NoOAroToBMBLUNE U pa3BMBaBLUME NPeaCcTaBNeHNs O
brnocdepe. IBontouns conHua. BospactaHme cBeTUMOCTMW.
[nnotesa ['en [Hxenmca JlaBnoka. [ mnoretnyeckasl «nnaHeta
pomMallek» - nogaepxaHne HEUM3MeHHOU TeMnepaTypbl
NOBEPXHOCTW NMiaHEeTbl 3a CHET MeHstoLleroca anbbeno.
OCHOBHbIe 4YepThbl pa3BuTmna buocdepsl. ADANTUBHOCTL U
rmaBHbIE€ 3Tarnbl cTaHOBNeHUs1 buocdepsl. Criaboe
BO3JEeNCTBME YeroBeKa.



CHNDO P S



B okeaH choccop nonagaeT co CTOKOM peK.
bnaropaps Bbicokomy coaepxxaHuto CO, u
rYMMHOBBIX KUCIOT pe4YHble BOAblI MMEHT cnadyto
KUCIYI0 peakuuro, 4To crnocoocTByeT
00pa30BaHNIO B HUX KOMMJIEKCHbIX COeANHEHUMN
docopa c xerne3om

Korgaa pe4yHble BoAbl CMELUUBAKOTCA C
OKeaHN4YeCKUMMU (XapaKTepusyrLwmmmcs
crnaboLwerioyHON peakuueu), 4acTb CBA3aHHOIO
dochopa BbLICBOOOXAAETCA M CTAHOBUTCSA
AOCTYNMHOU (PUTOMNSTAHKTOHY.

JTO CNocobCcTBYeT NnopgAaepXaHuUo BbICOKOU
nepBUYHOU NPOAYKLMN ICTYaPHbIX 3KOCUCTEM



OTHoweHue
HUTPATOB K
dochatam B
OKeaHn4YecKom
BOoAE Ha pa3HbIX
rmyounHax

HdaHHbIe no

68341 ctaHUUMN

MHOXeCTBO pencoB pa3HbIX
CTpaH

T.TYRRELL &
C.S. LAW

Low nitrate:phosphate ratios in
the global ocean

Nature 387, 793 - 796

(19 June 1997)
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figure 2 Scatter

[NO3)/[PO}-]

plot of the nitrate:phosphate ratio versus depth in the global ocean (after ), using

wme dataas in Fiz .



YcpeaoHeHHOe No 00NbLOMY YMCny
AaHHbIX COOTHOLLEeHMe a3oTa n
coocchopa B NOBEepPXHOCTHbLIX CIOoAX
BOAHOU TOJLLM OKeaHa
OKa3bliBaeTCH paBHbIM

14.7 : 1,
ane 10 : 1,

KaK TO creAyeT U3 COOTHOLUEHUSA
Peadovnbna
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[aHHbIe no
68341 ctaHUUN.
MHoXecTBO
pencoB pa3HbIX
CTpaH

CnpaBa noka3aHa
obnactb
NOHMNXKEHHOro
oTHoweHunsa N : P
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[MpocTpaHCTBEHHO-
BPEeMEeHHbIe
rpaHuUbI
3KOCUCTEMBI,
ECOtyYSTEM BblaensemMblie no
of epilimnion  KPYrOBOPOTY
docopa

O3epo B cpeaHeun
noroce, c
BbIpa)>XeHHON
cTpaTudukayumeun, Ho
NOJSIHOCTbLIO
nepemMelunBaemoe
BECHON N OCEHbLIO




BO3BPALLAACDH K BUOCDEPE

bunocdmepa —
obnacTtb 3emMnu, HacerneHHas
XUBbIMU OpPraHu3Mamu u

Haxogsilasacsa noa Ux BIIMAHUEM












bunocdepa Bo3HUkKNa 3.5
MUnnuapAaa net Tomy
Ha3an. OHa Bpsag nu
NpocyLlecTBYeT eLle
oonee 1.5 munnuappoos
neT



JBonuna onocdepbl —
HeoOpaTnmasn
nocrneaoBaTesibHOCTb
COObLITUN, NOPOXKAEHHAA
reoxuMmm4ecKou
aKTUBHOCTbLIO OPraHM3mMoB



Jean-Baptiste Pierre Antoine de Monet,
chevalier de Lamarck

(1744, Bazentin - 1829, Paris)




Alexander von Humboldt (1769-1859)




Brnagnmup
ViBaHOBUY
BepHaackmu
(1863 — 1945)




MMHKO-TEXHHYECKOE H3JATENBCTBO
{HO TEXHMYECKHA OTAEN B. C. H. X.

 JEHUHTPAL
1926
.~




Cepreun Hukonaesun4 BuHorpagckumu

1856-1953

B 1896 roay cdpopmynupoBan
npencTraBrieHne O XXU3HU Ha

3emMmne kak o cCucteme
B3aMMOCBSA3aHHbIX
onoreoxXxmmMmumiecKkux

LLUKJIOB,

KaTaliM3npyemMmbiX
XNBbiMU CyllleCTBaMiU




James Lovelock (b.1919) — father of Gaia




James Lovelock and Sandy




The Sun photographed by the Atmospheric Imaging Assembly (AIA 304)
of NASA's Solar Dynamics Observatory (SDO)



Xun3Hb ConHua («KenTtoro Kapnuka», KOTopbIn
npeBpaTUTCA B «KKPACHOro ruraHta», a notTom B
«0ernoro Kapnuka)

LLikana BpemeHu — Mmunnuapabl nert

Life Cycle of the Sun

Now Gradual warming Red Giagg Planetary Nebula

0000000000‘-‘-- .

NN - White Dwarf

Birth 1 p 3 4 5 6 7 8 9 10 11 12 13 14
Billions of Years (approx.) not to scale

during its current life in the main sequence, the Sun is gradually becoming more
luminous (about 10% every 1 billion years), and its surface temperature is slowly
rising. The increase in solar temperatures is such that in about another billion
years the surface of the Earth will likely become too hot for liquid water to exist,
ending all terrestrial life.



The evolution of climate on
Daisyworld _

The dashed curve shows the rise of
temperature on the model planet
due to increasing stellar luminosity,
with no life present, and the solid line
shows how a constant temperature
is maintained with life (in the form of
dark and light daisies) first warming,
and then cooling, the surface.

Daisyworld: a model for Gaia
Welcome to planet Daisyworld: a
computer model planet like the
Earth, orbiting a star like the Sun,
but on which the only species are
light and dark daisies. In the distant
past, when the star was less
luminous, only the equatorial region
would have been warm enough to
permit the growth of daisies, and the
dark daisies would have flourished,
because they absorb more warmth
from sunlight. Gradually the dark
daisies would have colonized most
of the planet, and by absorbing heat
begun to warm the surface
environment.

However, as the star's luminosity
increased the lighter daisies would
have been favoured instead, due to
their natural ability to keep
themselves and the planet cool, by
reﬂectin% more light. Finally, when
the heat flux from the star becomes

50 great that not even the white
daisies can keep the planet cool
enough for life, deserts spread from
the equator and finally the system
fails and Daisyworld dies.




[eoprnn AnekcaHgpoBud 3aBap3viH
(1933 — 2011)




1738 r. - K. JluHHen cipopmynmpoBan npeacraBrneHme
O MHOX€eCTBE OpraHM3MoB

1799 r. - A. l'ymbonbAaT NnpeanoXxun paccmaTpuBaTb
B3anMoOencTeme ogHOBPEMEHHO CYLLECTBYHOLLNX
OpraHnM3mMoB C NaHAaLadTOM

1859 r. - Y. lapBnH ob60CcHOBaN NAaew o0 TOM, 4YTO
CBOWNCTBa KaXOoro BMaa onpenensorca ero
NPOUNCXOXAEHNEM,

1896 r. - C.H. BuHorpaackumn Bbickasan naetw o 3emMre
Kak euHOM OOJibLLOM OpraHnu3me

1926 r. - B.. BepHaackuun co3gan teoputo bnocdepsl
1979 r. - A. J1aBnokK BbiABUHYN MTMMNOTE3Y, B KOTOPOU
bmnoTta onpenenseT ycrioBus CBOEro CyLleCTBOBaHUS,
perynupyeT coctaB atMocdepbl U Knumart



4 mnpa 3 MNpA 2 Mnpa 1 Mnpa

Jokembpumn daHe-

Katapxeii| Apxeii MpoTeposoii __|Beny PO30V

opa Mepuop
YeTBepTuuHbin,Q(1,5-2)

HeoreH, N (23)

KanHo3son, KZ (67)

ManeoreH, P (42)

Men, K (70)
Opa, J (58)

Me3osoii, MZ (163) |—1Puac, T (395)
Mepmb, P (55)

Kap6oH, C (65)
NesoH, D (55)

At Cunyp, S (35)
Maneosoii, PZ (340) Opposuk, O (60)

Kembpuin, € (70)




IA.3asap3uH «Jlekyuu ...»

PyHKUMOHaNbHOEe pa3Hoobpa3ue
NPOKapPUOT CNOXUIIO CUCTEMY
OTHOLWeHun bnocdepsbl K
reocdepbl (TouHee — nuTocdcepsil).

Bce ocTanbHble OpraHu3mMbl BNUCbIBAariuCb B 3Ty
paHee CrIoXXUBLUYHCS CUCTEMY OTHOLEHUU. OHM
He MOrfn NPOTUBOPEYNUTb €N U YAepPKMBannucb
TONMbLKO B TOM crlyYyae, ecriu corfiacoBbiBariuCb C
OMoreoOXMMmM4eCKoOn CUCTEMOUN NMPOKaAPUOT...



Understanding biogeochemical
coevolution is critical to the survival of
humans as we continue to influence
the fluxes of matter and energy on a

global scale. Microbial life can
easily live without us; we,
however, cannot survive
without the global catalysis and
environmental transformations

Science 23 May 2008: Vol. 320. no. 5879

It prOVIdes . Paul G. Falkowski, Tom Fenchel, Edward F. Delong



1. PazButue bmnocdepsbl
npoucxoauT agauTUBHO -
3a cyeT nodaBneHus
HOBbIX KOMIMOHEHTOB K
Vy)Xe CyLlecTBYOLWen n
paboTaroLwien cucteme



.A.3aseap3uH «Jlekyuu ...»

UcTopusa OmoTbl — aganTUBHAA 3BOJSIIOLUA C
aTanamm:

|. [MpokapnoThbl.
Il. NMpokapuoTbl + NPOTUCTDI.
lll. MpokapuoTbl + NPOTUCTLI

+ MHOTOKINeTO4YHbIle.



.A.3aseap3uH «Jlekyuu ...»

Ha kaxgom aTtane onpegendwowas ponb
NPUHagNeXxuT NepBUYHbLIM NpoAyLEeHTaM —
OKCUreHHbIM (poToaBTOTPO(aM:

|. LlmaHobakTepun
Il. UlmaHobGakTepumn + Bogopocnu
lll. UlnaHobGakTepum +

BOAOPOCHMN + pacTeHus



HOCJIGIIOBaTeJIbHOCTb ITIOABJIEHTIA
AOMITHMPVIOIINIX I'PVIIII OPIraHII3MOB Ha oasze

CYIIeCTBYROIIETH YCTOMMIMBOT CHICTEMbBI
£

Pacrenua n
KHBOTHEIC

MHOrOKJICTOMHEIC
C TKAHAMH

apxe# npoTepPo30i posoit

Puc. 21. Voroxaenme OMOTH B IPOIECcce aZIMTHMBHOM BOTIOIIMM KaK Ha-
C7ToeHMe Ha Ouocdeprl MPOomUIoroe (B MKaTe MWITHAPIOE JIET).

N3: .A.3aBap3uvH, 2011



I.A.3aesap3uH «Jlekyuu ...»

Pa3Butue cpotoaBToTpocdoB
orpaHM4YunBaeTcs NNOTHOCTbLIO
xnopodunna Ha eauHULUYy
oOnTaeMon NOBEpPXHOCTMN.
Camo3aTteHeHue!ll BenuyunHa
nepBMYHOU NpoAyKUUU 3eMnn
HaxoAuUTCcA B npepenax

(1-2) x 102 I'*C/rop



2. lNoppepxaHue
OnoreoxMmMmnyecKkux
LMKNOB BO3MOXHO
TOJIbKO 3a cYeT paboThl

cooblLecTBa pa3HbIX
OpraHM3mMoB



3. bnocdepa obIna u
OCTaeTCH rereporeHHowu
CUCTEMOM, T.K. BKITlOYaeT
bunoTtonbl, CyLeCTBEHHO
pasnuyarowmecs no PuUsnko-
XUMUYECKUM U
OnoreoXMmMmMUYeCcKum
napameTpam



OcHoeHble amanbl pa3zsumusi buocgepsbi
(coanacHo cxeme I.A.3aeap3uHa - 2003)

l-u 3Tan -

«goounocgrepHbINY -
XU3HepeATeNnbHOCTb OPraHU3MoB
NOYTU He CKa3blBanachb Ha
rmodanbHbIX reOXUMMUYECKUX
npoueccax n oonumke seMHoOu
noBepxHocTu. NepBbIN MUNNnapAa
neT cyuwiectBoBaHuA nnaHeTtobl (4.5 -
3.5 MnpAa. net ToMy Hasan)



OcHoeHble amanbl pa3zsumusi buocgepsbi
(coenacHo cxeme N A.3asap3uHa - 2003)

-1 3Tan —

«MPOKAPUOTUN»

- Bce oOuTaBLUMe Ha 3emMne
OpraHU3mMbl - MPOKapPUOTLI.
Oonunca npumepHo 1.5 mnpa. net
(ot 3.5 po 2 mnppA. net Tomy Ha3apn,)



OcHoeHbIe amanbi pazeumusi b6uocgepni (coenacHo cxeme I A.
3aeap3uHa - 2003)

lll-n 3Tan —

«MPOTUCTUN»

- NOABNAIOTCA NepBble
OOHOKNEeTOYHbIe 3YKapUOTbl —
npoTtucTbl. lnunca npumepHo

1 mnpa. net (ot 2 oo 1 mnpa. ner
TOMY Ha3an)



OcHoeHble amanbl pazeumus buocgepnl (coenacHo cxeme I A.
3aeap3uHa - 2003)

IV-u atan —

«MeTa3on» -

oT natuHcKkoro Metazoa
(MHOrokneTo4Hble XXUBOTHbIE)
[loaBnATCA KpynHbIe
OecckeneTHble XNBOTHbIE (payHa
BeHOa U 3guaKkapckasa payHa.
Ot 1 po 0.5 mnpAa. net Tomy Hasan)



OcHoeHble amanbl pa3zsumusi buocgepsbi
(coanacHo cxeme N A.3asap3uHa - 2003)

V-1 3Ttan —

«NnNaHTMnNY

- (oT aHrn. plant - pacTteHue).
Bbixoa Ha cywly pacTeHUU v
cboopMupoBaHue pacTUTenbHOro
nokpoBa. Hayanca npumepHo 400
MWUIJIMOHOB J1eT TOMY Ha3aa u
npoAaomKaeTcH NOHbIHE



A Homo sapiens?



Jlykac KpaHax

cTapLumn
1472 — 1553,

Ountnx «Agam n EBa»
UcTopusa oTKpbITUA
30echb:






Carl Edward Sagan (1934 —1996)

Carl Sagan, W. Reid
Thompson, Robert Carlson,
Donald Gurnett & Charles
Hord

A search for life on Earth
from the Galileo spacecraft
Il Nature. 1993. V. 365. P.
715 - 721



Galileo spacecraft - 3anyck Kk lOnutepy —
18 okTAOpa 1989 r.
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Galileo Launch Date: 18 Oct 1989
The Space Shuttle Atlantis - carrying the Galileo spacecraft - soars above Florida on Oct. 18, 1989. The
scene was recorded with a 70mm camera by astronaut Daniel Brandenstein. Image Credit: NASA



Galileo spacecraft

N

Galileo Over lo. Another artist's view of Galileo flying past Jupiter's volcanic moon lo. The image incorrectly
show's the spacecraft's high gain antenna in its fully-deployed position. The antenna actually only opened
into the funnel shape shown in most of the other mission artwork. Image Credit: NASA Credit: NASA



[lpu noaneTte K 3emMrne Ha
paccTosAHUU 960 Km
(MUHUManbHoOe
cOnnxxeHne) oaT4YNKM
«annneo» oOHapyXunwm
creQyroLlyo KapTUHY:



CARL SAGAN'S CRITERIA FOR LIFE

1. Strong absorption of light at the red
end of the visible spectrum,
particularly over the continents. The
light-absorbing pigment that causes
this is chlorophyll, a molecule
essential to plant life and
photosynthesis. (Plants appear green
because chlorophyll reflects green
light and absorbs red and blues.)



CARL SAGAN'S CRITERIA FOR LIFE
2. Spectral absorption features caused by

molecular oxygen in Earth's atmosphere.
The amount of O, in our atmosphere is
many orders of magnitude greater than is
found on any other planet in the Solar
System. An oxygen-rich atmosphere is a
curiosity because oxygen slowly
combines with rocks on the earth's
surface. Maintaining the oxygen content
requires some replenishing mechanism, in
this case photosynthesis by plants - the
action of life.



CARL SAGAN'S CRITERIA FOR LIFE

3. Infrared spectral lines caused by
methane In the atmosphere. Although the
amount of methane Galileo saw was
miniscule - about 1 part per million - it is
still important. In a oxygen-rich
atmosphere like Earth's, methane should
rapidly oxidize into water and CO,,. Not a
single molecule of methane would remain
in equilibrium. Biological action such as
bacterial metabolism in bogs replenishes
the supply



CARL SAGAN'S CRITERIA FOR LIFE

4. Modulated narrowband radio
transmissions. These emissions look
nothing like natural sources of radio
waves like lightning and plasma
instabilities in Earth's
magnetosphere. They are clear signs
of a technological civilization.



