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Human industry and agriculture are
substantially changing the concentration of
CO, in the atmosphere, the global nitrogen
cycle, and the coverage of land.
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Mewpyia kai emidpaon oTov KUKAo Tou N

A Figure 54.20 Agricultural impact on soil nutrients.
Removal of harvested plant biomass for market removes mineral
nutrients that would otherwise be cycled back to the local soil. To
replace the lost nutrients, farmers must apply fertilizers—either organic
fertilizers, such as manure or mulch, or manufactured fertilizers.

To N eivai To KUpio BpeTTIKO
TTOU XAVETAl KATd ThV
KaAAlEpyela Kkai
ameAeuBepwveTal we ofeidia
Tou N oTnv atpéopaipa
OUVEIOPEPEI OTO PAIVOUEVO TOU
Beppoknmiou, aThv TpUTIA TOU
olovToc Kai athv 6€ivn Pppoxh.



MoAuvon Twy UOATIVWY 0IKOCUOTNHATWY

H mpooOeon N emipaplvel To oikooUoTnua.

Méow Twyv uttdyeiwyv VOATWYV odnyeiTal oe ©AaAacoeg, Aipveg K TToTauia
(euTpo@iopoC Kai poAuveon TTooIoU vepoU).

Ta viTpikd dnpioupyolv KapKIVIKEG VITpolaliveg, kAl EAATTWVOUV OTd
aidid Tnv pEpouaa 1IKkavoTnTa oc ouyovo Tou aiparToc.
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Oligamphic Wiazatropilo Eutrophla

HATURAL EUTROPHICATION AND LAKE AGING occurs over certunias, and results from ratural sources of nutrients and ssdiments
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CULTURAL EUTROPHICATION AND LAKE AGIHNG occurs over decades, and results from human4dnduced urtan runclf, sewage
effluent, industrial waste, fertilizers, pesticides, and excess sadiments
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To 1852, o BpeTtavég Angus Smith xpnoigomoinoe yia mpwtn wopd Tov 6po "acid
rain” yia va mepiypdyei pia emidpaon Tng Blopnxaviki¢ EmavdoTraong otnv ayyAiki

l’l"ﬂlal\l\
vitQigpo.

2 Auepa xpnaidomoleiTal Kupiwg o 6pog “acid precipitation”.
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Concentration of
Hydrogen ions
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Examples of solutions at this pH

Battery acid, Strong Hydrofluoric Acid

ATHOOQAIpA

Hudrachloric acid secreted
by stamach lining

Lemon Juice, Gastric Acid
vineger

COZ Kdi Hzo —> Aivo HCO3 pHo5,6

Grapefruit, Orange Juice, Soda

Acid rain
Tomato Juice

+ H,0

Soft drinking water
Elack Coffee

Urine
Saliva

"Pure” water
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Sea water (

Great Salt Lake
Milk of Magnesia
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Ammonia solution

Soapy water

Bleaches
Oven cleaner

Liguid drain cleaner
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t 1. Xepoaia wepipaArovra: H
peiwon Tou pH — peiwon Tng
Katakparnong Ca?* Kai

OpenTIKWY
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2. Apauartiki ewidpaon
oTIC Aipveg:

Karaotpépovral Ta
avyda, R ol amwoyovol
givar dUopopyol.

O1 e§wokeAeToi TWY
pHaAakiwv dev
oKAnpaivouv.

AonovduAa Kal
TPWTIOTA EBaivouv.

MUKNTEC Kal YUKia
avrikabioTouv Ta
avloyodpa uTa.

TTeBaivouv o1 wéaTpoweC
Kal av§avouv Ta Yapia
7oV €ival avOeKTIKA o€
ofiva wepipailiovra.
AiatapdoocTal n
TpoWIKN aAucida.
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211¢ HTTA amé 1o 1993-2002 n ekmopmhh SO, peiBnke katd 31%. Oa
xpelaaTouv akopn 20 xpovia yia va emavéABel To oikooUoThid
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A Figure 54.22 Average pH for precipitation in the contiguous United States in 2002.






AT 10 1968, emioTAUOVEC
npoaBéTouv H,SO, oTn Aipvn
Manitoba (pia Aipvn 322 Km),
HelwvovTag To pH amo 6,8 oTo D.

EmnpedoTnke n promoikiAGTNTA.

H 6&ivn Ppoxn dev gaivetai va
emnpedlel TNV TPWTOYEVA TTapaywyn
Kdl To puBuoé amoikodopnong.

duoikd yeyovoTad UtmmopoUV va avTioTaduioouv Thv ofivion Tou TepIPAAAOVTOC

- TTpoiévTta Tou Ca?* éxouv pubHIOTIKG amoTéAsopa
- BakTnpia oe reukopeAoveg e€oudeTepvouv Thv 6EIvn Ppoxh

- BpUa oc Tuppocidn eddpn yUpw amo Aipvec amoppopoUlv Kai e€oudeTEpWwVouV
Thv 6¢1vn Ppoxh

- BaBid oTic Aipveg, pakthpia katapoAiouv Ta mpoiovra N kai S.



H 6¢ivn Ppoxn emnpedlel kai Ta ddon (ddoog kwvowdpwy oTo Fitchtelgebirge
oth Meppavia):

- To H,SO, kai To HNO; — pH < 5 — Ta 16vta ahoupiviou (Al3*) kai aidnpou

(Fe3+) d1e108U0ouv oTi¢ pileg Kkal avTikaBioToUv BpemTIKA, 6TTWCE TA 16vVTa Ca®*

(amapaiTnTwy yia Thv av&non eUAAWY, KAadIWV Kal Kopuwv) Kai Ta 16vta Mg?*
(ouoTaTtiké TG XAwpoUAANG) — TtapepmodileTal n avdmTuén TWv JEVTPWV.

- EmmAéov n ocuoowpeuan N amé To HNO,
dieyeipel Tnv av€non Tou dévTpou.

— Ta dUo auTd avTikpoudueva onpaTda
OTPEOAPOUV TO YUTO Kal To KaBiaTouv
geudAwTo 0¢ HOAUVOEIC | OTO vd aAvVTATIOKPIOEi
o€ £va OpIHU XEIpwva.




Chilean Forest:
The amount of
precipitation derived
elements leaving is
equal to those arriving

Nutrients disolved in
preciptation enter

Tree takes up nutrients
from soil, some from rock
weathenng, some from

atmospheric sources

Blue=precipitation
derived nutrients

Red=Rock derived
nutrients

Mutrients exit to
groundwater and streams

Tree leaves become yellow
as nutrients become
scarce in the soil

H' ions from acid replace
the nutrient elements in the
soil; for every unit of acid
added to the soil, an
equivalent amount of
nutrient elements are
removed

+ = 1C2'0r 21

More nutrient elements are
leached from the soil than
arrive from weathering of
o+ FOCKS Or precipitation; the
forest goes inte decline
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FIGURE 45.3 Acid Deposition. [A) In the United States, the average pH of precipitation drops in
an eastward direction. Sulfur and nitrogen oxides from industry in the U.S. midwest cause the acid
deposition in the East. (B) Brown conifer needles are an early sign of acidified soil. (C) Years of acid depo-
sition have defaced this statue in Herten, Germany.

Source: Data from Thomas Graedel and Paul Crutzen, “Atmosphere, Climate and Change” in Scientific American
Library, 1995.




Tolivec oTo TepIPdAAov

O1 to€ivec amoBnkelovTtal ot
€101koUC 10TOoUG, OTTWG O
Airtwodng.

Eivar emkivduvec yiaTi
aufdveTal n oUYKEVTPWON
Toug 600 avepaivoupe og
TPOPIKO €TiTTEd0: PIoAOYIKA
ueyéBuvon (biological
magnification).

DDT concentration:
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Eunodilel Tnv andOeon Ca?* ota

avya
= Mercu ¥ 7N
COoOn on

e

Herring

gull eggs
124 ppm

X
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O udpdpyupog TTpoépXETAl ATIO
ThV TTdpaywyn TTAAOTIKWY Kal
XUveTal oTad ToTdpid o¢
adidAutn popoh. Ekei Ta
PakTApIA TOV HETATPETIOUV OE
pHeBuAIwpévo Tapdywyo, _
e€aIpeTIKA TOEIKO Kal O1aAUTO Zooplankton

TToAuxAwpiopéva dipaivohia (PCBs)

Phytoplankton g

TIOU OUGOWPEVUETAI OTOUC S R 0.025 ppm
I0TOUC. A Figure 54.23 Biological magnification of PCBs in a Great

Lakes food web.
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A Figure 54.24 The increase in atmospheric carbon dioxide at Mauna Loa,
Hawaii, and average global temperatures over land from 1958 to 2004. Aside from
normal seasonal fluctuations, the total amount of CO, has increased steadily (black). Though
average global land temperatures over the same period fluctuate a great deal (red), there is a
warming trend.
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Figure 29.4 | Historical record of annual input of CO, to the at-
mosphere from the clearing and burning of forest (a) globally and
(b) in selected geographic regions: Latin America, Tropical Africa,
North America, and Europe. (Adapted from Houghton 1997.)
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Figure 29.7  Distribution of biomass enhancement ratio (BER)
% for several functional types of species. BER is the ratio of bio-
N T mass growth at elevated and ambient levels of CO,. Distribu-
tions are based on 280 C;, 30 C,, and 6 CAM species. C, species
were separated into three groups: crop, wild herbaceous, and

O | | |
0 2 4 6 8
Duration of CO, enrichment (years) woody species. Boxes indicate the distribution of the range of
Figure 29.8 | Time course of biomass enhancement ratio (BER) obsgrvatlon. Line represents medlalj value, lower b.ox 25th per-
due to elevated CO,. BER is the ratio of biomass growth at ele- cent|le, and upper box 75th percentﬂe. Error bars give 10th and

vated and ambient levels of CO,. Each line represents the re-
sults of an experiment with a different tree species. (Adapted from
Poorter and Pérez-Soba 2002.)

goth percentile. (Adapted from Poorter and Pérez-Soba 2002.)




TTwg n at&non Tou CO,
emtnpedlel TNV olkoAoyia Twv
daowv.

To meipapa FACTS-I.
(Forest-Atmosphere Carbon
Transfer and Storage)

A Figure 54.25 Large-scale experiment on the effects of
elevated CO,. Rings of towers in the Duke University Experimental
Forest emit enough carbon dioxide to raise and maintain CO, levels
200 ppm above present-day concentrations.
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triangles) and stem temperature ( Ty, circles) for ambient and elevated CO;
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The Greenhouse Effect

A T M o S P H E R E

Some solar radiation Is reflected by the

atmosphere aml earth’s surface e e e T G T

Outgoing solar radiation: passes through the atmosphere
103 Watt per m?

and Is lost In space

Solar radiation passes through
the clear atmosphere.
Incoming solar radiation:
343 Watt per m=2
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The main greenhouse gases

Greenhouse Chemical Predndustrial Concentration  Atmospheri Anthropogenic Global warming
gases formula concentration in 1994 Iifeﬂm{fan's}*“ SOUrces potential (GWP)*
Fossil fuel combustion
Carbon-dloxide CO, 278000ppby 358 000 ppbv \arable Land use conversion 1
Cement production
Fossil fuels
Methane CH, 700ppbv. 1721 ppby = 122443 i gﬁﬁg o1+
Livestock
Fertllizer
Mitrous oxjde N,0 272 pphv 311 ppbv 120 indusinal processes 310
combusiion
CFC-12 CCl,F, 0 0,503 ppby 102 LiqUt COORNIS. —  8200-7100 >
HCFC-22 CHCIF, 0 0,106 ppbv 121 Liquid codlants 1300-1400 =
Peiucromethane |  CF, 0 0,070 ppbv 50 000 il 6 500
Sulphur Dielectric
hexe-fLiords SFy 0 0,032 ppbv 3 200 i 23 900
Note - ppiv= 1 pad per inlon by wolome; ppbv= 1 parl per b8on by velema, ppmvs 1 pani permiibon by wieme
* GWP for 100 yoar fime horizon, ** inchides indired! elede of 1 | duction and siralpepheric wala production, * 150l !
SR AL e i Sl o o v el e o e e 1 R B T )
i1, inchiding [N Bdrod oBed dua 10 0o doeplelion ). R Py

Sowinos IR maaiva forcnpreqon | Cimale change 195, The saence of dimatsorsanges, coninbubion of morking groupe 1 tothe sscond sesesament repart of thie
inberpoves mertal panel on dimas dha w3, UMER and W NG, Canbridos press usiesty, 1996,
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Annual Greenhouse Gas Emissions by Sector
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(a)

(b)
Figure 29.20  Maps of the areas in the tropical zone that could possibly support rain forest
ecosystems as predicted by the Holdridge biogeographical model of ecosystem distribution. Map (a)
is the area of tropical rain forest under current climate conditions, and (b) is the predicted area under
changed climate conditions predicted by the United Kingdom Meteorological Office general circula-
tion model for a doubled atmospheric CO, concentration. (Adapted from Smith et al. 1992.)



Figure 29.21 = Long-term sea level
records from six coastal regions of the
world: Takorandi (Africa), Honolulu
(Hawaii), Sydney (Australia), Bombay
(Asia), San Francisco (North America),
and Brest (Europe). (Adapted from
Houghton et al. 1996.)
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L

Figure 29.22  Land area in Bangladesh that would be sub-
merged (dark green area of map) if sea level rose by 1 m. (Adapted
from Nicholls and Leatherman 1995.)
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H aAAayh kAipaTog

UTTopEi va eTthpedoel
Kdl TIC KAAAIEPYEIEC

[ Dryland corn
Bl Irrigated corn
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Figure 29.23  Regional shifts in
areas suitable for crop production
under a changed climate as predicted
by the Goddard Institute for Space
Studies GCM: (a) shift in the region
suitable for corn production in the
United States (Adapted from Blasing and
Solomon 1983.); (b) shift in areas suit-
able for irrigated rice production in
northern Japan. The areas in dark
green are suitable for irrigated rice
production. (Adapted from Yoshino et al.
1988.)



Figure 29.24 ' Changes in regional crop
production by year 2060 for the United
States under a climate change as predicted
by the Goddard Institute for Space Studies
GCM (assuming an average 3°C increase in
temperature, 7 percent increase in precipita-
tion, and 530 ppm CO,). (Adapted from Adams
et al. 1995.)



Heat-related deaths in Chicago in July 1995
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Figure 29.25 = This graph tracks maximum temperature (T,.,,),
heat index (HI), and heat-related deaths in Chicago each day
from July 11 to 23, 1995. The maroon line shows maximum daily
temperature, the red line shows the heat index, and the bars indi-
cate number of deaths for the day. (Adapted from NOAA/NCDC.)



EAdTTWON TOU aTpoowaipikoU 6{ovToC

@ Chlorine from CFCs interacts with ozone (O3),
forming chlorine monoxide (ClO) and

Chlorine atoms oxygen (0p).
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_E A Figure 54.27 How free chlorine in the atmosphere

v destroys ozone.
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A Figure 54.26 Thickness of the ozone layer over

Antarctica in units called Dobsons.
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(a) October 1979 (b) October 2000

A Figure 54.28 Erosion of Earth’s ozone shield. The ozone
hole over Antarctica is visible as the blue patch in these images based
on atmospheric data.



Apeon avBpwmivn emidpaon oTda
olkoouoThparta: E€apdvian eidwyv

Figure 28.1 | The Carolina parakeet, the only native U.S. para-
keet, went extinct in 1914 as a result of hunting/extermination.
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Table 28.1 Changes in Forest Cover During the Period 1990-2000. Countries Listed Represent
the Top 10 in Terms of Total Area of Forest Cleared During That Period.

Total Forest ~ Total Forest Forest Cover Change (1990-2000)
Country 1990 ha X 10° 2000 ha X 10°  Annual Change ha X 10° Annual Rate of Change (%)
Braz 566,099 343905 ~2309
Indonesia 118,110 104986 ~1312
Sudan 71,216 61,627 ~959
Jambia 30,755 31,246 851
Mexico 61,511 55,205 -1
Dern. Rep. of the Congo 140,531 135,207 53
Myanmar 39,588 34 419 Sl
Nigeria 17501 13517 598 SRR ERLIRE
Timbabwe 92230 19,040 ~300 cons

Figure 23.15 Distribution of rain forest area by country

Argenti na 37 ’499 3 4,64 8 -3 8 5 (data from Skole and Tucker 1993).




(c) (b)

Figure 28.4 | Forest clearing in the Rondonia region of Brazil in the Amazon basin as viewed at sev-
eral spatial scales. The broad-scale view of the region (a) shows a pattern of linear clearings (light-
colored areas) within the background of forest cover (dark green). (b) The linear pattern of clearing is
associated with the development of roads for access to the area. (c) The forest is then cleared for the
development of agricultural lands (primarily pasture).
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Figure 28.5 | (a) In the 1970s, coral dominated Jamaica’s reef ecosystems; 20 years later, algae has
taken over these same areas. The shift is due to water pollution and the overharvesting of algae-
eating fish. Part (b) shows algae growing on soft corals. (Adapted from Hughes 1994; as in Primack 1998.)



Apeon avBpwmivn €midpacn ota oikoouaThparta: Eicaywyn Eévwy e1dwv

AT Tnv EupwTn atnv B. Apepikh AT6 Tnv AuaTtpaAia otnv ®Ao6p1da

(@) | (b)

Figure 28.6 | Two invasive plant species that have significant negative impacts on native communi-
ties in North America: (a) the perennial herb purple loosestrife and (b) Australian paperbark tree.



Cichla ocellatus amo Tov
Apalévio oe Aipgvn Tou
TTavapa

N

(b) 0® K :

Figure 28.7 = Generalized food webs of common Gatun Lake
populations contrasting (a) regions without or before introduction
of Cichla (peacock bass) and (b) regions with Cichla. Key to
species: A, Tarpon atlanticus (tarpon); B, Childonias niger (black
tern); C, several species of herons and kingfishers; D, Gobiomorus
dormitory; E, Melaniris chagresi; F, Characinidae, including four
common species; G, Poecillidae, including two common species—
the exclusively herbivorous Poecilia mexicana and the exclusively
insectivorous Gambusia nicaraguagensis; H, Chichlasoma maculi-
cauda; |, zooplankton; ), terrestrial insects; K, nannophytoplank-
ton; L, filamentous green algae; M, adult Cichla ocellaris;

N, young Cichla. (After Zaret and Paine 1973).



