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Baoikn MeAetn lNepimmrwonc:H Bidopa tng NoTIac
©daAacoac— Eva €ido¢ o€ avakauyn

o Karrore, 13.000-20.000 BaAdooiec evudpideg (ouoav
OTA VEPQA AVOIXTA TWV AKTWV TNS KaAipopvia

o« Mexpl To 1938, cixav arropeivel yovo 50 TTePITTOU
e To 1977 knpuxOnkav €id0o¢ UTTO £ca@avion
e To 2013 o1 apiBuoi gival trepittou 2.900

e [Tw¢ Ba etTnpedoel N atTTwAEIa TS EvVudPIdAC TN
BIOTTOIKIAOTNTA QUTWYV TWV TTAPAKTIWY UDATWV;
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Presentation Notes
They are a keystone species – the sea otter feeds on sea urchins and without the sea otters the sea urchins and other kelp-eating species would destroy the kelp forests in the coastal waters – and much of the biodiversity the kelp forests support.


AI0€I0IKOC AVTAYWVIOUOC

e O 1m0 ouvnBIoPEVOC TUTTOC AAANAETTIOPOONC:

v Ortav dUo €idn avtaywvilovTal yia Tov idio TTOpo, Ol
BIOTOTTOI TOUG TOUC ETTIKAAUTITOVTAI TTOPWV

v Epgaviletal dtav aviaywvioTIKA €idn avatrtiooouv
£CEIDIKEUUEVA XOPAKTNPIOTIKA TTOU TOUC ETTITPETTOUV VO
XPNOIMOTTOIOUV KOIVOXPNOTOUC TTOPOUC O€ DIQPOPETIKEC
XPOVIKEC OTIYMEC, ME OIAPOPETIKOUC TPOTTOUC N O€
OIAPOPETIKA NEPN
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Ta TTepiIocOTEPQ €i0N AvTaywviCovTal TO EVa
TO GAAO VIO OPICHEVOUC TTOPOUC

e Ta €idn poipadlovTal TTEPIOPICUEVOUC TTOPOUC
* Tpoon

o Kataguylo

e XWPO
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5.1 MMw¢ aAANAETTIOpOUYV Ta €i0N;

e [lEvTE TPOTTOI PE TOUC OTTOIOUC OAANAETTIOPOUV TA
€ion

v AIA€IBIKOC aVTayWVIOUOC

v APTTOKTIKA

v TapaoITiopdg

v ApoiBaidotnTa

v KoyuevoaAopog

OAa auta etrnpeadouv TN Xpnon Twv TTOpwV Kal To JEyeBoC Tou
TTANBuopoU
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TUTTOI OIOEIOIKWYV OXECEWV

o ApPTaKTIKA (TOITA-YKACEAQ): OXEON KATA TNV OTIOid TO €vd
ATOMO Xavel AOyw TnNG OpdAcong Tou GAAou, OnAadn o &vag
TeBaiverl yia va gival Tpo@n yia Tov aAAov, OTTwe n yaléAa oTo
TTAPADEIYUA TTOU UTTOOEIKVUETAL.

o MapacITIondg (OKUAOC - WUAAOG): Xprjon TTou €ival apvnTiKA
N €mM{rPIa yIa TO ATOMO TOU EEVIOTN.

o ApoifaiotnTta (UEAICOEC - AouAoudia): BETIKA OoxEon Kal yia
Ta OUO MEPN.

 Emdapkeia (Aoviapl - AeommdpdaAn). oxeEon oTnv oTroid
TTPETTEI va TTAAEWOUV yIa va EMIRIWOOUV, cuuaivel otav ol
OUVAMEIC Kal TwV dUO €ival ioeC Kal 0 €vag dev UTTOTIBETAI OTI
gival apTTaKTIKO TOU GAAOU.
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MoipadlovTtacg Tov [MAouTO

Setophaga species

Blackburnian Warbler  Black-throated Green Warbler Cape May Warbler Bay-breasted Warbler Yellow-rumped Warbler

After R. H. MacArthur, “Population Ecology of Some Warblers in Northeastern Coniferous Forests,” Ecology 36:533-536, 1958,
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Figure 5.2  Sharing the wealth:  Resource partitioning among five species of insect-eating warblers in the spruce forests of the U.S. state of Maine. Each species spends at least half of its feeding time in its associated yellow-highlighted areas of these spruce trees.


APTTOKTIKO

e O1av €Eva ATouo £VOC £id0OUC (APTTAKTIKO)
TPEQPETAI aTTEUBEIaC HE Eva AAAO QUTIKO N
(WIKO €I00C

v Ta OU0 €idn £xouv oxE0N APTTAKTIKOU-BNpAuaToC

v AuTO €xel Ioxupn eTTidpacn oTo péyeBoc Tou TTANBucuoU Kal
o€ AAAOUC TTAPAYOVTEC
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[Tw¢ cUAAQUBAvOUV T APTTAKTIKA TN A€
TOUC;

e Ta putogpaya (wa PTToPOoUV vVa TTEPTTATACOUV
MEXPI TN Agia ToucC (puUTQ)

e Ta oaApKOPAYa £XOUV HIA TTOIKIAIO HEBOOWYV
oUAANWNC o€ Bripaua:

o TpECIMO KOl TTTAON

e 2UVEPYOAOIa VIO TO Kuvny!l EvEdpa
o KapoupAal

e ETiBeon ye XNUIKO TTOAEPO
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[Tw¢ Ta €idn ONPapaTWYV ATTOPEUYOUV TA
QPTTAKTIKA;

e TpEcCiyo

e [[pryopO KOAUMTTI N TTETAYHO

e [TOAU QVETTTUYMEVEC QIOBNOEIC OPAONG, AKONG N
00PPNONG

o QuOIKN TTPOOTACIA — KOXUAIQ, XOVTPOC PAOIOC,
aykaoia

o Kauou@Aal — oxnuaTa Kal xpwuara

e XNMIKOG TTOAEMOC — ONANTNPIA, EPEBIOTIKA
(Toouciyo), OUCOONO N aoXnMN yeuon (MTTOoPEi Va
gival dNANTNPIWAEC)
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KatavoAwTIKAa €idn - TpEpovTtal ue aAAa
€ion

e [TwW¢ T0 BNpauaTa ATTOPEUYOUV TA APTTAKTIKA;

v MiunTIoONog — 6tav éva pn dnANTNPIwdeC €idoc¢ poiddlel
(MIpeiTar) Eva €idog TTou gival dONANTNPIWOEC

v 2TPATNYIKEC OCUMTTEPIPOPAC OTTWC:

v Tpouddel Ta ApTTOKTIKA,

v OOUCKWVEI YIa va Pavei ueyaAuTepo,
v Avoiyel @TePQ,

v' Miuegital éva apTTakTIKO,

vTlapauével o€ HeYAAEC OPADEC)

vEmOeIkvUel  TTPoEI®OTToINTIKO  XPWHOTIONO  (TTOU

UTTOOEIKVUEI «TO VO JE PAC Eival ETTIKIVOUVO»)
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Presentation Notes
There are two rules of thumb for evaluating danger posed by brightly-colored animal species. 1) If they are small and strikingly beautiful, they are probably poisonous.  2) If they are strikingly beautiful and easy to catch, they are probably deadly.


(c) Bombardier beetle (d) Foul-tasting
monarch butterfly

© 2016 Cengage Learning. All Rights Reserved.

(g) Hind wings of lo moth
resemble eyes of a
much larger animal

(f) Viceroy butterfly mimics
monarch butterfly

(h) When touched, snake

caterpillar changes shape
to look like head of snake
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Presentation Notes
Figure 5.3  These prey species have developed specialized ways to avoid their predators:  (a, b) camouflage, (c, d, e) chemical warfare, (d, e, f) warning coloration, (f) mimicry, (g) deceptive looks, and (h) deceptive behavior.


O1 aAANAETTIOPACEIC JETACU TWV EIOWV OPTTAKTIKWY KAl
OnpapdaTtwyv UTTopouvV va odnNynoouVv To Eva OTnV
£CENICN TOU AAAOU

e 2UVELEAIEN -- OTAV Ol TTANBUCOI OUO DIAPOPETIKWY EIOWV
AAANAETTIOPOUV VIO JEYAAO XPOVIKO OIACTNUA, O AAAQYEC OTN
yovIOIaKn OECAMEVI EVOG £IDOUC ITTOPEI va 0dNYNOOUV O€
aAAayéc oTn yovidlakn decapevr) Tou GAAOU

o O10UVOETEC OXETEIC APTTAKTIKWV-ONpapaTwy TTaiouv
OonNMAvTIKO POAO OTOV EAEYXO TNG augnong Tou TTANBuouoU Kal
OTNV TTAPOXIN UTTNPECIWY OIKOOUOTAMATOG

e H eiocaywyn un 10ayevwy €10WV QPTTAKTIKWY UTTOPEI va
OIATAPACEI AUTEC TIC OXETEIC
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Mepika €i0n TpEPOVTAl ATTO AAAQ €I0N
(wvTacg TTAVW N JECA O€ auTa

e O TapaCITIONOG euPavileTal OTAV £va €id0C
(TTOPAOCITO) TPEPETAI UE TO CWHA ) TAV EVEPYEIA TTOU
XPNOIMOTIOIEI Evag AANOC OpYyaAVIOUOC (CEVIOTNG) -
ouvnNOwc dwvTac TTavw N JECA OTOV CEVIOTH
v 'Eva mapdoito gival ouvABw¢ TTOAU PIKPOTEPO aTTO TOV
CEVIOTI TOU KQI OTTAVIO TO OKOTWVEI

v Ta mapdoita ymopouv va {JOouV JEoO OTOV EEVIOTN
(TaIViEQ)

v AAN\a TTPOOKOAAWVTAI OTO EEWTEPIKO TOU EEVIOTN
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®
[MapacITIoONOC

Great Lakes Fishery Commission
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Figure 5.4  Parasitism:  This blood-sucking parasitic sea lamprey has attached itself to an adult lake trout from the Great Lakes (USA, Canada).


2.€ OPIOHEVEC AAANAETTIOPACEIC, WPEAOUVTAI KAl TO QUO
€ion

 H auoiBaiétnta epgavicetal otav dUo €idn
OUMTTEPIPEPOVTAI JE TPOTTOUC TTOU WEPEAOUV Kal TA
OuUo
v’ TapéxovTag oTov KaBEva TpoPr), OTEYN, TTPOOTACIA 1)
KATTOIOUG AAAOUC TTOPOUC
[Mapadeiyuara:

v TlouAid TTou KaBaAdve oTIC TTAATEC HEYAAOCWPWY {WWV Kal
QTTOMAKPUVOUV Ta TTAPACITA (agpPIKAVIKOS Bouaiocg)

v BaktApla 1Tou {ouV OTa EVTEPQ POC Kal hag fonBouv va
QPOPOIWOOUUE TA TPOPIUA
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AuolfaiotnTa

Villiers Steyn/Dreamstime.com
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Figure 5.5  Mutualism:  Oxpeckers feed on parasitic ticks that infest animals such as this impala and warn of approaching predators.


KOUMEVOAAIOUOC

e 'Exere akouoel TIOTE yId KOUUEVOAAIOWO; 2iyoupd val, N
TOuAaxioTov Oa ¢&Epete OTI €ival €vag TUTTOC OXeong N
aAANAETTIOpOONC METOCU dUO (WVTAVWV OVTWV. 2UVvABwC TO
BAETTOUPE pE (wa, aAAG eu@avieTal KAl OTA QUTA, OKOMO KAl
OTOUG avOpwTTOUC.

e 2€& aUuTO TO ApBpo Tou Green Ecologist Ba egnynooupe, TI
£ival KOMMEVOAAIONOG e €vav ATTAO OPIONO, TOUG TUTTOUC
TTOoU UTTAPXOUV Kal, ETTITTAEOV, Oa BaAoupe
MEPIKA TTAPOOEIYMATA KOMMEVOAAIOMOU va AUCEl OAEC TIC
QM@IBOAIEC TTOU PTTOPEI VO TTAPAMEIVOUV ) va TTPOKUWOUV.
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2.€ OPIOPEVEC OAANAETTIOPACEIC, TO EVA £iI00C
ETTWQPEAEITAI KAl TO AAAO OEV PAATITETAI

e O KOUUEVOOAIONOC ep@avileTal OTAV £va €i00C
ETTWQPEAEITAI ATTO TNV AAANAETTIOPACN TWV EI0WV KAl
TO GAANO Ogv etTnpeadeTal | Ogv BAATTTETAI KOBOAOU

o [lapdadeiyua: agpo@uUTA YVWOTA WC ETTIGUTA
TTPOOKOAAWVTAI OTOUC KOPHOUCG 1N T KAADIA HEYAAWY
OEVTPWYV YIa TTPOCBacn oTo NAIAKO PWC
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5.2 INwc¢ avTatrokpivovTal Ta OIKOOUCTAUATA TWV
KOIVOTNTWYV O€ PETABAAAOUEVA TTEPIBAAAOVTAQ;

o OikoAoyikn diadoxn

e H kavovikr), otadiakr aAAayr) otn ouvBeon Twv
EI0WV O€ PIa OEOOMEVN YEWYPOAPIKN TTEPIOXN

 H ouvBeon Twv €10WV £VOC OIKOOUOTHMATOC N MIAC
KOIVOTNTAC UTTOPEI VO aAAACEl avaAoya PE TIC
METABAAAOUEVEC TTEPIBAAANOVTIKEC OUVONKEC

o H TpwTtoyeVAC Kal N OEUTEPOYEVNC dladOoXN Eival
TTAPAdEIYUATA PUOIKNC OIKOAOYIKNC ATTOKATAOTOONG
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[TpwTtoyevnc OikoAoyikn Aladoxn

e H oT1adlakn eykatadoTtaon PIOTIKWVY KOIVOTNTWYV OE€
TTEPIOXEC XWPIC £0A@OC O€ £va XEPOAIO olkoouaTnua
N Ywpic iinua oT1to Pubd evoc  uddATivou
OIKOOUQTNMATOC

o XpeladovTtal EKATOVTAOEC £WC XIAIAOEC Xpovia
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o
[TpwTtoyevnc OikoAoyikn Aladoxn

’ i
- > i
‘E& % N T

A

Small herbs
‘and shrubs

Heath mat
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Figure 5.7  Primary ecological succession:  Over almost a thousand years, these plant communities developed starting on bare rock exposed by a retreating glacier on Isle Royal, Michigan (USA) in western Lake Superior. The details of this process vary from one site to another.


Agutepoyevng OikoAoyikn Aladoxn

o Ep@aviletal OTTOU KOIVOTNTEC 1) OIKOOUOTIMATA £XOUV
dlarapaxBei, a@aipebei 11 KaraoTpaPei, AAAA
OlaTNPOUV HEPOC TOU €OA@OUC N TA I(MATA TOU
TTUBUEVa

o EutTAOUTIONOC TNG PBIOTTOIKIAOTATAC TWV KOIVOTATWV
Kal  TwV  OIKOOUOTAUATWY,  aucavoviag  Tnv

TTOIKINOTNTA  TWV  €10WV Kal TNV  aAANAeTTiOpOON
METACU TWV €10WV
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Secondary Succession Also Enhances
Sustainability

Promotes population control

— Increases the complexity of food webs
— Enhances energy flow

— Increases nutrient cycling
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Acutepoyevrc OikoAoyikn Aladoxn

Mature oak and hickory forest

Young pine forest
Shrubs and with developing
small pine understory of oak
seedlings and hickory trees

Perennial
weeds and
grasses

e
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Presentation Notes
Figure 5.8  Secondary ecological succession:  Natural restoration of disturbed land on an abandoned farm field in the U.S. state of North Carolina. It took 150-200 years after the farmland was abandoned for the area to become covered with a mature oak and hickory forest.


Living Systems Are Sustained Through
Constant Change

e Contain complex processes that interact to
provide some degree of stabllity or
sustainability

— Withstand external stress in response to changing
environmental conditions

e Two aspects of stability/sustainability:
— Inertia (persistence)
— Resilience
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5.3 What Limits the Growth of
Populations?

* Populations cannot grow indefinitely due to:
— Limitations on resources
— Competition among species for these resources

© 2016 Cengage Learning. All Rights Reserved.



Populations Can Grow, Shrink, or Remain
Stable

e A population Is a group of interbreeding
Individuals of the same species, living

together in the same geographic area

* Population size can change based on:
— Births/deaths

— Immigration (arrival of individuals from outside the
population)

— Emigration (departure of individuals from the
population)
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Presentation Notes
Population change = (births + immigration) – (deaths + emigration)
The age structure of a population (distribution of individuals among various age groups) can have a strong effect on how rapidly the population grows or declines.



Some Factors Can Limit Population Size

 Each population in an ecosystem has a range
of tolerance — its abllity to survive under
various physical and chemical environmental
conditions
— Some Iindividuals in a population may also have
different ranges of tolerance for temperature or

other physical or chemical factors — known as
limiting factors
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Range of Tolerance

RANGE OF TOLERANCE

Lower limit Higher limit
of tolerance of tolerance
No Few _ Few No
organisms organisms Abundance of organisms organisms organisms

Population size
/A
7’
¢

Zone of Zone of Optimum range Zone of Zone of

intolerance  physiological physiological  intolerance
< stress stress
Low Temperature High

& Cengage Learning
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Figure 5.10  Range of tolerance for a population of trout to changes in water temperature.


Limiting Factors Can be Physical or
Chemical

 Examples
— On land, precipitation Is often a limiting factor

— In aquatic ecosystems, limiting factors can be:

« Temperature, water depth, clarity (allowing for more or
less sunlight), nutrient availability, acidity, salinity, and
the level of oxygen in the water

* An excess of a limiting factor can itself be
limiting
— Too much water on land or too much acidity In
aguatic environments
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Density-Dependent and Density-
Independent Factors

* Population density: the number of individuals
IN a given geographic area
— Density-dependent factors become more
Important as a population size increases
o Parasites and diseases spread more easily

o Sexually reproducing individuals can find mates more
easily

— Density-independent factors
e Drought and climate
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No Population Can Grow Indefinitely:
J-Curves

Some species reproduce and grow
exponentially

Plotting this data generates a J-curve showing
exponential growth

— Members reproduce at an early age; many
offspring in each generation; time between
generations is short

All species have population growth limits
— Sunlight, water, temperature, space, nutrients
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No Population Can Grow Indefinitely:
S-Curves

e Environmental resistance

— The sum of all factors that limit the growth of a
population

e Carrying capacity:

— The maximum population of a given species that
a habitat can sustain indefinitely

— As the population approaches its carrying
capacity, its J-curve becomes an S-curve of
fluctuating logistic growth
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J-Curves and S-Curves — lllustrated

EXPONENTIAL GROWTH LOGISTIC GROWTH

Limiting factors

[ IR

Carrying capacity

Population size
Population size

<€«——— Exponential growth

Time Time
@ Cengage Learning
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Figure 5.11  Populations of species can undergo exponential growth represented by a J-Curve (left) when resource supplies are plentiful. As resource supplies become limited, a population undergoes logistic growth, represented by an S-shaped curve (right), when the size of the population approaches the carrying capacity of its habitat.


No Population Can Grow Indefinitely:
Population Crash

 \When a population overshoots the carrying
capacity, the population sharply declines

— Dieback, or population crash
 Now a population must either:

— Stabilize its population

— Switch to new resources

— Move to a new geographic area
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Population Crash — lllustrated

POPULATION CRASH

2.000 Population
overshoots —__
carrying
capacity
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Population
crashes

1,000 |
Exponential growth —__

Number of reindeer

500 - Carrying

capacity
| |
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Figure 5.12  Exponential growth, overshoot, and population crash of a population of reindeer introduced onto the small Bering Sea island of St. Paul in 1910.


Species Have Different Reproductive
Patterns — r-selected species

 r-selected species have a capacity for a high
rate of population increase

Have short life spans
Have many, usually small offspring

DO not provide much parental care/protection

» Offspring loss is overcome by massive offspring
production, so that at least a few will survive
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Species Have Different Reproductive
Patterns — Opportunists

e Opportunists reproduce rapidly under
favorable environmental conditions

— Often occurs after a fire or clearing an area that
opens up a new habitats or niches for invasion of
a new species

— May crash after growth or when yet another
species invades the area

— Go through irregular and unstable boom-and-bust
cycles
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Species Have Different Reproductive
Patterns — k-Selected Species

» k-selected species do well in competitive
conditions when population size nears
carrying capacity
— Reproduce later In life
— Have smaller numbers of offspring with longer life

spans
— Typically develop inside their mothers and are
born fairly large

— After birth, they mature slowly and are protected
by one or both parents
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Presentation Notes
Most species have reproductive patterns somewhere between the extremes of r-selected and k-selected species. Most large mammals are k-selected. If k-selected species have a low reproductive rate, they may be vulnerable to extinction.


Species Vary in Their Typical Life Span

 Because different species have different
reproductive rates, they also have different life
expectancies (illustrated by survivorship
graphs)

* Three kinds of survivorship curves:
— Late loss
— Early loss
— Constant loss
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Humans Are Not Exempt from Nature’s
Population Controls

 Human populations can crash

— Ireland’s 1845 population crash after a fungus
destroyed the potato crop

— The 14t century plague — spread through crowed
cities with poor sanitary conditions

* The earth’s carrying capacity for humans is
expanding due to technological, social, and
cultural changes
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Additional Case Study: The Giant Sequoia
— In Competition

e Glant sequola trees live in old growth forests
In the Sierras

— To succeed, these trees must compete for light,
grow very tall, develop extensive roots and, live a
long life

o After 150 — 200 years, these trees become
reproductive and release thousands of seeds
from pine cones
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The natural habitat of giant sequoia trees is a sliver of highly competitive old growth forest stretching about 250 miles along the western slope of the Sierra Nevada Mountains. Seeds need to escape their seed coat and land on bare soil with enough moisture ( to avoid competition for water from other plants) and sunlight in order to germinate and grow. 
Environment 360, Giant Sequoia Facing Looming Threat From Shifting Climate
http://e360.yale.edu/feature/giant_sequoias_face_looming_threat_from_shifting_climate/2631/
How Do Sequoia Trees reproduce?
http://www.ehow.com/about_6643082_do-sequoia-trees-reproduce_.html
Sequoia and Kings Canyon National Parks
http://www.nps.gov/seki/index.htm




Additional Case Study: The Giant Sequoia
— An Uncertain Future

* This stable ecosystem is rapidly changing due
to global warming — affecting water
avallablility/temperature (limiting factors)

— Are sequola trees k-selected species, r-selected
species, or somewhere in-between?

— Can sequoia trees successfully reseed
themselves outside of their natural habitat?

— Can humans change the effects of warming
temperatures/drier conditions on seguoias?
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Sequolas and the Big Three

« Glant sequola trees must compete with all old
growth forest species for light — which is
scarce and limits their population size
— Climate change Is drying and warming their

natural habitat — if left unchecked, changes In

species composition (ecological succession)
could follow

— Moisture and temperature are significant limiting
factors to the population growth of giant sequoia
trees
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