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1.1. Course organizationCourse organization

2.2. Lecture #1: Introduction to tropical ecologyLecture #1: Introduction to tropical ecology

www.eko.uj.edu.pl/laskowskiwww.eko.uj.edu.pl/laskowski
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�� Place:Place: Institute of Environmental Sciences; Institute of Environmental Sciences; 

Room 1.1.1Room 1.1.1

�� Time:Time: Friday, 14:00 Friday, 14:00 –– 17:00 (15 L + 15 S)17:00 (15 L + 15 S)
�� 9 x 3 h (lectures + seminars)9 x 3 h (lectures + seminars)

�� 2 seminars (22 seminars (2 hh + 1 h)+ 1 h)

�� Teachers:Teachers: R. Laskowski, J. Weiner, R. Laskowski, J. Weiner, 

T. Pyrcz, P. Koteja, W. T. Pyrcz, P. Koteja, W. FiaFia

kowskikowski
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�� The overall grade for the course consists of: The overall grade for the course consists of: 

�� average grade of all essays (weight 0.8);average grade of all essays (weight 0.8);

�� active participation in classes (weight 0.2)active participation in classes (weight 0.2)

�� Essay topics will be given by the teachers. The Essay topics will be given by the teachers. The 

essays should be concise and must be turned essays should be concise and must be turned 

in through email to the respective teacher inin through email to the respective teacher in

two (2) weekstwo (2) weeks. . After that term, the essays After that term, the essays 

will not be accepted!will not be accepted!
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�� Essay format:Essay format:
�� 11000 words 000 words (ca. 2 pages, single spaced(ca. 2 pages, single spaced, 12 p. Times New Roman, 12 p. Times New Roman))
�� authorauthor’’s name, curriculum (biology; environmental s name, curriculum (biology; environmental 

protection, biology & geography, etc.) and year of protection, biology & geography, etc.) and year of 
studiesstudies

�� essay titleessay title
�� essay bodyessay body
�� references (not just Internet!)references (not just Internet!)

�� Essay submitting (eEssay submitting (e--mail)mail)
�� must be sent from the domain must be sent from the domain uj.edu.pluj.edu.pl!!
�� message topicmessage topic & file & file namename: : ‘‘youryour namename –– essay #essay #’’
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�� ryszard.laskowski@uj.edu.plryszard.laskowski@uj.edu.pl

�� january.weiner@uj.edu.pljanuary.weiner@uj.edu.pl

�� pawel.koteja@uj.edu.plpawel.koteja@uj.edu.pl

�� wojciech.fialkowskiwojciech.fialkowski@uj.edu.pl@uj.edu.pl

�� tomasz.pyrcz@uj.edu.pltomasz.pyrcz@uj.edu.pl
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�� Articles and Articles and 

textbooks textbooks 
available at the available at the 
course websitecourse website

�� Books from the LibraryBooks from the Library ofof
NaturalNatural SciencesSciences!!
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ATTENTION: ATTENTION: The The ‘‘Tropical EcologyTropical Ecology’’ course (WBNZ 849) is the course (WBNZ 849) is the 

prerequisite for prerequisite for ‘‘Tropical Ecology Tropical Ecology –– Field CourseField Course’’ (WBNZ 850)(WBNZ 850)

SyllabusSyllabus :: Introduction to tropical ecology: tropical biomes Introduction to tropical ecology: tropical biomes ––

geographical distribution and characteristics; destruction and geographical distribution and characteristics; destruction and 

protection of tropical ecosystems. Equatorial rainforests protection of tropical ecosystems. Equatorial rainforests –– the most the most 

diverse biome on Earth. Geographical distribution patterns of diverse biome on Earth. Geographical distribution patterns of 

insects in tropical mountains. Mimicry. Termites and ants insects in tropical mountains. Mimicry. Termites and ants –– the two the two 

groups of special importance in tropical ecosystems; preygroups of special importance in tropical ecosystems; prey--predator predator 

interactions. Adaptations in animals to interactions. Adaptations in animals to hhotot deserts: water balance, deserts: water balance, 

behavioral and physiological mechanisms for obtaining and savingbehavioral and physiological mechanisms for obtaining and saving

water; behavioral and physiological thermoregulation; life histowater; behavioral and physiological thermoregulation; life histories. ries. 

Biology of coral reefs and mangroves: environmental conditions Biology of coral reefs and mangroves: environmental conditions 

and biodiversity.  and biodiversity.  
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�� Origin of the term:Origin of the term: from Greek from Greek ������������
((tropostropos)) = = turnturn (the sun appears to "turn (the sun appears to "turn 
back" at the solstices)back" at the solstices)

�� Area between the Area between the Tropic of CancerTropic of Cancer
(23(23oo3030’’N) and the N) and the Tropic of CapricornTropic of Capricorn
(23(23oo3030’’S) S) 

�� Area of the Earth where the Sun is 90Area of the Earth where the Sun is 90oo

above the horizon at least once every yearabove the horizon at least once every year

�� = = tropical zonetropical zone = = torrid zonetorrid zone
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Area between the Tropic of Cancer 
and the Tropic of Capricorn
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Grenyer, R. et al. 2006. Global distribution and conservation of rare and threatened 
vertebrates. Nature 444: 93-96. (pdf available for course participants at the course web page)

Species richness on Earth (per ca. 9274 km 2 � 1°�1°)
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„As many as 44% of all species of vascular plants and 35% of all 
species in four vertebrate groups are confined to 25 hotspots 
comprising only 1.4% of the land surface of the Earth.”

Myers, N. et al. 2000. Biodiversity hotspots for conservation priorities. Nature 
403: 853-858. (pdf available for course participants at the course web page)
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�� Group A:Group A: Tropical (Tropical (megathermalmegathermal) climates) climates
�� AfAf:: Tropical rainforest climate Tropical rainforest climate 

(~ 5 (~ 5 -- 1010oo of the equator; in coastal areas can of the equator; in coastal areas can 
extend to 25extend to 25oo; no seasonality) = ; no seasonality) = 
hhyygromegathermalgromegathermal

�� AmAm:: Tropical monsoon climate (further from the Tropical monsoon climate (further from the 
equator; two seasons equator; two seasons –– rain and dry)rain and dry)

�� AwAw:: Tropical savanna climate (two seasons, wet Tropical savanna climate (two seasons, wet 
and dry and dry –– very clear and pronounced)very clear and pronounced)

�� Group B:Group B: Dry climates (arid and semiarid)Dry climates (arid and semiarid)
�� Only partly belong to tropicsOnly partly belong to tropics
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Climatic diagram for Belem (Brazil)
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around equator (ca. 10oS – 10oN)

1010ooNN

1010ooSS
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�� Very high annual rainfall: at least 1700 Very high annual rainfall: at least 1700 –– 2000 mm.2000 mm.

�� Average annual temperature: 27 Average annual temperature: 27 –– 3030ooC.C.

�� High rate of biogeochemical cycles.High rate of biogeochemical cycles.

�� Soils: low in organic matter and nutrients due to i ntensive Soils: low in organic matter and nutrients due to i ntensive 
weathering (weathering ( laterizationlaterization ��� ���� � oxisolsoxisols ).).

�� FourFour --layer forests: (layer forests: ( 11) emergent layer ) emergent layer –– single trees above single trees above 
the canopy (60the canopy (60 --70 m); (70 m); ( 22) canopy layer (30) canopy layer (30 --45 m); (45 m); ( 33) ) 
understory layer (only ca. 5% of light!); (understory layer (only ca. 5% of light!); ( 44) forest floor (only ) forest floor (only 
ca. 2% of light).ca. 2% of light).

�� Richness of epiphytes and lianas.Richness of epiphytes and lianas.

�� Extreme species richness: approx. 2/3 of all plant and Extreme species richness: approx. 2/3 of all plant and 
animal species living on Earth (at only 6% of Earth  animal species living on Earth (at only 6% of Earth  
surface!). surface!). 
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�� Lowland equatorial evergreen rainforestsLowland equatorial evergreen rainforests
�� annual precipitation above 2000 mmannual precipitation above 2000 mm
�� Amazon, Orinoco and Congo basins, Indonesia, New GuineaAmazon, Orinoco and Congo basins, Indonesia, New Guinea

�� Wet broadleaf forests partly evergreenWet broadleaf forests partly evergreen
�� high annual rainfall, warm and wet summer and cooler and dryer high annual rainfall, warm and wet summer and cooler and dryer 

winterwinter
�� Central America, Caribbean, West Africa, India, IndochinaCentral America, Caribbean, West Africa, India, Indochina

�� Montane cloud forestsMontane cloud forests
�� cooler mountain climate, high rainfall, low cloud covercooler mountain climate, high rainfall, low cloud cover
�� tropical and subtropical mountainstropical and subtropical mountains

�� Floodplain forests Floodplain forests 
�� environmental conditions similar to lowland evergreen forests buenvironmental conditions similar to lowland evergreen forests but in t in 

poorly drained areas poorly drained areas �� flooding flooding 
�� Borneo, Sumatra, Malay Peninsula, IndochinaBorneo, Sumatra, Malay Peninsula, Indochina



20/67

�����
��	������
�	���
�����
��	������
�	���


11..1111..5500..7711..662200..44RainforestRainforest

33..4433..0011..3355..8855..5544
Temperate Temperate 
forestforest

4554551491499494324324230230353353TaigaTaiga

MgMgCaCaKKPPNN
Organic Organic 
mattermatterBiomeBiome

Average retention time of dead organic matter and nutrients in forest litter: 
boreal forest (taiga), temperate broadleaf forest, and equatorial rainforest 

(time in years)

Schlesinger 1991
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1.681.682.3 2.3 –– 2.52.52.22.2RainforestRainforest

1.131.130.7 0.7 –– 5.15.11.21.2Temperate Temperate 
forestforest

0.550.5511.7 11.7 –– 15.315.30.80.8TaigaTaiga

C(b)/C(gC(b)/C(g))
C accumulation C accumulation 

raterateProductivityProductivityBiomeBiome

Average NPP of selected biomes (kg x m-2 x year-1), 
carbon accumulation rate (g x m-2 x year-1) and C(biomass)/C(soil)

Lieth & Whittaker 1975, Schlesinger 1991; after Weiner 1999
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320320TOTAL:TOTAL:

100100SoilSoil

1010Dead trees and litterDead trees and litter

210210Alive plants (above and Alive plants (above and 
underground)underground)

Accumulated carbonAccumulated carbon

(t C/ha)(t C/ha)
Part of the ecosystemPart of the ecosystem

/���	���(��	�����	��	���"
���	/���	���(��	�����	��	���"
���	
��������	����.��
�����������	����.��
���

After Jonathan Adams, Oak Ridge National Laboratory, TN 37831, USA 
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�� Earlier calledEarlier called lateriteslaterites; acc. to FAO ; acc. to FAO -- ferrasolsferrasols

�� Definition: soils containing in the whole profile Definition: soils containing in the whole profile 
�� 10% leachable materials and <10% base 10% leachable materials and <10% base 
saturation; high content of Fe and Al oxidessaturation; high content of Fe and Al oxides

�� Locations: ca. 1/3 f the Earth's continental land Locations: ca. 1/3 f the Earth's continental land 
area, mostly 15area, mostly 15--2525ooS S –– 1515--2525oo NN

�� PedogenesisPedogenesis –– tropical weathering (tropical weathering (laterizationlaterization):):
�� high precipitation + COhigh precipitation + CO22 �� chemical weathering and chemical weathering and 

leaching of leaching of humichumic materials and minerals from the soil materials and minerals from the soil 
profileprofile

�� only stable Fe i Al oxides remain only stable Fe i Al oxides remain �� rustyrusty--red colorred color
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Na+Mg++
SiO2

FeOx

H+ H+H+
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�� Leaching of virtually all organic matter and Leaching of virtually all organic matter and 
nutrientsnutrients
�� soils very poor in nutrientssoils very poor in nutrients
�� very small reservoirs of soil organic mattervery small reservoirs of soil organic matter
�� plants have to use (replants have to use (re--cycle) all minerals cycle) all minerals 

released from decomposing litter very released from decomposing litter very 
efficiently efficiently 

�� no nutrient supply after forest destruction and no nutrient supply after forest destruction and 
removal of plants  removal of plants  �� soils become infertile very soils become infertile very 
quickly quickly �� difficult forest regeneration difficult forest regeneration 

�� primeval forests replaced with secondary primeval forests replaced with secondary 
ecosystems (secondary forests of bushes)ecosystems (secondary forests of bushes)
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Emergent layer:Emergent layer:
6060--70 m high broadleaf trees70 m high broadleaf trees

birds, monkeys, bats, butterfliesbirds, monkeys, bats, butterflies

Canopy layerCanopy layer
3030--45 m high, very dense layer45 m high, very dense layer

toucans, snakes, toucans, snakes, treefrogstreefrogs , beetles, beetles

http://www.srl.caltech.edu/personnel/krubal/rainforest/Edit560s6/www/whlayers.html

Understory layerUnderstory layer
33--4 m high, little sunshine4 m high, little sunshine

treefrogstreefrogs , beetles, leopards/jaguars, beetles, leopards/jaguars

Forest floorForest floor
very dark very dark ��� ���� � few plantsfew plants

anteaters, snakes, frogs, beetlesanteaters, snakes, frogs, beetles
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�� At 10 ha of forest in Borneo At 10 ha of forest in Borneo –– up to 700 tree up to 700 tree 
species species �� as many as in whole N. America!as many as in whole N. America!

�� At 1 Peruvian tree At 1 Peruvian tree –– 43 ant species 43 ant species �� as as 
many as in the whole UK!many as in the whole UK!

�� Ca. 3000 fish species in the Amazon river Ca. 3000 fish species in the Amazon river ––
more than in the whole North Atlantic oceanmore than in the whole North Atlantic ocean

�� Species numbers at 15 kmSpecies numbers at 15 km22 in Costa Rica:in Costa Rica:
�� mammals mammals –– 117 117 ((in whole Poland 105in whole Poland 105)); birds ; birds ––

410 410 ((435435)); reptiles ; reptiles –– 86 86 ((99)); amphibians ; amphibians –– 43 43 
((1818)); moths ; moths –– 4000 4000 ((12001200)); vascular plants ; vascular plants ––
1668 1668 ((27002700))
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�� Timber production (mostly for export and Timber production (mostly for export and 
fuel)fuel)

�� SlashSlash--andand--burn practices:burn practices:
�� for agriculture and cattle ranchesfor agriculture and cattle ranches

�� main crops: coffee, cocoa, banana trees, mango main crops: coffee, cocoa, banana trees, mango 
trees, papaya, avocado, sugar cane trees, papaya, avocado, sugar cane (250 different (250 different 
fruits originate from tropical rainforests; only 20 from fruits originate from tropical rainforests; only 20 from 
the temperate zone)the temperate zone)

�� Tourism Tourism –– the hope for tropical rainforests?the hope for tropical rainforests?
�� already high and still increasing economic valuealready high and still increasing economic value
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�� Originally: 14% of the Earth surface Originally: 14% of the Earth surface ��
now only 6%!now only 6%!

�� Annual deforestation rate: Annual deforestation rate: 

ca. 50 000 ca. 50 000 –– 100 000 km100 000 km22 ((Poland = 312 000 kmPoland = 312 000 km22))

�� At the current deforestation rate, tropical At the current deforestation rate, tropical 
rainforests will vanish by 2050!rainforests will vanish by 2050!

�� �� Extremely high extinction rateExtremely high extinction rate: : 

up to 50 000 species per year!up to 50 000 species per year!
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Slush-and-burn in Southern Mexico
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Logging (legal and 
illegal): 3%

Fires, mining, urbanization, 
road construction, dams: 3%

Large-scale agriculture: 1%

Cattle ranches: 60%

Small-scale subsistence 
agriculture: 33%
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�� Specific type of tropical rainforests:Specific type of tropical rainforests:

�� area: area: tropical mountainstropical mountains

�� environmental conditions: environmental conditions: persistent or persistent or 
frequent lowfrequent low--level cloud cover and fog level cloud cover and fog ��
reduction of direct radiation and reduction of direct radiation and 
evapotranspiration, very high humidityevapotranspiration, very high humidity

�� ecosystem characteristics: ecosystem characteristics: particularly particularly 
rich in epiphytes (mosses, ferns, orchids, rich in epiphytes (mosses, ferns, orchids, 
etc.)etc.)
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Climatic diagram for Calcutta (India)
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Two belts N and S from equatorial Two belts N and S from equatorial 
rainforests: ca. 10rainforests: ca. 10 oo –– 2020ooN & 10N & 10oo –– 2020ooSS
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�� High average annual temperatureHigh average annual temperature

�� High annual rainfall (~1000 High annual rainfall (~1000 –– 2000 mm/year)2000 mm/year)

�� Clearly pronounced, long (few months) dry seasonClearly pronounced, long (few months) dry season

�� most trees shed leavemost trees shed leavess in dry season;in dry season;

�� plants accumulating water;plants accumulating water;

�� rich understory layer (plenty of sunlight in dry season)rich understory layer (plenty of sunlight in dry season)

�� three layers: (three layers: (11) tree canopy; () tree canopy; (22) understory; () understory; (33)) forest forest 
floorfloor
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260260TOTAL:TOTAL:

100100SoilSoil

1010Dead trees and litterDead trees and litter

150150Alive plants (aboveAlive plants (above-- and and 
underground)underground)

Accumulated carbonAccumulated carbon

(t C/ha)(t C/ha)
Ecosystem partEcosystem part

After Jonathan Adams, Oak Ridge National Laboratory, TN 37831, USA 
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Monsoon forest in TrinidadMonsoon forest in Trinidad



47/67

/������	.��
���)	� �����
������	/������	.��
���)	� �����
������	
��

	��
��
���

	��
��
�

Teak tree 
(Tectona sp.)

Ebony tree (Diospyros sp.)
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Climatic diagram for Nairobi (Kenya)
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�� Africa: Africa: 
�� SavannahSavannah, e.g. Serengeti, , e.g. Serengeti, MasaiMasai Mara Mara –– high grasses high grasses 

with scattered acacia trees; large herbivores (40 with scattered acacia trees; large herbivores (40 
ungulate species) and carnivoresungulate species) and carnivores

�� South America: South America: 
�� LlanosLlanos in Venezuela (Orinoco basin) in Venezuela (Orinoco basin) –– flooded every flooded every 

year, with gallery forestsyear, with gallery forests
�� CerradoCerrado in Brazil in Brazil –– grassland covered with forest of grassland covered with forest of 

different density and gallery forests; high plant diversitydifferent density and gallery forests; high plant diversity

�� Australia: Australia: 
�� SavannahSavannah (Northern Australia) (Northern Australia) –– grassland with grassland with 

scattered eucalyptus trees; herbivores scattered eucalyptus trees; herbivores –– kangaroos and kangaroos and 
manman--introduced ungulatesintroduced ungulates
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�� Average annual precipitation Average annual precipitation 10001000--1500 mm1500 mm
((KKööppenppen’’ss AwAw climate)climate)

�� Distinct, Distinct, long dry seasonlong dry season; ; 
�� Temperature: Temperature: 2020--3030ooCC
�� NPP: ca. 0NPP: ca. 0..7 kg m7 kg m--22 yearyear--11

�� Plants Plants –– adaptations adaptations 
�� to dry season:to dry season: deep tap roots, thick bark, deep tap roots, thick bark, 

shedding leaves, storage organs (mostly shedding leaves, storage organs (mostly 
underground)underground)

�� to herbivores:to herbivores: solid sharp leaves, bitter taste, solid sharp leaves, bitter taste, 
growing from beneath)growing from beneath)
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A/B

C

Mixed A and 
B layers

Lateritic 
layer

Silica

Weathering

Bedrock
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leaching silica (SiO 2)
during rain season

capillary uptake from 
ground water during 

dry season
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9090TOTAL:TOTAL:

5555SoilSoil

00Dead trees and litterDead trees and litter

3535Alive plants (aboveAlive plants (above-- and and 
underground)underground)

Accumulated carbonAccumulated carbon

(t C/ha)(t C/ha)
Ecosystem partEcosystem part

After Jonathan Adams, Oak Ridge National Laboratory, TN 37831, USA 
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5454TOTAL:TOTAL:

4242SoilSoil

00Dead trees and litterDead trees and litter

1212Alive plants (aboveAlive plants (above-- and and 
underground)underground)

Accumulated carbonAccumulated carbon

(t C/ha)(t C/ha)
Ecosystem partEcosystem part

After Jonathan Adams, Oak Ridge National Laboratory, TN 37831, USA 
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Climatic diagram for Cairo (Egypt)
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Desert soil profile: clearly 
seen calcareous layer

�� Main process: Main process: CaCOCaCO33 and MgCOand MgCO33
accumulationaccumulation �� development of development of 
calcareous layercalcareous layer
�� rain + atmospheric COrain + atmospheric CO22 �� weak carbonic weak carbonic 

acid acid 
�� dissolving Ca and Mg salts from surface dissolving Ca and Mg salts from surface 

mineralsminerals
�� transport to deeper soil layerstransport to deeper soil layers
�� evaporation evaporation �� increasing concentration increasing concentration 

of dissolved mineralsof dissolved minerals
�� solidification of salts from the solutionsolidification of salts from the solution

�� concentrations of salts toxic to concentrations of salts toxic to 
plants and animalsplants and animals

�� waterwater --impermeable carbonate impermeable carbonate 
layer layer 
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11TOTAL:TOTAL:

00SoilSoil

00Dead plants and litterDead plants and litter

11
Alive plants (aboveAlive plants (above-- and and 
underground)underground)

Accumulated carbonAccumulated carbon

(t C/ha)(t C/ha)
Ecosystem partEcosystem part

After Jonathan Adams, Oak Ridge National Laboratory, TN 37831, USA 
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J. Korna� and A. Medwecka-Korna� – Geografia ro� lin (2002)
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J. Korna� and A. Medwecka-Korna� – Geografia ro� lin (2002)
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Relationship between number of species and altitude : 
bats in Manu Biosphere Reserves (Peru)
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�� SubmontaneSubmontane :: ~1000 ~1000 –– 2400 m2400 m
�� forest similar to that at lower elevation but with fewer forest similar to that at lower elevation but with fewer 

species; trees ca. 25species; trees ca. 25--30 m30 m

�� MontaneMontane :: up to ca. 3400 mup to ca. 3400 m
�� short trees, even fewer species; few lianas, still many short trees, even fewer species; few lianas, still many 

epiphytes; can be seasonalepiphytes; can be seasonal

�� SubalpineSubalpine :: up to ca. 3800 mup to ca. 3800 m
�� few lianas and vascular epiphytes, rich moss and lichen few lianas and vascular epiphytes, rich moss and lichen 

flora; characteristic groups: flora; characteristic groups: EricaceaeEricaceae, , BrunelliaceaeBrunelliaceae, , 
AsteraceaeAsteraceae......

�� ‘‘elf forestself forests’’ at ridgesat ridges

�� AlpineAlpine :: above forest laneabove forest lane
�� high mountain steppe: high mountain steppe: paramoparamo, , punapuna
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„ Tierra templada ”
Lower montane forest

„ Tierra fria ”
Upper montane 
forest

„ Tierra fria ”
Paramo
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�� MangrovesMangroves
�� areaareass:: shallow, muddy sea coasts;shallow, muddy sea coasts;

�� structure:structure: trees or shrubs, usually only one trees or shrubs, usually only one 
speciesspecies;; no understory and forest floorno understory and forest floor;; few few 
epiphytes and lianasepiphytes and lianas

�� Gallery forestsGallery forests
�� areaareass:: along valleys with surface or along valleys with surface or 

underground streamsunderground streams

�� structure:structure: trees or bushes of different densitytrees or bushes of different density;;
possible lianas, few epiphytespossible lianas, few epiphytes
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Caribbean coast, 
Venezuela
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Gran Sabana, 
Venezuela
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Topics for the seminar:

1)Tropical diseases: most important diseases, 
prevention & problems

2) Is it possible to restore destroyed tropical 
rainforests? Área de Conservación Guanacaste –
a case study in Costa Rica. 


