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Script 2 

Ecology

Ernst Haeckel and his helper 

Nikolai Miklucho-Maklai (seated) 
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The physical environment:

Abiotic factors: Complex interactions of factors:

1. Radiation / light „Climate“

2. Temperature

3. Water

4. Chemical factors „Soil, Air“

gases

nutrients

food

5. Mechanical factors „Structure“

wind

water

fire

Water is essential for life
on earth, e.g.:
- as habitat for species
- as solvent for nutrients
- as „liquid tissue“ 

(blood)
- as solvent for waste

products (urea etc.)
- as medium for all 

biochemical reactions
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Global water cycle:

Factor WATER
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Transport of water in plants:

TRANSPIRATION!

Driving force in plant´s water 

transport is the difference in water 

vapor pressure in the plant and    

the surrounding air

This depends on temperature, 

humidity, wind…
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Factor WATER

Plants control the water loss and transport:

• Surface reduction

• Adaptation of the root system

• Control of the stomata opening

• Water storage in tissues
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Water in plant and animal:

Animal:

• Drinking

• via body surface

• Metabolic water

• (no storage)

Factor WATER
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Regulation and adaptation: 

Terrestrial animals in dry habitats: high risk of water loss 

The importance of                                                        

“metabolic” water

for small desert animals:

Factor WATER

Oxidation 

of food = 

metabolic

water
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Water balance of a forested area
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Water balance of a forested area

compared to open range
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Transpiration

Interception

Evaporation
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Ecohydrology. 2023;16:e2493  Floriancic, M., et al. https://doi.org/10.1002/eco.2493

Interception

Transpiration

Evaporation
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Water loss due to transpiration (controlled, through stomata): 

comparison of plant species:

Factor WATER
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Loss of water due to interception (uncontrolled)

dependant on the annual precipitation:

Annual Precip. Interception (%)

(mm/yr) Pinus Fagus Picea Abies

Canopy- Trunk- Loss due to

Thinning no.      % throughflow water interception

Spruce stand in Germany

 Influence of thinning on water balance in a spruce stand:

More thinning means: more water reaches the ground and less is lost to interception.

Factor WATER
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Factor WATER
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The physical environment:

Abiotic factors: Complex interactions of factors:

1. Radiation / light „Climate“

2. Temperature

3. Water

4. Chemical factors „Soil, Air“

gases

nutrients

food

(5. Mechanical factors) („Structure“)

wind

water

fire
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Chemical factors:  Food / nutrients

Plants (Producers, autotrophic):

- O2 - and CO2 supply ( from air, always available, no limit) 

- Anorganic nutrients (from the soil, limited, often bound) 

(only 0.2 % of the soil nutrients are readily available to plant roots)

Animals 

(Consumers / decomposers; heterotrophic):

- O2 supply

- „food“ (organic matter)

(quantitative and qualitative problems)

Factor NUTRIENTS
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Do plants influence the availability of nutrients?

- Root systems, 

root hairs

- Mycorrhiza

- Symbiotic bacteria/nitrogen fixation

Factor NUTRIENTS
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Does a FOREST influence the availability of

nutrients?

- Regulation of temperature and humidity

- Root system (living / dead roots: water, O2, nutrients, structure..)

- Delivery of leaves (organic matter) for humus production

 habitat for humus-organisms (decomposers) 

 release of nutrients from decaying plant matter

The forest installs it´s own „animal farm“ for recycling...!

The forest and the factor NUTRIENTS
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The forest and the factor NUTRIENTS
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.. we will talk about

animal´s adaptations

to factor „nutrients“ 
in lectures later this year
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1. Improvement of soil structure:

•Improved oxygen supply for upper part of soil

•Improved water storage in soil (capillary action)

•Enhancement of fine root growth

2. Mixing of organic layer (litter) 

and mineral soil

3. Generation of „clay-humus-complexes“ 

to retard nutrient wash-out

Significance for the soil and nutrient cycling:

Importance of earth worms for nutrient

availability:

The forest and the factor NUTRIENTS
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Importance of earth worms

for nutrient availability:

The forest and the factor NUTRIENTS
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Chemical factors:  Food / nutrients

Plants (Producers, autotrophic):

- O2 - and CO2 supply ( from air, always available, no limit) 

- Anorganic nutrients (from the soil, limited, often bound) 

(only 0.2 % of the soil nutrients are readily available to plant roots)

Animals (Consumers / decomposers; heterotrophic):

- O2 supply (see lecture „fundamentals of zoology“ – respiration!)

- „food“ (organic matter)

(quantitative and qualitative problems)

Factor NUTRIENTS
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Chemical factors:  Food / nutrients 
problems:

- often very specialized demands (specialists)

- food may be difficult to find or access (e.g.flowers)

- food may be available for a short time period only

Factor NUTRIENTS
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Factor NUTRIENTS / animals
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Chemical factors: Food / nutrients 

problems:

- often very specialized demands (specialists)

- food may be difficult to find or access (e.g.flowers)

- food may be available for a short time period only

- digestion of food may be difficult (cellulose)

Example: Herbivores (feeding on plants)

• N/C relation in plant biomass : 1/40 

(animal biomass: 1/10)

• Cellulose and lignins are difficult to digest

• toxins in vacuoles (e.g. alkaloides) 

• Resins, tannins make digestion difficult

Factor NUTRIENTS / animals
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solutions:

• Sensoric adaptations („Senses“) 

• Selective feeding

• Physiology (e.g. de-toxification mechanisms)

Chemical factors: Food / nutrients 

problems:

- often very specialized demands (specialists)

- food may be difficult to find or access (e.g.flowers)

- food may be available for a short time period only

- digestion of food may be difficult (cellulose)

Factor NUTRIENTS / animals

http://www.adenokarzinom.de/blog/wp-content/uploads/2010/01/nase2_onl.jpg
http://www.adenokarzinom.de/blog/wp-content/uploads/2010/01/nase2_onl.jpg
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solutions:

• Sensoric adaptations („Senses“) 

• Selective feeding

• Physiology (e.g. de-toxification mechanisms) 

• Development (e.g. diapause)

• Parental care

Chemical factors: Food / nutrients 

problems:

- often very specialized demands (specialists)

- food may be difficult to find or access (e.g.flowers)

- food may be available for a short time period only

- digestion of food may be difficult (cellulose)

Factor NUTRIENTS / animals
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solutions:

• Sensoric adaptations („Sinne“) 

• Selective feeding

• Physiology (e.g. de-toxification mechanisms)

• Development (e.g. diapause)

• Parental care

• Anatomy (gut /stomach, mouth parts...)

• Symbiosis

• Hyperphagy / Coprophagy

Chemical factors: Food / nutrients 

problems:

- often very specialized demands (specialists)

- food may be difficult to find or access (e.g.flowers)

- food may be available for a short time period only

- digestion of food may be difficult (cellulose)

Factor NUTRIENTS / animals
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Example: aphids and bacteria

Aphids are phloem feeders

- rich in carbohydrates (16-25%) 

- poor in nitrogen (0,02-2%)

- Strategy: Hyperphagy

(ingestion of (too) much food)

and Symbiosis with micro-

organisms

Factor NUTRIENTS / animals
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Example: aphids and bacteria
Most of the ploem sap simply passes through the aphid´s gut: filtration gut

= the first part of the hind gut is located close to the beginning of the midgut; 

in this area, liquids from the midgut can easily transfer to the hindgut (diffusion) 

and be expelled from the aphid (= hyperphagy).                                                                         

Only concentrated, nitrogen-enriched food reaches the midgut and is digested)

Factor NUTRIENTS / animals
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Example: aphids and bacteria
Most of the ploem sap simply passes through the aphid´s gut: filtration gut

= the first part of the hind gut is located close to the beginning of the midgut; 

in this area, liquids from the midgut can easily transfer to the hindgut (diffusion) 

and be expelled from the aphid (= hyperphagy).                                                                         

Only concentrated, nitrogen-enriched food reaches the midgut and is digested)

Bacteria in mycetocytes as symbionts 

Bacteria (contribute to 2-5% of aphid 

biomass) provide the aphids with 10 

different amino acids

This symbiosis developed 

approx.150-250 Mill. Years ago

The bacteria (Buchnera) are 

transmitted to the embryos 

Factor NUTRIENTS / animals
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I. LECTURES

· Principles of General Ecology

· components of ecosystems

· energy flow / nutrient cycles 

· adaptation of organisms to abiotic conditions

· development of ecosystems
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Ecosystems develop / change over time:

SUCCESSION is a repeated pattern of change 

over time in species composition of an 

ecological community

PRIMARY SUCCESSION

Bare rock, gravel, sand, clay, etc.

NO biological component at start

SECONDARY SUCCESSION / 

(usually following DISTURBANCES)

Vegetation removed, soil profile intact

Some biological component at start
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Succession

Primary succession - growth on a new mineral substrate

• Volcanic deposition

• End of glaciation

• Landslides

• Tsunami

• Sand dunes

• River bars
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Secondary succession / usually following Disturbance:
new organisms but soil remains intact from previous community.

• Fire

• Hurricane/storm damage

• Insect outbreak

• Clearcut

• Agriculture 

(development of unused areas)

(Disturbance:

Any physical force that results in 

mortality of organisms or loss of 

biomass. Important are frequency, 

intensity, and scale of disturbance)
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Development (“succession”) of Mt. Saint Helens area:

Primary and secondary succession

1988 (+8) 1988 (+8)

2001 (+21) 2001 (+21)
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source: 

NPV Bay. Wald

Development (“succession”) of NP Bay. Wald 

(after damage by bark beetle, Ips typographus):
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 (SECONDARY) SUCCESSION:

• starts on an “open” site created by a 

disturbance from outside the system

• is directional 

• has predictable components  (=species)

• ends with a stable “climax” community (?)
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Changes in species composition - examples
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Secondary Succession                     

in Forest Ecosystems:

•There are two general development lines:

1.Forest ecosystems

with unpredictable, strong disturbances

2.Forest ecosystems

without unpredictable disturbances

(i.e. with predictable disturbances; seasons)
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1. Forest ecosystems with unpredictable, 

strong disturbances (like fire)

Example: Boreal forests
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Disturbance
No disturbance
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Effects of fire suppression
change in species composition!
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For millennia, forest ecosystems in California have been shaped by fire from both natural
processes and Indigenous land management. In California, where 20th-century fire
suppression, coupled with a warming climate, has caused forest densification and
increasingly large wildfires that threaten forest ecosystem integrity and management of
the forests as part of climate mitigation efforts.

We examine climatic versus anthropogenic influence on forest conditions over 3 millennia in
the western Klamath Mountains—the ancestral territories of the Karuk and Yurok Tribes—by
combining paleoenvironmental data with Western and Indigenous knowledge.

A fire regime consisting of tribal burning practices and lightning were associated with long-
term stability of forest biomass. Before Euro-American colonization, the long-term median
forest biomass was between 104 and 128 Mg/ha, compared to values over 250 Mg/ha today.

Indigenous depopulation after AD1800, coupled with 20th-century fire suppression,
likely allowed biomass to increase, culminating in the current landscape: a closed
Douglas fir–dominant forest unlike any seen in the preceding 3,000 y.

These findings are consistent with precontact forest conditions being influenced by Indigenous
land management and suggest large-scale interventions could be needed to return to historic
forest biomass levels.

Land management explains major trends in forest structure
and composition over the last millennium in California’s
Klamath Mountains PNAS 2022 Vol. 119 No. 12 e2116264119
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Hochschule für nachhaltige Entwicklung Eberswalde (FH) · Schicklerstraße 5 · D-16225 Eberswalde

25. November 2014

Dipl.-Biol. Berit Michler

berit.michler@hnee.de

„Fire management“ 

prevents „hot“                                                                       

canopy fires  

as no „fuel wood“      

is accumulated

and leads to

regeneration!
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These forests (e.g. deciduous forest in central Europe)                                 

show typical secondary succession, but eventually develop a dynamic balance. 

In such a (natural) forest, small „mosaic“ patches of forest development phases

- different in age, species composition, and structure – constitute a highly

diverse spacial and temporal pattern. 

Each „mosaic“ patch is a habitat by itself; however, the whole forest (= sum of

all „mosaic“ patches) constitutes the functional forest ecosystem with a typical

nutrient flow, energy exchange & biodiversity. 

= MOSAIC-CYCLE CONCEPT

2. Forest ecosystems without

unpredictable disturbances:
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„Mosaic“-patches differ in size (area), according to the forest ecosystem!

Example: Rotwald in Austria; Bialowieza forest in Poland

....What about the size of „mosaic“- patches in tropical forests?
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Diversity and species composition changes and varies greatly

between the different forest development phases.

If, however, you have all phases in one forest at the same time (= 

mosaic structure!), you may find all species somewhere in that forest
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Conclusion: During the development (succession)                                          

of a forest, the (abiotic and biotic) conditions change

– and so does the biocoenosis!

What is the influence of forest management on this succession, and what are the

consequences?
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..no more lecture for now..!  From now on: PRACTICAL FIELDWORK!

 Lecture will resume in October

(then: Applied ecology – functions of consumers, biotic interactions, 

biological control, invasive species..)



Prof. Dr. Andreas Linde· HNE Eberswalde (FH) Seite 53



Prof. Dr. Andreas Linde· HNE Eberswalde (FH) Seite 54



Prof. Dr. Andreas Linde· HNE Eberswalde (FH) Seite 55

PRACTICAL PART “ecology”:

Aim: Investigate / analyze a forest ecosystem and identify the

influence of different management strategies

Ecosystem components to investigate: 

• forest stand („trees“)   

• soil conditions („nutrients“) 

• meteorological conditions („heat/drought“)

• vegetation („herb diversity“) 

• structural diversity („microsites, special structures“)

• animals („animal diversity“)

 begin April 22, 10 appointments

We need six groups (7 students each) – please send me your list!
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Practical part on Tuesday, 10 appointments:

April    22    plot specification, installation of equipment and traps 

29    forest mensuration (Doris Kramm)

May 6      lecture/exercise “vegetation survey” (Dr. Hornschuch)

13    vegetation survey on your plots 

27    excursion (Dr. Hornschuch)

June 3 monitoring of structural diversity (Linde/Kolling)

10    interim evaluation of results

17    sorting of pitfall traps, first determinations of arthropods

24    evaluation of your results; preparation of exam

July 1    oral exam – presentation of results on the plot

 You will receive email-instructions (where you have to be at what time)           

 Please study all scripts (plant ID etc.) BEFORE coming to the plots!!

II.    Practical part “ecology” (April 22nd – July 1st) 
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..you have seen the plots on April 15 and decided where you´d like to work

6b

6c

(I/II: Dune area)                             

V: Pine/beech

VI: Old beech a                        

VI b: Old beech b

VI c: Old beech lowland

VII: Beech on slope

VIII: Poplar

Wege-

kreuzung
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Gefahr durch Zecken 18. März 2022
Ein Insekt mit einem gefährlichen
Krankheitserreger verbreitet sich weiter
nach Norden.
Nachdem bis vor wenigen Jahren

Norddeutschland noch außen vor war, ist

seit dem 3. März sogar der Landkreis

Oder-Spree durch das Robert-Koch-

Institut als FSME-Risikogebiet eingestuft

worden. FSME ist eine Erkrankung der

Hirnhäute und des zentralen

Nervensystems und mit Medikamenten

nicht heilbar.

Und: In Deutschland sind 20 bis 30 % der
Zecken mit Borrelien infiziert

Please take care! 

- Plug your pants into the socks

- Use a repellent

- After the practical excercise:    

 Search your body


