
    Organisms and their physical Environment  



Organismal  ecology:- the study of individual organisms’ 

behavior, physiology, morphology, etc in response to 

environmental change 
 

Organisms in one or another way are influenced by their physical 
(Abiotic) and biological (Biotic) environment. 

• The fitness of an organism is affected by its ability: 

  to avoid predation 

 to catch prey 

 to withstand diseases 

 to  adapt the weather condition 

 to get fitting mate and to give fertile offspring. 



A. Limiting Factors and the Environmental Complex 

1. Range of Tolerance (Shelford’s Law of Tolerance) : is the ability of 

organisms to tolerate a range of intensity of an environmental 

factor 

• It is the whole range of a specific environmental factor over which 

the species is able to live.  

• For example, a certain fish species can live in waters in which the 

temperature ranges from 9-28°C, and may die if it is above or below 

this range. 

 

• Differ from one species to the other 

• Limit the distribution of organisms 

The fact that different species have different tolerance ranges is 

one basic reason why different habitats support different 

communities 



Tolerance range 

• Eurytopic organisms have a broad range of tolerance; 
stenotopic  organisms have a narrow range of tolerance.   

• Many organisms often have the tendency to keep their internal 
environment (like body temperature, water balance, pH and ionic 
concentration) constant in response to the changing external 
environment  (Homeostasis).  

• Under natural circumstances, few habitats stay the same for a long 
time while most habitats have different environmental condition in 
different times 

• Generally, if the environment is changing for a remarkable period 
of time, the organisms face one of the following:  

• Migration  

• Hibernation 

•  acclimation (acclimatisation), 

•  remains in seed bank or egg 

 



  The tolerant range of organisms varies from season to season 

depending on the environmental factors  

 Ecological response or adjustment of the internal physiology 

of the organism in response to a changing environmental 

condition is known as acclimation. 

 

 



• Acclimation has of great importance as it allows organisms to exist 

permanently in changeable environments.  

• Some organisms, however, use migration as a strategy of survival 

in unfavorable environmental condition.  

• For example, during severe, winter in the northern 

hemisphere, when the climate is extremely cold and there is 

shortage of food, a number of bird species cross continents 

to stay in Africa for few months until the harsh weather 

condition is improved in their original home place.  

• It is also common in highly mobile mammals and insects. 



Law of limiting factors 
a) Law of the Minimum (Liebigs Law of Minimum) 

– The law of the minimum was proposed by Liebig (1840). 

• states that when some process, such as photosynthesis in organisms, depends on 

several different factors (Co2 conc, availability of water, type of the pigment, light 

intensity, and many other factors, such as wind, temperature and nature of the soil), 

the speed of the process at a given time is limited by the slowest factor 

– the function of organisms is controlled or limited by that essential 
environmental factor or combination of factors present in least 
favorable amount 

• If all the factors are at the most favorable level (optimum), but only one of 
those factors, for example, light, is lower than the optimum, the rate of the 
whole process of photosynthesis is controlled by the availability of light 
(the lowest factor). 

–  Liebig is a father of fertilizer industry - if one crop nutrient is 
missing or deficient, plant growth will be poor, even if the other 
elements are abundant.  



b) Law of the Optimum or Blackman’s law of Optimum 

– F. Blackman (Blackman, 1905) understood that when a 

process in living organisms depends on several different 

factors, the speed of the process at a given time is limited by 

the factor whose value is farthest from the optimum (lowest or 

highest), not the minimum only. 

– This farthest factor is called a limiting factor and may be 

either too little or too high from the optimum. 

• For example, the rate of photosynthesis in a plant is low in the 

night when there is no light.  

• However, it could be also affected at the middle of the day when there is high 

light intensity. 

 

 



 Response and Adaptation of Organisms to their 

Physical Environment 

• The major physical factors surrounding an organism include 

temperature, moisture, light, physical and chemical 

composition of the soil, pressure, noise, nutrients and among 

many others. 

• Among those factors, some of them are highly essential and 

serve as raw materials for the growth and development of the 

organism hence are called Resources . 

• Some of the factors are not essential for the growth and development 

of the organism but influence its growth and distribution in various ways. 

These factors are called Regulators 



 

• All organisms are composed, mostly, of water. 

• Water has many thermal and solvent properties favorable 

to life. 

• The amount of water vapor in the air is called Humidity.  

• Its amount is highly affected by the air temperature. 

 
 

 

1. MOISTURE 



1.1 Adaptation and Response of Plants to Moisture 

Plants are classified in to three different groups based on their water 
relationship 

• Xerophytes are those plants adapted to xeric or dry environmental 
conditions  

• Hydrophytes are adapted to very moist, aquatic or flooded (hydric) areas. 

• Mesophytes, on the other hand, are those plants adapted to moderate 
(Mesic) moisture level. 

   Most plants prefer mesic conditions. We shall, therefore, discuss here the two 
extreme adaptations. 

1. Xerophytes (Desert Plants) Xerophytes (xero = “dry”, phyta = “plant”) 
are plants that grow in areas where there is scarcity of water 

• They are adapted to grow both in hot deserts or in cold places where the 
water is frozen and not available in its liquid form for plant absorption 

• In both cases water conservation is a serious matter for plants (water input 
by ppt < water output by evap/trans)  strategy minimize water loss and/or 
maximize water gained 

• In general, there are different groups of xerophytes: True xerophytes, 
Succulents,  Desert ephemerals and Phreatophytes  



Xerophytes  
1. True xerophytes 

• Perennial plants 

• Usually shrubs with small and hard leaves 

• Their body is covered with thick, waterproof and waxy material called 
cuticle 

• The body is also covered with hairs, spines or thorns to minimize the 
surface area of their leaves 

• Some are geophytes, means earth-plant, exist in the form of bulb or 
corms during dry seasons 

2. Succulents 

• Have fleshy tissues (stem, leaves and roots) in which water, when it is 
available, can be stored for latter use 

• they close their stomata during daytime and open at night when the 
temperature is cold  to avoid water loss by high temperature  

 Photosynthesis, therefore, can partially occur during daytime without 
opening the stomata. 

• Morphologically, they have sunken stomata, thick cuticle and small 
leaves 



xerophytes 

3. Desert ephemerals 

• Are annuals that complete their life cycle in a single year 

• Are highly opportunistic  grow and complete all their lifetime 

within a short period of time when enough moisture is available 

4. Phreatophytes: are plants that have long and extensive tap root 

system that reaches the water table for absorption e.g. Mesquite tree 

(Prosopis species) can have long taproot system that reaches about 

175 feet (53m) 

• This helps them to maximize their efficiency of water absorption 

 



Hydrophytes (Aquatic plants) 

• Are adapted to wet or aquatic environment 

• In aquatic environment, plants face a problem of suffocation from gases (O2 and 

CO2) 

• To cope up with the problem, plants have developed different morphological, 

physiological and reproductive adaptations 

• Modified spongy aerial roots that can float on the water surface and serve as a 

breathing lung to absorb atmospheric O2 

• Adventitious root, stomata on upper side 

• Halophytes are plants adapted to salty waters that have almost similar adaptation 

like xerophytes. They have a problem of water loss through osmosis. Some 

Mangrove plants, for example, have special glands that excrete salts to the surface of 

leaves. 



Mangrove plants,  



1.2 Adaptation and Response of Animal to Moisture 

• There are three groups of animals in response to their adaptation to 

moisture. These are 

• Xerocoles are those animals adapted to desert environment 

•  Hydrocoles are adapted to aquatic environment.  

• Mesocoles are those animals adapted to moderate moisture level 

Desert Animals (Xerocole) This group of animals has two types of 

adaptation strategies while living in desert environment. 

minimize water loss from their body, or 

  to tolerate the resulting dehydration and increased body 

temperature due to the flow of heat form the external environment.  

 



Hydrocoles 

• Aquatic Animals (Hydrocoles) always face a problem of regulating 

the water and ionic balance in their tissue. 

• Therefore, their adaptation is different based on the salinity of the 

water in which they are living. 

• Marine animals: Marine ecosystems are those aquatic habitats with 

high concentration of salt, usually more than 30 parts per thousand 

• environment is hypertonic as compared to the solution in their 

tissue. 



Hydrocoles 

 Therefore, they need to keep their internal salt concentration 

constant either by minimizing water losses from their body or by 

expelling excess salts out of their body 

 Fresh water animals: habitat with low salt concentration, is 

hypotonic to the animal tissue 



2 Temperature 

• Relatively few organisms can survive body temperature above 45OC 

• some bacteria occur in hot-sprigs that reach at around 95OC 

• Those organisms that are capable of withstanding wide range of 

temperature are called Eurytherms.  

• Organisms restricted to a more narrow range of temperature are called 

Stenotherms 

• Organisms are killed by extremes of both heat and cold temperatures 

• During such extremes, membranes are damaged inactivating enzymes 

and denaturing proteins 



2 TEMPERATURE 

• Heat energy could be transferred from the environment to the 

organism or vise versa through one of the following three  

mechanisms: 

•  Radiation :through direct solar exposure, 

•  Conduction : direct transfer through body contact 

• Convection: by circulation of fluids (i.e., liquids and gasses). 

• The heat gain needs to be balanced with the heat loss. Heat is gained 

by the organism from solar radiation, metabolism, and heat from 

surrounding.  

• On the contrary, heat is lost through evaporation, convectional heat 

(e.g., breezing) 



Adaptation and Response  of Plants to Temperature 

• As plants are not able to move from place to place unlike 

animals, they experience a range of variable environmental 

temperature. 

• Plants, therefore, have both structural and physiological 

adaptations to retain their heat balance. 

• Structural Adaptations: include those modification related to 

body shapes and appearances.  

•     Orientation of the leaves 

– Size and shape of the leaves to the incoming radiation 

– Surface area of the leaves 

 



   

• There are two groups of plants in response to light intensity. 

− Heliophytes (Shade intolerants plants): photophilous plants, 

which have best growth in full sunlight or have the ability 

of growing in intense light 

- Sciophytes (Shade tolerant plants) or shade loving or 

photophobic plants, which have best growth under low 

intensities of light or able to grow in shades 

 

Adaptation and Response of Plants to Light 



     
Adaptation to Light Duration 

• Long day plants: require relatively longer day 
seasons to reproduce and set seeds. In northern 
hemisphere they reproduce during the summer 
season (e.g. Wheat grass). 

• Short day plants: require short day light 
usually less than the critical length to 
reproduce. (e.g. soybean), 

•  Day neutral plants: are not affected by the 
day-length to reproduce but, are influenced by 
some other factors such as rainfall or 
temperature (e.g., corn and cucumber) 

 

 

 



Fire 
 

Fire is ecologically important for maintaining the stability of an 

ecosystem. 

There are three types of fires based on their vertical position in a 

forest ecosystem 

• Surface fire: it is rapidly sweeping fire over the surface of the 

ground. It consumes herbs, litter, trees bases and dry shrubs. It 

has relatively low temperature.  

• Ground fire: It burns slowly and is flameless but intensive as 

compared to surface fire. It burns wood logs and may destruct the 

underground seed reserves of plants. 

•  Crown fire: It burns from the upper layer of tree vegetation 

above the stem. Usually occurs in dense woody vegetation.  



Fire ctd. 

• Fire is an integral part of most ecosystems especially in the 

tropics. For example, in the savanna ecosystems, where grasses 

grow together with scattered trees, the stability or balance of the 

ecosystem is maintained by seasonal fire and grazer animals.  

• This means, if there is no fire in the  area, the density of trees 

could dominate over the herbaceous (grass) vegetation, and hence 

the ecosystem would rather be converted to woodland or 

forestland. 

• Fire could be caused by humans or naturally by friction, lightning 

or volcanic eruption. 

 



Ecological Importance of Fire 

Fire is ecologically important for maintaining the stability of an ecosystem. Its 
major importance include the following 

1. Release of nutrients 
2. Weathering of rocks 
3. Regeneration of plants 
4. Ecosystem stability: It controls the invasion of an ecosystem by visitor or 

alien species. Alien species those species that invade an area outside 
their natural habitat. 

5. Control of pests and diseases: Fire is also an important tool to control pests 
and diseases in many grassland and savanna ecosystems 

Destructive Effect of Fire 
1. Facilitation of soil erosion 
2. Destruction of volatile nutrients: some of the volatile soil nutrients like 

PO4 and NO3 can easily be lost from the ecosystem by fire. 
3. Mortality and migration of animals: Fire may destroy less mobile animals 

and cause migration of highly mobile animals. 
4. Favoring resistant species. Destruction of seed bank: Plants store their 

seed reserve in the ground that could remain for long time protected 
from damage. Fire can easily destroy this seed reserve, if its temperature 
is high. 

 




