                  Modelling of natural selection in the system “predator – prey”

Introduction
People face the consequences of natural selection at every step but it’s quite hard to understand its essence. Therefore the object of our research appears to be the modelling of natural selection while the subject is the relationship between predators and preys in the figurative models we created. The problem is that it is almost impossible to observe all the details of the above mentioned relationships in the natural environment and it’s even harder to interpret them correctly. In our research we offer a hypothesis that it’s possible to create a figurative model, in which the scale of the processes will be reduced. In such a model the occurring phenomenon will be shown visual and comprehensible and the principal positions will be singled out. The evolutional approach is of a great help in this case for interpreting the results materialistically. Modelling the changes which happen in the populations of predators and preys, we make a conclusion that the predatory causes adaptation in both of them. Taking all the above mentioned facts in the consideration we have defined the goal of the research as creating a model “predator – prey”. We plan to achieve the goal by solving two tasks: create the model “predator – prey” the populations of which dwell in a particular environment and to compare the relationship of predators and preys which dwell in different environments.

In our research we used the information from literary and Internet resources, observations of nature, modelling, analysis of the available data. The participants of the modelling were the pupils of school 1201. 

For creating a model the following equipment was used:

1) a table

2) a white mat

3) a motley mat

4) a pot with preys of bean-macaroni community

5) a pot with preys of fruit-seed community

6) a knife, a spoon, a fork (predators)

7) Petri dishes (predators’ stomachs) 

8) a clock with a second hand or a stop-watch

Each community consists of five populations. Initially any of the populations contains 50 individuals. Thus the community consists of 250 individuals. 
Table # 1.  Distribution of roles in modelling (preys) 
	“Prey” community
	A genotype of “preys” (population 1-2)
	Field of habitation

	Bean-macaroni
	1. large motley bean
2. average brown bean
3. small white bean
4. small yellow bean
5. macaroni
	White

	Fruit-seed
	1. pumpkin seeds
2. watermelon seeds
3. yellow pea seeds
4. coffee seeds
5. sunflower seeds
	White



	Bean-macaroni
	1. large motley bean

2. average brown bean

3. small white bean

4. small yellow bean

5. macaroni
	Motley

	Fruit-seed
	1. pumpkin seeds

2. watermelon seeds

3. yellow pea seeds

4. coffee seeds

5. sunflower seeds
	Motley




Predators’ community consists of three populations: knives, forks and spoons
Originally each population consists of one individual

Table # 2. 

Distribution of roles in modelling (predators)   
	A genotype of predators (populations 1-3)
	A hunting field

	1. a knife

2. a fork

3. a spoon
	white

	1. a knife

2. a fork

3. a spoon
	motley


       Red colour marks out the information about modelling in the particular environment

of one community of "predators" and one community of "preys"; 

the information concerting modelling in different inhabitancies of one community of "predators" and two communities of "preys" is indicated by the black colour.
Chapter I.
The review of literary and Internet sources
       One of the most investigated ecological connections are those of a predator and a prey (including the bond between herbivores and the plants they eat).


 A Predator – is an animal or a plant both, catching, and eating the other animals,

working as objects of nutrition. A prey – is an individual, undergone a direct attack, 

killed and completely or partly eaten by the attacker. (N. F. Rejmers «Biological concepts and terms») (10). 

In the system predator-prey partners are mutually adapted. “Figuratively speaking, a prey should not escape from a predator too quickly, and a “predator” should not excessively easily overtake it. Only in this case predators eat individuals, and number of preys will be kept at the certain level” (5). Evolution of “predators” and their preys passes at the same time: predators develop ways of attack, and preys – ways of defense. Accordingly changes in number of predators are followed by the changes in number of preys.


Predation as well as any other forms of the relations of species possesses certain significance in the community. Predators reduce the exertion of competition among different kinds of preys and in this respect predators help to maintain the diversity of preys
.

Modelling of the system predator – prey

Mathematicians A. Lotka (1880-1949) and V. Volterra (1860-1940) independently from each other (A. Lotka in 1925, and V.Volterra – in 1926) offered a system of equations for the description of competitive attitudes between a predator and a prey. Some time later in 1934 equation was modified  by G. F. Gauze (more detailed 

N. F. Rejmers "Wildlife management") (9). 

The mathematical models usually forecasting fluctuations of the both components of the system (steady, fading or with growing amplitude), are widely used for the description of ecosystems` functioning.


These also exists an experience of creating figurative models of the predator – prey system. A famous American scientist and teacher, the author of a popular textbook on the environmental protection Bernard Nebel created a figurative model of natural selection which included the populations of predators and preys. Bernard Nebel’s model consists of five populations of preys and three populations of predators. To provide better visuality cutlery is used as predators while preys are seeds, fruit, macaroni. 


B. Nebel makes it clear that a knife, a fork and a spoon used as well as seeds different in form and colour represent genotypes of mutually interdependent organisms. At the same time in such a model it’s impossible to take into the account the phenotypes of the participants because they are not manifested for the preys (modification variability is absent) while for the predators phenotype is determined by a personality of a human being, holding a particular knife, fork or spoon (This peculiarity is not considered in the modelling for it’s changeable). Thus, B. Nebel has created a model predator – prey in a particular environment. The idea of comparison of mutual relationship of populations of predators and preys dwelling in different environments is shown in I. A. Stepicheva’s article (12)
Processes in Nature
Regulation of the number of individuals in a population

Population is an aggregate of all the representatives of a particular kind, occupying a certain area at the given time. Each population develops adaptations to the conditions of the area of inhabitance. As an ecological unit a population can settle in the area with suitable climate, nutritious food and energy source and take part in a trophic circuit existing in this locality. Different factors cause the destruction of the organisms before they have off-springs. Therefore these factors act in the role of selective ones. They control the number of individuals in a population and finally determine the evolution of this population.

Predation and diseases are death factors dependant on the density of population. It’s partly explained by the fact that it’s easier for a predator to find its preys when they’re numerous in the given locality. Moreover the studying of populations of some wild animals showed that in case of high density its members can be physically weaker and smaller. It can decrease their ability of resistance to diseases and make them more accessible for predators. To avoid such situation individuals can settle apart. 


In this case it’s interesting to recollect K. Sent-Iler’s statement “… colonies and communities can as well as organisms split into different parts and collapsing give rise to new colonies. It happens when they appear to be too big (a new swarm separation in a bee colony is such an example) (11)


“When in a known district the reproduction activity of the beavers exceed a certain limit some of them resettle. Indians tell that during such migrations old animals go upwards to the headstreams of the river while the young go move downwards. The Indians explain it by the fact that the struggle for existence upwards is milder and therefore it’s within the abilities of the old. Old habitations become vacant and are occupied by the new couples (A. Brem) (1)

The opposite effect is achieved by an increase of density of population of boobies (see a fly leaf for an explanation)

Other death factors are viewed as independent on the density. As example we may accept the influence of adverse weather conditions. A hurricane, a severe winter or a drought can destroy the most part of the population disregarding its density.However the same conditions can act as death factors dependent on the density. If the survival of a single individual depends on its ability to find a refuge and is the number of shelters is limited then all the members of a small population can survive whereas all the members of a numerous population would fail to find a refuge and thus only a small group would survive (like grey rat with excrements in its shelter).
The Competition

As members of one population occupy the same niche, they use the same resources in the same way and inevitably enter a competition with each other for these resources. The value of territory is determined not only by its space as such, but by the availability of refuges, food or places for building up a nest. Here an animal can get enough food and raise its offsprings without any interference from other individuals. 


Nesting penguins’ population Adeli in Antarctic Region is distinguished by its high density. Each pair of birds protects a small territory which can consist only of a nest (a pit bordered with stones) and a neighbouring strip of land which width hardly allows a bird to rest there (U.S. Navy)


Paul Erington has been studying the biology of a musk-rat on one of the swamps (~ 100 h.) in Iowa State. Males competed with each other for the territories. Actually there existed approximately 180 areas and each of them was capable of providing a pair of animals and their offsprings with food and refuge from predators. Within the boundaries of their territories the animals are in certain safety from predators because they know their area well enough to be able to find a refuge if necessary.


The musk-rats that hadn’t been successful in an annual competition for territories had to live in unfavourable conditions at the edge of the swarm, where both they and their descendants suffered from high death level caused by overpopulating, predatory, lack of food and intervention from other animals. There was a year when many musk-rats died because of the unfavourable weather but due to their high reproduction potential (which varies from 11 up to 17 cubs from one female) the population increased in number and reached its regular level of approximately 400 individuals (11)


Representatives of various species consume the same resources and consequently the competition is possible not only within species but also among them. Some species of giant turtles of the Galapagossky islands have already become extinct and the number of the rest has sharply reduced (according to the information from the expedition in 1962). Pirates brought out thousands of these turtles. The point is that the turtles can live for several month without food and drink, providing seafarers with fresh meat during their long voyages. In recent times a competition with wild goats for fodder plants (the goats were brought there in 1957) and the destruction of eggs and young turtles by wild pigs, dogs and rats caused a great damage to the remaining population (William Camp).


Another bright example of a competition among species is the competition among wild donkeys and in the southwest of the USA. Donkeys were brought to this region by gold-diggers in times of the gold rush. Donkeys overruled in a competition with local bighorns. They drive away less aggressive bighorns from the watering places. Moreover donkeys clear out all the vegetation whereas sheep keep changing places, pulling out only some part of the plants (4).

Competition for space, food and other resources determine the maximal number of individuals in a population. 
Predatory. Specialized predators.

A classical example of specialized predatory is the elimination of icerya (a small animal – 0,4 inch – that sucks juices from the plants) which had been brought by mistake from Australia to California. After many unsuccessful attempts to struggle with it one biologist who had been in Australia has brought with him 129 samples of ladybirds that are natural enemies of icerya. In 1889 ten thousand ladybirds were sent out to orange plantations of California and by the end of October icerya was eliminated on the most part of Southern California territory. This method is efficient everywhere as an alternative to chemical methods such as DDT pesticide. Thanks to ladybirds’ presence the density of icerya population remains at a very low level, at the same time the number of ladybirds which can survive consuming icerya in its turn is also reasonably small (4).
Predatory. Non-specialized predators.

The majority of well-known predators such as wolves and tigers are non-specialized (general) predators, hunting for many kinds of preys. Professor V. N. Smitnikov wrote: “If we could count all gamebirds and valuable fur-bearing animals destroyed by a wolf the latter would turn out to be the most harmful animal of them all (3). 


However the ties that exist in nature are much more complicated. Non-specialized predators change their preys from one another depending on which is more plentiful and accessible. The majority of such predators usually only skims the cream off the population where a demographic burst had occurred. In some cases non-specialized predators apparently play a subsidiary role, strengthening the influence of other limiting factors like the quantity of food.


Such phenomenon was observed in particular on the Ail Royal island. It’s inhabited by about 600 elks and 20 wolves. The latter hunt for elks and mice. Wolves kill mainly sick, very young, very old or weak elks  (6). Healthy adult elk can save itself from a wolf 

easily. It can either escape from the wolf or fight with it. An adult elk can kill a wolf with one leg strike (4).
 The story of the elimination of predators on the plateau Kaibab in Arizona State is widely known. Black tailed deer (Odocoileus hemionus) and domestic animals lived there. The neigbourhood of domestic animals and predators (such as pumas, coyotes, lynxes and wolves) resulted in a fact that the number of individuals in the population of black tailed deer had been constant for many years. In 1906 this territory was declared to a reserve area. Domesticated animals were removed and the eliminations of predators began. Wolves, lynxes, pumas and coyotes were eliminated in a short period of time. These actions produced a prompt effect: by 1920 there had been already 60 thousand deer and in 4-5 years the number individuals in the population has increased up to 100 thousand. Then suddenly the quantity of deer began to decrease. Predators didn’t eliminate deer but they eliminated themselves. Having reached such a vast number of individuals in their population they ate everything around them, trampled down all pastures available and began to die because of hunger (3).


In the other area after the elimination of pumas and wolves the number of individuals in a deer population increased. Many scientists considered the two processes linked. They thought that predators’ aggressiveness was a limiting factor for deer. However it appeared that human activities were at the bottom of the increase of population. People had planted many bushes and young trees which are deer’s favourite food. 


A fox has rather complicated relations in Nature. It’s counted that fox’s diet consists of more than 300 various animals, including insects and big birds. And still the basic food of the fox is rodent animals. They form up to 80-85 per cent of fox’s diet. A fox should catch and eat not less than 20 mice and voles a day to be sated. The square of feeding area of a fox is about six miles (ten kilometers) in diameter and there are less rodent animals in this locality as compared to the areas where there is no fox (3). 


It’s difficult to gain an understanding of connections existing in Nature. The evident example to prove this point is a popular stereotype that hares eat carrot and cabbage (which actually don’t grow in the forest) and that foxes hunt for hares (which are really too large a trophy)
Chapter II.
Modelling of natural selection in the system “predator– prey”
Creating a model “predator – prey”
Modelling carries out the following way. “Preys” are poured out from the jar onto the table. Pupils take cutlery and start hunting. Each hunt lasts 20 seconds. There are three hunts altogether. Hunting can also take place to the music. After the first hunt (as well as after any other hunt) “preys” left on the field are doubled. For example if there is one bean left you should put one more, if there is four beans left you should add four more, etc. It symbolizes the reproduction of “preys”. “Predators” can also be doubled (reproduce themselves) in case they consume more than 40 “preys”.

Thus after the first hunt “cubs” (i.e. the second generation) of “preys” and “predators” can appear. They can be called “a knife’s child”, “a fork’s child”, “a spoon’s child”. According to our classification “children” are those who managed to survive and reproduce after the first hunt. “A predator” places all the “preys” it managed to catch in its “stomach” (which is actually a Petri dish) to count. If the 
hunt was unsuccessful for “the predator” and it managed to catch only 20-40 “preys” it has enough strength for merely go on living (no reproduction possible). If “a predator” catches less than 20 “preys” it starves to death.

In the third generation so-called “grandchildren” can appear. They are individuals that survived and reproduced after the second hunt. All the individuals appeared after the third hunt are called “great-grandchildren”. Then the hunting stops as the result of disappearance or great reduction of the number of individuals in populations.
Part I. Modelling of the system “predator – prey” in a particular environment.
Equipment:
1) a table

2) a motley mat 

3) a pot with “preys” of bean-macaroni community

4) a knife, a spoon, a fork (“predators”)

5) Petri dishes (“predators’ stomachs”) 

6) a clock with a second hand or a stop-watch
The process of the modelling

The process of modelling takes place on the mat of the same colour with a certain community of “preys”. For this purpose we’ve chosen a motley mat and a bean-macaroni community. The diversity of colour and form draws our objects to the real conditions existing in Nature. Modelling ends in defining general regularities of the struggle within and among species.
The analysis of the modelling

Impressions about the hunting due to which the number of individuals in a particular locality changed are registered in a questionnaire: 

Peculiarities of hunting in the same environment:
	A question
	An answer

	Describe your “predator’s diet”
	A knife – I specialized in small “preys”
A fork – I failed to catch small “preys”
A spoon – I was able to catch and “eat” any kings of “preys”

	Describe hunting peculiarities of “your predator”


	A knife: It was easier for me to chase and catch my prey along the edges of the mat or on its contrast sections. Other “predators”, including “knives” (that could move quicker than me) captured “preys” more efficient if they were in a “crowd”. For me the most favourable position was to hide and then rush forward because my capture is not efficient enough.
A fork: I easily chased my prey if there were no obstacles on the mat (which were difficult to overcome for my teeth), I was able to capture any “prey” because my teeth are sharp but I could hold only large individuals because my widely spaced teeth couldn’t hold small ones.
A spoon: I had no equals during the hunt. I could chase “preys” of any size without any serious effort. When the colour of the preys coincided with the colour of the mat I caught them randomly without suffering from any obstacles. Moreover I could hold the “preys” I had caught even in direct competition with other predators. 

	Which “preys” settled apart (poured out from the mat) more intense? 
	Small “preys” hold their ground less firm. The same can be said about round “preys” that simply roll away.



	What was the reason of preys’ settling apart?
	Round and small “preys” turn out to be under greater pressure of “predators”. Yielding to that pressure they move to the edges of the mat. There it is even harder to escape from “predators” but it’s easier to settle apart.

	What resources provided a basis for rivalry among “predators”?
	For food

	What resources provided a basis for rivalry among “preys”?
	For shelters (which colour should coincide with the colour of the “preys”, for folds – “holes” or for the edges of the mat from where it’s easier to settle apart)



	Point out a limiting factor for each group of populations


	Hunger for “predators”

“Predators’” consummation activity



	Does “predictors’” success in hunting depend on the density of preys’ population?
	Undoubtedly



	By what means did “predators” reduce the competition among themselves?


	The competition among species was reduced due to the distribution of the resources.

The competition within species and consequently the competition among species was reduced due to the decrease of the density of populations (“Predators” consumed a lot of “preys” and the remained ones couldn’t satisfy their need. Many “predators” died of hunger)

	By what means did “preys” reduce the competition among themselves?


	The competition among species was reduced due to the distribution of the resources (small “preys” hid in the shelters, some large ones used protective colouring, small and round “preys” settled apart all over the mat or escaped from it)

The competition within species was reduced due to the decrease of the density of the population of “preys” (“preys” settled apart, escaped from the mat or were eaten by the “predators”)


The discussion of the results

The number of populations was limited by a great number of biotic and nonbiotic factors. In our case the reproductive potential of any population wasn’t realized because the number of “preys” was regulated by the “predators” and the limiting factor for “predators” was hunger. The death of some part of the population of “preys” took place also in a case when they got to motley coloured sections of the mat which can be compared with unfavourable weather conditions, destroying shelters. This death factor didn’t depend on the density of the population of “preys”. The weather which was unfavourable for “preys” turned to be a benefit for “predators” creating better conditions for hunting. If “preys” stayed inshelters (along the edges of the mat, in the folds or monochromatic sections it was harder for “a predator” to catch them. In this case “predators” starved and were worse at reproduction.

We observed a competition within species and among them. For “preys” a competition within species was manifested through the struggle for territory and in particular for food and shelter. “Preys” that failed to succeed in a competition for territory after being poured out onto the mat had to exist along the edges of the mat and on its contrast segments. The death rate within this category of “preys” was higher due to the serious pressure from the “predators”, overpopulation, bad weather (contrast spots on the mat). It’s worth noting that some individuals abandoned their own population if it were too dense and settled in another areas. So did macaroni that fell off the table. The fact that such migration took place in all generations makes us think that this kind of behaviour was determined at the genetic level and is supported by natural selection. The case when the members of population leave and settle down in another place is one of the examples of reducing the competition within species. We can state that the competition between species for resources the number of which is limited resulted in adaptation which it its turn reduced this competition. In general the smaller was the population of “preys” the less severe was the competition for the territory. The competition within the populations of “predators” for the territory (which was actually the competition for food) was evident but brief because the population of “predators” was small. 


The competition among species was also apparent as far as different kinds of “preys” used the same resources and therefore their ecological niches were covered. The same process took place in case of “predators” because their resources are similar. The most evident was a competition among “predators”. A knife which was well armed but slow wasn’t adapted for hunting for large beans and it was the first to become extinct because its food (small beans and macaroni) had been eaten by other kinds of “predators”.


Another interesting phenomenon that is of distribution of resources among predators took place: a knife consumed small “preys”, a fork “ate” large “preys” (its teeth are sharp but widely spaced). Thus the evolution of competing species proceeds in such a way that each of them is specialized in getting only one share of the resource. Therefore the tension of competition among species is reduced. A spoon can be called a non-specialized predator, which switch from one “prey” to the other depending on which is more accessible.

The results are shown in the graphics: 

The dynamics of the number of individuals in populations in a particular environment
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Conclusions:

– the fluctuation in the amount of “predators” falls behind the fluctuation in the amount of “preys”

– the reduction of the competition within species happens due to the decrease of the density of the populations (“preys” suffer from “predators”– they are either eaten or driven to other territories, “predators” suffer from hunger and die)

– the decrease of tension of the competition among species happens due to the distribution of the resources (each “predator” gets its share of resources)

· the competition among species in general results in the decrease of the amount of the defeated species. 
Part I. Modelling of the system “predator – prey” in different environments.

Equipment:
1) a table

2) a motley mat 

3) a white mat

4) a pot with “preys” of bean-macaroni community

5) a pot with “preys” of fruit-seed community

6) a knife, a spoon, a fork (“predators”)

7) Petri dishes (“predators’ stomachs”) 

8) a clock with a second hand or a stop-watch

The process of the modelling

The process of modelling the relationship of predators and their preys in different environments requires a selection of mats’ colour. In the pictures which demonstrate the process of modelling it is clearly seen that a certain part of “preys” became inconspicuous. Pepper seeds (which were later replaced by coffee seeds) are clearly seen on the white mat, whereas white beans are not. Motley mat makes most of the “preys” less visible, both motley and one-colour ones. At the same time it should be pointed out that modelling takes place on the table near the pupils (who act on behalf of “predators”) and it’s impossible to name the disguise of the “preys” a genuine one especially referring to large individuals. To make the task more complicated we examine the processes that happen in two populations of “preys” that of bean-macaroni and fruit-seed that inhabit the white and the motley mat.
The analysis of the modelling

Impressions about the hunting on different mats and the comparison of relationship of populations of predators and preys are registered in a questionnaire:

Peculiarities of hunting in different environments:
	A question
	An answer

	Which “predators” acquired the most efficient adaptations by means of natural selection?
	A knife – can be quite successful if it catches small “preys” (especially flat like macaroni) from the ambush 
A fork – possesses an excellent capture and sharp “teeth”. The problem that the “teeth” are too widely spaced and can’t hold small “preys”
A spoon – possesses the best capture and can hold any “prey”

	Is there any connection between a selective survival and repro-duction of “predators” on the one hand and the colour of the mat used for organizing a hunt on the other? 


	No apparent connection has been traced.



	Is there any connection between natural selection in the populations of “predators” and species composition of “preys”?
	Species comprising a bean-macaroni community are more difficult to catch (they tumble), but they’re easier to hold.

Seeds and fruit from seed-fruit community escaping from a “predator” roll straightforward and therefore they’re easier to catch. Still such “preys” are harder to hold.

In general in turns out that “predators” can have a larger meal if they concentrate on catching seeds and fruit but not beans.

	Which “preys” developed the most successful adaptations to the environment in the process of natural selection?


	White seeds of pumpkin, bean and macaroni possess protective colouring on the white mat (but they are either big or flat and it’s a problem)

Motley beans on white and motley mats keep rolling and changing sides which are multi-coloured. It can show dark, motley or white side which makes it less vulnerable in comparison with beans of other colours.

Peas sometimes split and it’s considered to be an increase of its reproductive potential.

	Is there any connection between a selective survival and reproduction of “preys” on the one hand and the colour of the mat used for organizing a hunt on the other? 
	Such connection definitely exists




The discussion of the results
The comparison of the relationship of the populations of “predators” and “preys” is summarized in the tables # 3-4.
Table # 3. The influence of “prey” community and the colour of the mat on the survival of “predators
”
	“Prey” community

The colour of the mat


	The amount of “predators” in the first and the fourth generations
	The total number of “predators” in the 4th generation



	
	a knife
	a fork
	a spoon
	

	
	I
	IV
	I
	IV
	I
	IV
	

	Bean-macaroni;         white mat
	1
	0
	1
	1
	1
	5
	6

	Bean macaroni;         motley mat
	1
	0
	1
	1
	1
	5
	6

	Fruit-seed;                 white mat
	1
	1
	1
	2
	1
	6
	9

	Fruit-seed;                 motley mat
	1
	1
	1
	3
	1
	6
	10


The amount of individuals in the fourth generation is shown in bold.
Table # 4. The influence of the colour of the mat on the survival of “preys”
	The colour of the mat
	The amount of “preys” in the first and the fourth generations
	The total number of “preys” in the 4th generation



	
	Bean-macaroni
	Fruit-seed
	

	
	I
	IV
	I
	IV
	

	White
	250
	47
	250
	64
	111

	Motley 
	250
	12
	250
	18
	30


The total amount of individuals on a particular field of habitation is shown in bold.


Judging by the table # 3 it’s clear that the amount of spoons-“predators” in the fourth generation is high disregarding the kinds of consumed “preys” (5-6 individuals). The smallest amount of survivors is among knife-“predators” (0-1). The composition of “preys” affects the survival of “predators”. They die out less if they consume the species of fruit-seed community. The community of “predators” which consume the bean-macaroni community of “preys” in the fourth generation consists of six individuals, whereas the amount of “predators” that consumed fruit-seed community is up to 9-10 individuals. Such result is likely to be achieved by a flat shape of some “preys” from this community. It is easier for a knife and a fork to catch and hold flat “preys” if the populations of both “predators” and “preys” are not too dense. Such situation happens on the motley and white fields of habitation of the fruit-seed community during the second and the third hunt.

Any fuss during the hunt causes the escape of the “preys” that have just been caught. This effect is the most dramatic for a spoon and a knife. That’s a fork-“predator” is less successful during the second hunt as compared to the first one. And a knife-“predator” often dies after the first hunt or just doesn’t reproduce itself in next generations because it can’t hold large “preys” and small “preys” that it can catch are also the subject for competition between all the “predators”. Species included in the bean-macaroni community are easier to hold but harder to catch because they have another way of travelling – they tumble. Peas from the fruit-seed community can sometimes get split. It denotes an increase of the reproductive potential of the peas. And at the same time this process is favourable for a knife-“predator” because small “preys” as well as flat ones are his specialization. 

Comparing the data in the table # 4 we can make a conclusion that the colour of the mat doesn’t influence the death rate of the “predators”. As we can observe from the table the amount of “predators” of the fourth generation inhabiting the white mat is 6, 9 and the amount of “predators” from the motley mat is 6, 10. Otherwise stated the selective factor for “predators” is the composition of the “preys”.

The analysis of the table # 4 is a bit surprising because the motley mat was supposed to provide a secure shelter for the “preys” which are protectively coloured. But the unpredicted result (111 “preys” of the fourth generation on the white mat and 30 “preys” of the fourth generation on the motley mat) proves that in real Nature protective colouring as a way to escape from predators is formed during a long period time in a particular environment. Thus we should state that school modelling of the processes in Nature has certain boundaries and limitations.

In our case protective colouring on the white mat is a property of white pumpkin seeds (but they’re quite big), white beans and macaroni. “Preys” which take part in modelling are homogeneous in colour and it makes the figures describing the survival of motley beans on white and motley mats worth analyzing. These figures are a bright illustration that the organisms that can change their colour have benefits in the process of natural selection. Some beans can show dark, motley or white side which makes them less vulnerable in comparison with beans of other colours.

The conclusions about the influence of “predators” on “preys”

In all the models the total number of “preys” decreases from the first to the third hunt whereas the total number of “predators” increases. For example, the amount of “preys”  of bean-macaroni community on the motley mat fluctuated from 250 individuals in the first generation up to 122 individuals in the fourth generation. The statistics for “predators” is the following: three “predators” in the first generation and four in the fourth. In the fourth generation the amount of “preys” is becomes dramatically low, sometimes they are even eliminated completely, and the “predators” die of hunger.
On  the  grounds  of  comparison  of  four  models  “predator – prey”  in  different
environments we have made the following summarizing conclusions:

1) spoon-“predators” possess adaptability to the most extend – they have formed the habit of a more efficient capture and holding a prey

2) the accessibility of different kinds of species influences to a greater extend on the survival of “predators” than the colour of the hunting field; so this factor should be called a selective one.

3) the colour of the hunting field influences the survival of the “preys”. The same significance possesses both protective and demonstrative colouring. 

4) The colour of the hunting field and “predators” are the selective factors for a “prey”.
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