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To the untrained eye, all adult sheep look 
the same within a flock of sheep (fig. 2). The 
shepherd can tell the animals of his flock 
apart; by experience, he has acquired the 
ability to spot differences between individu-
als. This is the same for all individual species 
on Earth. Individuals differ with regard to 
many features, e. g. shape, height, co-
lour, tone of voice, speed, metabolism and 
number of leaves and flowers. Each indivi-
dual is unique.

Differences are not only found within a spe-
cies. One look at a meadow or into a forest 
makes us aware of the immense diversity 
of different living beings. In central Euro-
pe alone, there are many different species. 
Some of them are barely visible as they are 
either too small or because they live hidden 
from view. This variety is especially obvious 
on trips to distant countries where one can 
encounter unfamiliar plants and animals. 
Variety therefore refers to two aspects: on 
the one hand, there is variety between spe-
cies and, on the other hand, there is variety 
within each species.

This variation is the object of evolutionary 
research. Two main problems have to be 
solved. On the one hand, we need to under-
stand the mechanisms acting today, me-
chanisms that change species or that help 
create new species; these mechanisms  
have to be verifiable. Theoretical models 
that are developed on the basis of plausible 
assumptions can also help to elucidate this 
problem.

On the other hand, there is a historical 
aspect in evolutionary research, as it tries 
to reveal the actual sequence of events that 
have happened during evolution. As this 
is a past and unique process, it cannot be 
observed directly. Scientists therefore try 

to reconstruct the sequence of events by 
using known mechanisms. Laws from the 
natural sciences of physics, chemistry and 
geology are also taken into account.

What makes a species?

Any open-minded observer can clearly 
identify plants and animals in their familiar 
environment. Hints come from their outward 
appearance, such as shape and colour, 
voice, times of activity and other significant 
features.

Even when taking sexual or age differences 
between animals into account, the diffe-
rences between species remain distinct. 
These criteria provide the basis for the  
morphological species concept:

Diversity of species and variability

A species is a group of living beings that, 
with regard to all major distinctive features, 
resemble each other and their descendants.

For the classification of organisms in the  
field, this morphological definition of 
species is indispensable. Many species 
however occur over large areas of entire 
continents and beyond, so that, in distant 
regions, one can find individuals whose fea-
tures do not completely conform with those 
expected (see margin p. 8). This requires a 
different approach for identifying the spe-
cies to which they belong.

It helps to imagine that indirect genetic links 
exist between all individuals of a species. 
Over many generations, the genes for a 
particular feature can be spread through 
the exchange of genes to wherever indivi-
duals of this species live. The ancestors of 
some individuals might therefore have lived 
far apart from each other. All individuals of 
a species are therefore part of the same 
reproductive cohesion (population). This is 
the basis of the genetic species concept: 

All individuals of a population that, under 
natural conditions, can potentially repro-
duce with each other are part of the same 
reproductive cohesion (population) and be-
long to the same species; their genes form 
a common gene pool, which is isolated from 
the gene pool of other species.

How many species are there?

Today, about 300,000 plant species and  
1.5 million animal species are known. The 
exact numbers are however unclear. This  
is especially true for species that occur in 
remote areas that are difficult to access, 
e. g. the depths of the oceans or the tree- 
tops of giant tropical trees. Furthermore, 
species with larger individuals are easier  
to spot than species with small individuals. 
In addition, science has mostly focused  
on species living in moderate climates. 
Regarding global numbers of species, only 

estimates can be provided, which include 
possible numbers species that have not 
been discovered yet.

One method of such estimations starts with 
the known number of species. Species li-
ving in the moderate climates are more likely 
to have been thoroughly researched than 
those in other regions of the world. This is 
where about 2/3 of the 1.5 million known 
animal species occur, i. e. one million, and 
most of these are insects. In tropical areas, 
large and more easily ascertainable animals 
are about twice as common as in moderate 
climates. Assuming that this is true for all 
animal species, there should be twice as 
many animal species in the tropical zones 
as there are in the moderate climates, i. e. 
about two million. According to this calcu-
lation, an estimate for the global number of 
animal species can be achieved: there are 
about three million animal species on Earth. 
Other methods of estimation sometimes 
give similar results, whereas widely different 
results can also be obtained and range bet-
ween three and about 100 million species.

2 Flock of sheep

1 Numbers of species known

European great tit

Japanese tit

1 Diversity of species

Gene pool
Sum of all alleles in a 
population

Population
Group of individuals of 
a species in a particu-
lar area

Morphological  
species concept
Group of living beings 
that, with regard to all 
major distinctive fea-
tures, resemble each 
other and their imme-
diate descendants

Genetic species 
concept
Group of individuals 
form a reproductive 
cohesion that is ge-
netically isolated from 
other groups

 1 Variability and selection


