Knowledge on Biodiversity 

I Living species

Biodiversity exist in different levels : ecosystems, species, genetics. The level of species seems to be the more easy to calculate. The first idea of the numbers of living species is given by the recorded lists (for example : Parker, 1982 : Synopsis and Classification of living organisms). These lists precise 1.4 to 1.7 million of living species (Table I & II).

Table I : Numbers of described species of living organisms (according to Wilson, 1988)

Systematics groups
n° of described species

Virus

        1,000

Bacteria

        3,000

Blue-green algae

        1,700

Fungi

      47,000

Algae

      26,900

Plantae

    248,500

Protozoa

      30,800

Sponges

        5,000

Cnidaria, Ctenophora

        9,000

Flatworms

      12,200

Roundworms

      12,000

Annelids

      12,000

Mollusks

      50,000

Echinoderms

      6,100

Arthopods
Insects
  751,000


Others Arthopods
  123,200

Others invertebrates

      9,300

Tunicata, Cephalochordata
      1,300

Vertebrates
Lampreys
           60


Cartilaginous fishes
         840


Bony fishes
    18,150


Amphibians
      4,180


Reptiles
      6,300


Birds
      9,040


Mammals
      4,000

Total organisms
1391,57

Table II : Numbers of described species of living organisms classified by new concepts (according to Lecointre & Le Guyader, 2001)

Systematics groups
n° of described species

Eubacteria
        9,000

Archea
           300

Eucariota



Red algae
        5,500


Green algae
        3,700


Plantae
     274200


Opisthocontes



Fungi



Metazoa




Sponges




Cnidaria, Ctenophora




Protostomia





. Flatworms





. Mollusks





. Annelids





. Arthropoda





. Roundworms




Mesozoa




Deuterostomia





. Echinodermata





. Prochordata





. Cartilaginous fishes





. Bony fishes





. Amphibians





. Mammals





. Chelonia





. Squamata





. Birds

     100,800

       10,000

          9,100

        13,800

      117,500

        14,400

      957,100

        20,300

             100

          6,000

          1,400

              900

         50,000

           5,200

           4,500

              300

            6,900

            9,700

Brown Algae, Diatomata
    105,900

Unicellular forms
      36,200

Total organisms
  1736,100

But, except flowering plants and vertebrates, the living species are not well numbered. A lot of authors indicate much more numerous species, at least 5 million (Wilson, 1988). And some, trying to estimate only the insects of the canopy of south American rains forest indicate 30 millions species (Erwin, 1982) and even 50 million species (Erwin, 1988).

II. Evolution of world Biodiversity

21. The geological rate of disappearance

Paleontologists calculate a mean rate of disappearance of 9% of species for 1 million years (= 0.09% per century) i.e. 1 species for 5 years for a number of 2 million species. But according to the obligatory low estimation of endemic species by paleontologists, the mean rate can be amplified to 1-2 species / year (Raup, 1988).


Its exist during geologic times some mass extinction used by paleontologists to separate geological periods. The most important appear between Paleozoic-Mezozoic and Mesozoic-Cenozoic (Table II), others, less marked occurs even during the last period, with glaciations.

Table III : Catastrophic disappearance rate for geological time

Age
Eras and periods
Estimation rate of disappearance


Paleozoic (Primary era)


- 250 Million 

Permian period
52% families of marine animals

years

Triassic period
77-96% species of marine animals






Mesozoic (Secondary era)




  -65 Million 

Cetaceous period
50% of species 

years

Paleocene period
(for example large Dinosaurs)


Cenozoic (Tertiary era)


22. The actual rate of disappearance

We do not know the number of species present so it is difficult to measure directly their disappearance. Some trying are made to estimate the loss of diversity, mainly by means of two kind of geographic units : rain forest and islands (Lugo, 1988).

If the rate of destruction of Amazon basin continue for a century, the loss is calculate to about 12% of birds species (among 704) and 15% of plants species (among 92,000) (Simberloff, 1984). This seem to approach 20,000 species / century much more than the mean rate of geological time (100-200 species / century) and of the same range than catastrophic pass between Paleozoic and Mesozoic eras. But as this geological pass was very long, the actual loss exceeds anything in the geological past.

23. Consequences of actual situation

Does preservation interest exist ?

The patrimonial value of each species, belong to humanity and is not only the property of the actual human generation. But, for different reasons, as economic competition, the actual generation don't take care of this patrimonial treasure. But, even on this economic plan, and for humanity, the value of species exist, but not obligatory now. Nobody can say today if one species or another can be of a extremely large interest in some years for human health, economy, knowledge. For example, American agronomist (Fischer & Hanneman, 1985) calculate that a perennial wild grass, related with corn, recently discovered in Mexico have value of 6.82 billions $ annually mainly by the creation of a perennial hybrid of corn. Plants are used as a food source but new crops can appear. And if 100 pure chemical substances are soon extracted from higher plants and used in medicine throughout the world (Farnsworth et al., 1985), new others will be discovered.


Far from economic consideration, we can also realise that humankind do not lies at the centre of all and that other creatures are valuable as long they served us. But this way go to philosophy and we can limited here our considerations to facts.

What can be done ?


The idea is widespread sometimes, in the students, but also at other people, that not to kill the invertebrates is a protection measure to contribute to maintain the biodiversity. It is always useful to respect the life, but these individual actions do not have a real action on the biodiversity, mainly because balances are restored quickly when the destruction is not important and that other destruction, collective, are considerably more important.

The density of the most abundant animals, the invertebrates, is considerable. In heathlands or meadows in West part of France for example, the density of smaller invertebrates (Mites, Collembolas) exceed several 10,000 individuals / m² and medium species (Beetles, Ants, Spiders,...) reach often 1000 individuals / m² (Canard, 1984). The fact of only walking in a natural environment causes the destruction of invertebrates and a student collecting for example insects destroys a certain number of it. But that modify only temporarily the balance of the ecosystem. To kill a spider is also to leave the life to several insects, but very quickly another spider, which without that would have died as the resources limit their populations, comes to take the free place.

The collective destruction is enormously more serious than the individual destruction. The agricultural works, essential to agriculture, are sources of massive destruction. To build a road, a house also does not cost badly animal lives but it is especially in the destruction of the biotopes that the biodiversity is reached. In Europe, the destruction of wet biotopes, or of the fragile line of the rare biotopes of the edge of sea are catastrophic. And, worse still, the destruction of the tropical forest with 70 to 90,000 square kilometers each years (Myers, 1984) is considerably more detrimental for humanity. If there are actions to achieve, it is for this safeguard that it is necessary to be invested.

III Estimate the biodiversity

For this estimate it is necessary to overcome a series of problems.

31. The problem of the deficiencies in knowledge of systematic (for animal world)

A problem exist about the knowledge of animal species. A lot of them are not described but also the scientific systems in some countries are not favourable to the survival and the maintenance of the systematic scientists. 

The teaching of systematic in the education and university is not very well developed. The students are interested easily in the systematic  when this technique is introduced with the biology and the data in the fields. but for same the reasons that the number of the systematic scientists falls, the teachers able to recognise the species on the ground and to speak about it are not any more very numerous. Therefore the young researchers, who because of the competition which exists between them, must obtain a thesis and publications quickly, may find it beneficial to choose easier subjects on which they have already a formation.

31. The problem of sampling

There is only little case where one can directly count the individuals of a population or the species of a community (except some mammals or birds).

In other cases, we must take out samples to have an idea of a population or a community. Then, we must be careful and consider the representativeness of this sample in regard with the full population or community. The samples are take out by means of a method but as each have advantages and disadvantages we must almost always use several methods together in order to study invertebrate distribution. Some methods are qualified of “absolute” as they are in theory not selective, others are say “relative” as they capture only part of fauna : moving individuals (traps of interception) or those attracted by the traps (traps of attraction).

Examples of sampling methods for the study of invertebrate communities

1) Quadrat sampling

The area sampled is delimited with a metallic or woody square deposited on the ground (fig. 1). The invertebrates are extracted by hand collecting and when it does not seem to have any more animals, the ground corresponding to the quadrat is taken, brought back to laboratory where a second hand sorting is carried out, the rebus being treated by a method of extraction (Berlèse, Tullgren). The samples are taken randomly but in a sampling planning where several series (for example 10 squares of 0.1m²) are carried out per unit of time.
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Figure 1 : Quadrat limited area

The advantages and disadvantages of this method are given in table IV. 

2) Pitfall trapping

The traps are buried in the ground.  They consist of a cylinder covered with a funnel under which a collecting bottle is placed. The bottles are partly filled of a dampening liquid which make sink the invertebrates and conservative who guaranteed that they do not break up throughout trapping. Once set up, the collecting bottles of the traps are changed periodically and the captured invertebrates are preserved for identification. The traps are placed in series according to the analyzed biotopes.








Figure 2 : Pitfall trapping material

The probability of catching (Pc) is linked with several factors :

Pc = Duration x perimeter or surface* x  density x activity x attractivity x selection

day / m² or day / m

* according to system of displacement of the invertebrates: the animals moving on the ground are captured when they cross the perimeter of the funnel, those which jump or which flies are captured when they cross the surface of the trap.

Generally one tries to know the relative density of the species but the trapping on the ground does not allow it, for it combines too many factors. Activity is one of them. The activity is all the more large since the temperature is large (poecilotherms animals). The attractivity is related on the subtances present in the collecting bottle, or to the animals fallen into these bottles, which attract or cause a repulsion on the surrounding animals. The selection is due to the effectiveness of the trap which is not the same one for all the species or all the individuals, thus a young fallen spider can go up and arise from the trap thanks to the silk thread which it spins behind it.

Table IV : Advantages and disadvantages of two sampling procedures

methods
Advantages
disadvantages

Hand collecting and extraction in delimited area
. a large majority of animals are captured

. the results are related with area (possibly expressed by density)
. destruction of the biotope
. necessity of a long duration of sorting (for example 40h for 1m² (10 x 0.1m²) in heathlands

Pitfall trapping
. a great number of animals are caught : significant results for diversity

. very fast method to set up and to exploit

. possible results on life activity cycle (or daily activity cycle).
. destruction of the fauna

. only ground active animals are caught

. the quantity of the individual captures does not reflect only the density of population of a species

. there is no simple relation between the numbers of captures and studied area

One example of sampling methods for the study of invertebrate population

Marking-capture-recaptures

The invertebrates can be marked individually or collectively by small discs carrying of the numbers or by means of marks of painting. Paintings used to paint the models for the children are very useful. Indeed they are not toxic for they are studied so that the children do not have a problem even if they eat them. They also exist in very great number and by combining the number of places and the number of colors one obtains an infinity of possibilities. 

The principle is that of the bag of balls. In a bag, there is an unknown number of balls (1). It is necessary to know this number without coming out all the balls.
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Figure 3 : To know the number of balls in the bag it is enough to mark some and see then which proportion is marked during the second pulling

Balls are marked (2) then given in the bag (3) which is shaken (4) then the second pulling is carried out. 

The principle is simple:  the proportion of marked balls (m/N) is the same one as that of the second pulling (m2/N2) : 
m / N = m2 / N2 

As m, m2 and N2 are known : 

N =  N2 x m / m2

So that this method is usable for an ecosystem, it is necessary that this one is closed like the bag of ball:  some biotopes are in this case (ponds, clearings in forests,...). It is necessary that the dispersion of the individuals takes place in the biotope (the bag is shaken). For that more time between marking and the remarking is long the more the dispersion is likely to take place.  But the longer time is between two markings more the risks of disappearance of the individuals (death) is large and more that of appearance of young animals (not marked) is also large. It is sometimes necessary to know the survival curve of the species in order to calculate the correction which it is necessary to carry out because of mortality and the birth rate.

. 33. Methods of analysis

The biodiversity can be translated by numbers, that makes it possible to carry out comparisons of a place with another, one moment to another.

The specific richness is the simplest quantified parameter.  It expresses the number of species present.

But the richness holds account with equality of the species represented by 1 individual and that represented by very numerous individuals. Several authors tried to translate at the same time by only one number the presence of the species and that of the individuals: that corresponds to diversity index. One of more employed, the index of Shannon (Is), is expressed as follows:  

Is =  ni log ni
N (N-1)

where ni = numbers of individual specimens of each species

N = number of species

This index can be compared with a value of reference:  Imax where all the species have the same number of individuals. This comparison named Equitability (Eq) allows to see the degree of imbalance of diversity the values of Eq tend towards 1 if the numbers of individuals by species tend towards similar values.  In this case, if a species disappears, the unit will not be modified too much. In the contrary case, if some species are represented by a great number of individuals, the disappearance of these species is likely to modify the unit much. The species would have the same number of individuals.

But all the species do not have the same value to translate the biodiversity, some are common and are in all the biotopes, others are rarer and localised. One can consider that in this last case their patrimonial value is higher. patrimonial index. Some authors tried to define indices translating this patrimonial concept among other groups, the spiders were used for this purpose. Their choice is explained by the fact that they are present in all the terrestrial environments, with a rather large number of species without however being too numerous and posing problems of identification.

The patrimonial index (Ip) established by means of the spiders is calculated on all the community. It compares in a place and a biotope given the sample analysed with the community which should be present according to the data recorded on a computerized database rich of several tens of thousands of data (Canard, et al. 1998).

If a biotope is colonised mainly by species ubiquists with strong capacity of recolonisation, this biotope had certainly deep destruction which results in the absence of characteristic species.  If on the contrary it consists of a strong proportion of species not very common to weak rate of recolonisation, it was modified little and the presence of these not very widespread species justifies its strong patrimonial interest with a value of Ip high.




Figure 4 : curves translating  high (1) or low (2) patrimonial indices.

The use of this index makes it possible to compare stations, biotopes in stations or evolutions of biotopes. 
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