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For the def in i t ion  of an eco log i ca l  s t r a t e g y  in the pro tec t i on  of a g r o s y s t e m s  1 
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(t~uvres de Rabelais: La vie tr~s horrofique du grand Gargantua, tome premier 
~Auquel lieu estoi t  une ample  forest, de la longueur  de t ren te  & cinq lieues, & de largeur  d ix  & sept, ou environ. Icelle 
estoi t  hor r ib lement  fertile & copieuse en mousches bovines  & freslons ; de sorte que c 'es to i t  une v raye  briganderie  pour  
les pauvres  jumens,  a s n e s &  chevaulx.  Mais la j u m e n t  de Gargan tua  vengea  honnes t emen t  t ous l e s  oultrages en icelle 
perpetr~s sus les bestes de son espece, par  un tour  duquel  ne se doubto ien t  mie. Car soudain qu ' i lz  furent  entr6s en 
ladicte  forest, & que les freslons luy euren t  livr6 l 'assault ,  elle desgaina sa queue, & si bien, s ' escarmouchant ,  les 
esmoucha,  qu 'e l le  en aba t i t  t ou t  le bois; ~ tord,  ~ t ravers ,  de ~ ,  de 1~, par cy, par  1~, de long, de large, dessus, dessous, 
aba to i t  bois comme un fauscheur  faict  d 'herbes.  En  sorte que, depuis, n ' y  eut  ne bois ne freslons; mais fut  tou t  le pays  
reduict  en campaigne.  ~> 

'There  grew near  Orleans a large forest  about  twenty- f ive  leagues long and seventeen leagues wide. There were in i t  
a great  number  of cat t le  flies ; so tha t  poor horses, donkeys  and mares suffered a lot  f rom thei r  at tacks.  Bu t  Gargantua ' s  
mare  r ight ly  avenged  all the  outrages commi t t ed  there  on the  animals  of her  species by  a t r ick  which the  flies could not  
foresee. For, suddenly,  as t h e y  had pene t ra ted  into t h a t  forest, and she was being assaul ted by  the  flies, she unshea thed  
her  ta i l  and f lapping herself, scat tered t h e m  away  so hard  t h a t  she smashed the  whole forest ;  a t  random,  here, there, 
far and wide, up and down, she felled the  trees jus t  as a h a y m a k e r  mows grass. So tha t ,  since then,  there have  been 
nei ther  forest  nor  flies. '  

The present  s i tua t ion  of the  protect ion of agrosystems 
offers 2 confl ict ing aspects. 
In  par t icu lar  the  use of synthet ic  insecticides has general ly 
reduced losses and increased yields, bu t  the  popula t ions  of 
harmful  insects have  again, in m a n y  cases, reached a 
dangerous threshold  inspite of ever- increasing t rea tments ,  
which often br ing severe al terat ions in t h e  ecosystems, 
and cause useful species to disappear  and other  ha rmfu l  
species to proliferate.  Examples  of this are provided  by  
the  aggrava t ion  of the  san i ta ry  s ta te  of the  cacao tree 
fields in Borneo and of co t ton  plants  in the  Canote Val ley 
in Peru af ter  repea ted  t r ea tmen t s  ~. Besides, the  pro tec t ion  
of agrosystems often has  consequences outside the  
ecosystems we w a n t  to pro tec t  3, 4. Therefore any in terven-  
t ion to ensure pro tec t ion  mus t  be in tegrated into a sys tem 
of relat ionships in which the  species to be p ro tec ted  is 
only  one element ,  even if this one is of p a r a m o u n t  
impor tance  for man.  
I n  such conditions,  i t  is useless to insist  a t  present  upon 
the  need for a so-called in tegra ted  control.  As any  
in te rvent ion  gets in tegra ted  by  itself, i t  is obvious ly  a 
m a t t e r  of apprais ing the aspects and the  consequences of 
this in tegra t ion  upon the  agrosys tem concerned, upon 
those t h a t  will follow i t  and, as any  agrosys tem is open, 
upon the  ne ighbour ing  ecosystems and the ecosphere i t se l f .  
The  adopt ion  of an  ecological v iew allows one to devise a 
p rogrammed  in tegra t ion  of h u m a n  intervent ion.  T h a t  is 
wha t  is expressed by  J. de Wilde, who considers the  inte-  
gra ted  control  as 'a  s table sys tem of crop protec t ion  which, 
based upon the  ecological relat ions wi th in  the  crop and 
the  envi ronment ,  combines  several  effect ive pest  control  
methods  . . . '  5. 
Well,  in t h a t  domain,  there  is much  to be done. 
Owing to the  sectorial isat ion of economic aims, and to the  
technical  t ra in ing  t h e y  have  been subjected to, agrono- 
mists  are ve ry  bad ly  f i t ted  to examine  the  var ious  aspects 
of ecological in tegrat ion.  W i t h o u t  going over  the  whole 
analysis made  by  F. E. Egler  ~, we mus t  observe wi th  h im 
t h a t  ' in thei r  t ra in ing  and in their  thinking,  t h e y  (the 
agronomists)  are s t rangers  in t ime  and space to the  
complex ecosystem. They  wan t  a simplified, if h igh ly  

u n s t a b l e  env i ronment ' .  Thus,  i t  is to be assumed tha t  
m a n y  people among those  who discourse nowadays  upon 
the  necessi ty of a so-called in tegra ted  control, confess 
t h e y  have  complete ly  failed, unt i l  now, to s tudy  the  
ecological consequences of thei r  in tervent ions .  
Unfor tuna te ly ,  the  fundamen ta l  principles of ecology are 
no t  often t aken  into account  in s e t t i ng  out  the principles 
of in tegra ted  control.  We  do not  in tend to wri te  a t reat ise  
on ecology, or to describe the  fundamenta l  characteris t ics  
of ecosystems ; bu t  i t  is impossible to define the principles 
of a s t ra tegy  of in te rven t ion  wi thou t  s tar t ing f rom 
precise ecological concepts  applied to the  fundamenta l  
aims of agronomy.  E v e n  if, as R. Margalef  7 notes, 'ecolo- 
gists have  been re luc tan t  to place the i r  observat ions and 
thei r  findings in the  f rame of a general  theory '  and have  
been awkward ly  inclined, as G. H. Orians ~ stresses it, to 
define del ibera te ly  p roduc t iv i t y  of ecosystems considering 
t h a t  the  results can be widened and above all t ha t  the 
propert ies  of species can be  defined strictly.  - The  aim 
of biology applied to agr icul ture  and  cat t le  raising is a 
double one:  i t  is to get  qua l i t a t ive  improvements  and an 
increased q u a n t i t y  of products .  
Improvement of species. The qua l i t a t ive  and quan t i t a t i ve  
changes are in tended to ad jus t  the  quali t ies of products  
to the  economic requ i rements  and tas tes  of man. 
a) The individual  per formances  of cu l t iva ted  plants  and 
bred cat t le  can be q u a n t i t a t i v e l y  improved ;  for example,  
b y  increasing the  number  of muscular  fibres per  k i logram 
of veal ;  the  con ten t  in fa t  and proteins  of milk, in 
far ina and gluten of grain, in juice and sugar of oranges, 
in oil of sunflower seeds, in proteins of soya sprouts;  by  
increasing the  length  of co t ton  fibres. The a im is to 
increase ti le biomass of useful products  in comparison 
wi th  the  to ta l  biomass of t he  individual .  A more t radi t ion-  
al a im is to improve  ass imi la ton of the  individual  by  
reducing the  losses of the  e lements  t h a t  are provided for it. 
b) The qua l i ty  of the  products  can also be improved  by  
modify ing  the  gus ta t ive  qua l i ty  and the  f lavour of fruit, 
the  consistence of the  flesh for meat ,  the  aspect  of a 
flower . . .  A lot  of processes are used to a t ta in  these 2 
object ives  (the q u a l i t a t i v e  and tile quan t i t a t i ve  one). 
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Zootechny  and  agronomic  techniques  are busy  on them.  
N u m e r o u s  processes t e n d  to  channe l  the  use of energy  and 
metabo l i t e s  towards  the  t issues or organs  t h a t  are 
consumed  or used, for example  thanks  to the  tassel ing of 
corn p lan ts  and prun ing  frui t  trees.  
No t  only  is eve ry th ing  done to  increase assimilat ion,  bu t  
also art if icial  selection and  di rect  i n t e rven t ion  on the  
geno type  t end  to create  individuals  t h a t  are sterile 
biological mons te r s  (seedless fruit), p rov ided  wi th  
pa r t i cu la r  hype r t roph i ed  organs  or t issues. Now all these 
i n t e rven t ions  are no t  w i thou t  effect  on the  sensi t iveness  
of crops and stock farms to enemies.  The changes  made  in 
the  feeding condi t ions  and  the  a l te ra t ions  of s t ruc tures  
resul t  necessar i ly  in a grea te r  fragil i ty and thus  a lower 
res is tance  to parasi tes ,  p r eda to r s  or p a t h o g e n  germs of 
cu l t iva ted  p lan ts  or domest ic  animals.  The use of machin-  
ery  as i t  is, causes changes  in the  relat ions wi th  the  enemies 
which  should not  be over looked 9. 
For  all these  reasons,  in a general  way  the  changes  or 
select ions t h a t  are made  produce  individuals  less capable  
of bear ing  the  stress of na tu ra l  selection. Moreover,  the i r  
reduced  homeostas is  makes  t h e m  par t icu la r ly  sensi t ive to 
the  r a n d o m  var ia t ions  of ecological condi t ions .  We find 
the  mos t  typ ica l  example  of th is  in the  selection of chick- 
ens w i th  reduced  feathers .  In  all cases, t h e y  require an 
increased pro tec t ion  against  the  var ia t ions  of ecological 
condi t ions  in in t ra-  and interspecif ic  compet i t ions ,  and 
in f ron t  of the  a t t acks  of the i r  consumers  and decompo-  
sets. 
Besides, in order  to faci l i tate  the  opera t ions  of fa rm 
produce  indus t ry ,  and to reduce losses, all the  efforts  t end  
to homogenize  the  per formances  and quali t ies of domes t ic  
animals  and plants .  Now the  widespread  homogeniza t ion  
of a selected va r i e ty  is in d i rect  opposi t ion  to the  whole of 
na tu ra l  his tory.  Sex reproduct ion ,  which  is cost ly  and 
lavish of gametes  and unused  individuals ,  has  developed 
only  because it has  the  enormous  advan t age  of allowing a 
m a x i m u m  var iabi l i ty  in popula t ions  10. E v e r y  homogeni-  
za t ion (every nar rowing of a genic pool) cons t i tu tes  the  
g rea tes t  danger :  in 1955, in France ,  abou t  30 bovine breeds  
were raised ; a t  present ,  90% of artificial  inseminat ions  are 
made  wi th  the  sperm of only 5 bull breeds.  In  par t icular ,  
homogen iza t ion  favours  t he  spreading  of a t t acks  and 
epidemics  (the example  of damage  caused by  bl ight  to the  
coffee p l an t  in Brazil  is a wel l -known one). 
Thus,  when  we keep improv ing  the  indiv idual  qualities,  
we increase the  diff icul ty of p ro tec t ing  crop fields and 
s tock farms;  th is  cons t an t  i m p r o v e m e n t  could no t  be 
carr ied on wi thou t  danger ,  ignoring the  ecological require-  
m e n t s  of concerned popula t ions .  

1 Translated by M. Cocset. 
2 R.F.  Smith and R. van den Bosch, in: Pest control, biological 

physical and selected chemical methods. Ed. W. W. Kilgore, 
R. L. Doutt 1967. 

3 N. Moore, New Scient. 46, 697 (1970). 
4 G.M. Woodwell, P. P. Craig and H. A. Johnson, Science 17d, 

4014 (1971). 
5 d. De Wilde, Ambio 4, 3 (1975). 
6 F .E.  Egler, Am. Sci. 52, 1 (1964). 
7 R. Margalef, Am. Nat. 97 (1963). 
8 G.H. Orians, 1st int. Cong. Ecol., The Hague 1974. 
9 C. Lincoln, Proc. Tall timber conf. ecol. aniin., control by habitat 
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11 J. Rebischung, Fourrages 67 (1975). 
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Extension o/the range. W i t h o u t  or ient ing  the  i n t e rven t ion  
towards  the  modi f ica t ion  of individual  pe r fo rmances  of 
p lan ts  and animals ,  w i thou t  even t ry ing  to  increase 
p roduc t iv i ty ,  the  to ta l  p roduc t ion  can be increased by  
ex tend ing  the  fa rming  areas. I t  mus t  be added  t h a t  th is  
t r end  does no t  compensa t e  for the  loss of p loughed  lands  
which  has reached  over  4 millions acres in F rance  in 16 
years,  t h a t  is 11%; the  uncu l t i va t ed  agr icul tura l  area 
represen t ing  over  10 millions acres, t h a t  is 2 8 0/0 of p loughed  
lands 11. 
3 s t ra tegies  are used to increase the  cu l t iva ted  acreage:  
a) the  first  s t r a t egy  does no t  modi fy  the  range,  bu t  i t  
generalizes the  possibi l i t ies  of d e v e l o p m e n t  by  removing  
the  l imit ing factors  which rendered  cer ta in  areas unusable .  
Thus  the  i n t e rven t ion  does no t  occur on the  level of t he  
organism considered,  bu t  on the  level of the  ecosys tem.  
As it opera tes  wi th in  the  range,  it  can only have  to do 
wi th  spar ing wa te r  or mineral  subs tances  to f avour  the  
s e t t l emen t  of the  species. Such an in t e rven t ion  reacts  wi th  
2 confl ic t ing aspects  on the  level of p ro tec t ion  aga ins t  
consumers .  
On the  one hand ,  the  absence of the  cu l t iva ted  species 
concerned  before the  area was cu l t iva ted  did no t  allow 
its specific consumers  and decomposers  to be present .  
Thus  the  ha rmfu l  species will colonize more  or less rap id ly  
the  new culture,  depend ing  on the  d is tance  be tween  t h e m  
and the  newly  deve loped  area. As far as the  o the r  p h y to -  
phagous  and  p a t h o g e n  organisms in ne ighbour ing  eco- 
sys t ems  are concerned,  the  change  in ecological condi t ions  
m a y  resul t  in d i s tu rbances  t h a t  can ha rd ly  be foreseen. 
Thus,  abou t  1000 species of Ar th ropods  are e s t ima ted  by  
R. van  den Bosch and V. M. Stern  12 to have  se t t led  on lu- 
cern, a semiperennia l  culture,  in the  centra l  val ley  of 
California. 
On the  o ther  hand ,  in so far as the  full spreading  of 
h ab i t a t s  in the  range is accompanied  by  an in t e rven t ion  
upon the  ecosys tem,  some de t r imen ta l  ecological factors  
m a y  no t  have  comple te ly  disappeared.  Thus  the  condi-  
t ions of d e v e l o p m e n t  m a y  be pa r t l y  dis turbing,  t h e y  m a y  
weaken the  individuals  and make  t h e m  more sub jec t  to the  
a t t acks  of consumers  and decomposers  e i ther  d i rec t ly  or 
because a too severe intraspecif ic  compe t i t ion  (as, for 
example ,  when  the  dens i ty  of vege ta t ion  does no t  a l low 
a suff icient  wa te r  supply) weakens  the  plants .  
b) The second s t r a t eg y  corresponds  to the  spread ing  of a 
species in the  whole of its po ten t i a l  range.  So far  as the  
ranges of species are de te rmined  by  the  p r i m a r y  periodic 
factors,  the  po ten t i a l  range, which is def ined b y  pho to -  
period,  can ex t en d  widely beyond  the  real range  at  a 
cer ta in  his tor ical  t ime.  As all speciat ions are au tomat ica l ly  
space phenomena ,  the  emergence area is necessar i ly  
ecologically isolated from o ther  ecosys tems,  whose 
periodic charac ter i s t ics  are identical ,  and  whose  feeding 
possibil i t ies are of the  same kind. E x c e p t  for species w i th  
a h igh d i spe r sa l  power,  only his tor ical  acc idents  allow a 
more or tess comple te  colonizat ion of the  ad eq ua t e  
ecosys tems in the  po ten t ia l  range la. Now, th rough  propa-  
gat ion of his cu l t iva ted  p lan ts  and domes t ic  animals,  
t h ro u g h  the  d i s t r ibu t ion  of his goods, m a n  has favoured  
the  m o v e m e n t  of a lot  of enemies,  al lowing t h e m  to 
colonize progress ively  the  whole po ten t i a l  range,  including 
its symmet r i ca l  f rac t ion on the  o ther  hemisphere .  A 
theo ry  of p robab i l i t y  dealing wi th  the  occurences of 
exchanges ,  the  damage  caused by  enemies,  the  a t t acks  of 
en t o mo p h ag o u s  insects  would show w h y  there  is a more  
or less i m p o r t a n t  l a tency  per iod be tween  the  arr ival  of the  
cu l t iva ted  p l an t  and t h a t  of its main  aboriginal  enemy,  
and w h y  the  la t t e r  seldom arrives w i th  its enemies.  Such 
is the  case wi th  Lep t ino t a r s a  dec iml inea ta  which  joined 
the  p o t a t o  p l an t  only  in the  1920's. Whi le  it colonizes new 
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ecosystems, the introduced element call 'drag' consumers 
on to its new habitats. Thus the peach-tree was colonized 
by Grapholita molesta which, afterwards, attacked 
progressively that  plant in all its original range. This 
transfer is possible because the characteristics of the 
colonized host present a sufficient number of common 
points with the original host(s) of the consumer 14. Thus. 
certain individuals exclusively, can utilize the characteris- 
tics of the new host and at tack it 15. 
c) Lastly, in order to ensure a better geographical distri- 
bution and to extend the areas used, man introduces 
species in new ecosystems, where the periodic conditions 
were incompatible with the evolutionary characteristics of 
the species concerned. The extension of the range is then 
related to changes of the evolutionary characteristics of 
the population, either through selection, or cross-breeds 
with populations having different adaptat ive characteris- 
tics. The extension, through modification of characteris- 
tics of the population generally introduces species in 
areas where predators and specific pathogen elements are 
absent, but  the selection imposed on the population, to 
enable it to bear the new periodic conditions, results in 
changes in its characteristics, which can favour its 
at tack by aboriginal consumers and decomposers. Besides, 
ill these marginal areas, the genie pool of the population 
introduced is generally more limited, which reduces 
resistance to attacks. Only a precise observation make 
it possible to define in each case the new problems set by 
protection after extending cultures without their evolu- 
t ionary range. 
Alterations of level of the grown or raised population. 
A third aim of biology applied to agriculture and cattle 
raising is to increase ecological productivi ty by acting 
upon the dynamics of population, that  is increasing the 
yield per unit of acreage (production) or per unit of 
t ime (productivity), or both at the same time. 
a) : Lengthening of the utilization of space. This pro- 
duct ivi ty can be obtained by reducing the time of occupa- 
tion of space by each generation. Then production itself 
remains the same; but  as the time necessary to get it is 
reduced, productivity per unit of acreage is increased by 
the succession of several productions on the same land. 
Such a result can be achieved either by using growth 
hormones or by changing the diets, or by selecting 
fast-growing varieties (rice and vegetables) which enable 
to multiply generations, or lastly by using varieties 
(strawberry plants, fruit trees) or farming methods 
(hay-making) which lengthen the period of production of 
useful organs which results ill the lengthening of the 
exploitation period of each generation or of the useful 
stage of perennial species. 
I t  is also possible to lengthen the time of utilization of the 
area concerned by shortening the period during which 
the characteristics of the agrosystems do not allow an 
agricultural or zoo-technical use. The point is often to 
free this area from the limits imposed by seasonal 
fluctuations. This is achieved by irrigation which enables 
plants to grow ill the dry seasons, by using forcing 
frames or polyethylene tunnels that  cause tile temperature 
to rise with a 'hot  house effect', or by heating the soil ... 
Going to the extreme limit, specialized and air-conditioned 
enclosures can be used: hot  houses, poultry and pig 
factories ... 
In the various cases of increased productivity through 
multiplication of the number of generations, the problems 
of dynamics of populations have no direct ecological 
relationship with the factors which determine the level 
of productions. On the contrary, these cases are at tempts  
to get free from the ecological imperatives which limit, in 
nature, the usage time of a given area. In such conditions, 

the various methods in use often put the individuals in 
conditions of lower physiological resistance and increase 
their fragility. Thus fast-growing plants often have 
structures that  are less elaborate or have remained im- 
mature ]6. In that  case protective structures, such as cuticle, 
ligneous strata, substances reducing digestibility are 
often more rudimentary, which facilitates the action of 
enemies. For domestic animals, accelerated growth often 
goes with action.~ to limit energy losses related to muscular 
activity. I t  results in an increased fragility and a greater 
sensitiveness to the actions of parasites. 
The acceleration of turn-over through an increased num- 
ber of host generations has something in common, in 
i ts  effects on the population of consumers or microbial 
organisms, with the renewal of the trophic environment 
in bacterial cultures. In effect, the rapid succession of 
host generations at the beginning or in the course of their 
development (a remarkable phenomenon in market  or 
flower gardening) maintains permanently a favourable 
trophic ellvironment, generating conditions favourable to 
rapid multiplication of consumers and pathogen elements. 
Thus some polyvoltine species are favoured; they become 
the principal enemies of cultures and stock farms. As a 
consequence, very serious problems of prevention and 
protection have to be faced. Breaking the dynamics of 
harmful populations becomes of prime importance. No 
absolute eradicating action can be expected with heterogen 
populations unless the very possibilities of development 
are removed. That  is the reason why the increased 
utilization of an agricultural area by successive genera- 
tions of potential hosts must necessarily entail the intro- 
duction of breaks in the food base of harmful species. 
This can be achieved only by crop rotation with plants 
being introduced that  do not belong to the range of~ 
potential  hosts of harmful species. However, the distri- 
bution in space of cultures subjected to rotation must be 
carried out so that  the distance between the species that  
are likely t ~ be attacked by the same enemies becomes 
longer than the dispersal power of one generation of 
harmful species. So Lygus hesperus became the principal 
enemy of cotton crops in the Central Valley of California, 
as the complementari ty of hosts was increased by the 
techniques of lucern harvesting 1~. A strategy of rotation, 
which alone can prevent  rapid multiplications of enemies, 
goes against the specialization of farming aiming at the 
exclusive production of a given plant;  this specialization 
is made to render farming conditioning and marketing 
techniques more simple. Crop rotation also implies t ha t  
the production of neighbouring farms should be coordi- 
nated, and not carried out independently. 
Thus the shortening of the t ime necessary to each gene- 
ration, or the lengthening of the time during which the 
area can be used, inferrers with the methods of protection, 
and often change radically the nature of the problems to 
be solved. 
b)Increase of the total  useful biomass per unit of acreage. 
An increased productivi ty is sought mainly by increasing 
the production of useful biomass per acre. 
Certainly the building of special plants, hot  houses, rearing 
factories allows us in theory to increase considerably the 
biomass per acre; the number of floors only has to be 
increased. 
But  this stratification can also be achieved in nature when 
there is a high incident solar energy. In effect, in forest 
ecosystems, particularly equatorial and tropical ones, 
various layers of vegetation allow a high total  yield per 
acre, while weakening for low cultures the impact  of 
ecological factors (for example insolation and evapora-  
tion). Likewise, the Italian technique, which is often to be 
observed near Verona, and which consists in planting on 
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t he  same  p lo t  of l and  f ru i t  t rees,  pe rgo l a shaped  v ines  and  
smal l  p lan t s ,  increases  cons ide rab ly  t he  yield pe r  acre. 
Such  a s t ra t i f i ca t ion ,  w h e n  i t  is possible  owing to  ecologi- 
cal condi t ions ,  does n o t  a u t o m a t i c a l l y  compl i ca t e  defence 
aga ins t  p r i m a r y  consumers  a n d  decomposers .  
I n  effect,  L. T r e v o r  TM not ices  t h a t :  ' P o p u l a t i o n s  of m a n y  
pes t  species of aph ids  or t h r i p s  m a y  be  2-10 t imes  more  
dense  a t  unshe l t e red  field m a r g i n s  t h a n  elsewhere. '  The  
presence  of u n d e r g r o w t h  and  of an  i m p o r t a n t  l i t t e r  can  
also p r e v e n t  insects  f rom mul t ip ly ing .  V. O. Lozinski j  19 
notes  t h a t  'colonies of C n e t h o c a m p a  process ionae  and  
B o m b y x  neus t r i a  a p p e a r  in  areas  overgrazed  b y  ca t t le ,  an  
overg raz ing  wh ich  resul t s  in t h e  de s t r uc t i on  of t he  unde r -  
g r o w t h  and  he rbaceous  vege ta t ion ,  t he  c rack ing  of soil 
and  t he  c lear ing of fores t  . . .  A t  the  same  t ime,  insect i -  
vo rous  b i rds  a n d  e n t o m o p h a g o u s  insects  are des t royed . '  
N. N. Padi j  2o no tes  ef fec t ively  t h a t  ' t h e  n u m b e r  of pre-  
d a t o r  Calosoma is nea r ly  twice  as low in forests  w i t h o u t  
u n d e r g r o w t h .  This  difference can  be a c c o u n t e d  for b y  t he  
absence  of l i t t e r  where  Carab ids  and  t h e i r  l a rvae  can  hide.  
Likewise,  the  presence  of n u m e r o u s  mell i ferous species 
a m o n g  u n d e r g r o w t h  s h r u b s  increases  t i le e n t o m o p h a g o u s  
ac t ion  of T a c h i n i d a e  u p o n  O p e r o p h t e r a  b r u m a t a  ca te r -  
pi l lars . '  J. Gyorf i  21 considers  t h a t  ha l f  the  s econda ry  
hos t s  of t he  m a i n  pa ras i t e s  of L y m a n t r i a  d i spar  L. l ive in 
the  he rbaceous  layer  of woods. He comes to  t he  conclus ion  
t h a t  t h e  p e r m a n e n t  presence  of e n t o m o p h a g o u s  insects  is 
more  affected b y  the  h e t e r o g e n e i t y  of t he  he rbaceous  layer  
t h a n  b y  t h a t  of t he  t ree  popu la t ion .  B u t  the  ecological  
h e t e r o g e n e i t y  of p o p u l a t i o n  does no t  cor respond  to i ts  
r i chness ;  i t  is t he  p h e n o t y p i c  d ive r s i ty  of p l a n t s  t h a t  is 
the  t r ue  ecological he t e rogen i ty ,  wh ich  opera tes  u p o n  
c o n s u m e r  popu la t i ons  2L 
I t  would  be a m i s t ake  to infer  t h a t ,  as a n  increased  
n u m b e r  of layers  of v e g e t a t i o n  causes l igh t  i n t e n s i t y  to  
decrease,  t e m p e r a t u r e  v a r i a t i o n s  to  be  reduced,  i t  au to-  
m a t i c a l l y  p ro tec t s  cul tures .  I t  all depends  on  the  t y p e  of 
h a b i t a t  in wh ich  t he  enemies  h a v e  developed.  Such  
dens i f i ca t ion  wich a s t r a t i f i ca t ion  reduces  the  a t t a c k s  
of popu l a t i ons  coming  f rom open  ecosystems,  b u t  a t  t he  
same t ime,  causes  popu la t i ons  coming  f rom s h a d y  a n d  
pe renn i a l  ecosys tems to se t t le  more  easily. Thus  eve ry  
dens i f ica t ion  of the  p l a n t  p o p u l a t i o n  of biocenosis,  e i the r  
in i ts  q u a n t i t y  or in  i ts dens i ty ,  genera tes  new ecological 
condi t ions .  There  we come to a new t y p e  of ecosys tem,  in 
which  t he  species t h a t  h a v e  deve loped  in c o m p a c t  p l a n t  
popu l a t i ons  are favoured ,  and  ti le species coming f rom 
open  a n d  t e m p o r a r y  p l a n t  popu l a t i ons  are e t a  d isad-  
van t age .  So D. C. L loyd  23 not ices  t h a t  sugar  cane  p l a n t a -  
t ions ,  w i t h  t he i r  shade  a n d  t h e  ve r t i ca l  d i s t r i b u t i o n  of 
t he i r  vege ta t ion ,  fo rm s tab le  a n d  c o m p a c t  wholes  wh ich  
can  be  c o m p a r e d  to fores t  ecosystems,  wh ich  accoun t s  
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for t he  fac t  t h a t  m a n y  of t he i r  enemies  were o r ig ina ted  in 
forests.  W e  could also no te  in  mixed  cu l tu res  w i th  corn  a n d  
dwar f  b e a n s  p l a n t e d  in t he  same rows, t h a t  the  a t t a c k s  
of Acan thosce l ides  ob t ec tu s  on  Phaseo lus  vulgar is  were 
l imi ted  to the  p e r i p h e r y  of t he  field. Corn ac ted  as a 
screen,  and  w h e n  the  w a t e r  c o n t e n t  of t he  soil d id  no t  
cause  e t io la t ion  of corn, i t  p r e v e n t e d  females  f rom 
p e n e t r a t i n g  u n d e r  t he  foliage. The  yields pe r  acre of th i s  
mixed  cul ture ,  when  the  w a t e r  suppl ies  were suff icient ,  
were h igher  t h a n  t he  yields of corn  or beans  g rown 
sepa ra t e ly ;  for t he  beans  a lone are t h e n  a t t a c k e d  b y  
t he  insec t  in the  p r o p o r t i o n  of 85 to 95% 2~. T h u s  t h e  
screen p rov ided  b y  corn  crop s tops  t he  a t t a c k s  of t he  
b e a n  weevil.  
These  modi f i ca t ions  in t he  s t r u c t u r e  of the  ecosys tem 
opera te  on all  t he  popu la t ions ,  inc lud ing  those  of e n t o m -  
ophagous  insects.  Thus  t he  l a t t e r  coming  f rom open  
ecosys tems  h a v e  a reduced  eff ic iency in s h a d y  ecosystems.  
For  example ,  Komosko  25 no tes  t h a t  T r i c h o g r a m m a  
evanescens  lays  m o s t l y  in eggs exposed  to t he  sun. 
Moreover ,  t he  s t r a t i f i ca t ion  of crops, b y  increas ing  t he  
c o m p l e x i t y  of ecosystems,  c rea tes  a sensoria l  env i ron -  
m e n t  in which  t he  m a i n t e n a n c e  of t he  l inks b e t w e e n  
consumer s  a n d  the i r  hos t s  requi res  a more  e l abora t e  
d i sc r imina t ion ,  I f  t he  new biocoenosises  formed in t h a t  
way  associa te  p l an t s  f rom d i f fe ren t  ecosystems,  a new 
chemica l  e n v i r o n m e n t  is formed.  T h u s  t he  an ima l s  h a v e  
to face new p rob l ems  of d i s c r i m i n a t i o n  of s ignals  or 
loca t ing  of hosts .  As these  p rob l ems  do n o t  cor respond  to 
those  t h e y  were sub jec t ed  to in  t he  course of t he i r  
evo lu t ion ,  ce r t a in  connec t ions  m a y  fail  t o  get  es tab l i shed .  
As a consequence,  such  compos i t e  biocoenosises can  h a v e  
fewer species t h a n  m i g h t  be  expec ted  on  accoun t  of t he i r  
complex i ty .  
Besides,  t he  e s t a b l i s h m e n t  of such  s t r a t i f i ca t ions  implies 
t h a t  t he  var ious  assoc ia ted  p l a n t s  can  co-exist ,  or s imply  
live in succession on  the  same soil. Now the  e s t a b l i s h m e n t  
of a l le lopath ic  re la t ionsh ips  26 w i t h  t he  a p p e a r a n c e  of a 
real  t e r r i t o r i a l i sm in t he  i n t r a -  and  interspecif ic  compe t i -  
t i on  a m o n g  p l a n t s  c a n n o t  be over looked.  W h e n e v e r  
l imi t ing  factors,  such  as w a t e r  or m i n e r a l  salts,  p r e v e n t  
t he  d e v e l o p m e n t  of a c o n t i n u o u s  p l a n t  cover,  a l le lopath ic  
p h e n o m e n o n s  h a v e  become  p a r t i c u l a r l y  i m p o r t a n t .  Thus  
s t r a t i f i ca t ion  seems to be  more  di f f icul t  to  ach ieve  w i t h  
species coming  f rom ar id  or semi-ar id  areas.  
Las t ly ,  s t ra t i f i ed  crops  m a k e  t he  chemica l  con t ro l  w i t h  
p o l y v a l e n t  insect ic ides  more  diff icult .  I n  effect, these  are 
no t  easi ly o r i en ted  t owards  the  r e d u c t i o n  of t he  p r i m a r y  
consumer s  of one p a r t i c u l a r  p l a n t  popu la t ion .  T h e y  af fec t  
s i m u l t a n e o u s l y  va r ious  categor ies  of p lan ts ,  a n d  t h u s  
t h e y  can  h a v e  opposed  effects u p o n  t he  var ious  t r oph i c  
cha ins  p r e sen t  in  t he  same  area.  Sa fe ty  s t a n d a r d s  for 
h u m a n  h e a l t h  m a y  even  be  t r ansgressed .  We  h a d  t he  
o p p o r t u n i t y  to  not ice  t h a t  toxic  chemica ls  h a d  been  used 
on  t rees  long e n o u g h  before  f ru i t -p ick ing  for sa fe ty  
r egu la t ions  to  be respected ,  b u t  u n d e r  these  f rui t - t rees ,  
t he re  were vege tab les  to  be  m a r k e t e d  t h e  day  a f te r  t r e a t -  
m e n t  l 
c) P r o d u c t i o n  of o p t i m u m  d e n s i t y  of popu la t ion .  I t  is 
possible  to  o b t a i n  a n  increased  b iomass  pe r  acre b y  
inc reas ing  t h e  n u m b e r  of shoots  of each  p lan t ,  e i the r  
t h r o u g h  t i l l ing of g r a m i n a c e o u s  p lan t s ,  or w i th  va r ious  
p r u n i n g  t echn iques  on  f ru i t  t rees.  The  same resu l t  is 
ach ieved  b y  dens i fy ing  seed beds  a n d  cul tures .  Feed lo t s  
are based  on  t h a t  process,  wh ich  is r e l a t ed  to t he  s u p p l y  
of ar t i f ic ia l  food a n d  a r educed  a c t i v i t y  of domes t i c  
an imals .  
Such  i n t e r v e n t i o n s  gene ra t e  special  cond i t ions  for t he  
p r o t e c t i o n  of these  cu l tu res  and  of these  feedlots.  T h e y  
in te r fe re  w i t h  t he  d y n a m i c s  of h a r m f u l  species popula t ions ,  
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as t h e y  favour  thei r  increase in number .  T h a t  is obvious 
for consumers  wi th  a low dispersal power  (eggs laid in 
clusters), or whose cycle is much  shorter  t han  their  hosts ' .  
Besides, as intraspecific compet i t ion  of plants  is more 
impor tan t ,  these can become less res is tant  to at tacks.  
Those facts bo th  help epidemics to propagate  ex t remely  
rapidly,  as can be observed in some feedlots. 
In  nurseries, where there  is always a high density,  the  
impor tance  of damage  is increased, as much  because 
juveni le  stages are more fragile, as because the same 
consumer  uses m a n y  hosts. B u t  conversely  increasing the  
yield by  obta in ing an op t imum densi ty  often goes wi th  
a reduct ion  of intraspecific or interspecific compet i t ions  
when th  e requi rements  increase wi th  growth.  
This  reduct ion  of intraspecific compet i t ion  is obta ined by  
th inning  out  (beets) or pr icking our processes which space 
out  the  heads of a lot  of crops (rice). Such reduct ion  of 
intraspecific compet i t ion  by  spacing out  can only be 
opera ted  mechanical ly.  The  reduct ion of p lan t  density,  
effected in situ, reduces the  number  of plants  t h a t  can be 
used by  the  p r imary  consumers  a l ready l iving in the  
agrosystem. They  then  t end  to concent ra te  thei r  a t tacks  
on the  remaining  plants,  which results in increased 
damage  for each plant .  The dest ruct ion of pul led out  
excess plants  can avoid  t h a t  concent ra t ion  only when 
consumers  are ha rd ly  mobile.  A similar phenomenon  has 
been observed in California wi th  a polyphagous  insect, 
Lygus  hisperus, which concentra tes  on co t ton  af ter  
lucern has been mownXT. 
I t  is ve ry  different  in obta in ing an op t imum dens i ty  by  
reducing interspecific compet i t ion  wi th  chemical  devices. 
The use of weed-killers can deeply  dis turb the  ecosys tem 
by  affecting bacter ia l  flora ~, as well as often showing a 
high tox ic i ty  for ver tebra tes ,  including man. The acci- 
dents  caused by  dioxine, associated to 2, 4, 5 D Used by  
the  Amer ican  A r m y  in Vie t -Nam provide  an example  of 
it  28. In  these conditions,  i t  is hard  to admi t  t h a t  the  inter-  
ven t ion  wi th  chemical  substances affect ing p lan t  physiol-  
ogy has no direct  effect on insect populat ions  and soil 
bacter ia l  flora. Moreover,  any  a l tera t ion of the  composi-  
t ion of p lan t  secondary  substances can have  an effect 
upon the  synthesis  of secondary  substances involved  in 
the  chemical  communica t ion  of insects 22. 
The reduct ion  of interspecific compet i t ion  be tween  plants  
causes an homogeniza t ion  of agrosys tem which affects the  
deve lopment  of p r imary  consumer  popula t ions  and the  
ac t iv i ty  of polyphagous  en tomophagous  insects. Besides, 
the  a l te ra t ion  of p lan t  cover  has complex  effects upon the  
deve lopment  of hypogeal  instars of insects 18 which require,  
in each case and for each si tuat ion,  precise analysis. Thus  
i t  is impossible to apprecia te  in general  the  type  of 
a l tera t ion  of insect popula t ion  dynamics  af ter  the  type  of 
in tervent ion.  
The  protec t ion  of pastures  against  insects is an appl icat ion 
of the  struggle against  interspecific compet i t ion  a iming a t  
favour ing  consumpt ion  by  catt le.  Bu t  in t h a t  case also, 
the  use of chemicals  wi th  a low specificity can be harmfu l  
for catt le,  and, v ia  the lat ter ,  for man. The  wel l -known 
example  of D. D .T .  absorbed by  cows and concent ra ted  ill 
mi lk  shows how dangerous such methods  are. 
Thus the  e l iminat ion  or reduct ion  of interspecific compet i -  
t ion requires a careful  s tudy  of the  effects upon all the  
e lements  of the  agrosys tem and on the downward  links in 
the  food chains. 
Act ion against  dest ructors  of popula t ions  under  exploi- 
ta t ion.  
The  t i the  paid by  m a n  to the  enemies of crops and s tock 
farming has of ten been underl ined.  There  still  exis t  a 
lot  of regions where man  only  harves ts  wha t  is left  by  
his enemies. The  increase in agr icul tural  yields, p lan t  and 

an imal  ones, in the pas t  decades, is to a great  ex ten t  
re la ted to the i m p r o v e m e n t  of pro tec t ion  methods.  
The s t ra tegy  which seems to be most  close at  hand is the  
one t h a t  consists of a t t ack ing  direct ly  harmfu l  populat ions  
by  causing their  mor ta l i ty .  Such is the  origin and basis of 
phy topha rmaco logy  and m a n y  pa t en t  ve te r ina ry  medi- 
cines. In  doing so, we t ry  to break  del ibera te ly  the  na tura l  
t rophic  chain by  p reven t ing  these plants  and animals  
f rom being consumed or decomposed by  var ious organ- 
isms before we can use them for our profit .  
T h a t  means once we have  used the  in teres t ing fract ion of 
the  biomass of animal  plants  and animals,  we are no 
longer  opposed to the  des t ruct ion and decomposers.  On 
the  contrary,  the i r  act ion contr ibutes  to the  recycling of 
minera l  mat ters .  I t  is the  same wi th  s tumps  and animal  
excrements  and wastes. Fu r the rmore  any  shipping off of 
these p lant  wastes  results in a rapid impover i shment  
of ecosystems 11. E v e n  burning them l imits  their  ecological 
u t i l iza t ion by  depr iv ing soil microorganisms of the  energy 
necessary to their  activit ies,  which thus  reduces the  cat ion 
and organic n i t rogen con ten t  of the soilXl. 
The  impor tance  of consumpt ion  or decomposi t ion,  in the 
regression of the  biomass t h a t  can be used by  man, 
depends  on morphology  and the  ontogenic  stage at tacked.  
Thus  consumpt ion  by  Noctuids  or Roden t s  of the  hypo-  
cotyled axis of a t ree causes e l iminat ion of the p lan t ;  on 
the  o ther  hand,  the  consumpt ion  of far  larger quant i t ies  
of leaves will have  no notable  effect, the  deve lopment  of 
subs t i tu te  buds will even  often al low a res tora t ion of 
foliar surface 3~ F. E. Ecka rd t  31 even considers t h a t  
meadow plants  have  developed towards  a s t ra tegy  which 
increases the  green biomass produced when t h e y  are 
grazed to allow the  main tenance  of a sufficient photo-  
synthesis.  
Therefore  o,ar in te rvent ion  is ne.ver systematic ,  bu t  i t  
depends  on the  stages a t t acked  or to be protected.  As 
the  number  of harmful  species to be dest royed is ve ry  
high, research has been turned  towards  the  product ion  of 
chemicals  as po lyva len t  as possible. Moreover,  as the 
niches of enemies are var iable  and all the  stages of devel- 
o p m e n t  up to harves t ing  or s laughter ing are liable to be 
a t tacked,  research a iming a t  obta in ing a persis tent  effect 
has been associated wi th  t h a t  of polyvalence. Such aims 
have  been encouraged and taken  up by  large firms manu-  
fac tur ing phytopharmacolog ica l  products ,  which could 
thus  get  marke ts  corresponding to thei r  ambi t ions  32. But  
such or ienta t ions  are in absolute opposi t ion with  ecological 
imperat ives .  Moreover,  side effects of bl ind t r ea tmen t s  
have  been stressed for a long t ime. Publ ic  opinion was 
warned  by  R. Carson a3. The impor tance  of the marke t  
represented by  po lyva len t  chemicals  has given rise to a 
b i t t e r  react ion f rom the  producing firms. B. Commoner  a4 
gave  a ve ry  accurate  analysis of the  foundat ions  of ttlis 
selfish a rgumen ta t ion  which, unfor tunate ly ,  has some- 
t imes  been t aken  up by  biologists. The  profits a t  s take 
were so impor t an t  t h a t  the  people insisting upoi1 the 
nega t ive  effects of those chemicals  h a v e  been grossly 
abused 36. 
Whereas  eve ry th ing  mus t  be a t t empted ,  on the  contrary,  
to ad jus t  the  in te rven t ion  to the t a rge t  to be reached in 
order  to l imit  as much  as possible the  uncontrol led  and 
side effects of in tervent ions ,  J. D. Djerassi  and his 
associates 3~ show t h a t  the  research of specific products  
goes against  the  interests  of manufac ture rs  who t ry  to 
res t ra in  as m u c h  as t h e y  can such research t h a t  would 
resul t  in a f ragmenta t ion  of market .  
The  f ight  upon the  or ienta t ion  of research is i l luminat ing 
as to how a lot  of considerat ions far f rom str ic t ly  agronomic 
and ecological aspects interfere in the  defini t ion of s t rat-  
egy. I n  all the  papers  deal ing wi th  the  protect ion of 
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ecosystems,  it  is t r ad i t iona l  to d is t inguish  the  me thods  
according to the  techniques  in use. Thus  the  paper  or 
the  lecture is abou t  mechanical ,  or clinical, genetic, 
biological control ,  or control  based on fa rming  methods .  
Such a typica l ly  mechanis t ic  app roach  does no t  allow one 
to define an efficient s t ra tegy,  for it  conceals the  na tu re  of 
problems.  I t  is in accordance wi th  the  na tu re  of the  
problem,  t h a t  is fundamen ta l ly  according to the  t ype  of 
agrosys tem and its re la t ionships  wi th  the  ne ighbour ing  
ecosystems,  t h a t  the  s t r a t egy  m u s t  be considered and 
devised.  A n y  de/ ini t ion o/ control methods starting /rom 
the intervention tool tends to conceal the specific nature o/ 
every problem to be /ace& I t  shows t h a t  the  specialists in 
charge of the  pro tec t ion  of agrosys tems  find it hard,  as 
R. Margalef ~ underl ines  it, to set  their  concerns  in a 
global ecological approach.  
E v e r y  in te rven t ion  consists  of a l ter ing biocoenotic  
re la t ionships  in a par t icu lar  ecosystem,  marked  in space, 
and hav ing  its own links wi th  its env i ronment .  Therefore,  
i t  is impossible to define a priori  an e/f icient technique; 
i t  is impossible to recommend in the abstract a control 
method e//ective in  all s i tuations to eradicate a given enemy o/ 
cultures. I t  is surpr is ing t h a t  M. E. Solomon ~ regrets  we 
are unable  to work  out  the  plans  of p ro tec t ion  of any  
crop. In  th is  respect ,  we m a y  wonder  abou t  the  value of 
books on cul ture pro tec t ions  and of the i r  ins t ruct ions .  
Basical ly the  p rob lem is to iden t i fy ing  proper ly  the  
enemy,  hav ing  a book recent  enough,  and using the  good 
recipe outside t ime and space. W h a t  a p i ty  it is no t  so! 
E v e r y t h i n g  would be so simple! 
Being satisfied wi th  general  p recep t s  would be act ing as 
if, in the  field of h u m a n  heal th,  we could accept  t h a t  
medic ine  should be reduced to general  t rea t ises  a t  the  
people ' s  disposal,  and these would look af ter  themselves  
f rom the la tes t  brochures  issued by  pha rmaceu t i ca l  f irms : 
W h a t  scholast ic fixism! An unchang ing  recipe for un- 
changing  beings in an unal terable  env i ronmen t !  On the  
cont rary ,  it is by  in tegra t ing  compulsor i ly  each prob lem 
of p ro tec t ion  into the  web of ecological necessit ies peculiar  
to each type  of crop and rearing, and at  the  same t ime by  
giving these necessit ies their  p roper  place in the  whole of 
local and general  ecological condi t ions ,  t h a t  we can ex- 
pec t  an effective in tervent ion .  T h a t  necessari ly implies 
the  t ra in ing  of in te rveners  wi th  a good f u n d a m e n t a l  
ecological knowledge,  capable  of analyzing a par t icu lar  
s i tuat ion,  and, theref rom,  of p ropos ing  specific steps. 
Though  it is out  of the  ques t ion for us to re -examine  t l , ,  
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whole of ecological f undamen ta l s  t h a t  m u s t  necessar i ly  
de te rmine  the  me t h o d s  of in te rven t ion ,  it  is necessary  to 
insist  on a few f u n d a m e n t a l  aspects  the  disregard of which  
produces  m a n y  s t ra tegic  mistakes.  
The ecosphere  is by  na tu re  a periodic open sys tem,  in 
which the  incoming energy  flow is charac ter i s t ic  of each 
area. Life has  organized itself a t  the  in ter face  of the  
a tmosphe re  and of the  o ther  zones in accordance  wi th  
these b ,  sic dai ly and seasonal  periodicit ies.  A factor  need 
no t  be c o n s t a n t  to de te rmine  selection. K. E. F. W a t t  a8 
has r igh t ly  s t ressed t h a t  any  factor  repea ted  wi th  a de- 
finite per iodic i ty  allows a de t e rmined  selection. Thus  
repe t i t iveness  of p h e n o m e n o n s  has de t e rmined  the  
evolut ion ~,f species according to local periodic charac-  
ter is t ics  ag, impa r t i ng  a seasonal  cycle and  a c i rcadian 
r h y t h m  according to la t i tude  40. Producers  have  cycles 
of d e v e l o p m e n t  which ad jus t  the i r  r h y t h m s  of pho to -  
synthes is  to  the  periodic character is t ics  of the  ecosys tem.  
Therefore every  biological cycle cor responds  to an ad- 
j u s t m e n t  of the  act ivi t ies  of the  p l an t  to the  periodic con- 
di t ions of its place of evolution.  
The p l , n t  cycle genera tes  a periodic cons t r a in t  for con- 
sumers  whose life is thus  re la ted to the  per iodic  charac-  
ter is t ics  of the i r  hos ts  and of the  o the r  ecological factors.  
No s tudy  can claim to analyze the  biology of a popu la t ion  
when  p u t t i n g  it in an unchang ing  sys tem,  or a sys t em 
wi th  periodic charac ter i s t ics  no t  belonging to i ts  original 
range. I t  is impossible  to separa te  the  various periodici t ies  
and to give more  impor t ance  to cer ta in  ones. The local 
periodic conditions make a whole, and selection was deter- 
mined by this whole. I t  is as a whole tha t  periodici t ies  have  
exer ted  the i r  selecting influences.  The separa te  s t u d y  of 
the  effects of l ight  and t e m p e r a t u r e  is as l i t t le ins t ruc t ive  
as the i n d e p e n d e n t  s t u d y  of each vowel. Af te rwards  we 
have  no more  knowledge of ecological p rob lems  t h a n  we 
have of a language!  
W i t h  agr icul ture  man  has intr()duced fur ther  periodicit ies.  
All fa rming  me t h o d s  are s u b m i t t e d  to a t ime table.  The 
very  me t h o d s  of pr()tection are repe t i t ive  in the i r  na tu re  
as well as in the  t ime of in tervent ions .  Thus  by  his act ion 
man  de te rmines  selection, no t  only  of cu l t iva ted  plants ,  
and domes t ic  species, b u t  of all the  organisms re la ted  to 
the  agrosys tem.  He creates  the  condi t ions  t h a t  cause a 
new type  of biocoenosis to appear ,  showing a f lexibi l i ty 
and a cyclic s tab i l i ty  t h a t  can be compared  to those  of 
na tu ra l  ecosys tems.  Such a sys tem can get  a g rea t  ma-  
tur i ty ,  in the  meaning  given by  R. Margalef 41. 
Any  popula t ion ,  af ter  becoming  a p e r m a n e n t  e l ement  in 
an ag rosys tem is au tomat ica l ly  ad ap t ed  to th is  agro- 
sys tem;  it means  t h a t  its evolut ion has been d e t e r m i n e d  
by  the  char;mterist ics ,  the  periodic ones in par t icular ,  of 
the  agr , , sys tem.  Therefore,  resistance to interventions /or 
the protection o /crops  is not related to the nature o / the  inter- 
vention, but to the repetitiveness of the phenomenon.  The 
more  regular  t he  l a t t e r ' s  per iodic i ty  is, the  easier resis- 
rams '  is ma(h,. 
This survey  of the  condi t ions  t h a t  de te rmine  the  evolut ion  
of species shows t h a t  there could not be, and there is not, any  
pcr/ect method o[ protection. I t  is not the method o/protect ion 
which causes resistant populat ions  to appear," i t  is the 
repetitive use of the method. 
Since the  condi t ion  allowing the  o r ien ta t ion  of selection, 
t h a t  is the  deve lopmen t  ()f r es i s t an t  popula t ions ,  is the  
repe t i t iveness  of a given type  of in te rven t ion ,  the  only 
possible s t r a t e g y  of p ro tec t ion  is the  b reak ing  of the  
repe t i t ive  process,  
The set  of avai lable p ro tec t ion  me t h o d s  (crop ro ta t ion ,  
choosing of variet ies,  mechanical ,  chemical  and  biological 
in tervent ions)  allows to the  use of the  me t h o d s  a l t e rna te ly  
w i thou t  any  def ini te  f requency.  Thus  each one of the  
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methods in use, as it exerts a selection pressure in a dif- 
ferent direction, operates on different types of individuals. 
As each intervention has no repetitive aspect, it becomes 
a new selective factor, with a catastrophic aspect for a 
population which has not been prepared by previous se- 
lections to bear it. Now Wattas considers that  the more 
the ecosystem where a population lives, corresponds to a 
predictable environment, the more that  population has 
acquired a genetic rigidity, and the more subject it can be 
to extermination by a catastrophic factors. I t  is in this 
way that  climatic events can have a decisive effect on 
populations, provided that  they have no repetitive aspect. 
That  shows the scholastic aspect of the dispute on the 
reIative importance of biotic Or abiotic factors42. 
The catastrophic effects of interventions of various kinds 
can thus eradicate progressively a whole population. Thus 
we can expect total eradication of a harmful population, 
but  such a result could not be permanent. In effect, every 
agrosystem, often far more than many ecosystems, is an 

open system. I t  can always be recolonized. Keeping 
empty niches in it requires permanent action. But the 
price paid for any success is a consequent carelessness. As 
an ecosystem with unoccupied niches is permanently un- 
balanced, only permanent action prevents attacks for the 
occupation of available niches. 
Therefore, there ezists neither permanent solution, nor 
hierarchy in the value o/strategies, nor ideal recipe, nor all- 
purpose produce. All discussions on the research for an 
ideal technique look Very much like the discovery of the 
philosopher's stone. 
The  fact that  some people may have such aims a century 
after Darwin and Haeckel shows that  mechanism and 
fixism have still left deep impressions. 

42 V. Labeyrie, in: Statistical ecology, vol. 2. Ed. G. P. Patil. 
Pennsylvania State University Press 1971. 
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