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R E A L M O D E L L E  Z U R  V E R A N S C H A U L IC H U N G  D E S  B IO Z Ö N O T IS C H E N  
G L E IC H G E W IC H T E S

G. T R Ü M M E R

A b s t r a c t

For demonstrating the balance of nature two real models have been developed:
1. Balance of nature as a steady state, which is characterized as a steady state with negative 
feed-back of the outlet-size on the regulation-size; a trophic-level-model is to be found.'
2. For demonstrating oscillation in popular equilibrium a simulation is shown in playing 
predator and prey.
Both models are proved and evaluated in the secondary school.

E in le itu n g

D ie  a k tu e lle  ü b er  d ie  Ö k o lo g ie  b is  in  T e c h n ik  u n d  G e s e lls c h a ftsp o lit ik  h in e in 
r e ic h e n d e  U m w e ltd isk u ss io n  b e sc h ä ft ig t  s ich  w e itg e h e n d  m it d er  B e la s tb a r k e it ,  
W ied erh erste llu n g , N e u e in s te llu n g u n d  S ta b ilis ier u n g  ö k o lo g isc h e r  G le ic h g e w ic h te .  
D er U m w e ltu n te r r ic h t  erfä h rt aus d id a k tisc h e r  S ic h t  du rch  A n a lo g ie m o d e lle  zu  
d em  th e o r e t is c h e n  K o n str u k t „ ö k o lo g is c h e s  G le ic h g e w ic h t“ e in e  w e se n t lic h e  
Z u o rd n u n g , d ie  zur V e ra n sc h a u lic h u n g  u n d  zur E n tw ic k lu n g  v o n  D e n k - u n d  L ern 
str u k tu r en  g e e ig n e t  ist.

E in  k e n n z e ic h n e n d e r , in der R e a litä t  n ic h t  zu tren n e n d e r  F a k to r  d e s  ö k o lo 
g isc h e n  G le ic h g e w ic h ts  ist das b io z ö n o t is c h e  G le ic h g e w ic h t  im  Ö k o sy s te m . Es 
w ird  d u rch  z w e i w e se n t lic h e , in  der  R e a litä t  n ic h t  z u  tr e n n e n d e  A s p e k te  näh er  
b e sc h r ieb en :

1. D as F lie ß g le ic h g e w ic h t  m it  n eg a tiv er  R ü c k w ir k u n g  der A b f lu ß g r ö ß e  a u f  d ie  
k o n s ta n t  z u  h a lte n d e  G rö ß e

D ie se  H o m ö o s ta s e  w ird  im  a llg e m e in e n  als B io m a sse str o m  im  Ö k o s y s te m  d ar
g e s te llt  u n d  in  S c h u lb ü c h e r n  m e is te n s  r ed u z ie r t  a ls „ N a h r u n g sp y r a m id e “ ver
a n sc h a u lic h t. D as fo lg e n d e  T r o p h ie s tu fe n m o d e ll  (A b b . 1) ist g e e ig n e t , d ie se  H o 
m ö o s ta s e  zu  d e m o n str ie r e n .

In e in e m  d u rch  e in e  P u m p e  a n g e tr ie b e n e n , e n e rg ie tr a g e n d e n  W a sserk re is la u f  
(K o h le n s to f fk r e is la u f)  w ird  e in e m  W ä r m ee le m en t (P r im ä r p r o d u k tio n ) s tä n d ig  
ü b er e in e  In fr a r o th e iz u n g  (S o n n e n lic h t )  W ärm e z u g e fü h r t. D as W ä r m e e le m e n t  
g ib t d ie  W ärm e an  e in  K ü h le le m e n t (S e k u n d ä r p r o d u k tio n ), w e lc h e s  W ärm e an  
d ie  u m g e b e n d e  R a u m tem p er a tu r  verliert. Ü b er  e in  A u sg le ic h sg e fä ß  fö r d e r t  e in e  
P u m p e  d a s a b g e k ü h lte  W asser an  das W ä r m ee le m en t zurück . H ie r b e i w irk t d ie  
r a u m g e k ü h lte  W a ssertem p era tu r  d es K ü h le le m e n te s  a u f  d ie  in fr a r o tb e h e iz te
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(Sonnenlicht)
Abb. 1. Schema zum Realmodell eines Fließgleichgewichtes mit- negativer Rückwirkung 
der Abflußgröße auf die konstant zu haltende Größe (Erklärung im Text). A Ausgleichs
gefäß, Px Wärmeelement, P2 Kühlelement, P Pumpe, H Heizung, Wasserkreislauf (Kohlen
stoffkreislauf).

W a sser tem p era tu r  d es W ä r m elem e n te s  n e g a tiv  zu rü ck . D ie se s  „ T r o p h ie s tu fe n m o -  
d e ll“ , in  d e m  sic h  e in  k o n s ta n te s  F lie ß g le ic h g e w ic h t  e in s te ll t ,  v e rn a ch lä ss ig t  je d o c h  
e in e n  w e s e n t l ic h e n  A sp e k t  d es b io z ö n o t is c h e n  G le ic h g e w ic h ts :

2. D as u m  M itte lw e r te  sc h w a n k e n d e  in te r p o p u la r e  G le ic h g e w ic h t

D ieser  A s p e k t  erg ä n zt das u n ter  1 .)  b e sc h r ie b e n e  G le ic h g e w ic h t  w e se n t lic h . D as  
k o m p le x e , o sz ill ie r e n d e , b io z ö n o t is c h e  G le ic h g e w ic h t  lä ß t s ich  a n sc h a u lic h  a u f  
th e o r e t is c h e  Z w e ip a r tn e r m o d e lle  z w isc h e n  N ah ru n gs- u n d  F e in d fa k to r  r e d u z ie 
ren.

E x p e r im e n te  m it  b io lo g is c h e n  O b je k te n  zur sog . , ,R ä u b e r -B e u te -B e z ie h u n g “ , 
d ie  u n ter  sc h u ln a h e n  B e d in g u n g e n  d u r c h z u fü h r e n  s in d , g ib t  es b ish er  n ic h t. D a h er  
w u rd e  e in  S im u la t io n s sp ie l  e n tw ic k e lt ,  in  d em  fo lg e n d e  ö k o lo g is c h e  G ru n d p r in 
z ip ie n  e n th a lte n  sind :
1. im  ö k o lo g is c h e n  O p tim u m  v e rm e h r t s ich  je d e  P o p u la t io n  u n b e g re n z t;
2. m it  z u n e h m e n d e r  E in w irk u n g  lim it ie r e n d e r  F a k to r e n  n im m t in je d e r  P o p u 
la tio n  in tr a p o p u la re  K o n k u r re n z  zu ;
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3. V e rm e h r u n g  u n d  V e rm in d e ru n g  v o n  N ah ru n gs- und F e in d fa k to r  h ä n g e n  v o n  
der P o p u la t io n s d ic h te  ab;
4. z w isc h e n  F e in d - un d  N a h r u n g sfa k to r  b e s te h t  e in e  n e g a tiv e  R ü ck w irk u n g ;
5. d ie  L o tk a -V o lte r r a -G e se tz e  g e lte n .

N ic h t  b e r ü c k s ic h t ig t  w e rd en  in d e m  S im u la t io n s sp ie l:
1. ta tsä c h lic h  v o r k o m m e n d e  Z a h le n v e rh ä ltn is se , V e rm e h r u n g s- un d  S te r b e r a te n ;
2. e in  sp e z if is c h e s  V e rh a lten  v o n  , , R ä u b e r “ un d  , , B e u te “ ;
3. e in e  b e s t im m te  W a h r sc h e in lic h k e it , m it d er  s ich  „ R ä u b e r “ u n d  „ B e u t e “ im  
R a u m  b e g e g n e n .

K u rzd a rste llu n g  d e s  S im u la t io n s sp ie ls

A n  d e m  im  U n te r r ic h t a u f  der g y m n a s ia le n  O b e r s tu fe  im  H e in r ic h t-N o r d h o ff-  
G y m n a siu m  in W o lfsb u rg  e r p r o b te n  S im u la t io n s sp ie l  s in d  je w e ils  v ier S p ie ler  
b e te ilig t:  S p ie lle ite r , P ro to k o llfü h r e r , B e u te sp ie le r , R ä u b ersp ie ler . D er  S p ie l
le iter  h a t in  d e m  S p ie l d ie  F u n k t io n  e in e s  Z e itg e b e rs . Er r u ft  nach  e in e m  S p ie l
p h a sen p la n  d ie  S p ie le in s ä tz e  se in e r  M itsp ie le r  ab.

N a c h  d e m  S e tz e n  der  A n fa n g sm e n g e n  ( 2 4  B e u te sp ie ls te in e  g e g en  2 R ä u b e r 
sp ie ls te in e )  g ib t  der  S p ie lle ite r  in d e n  S p ie lp h a se n  m it  u n g er a d e n  Z a h le n  n a c h 
e in a n d er  d ie  S p ie lim p u lse :
1. R ä u b er  fr iß t!  (V e r m in d e r u n g  der  B e u te sp ie ls te in e )  —
2. B e u te  v e r d o p p e lt  sich ! — 3. P r o to k o llfü h r e r  trägt S p ie ls te in m e n g e n  g e g e n  
d ie  S p ie lp h a se n  au f! (s. A b b . 2 )

In d e n  S p ie lp h a se n  m it  g e ra d en  Z a h le n  v e r te ilt  der  S p ie lle ite r  d ie  S p ie l im 
pu lse: 1. R ä u b er  fr iß t! ( s . o . ) — 2. R ä u b e r -p o p u la t io n !  (V e rm e h r u n g , V e r m in 
d eru n g  o d e r  S ta g n a tio n  der R ä u b e r sp ie ls te in e )  — 3. B e u te  v e r d o p p e lt  s ich ! — 4 . 
P r o to k o llfü h r e r  trägt S p ie ls te in m e n g e n  g e g en  d ie  S p ie lp h a se n  auf! (s. A b b . 2 )  

B eu te - u n d  R ä u b e rsp ie le r  v e r le ih e n  d e n  v o n  ih n en  g e fü h r te n  S p ie ls te in m e n g e n  
— w e lc h e  se lb s t  h a n d lu n g su n fä h ig  sin d  — d ie  n o tw e n d ig e  A k t io n s fä h ig k e it .

D ie  V e r m in d e r u n g  der B e u te sp ie ls te in e  g e sc h ie h t  in A b h ä n g ig k e it  v o m  D ic h te q u o 
t ie n te n  B e u te sp ie ls te in e :  R ä u b e r sp ie ls te in e  (=  x ) .
D ie  V e r m in d e r u n g sm e n g e  der B e u te sp ie ls te in e  w ird  in R ä u b e r sp ie ls te in e n  a n g e 
g e b e n  (=  n ^ ) :  P fe il b e d e u te t :  „d a ra u s f o lg t “ ;

x  >  1 0  -*  4  • n R ; 5 < x < 1 0 - ^ 2  • n R;  x <  5 2 • nR.

V e rm in d e ru n g  u n d  V e rm e h r u n g  d er  S p ie ls te in e  fü r  d ie  B e u te  f in d e t  in  je d e r  
S p ie lp h a se  statt.*. D ie  V e rm e h r u n g  b e tr ä g t s te ts  das D o p p e lte  der v o r h a n d e n e n  
B e u te sp ie ls te in e  b is  z u m  b e g r e n z e n d e n  F a k to r  der  a u f  2 5 0  S p ie ls te in e  a u sg e 
leg te n  B e u te sp ie lf lä c h e .

V erm e h r u n g , V e rm in d e ru n g  b z w . S ta g n a tio n  der  R ä u b e r sp ie ls te in e  (= n R )  
f in d e t  in je d e r  2. S p ie lp h a se  in  A b h ä n g ig k e it  v o m  D ic h te q u o t ie n te n  x  ( s .o .)  s ta tt:

x >  1 0  
5 < x <  1 0

1
f  - »2  • nR; x < 5 ^ n R ; x < 3 ^ —  .

548



D er P r o to k o llfü h r e r  reg istr ier t d e n  S p ie lv er la u f, in d em  er d ie  S p ie ls te in m e n g e n  
v o n  R ä u b er  u n d  B e u te  g e g en  d ie  S p ie lp h a se n  a u fträ g t (A b b . 2 ) .  D as S p ie l e n t
hä lt k e in e  F re ih e itsg ra d e . Es is t  in  d er  in A b b . 2 d a r g e ste llte n  W eise  r e p r o d u 
z ierfä h ig , so fe r n  d ie  A n w e isu n g e n  g en a u  b e fo lg t  u n d  k e in e  R e c h e n fe h le r  g e m a c h t  
w erd en .

A u sfü h r lic h e  A n g a b e n  ü b er  d ie  le ic h t  zu  b e sc h a ffe n d e n  S p ie lm a te r ia lie n , ü b er  
d ie  S p ie lre g e ln , so w ie  ü b er  A n re g u n g en  zur A u sw e r tu n g  d es S p ie le s  sin d  d er  an
g e g e b e n e n  L itera tu r  zu e n tn e h m e n .

Z u sa m m en fa ssu n g

Für fo lg e n d e  A s p e k te  d es b io z ö n o t is c h e n  G le ic h g e w ic h te s  w u rd en  R e a lm o d e lle  
e n tw ic k e lt :
— fü r  d a s F lie ß g le ic h g e w ic h t  m it  n eg a tiv er  R ü ck w irk u n g  d er  A b f lu ß g r ö ß e  a u f  
d ie  k o n s ta n t  zu  h a lte n d e  G rö ß e  e in  T r o p h ie s tu fe n m o d e ll;
— fü r  d a s u m  M itte lw e r te  sc h w a n k e n d e  in te r p o p u la r e  G le ic h g e w ic h t  e in  S im u 
la tio n ssp ie l.
D ie  M o d e lle  w u rd en  im  U n te r r ic h t a u f  d er  g y m n a s ia le n  O b e r s tu fe  in der S e k u n 
d a r stu fe  II erp ro b t.
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