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M A N -E N V IR O N M E N T  R E L A T IO N S H IP S

3.1 APPROACHES TO THE STUDY

T h e  s tu d y  o f  re la tio n sh ip s  betw een  m an and 

en v iro n m e n t has  alw ays b een , in one w ay o r the 

o th e r, a  foca l th em e  in g eo g rap h y  bu t the concep t o f 

g eo g rap h y  as en v iro n m e n ta l sc ie n ce  and facets  o f 

m an -en v iro n m en t re la tio n sh ip  changed  through 

tim e w ith  the d e v e lo p m e n t o f  hum an socie ty  and the 

d im en sio n  o f  en v iro n m e n t. In the beg in n in g  o f  the 

p ro cess  o f  e v o lu tio n  o f  m an and  h is so c ie ty  physica l 

e lem en ts  o f  the p lan e t ea rth  e .g . te rra in , so il, w ater, 

c lim a te , f lo ra  and  fauna  fo rm ed  m a n ’s en v iro n m en t 

and m an w as b as ic a lly  a ‘physical m an ’ b ecause  o f  

h is  lim ited  w an ts , req u irem en ts  and to tal d e p e n d ­

en ce  on n a tu re . A s the m an becam e so c ia l, e co n o m ic  

and te ch n o lo g ica l m an, he b ro ad en ed  h is e n v iro n ­

m ent by c re a tin g  h is ow n e n v iro n m e n t (b u ilt 

e n v iro n m e n t)  th ro u g h  h is d es ig n  and sk ill to  have 

p ro v is io n  fo r b e tte r  fo o d , sh e lte r , a ccess  and 

co m fo rt. T h e  m an -e n v iro n m e n t re la tio n sh ip s , th us, 

can  be p e rc e iv e d  and  e v a lu a te d  in a v a rie ty  o f  w ay s 

an d  a p p ro a c h e s .

1. Environmental Deterministic Approach

T h is  a p p ro a c h  is b ased  o n  th e b as ic  te n e t o f  

‘earth m ade m an ’ an d  p ay s  m o re  a tte n tio n  on  th e

co m p le te  co n tro l o f  p h y s ic a l  e n v ir o n m e n t  o n  m a n  

and his a c tiv itie s . In  fa c t, a c c o rd in g  to  d e te r m in is t ic  

p e rsp ec tiv es  o f  m a n -e n v iro n m e n t r e la t io n s h ip s ,  

m an is su b o rd in a te  to  n a tu ra l  e n v ir o n m e n t  a s  a ll 

asp ec ts  o f  h u m an  l ife  v iz . p h y s ic a l  (h e a l th  a n d  

co m fo rt) , so c ia l, e c o n o m ic , p o l i t ic a l ,  e th ic a l  a n d  

aes th e tic  etc . n o t o n ly  d e p e n d  b u t  a r e  d o m in a n t ly  

co n tro lled  by  p h y s ic a l e n v iro n m e n t.  T h o u g h  th is  

d e te rm in is tic  o r  e n v iro n m e n ta lis t ic  a p p r o a c h  b lo s ­

som ed  in th e  w ritin g s  o f  E .C . S e m p le  ( 1 9 1 0 )  in  th e  

second  d e c a d e  o f  th e  2 0 th  c e n tu ry  b u t i ts  s e e d s  w e re  

a lread y  so w n  in  th e  s e c o n d  h a l f  o f  th e  n in e te e n th  

cen tu ry . In  fa c t, th e  p u b lic a t io n  o f  ‘T h e  O r ig in  o f  

S p e c ie s ’ o f  C h a r le s  D a rw in  in  1 8 5 9  la id  th e  

fo u n d a tio n  s to n e  o f  th e  c o n c e p t  o f  e n v ir o n m e n ta l  

in flu e n c e s  on  m a n  a n d  o th e r  o rg a n is m s .

F re d ric h  L e p la y  d e m o n s tr a te d  th e  e f f e c ts  o f  

p h y s ic a l e n v iro n m e n t o n  s o c ie ty  th ro u g h  h is  d ic to m , 

p lace (e n v iro n m e n t) -w o rk -fo lk , w h ic h  s h o w s  th a t  

e n v iro n m e n t (p la c e )  c o n d it io n s  th e  ty p e  o f  w o rk ,  

an d  w o rk  s h a p e s , a t le a s t  in  p a r t, th e  s o c ia l  o r g a n is a ­

tio n  ( fo lk )  (G e o rg e  T a n th a m ) . T h e  c o n c e p t  w a s  

fu r th e r  e la b o ra te d  w ith  th e  to n e  o f  f irm  d e te r m in is m  

by D e m o lin s  (1 901  a n d  19 03 ). H e  p o s tu l a t e d  th a t  

‘so c ie ty  is f a sh io n e d  by  e n v i r o n m e n t’ . H e  a t te m p te d  

to  a n a ly se  s o c ia l s tru c tu re  in  te rm s  o f  ‘g e o g r a p h ic a l  

e n v iro n m e n t’ . T h re e  A m e r ic a n  g e o g r a p h e r s  e .g .
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W .M . D a v is , E .C . S e m p le  a n d  E . H u n tin g to n  

s t r e n g t h e n e d  t h e  c o n c e p t  o f  e n v iro n m e n ta lis m . 

W .M . D avis, th o u g h  m o re  know n  as  a  geo m o rp h o lo g is t, 

a tte m p te d  to  l in k  n a tu re  w ith  m a n . H is  tw o  e ssa y s  

p u b lis h e d  in  1903  a n d  1906  c le a r ly  d e m o n s tra te  th a t 

h u m a n  a c t iv i t ie s ,  r a c ia l  c h a ra c te r is t ic s  a n d  c u ltu ra l 

e le m e n ts  a re  r e la te d  to  g re a te r  e x te n t  to  th e  

e n v iro n m e n t.  H e  c la s s if ie d  h u m a n  e le m e n ts  in  te rm s  

o f  p h y s ic a l  e le m e n ts  an d  p le a d e d  fo r  th e  c o n tro l o f  

p h y s ic a l  e le m e n ts  o v e r  h u m a n  e le m e n ts  b u t  la te r  on  

h e  m o d if ie d  h is  e a r l ie r  c o n c e p t  o f  m a n -e n v iro n m e n t 

in te r re la t io n s h ip s  a s  th e  m a in  s u b je c t  m a tte r  o f  

g e o g ra p h y  a n d  t re a te d  d e s c r ip t io n  o f  re g io n s  o f  th e  

e a r th  as  th e  c o re  o f  g e o g ra p h y .

T h e  c o n c e p t  o f  e n v iro n m e n ta lis m  c u lm in a te d  

in  1910  w h e n  A m e r ic a n  g e o g ra p h e r  E .C . S e m p le  

p u b lish e d  h e r  b o o k  ‘In f lu e n c e s  o f  G e o g ra p h ic  

E n v ir o n m e n t’ w h e re in  sh e  o p in e d  th a t  ‘m a n  is  th e  

p ro d u c t  o f  th e  e a r th ’s s u r f a c e .  T h is  m e a n s  n o t 

m e re ly  th a t  h e  is  a  c h i ld  o f  th e  e a r th ,  d u s t  o f  h e r  d u s t, 

b u t  th e  e a r th  h a s  m o th e re d  h im , fe d  h im , se t h im  

ta sk s , d i re c te d  h is  th o u g h ts ,  c o n f ro n te d  h im  w ith  

d if f ic u l t ie s  th a t  h a v e  s tr e n g th e n e d  h is  b o d y  an d  

s h a rp e n e d  h is  w its ,  g iv e n  h im  h is  p ro b le m s  o f  

i r r ig a tio n  a n d  n a v ig a t io n  a n d  a t th e  s a m e  tim e  

w h is p e re d  h in ts  f o r  th e i r  s o lu t io n s ’ (E .C . S em p le , 

1 9 1 0 , p p . 1 -2 ). D e te r m in is t ic /e n v iro n m e n ta l is t ic  a p ­

p ro a c h  w a s  fu lly  o r g a n is e d  o n  s c ie n tif ic  p la n e  by  E . 

H u n tin g to n . H is  ‘C iv i l i s a t io n  a n d  C l im a te ’ (1 9 1 5 ), 

‘T h e  H u m a n  a n d  H a b i ta t ’ (1 9 2 7 ) ,  ‘ S e a so n  o f  B ir th ’ 

(1 9 3 8 )  e tc . c le a r ly  d e m o n s tr a te  th e  in f lu e n c e s  o f  

p h y s ic a l e n v i r o n m e n t  o n  m a n . H is  p o s tu la tio n  th a t 

‘c l im a te  n o t  o n ly  in f lu e n c e s  h u m a n  l ife  b u t a lso  h is  

b i r th ’ p ro v e s  th a t  h e  w a s  a s tro n g  a d v o c a te  o f  

e n v iro n m e n ta lis m .

I t  is  a p p a r e n t  th a t  th e  d e t e r m in i s t i c /  

e n v iro n m e n ta lis t ic  s c h o o l a d v o c a t in g  c o n tro l  o f  

n a tu re  o n  m a n  d o m in a te d  th e  g e o g ra p h ic  th o u g h ts  

u p to  19 20 . A c c o rd in g  to  G ro s s m a n  (1 9 7 7 )  th e  f irs t  

tw o  d e c a d e s  o f  th e  tw e n tie th  c e n tu ry  w a s  in f lu e n c e d  

b y  th re e  a s p e c ts  o f  c o n te m p o ra ry  s c ie n tif ic  th o u g h ts ,

( i)  D a rw in ia n  c o n c e p ts  o f  n a tu ra l s e le c t io n , a d a p ta ­

t io n  a n d  s u rv iv a l  o f  th e  f i t te s t .  D a rw in ’s a rg u m e n t 

th a t  ‘g ra d u a l m o d if ic a t io n  a n d  d iv e r s i f ic a t io n  o f  

o rg a n ism s  s te m s  f ro m  a  p ro c e s s  o f  n a tu ra l s e le c t io n  

a n d  a d a p ta tio n  to  e n v iro n m e n ta l  f a c to r  b o th  b e in g  

s lo w  b u t o n g o in g  o v e r  lo n g  p e r io d  o f  t im e ’ (C .C . 

P a rk , 1980, p . H 3) i s fu iiy  r e f le c te d  in ‘R a tz e ls ’ 

so c ia l D a rw in is t  c o n c e p t  o f  g e o g ra p h y  as  th e  s tu d y  

of m an  s re la t io n s h ip  to  h is  e n v i r o n m e n t’ w h ic h
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‘h a d  h e ld  s w a y -w h e th e r  i t  w a s  w ith  e m p h a s is  o n  th e  

ro le  o f  h u m a n  c h o ic e  (a s  in  th e  p o s s ib i l i s t  t ra d it io n  

o f  F re n c h  g e o g ra p h y )  o r  o n  in f lu e n c e s  a n d  c o n tro ls  

e x e r te d  by  n a tu re  o n  th e  c o u r s e  o f  d e v e lo p m e n t  o f  

hum anT s o c ie tie s  (a s  v is ib le ,  fo r  e x a m p le ,  in  th e  

w o rk s  on  E lle n  C h u rc h il  S e m p le  in  U .S .A . a n d  A .J . 

H e rb e rts o n  in  U .K .)  (R .D . D ik s h it ,  1 9 8 5 , p . 6 9 ) .  ( i i )  

A p p lic a tio n  o f  d e d u c tiv e  a p p ro a c h e s  to  s c ie n t i f i c  

e n q u iry , a n d  ( ii i)  A c c e p ta n c e  a n d  a p p l ic a t io n  o f  

N e w to n ia n  c o n c e p t  o f  c a u s e -e f f e c t  r e la t io n s h ip s .

2. Teleological Approach

T e le o lo g ic a l  a p p ro a c h  is b a s e d  o n  r e l ig io u s  

fa ith  o f  m a n  b e in g  s u p e r io r  to  n a tu re  a n d  a l l  o th e r  

c re a tu re s . T h is  sc h o o l e m a n a te d  f ro m  th e  te a c h in g s  

o f  Ju d e o -C h ris tia n  re lig io u s  tra d itio n  w h ic h  p re a c h e d  

th a t  ‘m an  is  s u p e r io r  to  a ll c re a tu re s  a n d  e v e ry  th in g  

is  c re a te d  fo r  h is  u se  an d  e n jo y m e n t’ . T h is  id e o lo g y  

o f  m a n -e n v iro n m e n t/n a tu re  r e la t io n s h ip  f o s te r e d  

th e  m an  to  e x p lo it  n a tu ra l re s o u rc e s  a n d  to  s u b d u e  

n a tu re  w ith o u t c o n s id e r in g  th e  a f te r - e f f e c ts  o f  

re c k le s s  a n d  u n c o n tro lle d  p lu n d e r in g  o f  n a tu ra l  

re so u rc e s . T h is  a p p ro a c h  o f  m a n -e n v iro n m e n t  r e l a ­

t io n sh ip  led  to  e x c e s s iv e  a n d  ra p id  r a te  o f  e x p lo i ta ­

tio n  o f  n a tu ra l re s o u rc e s  in  N o r th  A m e r ic a  a n d  

W e s te rn  E u ro p e  as w e ll as  in o th e r  p a r ts  o f  th e  w o r ld  

w h ich  w e re  th e ir  c o lo n ie s . A  h o s t  o f  s c ie n tis ts  a n d  

e n v iro n m e n ta lis ts  h a v e  h e ld  th is  re l ig io u s  t ra d it io n  

re sp o n s ib le  fo r  p re se n t-d a y  e c o lo g ic a l  c r is e s .

T h is  a p p ro a c h  o f  th in k in g  o f  m a n  to w a rd s  

n a tu re  an d  e n v iro n m e n t s tim u la te d  E u ro p e a n s  to  

sp re a d  o u t a ll o v e r  th e  w o rld  in  s e a rc h  o f  u n e x p lo re d  

la n d  a n d  re so u rc e s . C o n s e q u e n tly  n u m e ro u s  c o lo ­

n ie s  w e re  e s ta b lis h e d  in  all o f  th e  in h a b ite d  

c o n tin e n ts . A f te r  1750  th e re  b e g a n  a ra c e  fo r  

ra p a c io u s  e x p lo i ta t io n  o f  n a tu ra l  r e s o u rc e s  a n d  

w id e sp re a d  in d u s tr ia l iz a t io n  in  E u ro p e  a n d  A m e r ic a . 

T h e  p ro c e s s  c o n tin u e d  fo r  th e  la s t  th re e  c e n tu r ie s  

an d  c re a te d  m o s t o f  th e  p re s e n t-d a y  e n v iro n m e n ta l  

p ro b le m s .

3. Possibilistic Approach

P o s s ib i l is t ic  a p p ro a c h  to  th e  s tu d y  o f  m a n -  

e n v iro n m e n t  r e la t io n s h ip s  e m e rg e d  th ro u g h  th e  

c r i t ic is m  o f  e n v iro n m e n ta l  d e te rm in is m  a n d  o v e r ­

to n e  o f  te le o lo g ic a l  a p p ro a c h . R ig h t f ro m  th e  v e ry  

in c e p t io n  o f  th e  s c h o o l o f  e n v iro n m e n ta l  d e te rm in ­

i s m  th e re  w a s  d is s e n t in g  v o ic e  ra is e d  b y  th o se  w h o
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e n v i r o n m e n t a l  g e o g r a p h y

e l ie v e d  th a t  ‘no  d o u b t p h y s ica l en v iro n m en t 

in f lu e n c e s  m a n  an d  h is  ac tiv itie s  b u t th e re  is am ple 

s c o p e  fo r  m a n  to  ch an g e  th e  en v iro n m e n t so  m uch  so 

th a t  it  b e c o m e s  su ita b le  fo r  m an an d  h is  so c ie ty  ’ . T he 

G e rm a n  p h ilo so p h e r  H eg a l, fed . up w ith phy sica l 

d e te rm in is m  re m a rk e d , ‘D o n ’t ta lk  to  m e abo ut 

e n v iro n m e n ta l d e te rm in ism . W h ere  the  G reeks once 

l iv e d , th e  T u rk s  live  now , th a t se ttle s  the  m a tte r .’ 

W h ile  re v ie w in g  m an -en v iro n m en t re la tio n sh ip s , 

K irc h o ff  c o n c lu d e d  th a t ‘m an  is  n o t an au tom ation  

w ith o u t a  w ill o f  h is ow n. T h e  su g g estio n s  throw n 

o u t by  th e  n a tu re  o f  h is  b irth  p lace  som e tim es find  

h im  a  d o c ile , so m e  tim es a d iffe re n t p e o p le ’ . A  group 

o f  p e o p le  d id  n o t ap p ro v e  the  p rin c ip le s  o f  e n v iro n ­

m e n ta l d e te rm in ism . T h o u g h  th ey  d id  not d isco rd  

th e  b a rr ie rs  o f  e n v iro n m e n t b u t they  gave  due 

w e ig h ta g e  to ac tiv e  m an . T hey  b e liev ed  in the 

c a p a c ity  o f  m an  to  m o d ify  an d  m o u ld  the  na tu re  in 

th e ir  ow n  w ay s. T h is  c o n c e p t o f  p o ssib ilism  w as 

fo u n d e d  by  F e b v re  w h o  h as  rem ark ed , ‘m an is a 

g e o g ra p h ic  ag e n t an d  n o t th e  leas t. H e every  w here 

c o n tr ib u te s  h is  sh a re  to w a rd s  in v e s tin g  the p h y sio g ­

n om y  o f  th e  e a r th  w ith  th o se  ‘c h an g in g  ex p ress io n s’ 

w h ic h  a re  th e  sp e c ia l c h a rg e  o f  g eog raphy  to  s tu d y ’.

T w o  F re n c h  g e o g ra p h e rs , V idal de la  B lache  

and  Je a n s  B ru h n e s  and  A m erican  g eog raphers  Isiah  

B o w m an  a n d  C a rl S a u e r  fo u n d ed  the school o f 

p o s s ib ilism  w h ic h  is b a sed  on  the p h ilo so phy  o f 

p o ss ib lism  in  n a tu re  a t ev e ry  s tag e  in a  g iven  space 

an d  tim e  as re m a rk e d  by F eb v re , ‘T h e re  are no 

n e c e ss itie s , b u t e v e ry  w h ere  p o ss ib ilitie s  and m an as 

a  m a s te r  o f  th e se  p o ss ib ili t ie s  is the ju d g e  o f  their 

u s e ’ . P o s s ib ilis ts  w ere  q u ite  aw are  o f  the  lim ita tions 

o f  fre e d o m  o f  m an  to  d ic ta te  te rm s to ‘n a tu re ’ and 

th u s  th ey  d id  b e liev e  th a t m an  can n o t fu lly  tam e the 

n a tu re  an d  is n o t a lw ay s  v ic to rio u s . F ebv re , a 

s ta u n c h  b e lie v e r  and  ad v o ca te  o f  p o ssib lism  has 

a c c ep ted  th a t ‘M an  can  n ev er en tire ly  rid  th em ­

se lv e s , w h a te v e r  they  do , o f  the  h o ld  th e ir  e n v iro n ­

m e n t has on  th em . T a k in g  th is  in to  co n s id e ra tio n  

th ey  u til iz e  th e ir  g eo g rap h ica l c ircu m stan ces  m ore  

o r  le ss  a c c o rd in g  to  w h at th ey  are  and tak e  advan tage  

o f  th e ir  g e o g ra p h ic a l p o ss ib ilitie s . B u t here  as 

e lse w h e re  th e re  is no q u e s tio n  o f  n e c e s s ity ’. Jean s  

B ru n h e s  a lso  a c cep ted  the  lim ita tio n s  o f  m a n ’s 

c o n tro l o v e r  n a tu re  as is e v id e n t from  his  w ritin g s , 

“T h e  p o w e r  an d  m ean s  w h ich  m an has a t h is d isp o sa l 

a re  lim ite d  an d  he  m ee ts  th e  n a tu re  b o u n d s w h ich  he 

c a n n o t  c ro s s . H u m an  ac tiv ity  can  w ith in  ce rta in  

l im its  v a ry  its  p la y  an d  its  en v iro n m e n t, bu t it can n o t 

d o  a w a y  w ith  its  e n v iro n m e n t, b u t it can  o ften

m o d ify  it  b u t i t  c a n  n e v e r  s u p p re s s  i t  a n d  w ill  a lw a y s  

be  c o n d it io n e d ’ (Je a n s  B ru h n e s ) .

P o s s i b i l i s t s  re p la c e d  m o re  d e te rm in is t ic  te rm s  

‘co n tro l’ by ‘in flu en c e ’ a n d  ‘in flu e n c e ’ b y  m o re  

m o d e ra te  te rm s  ‘re sp o n se ’ o r  ‘a d ju s tm e n t’. G . 

T an th am  w h ile  b r id g in g  th e  g a p  b e tw e e n  e n v iro n ­

m en ta l d e te rm in ism  a n d  p o s s ib i l is m  m a in ta in e d  th a t 

‘the m ax im  sh o u ld  n o t b e  c o n q u e s t  o f  n o r  su b m is -  

sion  to , b u t c o o p e ra tio n  w ith  n a tu re  . Harlan 

Barrows (1 9 2 3 ) p re se n te d  an  a l te r n a t iv e  a p p ro a c h  

and  d e fin ed  g e o g ra p h y  as ‘h u m a n  eco lo g y ’ w h e re in  

he p lead ed  fo r  the  s tu d y  o f  m u tu a l in te ra c t io n  

b e tw een  m an an d  e n v iro n m e n t, th e  s tu d y  o f  h u m a n  

so c ie tie s  in  re la tio n  to  th e ir  e n v iro n m e n t  a n d  

e n v iro n m e n ta l a d a p ta tio n  in p la c e  o f  e n v iro n m e n ta l  

con tro l.

4. Economic Deterministic Approach

T h is  a p p ro ach  is  b ased  on  th e  b a s ic  id e o lo g y  

o f  m a n ’s m aste ry  o v e r  e n v iro n m e n t a n d  c o n t in u e d  

eco nom ic  an d  in d u s tr ia l e x p a n s io n  th ro u g h  th e  

a p p lica tio n  o f  m o d ern  te c h n o lo g ie s .  “ T h e  b a s ic  

thesis  o f  the g ro w th  (a f f lu e n c e )  s c h o o l  is  th a t  

b ecau se ec o n o m ic  g ro w th  is  r e q u ire d  f o r  p o l i t ic a l ,  

socia l and  e c o n o m ic  s ta b il i ty ,  th e  ‘q u a l i ty  o f  

e n v iro n m e n t’ n o rm a lly  a s su m e s  lo w e r  p r io r i ty  in  

fo rm u la tin g  p la n n in g  p ro p o sa ls  a n d  in  lo n g - te rm  

p lan n in g  b ecau se  th e  d e te r io ra tio n  o f  th e  e n v i r o n ­

m en t is g en e ra lly  p ro tra c te d  a n d  s o c ia l ly  le s s  

o b liqu e th an  a d e te r io ra tio n  in  th e  e c o n o m y ’ (C .C . 

P ark , 1980). In  fa c t, ‘e c o n o m ic  d e te r m in is m ’ b a s e d  

on tw o fa lla c io u s  a s su m p tio n s  o f  ( i)  p o s i t iv e  

co rre la tio n  b e tw een  th e  p o p u la tio n  o f  a  g iv e n  re g io n  

and the lev el o f  e c o n o m ic  d e v e lo p m e n t  a n d  a c t iv i ty  

in tha t reg io n , and  ( ii)  th e  in te ra c t io n s  o f  p e o p le ,  

re so u rces  and  so c ie ty  b e in g  g o v e rn e d  b y  u n iv e rs a l  

eco n o m ic  p r in c ip le s  as  o b s e rv e d  b y  W .Z e lin s k y  

(1 9 6 6 ), b e lie v e s  in  m a n ’s a b il i ty  to  s o lv e  e n v ir o n ­

m e n ta l p ro b le m s  a r is in g  o u t o f  c o n tin u e d  e c o n o m ic  

g ro w th  an d  in d u s tr ia l e x p a n s io n . I t m a y  b e  p o in te d  

o u t th a t th is  e x tre m e  c o n c e p t o f  e c o n o m ic  d e te r m in ­

ism  led  to  ra p a c io u s  e x p lo ita t io n  o f  n a tu ra l  r e ­

so u rc e s  in th e  w e s te rn  d e v e lo p e d  c o u n tr ie s  a n d  th u s  

c re a te d  m o s t o f  th e  e n v iro n m e n ta l a n d  e c o lo g ic a l  

p ro b le m s  o f  g lo b a l d im e n s io n .

T h e  e v e r in c re a s in g  e n v iro n m e n ta l  p r o b le m s  

m ain ly  e n v iro n m e n ta l d e g ra d a tio n  a n d  p o l lu t io n !  

th e  a la rm in g  p ro b le m s  o f  o z o n e  d e p le t io n  a n d  g lo b a l  

w a rm in g , c o n se q u e n t u p o n  e x c e s s iv e  u s e  o f  n a tu r a l
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resou rces  in  th e la s t cen tu ry  so ften ed  the a ttitudes  o f 

e co n o m ists  to w ard s  n a tu re  and en v iro n m en t w hich  

is v a lid a te d  from  th e  em erg en ce  o f  the  concep ts  o f  

‘en vironm en ta l econom ics’, ‘ecological econom ics’, 

's tead y -s ta te  economy* etc. E co lo g ica l econ om ics 

m e a n s  ‘ap p lic a tio n  o f  eco lo g ica l in sig h ts  to 

e c o n o m ic  an a ly s is , in co rp o ra tin g  eco log ica l p rin c i ­

p le s  and p rio ritie s  in to  econom ic  acco u n tin g  sy s ­

te m ’ (W .P ., and  M .A . C u nn ighan , 2003 ). It is now  

b e liev ed  by the eco n o m ists  th a t  fo r su sta in ab le  

d ev e lo p m en t and s tea d y -s ta te  econom y  th e m a in te ­

n ance  o f  en v iro n m e n ta l q u a lity  and eco lo g ical 

balance  is a  p re re q u is ite  cond ition .

y
5. Ecological Approach

E c o lo g ic a l ap p ro ach  to the study  o f  m an- 

e n v iro n m e n t re la tio n sh ip s  is based  on the basic 

p r in c ip le  o f  e c o lo g y  w h ich  is the study  o f  m utual 

in te ra c tio n s  b e tw een  o rg an ism s and physica l 

e n v iro n m e n t on  th e  one han d  an d  in te rac tio ns  

am o n g  th e  o rg a n ism s  on  the o th e r hand  in a g iven  

e c o sy s te m . T h u s , m an  is co n s id e red  as an in tegral 

p a r t  o f  n a tu re /e n v iro n m e n t. ‘T he re la tio n sh ip  o f 

m an  w ith  th e  n a tu ra l en v iro n m e n t shou ld  be 

sy m b io tic  an d  n o t e x p lo ita tiv e  n o r su p p re ss iv e ’ 

(C .C . P a rk , 198 0). T h is  schoo l reco g n ises  m an, 

b e in g  m o s t sk ille d  a n d  in te llig e n t, as the lead er o f  all 

b io ta  a n d  s te w a rd  o f  th e  ea rth . T h is  app roach  fu rther 

lay s e m p h a s is  on  w ise  and  re s tra in e d  use o f  n atural 

re so u rc e s , a p p lic a tio n  o f  ap p ro p ria te  en v iro n m en ta l 

m a n a g e m e n t p ro g ra m m e s , p o lic ie s  and  s tra teg ies  

k eep in g  in v iew  th e  e c o lo g ic a l p rin c ip le s  so that 

a lre a d y  d e p le te d  n a tu ra l re so u rc e s  are rep len ish ed  

(w h e re v e r  p o s s ib le ) , d e g ra d e d  e n v iro n m e n t is set 

r ig h t an d  e c o lo g ic a l b a lan ce  is m a in ta in ed .

T h e  e c o lo g ic a l a p p ro a c h  lay s  e m p h as is  on 

ra tio n a l e x p lo ita t io n  o f  re so u rces  and  op tim um  

u tiliz a tio n  th ro u g h  re c y c lin g  o f  re so u rces . T he  

fo llo w in g  fa c ts  sh o u ld  be ta k en  in to  a c c o u n t w hile  

u s in g  n a tu ra l re so u rc e s  :

> th a t th e  e n v iro n m e n t is  a  c lo se d  sy stem ,

>  th a t th e  n a tu ra l re so u rc e s  a re  f in ite ,

> th a t th e  g e o lo g ic a l  p ro c e sse s  o f  th e  fo rm a tio n  

o f  a b io tic  re so u rc e s , su ch  as m e ta ls  an d  

m in e ra l o il, a re  e x c e e d in g ly  s lo w  an d  tak e  

m illio n s  a n d  b il l io n s  o f  y e a rs  fo r  th e ir  

fo rm a tio n  an d  a c c u m u la tio n .

M A N -E N  V IR O N M E N T  R E L A T IO N S H IPS

► tha t the natu ral re so u rces  are free  g ifts  o f 

nature w hich  sho u ld  be u s e d  ju d ic io u s ly ,

>• that the natu ral re so u rces  a re  p u b lic  p ro p e rty  

and  hen ce  no co u n try  o r ag en cy  is a llo w e d  to 

m isuse them ,

> that the e n v iro n m e n ta l/n a tu ra l sy s tem  (e c o ­

system ) is go verned  by in  b u ilt s e lf  re g u la to ry  

system  (h om eosta tis) w hich  sta tes  th a t an y  

change in any co m p o n en t o f  the e n v iro n m e n t 

effec ted  by n atu ra l fac to rs  is su itab ly  c o u n te r ­

b alan ced  by chan ges in o th e r  co m p o n en ts  bu t 

if  the ch an ges  b rough t in by h u m an  ac tiv itie s  

are so eno rm ous th a t th ese  e x c e e d  th e 

resilien ce  o f  hom eo static  m e c h a n ism  o f  the 

natural system , serio us e n v iro n m e n ta l p ro b ­

lem s em erge , w hich  becom e le th a l to  all b io ta  

in general and  hum ans in  p a r tic u la r ,

>- that the p o litica l and  e c o n o m ic  s ta b ility  

depends on eco lo g ica l an d  e n v iro n m e n ta l 

stab ility ,

>  that the su sta in ab le  socie ty  an d  su s ta in a b le  

deve lopm en t m ay be p o ss ib le  o n ly  w hen  th e  

en v iro n m en t also  b eco m es su sta in ab le ,

► that the ex trac tio n  o f  m in era l re so u rc e s  an d  

th e ir p ro cess in g  leave im m en se  q u an tity  o f  

w astes  w hich  d eg rad e  the  en v iro n m e n t,

>- th a t the su sta in ab le  d ev e lo p m en t, a im in g  a t 

real u pg rad in g  o f  q u a lity  o f  life  o f  th e  p e o p le  

and im pro ving hum an  w e lfa re  fo r  lo n g -te rm  

w ith in  the lim it o f  the re so u rces  o f  the p la n e t 

earth , can be a ch iev ed  w ith o u t c o m p ro m is in g  

w ith  the ab ility  o f  th e  n a tu re  to  p ro v id e  

su sta in ab le  y ie ld  to  the fu tu re  g e n e ra tio n s  and  

w ith o u t d eg rad in g  the e n v iro n m e n t etc .

I t  m ay b e  p o in te d  o u t fo llo w in g  C .C . P a rk  

(1 9 8 0 ) tha t th e  d e b a te  o n  m a n -e n v iro n m e n t re la t io n ­

sh ip s  sho u ld  be v ie w e d  tak in g  in to  a c c o u n t th e  

m u lti-d im e n s io n a l a sp e c ts  o f  e n v iro n m e n ta l p ro b ­

lem s w h ich  a re  the re su lt  o f  co m p le x  se rie s  o f  

sev e ra l fa c to rs  v iz . p h y s ic a l, e c o n o m ic , so c ia l, 

p o litic a l, e th ic a l e tc . b u t any  p o s itiv e  a p p ro a c h  

a d o p te d  fo r  th e  s tu d y  o f  m a n -e n v iro n m e n t re la tio n ­

sh ip s  m u s t ta k e  in to  a c c o u n t th e  fa c t th a t th e re  

sh o u ld  be h a rm o n y  and  n o t h o s tility  b e tw een  m an  

an d  e n v iro n m e n t. I t  is o b v io u s  th a t th e  re la tio n sh ip  

b e tw e e n  m an  a n d  e n v iro n m e n t i s  tw o -d irec tio n a l a s  

th e  e n v iro n m e n t a f fe c ts  a n d  in f lu e n c e s  m a n  a n d  in
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e n v i r o n m e n t a l  g e o g r a p h y

tu rn  m a n  a lso  in flu e n c e s  an d  m o d ifie s  the e n v iro n ­

m e n t. T h is  ty p e  o f  m u tu a l in te ra c tio n s  and  re la tio n ­

sh ip  b e tw e e n  m an  an d  e n v iro n m e n t is sy m b io tic  in 
c h a ra c te r .

Man-Environment Interactions

T h u s , th e  in te ra c tio n s  be tw een  m an and 

e n v iro n m e n t m a y  b e  sy s te m a tic a lly  s tu d ied  on  the 

b a s is  o f  b i-d im e n s io n a l a sp e c ts  o f  m an -en v iro n m en t 

re la tio n s h ip s  as  fo llo w s  :

1. E n v iro n m e n t an d  m an  i.e . en v iro n m en ta l 

c o n tro ls  on h u m an  h ea lth  an d  a c tiv itie s , and

2. M an  and  e n v iro n m e n t i.e . ad v e rse  e ffec ts  o f 

h u m a n  a c tiv itie s  on  e n v iro n m e n ta l sy stem  v is -a -v is  

e n v iro n m e n ta l q u a lity  an d  e c o lo g ic a l ba lance .

3.2 ENVIRONMENT AND MAN

T h e  e n v iro n m e n t a f fe c ts  m an  th ro ugh  (i) 

b io p h y s ic a l l im ita tio n s , ( ii)  b eh av io u ra l con tro ls , 

an d  ( ii i)  re s o u rc e  a v a ila b ili ty .

1. Biophysical Limitations

W e a th e r  an d  c lim a te  a ffe c t hu m an  w ell-b e in g  

an d  h e a lth . T h e  s tu d y  o f  re a c tio n s  o f  hum an body  to 

c h a n g e s  in th e  a tm o sp h e r ic  e n v iro n m e n t is know n as 

‘h u m a n  b io m eteo ro lo g y ’ w h ich  la y s  em p h asis  on to 

‘e s ta b lis h  h o w  m u c h  o f  th e  o v era ll b io lo g ica l 

v a r ia b ili ty  is  th e  re su lt  o f  ch an g es  in w eathe r, 

c lim a te  a n d  s e a s o n ’ (J .E . H o b b s , 1980, p. 60). 

A c c o rd in g  to  M . B a te s  (1 9 6 6 ) th re e  lev e ls  o f  

c l im a tic  e n v iro n m e n t a ffe c t h u m an  b eh a v io u r v iz.

( i)  ‘m ic ro c lim a te ’ (w h ic h  re p re se n ts  w ea th e r c o n d i ­

t io n s  s u rro u n d in g  an  in d iv id u a l o rg an ism ), (ii)  

^ecological c lim a te ’ o r ‘eco lim ate’ ( re p re se n ts  w ea th e r 

e le m e n ts  o f  th e  h a b ita t  o f  the o rg a n ism s , in the  case  

o f  m an  th e  h a b ita t  m ay  be h is  h o u se  and w o rk in g  

p la c e s  lik e  fa c to ry , o ffic e , m in e , a g r ic u ltu ra l fa rm s, 

p a s tu re  o r  fo re s t) ,  an d  (ii i)  ‘geo g rap h ica l c lim a te ’ o r 

‘g eo c lim a te ’ (w e a th e r  c o n d itio n s  o f  la rg e r  a rea l u n it 

a n d  lo n g e r  te m p o ra l sp an ).

B io lo g ic a l ly ,  h u m an  b o d y  can  fu n c tio n  p ro p ­

e r ly  o n ly  in c e r ta in  su ite s  o f  e n v iro n m e n ta l c o n d i ­

t io n s  in  te rm s  o f  o x y g e n , h e a t, lig h t, h u m id ity  and 

p r e c ip i ta t io n ,  w in d , lig h tn in g , fo g , c lo u d s , a tm o s ­

p h e r ic  e le c t r ic i ty  a n d  sp a c e . E v e n .th e  su rv ia v a l o f  

h u m a n  b o d y  d e p e n d s  on  th e  a b o v e  fa c to rs . L a c k  o f

re
o u ire d  a m o u n t o f  o x y g e n  a t  h ig h e r  a l t i tu d e s  m a k e s  

h u m an  su rv iv a l im p o ss ib le . E x c e ss ,v e . h e a t  a n d  

h u m id ity  re ta rd  b o d y  a n d  m e n ta l g ro w th  w h e re a s  

verT h ig h  o r v ery  lo w  te m p e ra tu re  o n  th e  o n e  h a n d  

a d v e rse ly  a f fe c ts  h u m a n  b o d y  a n d  o n  th e  o th e r  h a n d  

m ak es fo o d  a  s c a rc e  c o m m o d ity  to  s u p p o r t  h u m a n  

life . M icro -clim a te  a f fe c ts  le is u re ,  r e c re a t io n ,  co m - 

fo rt etc .

C e rta in  n o n - in fe c tio u s  d is e a s e s  a n d  m e d ic a l  

d iso rd e rs  h av e  b een  c o r re la te d  w ith  e n v iro n m e n ta l  

fac to rs  su ch  as g e o c h e m is try  o f  ro c k s , s o i ls  an d  

w a ter. C o n c e n tra tio n  o f  a  fe w  tra c e  m in e ra ls  in  the 

ro ck s , so ils  an d  w a te r  in  th e  U t ta ra k h a n d  H im a la y a  

cau ses  s to m a c h  d iso rd e rs  th ro u g h  d ia r rh o e a ,  d y s e n ­

tery  etc . M . C o le  (1 9 7 1 )  h as  sh o w n  c o r r e la t io n  

b e tw een  ce rta in  fo rm s  o f  c a n c e r  a n d  c a r d io -v a s c u la r  

tro u b le s  and  g e o c h e m ic a l p ro p e r t ie s  o f  s o ils  a n d  

w a te r  w h e reas  B .E . D a v ie s  a n d  R .J .F . H . P in c e n t  s 

(1 9 7 5 ) s tu d y  o f  'minerals and m orbidity’ h a s  

rev ea led  re la tio n s h ip s  b e tw e e n  s to m a c h  c a n c e r  a n d  

h a rd en in g  o f  t is su e s  a n d  a r te r ie s  o f  h u m a n  b o d y  

(sc le ro s is )  and  c e r ta in  t ra c e  m in e ra ls  in  th e  s o i ls  a n d  

w ater.

C e rta in  d is e a se s  a n d  i l ln e s s e s  h a v e  b e e n  

re la ted  to  a tm o sp h e r ic  c o n d it io n s .  E .H . D e r r ic k  

(1 965 , 1966, 1969 ) h a s  r e la te d  s e a s o n a l ,  a n n u a l  a n d  

sh o rt- te rm  v a r ia tio n s  in  a s th m a  in  B r is b a n e  (A u s ­

tra lia )  to v a r ia tio n s  in  w e a th e r  c o n d i t io n s .  H e  h a s  

re la ted  w eek s  w ith  h ig h  in c id e n c e  o f  a s th m a  w ith  

d ec rease  in m e a n  an d  m in im u m  te m p e r a tu re ,  d e w  

p o in t, re la tiv e  h u m id ity  a n d  r a in fa l l  b u t  in c r e a s e  in  

su n sh in e  h o u rs  w h e re a s  lo w  in c id e n c e  o f  a s th m a  h a s  

been  fo u n d  in  th o se  w e e k s  w h ic h  a re  c h a r a c te r is e d  

by h ig h e r  d ew  p o in ts  a n d  r e la t iv e  h u m id i ty ,  m o re  

ra in y  d a y s , lo w  te m p e ra tu re  r a n g e s  a n d  f e w e r  h o u r s  

o f  su n sh in e . M a n y  m o re  in v e s t ig a to r s  h a v e  e s ta b ­

l ish ed  e v id e n c e s  to  d e m o n s tr a te  c lo s e  a s s o c ia t io n  

b e tw een  a s th m a  a n d  c o ld  e .g . L . G re e n b u rg ,  F . F ie ld ,  

J .I . R ee d  an d  C .L . E rc h a rd t  (1 9 6 4  a n d  1 9 6 7 , 

re la tio n sh ip  b e tw e e n  a s th m a  a n d  te m p e ra tu re  c h a n g e  

in N ew  Y o rk ), S .W . T ro m p  an d  J. B o u m a  (1965-, 

in c re a se  in a s th m a  a m o n g  16 y e a rs  o ld  c h i ld r e n  

d u rin g  p e r io d s  o f  c o o lin g  in  th e  e a s te rn  N e th e r ­

la n d s) , M .J . S p o n d n ik  e t 'a l .  (1 9 9 6 ) , c o n c lu d e d  that 

a ir f lo w  re s is ta n c e  o f  100 s tu d e n ts  o f  B a lt im o r e ,  

U .S .A ., in c re a se d  w ith  d e c re a s e  in  te m p e r a tu r e  etc!

J .B . H a n e se n  a n d  S .A . P e d e r s e n ’s  (1 9 7 2 )  

s tu d y  o f  re la t io n  b e tw e e n  b a r o m e tr ic  p e s s u r e  and  

c e r ta in  a ilm e n ts  h a s  d e m o n s tr a te d  th a t  th e r e  is  

p o s itiv e  c o r re la t io n  b e tw e e n  r a p id  c h a n g e s  in  th e
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a tm o sp h e ric  p re ssu re  and  th e  in c id e n c e  o f  p e r fo ­

ra te d  d u o d e n a l u lc e rs  an d  p e r ip h e ra l a rte ria l e m b o ­

l is m . F .K . D a v is  has  fo u n d  c lo se  re la tio n sh ip  

b e tw een  te m p e ra tu re  ch an g es  and freq u en cy  o f  

h a e m o rrh a g in g  fro m  d u o d en a l u lce rs . A few  

re se a rc h e s  h a v e  re v e a le d  seaso n a l o c c u rre n c e s  o f  

m a n y  d ise a se s  an d  a ilm en ts  e .g . s c a rle t fever, 

d ip h th e r ia , an d  ja u n d ic e  are m o re  p re v a le n t d u rin g  

w in te r  w h e reas  m e a s le s , in flu e n z a  and c h ic k e n  pox 

a re  m o st co m m o n  in sp rin g  in S w itz e r la n d  (J.E . 

H o b b s , 1980).

2. Behavioural Controlls

V a rio u s  c o m b in a tio n s  o f  e n v iro n m e n ta l fa c ­

to rs  h a v e  n o t o n ly  a ffe c te d  b u t c o n d itio n e d  rac ia l 

c h a ra c te r is t ic s  in  d if fe re n t p a rts  o f  th e  e a r th ’s 

su rfa c e . E n v iro n m e n t a lso  in flu e n c e s  an d  c o n d itio n s  

th o u g h ts , id e o lo g ie s  a n d  c u ltu re  o f  h u m an  be ing . 

E v e n  th e  s o c ia l,  e c o n o m ic  an d  p o litic a l b e h a v io u r  is 

in flu e n c e d  to  c e r ta in  e x te n t by  m a n ’s p e rc e p tio n  o f  

e n v iro n m e n ta l fa c to r  an d  h is  re sp o n se s  to  th ese  

fa c to rs . F re q u e n c y  a n d  m a g n itu d e  o f  e x trem e  

n a tu ra l e v e n ts  an d  e n v iro n m e n ta l fa c to rs  lik e  

v u lc a n ic ity , e a r th q u a k e s , f lo o d s , d ro u g h ts , la n d ­

s lid e s , a tm o s p h e r ic  s to rm s  e tc . in flu e n c e  m a n ’s 

p e rc e p tio n  o f  n a tu ra l e n v iro n m e n t an d  d e c id e  h is  

re a c tio n s  a n d  re sp o n s e s  to  th e se  e v e n ts . F o r  e x a m ­

p le , th e  in h a b ita n ts  o f  r ip a r ia n  tra c ts  o f  m a jo r  

a llu v ia l r iv e rs  o f  th e  G a n g a  p la in  o f  N o rth  In d ia  are 

la rg e ly  a d v e rs e ly  a f fe c te d  by  re c u rre n t f lo o d s  and 

r ip a r ia n  d e c a y  a n d  th u s  th e y  c o n c e iv e  th a t r iv e rs  are 

so u rc e s  o f  p e rp e tu a l  d is a s te r s  b u t th e  in h a b ita n ts  o f  

e q u a to r ia l r a in fo re s t  l iv in g  in  th e  r iv e r in e  tra c ts  are 

s e ld o m  a w a re  o f  f lo o d s  an d  d is a s tro u s  ro le  o f  r iv e rs . 

T h e  ra v in o u s  tra c ts  o f  th e  C h a m b a l v a lle y  (In d ia )  

h a v e  n o t o n ly  m o u ld e d  th e  so c ia l b e h a v io u r  o f  th e  

lo c a l p e o p le  b u t a lso  o f  th e  p e o p le  o f  th e  a d jo in in g  

a re a s  a s  th e  c ir c u i to u s  n e tw o rk  o f  r a v in e s  p ro v id e s  

id e a l h id e o u ts  a n d  th e  p e o p le  a f te r  c o m m itt in g  

c r im e  e a s i ly  e s c a p e  to  th e se  ra v in e s  w h ic h  e x te n d  

s ta n d in g  in v i ta t io n  to  c r im in a ls  by  p ro v id in g  sa fe  

s h e lte r  th o u g h  w ith  le a s t  c o m fo rt. M a n y  m o re  

e x a m p le s  m a y  b e  c i te d  to  d e m o n s tra te  th e  im p a c t  o f  

e n v iro n m e n t  o n  h u m a n  b e h a v io u r , h is  p e rc e p tio n  

a n d  re s p o n s e s  to  e n v iro n m e n ta l  fa c to rs .

T h e 1991 sup er  c y c lo n e  o f  O rissa , the 2001  

B huj earthquake in Gujarat (In d ia ), the 2 0 0 4  

tsu n am i o n s lo u g h t in T hailand , Sum atra, Sri L anka  

and  the eastern  co a sts  o f  Ind ia , the 2 0 0 5  M um bai

fu r io u s  flo o d s  e tc . c r e a t e d  p a n ic  an d  fe a r  a m o n g  

th o u sa n d s  o f  fa m ily  w h ic h  s u f f e r e d  f ro m  m e n ta l  

d ise a se  d u e  to  d e a th  o f  th e ir  k ith  a n d  t a n s ,  s e p a ra t io n  

o f  fam ily  m e m b e rs , d e s tru c t io n  o  p ro p e r  y  

d w e llin g s .

3. Resource Availability

T h e  m o st s ig n if ic a n t a s p e c t  o f  th e  e n v i r o n ­

m e n t in in f lu e n c in g  h u m a n  a c tiv ity  is  th e  a v a i l a b i l ­

ity  o f  re so u rc e s . T h e  r ic h n e s s  o r  p o o rn e s s ,  q u a l i ty  

and  q u a n tity  an d  a b o v e  a ll th e  a v a i la b i l i ty  o f  

re n e w a b le  an d  n o n -re n e w a b le  r e s o u rc e s  d e c id e  th e  

ty p e  o f  h u m an  a c tiv it ie s , e c o n o m ic  v ia b i l i ty ,  so c ia l  

o rg a n isa tio n s , p o lit ic a l s ta b i l i ty ,  in te rn a t io n a l  r e la ­

tio n s  e tc . V ery  r ic h  re se rv e  o f  m in e ra l  o i l  in  th e  

M id d le  E a s t is th e  m a in  re a s o n  to r  p o l i t ic a l  

in s ta b ili ty  in th e  G u lf  C o u n tr ie s .  T h e  in te r - s ta te  

d isp u te s  sh a rin g  r iv e r  w a te rs  a re  b e c a u s e  o f  lo c a t io n  

o f  r iv e rs  in m o re  th an  o n e  c o u n try . In  f a c t ,  th e  le v e l  

o f  e c o n o m ic  d e v e lo p m e n t la rg e ly  d e p e n d s  o n  

n a tu ra l re so u rc e s .

■ / t

3.3 MAN’S INTERACTIONS WITH THE ENVIRON­

MENT

HISTORICAL PE R SPE C T IV E

M an is an  im p o r ta n t  p a r t  o f  th e  b io t ic  

c o m p o n e n t o f  th e  e n v iro n m e n t  a n d  s im u l ta n e o u s ly  

he is a lso  an im p o r ta n t f a c to r  o f  th e  e n v i r o n m e n t .  

T h u s  m an  p la y s  im p o r ta n t  ro le s  in  th e  n a tu r a l  

e n v iro n m e n ta l sy s te m  in  d i f f e r e n t  c a p a c i t ie s  s u c h  as  

b io lo g ic a l o r  ‘p h y sica l m a n ’, ‘so c ia l m a n ’, ‘eco n o m ic  

m a n ’ an d  ‘tech n o lo g ica l m a n ’. A ll th e  n a tu ra l  

fu n c tio n s  o f  h u m a n  b e in g s  su c h  as in  b i r th ,  g r o w th ,  

h e a lth  an d  d e a th s  a re  a f fe c te d  an d  d e te r m in e d  b y  th e  

n a tu ra l e n v iro n m e n t  in  th e  s a m e  m a n n e r  a s  in  th e  

c a se s  o f  o th e r  o rg a n is m s  b u t  m a n  b e in g  m o s t  

d e v e lo p e d  a n d  a d v a n c e d  a n im a l ,  b o th  p h y s ic a l ly  

a n d  m e n ta lly  a n d  h e n c e  te c h n o lo g ic a l ly ,  is  c a p a b le  

o f  m a k in g  s u b s ta n t ia l  c h a n g e s  in n a tu r a l  e n v i r o n ­

m e n t s o  a s  to  m a k e  it s u i ta b le  f o r  h is  o w n  l iv in g .  T h e  

ro le  o f  m o s t  p r im it iv e  b io lo g ic a l  o r  ‘p h y s ic a l  m an*  

in  th e  fu n c t io n s  o f  n a tu ra l  e n v i r o n m e n ta l  s y s te m  w a s  

f u n d a m e n ta l ly  th a t  o f  u s e r  o f  e n v i r o n m e n ta l  r e ­

s o u rc e s  an d  th u s  h e  p la y e d  th e  r o le  o f  a  f a c to r  o f  th e  

e n v ir o n m e n t  b u t  a s  th e  s k il l  a n d  te c h n o lo g y  o f  m an  

d e v e lo p e d  w ith  c u l tu ra l  d e v e lo p m e n t  h is  ro le s  

to w a rd s  n a tu ra l  e n v i r o n m e n t  a ls o  c h a n g e d  p ro g re s ­
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s iv e ly  s u c h  as  f ro m  u se r  th ro u g h  m o d if ie r  and  

c h a n g e r  to  d e s tro y e r  o f  th e  e n v iro n m e n t.

S o , it is th e  te c h n o lo g y  o f  m an  w h ich  has 

d ra s t ic a l ly  c h a n g e d  th e  m a n -e n v iro n m e n t re la tio n ­

s h ip  fro m  p re h is to r ic  p e r io d  to  th e  p re se n t m o st 

a d v a n c e d  in d u s tr ia l  p e r io d . In  fa c t, ‘th e  in d u s tr ia l 

an d  s c ie n tif ic  r e v o lu tio n s  h a v e  le d  to  rap id  ch a n g e s  

in oi?r e n v iro n m e n t, b u t a ll te c h n o lo g y , from  the  

m o s t p r im itiv e  to  th e  m o s t a d v a n c e d , c a u se s  so m e 

c h a n g e s  in  th e  e n v iro n m e n t’ (D .B . B o tk in  and  E .A . 

K e lle r , 19 82 ). I t  m ay  a lso  b e  s tre s se d  th a t re lig io u s  

id eas  a n d  m a te r ia l is t ic  o u tlo o k  o f  m an  h a v e  a lso  

p la y e d  s ig n if ic a n t  ro le s  in  c h a n g in g  m a n -e n v iro n ­

m e n t  re la t io n s h ip s  o n  a  la rg e -s c a le .  M o d e rn  te c h n o ­

lo g ic a l  m a n , in to x ic a te d  by  h ig h ly  a d v a n c e d  te c h ­

n o lo g y  a n d  m a te r ia l is t ic  v ie w p o in ts ,  h a s  c h a n g e d  

a n d  is c h a n g in g  th e  e n v iro n m e n t fo r  h is  v es ted  

in te re s ts  to  su c h  an  e x te n t  th a t  e v en  th e  very  

e x is te n c e  o f  h u m a n  b e in g s  is th re a te n e d .

T h u s  i f  w e  lo o k  a t h is to r ic a l  p ro g re s s io n  o f  

m a n -e n v iro n m e n t r e la t io n s h ip s  it b e c o m e s  d e a r  tha t 

p u re ly  n a tu ra l  r e la t io n s h ip  b e tw e e n  ‘p h y s ic a l p r im i ­

t iv e  m a n ’ a n d  n a tu ra l  e n v iro n m e n t  d u r in g  p re h is ­

to r ic  p e r io d  h a s  c h a n g e d  to  h o s ti le  re la tio n sh ip  

b e tw e e n  ‘technological man ’ a n d  th e  e n v iro n m e n t at 

p re s e n t.  T h is  s u b s ta n t ia l  c h a n g e  an d  sh if t in the 

n a tu re  a n d  m a g n i tu d e  o f  m a n ’s in te ra c tio n s  w ith  the 

n a tu ra l  e n v iro n m e n t  h as  g iv e n  b ir th  to  n u m ero u s  

e n v iro n m e n ta l  p ro b le m s  o f  s e r io u s  c o n se q u e n c e s  

b e c a u s e  th e  c h a n g e s  e f fe c te d  by  m an  in  the  

e n v iro n m e n t  h a v e  b e c o m e  u n a d ju s ta b le  by  th e 

in b u il t  s e lf r e g u la to ry  m e c h a n is m  o f  th e  n a tu ra l 

e n v iro n m e n ta l  s y s te m /e c o s y s te m . T h e  s tu d y  o f  

c h a n g in g  re la t io n s h ip s  b e tw e e n  m a n  a n d  e n v iro n ­

m e n t in  h is to r ic a l  p e r s p e c t iv e  m a y  h e lp  in d e m o n ­

s tr a t in g  th e  in c re a s in g  a d v e rse  im p a c ts  o f  h u m a n  

a c t iv i t ie s  o n  th e  e n v iro n m e n t.  T h e  c h a n g in g  re la ­

t io n s h ip s  o f  m a n  w ith  th e  n a tu ra l e n v iro n m e n t fro m  

p re h is to r ic  to  m o d e rn  p e r io d s  m a y  b e  d iv id e d  in to  

fo u r  s ta g e s  a s  g iv e n  b e lo w  :

1. P e r io d  o f  h u n tin g  a n d  fo o d  g a th e r in g

2 . P e r io d  o f  a n im a l d o m e s t ic a t io n  a n d  p a s to ra lis m

3 . P e r io d  o f  p la n t  d o m e s tic a t io n  a n d  a g r ic u l tu re

4 . P e r io d  o f  s c ie n c e ,  te c h n o lo g y  a n d  in d u s tr ia l i ­

z a t io n .

1. Period of hunting and food gathering

T h is  p er io d  is  rela ted  to  m o st p r im itive  m an

w h e n  h e  w a s  b a s ic a lly  a part o f  natural en v iron m en t

4 0

and h is  fu nctio n  w a s lik e  o th er  a n im a ls . T h u s  th e  

nrim iti ve m an w a s fu n c tio n a lly  a -b io lo p c r f  m an  or  

P . i l l mnn- b eca u se  h is  b a sic  req u irem en ts  w ere  

ifm h ed  'o foo d  o n ly  w h ich  h e  co u ld  c o l le c t  from  h is  

surroundings. T hus the p r im itiv e  m an  u se d  to  sa t is fy  

his h u n gerb y  fruits w h ich  w e r e e a s d y o b t a . n e d f r o r n

plants and trees and he sp en t h is  n ig h ts  in  th e  c a v e s  

or on the trees. T h e  re la tio n sh ip  b e tw e e n  m an  and  

the en viro n m en t w a s very  fr ien d ly , pord |a l  and  

sw eet. T he natural en v iro n m en t p r o v id e d  a ll re ­

quirem ents o f  early  m an  ( fo o d  and sh e lte r )  an d  th u s  

man w as to ta lly  d ep en d en t on  h is  e n v ir o n m e n t .  

T hough  ev en  early  m an u sed  to  d e r iv e  r e so u r c e s  

from  the nature (o n ly  fo o d )  but th is  d id  n ot m a k e  an y  

chan ge in the natural e n v iro n m e n t b e c a u se  o n ly  

fruits w ere used .

W ith the m arch  o f  t im e  m an lea rn ed  to  hu n t  

an im als for h is fo o d . T h is  led  to  fir st  a ttem p ted  

intentional step  o f  m an in  th e e x p lo ita t io n  o f  natural 

resources. E v en  the h u n tin g  o f  a n im a ls  ( s ig n if ic a n t  

c o m p o n e n t o f  b io tic  c o m p o n e n ts  o f  natural e n v ir o n ­

m ent) by early  m an d id  n ot m a k e  a n y  c h a n g e  in  the  

natural en v iron m en ta l s y s te m  b e c a u s e  o f  h is  l im ite d  

requirem ent and very  lo w  p o p u la tio n  a n d  u n o rg a n ­

ized  so c ie ty .

T he d iscovery  o f  f ire  m a d e  a  s ig n if ic a n t  

chan ge in the attitud e o f  m an  b e c a u s e  n o w  h e  lea rn ed  

to co o k  an im al f le sh  b e fo r e  e a t in g . T h is  p r a c tic e  

required w o o d  w h ich  h e  u se d  to  d e r iv e  e a s i ly  fro m  

the forest. T h e d em a n d  o f  w o o d  fo r  b u rn in g  

pu rposes to  roast a n im a ls  m a d e  a n o th e r  s ig n if ic a n t  

starting p o in t in the te c h n o lo g y  a s  th e  m a n  h ad  to  

in ven t so m e  d iv ic e  to  cu t and  c h o p  tr e e s  an d  th e ir  

branches to  g e t f ir e w o o d . H e  a ls o  in v e n te d  s o m e  

to o ls  to  k ill a n im a ls . T h u s  th e  d isco v ery  o f  f ir e  an d  

invention o f  to ols and  w eap on s m a d e  th e  m a n  c a p a b le  

o f  e x p lo it in g  natural r e so u r c e s  fro m  th e  fo r e s t  

through fruit g a th er in g  and  a n im a l h u n tin g .

T h e  fir st d e s tr u c tio n  o f  e n v ir o n m e n t  sta r ted  

w ith  in ad verten t b u rn in g  o f  forests  d u e  to  c a r e le s s ­

n ess  o f  m an  w h ile  c o o k in g  and  r o a stin g  th e  a n im a ls  

w ith  fir e . T h is  led  to  a  c h a in  o f  e f f e c t s  b y  m a n  o n  h i s  

en v iro n m en t. H e  m ig h t h a v e  s e e n  a n im a ls  r u n n in g  

aw ay  due to  in a d v erten t m a n -in d u c e d  f ir e . H e ,  th u s ,  

m ig h t h a v e  in te n tio n a lly  u se d  f ir e  to  d r iv e  a w a y  

d a n g ero u s a n im a ls  fro m  h is  su r r o u n d in g s . A t  a  m u c h  

latter date h e a lso  m ig h t h a v e  u se d  f ir e  to  c le a r  th e  

fo rest  fo r  d iffe r e n t  p u r p o se s  ( s u c h  a s  c r e a t io n  o f  

ha b ita ts, farm lan d  e tc .) .  S in c e  th e  e a r ly  m a n  

d ep en d ed  e x c lu s iv e ly  o n  fru it  g a th e r in g  a n d

e n v i r o n m e n t a l  g e o g r a p h y
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.-.hunting to  s a tis fy  h is  hu n g er, he w as very  m uch  

m ob ile becau se  he had  a lw ay s to  m ove  in  search  o f  

food. T h is  m o b ile  ten d en cy  o f  ea rly  m an w as also  

re sp o n s ib le  fo r  le a s t in te rfe ren ce  w ith  the en v iron - 

_ m en t in te rm s  o f  its  d estru c tio n .

I t  m ay  b e  co nc lu ded  th a t “ fire  w as one o f  the  

f irs t  m a jo r  tech n o lo g ica l too ls  u sed  by hum an  be ings  

to  ch an g e  the en v iro n m e n t fo r  th e ir  ow n  benefit. In 

deed , f ire  has been  used  a ro u n d  th e  w orld  by ea rly  

peo p le  to c le a r  the lan d  fo r im p ro v ed  trav e l and  

h u n tin g  o r fo r  fa rm in g ” (D .B . B o tk in  and E .A . 

K e ller, 1982).

2. Period of animal domestication and pastoral- 
ism

W ith  th e  m a rc h  o f  tim e  ea rly  m an  learn ed  to 

d o m e s tic a te  a n im a ls  fo r  h is ow n  b en e fits . H e m ig h t 

have  d o m e s tic a te d  so m e  m ilc h  c a ttle  and  som e 

an im als  fo r  m e a t in  th e  b e g in n in g . S low ly  and 

slo w ly  h is h e rd  o f  d o m e s tic a te d  an im a ls  m ig h t have  

su b s ta n tia lly  in c re a se d . T h is  tre n d  m ig h t have  

n e c e ss ita te d  to  c re a te  h a b ita ts  ( ra n c h e s  fen ced  w ith  

b ran h es  o f  tre e s  an d  th o rn y  b u sh e s)  th o u g h  fo r 

te m p o ra ry  s tay  fo r  th e  d o m e s tic a te d  an im als . T h us 

ea rly  m an  u sed  to  bu rn  fo re s t to  c re a te  tem p o ra ry  

h o m e  fo r  th e  d o m e s tic a te d  an im a ls , to  e x p lo it fo res t 

re so u rc e s  to  g a th e r  fo d d e r  fo r  h is  an im a ls  and food  

fo r  h im se lf . D o m e s tic a tio n  o f  an im a ls  m ig h t hav e 

a lso  g iv e n  b ir th  to  g ro u p  o r co m m u n ity  life  am ong  

th e  e a r ly  p e o p le  in  o rd e r  to  p ro te c t th e ir  an im als  and 

th e m se lv e s  f ro m  w ild  a n im a ls .

W ith  th e  m a rc h  o f  tim e th e  ea rly  p e o p le  m ig h t 

h av e  g a th e re d  la rg e r  h e rd s  o f  d o m e s tic a te d  an im als . 

T h ey  s till s tu c k  to  n o m a d ic  w ay  o f  life  as they  had  to 

m o v e  fro m  o n e  p la c e  to  a n o th e r  p la c e  in se a rc h  o f  

w a te r  a n d  fo d d e r  fo r  th e ir  a n im a ls  an d  food  fo r 

th e m se lv e s . T lju s  in c re a se  in th e  p o p u la tio n  o f  

d o m e s tic a te d  a n im a ls  a lso  led  to  in c re a se  in the  

p o p u la tio n  o f  e a r ly  p e o p le  w h ich  u ltim a te ly  led  to 

m e a n in g fu l e x p lo ita t io n  o f  e n v iro n m e n ta l re so u rc e s  

b u t th is  c o u ld  n o t c h a n g e  th e  n a tu ra l s ta te  o f  the 

e n v iro n m e n t b e c a u s e  th e  p o p u la tio n  o f  e a r ly  p e o p le  

an d  th e ir  d o m e s t ic a te d  a n im a ls  w as  s till u n d e r  

m a n a g e a b le  s iz e  a n d  th e  c h a n g e s  b ro u g h t in  by 

h u m a n  a c t iv i t ie s  in th e  e n v iro n m e n t w ere  w ell 

w ith in  th e  l im it o f  s e lf - re g u la to ry  m e c h a n ism  o f  th e  

n a tu ra l e n v iro n m e n ta l  sy s te m /e c o sy s te m .

p .B .  B otk in  and E .A . K eller (1 9 8 2 )  have  

m aintained  that prehistorip p eo p le  ch an ged  the
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en v iro n m e n t (i)  by  h u n tin g  (o f  a n im a ls  fo r  h is  foo d);

(ii) by  d e c reas in g  th e  a b u n d a n c e  o f  so m e  an im a ls  

th ro u g h  h u n tin g ; ( iii)  by in c re a s in g  th e  a b u n d a n c e  o f  

o th ers  w h en  they  a lte re d  th e  h a b ita ts  ( o f  a n im a ls )  

an d  m ad e  th em  m o re  fa v o u ra b le  to  th o se  sp e c ie s ;

(iv ) by b u rn in g  (o f  th e  fo re s ts  fo r  m a k in g  h is  a n d  h is  

d o m estica ted  a n im a l’s m o v e m e n t e a sy , fo r  c re a tin g  

hom es fo r  h is an im a ls  e tc .) ; (v )  by d o m e s tic a tin g  

p lan ts  and  an im als ; (v i)  by  c h a n g in g  e ro s io n  ra te s  b y  

ag ricu ltu ra l and  o th e r lan d  c le a r in g  p ra c tic e s  a n d  

th us a lte r in g  so ils  as w ell as v e g e ta tio n , an d  (v ii)  by  

tra n sp o rtin g  o rg an ism s in to  new  a reas  f ro m  w h ic h  

they  had  been iso la te d  by g e o g ra p h ic a l b o u n d a r ie s .

3. Period of plant domestication and agriculture

D o m estica tio n  o f  p la n ts  fo r  fo o d  w a s  h a ll ­

m ark  in the d e v e lo p m e n t o f  h u m a n  s k il l  o f  ta m in g  

and c o n tro llin g  th e  b io tic  c o m p o n e n t o f  th e  n a tu ra l 

en v iro n m en ta l sy stem  o r e c o sy s te m . D o m e s tic a tio n  

o f  p lan ts  in itia ted  p r im itiv e  ty p e  o f  a g r ic u l tu re  a n d  

sed en tary  se ttled  life  o f  p e o p le  w h o  p re v io u s ly  w e re  

nom ads and w an d ere rs . B u t s till  m a n y  o f  th e  p e o p le  

u sed  to live  n o m ad ic  life . I t  m ay  b e  p o in te d  o u t th a t  

in itia tio n  o f  c u ltiv a tio n  o f  m a in ly  fo o d  c ro p s  

resu lted  in to  the  fo rm a tio n  o f  so c ia l g ro u p s  a n d  

o rg an iza tio n s  w h ich  g av e  b ir th  to  e a r ly  h u m a n  

c iv iliz a tio n  know n  as  ‘r iv e r  valley  c iv iliz a tio n ' 

becau se  m o st o f  p e o p le  s e ttle d  in  th e  r iv e r  v a l le y s  

due to  av a ila b ility  o f  w a te r  a n d  f e r t i le  la n d  fo r  

cu ltiv a tio n .

T h u s th e  e m e rg e n c e  o f  so c ia lly  o rg a n iz e d  

hum an  c o m m u n itie s , h u m a n  c iv i l iz a t io n  a n d  f a rm ­

ing  p ra c tic e s  c h a n g e d  th e  e x is t in g  a lm o s t  f r ie n d ly  

and co rd ia l re la tio n s h ip s  b e tw e e n  m a n  a n d  h is  

n a tu ra l e n v iro n m e n t. G ra d u a l b u t c o n tin u o u s  im ­

p ro v e m e n t in  fa rm in g  p ra c tic e s  r e s u l te d  in to  

g ra d u a l in c re a se  in  h u m a n  p o p u la tio n  a n d  in  th e  

n u m b e r  o f  d o m e s tic a te d  a n im a ls  an d  th u s  m o re  a n d  

m o re  v irg in  fo re s t  la n d s  w e re  c le a re d  th ro u g h  f e l l in g  

o f  tre e s  w ith  th e  h e lp  o f  m o re  a d v a n c e d  to o ls  a n d  

w e a p o n s  an d  th ro u g h  b u rn in g  o f  fo re s t  in  o rd e r  to  

in c re a se  th e  a g r ic u l tu ra l  la n d  so  th a t  in c re a s in g  

n u m b e r  o f  h u m a n  b e in g s  c o u ld  g e t  fo o d . P e o p le  a lso  

m o v e d  fro m  th e  a re a  o f  g re a te r  c o n c e n tr a t io n  ( o f  

p e o p le )  to  o th e r  a re a s  in s e a rc h  o f  n e w  fe r t i le  lan d . 

T h is  led  to  sp re a d  o f  h u m a n  p o p u la t io n  an d  th u s  

d e s tru c t io n  o f  n a tu ra l e c o s y s te m . S h if t in g  o r  j h u m in g  

c u l t iv a t io n ,  w h ic h  w a s  m o s t p re v a le n t  fo rm  o f  

p r im it iv e  c u l t iv a t io n , w a s  re sp o n s ib le  fo r  m ore  

d e s tru c t io n  o f  n a tu ra l fo rs e s t.  S u ch  fa rm in g  p r a c t i c e
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4 2 E N V IR O N M E N T A L  G E O G R A P H Y

s i in  o p e ra tio n  in  m any  o f  th e  h illy  reg io n s  o f  

s o u th  a n d  s o u th -e a s t  A sia . N o rth  eas te rn  h ill sta tes  

o f  I n d ia  a re  s ti l l  c h a ra c te r iz e d  by  jh u m in g  c u ltiv a ­
t io n .

W ith  th e  m arch  o f  tim e  m an  d ev e lo p ed  h is 

o w n  e n v iro n m e n t know n  as ‘the cu ltu ra l environ ­

m e n t’ by  b u ild in g  h o u ses  an d  th u s  c re a tin g  v illages 

and  to w n s  an d  c itie s , by  d e v e lo p in g  socia l in s titu ­

t io n s  lik e  sc h o o ls  an d  co lle g e s , by  b u ild in g  p laces  o f  

w o rsh ip s  lik e  te m p le s , c h u rc h e s , m o sq u es  etc ., by 

c o n s tru c tin g  ro a d s , ra ilro a d s , b rid g e s , can a ls  etc . It 

m ay  be  p o in te d  o u t th a t a ll th e se  and m an y  m ore  

e le m e n ts  o f  ‘c u ltu ra l e n v iro n m e n t’ w ere  ev o lv ed  

th ro u g h  v a r io u s  s ta g e s  o f  a g r ic u ltu ra l d ev e lo p m en t 

u p to  1750  o r  say  b e fo re  in d u s tr ia l rev o lu tio n . A ll 

th e se  c o u ld  b e  p o s s ib le  b e c a u se  o f  d ev e lo p m en t in 

te c h n o lo g ie s  w h ic h  c h a n g e d  th e  p h y s ica l and  social 

m a n  in to  ‘econom ic m a n ’ w h ic h  led  to  the phase of 

in d u s tr ia liz a tio n  b u t in  th e  b eg in n in g  no  se rio us 

d a m a g e  w as  d o n e  to  th e  n a tu ra l en v iro n m e n t th ou gh 

s ig n if ic a n t c h a n g e s , no  d o u b t, w e re  b ro u g h t in the 

e n v iro n m e n t. T h o u g h  m an  b ec a m e  successfu l in 

tra n s fo rm in g  th e  n a tu ra l e n v iro n m e n ta l resou rces  in 

h is  w ay  b u t th e  n a tu re  w as  s till  su p rem e  and m aste r 

an d  .m a n  c o n tin u e d  to  be g u id ed  by physica l 

e n v iro n m e n t.

4 . Period of science, technology and industriali­

zation

T h e  d a w n  o f  in d u s tr ia l rev o lu tio n  in late  

n in e te e n th  c e n tu ry  (sa y  p re c ise ly  s in ce  1860 A .D .) 

w ith  th e  e m e rg e n c e  o f  s c ie n c e  an d  d ev e lo p m en t o f  

m o re  e f f ic ie n t  a n d  so p h is tic a te d  tech n o lo g y  in iti ­

a te d  th e  h o s ti le  re la t io n s h ip  b e tw een  m an  and  h is 

n a tu ra l e n v iro n m e n t. E x tre m e  te le o lo g ic a l and  

e c o n o m ic  d e te rm in is t ic  c o n c e p ts  o f  th e  w este rn  

w o rld , a d v a n c e d  te c h n o lo g ie s  an d  s c ie n tif ic  te c h ­

n iq u e s  o f  th e  m o d e rn  ‘ t e c h n o lo g ic a l  m a n ’ led  to 

re c k le s s  a n d  in d is c r im in a te  ra p a c io u s  ex p lo ita tio n  

o f  n a tu ra l re so u rc e s  fo r  in d u s tr ia l  ex p a n s io n  and 

u rb a n  g ro w th  w h ic h  h av e  a lto g e th e r  c re a te d  m o s t o f  

th e  p re s e n t  d ay  e n v iro n m e n ta l and  e c o lo g ic a l 

p ro b le m s  o f  g lo b a l d im e n s io n .

T h e  im p a c ts  o f  m o d e rn  te c h n o lo g ic a l m an  on  

n a tu ra l  e n v iro n m e n t  a re  v a r ie d  an d  h ig h ly  co m p lex  

a s  th e  t ra n s fo rm a tio n  o r  m o d ific a tio n  o f  o n e  n a tu ra l 

c o n d i t io n  a n d  p ro c e s s  lead s  to  a  s e rie s  o f  c h a n g e s  in  

th e  b io t ic  a n d  a b io t ic  c o m p o n e n ts  o f  th e  b io sp h e ric

e c o s y s te m s .

T h e  m a n ’s im p a c t on  e n v iro n m e n t fa ll  in to  

tw o  b ro ad  c a te g o rie s  as  fo llo w s  :

(i) D ire c t o r  in te n tio n a l im p a c ts , an d

(ii) In d ire c t o r u n in te rn a tio n a l  im p a c ts .

(1) D irec t Im p a c ts  : D ire c t  o r  in te n tio n a l

im p ac ts  a re  p re p la n n e d  a n d  p re m e d ita te d  b e c a u se  

m an is a w a r e  o f  th e  c o n se q u e n c e s , b o th  p o s it iv e  an d  

n eg a tiv e  o f  any p ro g ra m m e  w h ic h  is  la u n c h e d  to  

ch an g e  or m o d ify  th e  n a tu ra l e n v iro n m e n t  to r  

ecn o m ic  d e v e lo p m e n t o f  th e  re g io n  c o n c e rn e d . S u c h  

ch an g es  in c lu d e  lan d  u se  c h a n g e s  (c le a r in g  o f  

fo res ts  and  b u rn in g  o f  g ra s s la n d s  fo r  c ro p  c u l t iv a ­

tion ; fe llin g  o f  tre e s  fo r  c o m m e rc ia l p u rp o s e s ;  

ch an g es  in c ro p p in g  p a tte rn s  in  re la tio n  to  n e w  

fa rm in g  te c h n iq u e s , n ew  h ig h  y ie ld in g  se e d s , 

irr ig a tio n a l fa c ilit ie s  e tc .) ,  c o n s tru c tio n s  a n d  e x c a ­

va tio n s  (c o n s tru c tio n s  o f  d a m s , r e s e rv o irs  a n d  

cana ls , d iv e rs io n  an d  m a n ip u la tio n  o f  r iv e r  c h a n ­

nels, co n s tru c tio n  o f  e m b a n k m e n ts  a n d  d y k e s  to  

p ro tec t the a re a  fro m  f lo o d s , c o n s tru c t io n  o f  ro a d s  

and b rid g es, in c re a se  in  u rb a n is a t io n , m in in g , 

d rillin g  o f  m in e ra l o ils , w ith d ra w a l o f  g ro u n d w a te r  

etc .), ag ric u ltu ra l p ra c tic e s  ( m e c h a n is a t io n  o f  a g r i ­

cu ltu re , u se  o f  c h e m ic a l f e r t i l is e r s ,  p e s tic id e s  a n d  

in sec tis id es) , w e a th e r  m o d if ic a t io n  p ro g ra m m e s  

(c loud  seed in g  to  in d u c e  p re c ip i ta t io n ,  d is p e r s a l  a n d  

c lea rin g  o f  c lo u d s  an d  fo g s , c h e c k in g  o f  h a i ls to rm s  

etc .), n u c lea r  p ro g ra m m e s  e tc .

It is s ig n if ic a n t to  p o in t  o u t th a t  th e  e f fe c ts  o f  

such  a n th ro p o g e n ic  c h a n g e s  in  th e  n a tu ra l  e n v ir o n ­

m en t are n o tic e a b le  w ith in  s h o r t  p e r io d  a n d  m a y  

co n tin u e  to  a f fe c t th e  e n v iro n m e n t fo r  lo n g  t im e  b u t 

th ese  e ffe c ts  a re  re v e rs ib le  b e c a u s e  b o th  b e fo re  a n d  

a fte r  s tu d ie s  (w h ic h  a re  p o s s ib le )  m a y  e n a b le  th e  

m an  to  se t th e  a d v e rse  e f fe c ts  r ig h t  to  c e r ta in  e x te n t  

if  so  in te n d e d  by  m a k in g  s u ita b le  c h a n g e s  in  th e  

in itia l p ro g ra m m e s . F o r  e x a m p le , d e f o re s ta t io n  

(e ith e r  fo r  c ro p la n d  o r  fo r  c o m m e rc ia l  p u rp o s e s )  

le ad s  to  a c c e le ra te d  ra te  o f  s o il  e ro s io n  re s u l t in g  in to  

g u lly  e ro s io n  an d  lo ss  o f  so il f e r t i l i ty  o n  th e  o n e  h a n d  

and e n o rm o u s  in c re a se  in  s e d im e n t  lo a d  in  th e  r iv e r  

w h ich  c a u se s  se v e re  f lo o d s  o n  th e  o th e r  h a n d . T h e s e  

c h a in  e f fe c ts  c an  b e  e f fe c t iv e ly  s to p p e d  b y  r e f o r e s ta ­

tio n  o f  th e  d e fo re s te d  a re a s . S im ila r ly ,  c h a n g e s  in  

fa rm  p ra c tic e s , w h ic h  in tro d u c e  a d v e rs e  c h a n g e s  in  

th e  e n v iro n m e n t, m a y  b e  r e c h a n g e d  to  s u i t  th e  

e n v iro n m e n ta l an d  e c o lo g ic a l  s itu a t io n s .

A s re g a rd s  w eather m odifica tion  a n d  t r a n s f o r -  

■nat.on o f  c lim a te  at lo ca l and r e g io n a l l e v e ls  

through p u rp osiv e hum an a c tio n , th e  a f te r -e f fe c ts
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are se ld om  p re -m e d ita te d . I t is im p o rta n t to  n o te  th a t 

i t  is  n o t p o ss ib le  to  m a s te r  m e te o ro lo g ic a l p ro cesses  

b ecause  ‘th e re  is no  p e rm a n e n t c h an n e ls  o f  co n tro l 

in th e  a tm o sp h e re  such  as in m a ch in es  and  liv in g  

o rg a n ism s ’ (E .K . F ed o ro v , 1983, p. 93 ) b u t m an  can  

c o n tro l o r d iv e r t u n d e sria b le  n a tu ra l a tm o sp h e ric  

p ro c e sse s  and d is tu rb an ces  su ch  as c y c lo n e s , h a il ­

s to rm s, p re c ip ita tio n , c lo u d s  e tc . O n e  o f  th e  in te n ­

tion al o r p u rp o s iv e  a c tio n s  o f  m an  to  m o d ify  

m e teo ro lo g ica l p h e n o m e n a  is  ‘cloud seed ing ’ to 

s tim u la te  c lo u d s  an d  p re c ip ita tio n  th ro u g h  c ry s ta l l i ­

sa tion  o f  su p e rc o o le d  d ro p s  th ro u g h  th e a p p lic a tio n  

o f  so lid  ca rb o n  d io x id e  and c e r ta in  c o m p o u n d s  o f  

iod ine . ‘A  few  h u n d re d  g ram s o f  so lid  c a rb o n d io x id e  

o r a few  g ram s  o f  an io d in e  c o m p o u n d  are  e n o u g h  to 

c ry s ta llis e  a  c u b ic  k ilo m e tre  o f  a  su p e rc o o le d  c lo u d  

o f  w a te r  d r o p s ’ (E . K . F e d o ro v , 1983, p . 293 ) (a lso  

see  p ag e  2 9 3 ). T h e  seco n d  a rea  o f  w e a th e r 

m o d if ic a tio n  is p re v e n tio n  of h a ils to rm s. T h e  th ird  

a rea  is o f  d is p e r s a l  o f  lo w , su p e rc o o le d  c lo u d s  and 

fogs  to c le a r  a irp o r ts  in  w in te r  fo r  sm o o th  lan d in g  

an d  ta k e  o f f  o f  a irc ra f ts .  In  all th e  c a se s  e n o rm o u s  

h e a t en e rg y  e m p lo y e d  to  in d u c e  p re c ip ita tio n , to 

p re v e n t h a ils  a n d  to  d is p re s e  an d  c le a r  c lo u d s  and 

fo g s  is r e le a s e d  a n d  i t  c a u se s  a d d itio n a l h e a tin g  o f  

th e  lo w e r  la y e r  o f  th e  a tm o sp h e re  an d  th u s  ch a n g e s  

th e  n a tu ra l m e te o ro lo g ic a l  p ro c e s s e s .

W ith d ra w a l o f g ro u n d w a te r  fo r  d r in k in g  w a te r  

a n d  ir r ig a t io n a l  p u rp o s e s  is  a g e n e ra l p ra c tic e  in 

a lm o s t a ll th e  c o u n tr ie s  b u t s o m e  t im e s  th e  im p a c t is 

so  e n o rm o u s  th a t  i t  b e c o m e s  d is a s tro u s  an d  p o u n d s  

b a c k  on  m a n  a n d  s o c ie ty .  T h e  e x a m p le  o f  B ro k ly n  

(K in g s  C o u n ty , N e w  Y o rk , U .S .A .)  is s u ff ic ie n t  to 

d e m o n s tra te  e n v iro n m e n ta l  im p a c t  o f  g ro u n d w a te r  

w ith d ra w a l. T h e  p u m p in g  o f  w a te r  f ro m  b e n e a th  th e 

g ro u n d  s u rfa c e  o f  B ro o k ly n  c ity  fo r  u rb an  d w e lle rs  

re s u l te d  in  th e  fo rm a tio n  o f  a  c a v ity  o f  5 -m ile  

d ia m e te r  r e a c h in g  a d e p th  o f  35  fe e t  b e lo w  se a  lev e l 

by  1 9 3 6  (d r i l l in g  c o n tin u e d  fo r  th e  f ir s t  th re e  

d e c a d e s  o f  th e  2 0 th  c e n tu ry ) . T h e  w a te r  ta b le  

d ro p p ed  c o n s id e rab ly  due to  w ithdraw al o f  g r o u n d w a t e r  

a t th e  ra te  o f  7 5  m ilj io n  g a llo n s  p e r  d a y  on th e  o n e  

h a n d  a n d  p o o r  r e p le n is h m e n t  o f  g ro u n d w a te r  f ro m  

n a tu ra l s o u rc e s  ( th ro u g h  in f i l tr a t io n  o f  r a i n f a l l  a n d  

sn o w  m e lt)  b e c a u s e  o f  in c re a s in g  u r b a n is a t io n  o n  

th e  o th e r  h a n d . T h is  re s u lte d  in to  th e  f o rm a tio n  o f  

b ig  c a v ity  b e n e a th  th e  c ity , c o n s e q u e n tly  s a l in e  s e a  

w a te r  le a k e d  in to  th e  c a v ity  a n d  th e  w e lls  b e c a m e  

c o n ta m in a te d  d u e  to  s a lty  w a te r  w h ic h  fo rc e d  th e  

c ity  a u th o r it ie s  to  c lo s e  d o w n  th e s e  c o n ta m in a te d  

w e s. A  fe w  r e c h a rg e  w e lls  w e re  c o n s tr u c te d  a n d
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u sed  w a te r  w as  a llo w e d  to  r e tu rn  to  th e  g ro u n d w a te r  

th ro u g h  th e se  re a c h a rg e  w e lls . T h is  r e s u l te d  iri®&%.. 

ra p id  ra te  o f  r is e  o f  w a te r  ta b le  b y  1965. T h e  tre n d  o f  

r ise  in  w a te r  ta b le  c o n tin u e d  u p to  1 9 7 0  * a n d  th e  

w a te r  ta b le  ro se  to  th e  f o u n d a tio n s  o f  b u d d in g s  

c a u s in g  g re a t d a m a g e s  to  h u m a n  c o n s tr u c t io n .  

E x c e ss iv e  w ith d ra w a l o f  g r o u n d w a te r  a ls o  r e s u  ts  in  

lan d  su b s id e n c e  ( it  m a y  b e  p o in te d  o u t  th a t  th e r e  w a s  

no  la n d  s u b s id e n c e  in  th e  c a se  o f  B r o o k ly n  as  

re fe r re d  to  a b o v e  b e c a u s e  o f  m a s s iv e  a n d  s t r o n g  

ro c k s) . A  la n d  s u b s id e n c e  o f  o n e  m e tre  to  3 m e tr e s  

has b een  re p o rte d  in  a  fe w  lo c a l i t ie s  o f  S a n  J o a q u in  

ve lley  in C a lifo rn ia  b e c a u s e  o f  d ro p  in  w a te r  ta b le  

fro m  30m  to  150m  d u e  to  p u m p in g  o f  g r o u n d w a te r  

fro m  the b as in s  f il le d  w ith  a llu v ia l  s e d im e n ts  (A .N . 

S tra h le r  and  A .H . S tra h le r , 1976 , p . 1 2 7 ). T h e  c a s e s  

o f  lan d  su b s id e n c e  d u e  to  w ith d ra w a l o f  g r o u n d w a te r  

h av e  o c c u rre d  in se v e ra l lo c a l i t ie s  a n d  c i t i e s  a ll  o v e r  

the w o rld  e .g . H o u s to n  C ity  (T e x a s , U .S .A . ,  0 .3  to  

1,0m ), M e x c io  c ity  (g ro u n d  s u b s id e n c e  f ro m  4  to  7 m  

b e tw een  1891 an d  1 9 5 9 ), V e n ic e  ( I ta ly )  e tc .  G r o u n d  

su b s id e n c e  a lso  o c c u rs  d u e  to  m in in g  a c t iv i t i e s .

C o n s t r u c t i o n a l  a c t i v i t i e s ,  l ik e  c o n s tu r c t io n  o f  

dam s an d  re se rv o irs , u p s e t  th e  e q u i l ib r iu m  o f  th e  

ro c k s  b e lo w  an d  th u s  is  t r ig g e r e d  o f f  s e is m ic  e v e n ts  

b e c a u se  th e  lo a d  o f  w a te r  o f  l a k e s  a n d  r e s e r v o i r s  

c o n s tru c te d  b e h in d  th e  d a m s  o n  m a jo r  r iv e r s  

in c re a se s  h y d ro s ta t ic  p r e s s u r e  w h ic h  c a u s e s  d i s tu r ­

b a n c e s  in  th e  u n d e r ly in g  r o c k s . ,  T h e  e a r th q u a k e s  o f  

D e n v e r  s in c e  1962  (D e n v e r ,  C o lo r a d o ,  U .S .A . ,  d u e  

to  p u m p in g  o f  f lu id s  u n d e r  p r e s s u r e  in to  d is p o s a l  

w e ll u p to  th e  d e p th  o f  3 6 0 0 m  a n d  a s s o c ia te d  r e le a s e  

o f  s tra in s  w ith in  th e  a l r e a d y  d is tu r b e d  r o c k s ) ,  L o s  

A n g le s  e a r th q u a k e s  o f  1 9 6 3  ( C a l i f o r n ia ,  U .S .A . 

c a u s e d  d u e  to  r a i s in g  o f  th e  h y d r o s ta t i c  p r e s s u re  

th ro u g h  p u m p in g  o f  f lu id s  in to  th e  o il  f ie ld  so  th a t  

th e  p ro d u c t io n  o f  m in e r a l  o i l  c o u ld  b e  in c r e a s e d ,  th is  

r e s u l te d  in to  th e  m o v e m e n t  o f  p r e - e x i s t in g  f a u l ts  

a n d  t r ig g e r e d  o f f  t r e m o r s  w h ic h  f r a c tu r e d  th e  w a ll  o f  

th e  B a ld w in  H il ls  R e s e r v o i r ) ,  L a k e  M e a d  e a r th ­

q u a k e  ( H o o v e r  D a m  in  A r iz o n a  a n d  N e v a d a ,  U .S .A . 

d u e  to  w e ig h t  o f  a c c u m u la te d  w a te r  in  th e  M e a d  

L a k e  R e s e r v o i r ) ,  e a r th q u a k e s  o c c u r r in g  a ro u n d  

L a k e  K a r ib a  (o n  Z a m b e z i  r iv e r  in  Z a m b ia ) ,  K o y a n a  

e a r th q u a k e  o f  11 D e c . 1 9 6 7  ( S a ta ra ,  M a h a ra s h tra ,  

I n d ia ,  d u e  to  w e ig h t  o f  w a te r  in  th e  K o y a n a  

R e s e r v o i r )  e tc .

M a n  c h a n g e s  th e  r iv e r  re g im e  a n d  e c o lo g y  

th ro u g h  f lo o d  c o n tr o l  m e a s u re s ,  r e s e rv o ir s ,  co n  

s tr u c t io n  o f  d y k e s  a n d  f lo o d  w a lls  to  re s t r ic t  t e  

w a te r  in to  r iv e r  v a l le y s ,  f lo o d  d iv e rs io n  sy s te m s  a
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s tre a m  c h a n n e liza tio n  (streng then ing , shortening , 

W iden ing , d eep en in g  o f  riv e r  channe ls  to preven t 
s e a so n a l o v erb an k  floo ding ).

(2) I n d i r e c t  I m p a c t s  : T he in d irec t im pac ts  of  

m an  on  th e  en v iro n m en t are  not p rem ed ita ted  and 

p lan n ed  and these  arise  from  th ose hum an  econom ic 

a c tiv itie s  w h ich  are  d irec te d  to  acce le ra te  the pace o f 

econom ic  grow th  e sp ec ia lly  in dustria l dev e lo p ­

m en t. T hough  such  eco n o m ic  ac tiv ities  m a y ,b e  

eco n o m ica lly  im p o rtan t bu t the a fte r-e ffec ts  are 

certa in ly  so c ia lly  un d esirab le . T he  in d irec t im pacts 

o f  hum an eco n o m ic  ac tiv itie s  on the en v ironm en t 

a re  no t im m ed ia te ly  n o ticeab le  becau se  o f  tim e-lag  

b ecau se  th e  e ffec ts  o f  eco n o m ic  ac tiv ities  bring  in 

s lo w  ra te  o f  ch an g es  o f  m o d era te  na tu re  in a few 

c o m p o n en ts  o f  th e  eco sy stem s and these changes 

tak e  lo n g  tim e to  cro ss  th e  sen sitiv ity  o f  th e  system . 

M o reo v er, the  in d irec t im p ac ts  are  experienced  after 

long  tim e w hen  they  b eco m e  cu m ula tive . Som e ­

tim es, such  e ffec ts  are  no t rev e rs ib le  and therefo re  

it b eco m es very  d iff ic u lt  to  id en tify  and evaluate 

them . T h ese  e ffe c ts  m ay  ch an g e  the overa ll natural 

system  and th e  ch a in  e ffe c ts  som e tim es becom e 

su ic id a l fo r  h u m an  b e in g . M ajo rity  o f  the ind irect 

im p ac ts  o f  h u m an  a c tiv itie s  on the env ironm ent are 

re la ted  to  p o llu tio n  and  en v iro n m en ta l degrada tion .

T h e  re le a se  o f  to x ic  elem en ts  in to  the 

e c o sy s ts te m  th ro u g h  th e ir  uses  as in sec tic ides, 

fe r ti l iz e rs  e tc . c h a n g e s  the food cha in s and food 

w ebs (e .g . in tro d u c tio n  o f  D .D .T .) . S im ilarly , the 

re le a se  o f  in d u s tr ia l  w astes  in to  s tag n an t w ater, 

r iv e rs  an d  seas  c o n ta m in a te s  w a te r and causes 

s e v e ra l d ise a se s  an d  d ea th s  o f  o rg an ism s and thus 

d is tu rb s  e c o lo g ic a l b a lan ce  (e.g . w ashing  and 

d u m p in g  o f  ta ilin g s  o r  w aste  s lu d g es  from  fac to ries , 

re le a se  an d  c o n c e n tra tio n  o f  sp eck s  o f  asbesto s, 

re le a se  o f  m e rc u ry  in  its  to x ic  m eth y l fo rm , leak ag e 

o f  c ru d e  o il fro m  oil ta n k e rs , re lea se  o f  lead , m ix ing  

o f  d iffe re n t q u a n titie s  o f  d isso lv e d  in o rg a n ic  m atte r 

e tc .).

T h e  in d isc r im in a te  an d  e x cess iv e  use o f  

ch e m ic a l fe r ti l iz e rs , in se c tic id e s , p e s tic id e s  etc . and  

o th e r  c h e m ic a ls  n o t o n ly  p o llu te  air, w a te r and  so ils  

bu t a lso  a d v e rse ly  a ffe c t fo od  c h a in s  and h ence  all 

th e  b io ta . I t is  e s tim a te d  th a t ab o u t 2 0 0 0  ch em ica ls  

a re  re le a s e d  to  th e  a tm o sp h e re  each  year.

T h e  a c c e le ra te d  ra te  o f  in d u s tr ia liz a tio n  and 

u s b a n iz a to n  h as  b een  re sp o n s ib le  fo r  sev e re  a ir  and  

w a te r  p o l lu t io n  a ll o v e r  th e  w o rld . S ev era l r iv e rs  in 

In d ia  h a v e  been  so  g re a tly  p o llu te d  th a t they  have
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,» m e r e l y  s e w e r s  e . g .  t h e  Y a m u n a  a t D e l h i  a n d  
b e c o m e  m e r e l y  R is h U c e s h >  H a r i d w a r ,  K a n n a u j ,

K a n o ' u r  AHahabad (th e O a n g a  at A lla h a b a d  h a s  
K anpu » p o llu te d  th a t ‘s a d h u s ’-s a in ts  o f

d iffe ren t s lo ts  re fu se d  to  ta k e  b o th  in  th e  O a n g a  o n

t h e  occas ion  o f  M an n ,

Yamuna” ' « A g r a  has  b e c o m e  g re e n  a n d h e n c e t s  

called  g r e e n  s o u p .  T h e D a m o d a r  h as  b e e n  s o  g re a tly  

po llu ted  by th e  s lu rry  o f  co a l w a s h e n e s  a n d  

num erous in d u str ie s  lo c a te d  on  its  e i th e r  b a n k s  t h a t  

it is now  ca lled  as b i o l o g i c a l  d e s e r t .  T h e  h e a v ily  

po llu ted  G o m a t i  at L u c k n o w  h as  b e c o m e  b io lo g ic a l  

d isas te r T he  P e riy a r  r iv e r  o n c e  k n o w n  fo r  its  

m ed ic inal m irac le  m a in ly  fo r  c u r in g  sk in  d is e a se s  

now  has becom e i ts e lf  a s ic k  r iv e r  d u e  to  c a r ry in g  o f  

enorm ou s p o llu tio n  lo a d  re le a se d  fro m  m o re  th a n  5 0  

large and m ed iu m  sc a le  a n d  2 5 0 0  sm a ll s c a l e  

industria l un its. T h e  N oyal r i v e r  in  T a m il N a d u  h a s  

been term ed as a  d e a d  r i v e r  b e c a u s e  o f  h e a v y  

chem ical p o llu tio n  fro m  8 0 0  o d d  d y e in g  a n d  

b leach ing  un its  o f  T ir ru p u r  in d u s tr ia l  a r e a  lo c a te d  

along the lo w er re a c h e s  o f  th e  r iv e r . T h e s e  u n its  u se  

and d ischarg e  90  m illio n  li te rs  o f  w a te r  d a i ly  a n d  

thus besides  p o llu tin g  th e  r iv e r , th e s e  u n its  h a v e  a ls o  

po llu ted  g ro u n d w ate r. T h e  B h aw an i r i v e r ,  a  tr ib u ta ry  

o f  the C au very  r iv e r , h as  b e e n  h e a v ily  p o l lu te d  in  

E rode  and C o im b a to re  d is tr ic ts  o f  T a m il  N a d u . T h e  

heavy p o llu tio n  lo a d  o f  th e  C au v ey , b e s id e s  a g r ic u l ­

tu re in c lu d in g  c o ffe e  p la n ta t io n , is  c o n tr ib u te d  by  

the e fflu en ts  d isc h a rg e d  f ro m  m o re  th a n  6 0  in d u s ­

tria l un its  in K a rn a tk a  a n d  1139  u n its  in  T a m il N a d u . 

T he B h ad ar r i v e r  in  R a jk o t  d is t r ic t  o f  G u ja ra t  h a s  

b e c o m e  th e  v ic t im  o f  c h e m ic a l  p o l l u t a n t s  

d isc h a rg e d  f ro m  1 2 0 0  o d d  s a r i  d y e in g  a n d  

p r in t in g  u n i ts  l o c a te d  in  J e tp u r . ,  a  s m a l l  

in d u stria l to w n  h a v in g  m o re  th a n  5 0 0  a l l ie d  in d u s ­
tria l units.

U rb a n isa tio n , in d u s tr ia l  e x p a n s io n  a n d  la n d  

use ch an g es  v ery  o f te n  c h a n g e  w e a th e r  a n d  clim ate  

th o u g h  in lo n g -te rm  p e r s p e c t iv e . E c o n o m ic  a c t iv i ­

t ie s  o f  m an  a re  c a p a b le  o f  a f fe c t in g  th e  h e a t  b a la n c e  

o f  th e  e a r th  a n d  its  a tm o s p h e re  w h ic h  in  tu rn  

tra n sfo rm s  w e a th e r  a n d  c l im a te  a t  r e g io n a l  a n d  

g lo b a l sca les . In  fa c t, m a n  c h a n g e s  th e  a tm o s p h e r ic  

c o n d itio n s  th ro u g h  ( i)  c h a n g e s  in  th e  n a tu r a l  

g a seo u s  c o m p o s itio n  o f  th e  a tm o s p h e r e  m a in ly  in  

the  lo w e r p a r t, ( ,i)  c h a n g e s  in  th e  w a te r  v a o o u r  

c o n te n t o f  th e  t ro p o s p h e re  a n d  th e  s t r a to s p h e r e  
th ro u g h  d ire c t  (c lo u d  s e e d i n g  • j*  ld lo s P n e r e
(d e fo re s ta tio n ^  8 )  d  Ind lrec t  m e a n s
( .a e io re s ta tio n ) , ( « , )  c h a n g e s  an d  a lte r a tio n  o f  la n d
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surfaces (de fo restation , m ining , u rban isa tion  e tc .),

(iv) in troduction  o f  ae roso l in the low er a tm osphere,

(v) release  o f  add itiona l h ea t in the a tm osph ere 

(from  urban and in dustria l so u rces) etc.

T h e  bu rn ing  o f  hyd ro carbon fu els  has in ­

creased  th e  co n cen tra tio n  o f  C 0 2 in the atm osphere. 

The na tu ra l co n ten t o f  C 0 2 in the atm osp here  w as 

fixed a t 0 .0 2 9  p er cen t o r 290  ppm  (part p er m illion) 

before industria l rev o lu a tio n  (1 75 0  A .D .) w hich  

increased  to  368 ppm  b y 2000 A .D . and it has been 

estim ated  by IPPC  (In te rg o v ern m en ta l Panel on 

C lim ate C hange) (2001 es tim ate) that C 0 2 co n cen ­

tration  w ould  rise  to  40 5-460  ppm  by 2 0 2 5 ,4 4 5 -6 4 0  

ppm  by 2050  and 54 0-970  ppm  by the end o f  the 21st 

centu ry  i f  no e ffec tiv e  and s tr ic t m easu res are taken 

to con tro l the re lease  o f  C 0 2. T he increase  in C 0 2 

co nten t o f  the atm o sp h ere  m ay ch an ge h ea t balance 

by in c reasin g  the level o f  sen sib le  hea t in the 

atm osp here b ecau se  C 0 2 a llow s m ore ab so rp tion  o f  

incom ing sh o rt w av e so la r rad ia tio n  and ou tgo ing  

lo n g  w a v e  te r re s t r ia l  r a d ia t io n . R e le a se  o f  

ch lo ro flu o ro carb o n  in th e  atm o sp h ere  th ro ugh  the 

p ro p e llan ts  used  in sp ray  can  d isp en se rs  and flu ids 

used  in re fr ig e ra to rs  and a ir  co n d itio n ers  and o f 

n itro gen  o x id es  em itted  from  the en g in es  o f  su p er ­

son ic je ts  (fly in g  a t th e  h e ig h t o f  a b o u t 6 0 , 0 0 0 f ^ | : 

w ith  a  sp eed  o f  m o re  th an  tw ic e  th e  sp e e d  o f  so u n d ) %  

is cap ab le  o f  d e p le tio n  o f  o z o n e . I t m ay  b e  p o in te d  

out that ozo n e  g as  in th e  a tm o sp h e re  (o z o n e  la y e r  is 

co n cen tra ted  m o stly  b e tw een  th e  h e ig h t o f  15 k m -3 5  

km ) ab so rb s  u ltra v io le t ray s  o f  th e  su n  a n d  th u s  

p ro te c ts  the ea rth  fro m  b e c o m in g  to o  h o t. D e p le tio n  

in o zo n e  lay er m ean s  le ss  a b so rp tio n  o f  u l t r a v io le t  

rays and thus in c re a se  in the te m p e ra tu re  a t  th e  

e a r th ’s su rface . T h u s  in c re a se  in a ir  te m p e ra tu re  

th ro u g h  in c rea sed  so la r  u lt ra -v io le t  ra d ia t io n  d u e  to  

d ec rease  in the c o n c e n tra tio n  o f  0 3 (o z o n e )  w o u ld  

cause sk in  ca n c e r, im m u n o -su p p re ss io n  in  h u m a n  

body, d ec rease  in p h o to sy n th e s is , w a te r  u se  e f f i ­

c iency  an d  c ro p  y ie ld . T h e  m a r in e  e n v iro n m e n t  

w o u ld  a lso  su ffe r  d ra s tic  d a m a g e s  a s  th e  p ro d u c t iv ­

ity o f  p h y to p lan k to n  w o u ld  be re d u c e d  d u e  to  

decrease  in p h o to sy n th esis  and  th e re fo re  z o o p la n k to n  

feed ing  on p h y to p lak to n  w o u ld  s ta rv e . T h is  w il l  a lso  

a ffec t the m o rta lity  o f  la rv a e  o f  z o o p la n k to n . T h e  

species  c o m p o sitio n  o f  m a rin e  e c o s y s te m  m a y  

chan ge as ce rta in  sp e c ie s  a re  m o re  v u ln e r a b le  to  

u ltrav io le t ra d ia tio n . U ltra v io le t  r a d ia t io n  a ls o  

acce le ra tes  th e  p h o to c h e m ic a l p ro c e s s e s  th a t  c r e a te  

u rbaon  sm ogs.
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4

E C O L O G Y

4.1 ECOLOGY : M EANING AND DEFINITIONS

E c o l o g y ,  i n  a  v e r y  s i m p l e  t e r m ,  i s  a  s c i e n c e  

t h a t  s t u d i e s  t h e  i n t e r d e p e n d e n t ,  m u t u a l l y  r e a c t i v e  

a n d  i n t e r c o n n e c t e d  r e l a t i o n s h i p s  b e t w e e n  t h e  o r g a n ­

i s m s  a n d  t h e i r  p h y s i c a l  e n v i r o n m e n t  o n  t h e  o n e  h a n d  

a n d  a m o n g  t h e  o r g a n i s m s  o n  t h e  o t h e r  h a n d .  T h o u g h  

t h e  t e r m  ‘ e c o l o g y ’ ( o e k o l o g i e  o r  o e c o l o g i e )  w a s  f i r s t  

c o i n e d  a n d  u s e d  b y  t h e  G e r m a n  b i o l o g i s t ,  E r n s t  

H a e c k e l  i n  1 8 6 9 ,  a  f e w  c o n c e p t u a l  t e r m s  w e r e  

a l r e a d y  p r o p o s e d  t o  r e v e a l  r e l a t i o n s h i p s  b e t w e e n  

o r g a n i s m s  a n d  t h e i r  e n v i r o n m e n t .  F o r  e x a m p l e ,  

F r e n c h  z o o l o g i s t ,  I s o d o r e  G e o f f r o y  S t .  H i l a i r e  u s e d  

t h e  t e r m  ‘ e t h o l o g y ’ i n  1 8 5 9 ,  f o r  t h e  s t u d y  o f  t h e  

r e l a t i o n s  o f  t h e  o r g a n i s m s  w i t h i n  t h e  f a m i l y  a n d  

s o c i e t y  i n  t h e  a g g r e g a t e  a n d  i n  t h e  c o m m u n i t y .  

B r i t i s h  n a t u r a l i s t  S t .  G e o r g e  J a c k s o n  M i v a r t  p r o ­

p o s e d  t h e  t e r m  ‘h e x i c o l o g y ’ f o r  t h e  s t u d y  o f  t h e  

r e l a t i o n s  w h i c h  e x i s t  b e t w e e n  t h e  o r g a n i s m s  a n d  

t h e i r  e n v i r o n m e n t  a s  r e g a r d s  t h e  n a t u r e  o f  t h e  

l o c a l i t y  t h e y  f r e q u e n t ,  t h e  t e m p e r a t u r e s  a n d  t h e  

a m o u n t s  o f  l i g h t  w h i c h  s u i t  t h e m ,  a n d  t h e i r  r e l a t i o n s  

t o  o t h e r  o r g a n i s m s  a s  e n e m i e s ,  r i v a l s ,  o r  a c c i d e n t a l  

a n d  i n v o l u n t a r y  b e n e f a c t o r s ’ .

I t  m a y  b e  p o i n t e d  o u t  t h a t  D a r w i n ’ s c o n c e p t  o f  

t h e  ‘ e v o l u t i o n  o f  s p e c i e s ’ t h r o u g h  n a t u r a l  s e l e c t i o n  

i n v o l v i n g  i n t e r a c t i o n s  b e t w e e n  b i o l o g i c a l  s p e c i e s  

a n d  h a b i f a t  w a s  t h e  k e y  s t o n e  o f  t h e  f o r m u l a t i o n  o f  

v a r i o u s  t e r m s  a n d  c o n c e p t s  o f  i n t e r - r e l a t i o n s h . p s

b e t w e e n  o r g a n i s m s  a n d  t h e i r  p h y s i c a l  e n v i r o n m e n t  

i n  o n e  w a y  o r  t h e  o t h e r .  T h u s ,  E r n s t  H a e c k e l  c o i n e d  

t h e  t e r m  ‘ o e c o l o g y ’ o r  ‘ o e k o l o g y ’ ( d e r i v e d  f r o m  t w o  

G r e e k  w o r d s ,  ‘o i k o s ’ m e a n i n g  h o u s e  o r  d w e l l i n g  a s  

h a b i t a t  a n d  ‘ l o g o s ’ m e a n i n g  t h e  s t u d y  o f )  t o  

u n d e r s t a n d  t h e  r e l a t i o n s h i p s  b e t w e e n  o r g a n i s m s  a n d  

t h e i r  e n v i r o n m e n t .  T h e  f o l l o w i n g  s e n t e n c e s  o f  

H a e c k e l  ( o r i g i n a l l y  i n  G e r m a n  L a n g u a g e )  t h r o w  

l i g h t  o n  v a r i o u s  a s p e c t s  o f  o e c o l o g y  ( n o w  e c o l o g y ) .

‘B y  o e c o l o g y  w e  u n d e r s t a n d  t h e  s c i e n c e  o f  

o e c o n o m y ,  o f  t h e  d o m e s t i c  a f f a i r s  o f  a n i m a l  

o r g a n i s m s .  I t  e n q u i r e s  i n t o  t h e  w h o l e  r e l a t i o n  o f  

a n i m a l s  w i t h  t h e i r  i n o r g a n i c  a n d  o r g a n i c  s u r r o u n d ­

i n g s ,  a n d  a b o v e  a l l  t h e i r  f r i e n d l y  a n d  h o s t i l e  

r e l a t i o n s  w i t h  s u c h  a n i m a l s  a n d  p l a n t s  a s  t h e y  c o m e  

i n t o  d i r e c t  o r  i n d i r e c t  c o n t a c t  w i t h ,  o r  i n  s h o r t  w i t h  

a l l  t h e  i n v o l v e d  i n t e r d e p e n d e n c e  t h a t  D a r w i n  

d e s i g n a t e d  a s  t h e  c o n d i t i o n  o f  t h e  s t r u g g l e  f o r  

e x i s t e n c e ’ . E r n e s t  H a e c k e l ,  1 8 6 9 ,  1 8 7 0 .

‘ O e c o n o m y ’ w a s  l a t e r  o n  d e v e l o p e d  i n t o  

‘e c o n o m i c s ’ w h i c h  m e a n s  t h e  l a w s  o r  r u l e s  o f  

p e o p l e ’ s  m a n a g e m e n t  o f  b u s i n e s s  w h i l e  ‘ o e c o l o g y ’ 

b e c a m e  ‘e c o l o g y ’ , t h e  s c i e n c e  o f  l a w s  a n d  r u l e s  o f  t h e  

m a n a g e m e n t  o f  o r g a n i c  w o r l d .  H a e c k e l  d e f i n e d  t h e  

s u b j e c t  o f  ‘ o e c o l o g y ’ a s  t h e  e n t i r e  s c i e n c e  o f  t h e  

r e l a t i o n s  o f  t h e  o r g a n i s m s  t o  t h e  s u r r o u n d i n g  

e x t e r i o r  w o r l d ,  t o  w h i c h  r e l a t i o n s  w e  c a n  c o u n t  i n  t h e  

b r o a d e r  s e n s e  a l l  t h e  c o n d i t i o n s  o f  e x i s t e n c e .  T h e s e  

a r e  p a r t l y  o f  o r g a n i c ,  p a r t l y  o f  i n o r g a n i c  n a t u r e ’ .
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T h e  d e v e l o p m e n t  o f  t h e  s u b j e c t  o f  e c o l o g y  

w a s  r e t a r d e d  d u r i n g  t h e  l a t e  n i n e t e e n t h  c e n t u r y  

b e c a u s e  s c i e n t i f i c  c o m m u n i t i e s  w e r e  a c t i v e l y  e n ­

g a g e d  i n  e i t h e r  v e r i f y i n g  o r  r e f u t i n g  t h e  c o n c e p t  o f  

e v o l u t i o n  o f  s p e c i e s  a s  p r e s e n t e d  b y  C h a r l e s  D a r w i n  

i n  1 8 5 9 .  E .  W a r m i n g  a s s o c i a t e d  t h e  s u b j e c t  o f  

‘e c o l o g y ’ t o  t h e  s t u d y  o f  p l a n t s  a n d  t h u s  d e f i n e d  

e c o l o g y  a s  ‘ t h e  s t u d y  o f  o r g a n i s m s  in  r e l a t i o n  t o  t h e i r  

e n v i r o n m e n t ’ ( E .  W a r m i n g ,  1 8 9 5 ,  1 9 0 5 ) .  E c o l o g y  

w a s  c c o n i s d e r e d  b y  A m e r i c a n  e c o l o g i s t  F r e d e r i c k  

C l e m e n t s  ( 1 9 1 6 )  a s  ' t h e  s c i e n c e  o f  c o m m u n i t y ’ 

w h i l e  C h a r l e s  E l t o n  d e f i n e d  e c o l o g y  a s  ‘a  s c i e n t i f i c  

n a t u r a l  h i s t o r y ’ . T h u s  t h e  s c i e n c e  o f  e c o l o g y  w a s  

e n d o w e d  w i t h  t w o  o v e r l a p p i n g  a r e a s  o f  s t u d y  e . g .  ( i )  

t h e  s t u d y  o f  o r g a n i s m s  i n  r e l a t i o n  t o  t h e i r  e n v i r o n ­

m e n t ,  a n d  ( i i )  t h e  e v o l u t i o n a r y  h i s t o r y  o f  t h e  

o r g a n i s m s .

B r i t i s h  e c o l o g i s t  M a c f a d y e n  ( 1 9 5 7 )  e m p h a ­

s i s e d  t o  d i s c o v e r  t h e  p r i n c i p l e s  w h i c h  g o v e r n  t h e  

r e l a t i o n s h i p s  b e t w e e n  p l a n t s  o r  a n i m a l s  a n d  t h e i r  

e n v i r o n m e n t  w h i l e  K .  F r i e d e r i c h s  ( 1 9 5 8 )  d e f i n e d  

e c o l o g y  a s  ‘ t h e  s c i e n c e  o f  l i v i n g  b e i n g s  a s  m e m b e r s  

o f  t h e  w h o l e  o f  n a t u r e ’ b u t  h e  i g n o r e d  t h e  e f f e c t s  o f  

t h e  o r g a n i s m s  o n  e n v i r o n m e n t  a n d  t h o s e  o f  t h e  

e n v i r o n m e n t  o n  t h e  o r g a n i s m s .  F .  F r a s e r  D a r l i n g  

( 1 9 6 3 )  b r o a d e n e d  t h e  f i e l d  o f  e c o l o g y  b y  d e f i n i n g  

t h e  s u b j e c t  a s  ‘ t h e  s c i e n c e  o f  o r g a n i s m s  i n  r e l a t i o n  t o  

t h e i r  t o t a l  e n v i r o n m e n t ,  a n d  t h e  i n t e r - r e l a t i o n s h i p s  

o f  o r g a n i s m s  i n t e r - s p e c i f i c a l l y  a n d  b e t w e e n  t h e m ­

s e l v e s ’ . T h i s  d e f i n i t i o n  o f  e c o l o g y  l e d  t o  t h e  

d e v e l o p m e n t  o f  t w o  a p p r o a c h e s  t o  t h e  s t u d y  o f  

e c o l o g y  a n d  i t s  d i v i s i o n s  i n t o  t w o  b r a n c h e s  v i z .  ( i )  

‘a u t e c o l o g y ’ w h e r e i n  e c o l o g i c a l  r e l a t i o n s  o f  i n d i ­

v i d u a l  s p e c i e s  i n  a  g i v e n  e c o s y s t e m  a r e  s t u d i e d ,  a n d

( i i )  ‘s y n e c o l o g y ’ w h i c h  i s  t h e  s t u d y  o f  p l a n t  

c o m m u n i t i e s  i n  r e l a t i o n  t o  t h e i r  h a b i t a t s  o f  a  g i v e n  

e c o s y s t e m .

M o r e  r e c e n t l y ,  t h e  c o n c e p t  o f  e c o l o g y  h a s  

b e e n  e x t e n d e d  ‘ t o  t h e  c o r r e s p o n d i n g  r a n g e  o f  

p h e n o m e n a ,  r e s e a r c h  a n d  p r o b l e m s .  I n  t h a t  c o n n e c ­

t i o n  ‘e c o l o g y ’ h a s  b e e n  q u i t e  l o g i c a l l y  e x t e n d e d  a s  

w e l l  t o  t h e  f i e l d  o f  t h e  i n t e r a c t i o n  o f  s o c i e t y  a n d  i t s  

p h y s i c a l  e n v i r o n m e n t  ( Y . P .  T r u s o v ,  1 9 8 3 ) .

E . P .  O d u m  ( 1 9 6 3 ,  1 9 6 4 ,  1 9 6 9 ,  1 9 7 1 )  p l e a d e d  

f o r  r e m o d e l l i n g  t h e  c o n v e n t i o n a l  d e f i n i t i o n  o f  

e c o l o g y  ( t h e  s c i e n c e  o f  i n t e r - r e l a t i o n s h i p s  b e t w e e n  

o r g a n i s m s  a n d  e n v i r o n m e n t )  o n  t h e  g r o u n d  t h a t  

b i o t i c  a n d  a b i o t i c  c o m p o n e n t s  o f  n a t u r e  a r e  n o t  o n l y  

i n t e r r e l a t e d  i n  r e c i p r o c a l  m a n n e r  b u t  t h e s e  t w o  

c o m p o n e n t s  a l s o  f u n c t i o n  i n  a n  o r d e r l y  m a n n e r  a s  a  

d e f i n i t e  s y s t e m .  S o ,  O d u m  p r e s e n t e d  a  n e w  d e f i n i ­

t i o n  o f  e c o l o g y  a s  ‘t h e  s t u d y  o f  t h e  s t r u c t u r e  a n d  

u n c t i o n  o f  e c o s y s t e m s ’ o r  t h e  ‘s t u d y  o f  s t r u c t u r e  

a n d  f u n c t i o n  o f  n a t u r e ’ .

E C O L O G Y

I t  m a y  b e  s u m m a r i z e d  t h a t  : ‘e c o l o g y  is- 

s c i e n c e  t h a t  s t u d i e s  i n t e r r e l a t i o n s h i p s  b e t w t £ ^  

b i o t i c  a n d  a b i o t i c  c o m p o n e n t s  o f  a  n a t u r a l  e c o s y s - ^  

t e m  o n  o n e  h a n d  a n d  a m o n g  o r g a n i s m s  o n  t h e  o t h e r  

h a n d ’ . S a v i n d r a  S i n g h

4.2 AIMS AND SCOPE OF ECOLOGY

T h e  s c o p e  o f  e c o l o g y  a n d  i t s  a i m s  h a v e  

e x p a n d e d  e n o r m o u s l y  w i t h  t h e  d e v e l o p m e n t  o f  

e c o l o g i c a l  c o n c e p t s  a n d  t h o u g h t s  c o n s e q u e n t  u p o n  

g r o w i n g  i n t e r e s t s  i n  m a n - e n v i r o n m e n t  r e l a t i o n s h i p s  

d u e  t o  i n c r e a s i n g  p r e s s u r e  o n  n a t u r a l / e c o l o g i c a l  

r e s o u r c e s  t o  s u s t a i n  a n d  e n h a n c e  e c o n o m i c  d e v e l o p ­

m e n t  i n  v i e w  o f  e v e r - i n c r e a s i n g  h u m a n  p o p u l a t i o n .

I n  f a c t ,  ‘ t h e  t r a d i t i o n a l  v i e w  o f  e c o l o g y  a s  t h e  

s c i e n c e  o f  l i v i n g  t h i n g s  i n  r e l a t i o n  t o  t h e i r  e n v i r o n ­

m e n t  h a s  h e l p e d  t o  p l a c e  i t  i n  a  v a l u a b l e  s t r a t e g i c  

p o s i t i o n  f r o m  w h i c h  i t  c a n  m a k e  i m p o r t a n t  c o n t r i b u T  

t i o n s  t o  t h e i r  e n v i r o n m e n t a l  m a n a g e m e n t  ( C . C .  

P a r k ,  1 9 8 0 ) . ’ T h u s  e c o l o g y  i s  n o t  o n l y  c o n f i n e d  t o  

b i o l o g i c a l  s c i e n c e s  f r o m  w h e r e  i t  h a s  c o m e  o u t  b u t  i t  

h a s  r e a c h e d  t h e  w h o l e  s o c i e t y  a n d  m a n y  b r a n c h e s  o f  

k n o w l e d g e .  ‘I n d e e d ,  t o  m a n y  p e o p l e  e c o l o g y  i s  

a l m o s t  s y n o n y m o u s  w i t h  c o n s e r v a t i o n  a n d  t h e  

e n v i r o n m e n t ’ ( C . C .  P a r k ,  1 9 8 0 )  b e c a u s e  ‘e c o l o g y  

n o t  o n l y  s t u d i e s  v a r i o u s  a s p e c t s  o f  p l a n t s  a n d  

a n i m a l s  b u t  t h e  w h o l e  s o c i e t y  o f  a l l  b i o t a  a s  e c o l o g y  

h a s  c e a s e d  t o  b e  a  s y n t h e s i s e d  b r a n c h  o f  b i o l o g y . . .  i t  

h a s  b e c o m e  a  v i e w  p o i n t  ‘ ( K .  F r i e d e r i c h s ,  1 9 5 8 ) .  

E c o l o g y  n o w  l a y s  m o r e  e m p h a s i s  o n  t h e  s t u d y  o f  

u n i t y  a n d  b a l a n c e  o f  e n v i r o n m e n t  o r  b i o s p h e r i c  

e c o s y s t e m .  E c o l o g y  h a s  b e e n  v i e w e d  a s  ‘ a  s t a t e  o f  

t h e  m i n d ’ b y  J .  M a d d o x  ( 1 9 7 2 )  o n  t h e  b a s i s  o f  i t s  

h o l i s t i c  n a t u r e ,  ‘ a s  a  u n i f y i n g  s o c i a l  m o v e m e n t ’ b y  

R . F .  D a s m a n n  ( 1 9 7 4 ) ,  w h i l e  N .  S i m o n  a n d  P .  

G e r o n d e t  ( 1 9 7 0 )  h a v e  h i g h l i g h t e d  t h e  p o t e n t i a l  

c o n t r i b u t i o n  o f  e c o l o g y  t o  e n v i r o n m e n t a l  a n d  

e c o l o g i c a l  p r o b l e m s  a n d  r e l e v a n c e  o f  e c o l o g i c a l  

s t u d i e s  t o  s o c i a l  a n d  e c o n o m i c  s t a b i l i t y  a n d  b a l a n c e  

a n d  t h e y  h a v e  s u g g e s t e d  t h a t  e c o l o g y  s h o u l d  n o t  b e  

c o n f i n e d  o n l y  t o  a b s t r a c t  s c i e n t i f i c  d i s c i p l i n e  b u t  

s h o u l d  r i s e  a b o v e  t o  * s o l v e  t h e  e n v i r o n m e n t a l  

p r o b l e m s  w h i c h  t h e  h u m a n  s o c i e t y  i s  c o n f r o n t e d  

w i t h .

T h u s ,  t h e  s c o p e  o f  e c o l o g y  h a s  b e e n  e x t e n d e d  

f r o m  t h e  s c i e n t i f i c  s t u d y  o f  m u t u a l  r e l a t i o n s h i p s  o f  

b i o t i c  a n d  a b i o t i c  c o m p o n e n t s  o f  t h e  w h o l e  b i o ­

s p h e r e  o r  p a r t  t h e r e o f  t o  t h e  e n v i r o n m e n t a l  p r o b l e m s  

i n  t e r m s  o f  e n v i r o n m e n t a l  d e g r a d a t i o n  a n d  e c o l o g i ­

c a l  c r i s e s  a r i s i n g  o u t  o f  i n c r e a s e d  h u m a n  i m p a c t s  o n  

n a t u r a l / e c o l o g i c a l  r e s o u r c e s  t h r o u g h  a d v a n c e d  

m o d e r n  t e c h n o l o g i e s  a i m e d  a t  a c c e l e r a t e d  r a t e  o  

e c o n o m i c  d e v e l o p m e n t  t o  m e e t  t h e  d e m a n d s  o  e v e r
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i n c r e a s i n g  p o p u l a t i o n  a t  g l o b a l  a n d  r e g i o n a l  l e v e  s.  

T h u s ,  t h e r e  h a s  b e e n  m a r k e d  s h i f t  in  t h e  e m p  a s i s  o  

e c o l o g i c a l  s t u d i e s  i n  t e r m s  o f  m a n - e n v i r o n m e n

r e l a t i o n s h i p s  a t l e a s t  f r o m  geographica v i e w  p o i n

H i s t o r i c a l l y ,  t h e  d e v e l o p m e n t  o f  e c o l o g y  i n  

t e r m s  o f  t h e  s c o p e  o t  t h e  s u b j e c t ,  m a j o t a r  

i n t e r e s t ,  a i m s  a n d  o b j e c t i v e s  a n d  a p p r o a c h e s  t o  t h e  

s t u d y  o f  v a r i o u s  a s p e c t s  o f  e c o l o g y ,  m a y  b e  d i v i d e d  

i n t o  f o u r  p h a s e s  a s  f o l l o w s  .

( i )  P h a s e  O n e ,  r e p r e s e n t i n g  t h e  p e r i o d  u p t o  

F i r s t  W o r l d  W a r ,  w a s  d o m i n a t e d  b y  t h e  a t t e m p t s  t o  

d e f i n e  e c o l o g y  m a i n l y  b a s e d  o n  r e c i p r o c a l  r e l a t i o n ­

s h i p s  b e t w e e n  t h e  o r g a n i s m s  a n d  t h e i r  e n v i r o n m e n t ,  

t o  s e a r c h  a n d  i d e n t i f y  f u n d a m e n t a l  u n i t s  o f  v e g e t a ­

t i o n ,  t o  d e v e l o p  m e t h o d s  f o r  v e g e t a t i o n  c l a s s i f i c a ­

t i o n ,  t o  t r a c e  t h e  e v o l u t i o n a r y  h i s t o r y  o f  p l a n t s  a n d  

a n i m a l s  a s  i n f l u e n c e d  b y  D a r w i n i a n  c o n c e p t s  o f  

e v o l u t i o n  o f  s p e c i e s ,  t o  e x p l a i n  t h e  r e l a t i o n s h i p s  o f  

p l a n t s  a n d  a n i m a l s  in  r e l a t i o n  t o  d i f f e r e n c e  o f  

h a b i t a t s  e t c .

( i i )  P h a s e  T w o ,  r e p r e s e n t i n g  t h e  i n t e r - w a r  

p e r i o d  ( b e t w e e n  t h e  t w o  w o r l d  w a r s ) ,  w a s  c h a r a c t e r ­

i s e d  b y  m o r e  r i g o r o u s  a n d  s e r i o u s  s t u d y  o f  r e l a t i o n ­

s h i p s  b e t w e e n  v e g e t a t i o n  c h a r a c t e r i s t i c s  a n d  p h y s i ­

c a l  c o n d i t i o n s  o f  h a b i t a t  r a t h e r  t h a n  t h e  s u r v e y i n g ,  

m a p p i n g  a n d  c l a s s i f i c a t i o n  o f  v e g e t a t i o n ;  d e v e l o p ­

m e n t  o f  s c i e n t i f i c  m e t h o d o l o g i e s  b a s e d  o n  l a b o r a r o r y  

a n a l y s i s ,  p o l l e n  a n a l y s i s ,  a p p l i c a t i o n  o f  s t a t i s t i c a l  

t e c h n i q u e s  e t c . ,  d i v e r s i f i c a t i o n  o f  t h e  f e l d  o f  e c o l o g y  

( i . e .  b e s i d e s  n a t u r a l  t e r r e s t r i a l  p l a n t  c o m m u n i t i e s ,  

t h e  s t u d i e s  o f  p l a n t  c o m m u n i t i e s  o f  f r e s h  w a t e r  a n d  

s e a s  a n d  o c e a n s  a n d  a n i m a l  c o m m u n i t i e s  w e r e  b r o u g h t  

u n d e r  t h e  d o m a i n  o f  e c o l o g y ) ;  a t t e m p t s  t o  s t u d y  

e c o l o g i c a l  s t a b i l i t y  a n d  v a r i o u s  a s p e c t s  o f  i n t e r a c t i o n s  

b e t w e e n  b i o t i c  a n d  a b i o t i c  c o m p o n e n t s  e t c .

( i i i )  P h a s e  T h r e e  ( f r o m  t h e  S e c o n d  W o r l d  W a r  

t o  1 9 6 0 )  w a s  c h a r a c t e r i s e d  b y  t h e  i n t r o d u c t i o n  o f  

s y s t e m  a n a l y s i s  in  e c o l o g i c a l  s t u d i e s .  T h e  c o m p l e x  

r e l a t i o n s h i p s  b e t w e e n  o r g a n i s m s  a n d  t h e i r  p h y s i c a l  

e n v i r o n m e n t  w e r e  a t t e m p t e d  t h r o u g h  e c o s y s t e m  

s t u d i e s  b a s e d  o n  m o r e  r i g o r o u s  e x p e r i m e n t a l  r e s u l t s .  

M a j o r  e c o l o g i c a l  p r o c e s s e s  b e c a m e  t h e  f o c a l  t h e m e  

o f  e c o l o g i c a l  s t u d i e s .

( i v )  P h a s e  F o u r  o r  t h e  M o d e r n  P h a s e  ( s i n c e  

1 9 6 0 )  i s  c h a r a c t e r i s e d  b y  m u c h  d i v e r s i f i c a t i o n  a n d  

s p e c i a l i z a t i o n  o f  t h e m e s  o f  e c o l o g y .  T h e  m o s t  

o u t s t a n d i n g  f i e l d  o f  i n t e r e s t  is t h e  e m e r g e n c e  o f  

a p p l i e d  e c o l o g y  w h i c h  e n v i s a g e s  t h e  r o t e  o f  e c o l o g y  

i n  n a t u r e ,  c o n s e r v a t i o n  a n d  e n v i r o n m e n t a l  m a n a g e ­

m e n t  f r o m  e c o l o g i c a l  v i e w  p o i n t s  f o r  t h e  s o l u t i o n  o f  

s o c i o - e c o n o m i c  a n d  p o l i t i c a l  p r o b l e m s  a n d  f o r  t h e  

f o r m u l a t i o n  o f  e n v i r o n m e n t a l l y  s o u n d  s o c i a l  p l a n ­

n i n g  p r o g r a m m e s .  ‘I n  p a r t i c u l a r  t h e  c o n c e p t  o f  n i c h e  

t h e o r y ,  t h e  e c o s y s t e m  e n e r g y  f l o w ,  m a t e r i a l  r e c y ­

c l i n g ,  t o l e r a n c e  l i m i t s  a n d  s u c c e s s i o n a l  c h a n g e  h a v e  

b e e n  e m p l o y e d  i n  a  r a n g e  o f  d i f f e r e n t  p l a n n i n g  

c o n t e x t ’ ( C . C .  P a r k ,  1 9 8 0 ) .

T h e  m a j o r  t h e m e s  a n d  a r e a s  o f  e c o l o g i c a l  

s t u d i e s  a t  e c o s y s t e m  l e v e l  ( b a s e d  o n  t h e  b a s i c  t e n e t  

t h a t  e c o s y s t e m  i s  a  f u n d a m e n t a l  e c o l o g i c a l  u n i t )  

i n c l u d e  t h e  h o l i s t i c  v i e w  o f  t h e  c h a r a c t e r i s t i c s  o f  

a b i o t i c  ( p h y s i c a l )  a n d  b i o t i c  ' c o m p o n e n t s  w h i c h  

f o r m  a n  e c o s y s t e m ,  t h e  f u n c t i o n i n g  o f  e c o s y s t e m  

t h r o u g h - e n e r g y  f l o w  a n d  b i o - g e o c h e m i c a l  c y c l e s  

i n v o l v i n g  t h e  c y c l i n g  a n d  r e c y c l i n g  o f  o r g a n i c  a n d  

i n o r g a n i c  s u b s t a n c e s  t h r o u g h  v a r i o u s  c o m p o n e n t s  

o f  e c o s y s t e m ,  p h o t o s y n t h e s i s ,  f o o d  c h a i n s  a n d  f o o d  

w e b s ,  e c o l o g i c a l  p y r a m i d s ,  e c o s y s t e m  p r o d u c t i v i t y ,  

l i m i t i n g  f a c t o r s  o f  p r o d u c t i v i t y ,  e c o l o g i c a l  s t a b i l i t y ,  

e v o l u t i o n  o f  p l a n t  a n d  a n i m a l  s p e c i e s ,  e x t i n c t i o n  o f  

s p e c i e s ,  c o n t e m p o r a r y  e v o l u t i o n ,  s u c c e s s i o n a l  d e ­

v e l o p m e n t  o f  p l a n t  c o m m u n i t i e s ,  s p a t i a l  d i s t r i b u ­

t i o n  o f  p l a n t s  a n d  a n i m a l s  a n d  b i o m e  t y p e s ,  

e c o l o g i c a l  v a r i a t i o n s  a t  g l o b a l  a n d  r e g i o n a l  s c a l e s ,  

m a n - i n d u c e d  e c o l o g i c a l  c h a n g e s ,  e n v i r o n m e n t a l  

c o n t r o l s  o f  e c o l o g i c a l  v a r i a t i o n s ,  e c o l o g i c a l  r e ­

s o u r c e s ,  e c o l o g i c a l  i m b a l a n c e  a n d  e n v i r o n m e n t a l  

d e g r a d a t i o n  a n d  p o l l u t i o n  a n d  r e m e d i a l  m e a s u r e s  

t h e r e o f ,  r e s o u r c e  m a n a g e m e n t ,  a n d  e c o l o g i c a l  b a s i s  

o f  e n v i r o n m e n t a l  m a n a g e m e n t .  T h e  m o s t  s i g n i f i c a n t  

t h r u s t  a r e a  o f  v i t a l  i n t e r e s t  i s  t h e  s t u d y  o f  m a n -  

e n v i r o n m e n t  r e l a t i o n s h i p s  s p e c i a l l y  t h e  i m p a c t s  o f  

m a n  o n  e n v i r o n m e n t  w h i c h  a d v e r s e l y  a f f e c t  t h e  

e n v i r o n m e n t a l  a n d  e c o l o g i c a l  p r o c e s s e s  c a u s i n g  

e n v i r o n m e n t a l  d e g r a d a t i o n  a n d  e c o l o g i c a l  i m b a l ­

a n c e  a n d  t h e  f o r m u l a t i o n  o f  e c o l o g i c a l l y  s o u n d  

e n v i r o n m e n t a l  p l a n n i n g  a n d  m a n a g e m e n t .

T h e  c o n c e p t  o f  e c o l o g y  n o w  h a s  b e e n  

e x t e n d e d  f r o m  s i n g l e  p h e n o m e n o n  ( p l a n t  e c o l o g y ,  

a n i m a l  e c o l o g y )  t o  s e t  o f  p h e n o m e n a  o c c u p y i n g  a  

d e f i n i t e  s p a c e  i n  t h e  b i o s p h e r e  a t  a  d e f i n i t e  t i m e  

i n t e r v a l  e . g .  f o r e s t  e c o l o g y ,  g r a s s l a n d  e c o l o g y ,  l a k e  

e c o l o g y ,  r i v e r  e c o l o g y ,  a g r i c u l t u r a l  e c o l o g y ,  i n d u s ­

t r i a l  e c o l o g y ,  r u r a l  e c o l o g y ,  u r b a n  e c o l o g y ,  p o p u l a ­

t i o n  e c o l o g y ,  s o c i a l  e c o l o g y  e t c .  T h e  m a i n  s u b - f i e l d s  

o f  e c o l o g y  a r e  o u t l i n e d  i n  t h e  f o l l o w i n g  n e x t  

s u b s e c t i o n .

4.3 SUB-DIVISIONS OF ECOLOGY

T h e  f i e l d  a n d  t h e  s c o p e  o f  e c o l o g y  h a v e  

c h a n g e d  d u r i n g  v a r i o u s  p h a s e s  o f  m e t h o d o l o g i c a l  

d e v e l o p m e n t  o f  t h e  s u b j e c t  a n d  t h e r e f o r e  m a i o r &s u b -  

d i v i s i o n s  o f  e c o l o g y  s h o u l d  b e  d e t e r m i n e d  a c c o r d -  

i n g  t o  d i f f e r e n t  a p p r o a c h e s  w h i c h  i n c l u d e  t a x o -

m o d e r n  <;nin i t l ie S , H a *3 ' t a t ’ *e v e ^s ° f  o r g a n i s a t i o n  a n d
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1. Sub-division Based on Taxonomic Affinities

I n  t h e  b e g i n n i n g ,  e c o l o g y  w a s  e x c l u s i v e l y  

a s s o c i a t e d  w i t h  b i o l o g i c a l  s c i e n c e s - b o t a n y  a n d  

z o o l o g y  a n d  t h u s  p l a n t s  ( b o t a n y )  a n d  a n i m a l s  

( z o o l o g y )  w e r e  s t u d i e d  s e p a r a t e l y .  T h i s  a p p r o a c h  

l e d  t o  t h e  d i v i s i o n  o f  e c o l o g y  i n t o  ( i )  p l a n t  e c o l o g y  

a n d  ( i i )  a n i m a l  e c o l o g y .  E a c h  d i v i s i o n  w a s  f u r t h e r  

s u b - d i v i d e d  i n t o  m i c r o - d i v i s i o n s  b a s e d  o n  s p e c i a l -  - 

i z e d  s t u d i e s  o f  i n d i v i d u a l  c o m p o n e n t s  e . g .  p l a n t  

e c o l o g y  i n t o  o a k  e c o l o g y ,  p i n e  e c o l o g y  e t c .  a n d  

a n im a l  eco logy  i n t o  i n s e c t  e c o l o g y ,  b a c t e r i a l  e c o l ­

o g y ,  f i s h  e c o l o g y  e t c .  I t  m a y  b e  p o i n t e d  o u t  t h a t  

t h e s e  t w o  g r o u p s  o f  b i o t a  a r e  s o  i n s e p a r a b l e  a n d  

i n t e r r e l a t e d  t h a t  i t  i s  n o t  a d v i s a b l e  t o  i s o l a t e  o n e  

i n d i v i d u a l  f r o m  t h e  g r o u p s  o f  o r g a n i s m s  f o r  t h e  

e c o l o g i c a l  s t u d y  o f  s i n g l e  s p e c i e s  a n d  t h e r e f o r e  t h i s  

s u b d i v i s i o n  i s  n o t  a c c e p t a b l e  a t  p r e s e n t  o n  t h e  

g r o u n d  t h a t  t h e r e  i s  c o m p l e x  i n t e r r e l a t i o n s h i p s  a n d  

i n t e r d e p e n d e n c i e s  o f  a l l  t y p e s  o f  o r g a n i s m s  w i t h  

t h e i r  h a b i t a t s  ( p h y s i c a l  e n v i r o n m e n t ) .

2. Sub-divisions on the Basis of Habitat

T h e  b a s i c  t e n e t  o f . t h e  d i v i s i o n  o f  e c o l o g y  o n  

t h e  b a s i s  o f  h a b i t a t  i s  t h a t  t h e r e  a r e  v a r i a t i o n s  i n  

h a b i t a t s  i n  t e r m s  o f  t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s  

( e . g .  t o p o g r a p h y ,  s o i l s ,  i n s o l a t i o n  a n d  t e m p e r a t u r e ,  

w a t e r ,  m i n e r a l s ,  w e a t h e r  a n d  c l i m a t e  e t c . )  a n d  

t h e r e f o r e  t h e r e  a r e  d e f i n i t e  e f f e c t s  o f  a  p a r t i c u l a r  

h a b i t a t  o n  t h e  o r g a n i s m s  a n d  g e n e r a l  c h a r a c t e r i s t i c s  

o f  b i o t i c  c o m m u n i t i e s  v a r y  f r o m  o n e  h a b i t a t  t o  t h e  

o t h e r .  T h i s  a p p r o a c h  o f  e c o l o g i c a l  s t u d y  l e d  t o  t h e  

d e v e l o p m e n t  o f  ‘ h a b i t a t  e c o l o g y ’ . T h e  h a b i t a t  e c o l ­

o g y  i s  f u r t h e r  s u b - d i v i d e d  o n  t h e  b a s i s  o f  h a b i t a t s  

a n d  t h e i r  r e l a t i o n s h i p s  w i t h  t h e  o r g a n i s m s  i n h a b i t ­

i n g  a  p a r t i c u l a r  h a b i t a t  i n t o  f o r e s t  e c o l o g y ,  g r a s s l a n d  

e c o l o g y ,  f r e s h  w a t e r  e c o l o g y ,  e s t u a r i n e  e c o l o g y ,  i s l a n d  

e c o l o g y ,  m a r i n e  e c o l o g y ,  c o r a l  r e e f  e c o l o g y  e t c .

3. Sub-division on the Basis of Levels of 

Organisation

T h e  t h i r d  a p p r o a c h  t o  e c o l o g i c a l  s t u d i e s  i s  t o  

s t u d y  e i t h e r  i n d i v i d u a l  o r g a n i s m s  o r  g r o u p s  o f  

o r g a n i s m s  o f  a  p a r t i c u l a r  e c o s y s t e m .  I n  o t h e r  w o r d s ,  

e c o l o g i c a l  s t u d i e s  m a y  b e  a c c o m p l i s h e d  a t  t w o  

l e v e l s  v i z .  ( i )  s t u d y  o f  e c o l o g i c a l  r e l a t i o n s h i p s  

b e t w e e n  t h e  s p e c i e s ,  a n d  ( i i )  e c o l o g i c a l  r e l a t i o n ­

s h i p s  w i t h i n  t h e  e c o s y s t e m  i n v o l v i n g  a l l  t h e  

o r g a n i s m s  p r e s e n t  t h e r e i n .  T h i s  a p p r o a c h  l e d  t o  t h e  

d e v e l o p m e n t  o f  ( i )  a u t e c o l o g y ,  a n d  ( i i )  s y n e c o l o g y .  

A u t e c o lo g y  i s  t h e  s t u d y  o f  r e l a t i o n s h i p s  o f  i n d i v i d u a l  

s p e c i e s  t o  i t s  e n v i r o n m e n t .  T h u s  i t  i s  a p p a r e n t  t h a t  

a u t e c o l o g i c a l  a p p r o a c h  r e s t s  o n  i n d i v i d u a l  s p e c i e s
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a s  f u n d a m e n t a l  u n i t s  o f  s t u d y  w h e r e i n  

a s p e c t s  o f  s p e c i e s  l i k e  g e o g r a p h i c a l  d i s t r i b u t i o n  

m o r p h o l o g i c a l  a n d  t a x o n o m i c  p o s i t i o n ,  l i f e  c y c l e d

a n d  s u c c e s s i o n  a n d  e c o l o g i c a l  f a c t o r s  w h i c h  a f f e c t  

d i f f e r e n t  s t a g e s  o f  g r o w t h  a n d  d e v e l o p m e n t  o f  

s p e c i e s  a r e  s t u d i e d .  S y n e c o l o g y  i s  t h e  s t u d y  o f  

c o m p l e x  i n t e r r e l a t i o n s h i p s  o f  g r o u p s  o f  o r g a n i s m s  

k n o w n  a s  b i o l o g i c a l  c o m m u n i t y  b e c a u s e  o r g a n i s m s  

( p l a n t s ,  a n i m a l s  a n d  m i c r o - o r g a n i s m s )  a f f e c t  e a c h  

o t h e r  i n  r e c i p r o c a l  m a n n e r  a n d  i n t e r a c t  w i t h  t h e  

h a b i t a t  o r  n a t u r a l  e n v i r o n m e n t .  T h u s  t h e  f u n d a m e n ­

t a l  u n i t  o f  s t u d y  i s  b i o l o g i c a l  c o m m u n i t y  r a t h e r  t h a n  

i n d i v i d u a l  o r g a n i s m s .  F u r t h e r ,  s y n e c o l o g y  i s  s u b d i ­

v i d e d  i n t o  ‘ p o p u l a t i o n  e c o l o g y ’ ( t h e  s t u d y  o f  i n t e r a c ­

t i o n s  o f  i n d i v i d u a l s - p o p u l a t i o n -  o f  s i n g l e  s p e c i e s  

w i t h  e a c h  o t h e r ) ,  ‘ c o m m u n i t y  e c o l o g y ’ ( t h e  s t u d y  o f  

i n t e r r e l a t i o n s h i p s  a n d  i n t e r d e p e n d e n c i e s  o f  g r o u p s  

o f  i n d i v i d u a l s  o f  d i f f e r e n t  s p e c i e s - p l a n t s  a n d  a n i ­

m a l s  t o g e t h e r ) ,  ‘b i o m e  e c o l o g y ’ ( t h e  s t u d y  o f  

i n t e r a c t i o n s  a n d  i n t e r r e l a t i o n s h i p s  o f  m o r e  t h a n  o n e  

b i o l o g i c a l  c o m m u n i t i e s  i n  d i f f e r e n t  s t a g e s  o f  s u c ­

c e s s i o n  u n d e r  s i m i l a r  c l i m i a t i c  c o n d i t i o n  o f  t h e  a r e a  

c o n c e r n e d )  a n d  ‘e c o s y s t e m  e c o l o g y ’ ( t h e  s t u d y  o f  

i n t e r a c t i o n s  a n d  i n t e r r e l a t i o n s h i p s  o f  a l l  o r g a n i s m s  

a m o n g  t h e m s e l v e s  a n d  w i t h  t h e i r  e n v i r o n m e n t ) .  

T h u s  t h e  f u n d a m e n t a l  u n i t  o f  s t u d y  i s  a n  e c o s y s t e m  

a r e a  h a v i n g  b o t h  b i o t i c  a n d  a b i o t i c  ( p h y s i c a l )  

c o m p o n e n t s .  I t  i s  e c o s y s t e m  e c o l o g y  w h i c h  f o r m s  

t h e  b a s i s  o f  s t u d i e s  i n  e n v i r o n m e n t a l  g e o g r a p h y .

4.4 ECOLOGICAL CON CEPTS AND PRIN CIPLES

T h e r e  a r e  c e r t a i n  b a s i c  f u n d a m e n t a l  p r i n c i ­

p l e s  w h i c h  g o v e r n  t h e  v a r i o u s  a s p e c t s  o f  o r g a n i s m s  

e . g .  e v o l u t i o n  a n d  d i s t r i b u t i o n  o f  p l a n t s  a n d  a n i m a l s ,  

e x t i n c t i o n  o f  s p e c i e s ,  b i o l o g i c a l  s u c c e s s i o n ,  c o n ­

s u m p t i o n  a n d  t r a n s f e r  o f  e n e r g y  i n  d i f f e r e n t  c o m p o ­

n e n t s  o f  b i o l o g i c a l  c o m m u n i t i e s ,  c y c l i n g  a n d  r e c y ­

c l i n g  o f  o r g a n i c  a n d  i n o r g a n i c  s u b s t a n c e s  t h r o u g h  

v a r i o u s  b i o - g e o c h e m i c a l  c y c l e s ,  l i f e  c y c l e  o f  o r g a n ­

i s m s ,  i n t e r a c t i o n s  a n d  i n t e r r e l a t i o n s h i p s  a m o n g  t h e  

o r g a n i s m s  a n d  b e t w e e n  o r g a n i s m s  a n d  p h y s i c a l  

e n v i r o n m e n t ,  e t c .  T h e s e  c o n c e p t s  a n d  p r i n c i p l e s  

m a y  b e  a n a l y s e d  o n  s t r u c t u r a l  a n d  f u n c t i o n a l  b a s e s  

s e p a r a t e l y  b u t  b o t h  b a s e s  m a y  b e  c o m b i n e d  t o g e t h e r  

i f  t h e  e c o l o g i c a l  s t u d i e s  a r e  c o n s i d e r e d  a t  t h e  l e v e l  o f  

e c o s y s t e m  w h i c h  h a s  b e e n  r e c e n t l y  a c c e p t e d  a s  

f u n d a m e n t a l  e c o l o g i c a l  u n i t .  T h e  f o l l o w i n g  f u n d a ­

m e n t a l  c o n c e p t s  a n d  p r i n c i p l e s  o f  e c o l o g y  i n  t e r m s  

o f  e c o s y s t e m  m a y  b e  h i g h l i g h t e d .

( 1 )  E c o s y s t e m  i s  a  f u n d a m e n t a l  u n i t  o f

e c o l o g i c a l  s t u d y  b e c a u s e  i t  c o m p r i s e s  b o t h  b i o t i c  

a n d  a b i o t i c  c o m p o n e n t s .  I n  o t h e r  w o r d s ,  e c o s y s t e m  

b e i n g  a  m o n i s t i c  c o n c e p t ,  b r i n g s  p h y s i c a l  e n v i r o n ­

m e n t ,  p l a n t s  a n d  a n i m a l s  t o g e t h e r  i n  a  sing  e
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f r a m e w o r k  w h i c h  f a c i l i t a t e s  t h e  s t u d y  o f  i n t e r a c ­

t i o n s  b e t w e e n  b i o t i c  a n d  a b i o t i c  c o m p o n e n t s .  

E c o s y s t e m s  a r e  w e l l  s t r u c t u r e d  a n d  o r g a n i s e d  u n i t s  

t h r o u g h  b i o t i c  a n d  a b i o t i c  c o m p o n e n t s .  E c o s y s t e m s  

a r e  a l s o  f u n c t i o n a l  u n i t s  w h e r e i n  t w o  b i o t i c  c o m p o ­

n e n t s  a r e  o f  m a j o r  s i g n i f i c a n c e  i . e .  ( i )  T h e  a u -  

t o t r o p h i c  c o m p o n e n t s ,  c o m p r i s e d  o f  g r e e n  p l a n t s  

p r e p a r e  f o o d  t h r o u g h  p h o t o s y n t h e s i s  a n d  u s e  i n o r ­

g a n i c  s u b s t a n c e s .  T h e s e  a r e  s e l f  f e e d i n g  a n d  p r o v i d e  

f o o d  e n e r g y  t o  o t h e r  b i o l o g i c a l  c o m m u n i t i e s ,  ( i i )  

T h e  h e t e r o t r o p h ic  c o m p o n e n t s  ( a n i m a l s  a n d  m i c r o ­

o r g a n i s m s )  u s e ,  r e a r r a n g e  a n d  d e c o m p o s e  o r g a n i c  

s u b s t a n c e s  w h i c h  a r e  m a d e  a v a i l a b l e  f r o m  t h e  

p r i m a r y  p r o d u c e  o f  a u t o t r o p h i c  c o m p o n e n t s .

( 2 )  A t  t h e  l a r g e s t  s c a l e ,  t h e  w h o l e  b i o s o p h e r e  

b e c o m e s  a n  e c o s y s t e m .  T h e  b i o t i c  a n d  a b io t i c  

c o m p o n e n t s  o f  b i o s p h e r e i c  e c o s y s t e m  a r e  i n t im a t e ly  

r e la t e d  to  a  s e r i e s  o f  l a r g e - s c a l e  c y c l e  m e c h a n is m s  e . g .  

w a t e r  c y c l e ,  c h e m i c a l  e l e m e n t s  c y c l e ,  s e d i m e n t  

c y c l e  a n d  u n i d i r e c t i o n a l  f l o w  o f  e n e r g y .  T h e s e  

c y c l e s  h e l p  i n  t h e  t r a n s f e r  o f  e n e r g y ,  w a t e r ,  c h e m i c a l  

e l e m e n t s  a n d  s e d i m e n t s  i n +v a r i o u s  c o m p o n e n t s  o f  

t h e  b i o s p h e r e .

( 3 )  ‘S u s t a in e d  l i f e  o n  t h e  e a r t h  is  a  c h a r a c t e r i s ­

t ic  o f  e c o s y s t e m ,  n o t  o f  i n d i v i d u a l  o r g a n i s m s  o r  

p o p u l a t i o n ’ ( D . B .  B o t k i n  a n d  E . A .  K e l l e r ,  1 9 8 2 ) .

( 4 )  M . J .  H o l t i m a n  ( 1 9 7 4 )  h a s  f o r m u l a t e d  t h e  

f o l l o w i n g  f o u r  ‘ e n v i r o n m e n t a l  p r i n c i p l e s ’ o f  h o l i s t i c  

n a t u r e  o f  n a t u r a l  e n v i r o n m e n t  w h i c h  l a r g e l y  a f f e c t s  

t h e  b i o l o g i c a l  c o m m u n i t i e s  i n  a  b i o s p h e r i c  e c o s y s ­

t e m .

( a )  ’N o t h i n g  a c t u a l l y  d i s a p p e a r s  w h e n  w e  

t h r o w  it a w a y ’ b e c a u s e  a l l  t h e  m a t e r i a l s  a r e  

r e a r r a n g e d  a n d  c y c l e d  a n d  r e c y c l e d  i h r o u g h  a  s e r i e s  

o f  c y c l i c  p a t h w a y s  i n  t h e  n a t u r a l  e n v i r o n m e n t .

( b )  ‘ A l l  s y s t e m s  a n d  p r o b l e m s  a r e  u l t i m a t e l y  

i f  n o t  i n t i m a t e l y  i n t e r - r e l a t e d .  I t  d o e s  n o t  m a k e  s e n s e  

t o  s q u a b b l e  o v e r  w h i c h  c r i s i s  i s  m o s t  u r g e n t ;  w e  

c a n n o t  a f f o r d  t h e  l u x u r y  o f  s o l v i n g  p r o b l e m s  o n e  b y  

o n e .  T h a t  is  b o t h  o b s o l e t e  a n d  e c o l o g i c a l l y  u n s o u n d  

a n y w a y ’ .

( c )  ‘W e  l i v e  o n  a  p l a n e t  e a r t h  w h o s e  r e s o u r c e s  

a r e  f i n i t e ’ .

( d )  ‘N a t u r e  h a s  s p e n t  l i t e r a l l y  m i l l i o n s  o f  

y e a r s  r e f i n i n g  a  s t a b l e  e c o s y s t e m ’ .

( 5 )  T h e  p h y s i c a l  a n d  b io lo g i c a l  p r o c e s s e s  f o l l o w  

t h e  p r i n c ip l e  o f ‘u n i f o r m i t a r i a n i s m ’ W h i c h  s t a t e s  t h a t  

s a m e  p h y s i c a l  ( r i g h t  f r o m  t h e  o r i g i n  o f  p l a n e t  e a r t h  

a n d  i t s  a t m o s p h e r e )  a n d  b i o l o g i c a l  ( s i n c e  t h e  o r i g i n  

o f  f i r s t  o r g a n i s m )  p r o c e s s e s  w h i c h  o p e r a t e  t o d a y ,  

o p e r a t e d  i n  t h e  p a s t  n o t  n e c e s s a r i l y  w i t h  c o n s t a n t  

m a g n i t u d e  a n d  f r e q u e n c y  w i t h  t i m e  a n d  w i l l  o p e r a t e  

in f u t u r e  b u t  ‘a t  r a t e s  t h a t  w i l l  v a r y  a s  t h e

e n v i r o n m e n t  i s  i n f l u e n c e d  b y  h u m a n  a c t i v i t y  ( D . B ,

> B o t k i n  a n d  E . A .  K e l l e r ,  1 9 8 2 ) .  __

( 6 )  N a t u r a l  h a z a r d s  a f f e c t  a d v e r s e l y  t h e  b i o l o g i ­

c a l  c o m m u n i t i e s  i n  g e n e r a l  a n d  m a n  i n  p a r t i c u l a r .  

W h e n  b i o l o g i c a l  p r o c e s s e s  a r e  a s s o c i a t e d  w i t h  

p h y s i c a l  e v e n t s ,  y e t  s e v e r e  h a z a r d s  a r e  c r e a t e d .  F o r  

e x a m p l e  a f t e r  f l o o d s  m a i n l y  i n  u r b a n  a r e a s ,  w a t e r  is  

c o n t a m i n a t e d  b y  b a c t e r i a  a n d  t h u s  d i s e a s e s  s p r e a d  a t  

f a s t e r  r a t e .

( 7 )  A l l  l i v i n g  o r g a n i s m s  a n d  p h y s i c a l  e n v i r o n ­

m e n t  a r e  m u t u a l l y  r e a c t i v e .  I n  o t h e r  w o r d s ,  l i v i n g  

o r g a n i s m s  i n t e r a c t  a m o n g  t h e m s e l v e s  a n d  a f f e c t  

e a c h  o t h e r  o n  t h e  o n e  h a n d  a n d  l i v i n g  o r g a n i s m s  a n d  

p h y s i c a l  e n v i r o n m e n t  a r e  i n t e r r e l a t e d  t h r o u g h  r e c i p ­

r o c a l  i n t e r a c t i o n s  a n d  t h e s e  a f f e c t  e a c h  o t h e r  o n  t h e  

o t h e r  h a n d .  T h e  v a r y i n g  d e g r e e s  o f  i n t e r a c t i o n s  

a m o n g  o r g a n i s m s ,  a t  b o t h  i n t e r - a n d  i n t r a s p e c i f i c  

l e v e l s ,  a r e  p o s i t i v e ,  n e g a t i v e  a n d  s o m e  t i m e s  n e u t r a l .

( 8 )  E c o s y s t e m  f u n c t i o n s  t h r o u g h  t h e  i n p u t  o f  

e n e r g y  m a in ly  s o l a r  r a d i a t i o n  w h i c h  i s  t r a p p e d  b y

g r e e n  p l a n t s  ( p r i m a r y  p r o d u c e r s )  a n d  i s  u s e d  t o  

p r e p a r e  f o o d  ( c h e m i c a l  o r g a n i c  m a t t e r )  t h r o u g h  t h e  

p r o c e s s  o f  p h o t o s y n t h e s i s .  T h u s ,  t h e  s o l a r  r a d i a t i o n  

is  t h e  m a i n  d r i v i n g  f o r c e  o f  t h e  e c o s y s t e m .  E n e r g y  

f l o w  ( t r a n s f e r  o f  o r g a n i c  m o l e c u l e s )  i s  u n i d i r e c t i o n a l  

( p a s s e s  t h r o u g h  v a r i o u s  t r o p h i c  l e v e l s )  a n d  i s  n o n -  

c y c l i c .  E c o s y s t e m  e n e r g e t i c s  o r  e n e r g y  f l o w  a l s o  

h e l p s  in  t h e  c i r c u l a t i o n  o f  c h e m i c a l  s u b s t a n c e s  

( n u t r i e n t s ) w i t h i n  t h e  e c o s y s t e m .  T h e r e  i s  p r o g r e s ­

s i v e  l o s s  o f  e n e r g y  b y  r e s p i r a t i o n  o f  o r g a n i s m s  

t h r o u g h  i n c r e a s i n g  t r o p h i c  l e v e l s .  T h e  e n e r g y  

p a t t e r n  a n d  f l o w  a r e  g o v e r n e d  b y  t h e  f o l l o w i n g  f i r s t  

a n d  s e c o n d  l a w s  o f  t h e r m o d y n a m i c s .

L a w  I — I n  a n y  s y s t e m  o f  c o n s t a n t  m a s s ,  

e n e r g y  i s  n e i t h e r  c r e a t e d  n o r  d e s t r o y e d  b u t  i t  c a n  b e  

t r a n s f o r m e d  f r o m  o n e  t y p e  t o  a n o t h e r  t y p e .  T h e  

e n e r g y  i n f l o w  o r  i n p u t  i n  a  s y s t e m  i s  b a l a n c e d  b y  

e n e r g y  o u t f l o w .

L a w  I I — W h e n  w o r k  i s  d o n e ,  e n e r g y  i s  

d i s s i p a t e d  a n d  t h e  w o r k  i s  d o n e  w h e n  o n e  f o r m  o f  

e n e r g y  i s  t r a n s f o r m e d  i n t o  a n o t h e r  f o r m .

T h u s ,  e n e r g y  i s  t r a n s f e r r e d  f r o m  o n e  t r o p h i c  

l e v e l  t o  t h e  n e x t  h i g h e r  t r o p h i c  l e v e l  b u t  o r g a n i s m s  

a t  h i g h e r  t r o p h i c  l e v e l s  r e c e i v e  e n e r g y  f r o m  m o r e  

t h a n  o n e  t r o p h i c  l e v e l  ( i n  a  n a t u r a l  e c o s y s t e m ,  t h e r e  

a r e  f o u r  t r o p h i c  l e v e l s  v i z .  t r o p h i c  l e v e l  o n e  

r e p r e s e n t e d  b y  a u t o t r o p h i c  g r e e n  p l a n t s ,  t r o p h i c  

l e v e l  t w o  r e p r e s e n t e d  b y  h e r b i v o r o u s  a n i m a l s ,  

t r o p h i c  l e v e l  t h r e e  r e p r e s e n t e d  b y  c a r n i v o r o u s  

a n i m a  s  a n d  t r o p h i c  l e v e l  f o u r  h a v i n g  o m n i v o r o u s  

a n i m a l s  i n c l u d i n g  m a n ) .  R .L .  L i n d e m a n  ( 1 9 4 2 )  

h a s  f o r m u l a t e d  f o u r  p r i n c i p l e s  a b o u t  t h e  r e l a t i o n ­

s h i p s  b e t w e e n  t r o p h i c  l e v e l s  w i t h i n  a  n a t u r a l
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p r i n c ip l e  I  : A s  t h e  d i s t a n c e  b e t w e e n  t h e  

o r g a n i s m s  o f  a  g i v e n  t r o p h i c  l e v e l  a n d  t h e  i n i t i a l  

s o u r c e  o f  e n e r g y  ( t r o p h i c  l e v e l  o n e )  i n c r e a s e s ,  t h e  

p r o b a b i l i t y  o f  t h e  o r g a n i s m s  t o  d e p e n d  e x c l u s i v e l y  

o n  t h e  p r e c e d i n g  t r o p h i c  l e v e l  f o r  e n e r g y  d e c r e a s e s .  

I n  o t h e r  w o r d s ,  t h e  o r g a n i s m s  a t  t r o p h i c  l e v e l s  

t h r e e  a n d  f o u r  d o  n o t  d e p e n d  f o r  e n e r g y  o n l y  o n  

t r o p h i c  l e v e l s  t w o  a n d  t h r e e  r e s p e c t i v e l y  r a t h e r  

t h e y  r e c e i v e  e n e r g y  f r o m  m o r e  t h a n  o n e  s o u r c e  

( t r o p h i c  l e v e l )  w h i c h  m e a n s  t h a t  o r g a n i s m s  a t  

t r o p h i c  l e v e l  t h r e e  a n d  b e y o n d  t e n d  t o  b e  ' g e n e r a l i s t s ’ 

r a t h e r  t h a n  ‘s p e c i a l i s t s ’ in  t e r m s  o f  t h e i r  f e e d i n g  

h a b i t .

P r in c ip l e  I I : T h e  r e l a t i v e  l o s s  o f  e n e r g y  d u e  t o  

r e s p i r a t i o n  i s  p r o g r e s s i v e l y  g r e a t e r  t o  h i g h e r  t r o p h i c  

l e v e l s  b e c a u s e  t h e  s p e c i e s  a t  h i g h e r  t r o p h i c  l e v e l s  

b e i n g  r e l a t i v e l y  l a r g e r  i n  s i z e  h a v e  t o  m o v e  a n d  

w o r k  f o r  g e t t i n g  f o o d  a n d  t h e r e f o r e  m o r e  e n e r g y  is  

l o s t  d u e  t o  r e s p i r a t i o n .

P r i n c i p l e  I I I : S p e c i e s  a t  p r o g r e s s i v e l y  h i g h e r  

t r o p h i c  l e v e l s  a p p e a r  t o  b e  p r o g r e s s i v e l y  m o r e  

e f f i c i e n t  i n  u s i n g  t h e i r  a v a i l a b l e  f o o d  s u p p l y ,  

b e c a u s e  i n c r e a s e d  a c t i v i t y  b y  p r e d a t o r s  i n c r e a s e s  

t h e i r  c h a n c e s  o f  e n c o u n t e r i n g  s u i t a b l e  p r e y  s p e c i e s ,  

a n d  i n  g e n e r a l  p r e d a t o r s  a r e  l e s s  s p e c i f i c  t h a n  t h e i r  

p r e y  i n  f o o d  p r e f e r e n c e s . ’

P r i n c i p l e  I V  : ‘H i g h e r  t r o p h i c  l e v e l s  t e n d  t o  b e  

l e s s  d i s c r e t e  t h a n  t h e  l o w e r  o n e s ’ b e c a u s e  t h e  

o r g a n i s m s  a t  p r o g r e s s i v e l y  h i g h e r  t r o p h i c  l e v e l s  

r e c e i v e  e n e r g y  f r o m  m o r e  t h a n  o n e  s o u r c e  ( t r o p h i c  

l e v e l )  a n d  a r e  ‘g e n e r a l i s t s ’ i n  t h e i r  f e e d i n g  h a b i t  a n d  

t h e y  a r e  m o r e  e f f i c i e n t  i n  u s i n g  t h e i r  a v a i l a b l e  f o o d  

s u p p l y .

P r i n c i p l e  V  : ‘F o o d  c h a i n s  t e n d  t o  b e  r e a s o n ­

a b l y  s h o r t .  F o u r  v e r t i c a l  l i n k s '  i s  a  c o m m o n  

m a x i m u m ’ b e c a u s e  l o s s  o f  e n e r g y  i s  p r o g r e s s i v e l y  

h i g h e r  f o r  h i g h e r  t r o p h i c  l e v e l s  a n d  s p e c i e s  a t  h i g h e r  

l e v e l s  t e n d  t o  b e  l e s s  d i s c r e t e .

( 9 )  T h e  c h e m i c a l  ( i n o r g a n i c )  a n d  o r g a n i c  

s u b s t a n c e s  a r e  c i r c u l a t e d  a m o n g  t h e  v a r i o u s  c o m p o ­

n e n t s  o f  t h e  b i o s p h e r e  t h r o u g h  a  s e r i e s  o f  c l o s e d  

s y s t e m  o f c y c l e s  c o l l e c t i v e l y  k n o w n  a s ‘b io g e o c h e m ic a l  

c y c l e s ’ i n  s u c h  a  w a y  t h a t  t o t a l  m a s s  o f  t h e s e  

s u b s t a n c e s  r e m a i n s  a l m o s t  t h e  s a m e  a n d  a r e  a l w a y s  

a v a i l a b l e  t o  b i o t i c  c o m m u n i t i e s .  T h e  f u n c t i o n i n g  o f  

b io g e o c h e m ic a l  c y c l e s  i s  c y c l i c  t h r o u g h  v a r i o u s  s i m p l e  

a n d  c o m p l e x  p a t h w a y s  a n d  t h e  s u b s t a n c e s  a r e  

i s t r i b u t e d ,  r e a r r a n g e d ,  c y c l e d  a n d  r e c y c l e d  t h r o u g h  

h e  g a s e o u s  ( a t m o s p h e r i c ) ,  b i o t i c  a n d  s e d i m e n t a r y  

p h a s e s  o f  r e s e r v o i r s  o f  t h e s e  s u b s t a n c e s  T h e s e  

s u b s t a n c e s  ( b o t h  i n o r g a n i c  a n d  o r g a n i c )  a r e  r e q u i r e d

t h e i r  n v e f n i S m S  ^  n U t r i e n t s  t o r  t h e  s u s t e n a n c e  o f

E C O L O G Y

( 1 0 )  T h e  e c o s y s t e m  p r o d u e t i r i t j r  ( r e f e r r e d  t o  a s

. h e  r a l e  o f  g r o w t h  o f  e n e r g y  o r  o r g a n i c  m a t t e r  p e r  
i n e  r a t e  u i  g i u  t r n n h i c  l e v e l  o n e )  d e p e n d s
u n i t  t i m e  b y  a u t o t r o p h s  a t »  P f  h e  a m o u n t  o f  

o n  t w o  f a c t o r s  : ( 0  t h e  a v a i u o i i i y  / . l l l l n t r n n h s -
s o l a r  r a d i a t i o n  t o  t h e  p r i m a r y  p r o d u c e i  U  P

g r e e n  p l a n t s )  a t  t r o p h i c  l e v e l  o n e ,  and I  0 0  t h e  

e f f i c i e n c y  o f  p l a n t s  t o  c o n v e r t  s o l a r  J . a *;o n

c h e m i c a l  e n e r g y .  T h e r e  i s  m a r k e d  p o s i t i v e  c o r r e l a t i o  

b e t w e e n  p r im a r y  p r o d u c t i v i t y  a n d  s o l a r  r a  ia  10 ■ 

T h e  p r o g r e s s i v e  d e c r e a s e  i n  s o l a r  r a d i a t i o n  t o w a r  s  

t h e  p o l e s  i s  c l o s e l y  f o l l o w e d  b y  d e c r e a s e  i n  p r i m a r y  

p r o d u c t i v i t y  i n  t h a t  d i r e c t i o n  p r o v i d e d  t h a t  o t h e r  

f a c t o r s  c o n t r o l l i n g  p r o d u c t i v i t y  a l s o  c h a n g e  i n  t h e  

s a m e  d i r e c t i o n .  T h e  l i m i t i n g  f a c t o r s ,  b e s i d e s  s o l a r  

r a d i a t i o n ,  w h i c h  c o n t r o l  t h e  e c o s y s t e m  p r o d u c t i v i t y ,  

i n c l u d e  a b i o t i c  f a c t o r s  ( r a i n f a l l ,  d e p t h  o f  w a t e r  a n d  

a b o v e  a l l  c l i m a t e  a n d  c h e m i c a l  f a c t o r s - n u t r i e n t s )  

a n d  b i o t i c  f a c t o r s  ( m o d e  o f  i n t e r a c t i o n  b e t w e e n  

v a r i o u s  p o p u l a t i o n s  s u c h  a s  m u t u a l i s m ,  c o m p e t i ­

t i o n ,  c o m m e n s a l i m ,  n e u t r a l i s m ,  p a r a s i t i s m ,  p r e d a ­

t i o n  e t c .  a n d  i n t e r n a l  i n s t i n c t i v e  c o n t r o l  m e c h a n i s m s  

w i t h i n  t h e  p o p u l a t i o n s  s u c h  a s  s o c i a l  o r g a n i s a t i o n ,  

t e r r i t o r i a l i t y  a n d  s o c i a l  h i e r a r c h i e s ) .

( 1 1 )  T h e  ‘n o r m a l ’ o r  ‘ u n e v e n t f u l ’ e c o s y s t e m  

a t t a in s  i t s  s t a b i l i t y  ( w h i c h  m e a n s  b a l a n c e  b e t w e e n  

p r o d u c t i o n  a n d  c o n s u m p t i o n  o f  e a c h  e l e m e n t  i n  t h e  

e c o s y s t e m  o r  b a l a n c e  b e t w e e n  i n p u t  a n d  o u t p u t  o f  

e n e r g y  a n d  n o r m a l  f u n c t i o n i n g  o f  d i f f e r e n t  

b i o g e o c h e m i a l  c y c l e s  a n d  s t a b l e  c o n d i t i o n  o f  

c o n c e n t r a t i o n  o f  a i l  e l e m e n t s )  t h r o u g h  ‘ h o m e o s t a t i c  

m e c h a n i s m s ’ . T h e r e  i s  i n b u i l t  s e l f - r e g u l a t i n g  m e c h a ­

n i s m  in  a  n a t u r a l  e c o s y s t e m  t h r o u g h  w h i c h  a n y  

c h a n g e  c a u s e d  b y  e x t e r n a l  f a c t o r s  i n  t h e  e c o s y s t e m  

i s  c o u n t e r - b a l a n c e d  b y  t h e  r e s p o n s e s  o f  t h e  s y s t e m  t o  

t h e  c h a n g e  i n  s u c h  a  w a y  t h a t  u l t i m a t e l y  e c o s y s t e m  

o r  e c o l o g i c a l  s t a b i l i t y  i s  r e s t o r e d .  T h e  e c o l o g i c a l  

d i v e r s i t y  a n d  c o m p l e x i t y  e n h a n c e  t h e  e c o s y s t e m /  

e c o l o g i c a l  s t a b i l i t y .  T h e  e c o l o g i c a l  c o n c e p t  o f  

d i v e r s i t y / s t a b i l i t y  h a s  b e e n  i l l u s t r a t e d  i n  t h e  f o l l o w ­

i n g  m a n n e r  : ,

( a )  I n c r e a s e  i n  t h e  d i v e r s i t y  o f  f o o d  w e b s

p r o m o t e s  e c o s y s t e m  s t a b i l i t y  b e c a u s e  i n c r e a s e d  

f o o d  w e b  d i v e r s i t y  i n c r e a s e s  t h e  r e s i l i e n c e  o f  t h e  

s y s t e m  t o  o u t s i d e  i n v a s i o n s  o f  e x o t i c  o r g n i s m s  a n d  

r e d u c e s  t h e  f l u c t u a t i o n s  i n  t h e  p o p u l a t i o n  w i t h i n  a  

g i v e n  e c o s y s t e m .  C . S .  E l t o n  ( 1 9 5 8 )

( b )  T h e  e c o s y s t e m  s t a b i l i t y  i n c r e a s e s  w i t h  

i n c r e a s e  o f  n u m b e r  o f  l i n k s  i n  t h e  f o o d  w e b  b e c a u s e  

a  l a r g e  n u m b e r  o f  i n t e r a c t i n g  f e e d i n g  l i n k s  p r o v i d e s  

a l t e r n a t i v e  c h a n n e l s  f o r  e n e r g y  f l o w  a n d  t h u s  i s  

g e n e r a t e d  a  w i d e  v a r i e t y  o f  a d j u s t m e n t  o f  t h e  

p o p u l a t i o n  t o  e n v i r o n m e n t a l  c h a n g e s  a n d  s t r e s s e s  

w i t h i n  t h e  e c o s y s t e m s .

P . H .  M a c A r t h u r  ( 1 9 5 5 )
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( c )  H i g h  s p e c i e s  d i v e r s i t y  o f  a m a t u r e  

e c o s y s t e m  r e p r e s e n t i n g  a  ‘c l i m a x  c o m m u n i t y  is 

r e l a t e d  t o  m o r e  s t a b i l i t y  o f  n a t u r a l  e c o s y s t e m  

b e c a u s e  a s  t h e  c o m m u n i t y  s u c c e s s i o n  o p e r a t e s ,  

‘ h o m e o s t a t i s ’ i n c r e a s e s  d u e  t o  m o r e  p r o t e c t i o n  

a v a i l a b l e  t o  t h e  m e m b e r  o f  t h e  c o m m u n i t y  a g a i n s t  

e x t e r n a l  e n v i r o n m e n t a l  c h a n g e .

E . P .  O d u m

( 1 2 )  E c o s y s t e m  in s t a b i l i t y  r e s u l t s  w h e n  a n  

e c o s y s t e m  b e c o m e s  u n a b le  to  a d j u s t  w i t h  e n v ir o n m e n ­

ta l c h a n g e s . T h i s  s o  h a p p e n s  w h e n  t h e  e n v i r o n m e n t a l  

c h a n g e s  e x c e e d  t h e  r e s i l i e n c e  o r  t h e  c a p a c i t y  o f  t h e  

e c o s y s t e m  t o  a d j u s t  w i t h  c h a n g e d  e n v i r o n m e n t a l  

c o n d i t i o n s .

( 1 3 )  E v o l u t i o n  o f  s p e c i e s  e p i t o m i s e s  t h e  i n h e r ­

e n t l y  d y n a m i c  n a t u r e  o f  e c o s y s t e m .  C h a r l e s  D a r w i n  

( 1 8 5 9 )  p o s t u l a t e d  t h e  p r i n c i p l e s  a n d  m e c h a n i s m s  o f  

e v o l u t i o n  o f  s p e c i e s  b y  t h e  p r o c e s s  o f  ‘n a t u r a l  

s e l e c t i o n ’ w h e r e i n  h e r i t a b l e  v a r i a t i o n s  in  t h e  p o p u l a t i o n s  

( p o p u l a t i o n  m e a n s  a  c o m m u n i t y  o f  i n d i v i d u a l s  o f  

s e x u a l l y - r e p r o d u c i n g  s p e c i e s )  f o r m  t h e  b a s i s  o f  

e v o l u t i o n  o f  s p e c i e s .  T h e  f o l l o w i n g  a r e  t h e  m a i n  

p r i n c i p l e s  o f  n a t u r a l  s e l e c t i o n  ( b a s e d  o n  H .  R o b i n s o n ’s 

i n t e r p r e t a t i o n  o f  D a r w i n i a n  t h e o r y  o f  o r i g i n  o f  

s p e c i e s )  a s  a d v a n c e d  b y  C h a r l e s  D a r w i n  :

( a )  T h e r e  a r e  h e r i t a b l e  v a r i a t i o n s  in t h e  

i n d i v i d u a l s  o f  s p e c i e s .  T h o u g h  s u c h  h e r i t a b l e  

v a r i a t i o n  i s  s m a l l  b u t  i t  i s  v e r y  s i g n i f i c a n t  b e c a u s e  i t  

f o r m s  t h e  v e r y  b a s i s  o f  e v o l u t i o n  o f  s p e c i e s .

( b )  H e r i t a b l e  v a r i a t i o n s  p r o v i d e  c e r t a i n  c h a r ­

a c t e r i s t i c s  w h i c h  b e c o m e  a d v a n t a g e o u s  t o  s o m e  

i n d i v i d u a l s  t o  b e c o m e  m o r e  e f f i c i e n t  a n d  b e t t e r  a b l e  

t o  s u r v i v e  i n  t h e i r  e n v i r o n m e n t  f o r  t h e  s t r u g g l e  o f  

t h e i r  l i v e s .

( c )  S u c h  a d v a n t a g e o u s  c h a r a c t e r i s t i c s  c o n ­

f e r r e d  o n  a n  o r g a n i s m  m a y  p r o v i d e  b e t t e r  c h a n c e  o f  

s u r v i v a l  a n d  r e p r o d u c t i o n .

( d )  W h e n  t h e s e  a d v a n t a g e o u s  c h a r a c t e r i s t i c s  

a r e  p a s s e d  o n  b y  t h e  o r g a n i s m s  t o  t h e i r  o f f s p r i n g s ,  

t h e  s u c c e e d i n g  g e n e r a t i o n s  b e c o m e  s u p e r i o r  a n d  

f u r t h e r  e f f i c i e n t  i n  t h e  s t r u g g l e  f o r  e x i s t e n c e  a n d  

s u r v i v a l .

( e )  T h e  i n d i v i d u a l s  o f  t h e  s p e c i e s ,  w h i c h  l a c k  

t h e  a d v a n t a g e o u s  c h a r a c t e r i s t i c s  t o  s t a n d  u p  t o  t h e i r  

e n v i r o n m e n t a l  c o n d i t i o n s  in  t h e i r  s t r u g g l e  f o r  l i f e  

a n d  e x i s t e n c e ,  a r e  m o s t  l i k e l y  e l i m i n a t e d  b y  

c o m p e t i t i o n  f r o m  t h e  b e t t e r  e q u i p p e d  s u p e r i o r  

m e m b e r s  ( w h i c h  h a v e  a c q u i r e d  a d v a n t a g e o u s  c h a r ­

a c t e r i s t i c s )  o f  t h e i r  s p e c i e s .

( f)  D u r i n g  t h e  s t r u g g l e  f o r  e x i s t e n c e  b e t w e e n  

o r g a n i s m s ,  t h e  w i n n e r  l e a d s  t o  e v o l u t i o n  o f  s p e c i e s  

a n d  the lo se r  l e a d s  t o  e x t i n c t i o n .  T h i s  s o  h a p p e n s

w h e n  t h e  s t r u g g l e  t a k e s  p l a c e  b e t w e e n  c l o s e l y  

r e l a t e d  s p e c i e s .

( g )  T h e  p r o c e s s  o f  n a t u r a l  s e l e c t i o n  ( a s

r e f e r r e d  t o  a b o v e )  a n d  a d a p t a t i o n  t o  e n v i r o n m e n t a l  

c o n d i t i o n s  l e a d s  t o  g r a d u a l  m o d i f i c a t i o n  a n d  d i v e r ­

s i f i c a t i o n  o f  s p e c i e s  o v e r  l o n g  p e r i o d  o f  t i m e .  S u c h  

v a r i a t i o n s  i n  s p e c i e s  i n c r e a s e  p r o g r e s s i v e l y  w i t h  

e a c h  s u c c e e d i n g  g e n e r a t i o n  o f  s p e c i e s  a n d  e v o l u t i o n  

o f  s p e c i e s  c o n t i n u e s .

( 1 4 )  D e  V r i e s  c h a l l e n g e d  t h e  D a r w i n i a n  

c o n c e p t  o f  p r o g r e s s i v e  e v o l u t i o n  o f  s p e c i e s  o n  t h e  

g r o u n d  t h a t  s o m e t i m e s  t h e  o f f s p r i n g s  d i f f e r  f r o m  

t h e i r  p a r e n t s  s o  m a r k e d l y  t h a t  a  n e w  s p e c i e s  is 

e v o l v e d  w i t h i n  a  s i n g l e  g e n e r a t i o n .  T h e r e  i s  

s p o n t a n e o u s  a n d  a b r u p t  e v o l u t i o n  o f  s p e c i e s .  T h e  

p r o c e s s  o f  s p o n t a n e o u s  e v o l u t i o n a r y  c h a n g e  i s  

t e r m e d  a s  ‘m u t a t i o n ’ w h i c h  i s  b e l i e v e d  t o  i n t r o d u c e  

i n h e r i t a b l e  v a r i a t i o n s  in  a  s p e c i e s .  S u c h  i n h e r i t a b l e  

v a r i a t i o n s  c a n  b e  s p r e a d  b y  i n t e r - b r e e d i n g .  T .  

D o b z h a n s k y  ( 1 9 5 0 )  h a s  p r e s e n t e d  t h e  f o l l o w i n g  

b a s i c  e l e m e n t s  o f  m u t a t i o n  :

( a )  ‘T h e  m u t a t i o n  p r o c e s s  f u r n i s h e s  t h e  r a w  

m a t e r i a l s  o f  e v o l u t i o n ’ .

( b )  N u m e r o u s  g e n e  p a t t e r n s  a r e  p r o d u c e d  

d u r i n g  t h e  p r o c e s s  o f  s e x u a l  r e p r o d u c t i o n .

( c )  ‘T h e  p o s s e s s o r s  o f  s o m e  g e n e  p a t t e r n s  

h a v e  g r e a t e r  f i t n e s s  t h a n  t h e  p o s s e s s o r s  o f  o t h e r  

( g e n e )  p a t t e r n s  i n  a v a i l a b l e  e n v i r o n m e n t ’ .

( d )  T h e  f r e q u e n c y  o f  s u p e r i o r  g e n e  p a t t e r n s  i s  

i n c r e a s e d  b y  t h e  p r o c e s s  o f  n a t u r a l  s e l e c t i o n  w h i l e  

t h e  i n f e r i o r  g e n e  p a t t e r n s  a r e  s u p p r e s s e d .

( e )  ‘G r o u p s  o f  s o m e  c o m b i n a t i o n s  o f  p r o v e n  

a d a p t i v e  w o r t h  b e c o m e  s e g r e g a t e d  i n t o  c l o s e d  

g e n e t i c  s y s t e m ,  c a l l e d  s p e c i e s . ’ .

( Q u o t e d  b y  C . C .  P a r k ,  1 9 8 0 )

( 1 5 )  ‘ R e p r o d u c t i v e  i s o l a t i o n ’ i s  a n o t h e r  a s ­

p e c t  o f  e v o l u t i o n  o f  m o r p h o l o g i c a l l y  d i f f e r e n t i a t e d  

p o p u l a t i o n s  o f  s p e c i e s .  T h e  p r o c e s s  o f  ‘ i s o l a t i o n  

a l l o w s  n e w l y  f o r m e d  g e n e t i c  p a t t e r n s  t o  a v o i d  b e i n g  

v i t i a t e d  b y  c o n t i n u o u s  c r o s s - b r e e d i n g  w i t h  n e i g h ­

b o u r i n g  i n d i v i d u a l s  o r  p o p u l a t i o n ’ ( P . A .  F u r l e y  a n d  

W . W .  N e w e y ,  1 9 8 3 ) .  I n  o t h e r  w o r d s ,  t h e r e  a r e  

c e r t a i n  o b s t a c l e s  o r  b a r r i e r s  ( c o m p r i s i n g  e x t e r n a l  

f a c t o r s  s u c h  a s  g e o g r a p h i c a l  i s o l a t i o n ,  e c o l o g i c a l  

i s o l a t i o n ,  s e a s o n a l  i s o l a t i o n ,  m e c h a n i c a l  i s o l a t i o n  

e t c .  a n d  i n t e r n a l  f a c t o r s ,  w h i c h  p r e v e n t  t h e  f o r m a ­

t i o n  o f  h y b r i d s  a f t e r  c r o s s - f e r t i l i z a t i o n )  w h i c h  

p r e v e n t  g e n e  e x c h a n g e  b e t w e e n  m o r p h o l o g i c a l l y  

d i f f e r e n t  p o p u l a t i o n s .  R e p r o d u c t i v e  i s o l a t i o n  i s  

c o n s i d e r e d  t o  b e  t h e  m o s t  c r u c i a l  s t e p  i n  t h e  

e v o l u t i o n  o i  n e w  s p e c i e s  b e c a u s e  ‘ w i t h o u t  i s o l a t i o n ,  

n e w  s p e c i e s  m i g h t  n e v e r  e v o l v e  a n y w h e r e ' .

( S .  C a r k j u i s t ,  1 9 7 4 )
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( 1 6 )  T h e  c o n c e p t  a n d  p r i n c ip l e  o f  s u c c e s s io n  a r e  

v e r y  im p o r t a n t  in  e c o lo g y  a s  t h e r e  is  s u c c e s s io n a l  

d e v e lo p m e n t  o f  s p e c i e s  m a in ly  v e g e t a t io n  c o m m u n i ­

t i e s .  S u c c e s i o r a  s i m p l y  m e a n s  t h e  e n t i r e  p r o c e s s  o f  

d i r e c t i o n a l  a n d  s e q u e n t i a l  c h a n g e  o f  e i t h e r  p l a n t  

c o m m u n i t y  ( g r o u p s  o f  p l a n t s  a d a p t e d  t o  a  p a r t i c u l a r  

h a b i t a t )  o r  t h e  w h o l e  e c o s y s t e m  t h r o u g h  t i m e .  F . E .  

C l e m e n t s  ( 1 9 6 1 )  p o s t u l a t e d  t h e  c o n c e p t  o f  v e g e t a ­

t i o n  s u c c e s s i o n  w h i c h  h e  d e f i n e d  a s  t h e  d i r e c t i o n a l  

a n d  s e q u e n t i a l  d e v e l o p m e n t  o f  p l a n t  c o m m u n i t y  in  

a n  o r d e r l y  a n d  p r e d i c t a b l e  s e q u e n c e  a l o n g  d e f i n i t e  

p a t h w a y  t o w a r d s  p r e d i c t a b l e  e n d  s i t u a t i o n s .  A c *  

c o r d i n g  t o  F . E .  C l e m e n t s  t h e r e  a r e  f i v e  s e q u e n t i a l  

p h a s e s  in  t h e  s u c c e s s i o n a l  d e v e l o p m e n t  o f  v e g e t a ­

t i o n  i n  a  g i v e n  h a b i t a t  w i t h  a v a i l a b l e  e n v i r o n m e n t a l  

c o n d i t i o n s .

( a )  P h a s e  o f  n u d a t i o n  o r  t h e  c r e a t i o n  o f  n e w  

a r e a  d e v o i d  o f  v e g e t a t i o n .

( b )  P h a s e  o f  m i g r a t i o n  b e g i n s  w i t h  t h e  a r r i v a l  

o f  s e e d s  i n t o  t h e  n e w l y  c r e a t e d  b a r e  a r e a .

( c )  P h a s e  o f  e c e s i s ,  w h e n  t h e  p l a n t  s e e d s  a r e  

e s t a b l i s h e d  i n  t h e  n e w l y  c r e a t e d  b a r e  a r e a  t h r o u g h  

g e r m i n a t i o n  a n d  p l a n t  g r o w t h .

( d )  P h a s e  o f  r e a c t i o n ,  w h e n  t h e r e  i s  c o m p e t i ­

t i o n  b e t w e e n  t h e  e s t a b l i s h e d  p l a n t s  o n  t h e  o n e  h a n d  

a n d  i n t e r a c t i o n  b e t w e e n  p l a n t s  a n d  t h e  p h y s i c a l  

e n v i r o n m e n t  o f  t h e  h a b i t a t  o n  t h e  o t h e r  h a n d .

( e )  P h a s e  o f  s t a b i l i z a t i o n ,  w h e n  t h e r e  i s  

e q u i l i b r i u m  c o n d i t i o n  o f  p o p u l a t i o n  o f  p l a n t  s p e c i e s  

i n  h a r m o n y  w i t h  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  o f  

l o c a l  a n d  r e g i o n a l  h a b i t a t s .

( 1 7 )  T h e  t r a n s i t i o n a l  s t a g e s  o f  s e q u e n t ia l  

c h a n g e s  f r o m  o n e  v e g e t a t i o n  c o m m u n i t y  t o  a n o t h e r  

v e g e t a t io n  c o m m u n i t y  a r e  c a l l e d  ‘s e r e ’ . T h e  ‘s e r e ’ is  

c o m p l e t e  w h e n  t h e  s u c c e s s i o n  o f  v e g e t a t i o n  c o m ­

m u n i t y  a f t e r  p a s s i n g  t h r o u g h  d i f f e r e n t  p h a s e s  

c u l m i n a t e s  i n t o  e q u i l i b r i u m  c o n d i t i o n .  T h e  v e g e t a ­

t i o n  c o m m u n i t y  d e v e l o p e d  a t  t h e  e n d  o f  s u c c e s s i o n  

i s  c a l l e d  ‘ c l i m a x  v e g e t a t i o n ’ , ‘ c l i m a x  c o m m u n i t y ’ o r  

‘c l i m a t i c  c l i m a x ’ ( d u e  t o  d o m i n a n t  c o n t r o l  o f  c l i m a t e  

o n  t h e  e v o l u t i o n  a n d  d e v e l o p m e n t  o f  v e g e t a t i o n ) .

F . E .  C l e m e n t s  ( 1 9 1 6 )  h a s  i d e n t i f i e d  t w o  b a s i c  f o r m s  

o f  s u c c e s s i o n  : ( i )  P r i m a r y  s u c c e s s i o n  : r e f e r s  t o  

d e v e l o p m e n t a l  s e q u e n c e  o f  v e g e t a t i o n  i n  t h o s e  b a r e  

a r e a s  w h e r e  t h e r e  w a s  n o  v e g e t a t i o n  e a r l i e r .  S u c h  

a r e a s  m a y  b e  n e w l y  e m e r g e d  s e a  f l o o r ,  c o o l e d  a n d  

s o l i d i f i e d  b a s a l t i c  s u r f a c e  d u e  t o  r e c e n t  l a v a  f l o w ,  

e x p o s e d  l a k e  b e d  d u e  t o  d r y i n g  o f  w a t e r ,  n e w l y  

f o r m e d  s a n d  d u n e s ,  f l o o d  p l a i n s  f o r m e d  b y  r e c e n t  

a l l u v i a ,  h e a p s  o f  d e b r i s  a c c u m u l a t e d  b y  m a n  e t c .  ( i i )  

S e c o n d a r y  S u c c e s s i o n  : D e v e l o p m e n t a l  s e q u e n c e  o f  

v e g e t a t i o n  i n  t h o s e  a r e a s  w h i c h  h a d  v e g e t a t i o n  c o v e r  

b u t  n o w  h a v e  b e e n  r e n d e r e d  n u d e  d u e  t o  d e s t r u c t i o n
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o f  v e g e t a t i o n  ( e i t h e r  p a r l y  o r  c o m p l e t e l y )  e i t h e r  b y f g f e

n a t u r a l  p r o c e s s e s  ( l a v a  f l o w ,  d r o u g h t ,  g l a c  a t i o n ,  S |

n a t u r a l  f i r e s t  f i r e s  t h r o u g h  l i g h t n i n g ,  s e v e r e  s t o>"m s j 

f l o o d s  e t c . )  o r  b y  h u m a n  i n t e r f e r e n c e  ( i n t e n t i o n a l  

b u r n i n g  o f  v e g e t a t i o n ,  a n d  l a n d  u s e  c h a n g e s ,  m a s s  

f e l l i n g  o f  t r e e s  a n d  o v e r g a z i n g  e t c . ) .

( 1 8 )  B e s id e s  c o m m u n i t y  s u c c e s s i o n ,  t h e  e c o s y s ­

t e m  a l s o  u n d e r g o e s  t h e  p r o c e s s  o f  s u c c e s s i o n a l  c h a n g e s .  

A c c o r d i n g  t o  E . P .  O d u m  ( 1 9 6 2 )  ‘e c o l o g i c a l  s u c c e s ­

s i o n  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  p r o c e s s e s  w h i c h  

r e s u l t s  f r o m  t h e  c o m m u n i t y  m o d i f y i n g  t h e  e n v i r o n ­

m e n t ’ . A c c o r d i n g  t o  R . H .  W h i t t a k e r  ( 1 9 5 3 )  t h e  

s u c c e s s i o n a l  d e v e l o p m e n t  o f  e c o s y s t e m  i s  c h a r a c ­

t e r i s e d  b y  f o u r  m a j o r  c h a n g e s  i n  t h e  e o c y s t e m  v i z .  ( i )  

P r o g r e s s i v e  i n c r e a s e  i n  t h e  c o m p l e x i t y  a n d  d i v e r s i t y  

o f  c o m m u n i t y ,  ( i i )  P r o g r e s s i v e  i n c r e a s e  i n  t h e  

s t r u c t u r e  a n d  p r o d u c t i v i t y  o f  e c o s y s t e m ,  ( i i i )  I n ­

c r e a s e  i n  s o i l  m a t u r i t y ,  a n d  ( i v )  I n c r e a s e  i n  i e l a t i v e  

s t a b i l i t y  a n d  r e g u l a r i t y  o f  p o p u l a t i o n s  w i t h i n  t h e  

e c o s y s t e m  a n d  s t a b i l i t y  o f  t h e  e c o s y s t e m  i t s e l f .

( 1 9 )  M a n ,  b e i n g  a n  a c t i v e  a g e n t  o f  e n v i r o n m e n ­

ta l  c h a n g e ,  m o d i f i e s  t h e  e c o s y s t e m  t h r o u g h  t h e  e x p l o i ­

t a t i o n  o f  n a t u r a l  r e s o u r c e s .  H e  r e d u c e s  t h e  e c o l o g i c a l  

d i v e r s i t y  a n d  c o m p l e x i t y  o f  t h e  e c o s y s t e m  b y  

r e m o v i n g  a  h o s t  o f  b i o t i c  c o m m u n i t i e s  f o r  d i f f e r e n t  

p u r p o s e s .  T h e  d i s r u p t i o n  o f  ‘ c l i m a x  v e g e t a t i o n ’ a n d  

e c o s y s t e m  s t a b i l i t y  i s  c a u s e d  b y  m a n  t h r o u g h  ( i )  

p u r e l y  d e s t r u c t i v e  a c t i o n s  ( f o r e s t  c l e a r a n c e  t h r o u g h  

m a s s  f e l l i n g  a n d  e x t e n s i v e  b u r n i n g ) ,  ( i i )  i n t r o d u c ­

t i o n  a n d  e s t a b l i s h m e n t  o f  n e w  t y p e s  o f  v e g e t a t i o n  i n  

t h e  e c o s y s t e m  w h i c h  w e r e  p r e v i o u s l y  n o t  p r e s e n t  i n  

t h a t  e c o s y s t e m  ( t o r  e x a m p l e ,  n a t u r a l  f o r e s t  r e p l a c e d  

b y  f o o d  c r o p s ) ,  ( i i i )  i n t r o d u c t i o n  o f  s p e c i e s  o f  p l a n t s  

a n d  a n i m a l s  i n t o  t h e  a r e a s  b e y o n d  t h e i r  n a t i v e  

p l a c e s ,  ( i v )  f a r m i n g  p r a c t i c e s  ( f o r  e x a m p l e ,  b y  

a l l o w i n g  t h e  e c o n o m i c  p l a n t s ,  s u c h  a s  f o o d  c r o p s ,  t o  

g r o w  w h i l e  d e s t r o y i n g  t h e  U n w a n t e d  o r  u n e c o n o m i ­

c a l  p l a n t s ,  s u c h  a s  w e e d s  a n d  b u s h e s  t h r o u g h  t h e  

a p p l i c a t i o n  o f  h e r b i c i d e s  a n d  p e s t i c i d e s ) ,  ( v )  h a b i t a t  

c h a n g e s ,  a n d  ( v i )  c o n s t r u c t i o n a l  a c t i o n s  ( s u c h  a s  

r o a d s ,  s e t t l e m e n t s ,  u r b a n i s a t i o n ,  f i e l d  d r a i n a ° e .  

c a n a l s  e t c . ) .

( 2 0 )  T h e  u l t i m a t e  g o a l  o f  e c o l o g i c a l  s t u d y  i s  t o  

p r e s e r v e  e c o l o g i c a l  r e s o u r c e s  b y  m a i n t a i n i n g  t h e  

e c o l o g i c a l  d i v e r s i t y  a n d  e c o s y s t e m  s t a b i l i t y .  ' P r e s e r v ­

i n g  d i v e r s i t y  i n  a  w o r l d  o f  r a p i d l y  s h r i n k i n g  l a n d  

r e s o u r c e s  w i l l  r e q u i r e  a  p r o m p t  a n d  u n i v e r s a l  

r e s p o n s e  o n  a n  a p p r o p r i a t e  a p p l i c a t i o n  o f  e c o l o g i c a l  

k n o w l e d g e .  E v e r y  n a t i o n  s h o u l d  p o s s e s s  a n  i n v e n ­

t o r y  o f  i t s  b i o l o g i c a l  e n d o w m e n t '  ( J .  T e r b o r g h ,  

1 9 7 4 )  f o r  t h e  p u r p o s e f u l  e c o l o g i c a l  a n d  e n v i r o n ­

m e n t a l  m a n a g e m e n t  f o r  f u t u r e  g e n e r a t i o n  o f  h u m a n  

s o c i e t y  t o  w h i c h  t h e  p r e s e n t  s o c i e t y  h a s  t o  b e a r  the  

o b l i g a t i o n .
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E N V I R O N M E N T A L  G E O G R A P H Y

'  ,. T h e  e c o l o g i c a l  p r i n c i p l e s  m a y  b e  s u m m a r i s e d
US f o l l o w s  :

n a t u r a l  e c o s y s t e m  i s  a  f u n d a m e n t a l  u n i t  o f  

e c o l o g i c a l  s t u d y .

v  a t  t h e  l a r g e s t  s c a l e  t h e  w h o l e  o f  b i o s p h e r e  

b e c o m e s  a n  e c o s y s t e m ,  t h e  b i o t i c  a n d  a b i o t i c  

c o m p o n e n t s  o f  w h i c h  a r e  i n t i m a t e l y  r e l a t e d .

>  ‘ s u s t a i n e d  l i f e  o n  t h e  e a r t h  i s  a  c h a r a c t e r i s t i c  

o f  e c o s y s t e m ' .

>  ‘n o t h i n g  a c t u a l l y  d i s a p p e a r s  w h e n  w e  t h r o w  it 

a w a y ’ b e c a u s e  a l l  t h e  m a t e r i a l s  a r e  r e a r r a n g e d  

a n d  c y c l e d  a n d  r e c y c l e d  t h r o u g h  a  s e r i e s  o f  

c y c l i c  p a t h w a y s  ( g e o b i o c h e m i c a l  c y c l e s )  in  

t h e  n a t u r a l  e c o s y s t e m .

>  t h e  n a t u r a l  r e s o u r c e s  a r e  f i n i t e  a n d  a r e  p u b l i c  

p r o p e r t y .

>- ‘n a t u r e  h a s  s p e n t  m i l l i o n s  o f  y e a r s  t o  r e f i n e  a  

s t a b l e  e c o s y s t e m . ’

>  t h e  p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  p r o c ­

e s s e s  f o l l o w  t h e  p r i n c i p l e  o f  u n i  f o r m i t a r i a n i s m .

>  a l l  l i v i n g  o r g a n i s m s  a n d  p h y s i c a l  e n v i r o n ­

m e n t s  a r e  i n t e r d e p e n d e n t  a n d  m u t u a l l y  i n t e r ­

a c t i v e .

>  e c o s y s t e m  f u n c t i o n s  t h r o u g h  t h e  i n p u t  o f  

m a i n l y  s o l a r  e n e r g y .

>■ t h e r e  i s  u n i d i r e c t i o n a l  f l o w  o f  e n e r g y  t h r o u g h  

v a r i o u s  t r o p h i c  l e v e l s  i n  n a t u r a l  e c o s y s t e m .

>■ a s  t h e  d i s t a n c e  b e t w e e n  t h e  o r g a n i s m s  o f  a  

g i v e n  t r o p h i c  l e v e l  i n  a  n a t u r a l  e c o s y s t e m  a n d  

t h e  i n i t i a l  s o u r c e  o f  e n e r g y  ( t r o p h i c  l e v e l  o n e  

o f  t h e  g r e e n  p l a n t s )  i n c r e a s e s  t h e  p r o b a b i l i t y  

o f  t h e  o r g a n i s m s  t o  d e p e n d  e x c l u s i v e l y  o n  t h e  

p r e c e d i n g  t r o p h i c  l e v e l  f o r  e n e r g y  d e c r e a s e s .

>  t h e  r e l a t i v e  l o s s  o f  e n e r g y  d u e  t o  r e s p i r a t i o n  

i n c r e a s e s  w i t h  h i g h e r  t r o p h i c  l e v e l s .

>  t h e  c h e m i c a l  ( i n o r g n a i c )  a n d  o r g a n i c  s u b ­

s t a n c e s  a r e  c i r c u l a t e d  a m o n g  t h e  v a r i o u s  

c o m p o n e n t s  o f  t h e  b i o s p h e r e  t h r o u g h  a  s e r i e s  

o f c l o s e d  s y s t e m  o f  c y c l e s  c o l l e c t i v e l y  k n o w n  

a s  g e o b i o c h e m i c a l  c y c l e s .

>  t h e  e c o s y s t e m  p r o d u c t i v i t y  a n d  e c o l o g i c a l  

p r o d u c t i o n  d e p e n d  o n  ( i )  t h e  a v a i l a b i l i t y  o f  

t h e  a m o u n t  o f  s o l a r  e n e r g y  t o  t h e  p r i m a r y  

p r o d u c e r s  ( a u t o t r o p h i c  g r e e n  p l a n t s )  a t  t r o p h i c  

l e v e l  o n e ,  a n d  ( i i )  t h e  e f f i c i e n c y  o f  p l a n t s  t o  

c o n v e r t  s o l a r  e n e r g y  i n t o  c h e m i c a l  ( f o o d )  

e n e r g y .

>  t h e r e  i s  m a r k e d  p o s i t i v e  c o r r e l a t i o n  b e t w e e n

. s o l a r  r a d i a t i o n  a n d  p r i m a r y  e c o l o g i c a l  p r o ­

d u c t i v i t y .

>  t h e  n a t u r a l  e c o s y s t e m  a t t a i n s  i t s  s t a b i l i t y  J |

t h r o u g h  h o m e o s t a t i c  m e c h a n i s m .

>  i n c r e a s e  i n  t h e  d i v e r s i t y  o f  f o o d  w e b s

p r o m o t e s  e c o s y s t e m  s t a b i l i t y  a n d  e c o l o g i c a l  

b a l a n c e .  |

>  e c o s y s t e m  i n s t a b i l i t y  a n d  e c o l o g i c a l  i m b a l -  1

a n c e  r e s u l t  w h e n  a n  e c o s y s t e m  b e c o m e s  

u n a b l e  t o  a d j u s t  w i t h  e n v i r o n m e n t a l  c h a n g e s ,  

w h e t h e r  n a t u r a l  o r  a n t h r o p o g e n i c .  

>• e v o l u t i o n  o f  s p e c i e s  r e p r e s e n t s  t h e  i n h e r e n t l y

d y n a m i c  n a t u r e  o f  e c o s y s t e m ,  w h e r e i n  t h e r e  

i s  g r a d u a l  s p e c i a t i o n  b y  t h e  p r o c e s s  o f  

‘ n a t u r a l  s e l e c t i o n ’ a n d  ‘a d a p t a t i o n ’ ( D a r w i n )  

b u t  t h e r e  i s  a l s o  s p o n t a n e o u s  a n d  a b r u p t  

e v o l u t i o n  o f  s p e c i e s  t h r o u g h  t h e  p r o c e s s  o f  

‘m u t a t i o n ’ ( D e  V r i e s ) .

>  " r e p r o d u c t i v e  i s o l a t i o n ’ i s  a n o t h e r  a s p e c t  o f  

e v o l u t i o n  o f  m o r p h o l o g i c a l l y  d i f f e r e n t i a t e d  

p o p u l a t i o n s  o f  s p e c i e s .

>• t h e r e  i s  s u c c e s s i o n a l  d e v e l o p m e n t  o f  v e g e t a ­

t i o n  c o m m u n i t y  t h r o u g h  t h e  p h a s e s  o f  n u d a t i o n ,  

m i g r a t i o n .  e c e s i s ,  r e a c t i o n  a n d  s t a b i l i z a t i o n .

>  t h e  v e g e t a t i o n  c o m m u n i t y  d e v e l o p e d  a t  t h e  

e n d  o f  s u c c e s s i o n  b e c o m e s  ‘c l i m a x  v e g e t a ­

t i o n ’ o r  ‘d i m a x c o m m u n i t y ’ o r  ‘c l i m a t i c c l i m x ’ .

>  b e s i d e s  c o m m u n i t y  s u c c e s s i o n ,  t h e  e c o s y s ­

t e m  a l s o  u n d e r g o e s  t h e  p r o c e s s  o f  s u c c e s ­

s i o n a l  c h a n g e s .

>• t h e  u l t i m a t e  g o a l  o f  e c o l o g i c a l  s t u d y  i s  t o

c o n s e r v e  a n d  p r e s e r v e  e c o l o g i c a l  r e s o u r c e s  

b y  m a i n t a i n i n g  t h e  e c o l o g i c a l  d i v e r s i t y  

( b i o d i v e r s i t y )  a n d  r i c h n e s s ,  a n d  e c o s y s t e m  

s t a b i l i t y .  *•

"• • • i; '.i : •. - * \  •..•.,tmy> r v *■'<-1 ' -.

4.5 ECOLOGICAL NICHE

T h e  c o n c e p t  o f  ‘ e c o l o g i c a l  n i c h e ’ w a s  f i r s t  

i n t r o d u c e d  b y  J .  G r i n e l  i n  1 9 1 7  b u t  i t  w a s  d e v e l o p e d  

b y  C h a r l e s  E l t o n  i n  t h e  y e a r  1 9 2 7 .  G . E .  H u t c h i n s o n  

p r o p o s e d  m o r e  b i o p h y s i c a l  d e f i n i t i o n  o f  e c o l o g i c a l  

n i c h e .  T h e  t e r m  o f  e c o l o g i c a l  n i c h e  h a s  b e e n  u s e d  i n  

d i f f e r e n t  c o n t e x t s  b y  t h e  e c o l o g i s t s  s u c h  a s  e c o l o g i ­

c a l  n i c h e  a s  a  p a r t i c u l a r  f u n c t i o n  p l a y e d  b y  a  s p e c i f i c  

s p e c i e s  i n  a  g i v e n  e c o s y s t e m  ( r o l e  o f  s p e c i e s ) ;  a s  a  

h a b i t a t  o f  s p e c i f i c  s p e c i e s  i n  a  g i v e n  e c o s y s t e m  

r e p r e s e n t i n g  t o t a l  e n v i r o n m e n t a l  c o n d i t i o n  ( h a b i t a t  

f a c t o r )  o r  a s  a  d i s t r i b u t i o n a l  p a t t e r n  o f  s p e c i e s  i n  

e c o s y s t e m  ( c o m m u n i t y  r o l e )  e t c .

I t  m a y  b e  m e n t i o n e d  t h a t  i n  a  n a t u r a l  

e c o s y s t e m  t h e r e  a r e  s e v e r a l  s p e c i e s  o f  p l a n t  a n d  

a n i m a l  c o m m u n i t i e s  a n d  s p e c i e s  o f  e a c h  c o m m u n i t y  

p l a y  d i f f e r e n t  r o l e s  i n  g e t t i n g  f o o d  a n d  t h u s  e a c h
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c o m m u n i t y  i s  c o n f i n e d  so a  c e r t a i n  l o c a l i t y .  S u c h  

l o c a l i t y  h a v i n g  i d e a l  e n v i r o n m e n t a l  c o n d i t i o n s  

w h i c h  a r e  s u i t a b l e  f o r  t h e  s u r v i v a l  o f  s p e c i f i c  s p e c i e s  

i s  c a l l e d  n i c h e .  T h e  s p e c i e s  o f  a  g i v e n  n i c h e  m a y  n o t  

s u r v i v e  in  o t h e r  n i c h e s .  I t  i s  a l s o  i m p o r t a n t  t o  n o t e  

t h a t  t h e r e  a r e  n u m e r o u s  n i c h e s  in  a  g i v e n  n a t u r a l  

e c o s y s t e m .

T h u s ,  e c o l o g i c a l  n i c h e  m a y  b e  d e f i n e d  a s  ‘t h e  

f u n c t i o n a l  r o l e  a n d  p o s i t i o n  ( m i c r o - h a b i t a t )  o f  

s p e c i e s  in  i t s  e c o s y s t e m ,  i n c l u d i n g  w h a t  r e s o u r c e s  it  

u s e s ,  h o w  a n d  w h e n  i t  u s e s  t h e  r e s o u r c e s ,  a n d  h o w  it 

i n t e r a c t s  w i t h  o t h e r  s p e c i e s ’ .

W . P .  a n d  M . A .  C u n n i g h a m ,  2 0 0 3

T h e r e  a r e  t e m p o r a l  c h a n g e s  i n  e c o l o g i c a l  

m i c h e  a s  t h e  s p e c i e s  d e v e l o p  n e w  w a y s  t o  e x p l o i t  

r e s o u r c e s .  T h u s ,  i t  b e c o m e s  d i f f i c u l t  f o r  t w o  s p e c i e s  

t o  i n h a b i t  t h e  s a m e  n i c h e .  I n  s u c h  c a s e s  t h e  l a w  o f  

c o m p e t i t i v e  e x c lu s io n  w o r k s ,  w h i c h  s t a t e s  t h a t  ‘n o  

t w o  s p e c i e s  w i l l  o c c u p y  t h e  s a m e  n i c h e  a n d  c o m p e t e  

f o r  e x a c t l y  t h e  s a m e  r e s o u r c e s  i n  t h e  s a m e  h a b i t a t  f o r  

v e r y  l o n g ’ ( C u n n i g h a m  a n d  C u n n i g h a m ,  2 0 0 3 ) .  In  

s u c h  s i t u a t i o n ,  o n e  s p e c i e s  m a y  a d o p t  a  f e w  

a l t e r n a t i v e  p a t h s  e . g .  ( i )  e i t h e r  o n e  s p e c i e s  m a y  

m i g r a t e  t o  n e w  n i c h e ,  o r  ( i i )  m a y  b e c o m e  e x t i n c t ,  o r

( i i i )  m a y  c h a n g e  p h y s i o l o g i c a l  b e h a v i o u r  f o r  t h e  

c o m p e t i t i o n  o f  s a m e  r e s o u r c e s .  T h e  p r o c e s s  o f  

m i n i m i z a t i o n  o f  c o m p e t i t i o n  f o r  r e s o u r c e s  i n  c a l l e d  

r e s o u r c e  p a r t i t io n  w h i c h  ‘c a n  a l l o w  s e v e r a l  s p e c i e s  

t o  u t i l i z e  d i f f e r e n t  p a r t s  o f  t h e  s a m e  r e s o u r c e  a n d  

c o e x i s t  w i t h i n  a  s i n g l e  h a b i t a t  ( n i c h e )  ( C u n n i g h a m  

a n d  C u n n i g h a m ,  2 0 0 3 ) ’ .

T h e  e c o s y s t e m  s t a b i l i t y  d e p e n d s  u p o n  t h e  

d i v e r s i t y  o f  n i c h e .  I n  f a c t ,  t h e  g r e a t e r  t h e  n i c h e  

d i v e r s i t y ,  t h e  m o r e  i s  e c o s y s t e m  s t a b i l i t y  b e c a u s e  o f  

l a r g e r  n u m b e r  o f  p a t h w a y s  f o r  t h e  f l o w  o f  e n e r g y  

a n d  l e s s  f l u c t u a t i o n  o f  s p e c i e s  p o p u l a t i o n .  T h e  

e c o s y s t e m  b e c o m e s  u n s t a b l e  i f  o n e  o r  m o r e  s p e c i e s  

a r e  e l i m i n a t e d  b e c a u s e  t h e n  t h e  n i c h e  b e c o m e s  

e m p t y  a n d  e n e r g y  p a t h w a y s  a r e  r e m a r k a b l y  r e d u c e d .

S . J .  M c N a u g h t o n  a n d  L . L .  W o l f  ( 1 9 7 0 )  h a v e  

o u t l i n e d  t h e  f o l l o w i n g  c h a r a c t e r i s t i c  f e a t u r e s  o f  

e c o l o g i c a l  n i c h e  :

►  T h e  n u m b e r  o f  s p e c i e s  i n  a  n i c h e  o f  a  n a t u r a l  

e c o s y s t e m  b e c o m e s  l a r g $  . w i t h  h i g h  a b u n ­

d a n c e  o f  r e s q m c e s - a ' n d  v i c e  v e r s a .

►  W i f h ' t h e  i n c r e a s e  i n  t h e  n u m b e r  o f  s p e c i e s  o f

a c o m m u n i t y  t h e  a v e r a g e  w i d t h  o f  n i c h e  o f

s p e c i e s  w i t h i n  t h a t  c o m m u n i t y  d e c r e a s e s  ( a n d

h e n c e  a v a i l a b i l i t y  o f  r e s o u r c e s  a l s o  d e ­
c r e a s e s ) .

►  D o m i n a n t  s p e c i e s  o c c u p y  e x t e n s i v e  a n d  

b r o a d e r  e c o l o g i c a l  n i c h e  i n  c o m p a r i s o n  t o  

l e s s  d o m i n a n t  s p e c i e s  b e c a u s e  t h e y  a r e
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s p e c i a l i s t s  a s  t h e y  h a v e  a d a p t e d  t h e m s e l v e s  t o  § %  

a  p a r t i c u l a r  n i c h e  h a v i n g  s i n g l e  d i m e n s i o n  o f  

e n v i r o n m e n t a l  v a r i a t i o n .

►  M o r e  s p e c i e s  m a y  b e  a d d e d  t o  t h e  e c o s y s t e m  

b y  ‘ c o m p r e s s i o n  o f  e x i s t i n g  n i c h e s  .

► I f  t h e  s i t e s  ( h a b i t a t s  o r  l o c a t i o n s )  a r e  m o s t  

e q u i t a b l e  h a v i n g  e q u i t a b l e  d i s t r i b u t i o n  o  

r e s o u r c e s ,  t h e  d o m i n a n c e  o f  a  p a r t i c u l a r  

s p e c i e s  b e c o m e s  m i n i m u m .

Q u o t e d  b y  C . C .  P a r k ,  1 9 8 0

A c c o r d i n g  t o  S . A .  W h i t t a k e r ,  a n d  R . B .  R o o t  

( 1 9 7 3 )  e c o l o g i c a l  n i c h e  a r e  a f f e c t e d  b y  3  t y p e s  o f  

v a r i a b l e s  e . g .  i n t e r - e c o l o g i c a l  n i c h e  a r e  a t t e c t e d  b y  

3  t y p e s  o f  v a r i a b l e s  e . g .  ( 1 )  i n t e r - c o m m u n i t y  

v a r i a b l e s  o r  h a b i t a t  v a r i a b l e s ,  ( 2 )  i n t r a - c o m m u n i t y  

v a r i a b l e s  o r  n i c h e  v a r i b l e s ,  a n d  ( 3 )  p o p u l a t i o n  

r e s p o n s e  v a r i a b l e s .  ( 1 )  H a b i t a t  v a r i a b l e s  i n c l u d e  

p h y s i c a l  f a c t o r s  s u c h  a s  r e l i e f  ( e l e v a t i o n ) ,  s l o p e ,  s o i l  

m o i s t u r e ,  s o i l  f e r t i l i t y  e t c .  T h e  c o m m u n i t y  g r a d i e n t  

( s p e c i e s  v a r i a t i o n s  a s  d e t e r m i n e d  b y  p h y s i c a l  

f a c t o r s )  a s  d e t e r m i n e d  b y  p h y s i c a l  e n v i r o n m e n t a l  

f a c t o r s  a r e  a l s o  i m p o r t a n t  f a c t o r s  w h i c h  d e t e r m i n e  

t h e  n a t u r e  o f  a  p a r t i c u l a r  e c o l o g i c a l  n i c h e .  ( 2 )  N i c h e  

v a r i a b l e s  i n c l u d e  h e i g h t  o f  t h e  l o c a t i o n  a b o v e  

g r o u n d  s u r f a c e ,  r e l a t i o n s h i p  t o  i n t r a c o m m u n i t y  

p a t t e r n  ( f o o d  h a b i t ,  f o o d  c h a i n  e t c . ) ,  s e a s o n a l  a n d  

d i u r n a l  t i m e ,  n u m b e r  a n d  s i z e  o f  p r e y ,  a n d  r a t i o  

b e t w e e n  n u m b e r  o f  a n i m a l s  a n d  p l a n t  f o o d  e t c .  ( 3 )  

P o p u la t io n  r e s p o n s e  v a r i a b l e s  i n c l u d e  p o p u l a t i o n  

d e n s i t y  ( o f  b o t h  p l a n t s  a n d  a n i m a l s ) ,  c o v e r a g e  o f  

s p e c i e s ,  f r e q u e n c y  o f  f e e d i n g ,  s u c c e s s  o f  r e p r o d u c ­

t i o n ,  f i t n e s s  o f  a n i m a l s  e t c .

( I n  C . C .  P a r k ,  1 9 8 0 )

4.6 DEEP ECOLOGY VS. SHALLOW  ECOLOGY

1. Deep Ecology

►  T h e  t e r m  d e e p  e c o l o g y  i s  r e l a t e d  t o  e n v i r o n m e n ­

t a l i s m  o r  i s  c o n s i d e r e d  a s  a  m o v e m e n t  o r  a

c o n c e p t  t h a t  p l e a d s  r a d i c a l  m e a s u r e s  t o  p r o t e c t

t h e  ,
n a t u r a l

e n v i r o n m e n t  i r r e s p e c t i v e  o f  t h e i r  e f f e c t s  o n  

h u m a n  w e l f a r e .

>• D e e p  e c o l o g y  c o n s i d e r s  h u m a n s  n o  m o r e  s i g ­

n i f i c a n t  t h a n  o t h e r  s p e c i e s  ( o f  p l a n t s  a n d  

a n i m a l s ) .  I n  o t h e r  w o r d s ,  a l l  l i f e  w h e t h e r  

h u m a n s  o r  p l a n t s  a n d  a n i m a l s ,  h a v e  e q u a l  

i m p o r t a n c e  o n  o u r  p l a n e t  e a r t h .

►  I n  t a c t ,  d e e p  e c o l o g y  b r i n g s  t o  f o c u s  t h e  f a c t  t h a t  

n a t u r e  a n d  m a n  a r e  t w o  f a c e s  o f  t h e  s a m e  c o i n  

a n d  t h u s  r e m o v e s  t h e  i l l u s i o n  t h a t  n a t u r e  and 

m a n  a r e  d i f f e r e n t .
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>  T h e  t e r m  ‘d e e p  e c o l o g y ’ w a s  f i r s t  c o i n e d  a n d  

i n t r o d u c e d  b y  N o r w a g i a n  a c t i v i s t  a n d  p h i l o s o ­

p h e r  A m i e s  N a e s s  in t h e  y e a r  1 9 7 2 .

>  T h e  c e n t r a l  t h e m e  o f  d e e p  e c o l o g y  is  t h a t  w e  a r e  

p a r t  o f  t h e  e a r t h  r a t h e r  t h a n  a p a r t ,  a n d  s e p a r a t e  

f r o m  it .

>  A r n i e  N a e s s  a d v o c a t e d  t o  h a v e  c l o s e  r e l a t i o n ­

s h i p s  b e t w e e n  d i f f e r e n t  a r e a s ,  b r i n g i n g  t o g e t h e r  

p e r s o n a l  a n d  s o c i a l  c h a n g e ,  s c i e n c e  a n d  s p i r i t u ­

a l i t y ,  e c o n o m i c s  a n d  e c o l o g y .

>- D e e p  e c o l o g y ,  t h u s ,  is  a n  e c o c e n t r i c  p h i l o s o p h y  

o r  v i e w  p o i n t  o f  r a d i c a l  e n v i r o n m e n t a l  m o v e ­

m e n t  t h a t  c o n s i d e r s  h u m a n s  a s  e q u a l  t o  o t h e r  

o r g a n i s m s  w i t h i n  t h e  g l o b a l  e c o s y s t e m .  T h e  

w o r d  ‘d e e p ’ is  u s e d  b e c a u s e  it a s k s  d e e p e r  

q u e s t i o n s  a b o u t  t h e  p l a c e  o f  h u m a n  l i f e ,  w h o  w e  

a r e .  In  f a c t ,  t h e  t e r m  ‘d e e p ’ a p p l i e s  t o  ‘d e e p n e s s  

o f  c h a n g e ’ a n d  ‘d e e p n e s s  o f  q u e s t i o n i n g ’ b u t  it 

d o e s  n o t  n e c e s s i t a t e  a n  ‘e c o c e n t r i c  v i e w ’ , s o  W .  

F o x  ( 1 9 9 0 )  s u g g e s t e d  t h e  a b a n d o n m e n t  o f  t h e  

t e r m  ‘d e e p  e c o l o g y ’ in  f a v o u r  o f  ‘e c o c e n t r i c ’ .

>  A r n i e  a l s o  i n t r o d u c e d  t h e  f o l l o w i n g  t e r m s  in 

1 9 7 2  i n t o  e n v i r o n m e n t a l  l i t e r a t u r e  :

( a )  d e e p  e c o l o g y  m o v e m e n t

( b )  e c o s o p h y

H e  d e f i n e d  ‘e c o s o p h y ’ a s  a  p h i l o s o p h y  o f  

e c o l o g i c a l  h a r m o n y  o r  e q u i l i b r i u m  in t h e  g l o b a l  

n a t u r a l  e c o s y s t e m / e n v i r o n m e n t a l  s y s t e m .

Prfnciples of Deep Ecology

( 1 )  H u m a n s  a n d  n o n - h u m a n s  ( a l l  l i f e  f o r m s  i n c l u d ­

i n g  p l a n t s  a n d  a n i m a l s  a n d  p h y s i c a l  e n v i r o n ­

m e n t )  o n  t h e  e a r t h  h a v e  i n t r i n s i c  v a l u e .

( 2 )  T h e  r i c h n e s s  a n d  d i v e r s i t y  o f  l i f e  f o r m s  a r e  

v a l u e s  in  t h e m s e l v e s .

( 3 )  H u m a n s  a r e  n o t  a b o v e  n a t u r e  a n d  t h e r e f o r e  t h e y  

s h o u l d  n o t  o v e r e x p l o i t  n a t u r a l  r e s o u r c e s  a n d  

r e d u c e  t h i s  r i c h n e s s .

( 4 )  F l o u r i s h i n g  o f  h u m a n  l i f e  a n d  c u l t u r e  t o g e t h e r  

w i t h  n o n - h u m a n  l i f e  o n  t h i s  e a r t h  r e q u i r e s  

s u b s t a n t i a l  d e c r e a s e  in  h u m a n  p o p u l a t i o n  t o  

m a i n t a i n  e c o l o g i c a l  e q u i l i b r i u m .

( 5 )  P r e s e n t l y ,  t h e  i n t e r f e r e n c e  o f  h u m a n b e i n g  w i t h  

n o n - l i v i n g  w o r l d  h a s  b e c o m e  e x c e s s i v e  a n d  

h e n c e  i t  s h o u l d  b e  m i n i m i s e d .

( 6 )  P r e s e n t - d a y  t e c h n o l o g y  b e i n g  n o n - e c o f r i e n d l y  

m u s t  b e  d r a s t i c a l l y  c h a n g e d .

( 7 )  T h e r e  s h o u l d  b e  i d e a l o g i c a l  c h a n g e  r e g a r d i n g  

s t a n d a r d  o f  l i f e  o f  t h e  w e s t e r n  i d e a l o g y  a n d  

c u l t u r e .  T h e  h i g h  q u a l i t y  o f  l i f e  s h o u l d  r e p l a c e  

t h e  t h i n k i n g  o f  h i g h  s t a n d a r d  o f  l i f e .

2. Shallow Ecology
! . ! ' •• ‘ <-M

>  T h e  t e r m  ‘s h a l l o w ’ i s  u s e d  f o r  t h o s e  a p p r o a c h e s  

w h i c h  a r e  c o n c e r n e d  p r i m a r i l y  w i t h  n a t u r a l  

r e s o u r c e  d e g r a d a t i o n  a n d  p o l l u t i o n .  I n  f a c t  t h e  

p h i l o s o p h y  o f  s h a l l o w  e c o l o g y  i s  m o r e  ‘a n t h r o -  

p o c e n t r i c ’ a s  i t  s e e k s  t o  s a v e  t h e  e a r t h  b u t  o n l y  

f o r  h u m a n s .  I t  s e e k s  t o  p r e s e r v e  w i l d e r n e s s  a r e a s  

f o r  t h e  r e c r e a t i o n  a n d  p l e a s u r e  o f  h u m a n s .  T h e  

s h a l l o w  e c o l o g y  w a n t s  u s  t o  s a v e  t h e  n a t u r a l  

e n v i r o n m e n t  a n d  t h e  e c o s y s t e m s  o n l y  i f  t h e y  a r e  

u s e f u l  a n d  v a l u a b l e  f o r  h u m a n  s o c i e t y .

>- S h a l l o w  e c o l o g y  b e l i e v e s  t h a t  n a t u r e  a n d  

h u m a n s  a r e  d i f f e r e n t  a n d  m a n  i s  s u p e r i o r  t o  t h e  

n a t u r e .  T h u s ,  n o  a m o u n t  o f  e f f o r t s  o f  e n v i r o n ­

m e n t a l i s m  c a n .  p r e v e n t  d i s t r u c t i o n  o f  n a t u r a l  

e n v i r o n m e n t  i f  t h e  p r e s e n t - d a y  t h i n k i n g  a n d  

c u l t u r e  t h a t  t h e  w o r l d  b e l o n g s  t o  i t  b y  r i g h t  a s  

m a n  is  e m p o w e r e d  t o  e x p l o i t  t h e  n a t u r a l  

r e s o u r c e s  i n  h i s  i n t e r e s t ,  i s  n o t  c h a n g e d .

>  A r n i e  N a e s s  a l s o  a r g u e d  t h a t  t h e  ‘s h a l l o w  

e c o l o g y  m o v e m e n t ’ i s  o r i e n t e d  o n l y  t o  f i g h t  

a g a i n s t  p o l l u t i o n  a n d  r e s o u r c e  d e p l e t i o n  i n o r d e r  

t o  s a f e g u a r d  t h a t  h e a l t h  o f  p e o p l e  i n  t h e  

d e v e l o p e d  w e s t e r n  w o r l d .

I t  m a y  b e  c o n c l u d e d  t h a t  ‘d e e p  e c o l o g y ’ i s  

‘e c o c e n t r i c ’ a n d  c o n s i d e r s  h u m a n s  a n d  n o n - h u m a n s  o n  

e q u a l  f o o t i n g  a n d  c o n s i d e r s  n a t u r a l  e n v i r o n m e n t  i n  

h o l i s t i c  m a n n e r  a n d  p l e a d s  f o r  t h e  s a f e g u a r d ,  c o n s e r v a ­

t i o n  a n d  p r e s e r v a t i o n  o f  a l l  p l a n t  a n d  a n i m a l  s p e c i e s  

b e c a u s e  t h e y  h a v e  t h e i r  i n t r i n s i c  v a l u e .  O n  t h e  o t h e r  

h a n d ,  ‘s h a l l o w  e c o l o g y ’ a d v o c a t e s  f o r  p r o t e c t i o n  o f  

n a t u r a l  r e s o u r c e s  a n d  c o n t r o l  o f  p o l l u t i o n  i n  t h e  i n t r e s t s  

o f  o n l y  h u m a n s .  T h u s ,  s h a l l o w  e c o l o g y  i s  s u c h  

e n v i r o n m e n t a l i s m  m o v e m e n t  w h i c h  i s  b a s e d  o n  ‘a n -  

t h r o p o c e n t r i c ’ v i e w  p o i n t .  B u t  d e e p  e c o l o g y  e n v i r o n ­

m e n t a l i s m  m o v e m e n t  a d v o c a t e s  f o r  b o t h ,  t h e  r a i s i n g  

a n d  m a i n t e n a n c e  o f  q u a l i t y  o f  h u m a n  l i f e  a s  w e l l  a s  

s a f e g u a r d i n g  t h e  n a t u r a l  e c o s y s t e m  a n d  m a i n t a i n i n g  

e c o l o g i c a l  e q u i l i b r i u m .
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E C O S Y S T E M

•i . .

5 .1  E C O S Y S T E M  : M EA N IN G  AND C O N C E P T

T h e  te rm  ‘e co sy s te m ’ w as  f ir s t  u sed  by  A .G . 

T a n s le y  in  1 9 3 5  w h o  d e f in e d  e c o s y s te m  as ‘a 

p a r t ic u la r  c a te g o ry  o f  p h y s ic a l  s y s te m s , c o n s is tin g  

o f  o rg a n is m s  a n d  in o rg a n ic  c o m p o n e n ts  in a 

r e la t iv e ly  s ta b le  e q u i l ib r iu m , o p e n  a n d  o f  v a rio u s  

s iz e s  a n d  k in d s ’ . A c c o rd in g  to  T a n s le y  th e  e c o sy s te m  

is  c o m p r is e d  o f  tw o  m a jo r  p a r ts  v iz . b io m e  ( th e  

w h o le  c o m p le x  o f  p la n ts  a n d  a n im a ls  o f  a  p a r t ic u la r  

s p a t ia l  u n i t )  a n d  h a b i ta t  (p h y s ic a l  e n v iro n m e n t)  an d  

th u s  ‘a ll  p a r t s  o f  s u c h  a n  e c o s y s te m -o rg a n ic  a n d  

in o rg a n ic ,  b io m e  a n d  h a b i ta t -m a y  b e  r e g a rd e d  as 

in te r a c t in g  f a c to r s  w h ic h , in  a  m a tu re  e c o s y s te m , a re  

in  a p p r o x im a te  e q u i l ib r iu m , i t  is  th ro u g h  th e ir  

in te r a c t io n s  th a t  th e  w h o le  .s y s te m  is  m a in ta in e d ’ 

(A .G . T a n s le y ,  1 9 3 5 ) . F .R . F o s b e r g  (1 9 6 3 )  h a s  

d e f in e d  e c o s y s te m  a s  ‘a  f u n c t io n in g ,  in te r a c t in g  

s y s te m  c o m p o s e d  o f  o n e  o r  m o re  l iv in g  o rg a n is m s  

a n d  th e i r  e f f e c t iv e  e n v i ro n m e n t ,  b o th  p h y s ic a l  a n d  

b io lo g ic a l ’ .

A c c o r d in g  to  R .L . L in d e m a n  ( 1 9 4 2 )  th e  te rm  

e c o s y s te m  a p p l ie s  to  ‘a n y  s y s te m  c o m p o s e d  o f  

p h y s ic a l - c h e m ic a l - b io lo g ic a l  p r o c e s s e s ,  w i th in  a  

s p a c e - t im e  u n i t  o f  a n y  m a g n i tu d e ’ . In  E .P .  O d u m ’s 

v ie w  ( 1 9 7 1 )  ‘l iv in g  o rg a n is m s  a n d  th e i r  n o n - l iv in g  

( a b o i t i c )  e n v i r o n m e n t  a r e  in s e p a r a b ly  in t e r r e la te d

an d  in te ra c t u p o n  e a c h  o th e r . A n y  u n i t  th a t  in c lu d e s  

a ll o f  th e  o rg a n ism s  ( i .e .  th e  c o m m u n ity )  in  a  g iv e n  

a re a  in te ra c t in g  w ith  th e  p h y s ic a l  e n v i r o n m e n t  s o  

th a t a  f lo w  o f  e n e rg y  le a d s  to  c le a r ly  d e f in e d  t r o p h ic  

s tru c tu re , b io tic  d iv e rs i ty  a n d  m a te r ia l  c y c le  ( i .e .  

e x c h a n g e  o f  m a te r ia ls  b e tw e e n  liv in g  a n d  n o n - l iv in g  

p a r ts )  w ith in  th e  s y s te m  is a n  e c o lo g ic a l  s y s te m  o r  

e c o s y s te m ’.

A c c o rd in g  to  A . N . S t r a h le r  a n d  A .H .S tr a h le r  

(1 9 7 6 ) , ‘th e  to ta l  a s s e m b la g e  o f  c o m p o n e n ts  in te r ­

a c tin g  w ith  g ro u p  o f  o rg a n is m s  is  k n o w n  as  

e c o lo g ic a l  s y s te m  o r  m o re  s im p ly , a n  e c o s y s te m . 

E c o s y s te m s  h a v e  in p u ts  o f  m a t te r  a n d  e n e r g y ,  u s e d  

to  b u ild  b io lo g ic a l  s t r u c tu r e  ( th e  b io m a s s ) ,  to  

p ro d u c e  a n d  to  m a in ta in  n e c e s s a ry  in te rn a l  e n e r g y  

le v e ls .  M a tte r  a n d  e n e rg y  a re  a ls o  e x p o r te d  f r o m  a n  

e c o s y s te m . A n  e c o s y s te m  te n d s  to  a c h ie v e  a  b a la n c e  

o f  th e  v a r io u s  p r o c e s s e s  a n d  a c t iv i t ie s  w ith in  i t ’ .

B a s e d  o n  th e  c o n te n ts  o f  a b o v e  d e f in i t io n s  o f  

e c o s y s te m  p ro v id e d  b y  v a r io u s  s c ie n t i s t s  i t  m a y  b e  

p o in te d  o u t  th a t  ‘e c o s y s te m s  a re  th e r e f o r e  u n i t i e s  o f  

o r g a n is m s  c o n n e c te d  to  o n e  a n o th e r  a n d  to  th e i r  

e n v i r o n m e n t ’ (P .A . F u r le y  a n d  W .W . N e w e y ,  1983)* 

‘a n d  th e  e c o s y s te m  is  th u s  th e  s u m  o f  a l l  n a tu ra l  

o r g a n is m s  a n d  s u b s ta n c e s  w ith in  a n  a r e a ,  a n d  i t  c a n  

b e  v ie w e d  a s  a  b a s ic  e x a m p le  o f  a n  o p e n  s y s te m  in  

p h y s ic a l  g e o g r a p h y ’ (C .C . P a rk ,  1 9 8 0 ). S tr e s s in g
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t h e  im p o r ta n c e  o f  e c o s y s te m  C .C . P a rk  fu r th e r  s a y s  

th a t  ‘e c o s y s te m s  a re  re g a rd e d  by  m a n y  e c o lo g is ts  to  

b e  th e  b a s ic  u n its  o f  e c o lo g y  b e c a u s e  th e y  a re  

c o m p le x ,  in te rd e p e n d e n t  a n d  h ig h ly  o rg a n ise d  

s y s te m s ,  a n d  b e c a u s e  th e y  a re  th e  b a s ic  b u ild in g  

b lo c k s  o f  th e  b io s p h e r e ’ .

‘In  a  m o re  lu c id  s ty le  a n d  s im p le  te rm  an 

e c o s y s te m  m a y  b e  d e f in e d  a s  a  fu n d a m e n ta l 

fu n c t io n a l  u n i t  o c c u p y in g  s p a tia l  d im e n s io n  o f  

‘e a r th  s p a c e  s h ip ’ c h a ra c te r is e d  by  to ta l a s s e m b la g e  

o f  b io t ic  c o m m u n ity  a n d  a b io tic  c o m p o n e n ts  a n d  

th e ir  m u tu a l  in te ra c t io n s  w ith in  a  g iv e n  tim e  u n i t ’ . 

(S a v in d ra  S in g h , 19 91 )

Properties of Ecosystems

- y , ' .
T h e  e c o s y s te m s  a re  c h a ra c te r iz e d  by  th e  

fo l lo w in g  b a s ic  p ro p e r t ie s  :

►  E c o s y s te m  o f  a n y  g iv e n  s p a c e - t im e  u n it 

r e p re s e n ts  th e  su m  o f  a ll l iv in g  o rg a n is m s  an d  

p h y s ic a l e n v iro n m e n t.

>  It is c o m p o se d  o f  th re e  b a s ic  c o m p o n e n ts  v iz . 

e n e rg y , b io t ic  (b io m e )  a n d  a b io tic  (h a b ita t)  

c o m p o n e n ts .

>  It o c c u p ie s  c e r ta in  w e ll d e f in e d  a re a  o n  th e  

e a r th - s p a c e s h ip  (s p a t ia l  d im e n s io n ) .

>■ It is v ie w e d  in  te rm s  o f  t im e -u n it  ( te m p o ra l 

d im e n s io n ) .

>  T h e re  a re  c o m p le x  s e ts  o f  in te ra c t io n s  b e ­

tw e e n  b io tic  a n d  a b io tc  c o m p o n e n ts  ( in c lu d ­

in g  e n e rg y  c o m p o n e n t)  o n  th e  o n e  h a n d  an d  

b e tw e e n  a n d  a m o n g  th e  o rg a n is m s  o n  th e  

o th e r  h a n d .

►  It is  an  o p e n  s y s te m  w h ic h  is  c h a ra c te r is e d  by  

c o n t in u o u s  in p u t a n d  o u tp u t o f  m a t te r  a n d  

e n e rg y .

►  It te n d s  to  b e  in re la t iv e ly  s ta b le  e q u i l ib r iu m  

u n le s s  th e re  is d is tu rb a n c e  in o n e  o r  m o re  

c o n tro l l in g  f a c to rs  ( l im it in g  fa c to rs ) .

>  It is  p o w e re d  by  e n e rg y  o f  v a r io u s  s o r ts  b u t 

th e  s o la r  e n e rg y  is  th e  m o s t s ig n if ic a n t .

►  I t is  a  fu n c tio n a l  u n it  w h e re in  th e  b io t ic  

c o m p o n e n ts  ( p la n ts ,  a n im a ls  in c lu d in g  m a n  

a n d  m ic ro -o r g a n is m s )  a n d  a b io t ic  (p h y s ic a l  

e n v i r o n m e n t)  c o m p o n e n ts  ( in c lu d in g  e n e rg y  

c o m p o n e n t )  a re  in t im a te ly  r e la te d  to  e a c h  

o th e r  th ro u g h  a  s e r ie s  o f  la rg e - s c a le  c y c l ic  

m e c h a n is m s  v iz . e n e rg y  f lo w , w a te r  c y c le ,

b i o - g e o c h e m i c a l  c y c le ,  m in e r a l  c y c le ,  s e d i ­

m e n t  c y c le  e tc .

>  E c o s y s te m  h a s  i ts  o w n  p r o d u c t iv i ty  w h ic h  is  

th e  p ro c e s s  o f  b u i ld in g  o r g a n ic  m a t t e r  b a s e d  

o n  th e  a v a i l a b i l i ty  a n d  a m o u n t  o f  e n e r g y  

p a s s in g  th ro u g h  th e  e c o s y s te m .  T h e  p r o d u c ­

t iv i ty  r e f e r s  to  th e  r a te  o f  g r o w th  o f  o r g a n ic  

m a t te r  in  a n  a e ra l  u n i t  p e r  t im e - u n i t .

>  E c o s y s te m  h a s  s c a le  d im e n s io n  i .e .  i t  v a r i e s  in  

sp a t ia l  c o v e r a g e .  I t  m a y  b e  a s  s m a l l  a s  a  

c o w s h e d , a  t r e e  o r  e v e n  a  p a r t  o f  a  t r e e  h a y in g  

c e r ta in  m ic r o - o r g a n is m s .  T h e  l a r g e s t  u n i t  is  

th e  w h o le  b io s p h e r e .  T h u s  th e  e c o s y s te m s  

m a y  b e  d iv id e d  in to  s e v e r a l  o r d e r s  o n  th e  

b a s is  o f  s p a t ia l  d im e n s io n .  I t  is  c l e a r  th a t  ‘th e  

e c o s y s te m  is  a  c o n v e n ie n t  s c a le  a t  w h ic h  to  

c o n s id e r  p la n ts  a n d  a n im a ls  a n d  t h e i r  i n t e r a c ­

t io n  b e c a u s e  it  is  m o r e  lo c a l i s e d  a n d  th u s  m o re  

s p e c if ic  th a n  th e  b io s p h e r e  in  i t s  e n t i r e t y ,  a n d  

it in c lu d e s  a  s u f f i c i e n t  w id e  r a n g e  o f  i n d i ­

v id u a l o rg a n is m s  to  m a k e  r e g io n a l  g e n e r a l i ­

z a t io n s  f e a s ib le  a n d  v a l u a b l e ’ ( C .C .  P a r k ,  

1 9 8 0 )..

>  T h e re  a re  d i f f e r e n t  s e q u e n c e s  o f  e c o s y s t e m  

d e v e lo p m e n t .  T h e  s e q u e n c e  o f  e c o s y s t e m  

d e v e lo p m e n t  in  te r m  o f  a  p a r t i c u l a r  s u i t e  o f  

p h y s ic a l  a n d  c h e m ic a l  c o n d i t i o n s  is  c a l l e d  a s  

‘s e r e ’. A  ‘s e r e ’ r e p r e s e n t s  th e  d e v e l o p m e n t  o f  

a  s e r ie s  o f  s e q u e n t i a l  s u c c e s s io n s  s t a r t i n g  

fro m  p r im a ry  s u c c e s s io n  a n d  c u l m i n a t i n g  in to  

th e  la s t  s u c c e s s io n  in  a  s e r e  a s  ‘c lim ax’ o r  

‘c lim a tic  c l im a x ’ w h ic h  is  th e  m o s t  s t a b l e  

s i tu a t io n  o f  a n  e c o s y s te m .  T h u s ,  t h e  s t u d y  o f  

e c o s y s te m  d e v e lo p m e n t  m a y  h e lp  in  e n v i r o n ­

m e n ta l  p l a n n in g  f r o m  e c o lo g i c a l  p o i n t  o f  

v ie w .

>  E cosystem s are natural reso u rce  s y s te m s .

>  E cosystem  co n cep t is  m o n ist ic  in  that e n v i ­

ronm ent (ab io tic  co m p o n en t), m an , a n im a ls , 

plants and m icro -o rg a n ism s (b io t ic  c o m p o ­

nents) are put togeth er  in a s in g le  fram ew ork  

so  that it b eco m es e a sy  to  stu d y  th e  pattern s  

o f  in teractions am on g  th ese  c o m p o n e n ts .

>  It is structured and w e ll o r g a n iz ed  s y s te m .

> [°T c o n v e n ic n c e ’ "»ay b e  s tu d ied

theas ,n J a f  m ° d e l’ b y  c o n < *n tratin g  on  
the study o f  input v a r ia b les  and re la ted  output

ariables w h ile  the inp ut v a r ia b le s  m a y  be  

ignored  to  red u ce th e c o m p le x ity .
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5 .2  T Y P E S  O F  E C O S Y S T E M S

E c o s y s te m s  m a y  b e  id e n tif ie d  a n d  c la s s if ie d  

on  v a r io u s  b a s e s ,  w ith  d if f e re n t  p u rp o se s  an d  

o b je c t iv e s  as o u tl in e d  b e lo w  :

(1 ) O n  t h e  b a s is  o f  h a b i t a t s  : T h e  h a b ita ts  

e x h ib it  p h y s ic a l e n v iro n m e n ta l c o n d itio n s  o f  a 

p a r t ic u la r  s p a tia l  u n it  o f  th e  b io sp h e re . T h e se  

p h y s ic a l c o n d itio n s  d e te rm in e  th e  n a tu re  a n d  c h a r ­

a c te r is t ic s  o f  b io tic  c o m m u n itie s  an d  th e re fo re  th e re  

a re  s p a tia l  v a r ia t io n s  in  th e  b io tic  c o m m u n itie s . 

B ase d  o n  th is  p re m is e  th e  w o rld  e c o s y s te m s  a re  

d iv id e d  in to  tw o  m a jo r  c a te g o r ie s  v iz . (A ) te r re s tr ia l  

ecosystem s, a n d  (B ) a q u a tic  ecosystem s. T h e re  a re  

fu r th e r  v a r ia t io n s  in  th e  te r re s tr ia l  e c o s y s te m s  in  

te rm s  o f  p h y s ic a l  c o n d it io n s  a n d  th e ir  re s p o n se s  to  

b io tic  co m m u n itie s . T h ere fo re , the  te rrestria l eco system s 

a re  fu r th e r  d iv id e d  in to  s u b -c a te g o r ie s  o f  ( i)  u p la n d  

o r  m o u n ta in  e c o s y s te m s , ( i i )  lo w la n d  e c o sy s te m s , 

( i i i )  w a rm  d e s e r t  e c o s y s te m s , a n d  ( iv )  c o ld  d e se r t  

e c o s y s te m s . T h e s e  s u b e c o s y s te m s  m a y  b e  fu r th e r  

d iv id e d  in to  d e s c e n d in g  o rd e rs  d e p e n d in g  on  sp e c if ic  

p u rp o s e s  a n d  o b je c t iv e s  o f  s tu d ie s . (B ) T h e  a q u a tic  

e c o s y s te m s  a re  s u b d iv id e d  in to  tw o  b ro a d  c a te g o rie s

( i)  f r e s h w a te r  (o n  c o n t in e n ts )  e c o s y s te m s , a n d  (ii) 

m a r in e  e c o s y s te m s .  F re s h  w a te r  e c o s y s te m s  (B i)  a re  

fu r th e r  d iv id e d  in to  (B ia )  r iv e r  e c o s y s te m s , (B ib )  

la k e  e c o s y s te m s ,  (B ic )  p o n d  a n d  ta n k  e c o s y s te m s , 

(B id )  m a rs h  a n d  b o g  e c o s y s te m s  w h ile  (B ii)  m a rin e  

e c o s y s te m s  a re  d iv id e d  in to  (B iia )  o p e n  o c ea n  

e c o s y s te m s ,  ( B i ib )  c o a s ta l  e s tu a r in e  e c o s y s te m , 

(B i i ic )  c o ra l  r e e f  e c o s y s te m , o r  c a n  b e  a l te rn a t iv e ly  

d iv id e d  in to  (B i ia )  o c e a n  s u r f a c e  e c o s y s te m s , a n d  

(B iib )  o c e a n  b o t to m  e c o s y s te m s .

(2 ) O n th e  b a s is  o f  eco c lin es  : E c o c l in e  

m e a n s  a  b ro a d  t r a n s i t io n  b e tw e e n  tw o  d i f f e r e n t  

e c o s y s te m s  o f  m a in ly  p la n t  c o m m u n i t ie s .  I n f a c t  an  

e c o c l in e  r e p re s e n ts  g r a d ie n t  a lo n g  w h ic h  b io t ic  

c o m m u n i t ie s  m a in ly  p la n t  c o m m u n i ty  a n d  a b io t ic  

c o n d i t io n s  c h a n g e .  T h e  s tu d y  o f  e c o c l in e  r e p r e s e n t ­

in g  th e  c h a n g in g  c o n d i t io n s ,  a c r o s s  a n  e c o s y s te m  

b o u n d a ry  is  k n o w n  a s  ‘g r a d ie n t  a n a ly s i s ’ w h ic h  

im p lie s  th e  p lo t t in g  o f  v a r ia t io n s  o f  p la n t  c o m m u ­

n ity  in  p a r t i c u la r  d i r e c t io n  a n d  th e  a n a ly s i s  t h e r e o f  

a n d  d iv is io n  o f  w o r ld  e c o s y s te m  (M .J .  B r a d s h a w ,

1979). B a se d  o n  a b a v e  c o n s id e r a t io n s  R .C . W h i t ta k e r  

(1 9 7 0 )  h a s  d ra w n  f o u r  p r o f i l e  d ia g r a m s  o f  f o u r  

e c o c l in e s  o n  a  m a jo r  w o r ld  s c a le  v iz .  ( A )  f ro m  

A p p la c h ia n s  to  s o u th e r n  T e x a s  ( U S A )  o n  th e  b a s is  o f  

in c r e a s in g  a r id i ty ,  (B )  f ro m  e q u a to r i a l  r a in f o r e s t  to

E C O S Y S IpM

d e s e r t  a re a , o n  th e  b a s is  o f  in c re a s in g  a r id i ty ,  ( e y f g |  

fro m  g ro u n d  s u r fa c e  to  h ig h e r  a l t i tu d e s  o f  th e  A n d e s  

on  th e  b a s is  o f  in c re a s in g  a l t i tu d e ,  a n d  (D )  f ro m  

tro p ic a l ra in fo re s t  to  tu n d ra  o n  th e  b a s is  o f  

d e c re a s in g  te m p e ra tu re . T h u s  o n  th e  b a s is  o f  a b o v e  

g ra d ie n t  p ro f i le s  a n d  a s s o c ia te d  e c o c l in e s  th e  

fo l lo w in g  ty p e s  o f  e c o s y s te m s  in  th e  a f o r e s a id  f o u r  

s i tu a tio n s  m a y  b e  id e n t i f ie d  :

(A )  F ro m  m o u n ta in s  w ith  r e la t iv e ly  m o re  

m o is tu re  to  th e  a re a s  o f  in c re a s in g  a r id i ty  :

(a )  m e s o p h y t ic  f o r e s t  e c o s y s te m , (b )  o a k -  

h ic k o ry  fo re s t  e c o s y s te m , (c )  o a k  w o o d la n d  e c o s y s ­

te m , (d )  p ra ir ie  e c o s y s te m , (e )  d ry  g r a s s la n d  

e c o s y s te m , a n d  (d )  d e s e r t  e c o s y s te m .

(B ) F ro m  th e  a re a s  o f  h ig h  m o is tu r e  ( e q u a to ­

r ia l a re a s )  to  th e  a re a s  o f  lo w e s t  m o is tu r e  ( d e s e r t )  :

(a )  t ro p ic a l  r a in fo r e s t  e c o s y s te m , (b )  e v e r ­

g re e n  s e a s o n a l-d e c id u o u s  f o r e s t  e c o s y s te m ,  ( c )  

th o rn  fo re s t  e c o s y s te m , a n d  (a )  d e s e r t  s c r u b  e c o s y s ­

tem .

(C ) f ro m  lo w e r  to  h ig h e r  a l t i t u d e s  ( in  th e  

A n d e a n  a re a  o f  S . A m e r ic a )  :

(a )  t ro p ic a l  r a in f o r s t  e c o s y s te m ,  ( b )  lo w e r

m o n ta n e  r a in fo re s t  e c o s y s te m , (c )  m o n ta n e  r a in f o r e s t  

e c o s y s te m , (d )  m o n ta n e  th ic k e t  e c o s y s te m ,  ( e )  e l f i n e  

w o o d la n d  e c o s y s te m , a n d  ( f )  p a r a m o s  e c o s y s te m .

(D ) F ro m  e q u a to r ia l  h o t  a n d  m o is t  a r e a s  to  

c o ld  t u n d r a :

(a )  T ro p ic a l  f o r e s t  e c o s y s te m ,  ( b ) s u b - t r o p i c a

fo re s t  e c o s y s te m , (c )  te m p e r a te  d e c id u o u s  f o r e s t  

e c o s y s te m , (d )  t e m p e r a te  m ix e d  f o r e s t  e c o s y s t e m ,  

(e )  b o re a l  f o r e s t  e c o s y s te m ,  a n d  ( f )  t u n d r a  e c o s y s ­

te m .

(3 )  O n  th e  b a s is  o f  s p a t ia l s c a le s  e c o s y s t e m s  

a re  d iv id e d  in to  d i f f e r e n t  ty p e s  o f  v a r io u s  o r d e r s  on  

th e  b a s is  o f  s p a t ia l  d im e n s io n s  r e q u i r e d  f o r  s p e c i f i c  

p u r p o s e s .  T h e  l a r g e s t  e c o s y s t e m  is  th e  w h o le  

b io s p h e r e  w h ic h  is  s u b d iv id e d  in to  tw o  m a jo r . ty p e s :  

(A )  c o n t in e n ta l  e c o s y s t e m ,  a n d  ( B )  o c e a n i c  or  

m a r in e  e c o s y s te m s .  T h e  s p a t i a l  s c a l e s  m ay b e  

b r o u g h t  d o w n  f r o m  a  c o n t i n e n t  to  a  s i n g l e  b i o t i c  l i f e  

( p la n t  o r  a n im a l ) .

(4 )  O n  th e  b a s is  o f  u s e s  E .P . O d u m  (1 9 5 9 )  

h a s  d iv id e d  th e  w o r ld  e c o s y s t e m s  o n  t h e  b a s i s  o f  u s e  

o f  h a r v e s t  m e th o d s  a n d  n e t  p r im a r y  p r o d u c t i o n  in to  

tw o  b r o a d  c a t e g o r i e s  v iz .  ( A )  c u l t i v a t e d  e c o s y s te m s ,  

a n d  ( B )  n o n - c u l t i v a t e d  o r  n a tu r a l  e c o s y s te m s .  

C u l t i v a t e d  e c o s y s t e m s  m a y  b e  f u r th e r  s u b d iv id e d
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60 e n v i r o n m e n t a l  g e o g r a p h y

i n t o  s e v e r a l  c a te g o r ie s  o n  th e  b a s is  o f  c u l t iv a t io n  o f  

d o m in a n t  c r o p s ,  e .g .  w h e a t  f ie ld  e c o s y s te m , r ic e  

f i e l d  e c o s y s te m ,  s u g a r c a n e  f ie ld  e c o s y s te m , fo d d e r  

f i e l d  e c o s y s te m  e tc .  S im i la r ly ,  n o n - c u l t iv a te d  e c o ­

s y s te m s  c a n  b e  s u b d iv id e d  in to  f o r e s t  e c o s y s te m , ta l l  

g r a s s  e c o s y s te m ,  s h o r t  g r a s s  e c o s y s te m , d e s e r t  

e c o s y s te m ,  s e e w e e d s  e c o s y s te m  e tc .

(5 )  O n  t h e  b a s i s  o f  s o u r c e  a n d  le v e l  o f  

e n e r g y  : e c o s y s te m s  c a n  b e  c la s s i f ie d  o n  th e  b a s is  o f  

s o u rc e ,  ty p e  a n d  a m o u n t  o f  e n e r g y  a v a i la b le  in  th e  

e c o s y s te m  o n  th e  b a s ic  p r e m is e  th a t  th e  m a in  d r iv in g  

fo r c e  o f  th e  e c o s y s te m s  f o r  th e i r  fu n c t io n in g  is 

e n e r g y .  E .P .  O d u m  (1 9 7 5 )  h a s  c la s s i f ie d  th e  

e c o s y s te m s  in to  f o u r  c a te g o r ie s  o n  th is  b a s is .

(A )  U n su b s id iz e d  n a tu r a l  s o la r -p o w e re d  eco ­

sy s te m s  a re  th o s e  w h ic h  a re  d r iv e n  b y  s o la r  e n e rg y  

o n ly  w h e re in  in c o m in g  s o la r  r a d ia t io n  is  u s e d  to  f ix  

c h e m ic a l  e n e rg y . O p e n  o c e a n s ,  u p la n d  fo r e s t ,  w id e  

a n d  d e e p  la k e s  m a y  b e  c i te d  ty p ic a l  e x a m p le s  o f  s u c h  

e c o s y s te m s .  T h e  a n n u a l  e n e rg y  f lo w  ra n g e s  b e tw e e n  

1 0 0 0 -1 0 ,0 0 0  K c a l /m 2/y r  ( k i lo c a lo r ie s  p e r  s q u a re  

m e te r  p e r  y e a r )  w h e re a s  e s t im a te d  a v e r a g e  e n e rg y  is 

a b o u t  2 0 0 0  K c a l /m 2/y r .  ~

(b )  N a tu ra l- s u b s id iz e d  s o la r -p o w e re d  eco sys ­

tem s r e p r e s e n t  t id a l  e s tu a r ie s ,  lo w la n d  f o r e s ts ,  c o ra l  

re e fs  e tc . N a tu ra l  p ro c e s s e s  l ik e  t id e s ,  w a v e s , 

su r fa c e  ru n o f f ,  w in d  e tc .  s u p p le m e n t  s o la r  e n e rg y  

in p u t b e c a u s e  th e s e  p r o c e s s e s  b r in g  a d d i t io n a l  

o rg a n ic  m a t te r  a n d  b io -g e o c h e m ic a !  c y c le s  h e lp  in  

re c y c lin g  o f  n u t r ie n ts  in  th e  a f o r e s a id  e c o s y s te m s  

an d  th u s  s o la r  e n e r g y  is  a u g m e n te d  to  p ro d u c e  

o rg a n ic  m a tte r  th ro u g h  p r im a ry  p r o d u c e r s  (p h to t ro p h  

a n d  c h e m o tro p h  p la n ts )  so  m u c h  s o  th a t  th e s e  

e c o s y s te m s  b e c o m e  th e  m o s t  p r o d u c t iv e  n a tu ra l  

e c o s y s te m s . T h e  a n n u a l  e n e r g y  f lo w  in  s u c h  

e c o s y s te m s  ra n g e s  b e tw e e n  1 0 ,0 0 0 -5 0 ,0 0 0  K c a l /m 2/  

y e a r  a n d  a v e ra g e  e s t im a te d  e n e rg y  f lo w  is  2 0 ,0 0  

K c a l /m 2/y e a r .  -

(C )  M a n -su b s id iz e d  s o la r  p o w e re d  e c o sy s te m s  

a re  th o s e  w h e re  a d d i t io n a l  e n e rg y  is  s u p p le m e n te d  

b y  h u m a n  a c t iv i t ie s  (e .g .  f a r m in g ) .  In  o th e r  w o rd s ,  

m a n  a p p l ie s  a d d i t io n a l  e n e rg y  in  th e  fo r m  o f  

f e r t i l i z e r s  b o th  n a tu r a l  a n d  c h e m ic a l ,  m a c h in e s  

i r r i g a t i o n s  w a te r  e tc .  to  m a k e  th e  la n d  m o r e  

p r o d u c t iv e .  T h u s  h e  p ro d u c e s  m o re  f o o d  a n d  f ib e r  

c r o p s  ( f o o d  a n d  f ib r e  p r o d u c in g  e c o s y s te m s )  in  a  

s im p le  f a r m in g  s y s te m .  In  a  h ig h ly  m e c h a n i s e d  

f a r m in g  e c o s y s te m s ,  m a n  in c r e a s e s  th e  p r o d u c t iv i ty  

th r o u g h  th e  u s e  o f  c h e m ic a l  f e r t i l i z e r s ,  p e s t i c id e s  

a n d  h e r b i c id e s  ( f o s s i l  e n e r g y  to  p r o v id e  a d d i t io n a l

e n e rg y  to  c r o p s ,  to  k i l l  in s e c t s  a n d  u n w a n te d  p la n t s  

so  th a t  m a x im u m  e n e r g y  is  u t i l i z e d  b y  f i e l d  c r o p s )  

i r r ig a t io n a l  w a te r  ( w h ic h  a u g m e n t s  t h e  c y c l i n g  a n d  

r e c y c l in g  o f  n u t r i e n t s  s o  th a t  t h e s e  a r e  m a d e  

a v a i l a b le  to  d e s i r e d  p l a n t s ) ,  a n d  b y  d e v e l o p i n g  n e w  

h y b r id  h ig h  y i e ld in g  v a r i e t i e s  o f  s e e d s  s o  t h a t  th e  

p la n ts  r e m a in  d w a r f  a n d  r e q u i r e  r e l a t i v e l y  lo w  

a m o u n t  o f  s o la r  e n e r g y  a n d  c a n  m a k e  m a x im u m  u s e  

o f  s o la r  e n e rg y  to  p r e p a re  f o o d  th r o u g h  p h o to s y n th e s i s  

a n d  th u s  c a n  y ie ld  m o r e  p r o d u c t io n .  T h e  u s e  o f  

m a c h in e s  l ik e  t r a c to r s ,  h o e s  e tc .  a l s o  h e l p s  in  

a u g m e n t in g  th e  n a tu r a l  p r o c e s s e s  o f  b io - g e o c h e m i c a l  

c y c le s  ( th e s e  a g r i c u l tu r a l  im p le m e n t s  m a k e  th e  s o i l  

h o r iz o n s  v e ry  f r i a b le  a f t e r  p l o u g h in g  a n d  t h u s  

o rg a n ic  m a t t e r  is  e a s i ly  d i s t r i b u t e d  in  th e  s o i l s  f o r  

e a s y  u p ta k e  b y  p la n t s ) .  T h e  e x a m p l e s  o f  s u c h  

e c o s y s te m s  a r e  s im p le  c r o p  a n d  f i b r e  f a r m i n g  

s y s te m s  a n d  h ig h ly  a d v a n c e d  m e c h a n i s e d  f a r m i n g  

s y s te m s  ( a g r ic u l tu r e )  a n d  s o m e  f o r m s  o f  a q u a c u l t u r e  

( f is h  f a rm in g ,  s h e l l f i s h  c u l t i v a t i o n  e t c . ) .  T h e  a n n u a l  

e n e rg y  f lo w  is  f r o m  1 0 ,0 0 0  to  5 0 ,0 0 0  K c l / m 2/ y e a r  

a n d  e s t im a te d  a v e r a g e  a n n u a l  q u a n t i t y  b e i n g  2 0 ,0 0 0  

K c l /m 2/y e a r .

(D )  F u e l-p o w e re d  e c o s y s te m s  a r e  r e p r e s e n t e

by  u rb a n  a n d  i n d u s t r i a l  a r e a s  w h e r e  f u e l  e n e r g y  f u l l y  

r e p la c e s  s o la r  e n e r g y .  T h e  f u e l  e n e r g y  i s  d e r iv e d  

th r o u g h  f o s s i l  f u e l s  l i k e  c o a l  a n d  p e t r o l e u m  w h i c h  

a re  o b ta in e d  f r o m  u n d e r g r o u n d  q u i t e  a w a y  f r o m  th e  

c e n t r e s  o f  u t i l i z a t i o n .  B e s i d e s ,  e n e r g y  i s  a l s o  

s u p p l ie d  th r o u g h  h y d r o e l e c t r i c i t y ,  n u c l e a r  p o w e r  

a n d  w o o d  c o a l .  T h e s e  e c o s y s t e m s  a r e  b a s i c a l l y  

w e a l th  g e n e r a t i n g  s y s t e m s .  T h e s e  e c o s y s t e m s  a l s o  

g e n e r a te  p o l lu t a n t s  a n d  th u s  a r e  p o t e n t i a l  s o u r c e s  o f  

e n v i r o n m e n ta l  p o l l u t i o n  in  c i t i e s  a n d  t o w n s ,  s u b u r ­

b a n  a r e a s ,  i n d u s t r i a l  a r e a s  a s  w e l l  a s  t h e  r u r a l  

a tm o s p h e r i c  e n v i r o n m e n t  o f  e v e n  v e r y  d i s t a n t  

p la c e s .  T h e s e  f u e l - p o w e r e d  u r b a n - i n d u s t r i a l  e c o ­

s y s t e m s  th o u g h  g e n e r a t e  m a t e r i a l  w e a l t h  o f  t h e  

e c o n o m y  o f  t h e  s o c i e t y  b u t  t h e s e  d e p e n d  f o r  l i f e  

s u p p o r t  ( o x y g e n  s u p p ly  a n d  f o o d  s u p p l y )  f u l l y  o n  

s o l a r - p o w e r e d  n a t u r a l  e c o s y s t e m s ,  n a t u r e - s u b s i ­

d i z e d  s o l a r - p o w e r e d  e c o s y s t e m  a n d  m a n - s u b s i d i z e d  

s o l a r - p o w e r e d  e c o s y s t e m s .  T h e  a n n u a l  f l o w  o f  

e n e r g y  r a n g e s  b e t w e e n  1 0 0 ,0 0 0  to  3 , 0 0 0 , 0 0 0  K c a l /  

m  / y e a r  t h e  e s t i m a t e d  a v e r a g e  b e i n g  2 , 0 0 ,0 0 0 0  

c a  m  y e a r .  T h u s  t h e s e  e c o s y s t e m s  a r e  p o w e r e d
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d if f e r e n t  s ta g e s  o f  e c o lo g ic a l  s u c c e s s io n s  an d  

e c o s y s te m  d e v e lo p m e n t  in  te rm s  o f  c o m m u n ity  

e n e r g e t ic s ,  c o m m u n ity  s t ru c tu re ,  l i f e  h is to ry ,  n u t r i ­

e n t  c y c l in g  a n d  o v e ra l l  h o m e o s ta s is  (a s  m e n tio n e d  

b y  E .P . O d u m  in  h is  p a p e r  ‘T h e  S tra te g y  o f  

E c o s y s te m  D e v e lo p m e n t ,’ 1 9 6 9 ) th e  fo l lo w in g  fo u r  

m a jo r  ty p e s  o f  e c o s y s te m s  a re  id e n t i f ie d  :

(A )  E a r ly  su ccess io n  ecosys tem s a re  th o s e  

w h ic h  a re  c h a r a c te r is e d  by  h ig h  n e t  c o m m u n ity  

p ro d u c t io n ,  lo w  b io m a s s  s u p p o r te d /u n i t  e n e rg y  

r a t i o ,  l i n e a r  f o o d  c h a in  ( p l a n t s - » g r a z i n g  

a n im a ls —̂ c a rn iv o re s ) ,  s m a ll  to ta l  o rg a n ic  m a tte r ,  

e x t r a  b io t ic  in o rg a n ic  n u tr ie n ts ,  lo w  b io tic  d iv e r s i ty ,  

s h o r t  s iz e  o f  o r g a n is m , s im p le  l i f e  c y c le s ,  ra p id  ra te  

o f  n u t r ie n t  e x c h a n g e ,  u n im p o r ta n t  ro le  o f  d e tr i tu s  in  

th e  r e g e n e r a t io n  o f  n u t r ie n ts ,  u n d e v e lo p e d  m u tu a l 

r e la t io n s h ip  a m o n g  c o m m u n ity  s p e c ie s , p o o r  n u tr ie n t 

c o n s e r v a t io n ,  h ig h  e n t r o p y  ( d is o r d e r e d  b io t ic  

c o m m u n i ty )  e tc .

(B )  M a tu r e  e co y s te m  a re  th o s e  w h ic h  a re  

c h a r a c te r i s e d  b y  lo w  n e t  c o m m u n ity  p ro d u c tio n ,  

c o m p le x  w e b l ik e  f o o d  c h a in  (b e s id e s  m a jo r  p la n ts  

a n d  a n im a ls ,  d e c o m p o s e r s  a ls o  p la y  im p o r ta n t  

ro le s ) ,  la r g e  to ta l  o rg a n ic  m a t te r ,  in tr a b io t ic  in o rg a n ic  

n u t r i e n ts ,  h ig h  c o m m u n i ty  d iv e r s i ty ,  la rg e  s iz e  o f  

o r g a n is m s ,  lo n g  a n d  c o m p le x  l i f e  c y c le s ,  c lo s e d  

m in e ra l  c y c le s ,  im p o r ta n t  r o le s  p la y e d  b y  d e tr i tu s  in  

th e  r e g e n e r a t io n  o f  n u t r ie n ts ,  q u a l i ty  p ro d u c t io n , 

d e v e lo p e d  m u tu a l  r e la t io n s h ip s  a m o n g  th e  c o m m u n ity  

s p e c ie s ,  g o o d  c o n s e r v a t io n  o f  n u t r ie n ts ,  lo w  e n tro p y  

(o r d e r e d  s t r u c tu r e  o f  c o m m u n i t ie s )  e tc .

(C )  M ix e d  eco sy s tem s  r e p r e s e n t  th e  o v e r la p p in g  

c h a r a c te r i s t i c s  o f  e a r ly  s u c c e s s io n  e c o s y s te m s  a n d  

m a tu r e  e c o s y s t e m s  c o n s e q u e n t  u p o n  g e n e r a l  

e n v i r o n m e n ta l  c h a n g e .

(D )  I n e r t  e c o s y s te m s  r e p r e s e n t  th e  d e s t r o y e d  

e c o s y s te m s .  T h e s e  m a y  r e s u l t  f r o m  th e  d e s t r u c t io n  

o f  e i t h e r  e a r ly  s u c c e s s io n  e c o s y s te m s  o r  m a tu r e  

e c o s y s te m s  d u e  to  v o lc a n ic  e r u p t io n s  o r  o n s e t  o f  ic e  

a g e s  r e s u l t i n g  in to  c o m p le te  d e s t r u c t i o n  o f  l i f e .

(7 )  O n  th e  b a s is  o f  s ta b il i ty  o r  in s ta b il ity  :

T h e  c o n c e p t  o f  s t a b i l i t y  o r  i n s t a b i l i t y  o f  e c o s y s te m s  

h a s  b e e n  e l a b o r a t e d  in  d i f f e r e n t  b u t  c o n t r a s t i n g  w a y s  

b y  v a r io u s  s c i e n t i s t s .  In  a  v e r y  g e n e r a l  s e n s e  th e  

s ta b i l i ty  o f  a n  e c o s y s t e m  i s  d e f in e d  in  t e r m s  o f  

r e la t io n s h ip s  b e tw e e n  in p u t  a n d  o u t p u t  o f  m a t t e r  a n d  

e n e r g y  a n d  f u n c t io n in g  o f  b io - g e o c h e m i c a l  c y c l e s .  

A n  e c o s y s te m  in  h o m e o s ta t ic  o r  d y n a m ic  e q u i l ib r iu m  

s ta te  is  th a t  w h ic h  r e p r e s e n t s  ( i )  b a l a n c e  in  t h e  i n p u t  

a n d  o u tp u t  o f  e n e r g y ,  ( i i )  e x c e s s  o f  r e s o u r c e  p o o l  in

c o m p a r is o n  to  th e  m a t te r  b e in g  c y c le d ,  ( i i i )  fu n c ­

t io n in g  o f  s o i ls ,  m ic r o - c l im a te  a n d  b io -g e o c h e m ic a l  

c y c le  a s  b u f f e r s  a g a in s t  s u d d e n  c h a n g e s  in  e x te r n a l  

c o n d i t io n s ,  a n d  ( iv )  m in im iz a t io n  o f  in s t a b i l i ty  d u e  

to  d iv e r s i ty  w ith in  th e  e c o s y s te m . B a s e d  o n  th i s  

p re m is e ,  e c o s y s te m s  m a y  b e  c l a s s i f i e d  in to  ( i )  

s im p le  s ta b le  e c o s y s te m s ,  a n d  ( i i )  c o m p le x  u n s ta b l e  

eco system s. B u t th is  c la ss if ic a tio n  is  h ig h ly  c o n tro v e rc ia l 

a n d  d e b a ta b le  b e c a u s e  th e re  a re  lo t  o f  v a r i a t io n s  in  

o p in io n s  re g a rd in g  th e  c o n c e p t  o f  s y s te m  s t a b i l i ty .  

F o r  e x a m p le ,  i f  th e  s ta b i l i ty  is  d e f in e d  b y  f r e q u e n c y  

o f  f lu c tu a t io n  o f  s p e c ie s  p o p u la t io n ,  s ta b i l i ty  h a s  

b e e n  re p o r te d  to  in c r e a s e  w ith  s u c c e s s io n  w h e r e a s  i f  

th e  s ta b i l i ty  o f  a n  e c o s y s te m  is  d e f in e d  in  te r m s  o f  

t im e  to  b e  ta k e n  f o r  a  c o m m u n i ty  to  r e tu r n  to  i ts  

fo rm e r  c o n d i t io n ,  s ta b i l i ty  m a y  a c tu a l ly  d e c r e a s e  

th ro u g h  t im e  (C .M . H a r r is o n ,  1 9 8 0 ) .
*> o

5 .3  C O M P O N E N T S  O F  E C O S Y S T E M

T h e re  a re  th r e e  m a jo r  c o m p o n e n t s  o f  e c o s y s ­

te m s  : e n e rg y  c o m p o n e n t ,  a b io t i c  o r  p h y s i c a l  

c o m p o n e n t  a n d  b io t ic  c o m p o n e n t .  T h e  a b io t i c  

c o m p o n e n t  c o m p r is e s  l a n d  a n d  s o i l s ,  w a te r ,  a i r  a n d  

s u n lig h t .  B e s id e s ,  s o m e  o r g a n ic  s u b s t a n c e s  ( c a r b o ­

h y d ra te s ,  p ro te in ,  f a t  a n d  l i q u id  s u b s ta n c e s )  a n d  

b io g e n ic  s u b s ta n c e s  ( c a r b o n ,  n i t r o g e n ,  h y d r o g e n ,  

p h o s p h o ro u s ,  c a lc iu m  a n d  p o t a s s iu m  in  l a r g e  

q u a n t i ty  a n d  i ro n ,  m a n g a n e s e ,  m a g n e s iu m ,  z in c ,  

c o b a l t  in  s m a l l  q u a n t i ty )  a r e  r e q u i r e d  to  s u s t a in  l i f e  

o f  d i f f e r e n t  b io t ic  c o m m u n i t i e s .  C o m p o n e n t s  o f  t h e  

e c o s y s te m s  h a v e  b e e n  d i s c u s s e d  in  d e t a i l  i n  th e  n e x t  

c h a p te r  ( C h a p te r  6 ) .

T h e  b io t ic  c o m p o n e n t s  r e p r e s e n t  p l a n t s ,  

a n im a ls  a n d  m i c r o - o r g a n i s m s .  B i o t i c  c o m p o n e n t s  

a re  c la s s i f i e d  in to  tw o  b r o a d  c a t e g o r i e s  o n  t h e  b a s i s  

o f  f u n c t io n s  : ( i )  a u to t r o p h ic  com ponent c o m p r i s e s  

th o s e  p la n t s  w h ic h  p r o d u c e  t h e i r  f o o d  t h e m s e l v e s  

th r o u g h  p h o t o s y n t h e s i s  a n d  c h e m o s y n t h e s i s .  T h u s  

th e y  b e c o m e  ( a )  photographs ( w h ic h  p r e p a r e  f o o d  

th r o u g h  p h o t o s y n t h e s i s  b y  u s in g  s o l a r  r a d i a t i o n )  a n d

( b )  chem otrophs ( w h ic h  p r e p a r e  f o o d  t h r o u g h  

c h e m o s y n th e s i s  f r o m  i n o r g a n i c  s u b s t a n c e s  b y  o x i ­

d a t i o n ) .  A u t o t r o p h s  a r e  t h e  p r i m a r y  p r o d u c e r s  o f  th e  

e c o s y s t e m ,  ( i i )  H eterotrop h ic  com pon en ts c o m p r ise  

t h o s e  o r g a n i s m s  w h ic h  d e p e n d  o n  a u t o t r o p h s  o r  

p r im a r y  p r o d u c e r s  ( p l a n t s ) .  B e s i d e s ,  s o m e  h e t e r o ­

t r o p h i c  o r g a n i s m s  d e c o m p o s e  a n d  rearrange the  

o r g a n i c  s u b s t a n c e s .  O n  t h e  b a s i s  o f  f e e d in g  o r  

g e t t i n g  f o o d  h e t e r o t r o p h s  are d i v i d e d  i n t o  3  s u b -
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t y p e s  : ( a )  s a p r o p h y te s  ( d e p e n d in g  o n  o rg a n ic  

c o m p o u n d s  in  s o lu t io n s  d e r iv e d  f ro m  d e a d  p la n ts  

a n d  a n im a l s ) ,  ( b )  p a r a s i te s  ( d e p e n d in g  o n  l iv in g  

o r g a n i s m s ) ,  a n d  ( c )  h o lo z o n ic  ( g e t  f o o d  th ro u g h  th e i r  

m o u th s ,  e x a m p le - l a r g e  a n im a ls  in c lu d in g  m a n ) .  T h e  

e l e m e n t s  o f  e c o s y s te m  a re  d iv id e d  in to  4  c a te g o r ie s  

o n  th e  b a s i s  o f  f u n c t io n s  : ( i )  a b io t ic  e le m e n ts  

in c lu d e  a b io t i c  a n d  d e a d  b io t ic  c o m p o u n d s  o f  a n y  

s i te  o r  h a b i ta t ,  ( i i )  p ro d u c e rs  (g re e n  p la n ts  (a u to tro p h s )  

w h ic h  a c t  a s  in te r m e d ia ta r ie s  b e tw e e n  b io t ic  a n d  

a b io t ic  k in g d o m s ) ,  ( i i i )  c o n s u m e rs  a re  p r im a r i ly  

a n im a ls  i n c lu d in g  m a n  a n d  th e y  o b ta in  th e i r  fo o d  

f r o m  o r g a n ic  s u b s ta n c e s  p r o d u c e d  b y  a u to t r o p h s  o r  

p r im a r y  p r o d u c e r s ,  a n d  ( iv )  d e c o m p o s e r s  a re  m ic r o ­

o r g a n i s m s  w h ic h  d e c o m p o s e  d e a d  p la n ts  a n d  

a n im a ls  a n d  o rg a n ic  s u b s ta n c e s .  D u r in g  th is  p ro c e s s  

th e y  r e c e iv e  th e i r  f o o d  a s  w e l l  a s  th e y  r e a r r a n g e  

o r g a n ic  s u b s ta n c e s  s o  th a t  th e s e  b e c o m e  e a s i ly  

a v a i l a b le  to  p r im a ry  p r o d u c e r s .

5 .4  F U N C T IO N IN G  O F  E C O S Y S T E M

T h e  f u n c t io n in g  o f  a n  e c o s y s te m  d e p e n d s  o n  

th e  p a t te r n  o f  e n e r g y  f lo w  b e c a u s e  a ll  a s p e c ts  o f  

l iv in g  c o m p o n e n t s  o f  a n  e c o s y s te m  d e p e n d  o n  

e n e r g y  f lo w  w h ic h  a l s o  h e lp s  in  th e  d i s t r ib u t io n  a n d  

c i r c u la t io n  o f  o r g a n ic  a n d  in o r g a n ic  m a t te r  w ith in  

th e  e c o s y s te m .  W h i le  th e  e n e r g y  f lo w  fo l lo w s  

u n id i r e c t io n a l  p a th ,  th e  c i r c u la t io n  o f  m a t te r  f o l lo w s  

c y c l i c  p a th s .  T h e s e  a s p e c ts  o f  e n e r g y  f lo w  a n d  

c i r c u la t io n s  o f  m a t t e r  w il l  b e  d i s c u s s e d  in  d e ta i l  in  

th e  8 th  a n d  9 th  c h a p te r s  r e s p e c t iv e ly .  H e re ,  o n ly  a  

b r i e f  d i s c u s s io n  is  p r e s e n te d  s o  a s  to  h a v e  a  g e n e r a l  

id e a  o f  th e  f u n c t io n in g  o f  e c o s y s te m .

T h e  e n e r g y  p a t te r n  a n d  f lo w  a r e  g o v e r n e d  b y  

f i r s t  a n d  s e c o n d  la w s  o f  th e r m o d y n a m ic s .  T h e  f i r s t  

la w  s t a t e s  th a t  in  a n y  s y s te m  o f  c o n s ta n t  m a s s ,  

e n e r g y  is  n e i t h e r  c r e a te d  n o r  d e s t r o y e d  b u t  i t  c a n  b e  

t r a n s f o r m e d  f r o m  o n e  ty p e  to  a n o th e r  ty p e  ( e x a m p le ,  

e l e c t r i c a l  e n e r g y  c a n  b e  c o n v e r t e d  in to  m e c h a n ic a l  

e n e r g y ) .  In  t e r m s  o f  e c o s y s te m  e n e r g y  in f l o w  o r  

e n e r g y  i n p u t  i n to  th e  s y s te m  w i l l  b e  b a la n c e d  b y  

e n e r g y  o u t f l o w  f r o m  th e  s y s te m .  T h e  s e c o n d  la w  o f  

th e r m o d y n a m ic s  s t a t e s  th a t  w h e n  w o r k  is  d o n e ,  

e n e r g y  is  d i s s i p a t e d  a n d  th e  w o r k  i s  d o n e  w h e n  o n e  

f o r m  o f  e n e r g y  i s  t r a n s f o r m e d  in to  a n o t h e r  f o r m . In  

t h e  c o n t e x t  o f  e c o s y s t e m  th e r e  i s  d i s s i p a t i o n  o f  

e n e r g y  f r o m  e a c h  t r a n s f e r  p o i n t  ( t r o p h ic  l e v e l )  a n d  

t h u s  t h e  d i s s i p a t e d  o r  l o s t  e n e r g y  is  n o t  a g a in  

a v a i l a b l e  to  t h e  e c o s y s t e m .

S o la r  r a d ia t io n  is  th e  b a s ic  in p u t  o f  e n e r g y  

e n te r in g  th e  e c o s y s te m .  T h e  r a d i a n t  s o l a r  e n e r g y  is  

r e c e iv e d  b y  th e  g r e e n  p la n t s .  M o s t  o f  th e  r e c e iv e d  

s o la r  e n e r g y  is  c o n v e r t e d  i n to  h e a t  e n e r g y  a n d  is  lo s t  

f r o m  th e  e c o s y s te m  to  th e  a tm o s p h e r e  t h r o u g h  p la n t  

c o m m u n i t ie s .  O n ly  a  s m a l l  p r o p o r t i o n  o f  r a d ia n t  

s o la r  e n e r g y  is  u s e d  b y  p la n t s  to  m a k e  f o o d  th r o u g h  

th e  p r o c e s s  o f  p h o to s y n th e s i s .  T h u s  g r e e n  p la n ts  

t r a n s f o r m  a  p a r t  o f  s o l a r  e n e r g y  in to  f o o d  e n e r g y  o r  

c h e m ic a l  e n e r g y  w h ic h  is  u s e d  b y  th e  g r e e n  p l a n t s  to  

d e v e lo p  t h e i r  t i s s u e s  a n d  th u s  i s  s to r e d  in  th e  p r im a r y  

p r o d u c e r s  o r  a u to g r a p h s  a t  th e  b o t to m  o f  t r o p h ic  

le v e ls .  T h e  c h e m ic a l  e n e r g y  s to r e d  a t  t r o p h i c  le v e l  

o n e  b e c o m e s  th e  s o u r c e  o f  e n e r g y  to  th e  h e r b iv o r o u s  

a n im a ls  a t  t r o p h ic  le v e l  tw o  o f  th e  f o o d  c h a in .  S o m e  

p o r t io n  o f  e n e r g y  is  l o s t  f r o m  t r o p h ic  le v e l  o n e  

th ro u g h  r e s p i r a t io n  a n d  s o m e  p o r t i o n  i s  t r a n s f e r r e d  

to  p la n t - e a t in g  a n im a ls  ( h e r b iv o r e s )  a t  t r o p h i c  le v e l  

tw o . T h e  t r a n s f e r  o f  e n e r g y  f r o m  t r o p h i c  l e v e l  o n e  

(g r e e n  p la n t s )  to  t r o p h i c  le v e l  tw o  ( h e r b i v o r e s )  is  

p e r f o r m e d  th r o u g h  th e  i n t a k e  o f  o r g a n i c  t i s s u e s  

(w h ic h  c o n ta in  p o te n t i a l  c h e m i c a l  e n e r g y )  o f  g r e e n  

p la n ts  b y  th e  h e r e b iv o r e s .  T h u s  t h e  c h e m i c a l  e n e r g y  

c o n s u m e d  b y  h e r b iv o r e s  h e lp s  in  t h e  b u i l d i n g  o f  

th e i r  o w n  t i s s u e s  a n d  is  s t o r e d  a t  t r o p h i c  l e v e l  tw o  

a n d  b e c o m e s  th e  s o u r c e  o f  e n e r g y  f o r  c a r n i v o r e s  a t  

t r o p h ic  le v e l  th r e e .  A  s u b s t a n t i a l  p o r t i o n  o f  c h e m i c a l  

e n e r g y  is  r e l e a s e d  b y  c a r n i v o r e s  a t  t r o p h i c  l e v e l  

th re e  th r o u g h  r e s p i r a t i o n  b e c a u s e  m o r e  e n e r g y  is  

r e q u i r e d  f o r  th e  w o r k  to  b e  d o n e  b y  c a r n i v o r e s  a t  

t r o p h ic  le v e l  th r e e  ( b u i l d i n g  o f  t i s s u e s ,  g r o w in g ,  

m o v e m e n t  f o r  g r a z in g ,  c a t c h i n g  p r e y ,  r e p r o d u c t i o n  

o f  th e i r  o f f s p r i n g s  e t c . ) .  S o m e  p o r t i o n  o f  p o t e n t i a l  

c h e m ic a l  e n e r g y  is  t r a n s f e r r e d  f r o m  t r o p h i c  l e v e l  

th r e e  to  t r o p h i c  l e v e l  f o u r  o r  to p  t r o p h i c  l e v e l  

r e p r e s e n te d  b y  o m n iv o r e s  ( t h o s e  a n i m a l s  w h i c h  e a t  

b o th  p l a n t s  a n d  a n im a l s ,  m a n  is  t h e  m o s t  i m p o r t a n t  

e x a m p le  o f  o m n iv o r e s ) .  T h e  a n i m a l s  a t  t r o p h i c  le v e l  

f o u r  m a in ly  m a n  a l s o  t a k e  e n e r g y  f r o m  t r o p h i c  l e v e l s  

o n e  a n d  tw o .  A g a in  s o m e  p o r t i o n  o f  e n e r g y  is  

r e l e a s e d  b y  o m n i v o r e s  t h r o u g h  r e s p i r a t i o n .  T h e  

r e m a i n i n g  s to r e d  c h e m i c a l  e n e r g y  in  t h e  p l a n t s  a n d  

a n im a l s  is  t r a n s f e r r e d  to  d e c o m p o s e r s  w h e n  t h e y  

( p l a n t s  a n d  a n i m a l s )  b e c o m e  d e a d .  T h e  d e c o m p o s e r s  

r e l e a s e  s u b s t a n t i a l  a m o u n t  o f  e n e r g y  t h r o u g h  r e s p i ­

r a t i o n  to  t h e  a t m o s p h e r e .  I t  m a y  b e  p o i n t e d  o u t  t h a t  

a t  e a c h  t r o p h i c  l e v e l  t h e  a v a i l a b l e  p o t e n t i a l  c h e m i c a l  

e n e r g y  to  b e  t r a n s f e r r e d  to  t h e  n e x t  h i g h e r  t r o p h i c  

le v e l  d e c r e a s e s  a s  m o r e  e n e r g y  i s  r e l e a s e d  t h r o u g h  

r e s p i r a t i o n  to  t h e  a t m o s p h e r e  f r o m  e a c h  t r o p h i c  

l e v e l .  R e s p i r a t i o n  m e a n s  c h e m i c a l  b r e a k d o w n  o f
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fo o d  in  th e  b o d y  a n d  th u s  re sp ira tio n  re le a se s  h eat 

w h ic h  is tra n s fe r re d  to  th e  a tm o sp h e re .

B ase d  on  a b o v e  s ta te m e n t it  m ay  b e  su m m a ­

r ised  th a t a p a r t  fro m  th e  e n e rg y  re le a se d  to  the 

a tm o sp h e re  th ro u g h  re sp ira tio n , th e  re m a in in g  

e n e rg y  ‘is  tra n s fe r re d  in su c c e ss iv e  c o n su m e r s tag e s  

k n o w n  a s  tro p h ic  ( li te ra lly  n o u rish m e n t)  le v e ls  fro m  

a u to tro p h s  to  h e te ro tro p s  (m e a n in g  th a t th ey  d e riv e  

th e ir  n o u r is h m e n t fro m  o th e rs ) . U ltim a te ly  a ll th e  

e n e rg y  is  p a sse d  on  th e  d e tr iv o re s , o r  d e c o m p o se r  

o rg a n is m s ’ (P .A . F u r le y  and  W .W . N e w e y , 1983).

T h e  c irc u la t io n  o f  e le m e n ts  o r  m a tte r  o r  

n u tr ie n ts  (o rg a n ic  a n d  in o rg a n ic  b o th )  is  m ad e  

p o s s ib le  th ro u g h  e n e rg y  f lo w . In  o th e r  w o rd s , 

e n e rg y  f lo w  is  th e  m a in  d r iv in g  fo rc e  o f  nutrient*" 

c irc u la t io n  in  th e  v a r io u s  b io tic  c o m p o n e n ts  o f  th e  

e c o s y s te m . T h e  o rg a n ic  a n d  in o rg a n ic  su b s ta n c e s  

a re  m o v e d  r e v e r s ib ly  in  th e  b io s p h e re , a tm o sp h e re , 

h y d ro s p h e re  a n d  l i th o s p h e re  th ro u g h  v a r io u s  c lo se d  

s y s te m  o f  c y c le s  in  s u c h  a  w a y  th a t  to ta l m ass  o f  

th e se  s u b s ta n c e s  r e m a in s  a lm o s t  th e  s a m e  a n d  a re  

a lw a y s  a v a i la b le  to  b io t ic  c o m m u n itie s . ‘In  o th e r  

w o rd s , th e  m a te r ia ls  th a t  m a k e  u p  th e  b io sp h e re  a re  

d is t r ib u te d  a n d  r e d is t r ib u te d  b y  m e a n s  o f  an  in f in ite  

s e r ie s  o f  c y c l i c  p a th w a y s  m o to re d  b y  th e  c o n tin u o u s  

in p u t  o f  e n e r g y ’ (P .A . F u re ly  a n d  W .W . N e w e y , 

1 9 8 3 ). T h e  m a te r ia ls  o r  n u tr ie n ts  in v o lv e d  in  th e  

c i r c u la t io n  w ith in  a n  e c o s y s te m  a re  g ro u p e d  in to  

th re e  c a te g o r ie s  v iz . ( i )  m ic ro -e lem en ts  (w h ic h  a re  

re q u ire d  in  la rg e  q u a n t i ty  b y  p la n ts ,  e .g . o x y g e n , 

c a rb o n  a n d  h y d r o g e n ) ,  ( i i )  m in o r  o r  m ic ro -e le m en ts  

(w h ic h  a r e  r e q u i r e d  b y  p la n ts  in  r e la t iv e ly  la rg e  

a m o u n ts , e .g .  n i t r o g e n ,  p h o s p h o ro u s ,  p o ta s s iu m , 

calc iu m * m a g n e s iu m  a n d  s u lp h u r )  a n d  ( i i i )  tra c e  

elements (p la n ts  r e q u i r e  v e ry  s m a l l  a m o u n ts  o f  a b o u t  

1 0 0  e le m e n ts ,  im p o r ta n t  b e in g  iro n , z in c , m a n g a ­

n e s e  a n d  c o b a l t ) .  B e s id e s  th e s e  in o rg a n ic  c h e m ic a l  

e le m e n ts , th e re  a re  o rg a n ic  m a te r ia ls  a s  w e ll w h ic h  

c o m p r is e  ( i )  d e c o m p o s e d  p a r ts  o f  e i th e r  a l iv e  o r  

d e a d  p la n ts  a n d  a n im a ls ,  a n d  ( i i )  w a s te  m a te r ia ls  

re le a s e d  b y  a n im a ls .  A  fe w  o f  th e  c h e m ic a l  e le m e n ts  

a c t  a s  o rg a n ic  c a ta ly s ts  o r  e n z y m e s  b e c a u s e  th e y  

h e lp  c h e m ic a l  r e a c t io n s  b u t  s e ld o m  u n d e rg o  

c h e m ic a l c h a n g e  th e m s e lv e s .  S u c h  c h e m ic a l  e l e ­

m e n ts  a re  h y d ro g e n ,  o x y g e n  a n d  n i t r o g e n  w h ic h  

b e lo n g  to  g a s e o u s  p h a s e  ( th a t  is  th e y  a r e  f o u n d  in  th e  

a tm o s p h e re  in  g a s e o u s  s ta te — a tm o s p h e r ic  r e s e r v o i r  

o r  p o o l)  a n d  p h o s p h a te ,  c a lc iu m  o r  s u lp h u r  w h ic h  

b e lo n g  to  s e d im e n ta ry  p h a s e  ( th a t  i s  th e y  a r e  f o u n d

in  w e a th e re d  ro c k s  a n d  s o i l s - s e d im e n ta r y  r e s e r v o i r s  
o r  p o o l) .

T h u s  th e se  e le m e n ts , d e r iv e d  fro m  a t m o s - < ^  

p h e ric  an d  s e d im e n ta ry  r e s e rv o ir s ,  a re  p o o le d  in to  

so ils  fro m  w h e re  th e se  a re  ta k e n  b y  p la n ts  in  so lu t io n  

fo rm  th ro u g h  th e  p ro c e ss  o f  r o o t  o s m o s is . T h e  p la n ts  

th en  c o n v e r t  th e se  e le m e n ts  in to  s u c h  fo rm s  w h ic h  

a re  e a s ily  u sed  in  th e  d e v e lo p m e n t o f  p la n t  t is s u e s  

an d  p la n t g ro w th  by  b io c h e m ic a l p ro c e s s e s  ( g e n e r ­

a lly  p h o to sy n th e s is ) . T h u s  th e  n u tr ie n ts  d r iv e n  b y  

e n e rg y  flo w  p a ss  in to  v a r io u s  c o m p o n e n ts  o f  b io t ic  

c o m m u n it ie s  th ro u g h  th e  p r o c e s s  k n o w n  a s  

‘b io g e o c h e m ic a l cycles’. In  a  g e n e r a l is e d  fo rm  th e  

b io g e o c h e m ic a l c y c le s  in c lu d e  th e  u p ta k e  o f  n u t r i ­

e n ts  o r  in o rg a n ic  e le m e n ts  b y  th e  p la n ts  th ro u g h  

th e ir  ro o ts  in  s o lu tio n  fro m  th e  s o i ls  w h e re  th e s e  

in o rg a n ic  e le m e n ts , d e r iv e d  fro m  s e d im e n ta ry  p h a s e , 

a re  s to re d . T h e  n u tr ie n ts  a re  t r a n s p o r te d  to  v a r io u s  

tro p h ic  le v e ls  th ro u g h  e n e rg y  f lo w . H e re  th e  

n u tr ie n ts  b e c o m e  o rg a n ic  m a t te r  a n d  a r e  s to r e d  in  th e  

b io tic  re s e rv o irs  o f  o rg a n ic  p h a s e .

T h e  o rg a n ic  e le m e n ts  o f  p la n ts  a n d  a n im a ls  

a re  re le a se d  in  a  v a r ie ty  o f  w a y s  i .e .  ( i )  d e c o m p o s i ­

t io n  o f  le a f  f a l ls  f ro m  th e  p la n ts ,  d e a d  p la n t s  a n d  

a n im a ls  by  d e c o m p o s e r s  a n d  th e i r  c o n v e r s io n  in to  

so lu b le  in o rg a n ic  f ro m , ( i i )  b u r n in g  o f  v e g e ta t io n  b y  

lig h tn in g , a c c id e n ta l  f o r e s t  f i r e  o r  d e l ib e r a t e  a c t io n  

o f  m a n . T h e  p o r t io n s  o f  o r g a n ic  m a t t e r  o n  b u r n in g  

a re  r e le a s e d  to  th e  a tm o s p h e re  a n d  th e s e  a g a in  f a l l  

d o w n , u n d e r  th e  im p a c t  o f  p r e c ip i t a t io n ,  o n  th e  

g ro u n d  a n d  b e c o m e  s o lu b le  in o r g a n ic  fo r m  o f  

e le m e n t to  j o in  s o il  s to r a g e ,  w h i le  s o m e  p o r t i o n s  in  

th e  fo rm  o f  a s h e s  a re  d e c o m p o s e d  b y  b a c te r i a l  

a c t iv i ty  a n d  j o in  s o i l  s to r a g e ,  ( i i i )  T h e  w a s te  

m a te r ia ls  r e le a s e d  b y  a n im a ls  a r e  d e c o m p o s e d  b y  

b a c te r ia  a n d  f in d  th e i r  w a y  in  s o lu b le  in o r g a n ic  f o r m  

to  s o il  s to r a g e .  T h u s ,  b io g e o c h e m ic a l  c y c le s  in v o lv e  

th e  m o v e m e n t  a n d  c i r c u l a t i o n  o f  s o lu b l e  in o r g a n ic ,  

s u b s ta n c e s  ( n u t r i e n t s )  d e r iv e d  f r o m  s e d im e n ta r y  a n d  

a tm o s p h e r ic  p h a s e s  o f  i n o r g a n ic  s u b s t a n c e s  ( t h e  tw o  

b a s ic  c o m p o n e n t s  o f  in o r g a n ic  p h a s e )  th r o u g h  b i o t i c  

p h a s e  a n d  f in a l ly  t h e i r  r e tu r n  to  i n o r g a n i c  s t a t e .  T h e  

s tu d y  o f  b io g e o c h e m ic a l  c y c l e s  m a y  b e  a p p r o a c h e d  

o n  tw o  s c a le s  : ( i )  th e  c y c l i n g  o f  a l l  t h e  e l e m e n t s  

t o g e th e r  o r  ( i i )  c y c l i n g  o f  i n d iv id u a l  e l e m e n t s  e .g .  

c a r b o n  c y c l e ,  o x y g e n  c y c l e ,  n i t r o g e n  c y c l e ,  p h o s ­

p h o r o u s  c y c l e ,  s u l p h u r  c y c l e  e t c .  B e s i d e s ,  h y d r o -  

lo g ic a l  c y c l e  a n d  m in e r a l  c y c l e s  a r e  a l s o  in c lu d e d  in  

th e  b r o a d e r  b io g e o c h e m ic a l  c y c le s .
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5 .5  E C O S Y S T E M  P R O D U C T IV IT Y

T h e p rodu ctiv ity  o f  eco sy stem  refers to the 

rate o f  grow th  o f  energy or organic matter per unit 

tim e by autotrophs at trophic lev e l one through the 

p rocess  o f  p h otosyn th esis  w ith  the help  o f  solar  

en ergy . In other w ords, eco sy stem  productivity  

represents the total am ount o f  energy (organic  

m atter) fixed  or stored by the autotrophs per unit 

tim e in the eco sy stem . The production o f  organic  

m atter or en ergy  by autotrophos is known as p r im a ry  

p r o d u c t io n  and the green plants in volved  in the 

production activ ity  are ca lled  p r im a r y  p ro d u c e r s .  

T he eco sy stem  productivity depends on tw o factors 

e .g . ( i)  the availab ility  o f  the am ount o f  solar  

radiation to the prim ary producers at trophic level 

one, and (ii)  the e ff ic ie n c y  o f  the plants to convert 

solar energy into chem ica l energy  w hich  is used by  

the green plants to build up their tissu es. Primary 

production is m easured in tw o  w ays : ( i)  g ro s s  

p r im a ry  p ro d u c t io n  (G P P) is the total am ount o f  

energy produced by the autotrophs at trophic level 

one, and (ii)  n e t  p r im a r y  p r o d u c t io n  (N P P ) repre­

sents the am ount o f  energy  or organ ic  m atter fixed  or 

stored at trophic lev e l on e. T hus net primary 

production e x c lu d es  the am ount o f  energy w hich  is 

lost through respiration by the autographs. N et 

primary production is, thus, gross primary produc ­

tion m inus the energy  lo st through respiration. N et 

primary production represents the usable am ount o f  

energy at trophic lev e l o n e , w h ich  is  availab le  to 

higher trophic le v e ls . T he e co sy stem  productivity , 

w hether gross or net, is gen era lly  m easured in gram /  

m 2day or year.

Biom ass refers to the quantity  or w eigh t o f  

liv in g  m aterials (an im als, p lants e tc .)  per unit area  

and is  represented  in term s o f  dry w eigh t. Plant and  

anim al b iom ass m ay be m easured and represented  

separately . R .H . W ittaker and G .M . W o o d w ell have  

m easured the net prim ary prod u ctiv ity  and b iom ass  

o f  plants o f  the m ajor natural e c o sy s te m s  and o f  the 

w hq le earth’s surface. M ean net prim ary p rod u ctiv ­

ity  for the w h o le  earth is  3 2 0  dry gram s/m 2/y ea r  

w hereas the m ean v a lu es for the trop ica l ra inforest, 

sw a m p s and m arshes and estu a r ies  are 2 0 0 0  dry  

g ra m s/m 2/y e a r  in each  c a se . V ery  lo w  net prim ary  

p ro d u ctiv ity  is  o f  ex trem e d esert, rock  and ice  (3  dry  

gra m s/m  2/y e a r ) , d esert scrub  (7 0  dry g ra m s/m 2/  

y e a r ) , o p e n  o c e a n  (1 2 5  dry g ra m s/m 2/y ea r) and  

T undra and A lp h in e  e c o s y s te m  (1 4 0  dry g ra m s/m 2/  

y e a r ) .

S in ce  the prim ary produ ctiv ity  o f  a natural 

ecosystem largely  depends on the am ount o f  so lar  

radiation, there is p o sitiv e  correlation  b etw een  

primary productiv ity  and so lar radiation. S in ce  there  

is m arked d ecrease in so lar radiation rece iv ed  at.the  

earth’s surface from  equator tow ards th e p o le s ,  

primary productiv ity  a lso , on  an average (b es id e s  a 

few  interm ediate zo n es  o f  e x c e p t io n ), d ecrea ses  

m arkedly tow ards the p o le s . T h is  resu lts  in spatial 

variations in prim ary prod u ctiv ity  at reg io n a l and  

local sca les . A t a very large sc a le  the prim ary  

productivity  o f  the terrestrial e c o s y s te m s  is  far m ore  

than the m arine e co sy s tem s. E.P. O dum  (1959) has  

identified  three levels o f  productivity at w orld  sca le  

as fo llo w s  : ,

(i) the reg ion s o f  h igh  e c o lo g ic a l p ro d u ctiv ity  

represented by sh a llo w  w ater areas, m o is t  fo rest  

(tropical and tem perate), a llu v ia l p la in s  and r eg io n s  

o f  in ten sive  farm ing;

(ii)  the reg ion s o f  lo w  e c o lo g ic a l p ro d u ctiv ity  

represented by arctic sn o w -c o v e r e d  w a ste la n d s ,  

deserts and d eep  o cean  areas, and

(ii i)  reg ion s o f  in term ed ia te  e c o lo g ic a l  p ro ­

d u ctiv ity  e .g . g r a ss la n d s , s h a llo w  la k e s  and  

farm lands ex cep t in ten s iv e ly  c u lt iv a te d  areas.

S ee  chapter 8 for d e ta iled  d is c u s s io n  on  

trophic le v e ls  and fo o d  ch a in s .

5 .6  S T A B IL IT Y  O F  E C O S Y S T E M

T he stab ility  o f  e c o s y s te m  refers  to  th e  

balance betw een  p rod u ction  and c o n su m p tio n  o f  

each e lem en t in the e c o s y s te m . In o th er  w o r d s ,  

eco sy stem  sta b ility  m ea n s b a la n ce  b e tw e e n  in p u t  

and output o f  en erg y  and norm al fu n c t io n in g  o f  

d ifferen t b io g e o c h e m ic a l c y c le s  and  s ta b le  c o n d i ­

tion o f  co n cen tra tio n  o f  a ll e le m e n ts . T .D . B r o c k  

(1967) has d e fin ed  s te a d y -s ta te  c o n d it io n  in  m atu re  

e c o sy s te m  as ‘a tim e -in d e p e n d e n t c o n d it io n  in  

w h ich  p rod u ction  and c o n su m p tio n  o f  e a c h  e le m e n t  

in the sy ste m  are e x a c t ly  b a la n ced , th e  c o n c en tr a tio n  

o f  a ll e le m e n ts  w ith in  th e s y s te m  r em a in in g  c o n ­

stant, e v e n  th ou gh  there is  c o n tin u a l chan ge*  (B r o c k ,  

1967).

E c o sy s te m  or e c o lo g ic a l  s ta b ility  i s  v ie w e d  in  

d ifferen t w a y s  as fo l lo w s  :

1. N o-O scilla tion  sta b ility  : S ta b il ity  i s  v ie w e d  

as c o n sta n c y  o f  s p e c ie s  n u m b ers  w ith in  a  natural 

e c o s y s te m  or th e c o n s ta n c y  o f  in d iv id u a l n u m b e r s  o f
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a  s p e c ie s  w ith in  a  p o p u la t io n . S u c h  s ta b i l i ty  h as  

b e e n  te rm e d  b y  M .I . D u n b a r  (1 9 7 3 )  as ‘n o ­

o s c i l la t io n  s ta b i l i ty ’ .

2. S ta b ili ty  re s ilien ce  : s ta b i l i ty  o f  a  n a tu ra l 

e c o s y s te m  is  v ie w e d  in  te rm s  o f  s y s te m ’s c a p a c ity  to  

w ith s ta n d  c h a n g e s  b ro u g h t in  th e  sy s te m  by  e x te rn a l 

f a c to rs  a n d  to  m a in ta in  o r  re tu rn  to  its  o r ig in a l s ta te  

a f te r  e x te rn a l  c h a n g e . S u c h  s ta b i l i ty  h a s  b e e n  te rm e d  

b y  H .A . R e g ie r  a n d  E .B . C o w e ll  (1 9 7 2 )  a s  ‘s ta b i l i ty  

r e s i s t a n c e ’.

3. R es ilie n ce  s ta b i l i ty  : S ta b i l i ty  h a s  b e en

in te rp r e te d  b y  A .R . H il l  ( 1 9 7 5 )  a s  a  r e s i l ie n c e  o f  

s y s te m  to  a d ju s t  to  s t r e s s e s  b ro u g h t  in  th e  e c o s y s ­

te m . T h is  is  c a l l e d  a s  ‘re s ilie n c e  s ta b i l i ty ’.

4 . E la s t ic  s ta b i l i ty  : E la s t ic  s ta b i l i ty  re fe rs  to  

th e  e s t a b l i s h m e n t  o f  s ta b i l i ty  in  a  n a tu ra l  e c o s y s te m  

a f te r  l a r g e - s c a le  d is tu r b a n c e s  o r  p e r tu rb a t io n s .

5 . C y c l ic - s ta b il i ty  : C y c l ic a l  s ta b i l i ty  re fe rs  to  

th e  a d ju s t m e n t  o f  a  s y s te m  to  r e g u la r  e x te rn a l  

c h a n g e s .  T h e r e  is  n o  u n p re c e d e n te d  d is tu rb a n c e  o r  

p e r tu r b a t io n .

T h e  n a tu r a l ,  ‘n o r m a l ’ o r  ‘u n e v e n t f u l ’ e c o s y s ­

te m  a t t a in s  i t s  s te a d y  s ta t e  o r  e q u i l ib r iu m  c o n d it io n  

th r o u g h  h o m e o s ta t ic  m e c h a n is m s . T h e re  is  in b u i l t  

s e l f - r e g u l a t i n g  m e c m a n is m  in  a  n a tu ra l  e c o s y s te m  

th r o u g h  w h ic h  a n y  c h a n g e  in  th e  e c o s y s te m  is  

c o u n te r b a la n c e d  b y  r s p o n s e s  o f  th e  s y s te m  to  th e  

c h a n g e  a n d  u l t im a te ly  e c o s y s te m  o r  e c o lo g ic a l  

s ta b i l i ty  is  r e s to r e d .  F o r  e x a m p le ,  i f  th e r e  is  s u d d e n  

c h a n g e  in  th e  e c o s y s te m  (d u e  to  a n y  e x te r n a l  f a c to r )  

l ik e  r a p id  in c r e a s e  o r  d e c r e a s e  in  th e  p o p u la t io n  o f  a  

s p e c ie s  a n d  i f  th is  c h a n g e  is  r e g u la te d  a n d  th e  

p o p u la t io n  r e tu r n s  to  i ts  n o r m a l  p o s i t io n  th r o u g h  s e l f  

r e g u la t in g  m e c h a n is m s  w i th in  th e  s y s te m  a n d  th e  

s y s te m  r e tu r n s  to  s ta b i l i ty ,  th e s e  s e l f  r e g u la t in g  

m e c h a n is m s  a r e  c a l l e d  a s  h o m e o s t a t i c  m e c h a n is m s .  

T h is  m a y  b e  f u r th e r  e x p la in e d  w i th  a n  e x a m p le .  I f  

th e  p o p u la t io n  o f  in s e c t s  in  a  s p e c i f i c  a r e a  in c r e a s e s  

s ig n i f ic a n t ly  b e y o n d  o p t im u m  le v e l  d u e  to  f a v o u r ­

a b le  c l im a te ,  th e  f o o d  s u p p ly  f a l l s  s h o r t  o f  th e  

d e m a n d  o f  i n c r e a s e d  i n s e c t  p o p u la t io n .  W i th  th e  

r e s u l t  th e re  is  c o m p e t i t io n  a m o n g  th e  in s e c t s  f o r  

f o o d  a n d  m a n y  in s e c t s  d i e  o f  s t a r v a t i o n  a n d  th u s  th e  

in s e c t  p o p u la t io n  is  b r o u g h t  b a c k  to  i t s  o r ig i n a l  s iz e  

a n d  s ta b i l i ty  is  r e s to r e d .

Diversity/Stability Theory ||j||

T h e  ‘d iv e r s i ty /s ta b i l i ty  th e o r y ’ o f  e c o s y s te m  

o r  e c o lo g ic a l s ta b i l i ty  s ta te s  th a t  e c o s y s te m  iv e r  

s ity  a n d  c o m p le x ity  e n h a n c e  th e  s ta b i l i ty  o  P ° P “  

t io n  in  a  g iv e n  s y s te m . T h is  h a s  b e e n  i l l u s t r a  e  in  

v a r ie ty  o f  w a y s  by  d i f f e r e n t  s c ie n t i s t s  e .g .  U 

a c c o rd in g  to  C .S . E l to n  ( 1 9 5 8 )  in c r e a s e  in  th e  

d iv e r s i ty  o f  fo o d  w e b s  p ro m o te s  e c o s y s te m  s ta b i l i ty  

b e c a u s e  in c re a s e d  fo o d  w e b  d iv e r s i ty  in c r e a s e s  t e  

re s i l ie n c e  o f  th e  s y s te m  to  o u ts id e  in v a s io n s  o f  

e x o tic  o rg a n is m s  a n d  re d u c e s  th e  f lu c tu a t io n  in  th e  

p o p u la t io n  w ith in  a  g iv e n  e c o s y s te m , ( i i )  F o l l o w in g  

R .H . M a c A r th u r  (1 9 5 5 )  th e  e c o s y s te m  s ta b i l i ty  

in c re a s e s  w ith  in c re a s e  o f  n u m b e r  o f  l in k s  in  th e  

fo o d  w e b  b e c a u s e  a  l a rg e  n u m b e r  o f  in te r a c t in g  

fe e d in g  l in k s  p r o v id e  a l te r n a t iv e  c h a n n e l s  f o r  

e n e rg y  f lo w  a n d  th u s  is  g e n e r a te d  a  w id e  v a r ie ty  o f  

a d ju s tm e n ts  o f  th e  p o p u la t io n  to  e n v i r o n m e n ta l  

c h a n g e s  a n d  s t r e s s e s  w ith in  th e  e c o s y s te m ,  ( i i i )  E .P .  

O d u m  h a s  r e la te d  h ig h  s p e c ie s  d iv e r s i ty  o f  a  m a tu r e  

e c o s y s te m  re p re s e n t in g  a  ‘c l im a x  c o m m u n i ty  to  

m o re  s ta b i l i ty  o f  a  n a tu ra l  e c o s y s te m  b e c a u s e  a s  th e  

c o m m u n ity  s u c c e s s io n  o p e r a te s ,  t h e  h o m e o s t a s i s  

in c re a s e s  d u e  to  m o re  p r o te c t io n  a v a i l a b l e  to  th e  

m e m b e rs  o f  th e  c o m m u n i ty  a g a in s t  e x t e r n a l  

e n v iro n m e n ta l  c h a n g e .

Equilibrium-Non-Equilibrium Theory

T h e re  a re  tw o  m o d e ls  o f  th e  n a tu r e  o f  

e c o s y s te m  e q u i l ib r iu m . T h e  e q u i l ib r iu m  m o d e l s t a t e s  

th a t  a n  e c o s y s te m  a lw a y s  te n d s  to w a r d s  s t a b i l i t y .  

V /h e n e v e r  th e  c o m m u n i ty  o f  a n  e c o s y s t e m  is  

d is tu r b e d  d u e  to  e x t e r n a l  e n v i r o n m e n ta l  c h a n g e ,  i t  

q u ic k ly  r e tu r n s  to  o r i g i n a l  s t a t e  w h e r e a s  t h e  n o n ­

e q u i l ib r iu m  m o d e l s ta t e s  th a t  e c o s y s t e m  s t a b i l i t y  is  

r a r e ly  a t ta in e d  .b e c a u s e  d i s t u r b a n c e s  c a u s e d  b y  

f r e q u e n t  e x te r n a l  e n v i r o n m e n t a l  c h a n g e  d o  n o t  

a l lo w  to  d e v e lo p  o r d e r e d  s t a t e  o f  s p e c i e s  a s s e m ­

b la g e s  in  a n  e c o s y s t e m .

5 .7  E C O S Y S T E M  IN S T A B IL IT Y

E c o s y s t e m  i n s t a b i l i t y  r e f e r s  to  t h a t  s t a t e  w h e n  

a n  e c o s y s t e m  is  u n a b le  to  a d j u s t  w i t h  e n v i r o n m e n t a l  

c h a n g e s .  T h i s  s o  h a p p e n s  w h e n  t h e  c h a n g e s  a r e  

c o n t i n u o u s  a n d  e n o r m o u s  a n d  th e s e  c h a n g e s  e x c e e d  

th e  r e s i l i e n c e  o r  c a p a c i t y  o f  t h e  e c o s y s t e m .  F o r  

e x a m p l e ,  r a p i d  r a t e  o f  m a s s  f e l l i n g  o f  t r e e s  in  a  f o r e s t  

e c o s y s t e m  s e l d o m  a l l o w s  r e g e n e r a t i o n  o f  f o r e s t
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c o m m u n i t y  b e c a u s e  e x p o s e d  s u r f a c e  d u e  to  d e f o r ­

e s t a t i o n  i s  s u b je c te d  to  in te n s e  w e a th e r in g  a n d  

e r o s io n  a n d  n u t r i e n t s  a re  w a s h e d  o u t  by  s u r f a c e  ru n ­

o f f .  H im a la y a n  f o r e s t  e c o s y s te m  is  a  ty p ic a l  

e x a m p le  o f  e c o s y s te m  in s ta b i l i ty  b e c a u s e  m a s s  

d e f o r e s t a t i o n  a n d  s u b s e q u e n t  g r a z i n g  h a v e  

r e s u l t e d  in to  c o m p le te  r e m o v a l  o f  f o r e s ts  a t  c e r ta in  

lo c a l i t i e s .

T h e  f a c to r s  r e s p o n s ib le  f o r  e c o s y s te m  s ta b i l ­

i ty  o r  in s ta b i l i ty  s h o u ld  a lw a y s  b e  v ie w e d  in  te rm s  o f  

e c o s y s te m  r e s i l i e n c e .  I f  th e  e n v i r o n m e n ta l  c h a n g e s  

e x c e e d  th e  e c o s y s te m  r e s i l i e n c e ,  e c o s y s te m  in s t a b i l ­

i ty  i s  c a u s e d  b u t  w h e n  th e  e c o s y s te m  r e s i l ie n c e  is  

s u c h  th a t  i t  c a n  w i th s ta n d  th e  e n v i ro n m e n ta l  

c h a n g e s ,  e c o s y s te m  s ta b i l i ty  is  m a in ta in e d .  T h e  

e n v i r o n m e n ta l  c h a n g e s  w h ic h  a re  r e s p o n s ib le  fo r  

e c o s y s te m  in s ta b i l i ty  a r e  b o th  n a tu r a l  o n e s  ( c l im a t ic  

c h a n g e ,  f o r  e x a m p le )  o r  m a n - in d u c e d .

M a n  c a u s e s  i n s t a b i l i ty  in  th e  n a tu r a l  e c o s y s ­

te m  b y  :

>- d e s t r o y in g  c o m p le te ly  o r  p a r t ly  th e  n a tu ra l  

v e g e ta t io n  o r  o r ig in a l  a n im a l  s p e c ie s  o r  by  

r e p la c in g  th e m  b y  o th e r  v e g e ta t io n  o r  a n im a l 

s p e c ie s ;

►  in t r o d u c in g  e x o t i c  p la n ts  o r  a n im a ls  o r  b o th  to  

a n y  a r e a  w h e re  s u c h  b io t ic  c o m m u n i t ie s  w e re  

n o t  p r e s e n t  p r e v io u s ly ;

►  a l te r in g  o r  m o d i f y in g  o n e  o r  m o r e  c o m p o ­

n e n ts  o f  p h y s ic a l  e n v i r o n m e n t  ( s u c h  a s  la n d  

u se  c h a n g e s ) ;

>  in tro d u c in g  fo r e ig n  c h e m ic a l  s u b s ta n c e s  th ro u g h

th e  u s e  o f  c h e m ic a l  f e r t i l i z e r s ,  p e s t i c i d e s  a n d  

h e r b ic id e s ;  \ . 1

>  in c r e a s in g  o r  d e c r e a s i n g  th e  o r i g i n a l  p r o p o r ­

t io n  o f  a tm o s p h e r i c  g a s  i .e .  b y  c h a n g i n g  th e  

a tm o s p h e r ic  c h e m i s t r y  e .g .  e m i s s io n  o f  g r e e n ­

h o u s e  g a s e s  a n d  o z o n e  d e p l e t i o n ;

>  m a n ip u la t io n  o f  e n v i r o n m e n ta l  p r o c e s s e s  e tc .

M a n  h a s  m o d i f i e d  m a n y  o f  th e  n a tu r a l  

e c o s y s te m s  a n d  h e n c e  h a s  d i s tu r b e d  th e  s t a b i l i t y  o f  

e c o s y s te m  a n d  e c o lo g i c a l  b a l a n c e  t h r o u g h  f a s t  r a te  

o f  u rb a n iz a t io n  a n d  in d u s t r i a l i z a t i o n ,  m e c h a n iz a t i o n  

o f  a g r ic u l tu r e ,  a l a r m in g  r a t e  o f  d e f o r e s t a t i o n  etc* 

M o s t  o f  th e  f o r e s t  e c o s y s t e m s  r i g h t  f r o m  th e  

r a in f o r e s t s  o f  A m a z o n ia  to  m o u n ta in  f o r e s t s  in  a l l  

th e  c l im a t ic  r e g io n s  h a v e  b e e n  d e g r a d e d  d u e  to  

r e c k le s s  f e l l in g  o f  t r e e s .  T h e  f r e s h w a t e r  t e r r e s t r i a l  

e c o s y s te m s  s u c h  a s  r i v e r s  a n d  l a k e s  h a v e  b e e n  

g re a t ly  p o l lu te d  d u e  to  im m e n s e  v o l u m e  o f  s e w a g e  

w a te r ,  c o m in g  f r o m  th e  u r b a a n  a n d  i n d u s t r i a l  

s e c to r s ,  d i s c h a r g e d  in to  r i v e r s  a n d  l a k e s .  M a n a g e d  

e c o s y s te m s  s u c h  a s  f a r m la n d s  h a v e  b e e n  d e s t a b i l i z e d  

d u e  to  h e a v y  i r r i g a t i o n  a n d  e x c e s s i v e  u s e  o f  

c h e m ic a l  f a r t i l i z a e r s  a n d  h e r b i c i d e s .  T h e  t e m p e r a t e  

g r a s s la n d  e c o s y s t e m s  ( s u c h  a s  S t e p p e s ,  P r a r i e s ,  

P a m p a s  e tc . )  h a v e  b e e n  e n t i r e l y  c h a n g e d  b y  r e m o v ­

in g  n a tu r a l  g r a s s e s  a n d  o t h e r  v e g e t a t i o n  a n d  h a v e  

b e e n  c h a n g e d  in to  f a r m l a n d s .  M a n y  m o r e  e x a m p l e s  

m a y  b e  c i t e d  to  d e m o n s t r a t e  t h e  i m p a c t s  o f  h u m a n  

a c t iv i t i e s  o n  s t a b i l i t y / i n s t a b i l i t y  o f  e c o s y s t e m s ,  ( s e e  

c h a p te r  3 a n d  15  f o r  f u r t h e r  r e a d i n g  m a t e r i a l s  o n  th i s  

th e m e ) .
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