R0 LIRESSIVE METAMORPHOS <
— /N _HERDMIMIA

e sabroguuntuy _itamor i Mo he
- iMMLo(ow me@o(u )ww‘o(mw
] o Lospia_to _aolult yasm iy

umwufn connd olsuahle Anhriskion dzl,tadvmw
| Aeotued gGoms wlbimadeliy dmwum n__
;W(M»UL
o C)iwwmllu L Lrple wcwm ¢ loua
{uu)rvw Comp&wa/ml aolLameral Bl n

o Cants W\/QJMMHM\&OW Sriolus  COMAL
ontrui o M los{wad Htswun . Some Uy
wwmm oUWW amol Loy bALOme
WWW&J uuru(/e RO MO bLoU
Complicattol, /

e Mtidlam Lovtuo e xnlbit
JMMGWM MO abu}uru%
' _[MW WA

(v\fmuum ﬂi m“ou“m [ oo 8-

© | Fres suumqu Al ollom  losiua b am
0 Lonamred  Cullnobdeal omwmm»wunq
ahou! 1.5 mm! !M\qm onal O3 mm il

1L ug ol

D1 "l ooy /(BuoL?am Wte may ha

ohwﬂ dJvamth/o( ' o o ouad
?Ywm(woummmq . A Laterad

— | Compsamed +all | about ;,an,) ‘

L - DcdIlneu wil udindsca

3

1 . . . .




w adhinf DQMLOJB gt o P Bp"““m““@

QWWWWWW

) | P erstse - s Counstio QWA PY dig

st Dy toot Coudifng das dodl ooptmd

+D+@)1ma W\A@W\iwmwakﬂ

@) M“Nwmm MWW;QWCW

MDJLWA«:tLuJNUf\ M}LOMM

MMM At Abstamce . MNotochosd

Mobvuvud Mo enolooloim  omd. abeut

%UMW{JWWWW

Qcdriineu wiudi vdainoca



,fb@w 40 Hro nofochord sume e olornod

e (ool Ntk Casdl s Conbiraurd o e

frumge wdwe TE dlidates rfowmmwumﬂw

e The uostcde Cominty L%oa oboﬂmu

o,:bwmftdw,aumbwj Mmuwuu( ;.Q%Dopsi::

| bradn.

Dl

/ s alipmontond,  (omal o dfm"rxﬂwwlabe

G mbuth s Wruaked awvwduowm and

Jm;mmomum Lowwmhi C&im

| onolugAtu e rowasds A UWnbod U pdble .
P ——

|

S0dIineud widl vdinoca



DMe

Lo ol e o Yde ualls MWW‘*‘M

MwMWMMQWW%W@W \

oY O)'JU . L edl st plo wot 8oy .

o 'oukziole gu}uum, Thau, @:P;mmio a

wuu\caugmwm s ofrium ptm do

1V e moidon b a_nbale glowed poa o

Coldrd Ot @pom .

‘b ot Qwipoumdsd b dha peicasoium

Us posFoq 1 pmol_uumbod do ¢ phasp

(/:7 —
[”O/vw}wumﬁon ! .
I

o Akaobam lasua 3udmy ' ot e %QP

vV

‘Wﬁm,mwu‘od d‘ﬁwﬂuw R

vour from & fud hnoww o one a&wJ e

nd " dom ; Qvus In bottom and odtackhhd

M%@WW‘W by AN e festioy.

Z ?%6#

ﬁmmuwed o&ndmonumm

Sbig,appwwwww&

@MWMWMWW@-{MUWH

' Qs e C)«H c)w/vxq,w ol Ay

%Qlwum - B

Scanned with CamSca






T L p——

@Q’N Gmne (OWPM ;,w ouw 4 vajﬂ,

ou aho  Complrd /
WD) @\Aj&'v}l’% by e e Mww pm:w and

_ oW ORouL W‘*PfoUA& mu%uoww;e
HJ-%AQ'Y\,M bLeomu Www A o

A,‘\*__MW_,LM bools) Lo sotesd AW

e’ ’nMMOwh‘i Huam‘aﬁa,pudwu

_.-._*w_&«\_i_\)«wlamal e Indtsing bcomu J!Mpu

) M pwf}w:sw

Rol! wwwmmwm we_foimd jo
Qrchort ardmal 4o Hhe fushratum.

_@ Nine, +Hont 37»0umu mwo{u\M}‘!-ﬁ-MM

fout
7) & haort amd ormw/xw

o claloped -
@(W ‘odult bLeoms WM -

hobit .

4

Sudiineu




\:X/Models of Ene

For explaining mode of energy flow in various types of' ecosystems, ecologists have
suggestad the following models:
1. Single-channel energy flow models. . . |
(a) Lindeman’s model. This model was first suggested by Lindeman (1942) who died at the
age of 26 years. As shown in Fig. 6.10, out of total incoming solar radiation (118,872 g cal/cm?*/yr),
118,761 g cal/cm*yr remain unutilised. Thus gross production (net production plus respiration) by
autrophs is 111 g cal/cm?¥yr with an efficiency of energy capture of 0.10 per cent. It may also be
noted that 21 per cent of this energy, or 23 g.cal/cm?/yr is consumed in metabolic reactions of
autotrophs for their growth, development, maintenance and reproduction. It can be observed further
that 15 g cal/cm?/yr aretonsumed by herbivores that graze or feed on autotrophs — this amourie® to
17 per cent of net autotroph production. Decomposition (3 g cal/cm?yr) accounts for about 3.4 per
cent of net production. The remainder of plant material, 70 g cal/cm?/yr or 79.5 per cent of net.

production is not utilised at all but becomes part of accumulating sediments of the total energy

i

Scanned with CamSca



e t— v

i S — -

e ———————
S —
e e . e ————— g

———

Sy

e T T

—

" :
light 77 Tj
N
2000 %y 8
NS
phyloplankton ‘ )
autotrophic biomass _
: Y )
N rotrophic bi ) -
hete trophic biomass respiration ’
y f R\O\\ \\ forest
light [/ _ \ ) 02 = 8
7 S\ ] o\ é@
7 RO\
/500 d ’
7/ // N \ T |
“stolal plant g .
-biomass 80,000/ ’
\AIIY, —I o NN oz 7
j storage \ ] V
standing crop biomass / (K cal/ m?)
energy flow (K cal/m? /day)

Fig. 6.12. A Y—sh_apell or two-channel energy flow diagram that scparates a grazing food chain (water colump

Qr vegelation canopy) from a detritus food chain (sediments and in soil), Estimates for standing

crops (shaded boxes) and energy flows compare a hypothetical coastal marine ecosystem (upper
diagram) with a hypothetica forest (lower diagram).

E. P. Odum (1983) gave a generaized model of Y-shaped or two-channel energy flow

~which is applicable to both terrestrial and aquatic ecosystems (F ig. 6.13),
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Fig. 6.13. Y-shaped energy flow model of Odum (1983) showing linkage between the grazing and,detritus
food chains. :
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The Y-shaped model is more realistic and practical working model than the single-channel
model because (1) is confirms to the basic stratified structure of ccosystem; (i) it sc'p'aral'cs the
grazing and detritus food chains (i.c., direct consumption of living plants anq utilization of
dead organic matter respectively) in both time and space, and (iif) that ll'w microconsumers
(absorptive bacterin, fungi) and macroconsumers (phagotrophic animals) differ greatly in size-

metabolism relations. The important point in Y-shaped model is that the two food chains are
not isolated from each other.

Odum’s Universal Model

PR - 4) which is
““in 1968, E. P. Odum suggested a Y-shaped energy flow model (Fig. 6.14) whic ;
applicable to any living components, whether a plant, animal, microorganism or individual,

Fig. 6.14. ' Components of a “universal” model of energy flow. | = input or ingested energy; NU = not used;

A = assimilated energy; P = production; R = respiration; B = biomass; G = growth; S = stored
energy; E =excreted energy. : : .

population or a trophic group. It is called universal model of energy flow. In the figure, the
shaded box labelled “B” represents the living structure or biomass of the component. The total

energy input is indicated by “I”, which is light for autotrophs and organic food for heterotrophs. A

Such a model may depict food chain as already shown in other Y-shaped energy flow systems,
or the bioenergetics of an entire ecosystem. This model can be used in two ways: (i) It can
" represent a species population in which case the appropriate energy inputs and links with other
species would be shown as a conventional species oriented food-web diagram, or (ii) the model

can represent a discrete energy level in which case the biomass and energy channels represent
all or parts of many populations supported by same energy source. _~
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