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Terrestnal habntat refers to-the land where

the organisms live. Earth’s land habitat is
characterised by a variety of climates and diversi-
ty of abiotic factors. Ecologically the terrestrial
habitat is subdivided into a number of sub units
called : (1) Forest ecosystem, (2) Grassland eco-
system, (3) Tundra ecosystem, (4) Coniferous
ecosystem, (5) Cave ecosystem, and (6) Desert

ecosystems.
Adaptations in sorue of the terrestrial ecosys-

(3) Thetail1s prehensnle and acts as the fifth limb.
e.g. chaemeleon, (4) Digits are fused in groups
called syndactyly, (5) Adhesive discs are present

~ on the digits. e.g. Tree Frogs. (6) Development of

parachuting method, e. g Flying squirrel, (7)Limbs
are elongated and pectoial girdles are strong,
(8) The sense of hearing is well developed. The
vision may beaverage, (9) Forest animals living on
iand are heavily built : Elephant, Bear, Licn, étc.
(10) Reproduction is specially adapted for tree life.
e.g. Phyllomedusa (Tree frog) of rain forest lays
its eggs on rolled up leaves hanging above water.

Tadpoles directly fall into the water on hatching.

* Figs. 109 and 110.

tems such as : (1) Forest, (2) Desert, and (3)Cave .

is given below
FOREST ADAPTATIONS : Forest animals

are arboreal. Naturally, they have adaptations for
" arboreal life. Some of the arboreal adaotatlons are,

given below: ,
(1) Opposible toes, (2) Presence of Claws,
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DESERT ADAPTATION : Desert 11fe is
adapted to its climatic condmons and scarcity of
water : high temperature are the main limiting
factors of desert. Desert animals develcp adapta-
tions for following purposes : (1) Water conserva-
tion. (2) Water getting, (3) Tolerance of heat, and
(4) Protection.

1. Procurement and Preservation of Water
Animals of desert obtain water from various sources

— : ‘ . :
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Fig. 110. Leaf nest of Phyllomedusa (Tree frog of rain

forest).
and try to preserve them as it is a very scarce item.

Tortoise and rabbit compensate their requirement

of water taking fleshy plants instead of drinking

water directly. Ants and rats of desert depend on
water produced in body carbohydrate metabolism.
They excrete urine in the form of solid substance.
Carnivorcus animals satisfy themselves with the
water taken with the flesh. Seme animals use dew
drops placed on plants. Some lizards absorbatmo-
spheric water through their skin, i.e. their skin is
hygr~scopic.

Many adaptations are found in the body of
desert aniinals to preserve water. (i) Skin of desert
animals arc very thick tocheck the loss of water by
sweating (ii) Scales and spines are found on the
body of many animals and plants, to check transpi-
ration. (iii) Uromastix stores water in large intes-
tine. (iv) Camels store water in the water cells
( stomach. It can retain the water for
many days. Fig. 111/3.(V)To prevent evaporation,
certain desert animals are nocturnal.

2 Protection : Many protective devices are
tound in desert animals, as they have tolead a very

present in firs

nd fierce struggle foq

existence, (i) Nocturna edby
thick co;uing(moloch-lizard)‘ bs og

desert animals become thick. which help them tt
run on sand comfortably, (1V) Desert snakes have™
deadly poison in their poison gland.

y Wind:: Nostrilsof

3. Protection From Sand
desert animals are provided with valves. Cameq

can close the nostrils with the helps of valve, like ™
eye lids. Eyes of camel are placed upward and aréig

provided with long and dense hairs. So that, sand
may not enter into the eye. Lower eye lid of song

desert lizards is transparent and remains attachedq
with upper eye lid. Ear remains protected wit :

scales or hair. ,
4. Fast Runner : Deseri animals are fast ™

runners which protect themselves from predators!
Following adaptations are there to run faster. The _ =
desert Lizard -Callisaurus runs with the bodyg

raised above the ground. Fig. 113.
(i) Sole of leg are wide and thick. (ii) Fingersqq!ﬁ

of Phrynocephalas and Teratoscincus bear lon

grooves, which help them to run fast. (ii1) Flesh&
he sole of legs of camel 2and

ostrich. Ck

cushions are foundont
5. Sensory Organ : Optic, Olfactory and&
auditory sensory organs of desert anima!s remain Ef

very sensitive.

6. Mimicry : Most of the desert animals have g
great power of mimicry. They can change their%
body colour according to the surrounding. This G
helps them to protect from any predator. %

7. Poisoni : Most of the desert animals have @iy
poison glands. Rattle snake, Heloderma§
punctatum, Tarantula spider, Trapdoor spi- '
der, etc. are poisonous.

Thue we find that animals inhabiting desert
bear many peculiar adaptive features, which help
them to live in desest, which is very adverse

condition of life. &

CAVE ADAPTATIONS | b

atic condition a
| habit, (i) Skincover

(iii) Sole of 1im

adverse clim

Natural hollows on theearth is known as caves. !
The animals living in caves are calied Caverni-
colous animals and their adaptations are called\
Cavernicolous adaptations. Cave habitat is very 7
different from other terrestrial habits. Light is ab-‘
sent, tcmpgr;ume is lowand constant through out the .
year, llt{nudx ty ishigh. These cause, following adap- \
tations in animals living in cave permanently.
B S
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Leshwaier Adaptatlons\

(For figuresrefer 0 Lotic Adaptations)
The Sreshwater babitat s formed ofthe rnving water SY5-

tem and the standing water system. Orgenisms iving fn these -

habitats have specml adaptations, They are asfollows;
1, Attachment: The glants and animalsofthe ot habiat
are permanently atached to some substratua for not befng

washed awey by tie lowing water Bg Greemalgae, bl green.

algae water moss, Hydra, sponges, leeches, snails, ete,
"2, Hooks and Suckers : Hooks and suckers help the anie

malsto attachthemselvestomesubsuatumorto thewatsrplants

of lotc habita, By, Blackdly larva Simulium, the larva of
Blepharoceras and caddisfly Hydropsyches. |

3, Sticky Ventral Surfaces : Snells and flatworms have: '

sticky ventral surfaces by which they adheré tothe hjects.
4, Strearn-lined Bodies : A streemlined body offers mini-
mum esistatos to the water flowing around i,

5, Tlattened Bodes : Flattened body helps the organism-
to find shelter under stones end in crevices. By, Nymphs of

mayflies and stone fles,

6, Positive Rheotaiis-: Lotic amrnalu have the mherent :

ablhty to move upstream..

. PositiveTﬁlgmo'tams LoncMhavememeren :
- property to keep cloSe SGntict with the substratum, Thus ot

animals are prevented from bemg washed away by the moving
 water, Eg. Stone fly nymphs,
- 8, Osmoregulation : The body fluids of freshwater i
mals are hypertonte to freshwater. Hence endosmosis occurs,
. As a result reshwater contnually entersthe body, Hence the
freshwater anfmals are contmuously pumping out the exeess of
water, This is done by confacéie vucuoles in Protozon, gloms

 erular Iadneymﬁshes and groen glands in crustaceans, The

Kidney and grean glands remove the excess of water in the form
ofurie, A certain amount o saltis also Logtthrough urine, Thi

10ss of salt is sompensated by the absorpnon of salts from the
extemnal mcdmm by chlorxde cells present inthe gills,
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9, Encystrent Diring summer et et §ys-

1ems dry up. Hence the freshwater aniynals develop heat resist

g 55 o tide over the dry seasans, Eg, Protozoans, Copep-
ods, Annelids, ete. Sponges develop Gemmules,

Pl ReSPiratwn Many freshwater animals develop spe-

il vermivsiory organs, Eg. Rectal gills in dragon flylarve; Ab-
domma gills in mayfly larva and Respiratory siphons in

Raratra and Nepa,

11, Ammonotelism : Freshwater animals excrete their n;-

" trogenous waste product n the form of ammohia, Ammonais
- easily ditfusible through the body and readily soluble in the

surrounding medium. Hence all freshwater animals are
armonotelic,

12, Creeping  Flatwormas, segmented worms andnymphs
avoid exposure o currents by creaping down among the stones

and grrvel, Thisis possble because they have elongate andsuppl
bodics.

13, Stonescases: The case-bearing caddis 1 worms. make

- their cases on heavy stones o coarse-sand in contast to the
- light vegetable materialused by thir pond- -living relatives.

 Thecaddiswom, Siloeven add ge anchor tones, Henc
they cannot be washed away by the currents,

14, Flat Root : The Lmpet Ancrylastrum flviatil and

. the snel Limnaea pereger have large fla foot which attaches

them Tirmly to the stones,

13, Remaining close to the Substratum : Mayﬂy nymphc
of the family Eedyonuridae ae flatened and apply themselves
closely to the.stones, onto which the current holds them,

In the case of the mayfly Rhithrogena the broad flatteneq
ell arespread outround the body ke  lange end the anterir
pznr is bent tourd under the thorax znd closcly fitted to the.

subsmatum.This device enables the nymphs o ciing Very tightly

to smooth surfaces and they are very difficultto dislodge even
from a sheet of glass.

16, Silken Threads : Some of the caseless caddis worms
use silken threads for anchering thémselves,

b i ¢ s s b A
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The larvae of the blackfly Simulium has amostremaﬂ';able |

- method of citachment It spins  small matof silken threacs on
some Solid object and ther raoves s broad backsids cato te
mat and engages a comple circletof il hooksn the mesh. I
2lso provides itslf with 2 sfety-ine, ethes n the manmerof
- spidér, so that i it does break free it can claraber b2ek 20ain to
its original positicn |
17 Stout Claws: Some lotc water animals eré provided

with strong stout claws, with which taey can cling 0 mell it

regularites on stones. Eg. Cased end caselss caddis worms

midge larvae, meyfly nymph such es Baetis end the shuggish -

- beetle Helmis, |

" 18, Fast Swimming: The mayfly nymph Baetis has ¢
. sreamilined body I swims egainstuite fustourretts,
~ The maggot of Lirnophora has long fleshy hools it S
" yai, They help it to menain itsposition inthe watet cument,

19, Reeding Habit: Most of the loic orgenisms deend

" on the water current for their food. The water curent carmies
with it small perticles of defrivs detached algee and anirmals

which have lost their grip. This source of food is exploied n -

yarious ways. k
. 1. The larvaé of Simulium bangs outnto the water from1s

" gifken mat. [t has a pair of large collapsible comb-Gke s
res oo its head, With the help of these,structures the larva

sifts the water by making contuons gresping movements It

o carried by the water curtent

o catokies smal: pactic :
arva of the genus Rheotamyiarsus

9, The small midge |
- builds a tube on the surfect 0
utver of oblique st making the F\Jbe re§emble 2 small
Hydra. The larva fen sping astring ofsticky seiva beteen the
‘struts, farnirig the StruCrre into 2 litle net supported by poles
Thi x’a.et Siters the food from tre water (Walshe, 1930).

' ddis worms for filterng
3, The nets raade b caelss adls WO
food from water are 10 stiking They spln conioa ilken et
whiich are directéd upstream and whlcb- are attached along one
side toa stone ata point Where 18 rms_ed‘ off the pottpm. The

£ 2 stone, from which radiee & -

49
force of the ayppe ‘ -
i kcetﬁfo um?'t Yeeps the net opn, i he o Wy a5
the teil-eng Omle ? I%Jd-s‘ﬁck onan i feld, The apvy ves i:
- end ot et Icolnt th food a gl ot
bottom of he pey (Wesenberg.Lung, 1943 Mervls fom

0. 4e :
el acc:zsoory Respiration  Certin frshwar fishes
Co880ry Iespietory organs 10 repire 8tmospherj‘c

o
\ g
Saccobranchus ,
SUPFﬁbianchial I ‘b)'mﬂﬁneorgan

' (a‘/ilyl

L | O
air, when iiel 4£r2e7s;.ﬁAsimsc:1’y B

) VOGN the treshwater dries up, By, Ophi
jicf;fzgchu;, Clartas, et The acccssorgy res;iraotgre; éz;zglaz;ss,
Clb i Yrinthine Orgazs In Anabas, arborescent or'géns in
401105 fubular sacs in Saceobranchus, e,

21, Aestivation : The lugg fish Protopterus undergoss

:Iclzqvanqn When thepondsmyupinsummcr. Itmakes a burrow
sectete a cocoon srounditself. Ir.the burrow, it remaing n a |

dommantcondition throughout the unfavourable season

A;Agﬁhmﬁm1@1lll[lllli
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Fig.J4.28; Aesivation in Protopters, |
12, Bigh Orxygen Content and Swoall Gils 7wt -

rents mak g0od araton n rnaing wate, Hence ruring e
has high oxygen contert. The roaning wter smimals are adapted

RO

" towater with high oxygen contet, The stone ly larvae e

such waters and have very small gils,
13, Migeation: ALl organisms make effectveattempis o

complete theirlifehistory, Often this requines change ofhabi

" and habitats, The fish Anguilla (¢el) has to oscillae between

breeding and feeding grounds, It ves in foshwater But for

bresding it travels thousangs of miles n the sea. This migration
ofthe freshwate ish i celled catadromons migration

: /| //’/ ,”"
\ ( \ \"\\!»“\‘" SRV Ny oo \ y
&\Q\ ' -
Pl 429, Bl v Lepogal b
A Selmon feeds in the se2; but breeds fn freshwater, The
migratiin of Salmon from se2to feshwters clled anagy.
mous mignafion, ! |

e esser number of eggs, A
" RS, EXtensIve care Is taken

ned by thlrpacents unt ey hetch. Eg Rotfr cladacerans
COpepOds, amphipods, isopods, etc,

Brachionus (Rot-

Fig.14.30: Salon exhibiting anadiomgys migration,

24, Parental Care Freshgtey Crganisms regularly pro-

they produce Jesser number of
foprotect therm, The agos are car.

i

fer) withonee “Brachionns with |
Jvitoneeg : f:gz‘“m - Colopsvitng
| sy
Fig 431 Paranta care by freshwat

eramimals.,



264

\ ‘
Fig.15.14.' Plankton have Preurmatophore for floating
8. Alr Bladder: Airbladderis & gasflled sec, aising s
dorsel outggowth fram the gut i s, Toe i can o
ermount of gas in the air bladder by secretio or teabsorption,
-This helpsto change the specific gravity anthus egultes buoy-
ancy-atdifferent depths, |
5. Body Shape ! The pelagic animals avid sining from,
the surface by changing theirbody shape. In somecases the body
is flattened, By, Medusae, Haplodiseus (turbellarian),
Phyllosoria larva, Gloghus Tomapterts, ete, Panktonie forms
assume aibbon-tks, needle- ke r chin-He shape,

Glochus

Mednse

- - Tomoptetds
, Fig.15.15 : Flattened body helps plankton fa foa, |
" 10, Elongated Appendages : In mény planktonic b
isms, the appendages ere elongated and branched helping them
to prevent sinking. Eg. Copepods, Megalopa, Phyllosoms,

Tomapteris, Polychacte larvae, ete. -
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Megelopa

Fié.15.17 ! Long qppendagés are used for floating,
L1 Actvé Srrtmng: Cetein planktonc organisms keep

bhemselve on e sufoeof ey acive swimming, Bg.

| Myss. Thefootof Preropas e modified into wing-lke stuc-

res that areused a oars:. I the cage of trochophore erva and

echuinoderm larvae, the il e used for swimming,
4 ‘l oy

Fig.15.18:Aptiveswimminghe!}m the plankton to remagn l,
onthe suface of water,
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have delcate narrow uncaleifed internal shells cotnonfy
clld shellpens. Thes e thin shen compezed wih heavy

caleifid cutl boe of the benthic Sepia Among heterapods
(gestropads) there s progressive recuction in the shell,

|
L

5 Water Storege : Reducion i he spcif gty hes

Rhobdosphaera Dwg?iﬁ:m ' | been attaincdinm;ny pelegie ol bysf-m'qg large amount
sphericd - | Gassene'lla " of water, The water is stored in the tissus, Inthe Jellyfish Cynas,
Bladder-le e amount of waer mey reach p to 90%. Large amouy

— waer 1 lso stored i sipfionophares, heteropogs, pteropods,

~ Qeratiomonedls ke AR _}‘33"‘ D\ chaetognaths, Aleiopa end Tomapteris, In the cage of Lepio-

.. spm)jm iy cephalus larva of ee), Salpa and Pyrosoma the body is watery

. and transperent, Nocrifica, Beroe (Crenophore) and radiolar
Figls.lo0: $hqu i adapted for loatng, lans reduce thci‘rl weight by storing water of low salinity.

2, Thin Shells * The foraminiferans Orbuling an

(lobigering have thin shells when compared to ther bentic ,--/ "
' ' . . 8 f :.\
Weight and the plenktonic organ Leptocephalus

relatives, Thin shells reduce
. Isms e prevented from sinking,
- 3, Pores + Some pelagie
foraminiferans contain pores ou

IR PAAL 2% ‘q:/-.‘.‘; ey
RReedaiee s Notilung
X RS SRS ;
ey )
R k

R, Tomoptrs
N
AN

- Yy
';;’:‘:.o‘a
v dat

R Y

: Q | lielslheusgithﬁdoipmoiﬁs::? . Prosma ¢
_ oo Shellereenlarged in som cases TS o o
| Fig.]S.lU.' b ik o g i, gzg.]i].? . §omerplqn.k{on'§t0re water or ﬂoatmg..
kel 4. Unealelfied Eoskel 8 Storageof atand Gil Drops : I mvany planktoni or-
: T e i anists,the specific gravity i veduced by the accumulat f
- eton: The pelagic enutacean Igats and of drops,Pelagic crusae 'yh' | g ¢
‘ gt } ‘ § !
have either weakly calcified o uncalcified exoskeletor, The I, L COMBIENSch s ledoerng nd

copepods contan e, Fishes ke cod and many selachians store .
el food maerials nthe form of fatnther ver The sun fish
Molamola and basking shark Cetorhinuis maximus have athick
layer of fa, . L

The radioaiens stor ofl dropsin the nwaCapsnla prot-
plasm, The 2o0plaktoniceggs haveofdrops

pelegic lamelibranch Plarikomya-hes an uncalcified shell
Among the Cephel

e o ~ T, Pneumatophore: Prewmatophores ae speciaized co-

N  ids meant for floating in sipnonophore coelenterates such &

. -Fig.IS.Ié : [nli'éo " wwalcb?e il Hgﬁﬂ?mma, Physali, Velell, ete. Preurmatophores are filled
RS R TN a - Widhair or gas

10t 11111190 11101110110
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12, Jot Propulsion : A mumber of pelagic animels main-

1

tain thermselves o the surfece of water by jet propulsion, By
this method, the animal takes in water and ejects it with force

- which enables the animels o propel either forwerds or back-

g, B, Hydromeduane, syphomisn, e svimming el
(nectocalyces) of siphonaphores, and cephalopods. -

F m‘ﬂ b
of | |

. %ﬁfﬂcﬁxm C Iﬂﬁgomﬂlﬁchl

Fig.15.19; Jet propulsion makes the plankton remain on

| the surface of waler ~ .

13, Special Processes ¢ Plartonic organisms provent

" themselves from sinking by developing special cutgrowthsof
the body. These outgtowths include horns of Ceratium, spues

of Globigering, fethery seze of copepods flshy arms of

echinodemn larvae,ete, ~ i

.+ of the sun,

yﬁi’}"

N 5 "
OphiopluteusJarva olychaete Jarva

Fig13.20: Special outgronihs of the body help in floating

14, plprnal Migration : Many planktonc 0rganssms such
2 amphipods, Copepods, ostecades, decapod larvae, ptazopods
cheetognaths, polychasts, siphonophores, tintinnids, ete mj-'
grate {0 the surface water &t night and to deeper water 21 he
break of the day. It 5 an adatation 1o avoid the scorching heat

" Fig 521 Crustacean exhibiing diumal mizration,
| Nekton
 Nekton are swirming anils They a2 provided wu’n of.
fwxent logomotory organs, A)ﬁimals other than plankion arc
;t;zluded - nekton, Eg. Fishes, birds, mammals cephalopods,
Benthic Region

Benthic 1'eéion 1ELe1S o the floor of the gog. I

vided inta two regigms, namely the fis
oral
sea system,  { i

t is subdi-
d the' deep
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i e el
dhundantin vegstason and arinal.Jt s epeefentaves (e
ftom lnos:all i phyl of e il kinrén. The flora and
faune o the rocky shore e as follows:
4 Flora : Sargassum, Ulvg Polysiy/wnia, ee,
. Sponges: Granti yeon, e
* Coelentereta : e anemoney Zomwug Lobaphytion
Sertularia, Plumularia, e, =
' Platyhelminthes : Planasifns
Avmelidl : Nereis, Funi t, Tubifex, Serpula, Polynoe,
Scbella, Eiurythoe, etc.
 Arthropods ¢ Palingtus (lobser) Hyas (spider-<rab)
~ Carcinus (shore crab), Hemnit crab; Bolonis, Lepay Cypreg
(amphipod), Masuta, Gelasinus, Mais, Ganmmans, e,
Molluses : Mytifs, Liroring Patella, Trocl

s, Cypreg,
Haliotes, Turritells, Chiton Nerit, Fisswellg, Murer, Pholgs

Teredo, Lithodamyg, Qctapus, ele,

=

Bchinodernata : Star fishes, Sea urchins, Brie stars, Seg

" ikies, Sea cue fbers, eto, .
" Prochordata « Herdmania, Ascidia, Botvollus,

. 4. Deslncation
. Fishes/ Perrghuss Epinephelus, Gobius, Cyclopteras, T

Sea cnemone Asddjag ,
Fip15.27  Raciy shors gn
2 Sedentary Litg -

- Terockyshors e i g
1. B, Sea anemone Loanthus, ¢,

o

lead asedentary

Toonthee
Fig.15:28: Sedentary rocky

3 L0ss of Loogimotory Organg
Lacomotory Qrgans are ra

Shore animals

duced, Eg, Lepes, Ba[qnizs, eI,

T Ying on rocks are v Iy often e>‘c 0sed to -
Lipari, e | Ly Ca0n 8.2 problem s avoi%ed Invati
%) L,-"Adaptanon_tointertidqlqukyShore) , POrEDtOneg;

" Inertidel rocky sore s e n o end founa, They ar
provided with following adaptations;
1, Organs of Attachment
nthe ockyshore, ides and waves dsh apsngt e ook,
Itthe animels living i this habitat are o firealy attackied to the

rocks, they ill be washed away. Hence the ok shore foms
Rave adeptatios for attachment,

Examples : 1. Sea anemonss are anached iy the help of
& pedal dige,

. L Ascidians produce an adhesive secpefion

b .
A .
2N &ﬁ }&\

— L . v A
iy : ;h Pl ﬂllpet-sheh closed %g;n“u; tﬁgg",ﬁﬁ k
[ Ceems s provided vitheementglonds, . '8.15.29: When gy 15 . bl
4. Moltusean forms have broad muscular foor, they protect t};gme{‘ves‘ i onimas are poseq

contraciion gr v

! ithd a
ABBOBOANAARAAARAAAANAAND & R o o
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Gk ot 5 Hidng
n orgsnisus pofet e exposed argas by cne o .
3, Cerln orgamsmépfos?:;nmm?zd o Bl o Ky foms escae fo bounding atio of
tractio%and;ntll}ld;aW?l:ié B e by g in the e OFtocks, Certain apipy ive
' y O!Caéeé':. Ve pE " ' 8 ", ‘
‘ y'ubf?é::tain imels ave ube dwellnghabt Bg b, emongea oo

ioont ngtheir 7. Flatened Bocy
In organisus avoid desiccation by suspending thei o ‘
i §'|C°Ttﬂm PR 01‘1 b To redice friction, the body becomes flatteneg, Eg.
acnvén-elji’ouuscan'fonns _clbsc the shells tightly. Botryllus, Planarig, o0
'5, Defensive Mechanisms | -

’ DeAs rocky folms wesedentaryand exposed veryofe, tey
velopefensve s gy ¥
devcﬁm;ples + 1, Molluseanshels at povided with spines,
Eg. Murex,

)
. : ‘n
At " D
N R o 70
iy Fh i
"It 14 [EEA
(et are 1Aie!

X | Planarfy
: ‘ - Botryllug :
2, Crustaceans ber spines on their body. g, RIOCk bty Fig. 1533 Rocky shore animals have flatieneq body 10
| dedwilivemalocyss, educe friction,
CIORES &6 proviced with emet . . re
431' g;isngcsandAscidim e providd withpils, 8 Rogeneraton :
‘5 Adaptive colouration is seer in ‘chqpl.”- The regeneration CADECIEY IS high s the Pats of the bogy
o of these animalg are frequently brcken by the deshing of Winds
- fnd stones, o i
AN
o ,"3}‘ "‘f‘ ]
Fig 530 :-Rotdfc:yt::o br; " Fig. 1531 Sea anemones i l5.34 Brittle gar 11, 10cky shore animg] o
anf S groie are protected by nematocyss. Iremendous pawers of regeneratin,
spines. :.

InterﬂdalSandy org

 Intertida) sandy shore cony
Erosion of contipeqty Iand masge$ segul i the formation of.
sandy beachss, Rocky areasof
* beacheg When they are wonyfut by waves, tigeg ang action of
boring animals, The jgens Al sandy shore has the following sz.
Lient feanreg

1, Shifting Su Stratun ; [n thn ga
- Umisnotstatie, 15 Labile, Wing 1

ndy shore, the substra-
ansports dry tands ang Wave

P
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e nok oy in mirine envitommenl but s i s
waters, lakes, onds, Streams, ivers springs, The interstiie
fewna ineludes ciliates, turbellagiag , Nematodes, cnidaiians,
bryozoans, rotifers, archiannelids Oligochaetes, polychaetss,

gastuotrichs, kinorhynehs, tardig des, harpacticoid copepods, |

0stracods, isopods, gastropinds, Udibranchs, echinoderras and

. ascidians.Thenewlydiscover: BrOup Mystaco caridia hag been

reported from this habitat oply,

Meority of ntersitaf organisms are small, elongats, ver-
miform it ransperet odies generally defuoid of ves;
Sense organs and adhedive struotures sha temarkebls deve)-
Opment, They ae négatively phototactic and graparipus i
habit Herbivores, damivores OMnivores and detritys foedlers
are ell representsd here,

-

According’to Swedmarkv(1964) the interstitial system js

Jop

 the most dy
flons,

1 CAdaptetions o nferial Sy Shore )
. The sandy beach s unfzvourable for unintal life becage of

shifting substratum and ceasles poundiiig of breaking waves,

However, the sandy beach is very suitable for animal Jife be-
cause it takes prolonged time for drying. The animals of the
Intrtidel sandy sho

Fig15.37 Burrowing sandy shore animal, | Orter el

2. Sea cucumber 3. Cockle 4. Chaeopterus 5, Ragor she]
1. Burrowing sl

A5 sndy shore haya hiing substatum,mot of .

mals of the sendy shore can quickly buroi ot the sand, So

T E N EEFN NN EEFNFIEEFEE Y YYYIE

e environment witk specil bilogical oo

g
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ey bexeadaptaions forbuowing The following ae the by
roing stucures found o sy shore el

L Probosels : o Balanaglossis the proboses s copic
In shape &nd it i used for burcowing,

Fig.15.38: Balanaglossus with conieal proboscis for bus-
TOWing, |

2. Prostomium : In Glyeera the prostomium is muscular
and pointed and it isused for bur owing, -

Conical Progtomium

Fig.15.39: Glycera with comical prostomium for burroy:-
fng, | |

3 Shell hefatenednare o thesells of Dons Soler,

Dentaliur, ete, helps in burrowing;

Fig.15.40: Shells are yged for burmwirxg in some sandy

shore animaly,

4. Foot : The foot of Solen, Cardim Dentalbum, Narice,
Oliva, Sngis, et are pomnted and are used for digping,

_ o M i B
Fig.I5.41: Sundy-shore moll sog ige their foot for burrowing, -
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3 Appendages: The appendages of crabs andl othey Cruste-
. ceans help them to bury quickly into the send, .

: \/,
o
Albice Hippa Eneriy) .
F ig.15.42: Sandy shote arthropods use their append..ges
Jor burrowing,
2, Tubleolous Lifg -

Many annelids, inorder to proteet themselves from the

harshy environment, ive in permanent orsemipermanent tybes
within the sand, Bg.Arenicols, : ;

3. Mucous

Certain soﬁ bodied annelids secrete mucous around their

body. The rmucous assistsn kezping moisture around their body
The mucous assists in keeping  cover of sand grlns ove the
body for the purpose of protection against the pounding action
of waves, Eg.. Prionospio krusadiensis, Aricia and
Lumbriconereis, NI )

2. Sea potato 3. Heart urchin 4, Amphitrit

T3
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4, Terrestrial Life

During low tid, vst seches of sandy beach is exposed

0 temestial fators, $0 certain ey sandy shore anircly

e & temporary emastial I Eg. Ghost crabs (Ocypods),
nermit crabs, fiddler crabs etc They retum to the

water only
occaslonally to moisten their gil chambers,

-------

[

1
. il 3
-~ Fig L544: Sandy shove crabs: | Male and Female fig-
dler crabs 2. Ghost crab 3. Hermit erg
5, Filter Foeding

Filerfeeding is & characteristic feature ¢ bumowing lifs.
Filterfeeding is exbibiteq by sandy shore animals like Emeritq,

A{bzmea, Terebello, Doy, Mactra, Timocleq, i

a Hippa (Emerita)
- Fig1345: Fiter foeding sandy shore CIuftaceans,
Emeritaand Albunea burrow backwards facing the sea ang
beburied. When the wave recedes, they extend theiy stoge an-
lennee nto the retreating water The antennag act o passive fi-
ers n the current, Then each antenna s crawy alterately through
the mouth parts to scrap the plankton and other organic paticles

-~ collsted. The mouth pacts of these formus are S0 aranged th

te enty of sind grains i effectvely prevented,

‘The bivalves Donay, Maciraend Timocleaelso exhibt i
er feeing, These molluscs burtow, beneats the sutface with

their museular foat, They extend their long siphon to the sur-



|
o fo pe o

 Tromentering the mante cavy,

thesand, .
+ Terebella lives in 2 ube, The head bears numersus, lon

* teriasdepositedin the san, g+ ¥

e Hestowards h sl iy of

8

face of the sand 10 tae n 4 cureent o water which brings In
“suspended food partcles Ry are orovided vt oy

plex ngs

oftentacls zound hefnhlent sipho, 1 prevert same grains

Terebellats a sandy shore Woicolaus polycanete, It devel-
OpS & speciel mechanism 10 cojlect he micro-rganisms frorm

g
nollow museular tentacles T e tentacie can b turmed ir Vo
ety of ways. One side of the teqraele from the base 1o thetipis

¢ilated. This side of the tentacle can be foldeq to fom a ol

ated gronve elomg which the food s
s propelled o the mouty,
~ The tentacles ane beautifully
adapted for exploring and transport
ing the foad, Their shape a5 in cross
section, varies at diffapen points at
- any pardeuler momegy according to
e Us 10 Wh they e eing
At one point ¢ tentacle will e fl-
tened 1o form & zone of atachmen
. distl o ths favened poi, the o
ng.‘ ] 5.46:."T878b ella tacle CXplOI’CS the mud: proximal 10

12 pointof atachment the surfge of

the teatacle will be folded to formacitiated grogie ol
 thefood is propeleg T

6. Deposit Feeding e

~ Arenicola marina iy 4 deposit. . ichorpt :

ecder.tdepends on heorganorma- . 7 s |

ecs foodbj i feding e sang "+
feedng methogs,
- eshi Pt e | o
' The womn $rellows sen oy f‘-g 'l 5.‘4'7:.Arem‘c,9m
Unvousyby e s, e 1 e feding
ST et

021290920090111

 Albunea,

PETI11111

% |
and miore sandis swallowed,  funnel- ke depression s formeg

o the sface, Water nters the tube throwgh s el Der-

colating down through the sand which flers food materil
(micvo-orgenistns). This organically ich sand i swallowed by
2 orm, Now ad then; e worm moves to the Lop o the ver-

ial imb and defaecates in theform o castngs, |

7. Detritus Feeding

Atumber of sendy shore animals depend on detritus, which
inchudes broken pieces of plants and animals and decaying or-
panic materils. Bg, Arenicole, Balanoplossus,etc
6 Camivores . -

- Meny.sandy shore animals capture end devour other ani-

mais, These anitnals are callec carmivores, Eg, Qcypode crabs,
lsopods, Glycera, Nephthys, oer

9. Scavengers '

Scavengers feedon dead seameeds, ded amils and plaat

" andaniml ebrs B Oeypode crabs and iabitrd amphipods,

. 30 Resphation AR T
W Whenthe sendy shorcanima'lremains.buriédrcspiration'is
7 camed outn various ways, When dlbunea reins bured i

e, e two longemennae e closely held together tofom

atube. This tobe projrts above the surfce, Through this ube
Cpmoy Vs, . ’

11, Proteetive colouration - - : |
Certn sandy shore animals re tesermbling the sand, Eg,

12, Breeding Ground | X

Stady beach fom Sutable breeding giound for fnany
maring onimals, By, Marin tirls,grinins, e, r

1 Marine turles migrate to e sendy'shore during breed-
ing season, Onthe sandy S, they dip sl it an the eggs
are Laid. The mother covers the eggs With sand and gosy away.
Theeggs arehatched by sun's beatand the young ones craw

1L
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Figl 5.48.' A marine turtle laying her eggs on o sandy beach.
"2, The grundon, Leuresths teris (fish) of the California
" coast visits the intertidal sandy shore for breeding, Thavsands

of these move towards the shore and the females on refching
thete quickly burrow intothe send,tai first, Lying half buried,
- they lay the eggsand during ts tione the males curl arownd them
on the surfaca of the sand and depositthe milt whick run down
the sand and fertiize the eggs. After breedingthe fish rerumto
the sea. The eggs.are covered with sand by the receding tde. I

has been found that the breeding migration of this fih i well

comelated with the tunar cycle and tha they lay the eggs ouly
" along the Highest spring tide level, so thet the. ergllop‘od eggs
may be washed backinto the sea by the next spring tide.
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" Figl 5.49: Grumions breed on @ sandy beach,
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regions. AS the muddy shotes contain salt marshes and man-
grove swermps, the inhabitants possess a wide variety of adapta-
tions. They arethe following
{,Burrowing + @ o
The muddj' shorehasa soft ubstratum, Hete mostof te

 mdey shoe forms have burowing adaptation, The following

are the burrowing structures found in muddy shore animals:

[, Prostommlusn ¢ In Arenicola and Dendronereis a mus-
culsconieal pretoraium 1 present, s used fo burowing
2, Boot : The foot of Cardiium s pointed and tis used for

digging. |
3, Appendages The appendages of Uca (fiddler crb) and

Albunea are vsed for bumoming,
2. Tubicolous Life

 Many polychaetes ive in perrmanexitor sermipermenent tubes
within the raud, Bg, Arenicoln lives in a.J-shaped tube;
Chagtopterus lives in a U-shaped tube.- '
3, Mucous M _ ,

- Certain softbodied annehds sectete mucous around their
‘body. The mucous assists in keeping a cover of sand grains over
the body for the purpose of protecticn. By, Chaetopterus.

4. Terestrlal Life

* During low tide vaststetches of muddy shofe is exposed

{0 tertestial factors. S0 certain ntertidel muddy shore animals

lead atemporec terrdtrialife, Bg, Hermit crabs, fddler crabs,
Periophthalimus, Boleophthalmus, ete. They return to the wa-
ter only occasionally to moisten their gill cherabers,

5, Filter Feacing |

- Filterfeding is o characterisic feature of burrowng i
Fiter feeding s extibited y muddy shore aniaels ke Alhunes
Arenicola, Chaetopterns ek

Albunea burrows beckwards facing thesea and lies buried,
When the wave recedes, it extends ts setose anteanae into the

 rteating water The anennae act a pssive e the cur

rent. Thet each antenna i draws lternately throush the mouth -
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parts toserap the plankton ang ottxcrofgaxﬁéphrdclascoﬂected. :
The mouth parts 4 $0 arranged that the $0try of sand greins i
effectively prevented, |

6. Depost Feeding |

Arenicoln marina 1 2 depogr foadey 1t depends on the
orgenic mateels deposited i he . collexts food by i
fer feeding and sand feeding metods, |

Itivesina P-shaped e, The hed Hes towards thg yoal
limb of 7", The worm swallows sang continuously by th pro-

e, Asmore end more send s sllomeg. afmelikede.
pression i formed on the susface, Wetzrentersthe betoough

s Fnel, perolaing dovn Evough e i e food
malerials (mjcro-onganiss), Thi organically ich sand i swa-

“Towed by the worm. Now aud lhep, the wormmoves o he top

+ ofthe verie imb 0d defecates it fo of cisings,
I.Detrtus Foedng . -
Anumbcrofmudd;:shorcanima.‘lsdependondetn‘tus. Which

includes broken pieces of plagt and animals and decaying or-

gauic materials, B, Aremicols.
8. Catnivores et |
Many muddy shore avimalstapture and devour othera.
mels. These animals ars called carnivores, Eg, Ocypodecrabs,
fermit crabs, ete, ! A
+ 9, Seavengers

and enimal dbuis, By, Geypode craby,

10, Resplration ‘ 3
- When the sandy shore animal somains buried,rspirason

i camied outn various ways. When Albunes reains oied i

e uud, th o Longantenn ave clselyheldtgethrto oy

tube, Thi tube projet bovt thesufae, Thongh s e

respiratory water s tekenin, R

11, Protactive Colouration o ke,
Certain muddy shore anieyals e esembling the mug B,
Mg, - T

' & s o ' " A ASA
aallBoanaanddltedolooanosnrdtomndaA

Seavengers e ondead seaweeds, deadammals and lil.ants, o

R %
12, Broad Foot
The muddy shore enimals have broag fogy This prevens
sinking into the s mud. Eg Aplysi
13, Accessory Respiration

\

"Muddy shore avimals are very often EXposed 0 atmospheric

" air, Hence they have ECCessory respiralory organs, Eg,

feriophihalns, Boleophthalm, et

| Fig.]S.SZ:J/ludskipp‘er has large bulging eyes, {r can
climb on trees and is provided with accessory
respiratory organs '

Coral Reef Ecosystems

ot e are highly producif marine ecosystems,

Joharnes (1970) stated tht eoral " arethe most biglog.
cally productive, taxonomically diyerse and estherically cel-

ebraled of all commupitig

3V Vena!

rt of coral reef ecosystem,
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- Arthr‘o;;ods : Crabs, Bafacles, Lobsters, Shrimps,
Limulug, etg,

6, Molluses ¢ Nqufilus, 5 (ula, Pecten, el
7. Behinoderms ; Crinoj Stafses, Sea wchin,
8. Fshes: Chimaera, Haftot, Photostomizs, Photocoryms,

Photoblepharon, Sacoopharf Eurypharyn, Macropharyns,
- Gastrosomia, i, | -

Lot i)

The deep sea'bas 2 unique environment with limiting
prysoo-cheiclfactors. The el composition i il
adapted. The following e the adaptations

1. Predatory Habit : Deep sea system i away from the
reach of sun's rays, Hence the deep sea environmeny i pitch
Gerk. The b o ight preventsthe growth o s ag pho-
tosynthetic organistns. So deep sea animals fead on other ani.
malsand are camniyorous inhabit Bg, Gastrostomias,

. .t’/(lllll/lrl 4ot P
0 0 i“ o 0 "“1

', Gastrostomig |
Fig.13.58: Gastrostomias, a predator of deep sea,
2. Scavengerous Feeding ; Most ofth deepsea anial
feed on the bodies of suface forms tht tak 1o the boto,
" Some even eed on the excrenofthe sufice et aimals, A
low temperature preVeils inthe deep sea, decomposition of bog-
 iesfaltng rom above i etaded end the deep'sea el .
joy an almost freh diet. The food missed by the deep s inhah-
itants accomulats &t the bottor constitting the food supply of
deep sea Sedentary forms such a5 echinoderms and forami
iferans. sl
3, Large Mouth aid Distensble Stotnach : Deep s
animals are equiped with arge routh, wide buceal cavity, el
dzveloped denttor and distensiblestomach. Thess feture el
the deep sea enimel to swalow prey large than therselyes,
For example’ Chigsmodon. niger (great swallower) ang

i BN AR W -
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Succopharymx ampullaceus (2ulper) have distensible stomach:

~ Gastrostomis has a wide mouth. Inthe case of Photacorynus

Photostomias and Linophryne, the dentition s well developed

Iy

Saccopheryy Tz R
ampullaceus / ‘

Fig.13.59; A deep sea fish with distensible stemach,
4 Wesk Endoseleon: I deepseaimas theseleton
is fragile, weak, Light and flexible. This is due to the uncalcified

and weakly calcified skeletal system. This is caused by the Jow
temperature prevailing in the deep sea, Eg, Chimaera,

-------

Fig.13.60: Chimaera with weak sheleton,

3. Small Body Size : Small body size is almost an univér-v

sel characterof eep sea animals, lthough gigantic forms have
also been recorded,

~ Idincanthus
Fig.L5.61: Deep sea fish, |

6. Lateral-line System : Lateral-line systetn is well de.
Velopd nell deep a fihes, Tis sense organ enables the deep
sea anurmls to Lve sucoessfully in the lightless envizonment
imspite of the absence of éyes,

7. Muciferous System ; The ructferous system of many
dezp sea fishes is developed in an extraordinary degree, They

have Llhe sbiity to secrete lsge amount of ncous, The whole
body 1 covered with a leyer of mucous, Eg, Macruridae, The
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Fishes ke Bramm longipinnis and Regalecus have large
eyes. Deep sea antphipods andschizopods and ecgestcs heve
s lerge e, Telescopieyes with enlgged lensis found n
Gigantura chunl. n deep sea fshes, rods are well developed
and found in arge numbers, Cones are either reduced or shseat,
Eyeless animels of the deep sea ere elso equelly comrmon,
Sorne decp seacristaceans have reduced eyes. Deep seacepha-
lopods end othe molfuses hve 0 eyes. B, Pecten, In some
crabs also, the eyes are recuced. R
9. Sensory Organs  Indeep'seaanials sense organs ke
entenneg are well develdped to compensate for the absenc of
eyes. The antennae are extraorcinarily long, They measure 4o
3 times the ength of te body. n the shrimp Aristaeus the an- ‘
teanee are 10 to 12 imes longer than the body, In Munnipsis

Iongcorns (sopod crustaveas) e et measure bout

s the body Length, \ |

In deep ses fishes fin rays are considerably elongated. In -
Bathyprerois,oue fin ray of the pectore fin s procucedinto 2 -
seasory filament, In Stylophoru. perodozus, the candal finis

* produced into a long flament. These structures re seasory o

louch and perceiyethe distcbences inthe surrounding water
10, Hydrosatte Presure: The hycrosteic presuzs in
the seancreases by oné atmosphere forevery 10 mere Gepth
utthe deep sea anmels are tpaffected by the C00MOUS ras-
s acting upan them i thegrest depths of the ooean for ther
ssues posses the same prssuze of the surroundings.
11, Svrim Blagder : Arswim bladder i lacking in many

deep sen fises, This s to eseape the high stress of pressure

et ey be exgerienced o depth ncreases, .
But some speedes of gonostomatidae possess well devel:
oped bladdets, In such fiches spoutel structures like refia
irabila capable ofseceeting gas ar found attached to the swim
bladdar, PRRRRA -
12 Sexual Adaptatlons : In the deep sea, itis ifficult to
38t 3 mate because of the ehsence of ight andof thin poptlz-

cena 000000011014 1 TEFTTITEI
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body of the female. In angler fish, the male is very small and it
1s attached to'the body of the female. In Edriolynchus, the at-
tachment between the male and female is so close that tissues
and blood vessels are interconnected.

13. Colouration : Deep sea animalshave a riot of colours.

“Red colour seems to predominate over others. In addition, dark,

violet, black and brown are quite comrnon. Deep sea foramin-
iferans are known for their dark reddish and violet colouration.
Starfishes, crustaceans and hydroid polyps are red in colour many
copepods are dark violet. L ' o

14, Bioluminescence : ‘Living light’ is a remarkahle fea-

‘ture of deep sea animals, The living light is blue or green in

colour. It is commonly called cold Hght because it does not
produce heat, Thelight may be emanated in three ways, namely
intracellular production, extracellular production and bacte-
rial action. The light producing organs are called Photophores.

* The photophores are located in some regions of the body or all

over the body. Bioluminescence is common among fishes, crus-
taceans, cephalopods, coelenterates, starfishes and annelids.
Photoblepharon has a light crgan under the eyes. The lan-

tern fish Linophryne has fin rays studded with luminescent or- -

gans. Gastrostomias has two longitudinal rows of photophores.
Phoostomias has four longitudinal rows of lumin
In“angler fishes such as Linophryne, Lophius, etc. The L ght
organ is situated at the tip of a moVable lure and the lure can be
used to draw the prey towards the mouth, -

| Fig.15.63! Deep seq fish, = -

The main functioh of bioluminescence is tg aid vision in

the abyssal darkness. It is also used to identify the mate angd to
attract the prey, Many fishes-utilize this'cold light to drive a

f enemies by a sudden flash of light. ' i dITwe away

OB

T -

escentorgans, -
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Batesian mimicry,

e |
i c1entlyraretobcad'varitageous 40 Moregyy - ffes prtecion to the mini, he MU
I pattem Gtanag 20ige decauses s pge Tug - Vhenmini o
erc,nsrlecnn "aihity gy il iyl B Al ery: 1, The leaf nsect
< i Wiy, e Examples of Prot ectl;fe M:T; treyes Tts wings and legs
. ng green leave v are flattened
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o
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010 another g 1 any natyra| object for the purpose 0 "‘
cancealment | PrOSECEn of for.gome Other oy fnge”.
vmczy 15 2 kind of adaptasion, Thetem cry Wag
ntroduced blology by Bates (1857,
© Organism which exhibits rmmlcry 1 called 2 mimin
g r g R i minichg ; o ok
Callod a migge) | FipJ0.: A stk isect resembles gt
Mi mzcry I c;asslﬁed I tyo

Views of two scieniss Theyare, | M e
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ProtectweMlmwry |

Ves.
3, Tho dead leaf but crﬂyKalhma [umics hedlnoidr li;fh ‘
The under suface of the wings ace dull brow mlcod e
the dried Jeaves, the wings are fold 8 aﬁd Thpl .
IF Sellt;eij\:wrds and the dull brown colour s exposed,
tically Upw

butterly looks ke  dried Jeaf
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Fig.30.10: Indig leaf bu:rezﬂy

, ulterfly resemblos
resennbles  progy leaf, Zi)l’egeal":;} {és 0
4 The stick Caterpillers of BEOMEIc. moth $oleniy

leralnaria resembleq Joung s
1S posture on e twig isfantagti,
by 15 ostrior nd ang he g
NWIg S0 hitit appears e 4 sina]
mblestietemmingl g,

Fig.30.12: Stick caterpillor

5. The sea-horse Phylloptryy egues esemble Sea-weeds
‘because 1t hears numerous Jedflike outgrowths.

Fig30.13 Phyllgpteryx.eques, the Sea-horse oty

SaWeets becuse i beors mamenos e f OOt

i
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There aze some harmaless o pelztable animal$ which mimic

11

M

' ' " 'm
" the harmul ornon-palatable animals By ths, the munics
 the enemies and protect themselves,

Exaunples of Warning Mimicry : 1. The non-poisona

' it (Bungarus) in 1t
st Tyuodon i the peisonous ket (Bungarus) n
sieke [

- colow pattem,

15 attached tothe AN twj |
body standy obliqietothe | |
brane s poited ag .- |

‘ Fipd0. 14 Laphis has o bit 1o e e prey

"1 The nor-peisonous Pyas rmimis the posonous cobra
g2 g o

y producing 2 hissing Soun b
byp3 The peltzbevicenoy buterly Limenihs s (e

slzlmonirbutecly Dancus R o B mimicn)

hagressive Mimicry

i tlﬁs piicry he mics posses some L 0 anér;:t
e 'r"ey Rovexampl, ifapredatoresemble ns;pgcé, thf‘:tpcrw]d
tof'giay heable tofa,p'proaé:h it victim more eastlv then

wisedo.
Othc'rl*]xampvle's of Aggressive Mimicry : 1. The bee flies be

) Jonging to the fanily Asiidag resemble the bees, These fles
- ngng e

it eags in the colonies of bees. When the.Jarvel fhis
ay their eggs in the C,olomesg
leﬂerge,,thgygfeedmpon e beesin n immturetage. This was

! observed by Brower and Westoot (1960). They conchudedthat -~

' e bee
because of their resemblance the fly can eas:il'yc; er;t;; tt;cm
colonies without any suspiciomand capture.and gey

2, Inangler fish Lophis, e frstinrey ofthedorsl n

dwitha batt. Thebalt
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Batesian Mimiery

"+ B mimiryvaseplinedby B (167) s I

et am bl o hamless spcis rembles el o
harmfl pecies for protcton,

It is an adaptation, |

The salent eauresof Batsian mimicry are mmarized
below; - -

| The model must be inedible or proected,

2.Jt (model) must have aconspicuous'}colour pattern..

3, It (model) must be vety common. -

4, Both model and i must e pesetinhesime e - i

2t thie same time, :
5, The mimic should beer 2 very closasemblanc 0 the
model, | e
" Examiples for Batesian Mimiery: L. The Krat (Kattu
viryan in Tami) isa deadly poisonoussnke, isteel e
colourvih domn o s Tis g spakeis
wated by Lycodon (Velikkol varen n Taa) ysodon s non-

poisonous, So it imitates keat in it eolour and possession of

cross bands, Lycodon deceives an artst and o a biologist, A
biologist can distinguish €Eycodon from o it Tn ke, the
colourbend e bsent o hehiad, neckand thefollowing
region, In the anteriorreion, the bands are pele anGbecoms
prominent as thiey g0 backwards, On the tafil.'also they are con-
* spicuous, But in:Lycodon, the cross bandsisart from the hedd:
tlf These bands axe prominent ntho anterorégion aud be-
come.pal - they go backowards The tal is e from eros

bands,

- 2.Averygood cxamplczofBatcsiannﬁﬁﬁayisprovidcd‘by
the monarch butterfly Danaus plexippus and the viceroy but-
tefy Limenits archippus of North America. - |
These o buteies belong to o iferet species;but

e colour et sikingly il
The monazch butecfly s inedibleand e viceroy butterfly
 isedible, Bothof them are iving in the same area. The monarca
butterfly forms the model and thf. viceroy biweclyis themimic,

t'eat but rejec
ot temcos

b i i s 4 Cynos

B st el it v buterl
8 oot They were then givenmonarch

B happes 0 CApRLS the monatch Ut

- prthe expenseofthe model.

 Beesfavesty

[

iy posesed By 1Y

1958) by means ofexperimen’
1 coenlesoens. ung J23
os hich they ate 11 €V6TY
butterfies which they t ed
ted violently after the fist 2516, and thcrcaft;r

el Afer g et presened it T
ceroys, Which ey 10V

o0
by wstetd by rove

ool ie 8 geredgan icero
noidedithbqialconsisend).

:‘.. A .. 4 g,
v' L." |.‘ "

* Monarch Butterfy | -
Fig.J0.15: Butesian wimicry. The monarch butterfly is -
edible and the vicero) butterfl is edible |
Thus fn natiral populationé when an young predator bir
erfly for the first ime. &

estoavod e vieroy buted Thas the mimicis proteced

The modelisnonpelatableand the mimicis pulatzble. When
dhe pumber of mimics a population s esser. & predator bird

s lelytogeta At model and it mes IlV:Oid’lh'lS pat:
e afterwards, As e mimic resembles he model, it 15 also
avoided:thusthe fitness of e imetic formwillbe high When
the mimics are more [n mumber 0.2 population, the birds are
likely to get palatable minics Birds then will begin ther 2
vcks on the mimic-model pate and fitness of the mimezic

fom will b gy decreased.

9. Another well known example of Batesian pumicry is pro-
yided by bees and bee flis belonging to the frmily Asilidae,
Bee flies resemble beés both n colour pattem and behaviour.
i v g and henoe harmeul;bee L are harmless and

hepos they imic et
" LP Brover ad JVZ. Brover (1958) experimentally

provied tie fmportance of mimicry exhibited by bee fies. Inan

experiment; some toads were Kept in 2 ja; s were dropped
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02 e 10 capture the busg: the

ngue, this gave

o qgwid; Lﬁa ;dxs;omfon tothe t0ads. Hence the e
:\ WY & € 0ees utCTOUChedmOli e
i bbb oless in & come
e e henever st ingecs e placedinit |
Sinilerly, oads avoig bee flies also |

On the other hang whep rago
cage '
? §§d§ }ﬁ St 1080 reecly caphgeang ey ey Conirl
1025 whig havcneverbecn,exposedtobeestings,rcadilvcat

L s ﬂj ‘

\
1 th
Onthet

bees stung the toads

n fles ae inrodugeg (1o the

Sirala types of opservag

i T oDservations : ’
s e madz on the African
i allow taj buucrﬂjPapxhadardamubyDrCA

rie tnd Dr. PM, Sheppard, -
| T}msc c'xpcrimcnp 2nd observadons lary show at e
mg‘co'?uratmnandmgmcryarchighlycffccdvc.adaptaﬁonsfor
Qrganiscns 10 escap: com predators,
T' f‘»:i['lxc'bl:ack(kongo Dicrumsadsimilis(Kammgurzwy In
.mll )l dxs;astcful und agaressive, Is asavannab-inhabiing
spectes and isoften found in company with a black Aycatcher
Melaer:mmwpamme!m'na. The black flycatcheris paltable ang
hence is a mimic {Cott 1940),

Fig.30.16: Blck Drongo, inedible, I is mimicked by the
edible Llack fiycatcher,

%l‘ g4

form with which they are co-cxisting, The conspietuusness

s L e m e e S

S, Vriarbirds of the genus Philemon, living n Souh East ~

Asha e gregariou,conspicuous oisy andagresive, Crioes
often accompany ocks of frar birds and the two e sqme-
mes very diffiult o tel apar, The fier birds vy inappear
ance from region toregion; the Orols aays ot ocel

aggressivensss of the fia birds, as well a5 the pazall geg- -~
gr_aphical variation in the two groups makes it almost centatn
thattisis zn exempls of Batesian mimicry inbirds and thaithe

fiar birds ere the models
Mullerian Wimicry

Mullerian mimry s based on the observations made by
Hller (1979, I Ml mimir, oo moreecis i

 punpleasanordengerous it esemble cch other forthe

purpoge of protection _

The selien: features of Mullerian mimicry ace summanzed
wfolows.

" 1, Allhe species are waraingly coloured and protected,

2, Allhe species can be equally common.

% The resembletce between the fornis is not necessarily
yery exel,because neher specisrelison deceiving predee &)
tor butonly on reminding it of dengerous distatefl qualite,

4, The species areracely polymorphie. ‘

A Clenuchid Mot resembles 2 Wasp ¢ Both moth and
yasp e el I s, b i andmdel e -

" yested, The advantage of Mullerian mimicry i based on .2

duction on the tumber of i’ requied by & youngpredator
i Jeaming to evoid nedible speses. Once  bird hs leamed

g0t eatwasps, it ewtometially lso bas eamed ot 0 touch

th bepuchid moth, Thus bothindividuals are 1o dcsuoygdby
th bird: O the othe hand, if 2 bid larns thatthe mothisun-
pelatableitwillavoid wasps lsoand thus wasps e bane/ﬁte/d.

Conditons Necessary for Mimicry

Forsuccessil mimicrycein conitons should e s
fied, Theyare it

| The mimics and model souldbecurin the same e

2 i sholheleser b e s

3 Themodels shoeld e npalatele ol

4 Theimitaon should beclearendvisce
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.~ ‘protection against predators. Comouflage could also have a connection with light, heat or other forms of
radiation. If thisis so, certain apparently meaningless camouflage may in fact serve a purpose which s still

unknown.

~ f—

@OUFIAGE
Before concluding our survey of protective colouration and the various forms it takes, the question of
camouflage in general must be considered. The object of camouflage is, by one means or ancther; to make
the animal as indistinguishable as possible from its background. A

Conspicuous markings breakup the animal's silhouette and in this way make it hard to see. An animal's
outline is accentuated when the contour is repeated by its colouration, for c_'o!Ourz;t'an then acts as an
additional outline or frame. Butif it cuts the contour perpendicularly the outline is broken and the animal
camouflaged. The zebra with its stripes is strikingly visible frém a short distance, butin the Svannah at a
distance of some fifty yards it vanishes, and game-huntets report that its perpendicular black and iwhite
stripes merge into the landscape. This is ture of all those animals which, like the tiger, have their conteur
broken up by perpendicular stripes. Contrasting blotches of black on a white background similarly conceal
the animal. The larger snakes have various markings in which contrast is emphasized by white edges
bordering dark patches. The chicks of numerous coloured species which, like the ringed plover, the woodcock,
the queil, and the bittern, are hatchied on the ground profit from thispririciple of broken éontor wsand in
consequence are hiard to See against the earth or sand. , ' )

Protective Colouration may also serve to disguise an animal's appendages. A good example of this is
provided by a smail frog of the lower Zambesi, Megalixalus fornasinii. The frog, very conspicuous, has a

brown band separated by two white bands in the middle of its back and on its flanks; there is also a brown
band and a white band on its legs. When the frog is'resting the bands of the legs froma prolongation of the
bands of the body, so that the familiar silhouetie of a frog is no longer noticeable. Colouration similarly
designed to mask the animal’s shape is not uncommon among insects, fishes, and reptiles, '
The vertebrate eye, with its brightriess and the régular form of
visible, and effoits are' made of camouilage it. Ofterrit s lost in a black irregular band which seemsto form
part-of.a design—for’examplé in fishes, frogs, snakes, birds; and antelopes. Often a coloured bard is
disposed in such a way that it crosses thé eye and tends to make the black depths of the pupil disappear
Many vertebrates instinctively close their eyes in full daylight or when in danger; the lid which prbtef:)tie the
eye is often camouflaged and exactly resémbles the region above the eye-sockets. The'eyelids may b
covered with scales or with feathers. In the Australian lizard Molach the eyelids are ;10t only scaiy b-uty 3
crossed by a celoured band perpendicular to the palpebral fissure. 5

. The presence of anmitionspicuous animal may be betrayed by its shadoiw, which i i

. of an m; : » which t
obvious than the animal itseif. Thus many crepuscular moths which spend the daylight l*l;irosn;i lt;z?u’ﬁi

. flatten themseives against the bark to avoid castinga shadow. The Satyridde. in respons‘é raise their wings
and press them together so that only the dull under-surfaces can beseen. But as well as this the facein th
direction of the sun'so that the thinline of théir shadaw i = 4 ot

s S as ianrsmeLls a ssi & . s
against the ground and the shadow they throw is masked by lateral fringes ® possible: Many lizards e fa

As aniinal’s presence is betrayed not only by its dutlinie but being thy ) i ;
invertebrates and almost alll fishes, amphibs o e dimensional by its relef. Mo

«ans, repliles, and maninals have more highl
5.7 ' i ; ' S RME , colot
than be]lie'o. l"hc'morg intense lighting to which the back is normally exposed redu%:esythis cg?:ti batc k;
pigmentation and, when the animal is seon atacerlain distance, cre b ye o

» creates the inusion of a flat surfa i
way small marine animals, swimming over a sandy boltom, are invisible, Some times this colour ;:Ce};;n s
;\‘;‘i’e’ S‘i‘f’f ;1." :3‘;;‘“ ﬂ"'EmS ;Jh:’ct swim upside down the belly is more highly pigmented thar, the ba'c“ke}f
He callish, 2 pelagic Nudibranchiate molluse (Glaucus atlanticus) h O A
o - $ ave silvery backs & i
swim, and dark blue bellies which ac visible from above. The caterpillar of 'Sphf:?:c ocell :w;hmh pey
willow; its back is pale green and jis o ata

iy ‘ belly a dark greglsh green. But
caterpillar takes up Is the reverse of normal. I( then seems to mergeinto the leaf. Its rear pair.of |o

the pupil and irs, is’generally very

.

ives on 3
very frequently the Position the
gsis fixed
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Colouration

to a branch, and its pale back is turned towards the ground, its darker belly towards the light; its Obhquﬁ
line give an itnpression of the play of light and shade on the veins of a leaf. IR
Colouration designed to lower the animal's relief sometimes takes the form ofa g{adanqggf' .colo:q
The cheetah, seen fromadistance, appears to be gre;/ish and flat, thanks to a yellow skn-u dotted w_1th blac’}(
patches which are dense on its back and increasingly spaced out as they approac.h its undersxd'e. T_hh
brilliafit colours of most coral-reef fishes are super-imposed on a tinted background in shaded designs.

Objections to the Adaptive Value of Colouration ﬁ
1. Animals which lack concealing colouration equally fare well the mimicking forms. The Raven fare&
well like the mimicking forms. The Raven for example wears the same black plumage from arctic

zone of tiopics. It may be noted that it is not a defenceless bird because it has a strong beak
powerful claws and so it--required no protective colouration. _ b e
2. Keen-sighted eriéiniés are nist deceived by cryptic colouration. This objection is over-ruled becaud
.. birds show selection in feeding and they avoid unpalatable insects. |
3. Cryptic mimicry depends on colour vision and most anima!s lack colour vision. But bees and birciﬁ
show colour perception of flowers they isit. ’ &l
4. Experience and memory, are required by thie enerny, of the dangerous nature of the model which the |
harmless forms imitate. Such memory'is riot proved. However, somé animals possess associatiogg
memocries. -
5. Cryptic col__q_q'ration cannot ensure safety because animals hunt by scent and sound. This is true b
eye-sight is'imiportant in close range and colour vision'is present in some animals.
6. It is based upon anthropacentric conception.

COPRRECCLCe IRl
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Aerial Roots

roots to take oxygen

N
e

s
]

pneumatophores Viviparity

Fig. 89. Mangrove planis have pneumotonhores.

As aresult, the estuarine orgaism has the adapta-
tion to survive at low oxygen (O,) concentrations.
Burrowing animals can tolerate low concentration
of oxygen (anoxic conditions).

(7) Estuarine cat-fishes carry their fertilized
eggsintheir mouthcavitytill hatching, to prevent the
eggs from being washed away by current. Fig 88.

(8) Mangrove : Mangrove plantsare found in

Rhobdosphaer2 Spherical

4 -
o .\\\ :
N\ I
5 \\ ,,-o’f

Thalassiosira Chain-like

Thalassiothrix
needle-lime

-~

Spirulina Spiral-like

v ° N
ADAPTAITON 1 AN MULS, ) 2nd are well adapted to muddy habitat

Some adaptations are given in Fig. 89,

(i) Aerial Roots : This habitat is poorly
aerated. Therefcre, mangrove plants have aerial
roots called pneumatophores to take oxygen from
the surface.

These pneumatophores also produce a num-
ber of small nuritive roots which serve a nutritive
function. Fig. 89.

(ii) Viviparity : In many mangrove plants, the
zygote once formed develops uninterruptedly into
the seedlings without the intervention of a resting
stage. The seeds take root even when they are on their
sarental plants. Seedlingis planted when they fallon
the ground. Mangrove communities (Rhizophora,
Avicennia, Brugulera, Gylﬁnorhiza, Xylocarpus,
Granatus, etc.) are viviparous. Fig. 89.

Terrestrial, fresh watei and marire animals
are found in this zone. Barnacles, Oysters, Her-
mit crab, Fiddler crab and many molluscs
(Littorina melanostoma, L. scabra, etc.) are
common in Mangrove swamps.

MARINE ADAPTATIONS
Marine habitat is the !largest in earth. It covers
about 71% of the earth’s surface. The oceans offer
about 300 times the habitable space provided by
both the fresh water and terrestrial habitats. The

RN

otella (Diatom)

Fig. 90. Different shape of planktones well adapted for floating.
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marine habitatis vastand can be dividedinto many
zones. The physical characteristics of each zone is
so varied that animals living in that area have

different kinds of adaptations.

Different kinds of animal adaptations in ma-
jor marine habitats are given below :

Pelagic or Planktonic Adaptations : Plankto-

nic animals are specialized to live on the surface of

the water. They have the following adaptations:

(1) Shape : The shape of the plankton helps
them to float on the surface of the water. Their
shape may be bladder-like, needle-like, hair-like,
ribbon-like or branched.

Medusa

Glochus Tomopteris
Fig. 91..Some planktons flattened nody helps plankton

10 float. i

Some pelagic animals avoid sinking due to
flattened body. e.g. Medusae ‘of coelenterates
haplodiscus (turbellarian), Phyllesoma Larva,
Tomopteris, Glancus, etc. Fig. 91.

(2) Shell : Orbulina-and Globigerina
(Forameniferang) liave thin sheils because this
reduces weight and tiie planktonic crganismis are
prevented from sinking. Some pelagic foramin-
iferans bear pores ot the shell. Pores reduce bedy
weight and help in buoyancy. '

(3) Air Bladder : Air bladder is a gas filled
sac arising as a dorsal outgrowth from the gut in
fishes. The fish is capable of altering the amount
of gas in the air bladder by secretion or by
reabsorption. This helps to change the specific
gravity and thus regulates buoyancy at different
depths.

(4) Storage Of Fat And Oil Drops : Specific
gravity is redluced by the accumulation of fats and

194

oil drops in many planktonic organismsr Pelag'ic '
crustaceans (Cladocerans and Copepods) contain
fat in the body. '

The radiolarians store oil drops in the
intracapsularprotoplasms. The zooplanktoniceggs
have oil drops which keep them floatirng on the
surface of water.

Code fish and many selaciians store their
food materials in the form of fat in their liver in
large quantity. The sun fish Mola mola and bark-
ing shark Cetorhinus maximus haveathick layer
of fat in the upper layer of skin.

(5) Stere Water for Floatation ;: Reduction
in the specific gravity has been attained in many
pelagic animals by storing large amount of water.

The water is stored in the tissues. The amount of
water in jelly fishes may reach-up to 90%. Sipho-

nophores, heteropods, pteropods, chaetognathus,

. RS S =

7
N, _
CJ:{———W:

Noctiluca Pyrosoma

Fig. 92. Some plankton store water for floating.

etc. store large amount of water. The body of Salpa,
Pyrosoma, Leptocephaluslarva of eel, etc. istrans-
parent and watery. Noctiluca (Protozoan), Berva
(Ctenophore) andradiolarians reduce their weight
by storing water of low salinity. Fig. 92.

(6) Pneumatophore : Pneumatophores are
specialised zooids meant for floating in siphono-
pho.re coelenterates. e.g. Physalia, Velella, Porpita,
Hellstemma, etc. Pneumatophores are filled with
air or gas. Fig. 93.

. (7) Special Processes for Floatation : Plank-
tonicorganisms prevent themselves from sinking
by developing special outgrowths of the bodyj
Th'ese outgrowths may be horns of Ceratium. -
spines of gobigerina, fleshy arms of echinodem;
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Pueumataphore

Tentaculozooids
Porpita

Pneumatophore

\,\; \

Zooids (

Halistemma_

Velella Physalia

Fig. 93. Planktons bearing pneumaiophores for flcating on the surface ofwaler.

Fig. 94. Special outgrowth of the body to help in floating.
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larvae, feathery setae copepods, etc. The foot of
Pteropods are modified into wing-like structuresthat
are used as oars. In the case of trochophore larvaand
echinoderm larvae, the cilia are used for swimming,
In many planktonic organisms the appendages are
elongated and branched helping them to prevent
sinking. e.g. Copepod, Megalopa. Fig, 94.

Fig. 95. Loligo has uncalcified shells.

(8) Jet Propulsion : Many pelagic animals
maintain themselves on the surface of water by jet
propulsion. The animal takes in water and ejects it
with force, which enables the animals to propel
either forwards or backwards. e.g. Loligo perform
jet propulsion by funnel: Fig. 95.

Mysis
Fig. 96. Active swimming help plankions to remain on
the surface of water.
(9) Active Swimming : Some pianktons keep
themselves on the surface of water by active swim-
ming. e.g. Mysis. Fig. 96.

d Exoskeleton : The pelagic

(10) Uncalcifi® - weakly calcified

crustaceans have uncalcified o

exoskeleton.
The pelagic larnellibranch Planktomya has

an uncalcified shell. Amongthe Cephalqpods, the
pelagic Loligo and Oigopsidae have delicate nar-
row uncalcified internat shells, commonly F:alled
shellpens. These are thin when compared. with tpe
heavy calcified cuttle bone of the bent.hlc Sepia.
Among heteropods (gastropods) there is progres-
sive reduction in the shell.

(11) Circadian Periodicity : Many plank-
tonic organisms such as amphipods, copepods,
ostracodes, decapod larvae, pteropods, chaetog-
naths, polychaetes, siphonophores, tintinnids, etc.
shift to the surface waters at night and to decper
waters at the break of the day. It is an adaptation
to avoid the scorching heat of the sun. Fig. 97.

Nekton : Nektons are swimming animais
suchasfishes, turtles, birds, mammals, cephalpods,
etc. They are provided with efficient locomotory
organs. All animals cther than plankton are nek-
ton.

Adaptation In Intertidal Animals

Intertidal zone is adjoining the shores. Itis the
area between low tides and high tides. This areais
— characterised by the coming and going of tides.
Intertidai organisms possess following generé]
adaptations :

(1) Temperature Fluctuation Tolerance :
Molluscs of intertidal areas can tolerate tempera-
tures up to 50°C. Seme intertidal animals can
tolerate wide range of temperature, e.g. Modiolus
demissus can tolerate temperatures ranging from
22°C to 40°C. The invertebrates {Gastropod-
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Nerita tesselata; Limpet — Fissurella barb-

adesis; Barnacle — Tetraclitea squamosa) liv-

ing in the intertidal areas have limited power of
thermoregulation. The Australian gastropod
Ceredium decreases temperatures by clustering
on falling tide.

The fiddler crab (Uca pugmax) is attracted
to light in the morning, but it avoids light during
hotter part of the day by retiring into the burrow.
Through this diurnal phototropic rhythm, they
avoid high temperature.

(2) Tolerance To High And Low Salinity :
Intertidal animals can tolerate wider ranges of
salinity. Uca rapax (crab) can even survive 1n
extremely high saline (salinity 90%) water. This
condition is found on the salt flats.

Many intertidal animals can survive pro-
longed periods of time in low salinity water. For
this, they have some adaptations suchas: (i) The
animals transport salts actively from the medium,
to the body fluids. (ii) They secrete 'hyposmotic
urine. (iii) The permeability of tue body surface to
the salts to water or to both is reduced.

(3) Drying i.e. Desiccation : Drying is a-

serious hazard for intertidal animals. Intertidal
animals are tolerant to desiccation for some time.
They also meve up and down along the tides to
prevent desiccatiun. '

(4) Less Oxygen Supply : Intertidal animals
have to face oxygen stress. Mud-burrowing ani-
mals may be ex posed to low oxygen tensions and
even anaerobic conditions during low tide. Bar-
nacles, clains, oysters, etc. tightly close themselves
off from the external environment during lowtide.
In fact they are subject to anaerobic conditions
during this period. The fiddler crab{Uca pugmax)
is capable of surviving anoxiafor 24 hoursat21°C.

(5) Pelagic Larvae : Most of the intertidal
organisms have pelagic larval stages. The larvae
are guided to the right place at the right time for
setting through orientational behaviour, which is
of great survival value.

Adaptations In Intertidal Rocky Shore
Animals : The sea-shore containing rocks and-
stones is called Inter-tidal rocky shore. This zone
is rich in flora and fauna. They exhibit the follow-
ing adaptations :

(1) Sedentary Life : Intertidal rocky shore
inhabitants are forced to lead a sedentary life. e.g.
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Sea-anemone, zoanthus, etc.

(2) Organs Of Attachment : In the intertidz
rocky shore, tides and waves dash against the rock
If the animals living in this habitat are nct firml
attached to the rocks, they may be washed away
Hence, inhabitants of this zone develops organs fc
attachment. Seaanemones remain attached withth
helpofa pedal disc. Balanus is provided with cemer
gland. Lepas is provided with stalk. Molluscs {Chi
ton, Patella) bear broad muscular foot. Ascidian
remain attached with the help of adhesive secretior
Fig 99.
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Fig. 98. Sedentd:y rocky shore animals.

(3) Loss of Locomotory Organs : Locomo-
tory organs are absent or reduced due to sedentary
mode of life, e.g. Sea-anemone, Balanus, Lepas,
Ascidian, Zoanthus, etc. Fig. 98.

(4) Drying : Intertidal rocky shore animals
face desiccation. It is met in different ways, (i) Sea
anemone, Balanus, zoanthus, tunicolous polyc-
haetes, etc. avoid desiccatioi. by contraction. (ii)
Balanus avoid desiccation by shells. (iii) Ascidian
avoid it by a thick test around body. (iv) Tube
dwelling animals (Tubifex) avoid desiccation due
to living in tubes. (v) Molluscans close the shells
tightly and protect desiccation of body.

ﬂ . ——
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Fig. 99. Various kinds of attachment organs in intertidal rocky shore habitat.

(5) Defensive Organs : Rocky shore animals
develop-defensive mechanisms. Crustaceans bear

.auu-t\lll'l

MUREX

Fig. 100. Rocky shore animal are protected by spines.

spines on their body. e.g. Rocn lobster. Shell of
Murex arg provided with spines Fig. 100. Tenta-
cles of sea-anemones bear a defensive organ nem-.
atocysts. Sponges and Ascidians are provided with
spicules.

(6) Hiding : Some rocky shore animals take
the advantage of their habitat for hiding. They
escape from the bounding action of tides by living
in the cvreices of rocks. Some animals live among
see-weeds. -

(7) Flattened Body : Planaria, Botryllus have
flattened body which reduces friction.

(8) Regeneration : The body of animals
(Britile star), inhabiting rocky shores, is frequently
broken by the dashing of winds and stones. There-
fore, they have great power of regeneration.

Adaptations For Intertidal Sandy Shore :
Intertidal sandy shore is vast larid of sand grains of
various sizes. Itis unfavourable for animal life due
to shifting substratum and ceaseless pounding of
breaking waves. Animals of ihe intertidal sandy
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shore bear following adaptations :
(1) Burrowing Habit : Most of the animals of

the sandy shore can quickly burrow into the sand. -

Many burrowing structures are found in them :

(i) Proboscis of Balanoglossus helps in bur-
fowing.

(ii) Prostomium of Glycera is muscular and
conical. It help in burrowing,

(iii) Shells of some molluscs (Dentalium,
Solen, Donax) helps in burrowing,.

(iv) Foot of some animals (Dentaium, Solen,
Cardium, Mya, Solencurtis, etc.) helps in burrow-
ing, _

(v) Appendages of crabs and other crusta-
ceans help them to dig holes andbury intothe sand.

(vi) Some annelids live permanently in tubes

_ within the sand. e.g. Arenicola (J-shaped burrow).
Fig. 101. -

(2) Mucous Secretion :
(Lumbriconereis, Aricia, Prionospio, etc.) secrete
mucous around their body to keep the body moist.

(3) Terrestrial Life : Some intertidal sandy

BALANOGLOSSUS

- with conical proboscis, - ,
. for burrowing 2

GLYCERA

SOLEN

Fig. 101. Sandy shore animals with burrowing st

Some annelids

with muscular & Conical
oo, PrOStOIUUIN

shore animals (Ghost crab — Ocypoda, Hermit
crabs, Fiddler crabs — Uca pugmax) lead a tem-
porary terrestrial life. They returntothe water only
occasionally to moisten their gill chambers.

(4) Filter Feeding : Filter feeding s exhibited
by sandy shore animals leading burrowing life.
e.g. Terebella, Donax, Albunea, Emerita, Mactra,
etc.

Albunea and Emerita burrow backwards fac-
ing the séa and lie buried. When the wave recedes,
they extend their antennae into the retreating
waier. The antennae act as passive filters in the
current.

Some molluscs (Donax, Mactra, Timoclea)
also exhibit filter feeding. These moliuscs burrow
beneath the surface with their muscular foot. They
extend their long siphon to the surface of the sand.
The siphon takes in a current of water laden with
suspended food particles. Around the inhalent
siphon, complex rings of tentacles remain present.
These tentacles prevent sand grains from entering
tl.e mantle cavity. ¥

Tuciures.
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" Fig. 102. Arenicola with filter feeding mechanism.

-Terebella has developed a novel method to
collect the micro-organisms from the sand. It iives
in tube and is a filter feeder. The head bears
numerous tentacles. One side of the tentacle is
ciliated. This side of the tentacle can be folded to
form a ciliated groove along which the food is
propelled into the mouth.

(5) Deposit Feeder, Scavengers, Detritus
Feeder And Carnivores : Arenicola marinzisa
deposit feeder. It feeds on micro-organisms depos-
ited in the sand. The worm swallows sand continu-
ously by the proboscis and along with sand micro-
organisms are also ingested.

Ocypods Crabs and Tabitrid amiphipods
feed on dead sea weeds, dead animals and plants
including animal debris.

Arenicola, Balanoglossus, etc. depend onbro-
ken pieces of plants and animals (detritus).

Many sandy shore animals capturéand devour
other living animals. These animals are called Car-
nivores. e.g. Ocypod crabs, Isopods, Glycera,
Nephthys, etc.

(6)Protective Coloration : Some sandy shore
animals (Albunea) resemble with the colour of
sand.

(7) Breeding Ground : Marine sandy habitat
forms a suitable breeding ground for many marine
animals such as Turtles, Grunion fish, etc.

Marine turtles migrate to.the sandy shore
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during breeding season- Females dig small pitson -
the sandy shore where tides do not reach. Now

female lays her eggs in pit. She covers the eggs
with sand and returns to sea. The ycung ones at

once start crawling to the sea. Thisis an instinctive

behaviour. Fig. 103A. ‘

The grunion fish (Leuresihes tenuis) of the
California coast, visits the intertidal sandy beach
for breeding. They breed in a very interesting way
and exhibit lunar periodicity in thisact. Thousands
of grunion fish reach sandy shore riding on tides.
Females on reaching there quickly burrowinto the
sand. They sink into the sand through tail. Lying
half buried, they lay'the eggs and during this time
the males curl around them on.the surface of the
sand and deposit the milt pass down the sand and
fertilize the eggs. After breeding they return on
lunar tidal wave. The eggs are covered with sand
by the receding tide. On hatching, young grunion
fish are carried back into the sea by the next spring
tide. Fig. 103B.

Adaptations To Muddy Shore : Intertidal
muddy shoresoccur in beaches, where wave action
is less. Many muddy beaches are occupied by salt
marshes and mangrove swamps. Salt marshes are
found in temperate regions while Mangrove
swamps occur in the muddy shores of tropical and
sub-tropical region. Adaptations in animals of
muddy shore are given below :
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N (1) Burrowing : Muddy shore has a soft
substratum. Hence, most of the muddy shore ani-
; mals has burrowing adaptations. Burrowing struc-
‘ tures are Prostomium, foot, appendages, etc. (See
Arenicola, Cardium, Uca in sandy shore adapta-
tions).
(2) Tubicolous Life : Chaetopterus livesin U-
shaped tube (Fig. 104), Arenicola lives in a J-
shaped tube (Fig. 102).
(3) Filter Feeding : (Consult intertidal sandy
shore adaptations).
(4) Protective Colouration : (same as sandy
shore).
(5) Broad Fcot : The muddy shore animals
' have broad foot. This helps in locomotion or sofl
. substratum and prevents them sinking into the
"1 mud. e.g., Aplysia.

(6) Accessary Respiratory Organs :
Periophthalamus, Bolepphthalamus, etc. respire
through skin and other accessory respiratory or-
gans bcause these are less exposed to air.

Deep Sea Adaptations

Marine habitat is the largest habitat of our
planet. Sea water contains high concentrations of
salts. Adaptive features of sea fauna are as follows :

1. Shape and Size : Marine animals have a
stream-lined body. This minimises the resistance
of water in movement. Due to pressure Torpedo,
Sawfish, Pleuronectus, etc. have become dorso-
ventrally flattened. Figs. 106 & 108. Thé size of
marine animals is usually small except that of
chimaera, sharks and whales.

2. Skeleton : Temperature of water in deep
sea always remains low. In low temperature, ani-

mals are less capable of synthesizing calcium. As
aresult of which, skeleton of deep sea animals are
soft and non-calcareous. Calcareous sponges are
completely absentin deepsea. Exoskeleton of deep
sea corals and protozoans are made up of silica.
The shells of molluscs are brittle. Endoskeleton of
fishes are non-calcareous,

3. Pigmentation : Lack of light in docp sea
causes lack of pigmentatior. in the body of animals.
F 4. Food and Nutritlon : For food, (i) They kill
and eat olhc»rs. (ii) Use the wastes removed by the
body o?‘ surface dwellers, (iil) Depend on plants
, and animals living on the surface of water. Deep
feaﬁsl.xcs are predators hence, their mouth is wide,
| jaws and teeth are strong. Stomach is long and

elastic. Chaetopterus live in U-shapedtube and get
food from one end of the tube. ’

5. Number : Lack of the limiting factors of
environment restricts the density of population in
deep sea.

6. Eye : Some deepseaanimals lack eye (crabs),
some have vestigial eye (Pectene) while some have
well-developed eye (Torpedo). Some fishes, for ex-
ample Gigantura, have telescopic eyes.

7. Sensory Organs : Long sensory antenna
compensates the absence of less developed eyes.
Munnipsis longicornis crustaceans have eight
times longer antenna than its body. Aristeas
(Shrimps) have 10- 12 times bigger antenna than
his body. Fin rays present in the body of animals of
this region is also very long. One fin ray of pectoral
girdle modifies in sensory fibre in Bathypterois.

8. Lateral Line System : Lateral line system
is found on both lateral sides of the body. It
function as chemo.and thermo réceptors.

Sa—

CHAETOPTERUS

U-Shaped tube

Fig. 104. U shaped burrow of chaetopterus.
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/Ieeders. The spined loach: has sensory barbels around its mouth. A strange fish is Gigrinocheiltis, from
south East Asia. It is vecetarian and grazes algae from rocks with speciai rasp like folds inside its lips.

¥ - TVYPES OF ADAPTATIONS

According to Lull the nimals show different types of adaptalions and some important types are

mentioned below: ' (
(i) Cursorial adaptation |- — )
mrial adaptation 1 b LU D S.P.UNIVERSITY _
(iit) Aquatic adaptation.. MATERIAL AVAILABLE '
(i) Scansorial adaptationVGsboyear B.SC /M.SC j
_{y) Volantadaptationv” >+ 555 & D.M.X COPIER,

(Vi) Cave adaptation /; | - 9913009494/93757131%:7___ |
(il Desertadaptation .~ - (%G @/@ col
Cursorial Adaptation
. There are many vertebrates which are adapted for running. Thesg are also called speed adaptations
as they are meant for fast locomotion for searchng the food and for escaping their enemies. Various snake
Jizards, dinosaurs, omithischia, flightless birds like emus, noas, rheas etc and mammsals for example kangaroos,
bandicoots; wolf, hares, dogs, cats and leopards etc. exhibit cursorial adaptations. They are characterized
by the following changes. For running or speed they develop following features: '
Body Contour St '
Animals doming under this category
whether terrestrial, aquatic oraerial hiave the -
body mouided extrenally in such a way as tc
offer the least resistance to the medium ~_ {
through which they pass. Thus the bedy is ™~ ™™ . _
streamlined with head and neck-extended ~ ,gappeat i
forward and 2ars thrown back lc offerleast - «limbing
resistance to air. '
Limbs .
Lengthening of the limbs is the basic
- feature in curserial adaptation that hasteen
" done without the elongation of bone by being
changed from plantigrade to digitigrade

AERIAL -7
flying: '

condition and in some to the ungultgrade 7 o 20 =
I : PRI 3K TP TERRESTRIAL © CURSORIAL
e \whgre there is reduCt'Qn ofdigits. Fibulaand . = short pantadacty! . » tunning
Rina -of the limbs ‘end to reduce and in © limbs '

exclusively locomotory limbs these bones are

tere vestiges. These modification, however, ,

-affect the rctatoty movement of the limbs ' -

which in these cases is restricted in one plane. @ -

... .w—..(@) Indetermining digital reduction ;.. \Y 4. =22\, ... . & rEEETHU 5
It is feasible to avoid interference be . FOSSORIAL
¢ forelimbs during runriing as dogs hjndtri,‘;iz :&lm;g . neling

s Ee l: o!wargs ;2:] (;)utsé(lj: (:{1_ the forelimbs P 166, Showlng various types of adaptation In mamm&l;j
at high speed. Besides this, there is a tendency toward rigid limitation of fnovement in th

ankel and wrist, knees and elbow between ﬂ1ec§igits in ungluli grade animals, . e e

() Lengthening.of distalia of limbs : Distal elements of food and skin, and hand and forearm

become lengthened for the purpose of increasing the length of stride and speed of movement. The powerfy]

(27

o



_track. Hence speed adaptation hasits influence indeterming

. as efficient organs of prehensicn.

i © servesas a thrid limb. -
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muscles are attached at the proximal end of the limbs.
Musdlesare shortened and thickly whichincrease their power
and speed of contraction. -

{c) Loss of digits : Planligarde means that the entire
palm or sole rests on the ground. Wrist and ankle are not
raised from the ground Bear, racoon are plantigrade.
Plantigrade animals are generally five toed with a few
exceptions; digitigrade animals are four toed, while
unguligrade are four, three, two or even one toed.
Chlamydosaurus (frilled lizard of Australia) is five toed, but
wher: it runs on its hind feet, the outer and inner toes are
raised off the ground and the animals makes a three toed

digital reduction. Kangaroo Forelimbs are a!so often used

.. (d) Reduction of ulna and fibula : In cursorial animals
the-ulna in the forelimbs and fubula in the hindlimbs are
‘reduced as an adaptation to fast running. The davide bones
of the pectoral girdle also tend to reduce. In horse the ulna -
and fibula are represented by splint bones,
(e) Loss of universal movement : The free movement
of limb 'segments at the joints s lost except at the ball and
“socketjoint of hip and shoulder. The limbs neither bent at -
. the'knee joint or elbow joint nor at the ankel and wrist - _ 2% , ~'
jolnts, It avoids bending of the foodand helpsnapowerl = " waten 4~ piations fn the hands of
impact on the 'grou_nd apd togetabetter speed. = - mole; C-D—Marsuplal moles. '
" () Musculature of limbs and deve 1

- el

lopment spring ligarients : In cursciial formms ot
v SrattisdSE U v g ., : 4 . M onmms ¥
‘limbs are powerful. These are shortened the muscles-of

and thickened restricted in the proximal past of the limbs. Their

ower and speed of contraction is markedly increased, because the musci ) "y
partof the limbs, a set 6f spring ligaments is developed on the post es are attached to the proximal

= erior surface of .
" (9) Tall as e balanging orgar : The tail when present acts ace of the foot.

- - ~ . : S asan organ of conterpoise. In semi errect
biped tail is used as colriterpoise. In kangaroo and in dinosaurs, tafl <oryes. o kS St ere
the animal rests without coming down on all four limbs, Ta.lltalg ?i::;szc? W —.—?_—\_I““b' w13en
kangaroc), while in lightly_«l3ui‘.t creafures'it is longand slender (e.q, Jerboa dlrosaw ;nl' arger foxfms‘_(z.c'.
shortening of neck (e.g. Jertioa, thouglicervical tertebrae are goy o) o r;%'ial‘ saurs). It includes alsf)the
tail is present even in running birds. - . - farse prevalence of mental precocity. A
. (h) Bipedal changes : In bipedal forms cursotial adaptation i L, o e "
for resting or for slow movement while feeding. Fore limgstaatizx;]‘::‘f ¢ recuction of forelimbs (role s used
flightless bird like, Ostrich, Emi, Rhea etc. the hind |
animals like Kangaroo and other marsupials, the taj]

‘ me more efficient drivers, In some
plays an ‘mportant role. Being a powerful organ it

Animnals.showing c't.irsbr'i'al;adaptaﬁonf; are Ostrich, Emy

bandicoot; tiger; horse; deer-etc:amony mafviiials.” - Rhea, Kiwi ard Casswaryamong birds, and--

Fossorial or Sub-terranean Adaptations bu}z}w = e '
) w‘ Q.
. Thit;e arefon:;‘ngaanl_rpals which are ?dafl;:{d'to‘ diq ﬂle"%gﬁ-- Itg.\ﬂq?f I’C;}'tO'fl .
“.m,"a-'ls' hosefood is abate ground, are ot so perfectly modified oo er1or food or retreat. Those
l1r_1l|1t:a11y the fos§ond adaptatioris are seenin the primitiye and l?::s’:?sewhose food s found os '
_This f:?tegoryxndudes Caecllians, Ophlosaurs, Sphen, odin ) mbitioys animalswhich are defenceless
modificationsare given in the following lines - » YTOmastix; desert snakes ete. The fossorial

-
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- - gpisternumand the coracoid. | e
WY Skull : The skull of subterrane animalsis compact and roughly conical. Thie suture betweati this bones -

_ and caecilians) and fur or spines (mammels).

“Seskly
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1. Body contour

. Body is somewhat fusiform or spindle shaped to offer a little resistance to subterranean passage.
However, snakes and caecillians have cylindrical body for burrowing. The head tapers anteriorly to form a
sort of snow that helps in burrewing. ,

Neck : in burrowing mammals neck is often absent or it is very short, so that their conical head
directly passes inio the trunk. -

Limbs : Forelimbs as well as hindlimbs are very short and stout in wholly fossorial forms and the
former are specially modified for digging. The hana] is broad and stout with long claws. In the common
mole (Condylura) the hand is as broad as the height of the body and hence digging is very rapidly
accomplished. The broadening of hand in mole and echidna occurs by the addition of another bone
(osfalciforme) to the originally fully developed five fingers, which increases the breadth of the palm. In the
golden mole (Chrysochloris) there are foir fingers, of which the two middle ones are elongated with
powerful claws of digging. The bones of forelimbs are very sirong and bear prominent tuberosities for
muscular attachmesit. The proximal end of the humerus bearsidge for te insecrtion of powerful shoulder
muscles and those help in rotating the hand. - e

The olecranon process is specially large in fossorial forms as it is for the inserticn of the powerful
triceps muscles that serve to straighten the arm. The shoulders are niarrow and their sockets are near to
each other. They are strengthened by short clavicles and large T-shaped episternum as well as paired
coracoids which extend from shoulder socket to presternum. In other mammals these bones do not reach
the breast bone. - ’ -

In the Hind limb, the-femur is not so much robust as the humerus. Tibia and fibula are partially fused
and the calcaneium (heel bone) is very prominent. In talpa there is a large sesamoid bone at the side of the

~ tibialike os falciforme of the hand. In monotremes the proximal end of fibula is anteriorly proionged.

Skeleton : The shouider girdle is a strong forwardly placed. Scapula and sternum are lengthened and
shift the forelimbs still forward. The clavicles are thick and aricilate both with acromian process of scapula
and the humerous. The union strengthiens the shoulders and enables them to withstand immense.muscutar
strain involved during the process of digging: The.shoulders are also strengthend by the ~1q@é.‘r’-shamd

“of the skull are obliterated. Thejaw bones are reduced. In burrowing mammals the zygomatic arch is
absent and auditorygﬁion is reduced. The dentition is also reduced and jaw muiscles are poorly developed.
Vertebral column : The vertebrae of the cervical, sacral and lumber regions are fused to gwcf'u:mness
and strength in pushing the animal through the earth. In moles, telpa and hedge hogs, intercentralossicles
are present between lumbar vériebrae which strengthen the vertebral column. In Armadillos an extra pair -
of zygopophyses are present in the lumbar veitebrae. - A
Skin : Skin of burrowmg animals is protected with mucus (annehds), Chlﬁn (arthr opod_s), scales (repﬁ]e’.

~ Hibernation ; Hibernation or winter sléep is another feature of burrowmg fo'rrﬁs’, living beyond the
limits cf the tropics. It is due to the absence of green vegetation which supportsinsects and worms. It is a
device to tide over unfavourable climate, An exception to thisis the lemmg (Myodes lemmus), which feeds :
on vegetable (grass roots and stalks, shoots of dwarf birch, reindeer, lichens and mosses); they form long :

_gallies through the turf or under the snow... ... ..

Tail

Long tail is unconvenient for subterraneanlife, it is short in hedge hog il i

-Ong . Y hedge hog, ratel and wood chuck. Tail
short in Talpa and other burrowing forms. It serves as a valuable tactile organs. il
Eyes and ears |
The eyes tend to become reduced as th fnouseind itat as i i

ey are of no use in dark habitat as in caecellian and desert

snales. The extemal pinnae also tendto disappear as in moles. These ae probably obstructions to burrowing
life. However in Otter and Geomyidae external pinnae ae small. In monotremes these pinnae are absef.
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Digging Mechanism ' ‘
A small and stout help in digging and is truncated and uptumed at the‘tip. as in hog-nosed snaé«z
(Heterodon). In Talpa a prenasal bone is found at the tip of the nose. The incisor teeth are forwa.r IQ
directed as in pocket gophers e.g., tusks of elephants are suited for digging. In some cases even the canines

are also effective organs as in swine.

Desert Adaptati \ .

Gpila tnd o> 228l 7% ﬁ
Desert has got problem of water conservtion, defence from animals and escape from the hot sand
particles which mightinjure the sense organs. The primary need of desert forms is to get adequate quantityfis

of moisture. Molach, a desert lizard, having hygroscopic skin, abserbs water like blotting paper. Camel
ring cells, Hump helpsin the production of metaboli g

stores the water in stomach in its special water sto
water in greatest proportions. The water conservation into plants is done by reservoir of large masses 0&
water pulp and thickened bark to held water. To avoid the evaporation the plants are usually baflers.

For self defence from the extreme heat of the sand and a0 Pmate. the sense organs are pr otectedums
gither by developing scales, abundant long lashes along with long neck ard hair. In plants, the important
defensive needs are: anchorage and spinescerice. Venomous nature of desert plants is also helpful. P

The fauna and flora of desertis pecularily adapted to these drastic conditions and the modifications
are mostly associated with the conservative and avaliability of water, protection against extreme heat an@

cold and obtainingfood.
1. Obtaining water - ‘ o
Higher animals connot live long without drinking water and need water at ‘requent intervals. Buifiess
_ scarcity of water is the primary cause of desert conditions. Free water is not avaliable for miles together.
The main source of moisture of the animals are the juices of food, whether plant sap or the blood cf th

prey, The desert animals try to utilize water from every avaliable source.
Terrestrial animalslose water their body in three ¥rays: : &
- {8}:By evaporation through thebodysurface; = . _ R el &

' ('b).Bylehaxhng oiature during respiration; and - : L
{d): By expelling water or liquid urine during excretion. Animals livingin desert have developed no mean.&

' to avoid water loss by all theseways. <
(a) To avold evaporation through body surface | ‘ ,

Desert animals have developed protective measures to avoid loss of water by.evaporating throug]&
general body surface : ' o '

1. Desert animals devel6p thick hide which avoids water loss by perspiration. S

o

2. Number of sweat glands in theskin of desert animals is very much reduced or ir'somne cases ﬂmese_,arﬁ v

totallyabgent. -~ - " . | g |
3. Scorpions and reptiles have developed almost impermeable outer covering, Scales and spines ardium

~ developedonthe exposed surfaces. Examples are sand lizard (Moloc omtoad {Phyrrnosoma).
4. Some desert arimals produce epighrams and secretions to prevent less of water, Desert insects ard®®
wax proof. . ¢ T , _
—

5. Certain animals like camel have developed more tolerance to heat. Their body t
- more withtheatiosphiere and thus reduce the amounit of moisture lost througsil g@?ﬁghﬁg?nm ting&tes—' 1
Camel can loose 30 percent itsbody weight without showing signs of distress and protein deficiencies.
Mostly animals loose water from the blood which becomes thick or dehydrated causing death. ﬂ
-carnel water is lost from the tissue and not from blood. o ‘ e ;d

(b) To avoid loss of molsture during respiration

-Many desert mammals cool the exhaled air in their . .
aresult mositure condenses in the nose and is notlost asn:rseiﬁogz ﬁ;ﬁ;n;i out ﬂv:jugi}: nostrils. A:
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(c) To avoid loss of water during excretion

This is brought about by excerting concentrated urine or urine in  semisoid state. Desert rats and
kangaroo rats excrete urine which contains 24% urea, where asman urine contains 6% urea. Even reptiles,
insecis and birds pass their body wastes in such concentrated state as uric acid that little or no moisture is
lost in the process. Uric acid can be crystalized in the body. In camel also the amount of urea in the urine
increases and the amount of urine decreaes with the reduction in the amount of water conserved in the

body. : : '
(d) Other methods of conserving water

1. Desert animals are mostly burrowing and nocturnal. They come out of their burrows either late in
night or early in the moming, when percentage of moisture in air almost equal to the moisture in their
burrow. The burrow protects them against scorching sunlight and avoids in excessive water loss due
to evaporation. Schmdit and Nielsons have fourid that relative humidity in the burrows was 30-5 0%,

" where as outside the burrow in the air it was 0-15%. Certain animals are found to plug the mouth of
their burrows during day time.

2. Desert animals are active only for a brief period during those part of the year where water and food
are available for rest of the time. They remain dormant lying hidden in some burrows or holes.

3. Uromastix is said to store water in large intestine and in camel water is stored in the rurmen along with
fermenting fon~d in a pocket like structure. But the recent investigation suggest that the liquid present
in rumen in not actually water but its comgcsition is similar to digestive juices and its amount is for
less than present in the stomach of other animals. '

Protection against sand stroms

The desert are often found to have dust siroms in the afternoon and these are sometimes so strong
that heaps of sand are washed away very swiftly. The important organs affected by the drifting sand and the
nostrils, ears es. Several mechanisms have been evolved to protect these structures:

1. Nostrils in majority of desert animials are either reduce ts small pinholes or they are protected with
complichted valves. For example, in camel, the nostrils can be ciosed in the same wayas eves are
closed by the eyelids. In sand swimming lizards the nostrils are turned upwards and are thus protected
ffom sand. . . ' oy

2. Eyelids exhibit various modifications and are capable of closing the eyes without hindering thevision.
In Mabuga the lower eyelid is much enlarged and transparent and can be drawn on the eye like the
Jictitating merbrane. It spreads over the complete eye thus protecting it ageinstthe sand but permitting
vision. In certain other Ezards (Ablepharus), the lower eyelid is permanantly streched over the epe and
fused with the lower margin of upper evelid. It is wholly transparent thus their eyes-are permanantly

. losed but are able to preceive vision. In camel the eyes are high on the head and are protected by long
and thick eyelashes. - : ' _ .

3. Earsare often protected with fringers of scales or hairs. In Phrynocephallus and Pharynosoma the

- air apertures are absent. Nocturnal animals need a sharp sense of hearing. Jack rabbits, hares etc.

have large ears. :

_' g'_qlour '

The colouration in desert animals is found to match with the sand dunes. The body hues are ofters
grey, brownor red,wh:ch is often in harmony with the ground. Often the colour is dull which blends with
the surroundings. Thiis blending colouration furnishes protection from the attack of predators by camuflaging.
In the absence of definit_e places for concealment, the colour blending is the only measure of protection and
the animals cannot be ‘easily detected in moonlit night. Warning colouration is exhibited by poisonous

. animals like lizards, Heloderma, rattle snake, spiders and red ants. In general, desert animals are less
heavily pigmented and are comparatively small size.
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Example of desert flora

Date palm having long deep exploring roots and horizontally spreading roots; plants with thin salty
encrustations or hairs over the leaves. :

Examples of desert fauna

Moloch (desert lizard) having hygroscopic skin, absorbs water like blotting paper. Its surface is covered
with thorn like scales. &

A few animals absorb dew drops along the vegetation food. Desert rabbit, turtles and wood rat
(Neotoma) eat succulent plants for their water need. Jerboas, Kangaroo rat (Dipodomys), pocket mous.e5
{Pesognathus) and other desert rodents eat dry seeds and vegetation and quench their thirst. Carmvorousa
animals feed on their prey for food and water Grasshopper mice of western North America, long eared
hedgehog of Sahara and a Marsupial mulgara inhabit the arid zone eat insects ‘and small rodents &

Self defence against scroching sun

_For self defence from the extreme heat of the sand and arid clunate, the animals adapt themselves as
follows:

In digging species of reptiles, the nostrils aredirected
upwerd instead of forward. In most snakes they are protected
by complicated valves or they reduced *o pin holes. Camel’ '
nostrils are capable of being closed like eyelxda S

The eyes of Typhlops (burrowing desert snake) are
overhung by the head sheath. In camels, eyes are covered
by abundant long lashes. These are further protected by
reflecting heat of the sand by possessmg the long neck
e.g. ostrich camel. .

In lizard Mabuya, the lower lip becomes enlarged .
with a transparent window in it.

" he ear opening is either small or protecteu by fringes
or scales or.they may be abohshed In camel itis protected

“by hairs.

Camel has the power of moisture conservation, eyes
are covered by abundant eyelashes; nostrils are being closed
like eyelids, earsare protected by hairs; and poasessxon of

“only two toes.
"~ Possession of venorn is another d%ert adaptahon (self '}
defence). All the snakes have poisonous fangs or stings -
‘e.g., rattle snake.

All the poisonous spiders are found in desert.

!RQ)I’
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Fg. 16.8. Decp sea adaptations. A—Phytostomias

guernel; ‘B—IJdiacanthus ferox, C—

Scorpions are also present. Gastrostomt.s balirdii, D—Cryptoparsrus 8

Gazelle resembles the general colouring of landscape couesii, E— tnohryne lucifer. |
(white on sand, dark grey on valcanic rocks). Itis a good example of self defense A
Deep Sea Adaptations ... _.. s e BTl T s

. The seas occupy the major part of earth anferent types of animals lives at different levels and parts

of the seas. Many of them are sessile and some are creeping. Both these ¢ . ; ,
eplfauna. Some burrowing animals which are also called the i, fOUngatzgeogf: a;'e coclilectlvely Ca’P‘lid ‘
characteristics of the deep sea are intense cold, utter absence of mOovement. prof o dOer;]m in seas. The 4
- pressure, the absence of phytoplankton, scarcity of food and resulting Comgetntxoomn)d anil so;atssbottatr;c:nrmom ‘

Gunther enumerated the following adaptations in deep sea formg,
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(i) Fragile and weak body

Since there is no motion in deep sea water, the animal forms are delicate, landslender and possess stile
like legs. Examples are the fragile glass sponge-the Hexactinellida, long legged crab-the Kaempfferia, the
fishes like Macrurus and Chimaera with tails drawn out into long points. ‘

(i) Colouration and Biolumniscence

The deep sea forms are more or less unifrom as far as their cclouration is concerned. They have
simple, dull brown or gray body colour. In some forms like Macrurus, the belly is black and the top silvery
because of lumniscence coming from below. This lumniscence is an important feature of deep sea forms
beloriging to fishes, cephalopod moliuscs and crustaceous. In this, the animals produce their own light by
means of their specialized organs the lumniescent organs as in “lanternfish” and “hatchet fish”. The
bioluminescence is basically used as a bait to attract their prey, and secondly gives recognition of the sex as
in Photostomias fish. In some invertebrates, light producing organs are scattered over the body and in
others there are special luminscent organs as stated above. ‘ -

(iii) Receptors

Some deep sea fishes exhibit greatly enlarged eyes or the so called telescopic eyes which are highly
effective in visioning lights of very low intensity. Examples are Arggrcpelens, Pandulus, Cyritsome
longipinnis and Regalecus. Some other forms have very small eyes of little apparent use, and still others
lose their eyes completely. Examples of eyeless forms forms are Eulima and Pecteus. In those forms where

the eyes are small there is a reciprocally large development of olfactory organs in higher forms like fishes.
~ Thedeep sea forms also have a well developed pressure sense. In water the turbulence is created by nearby
animals which are recognized by the nature of turbulence created by them.
(iv) Food . v Ll
. Most of the forms living in deep sea are scavangersor predators. The scavanging forms are foraminifera,
- holothurians, crustaceans and molluscs. Similarly predaceous forms are Melanacetus, Saccopharynx and
Eupharynx. The forms have wide mouths, strong dentition, destensible stomaches and the:ability to
swallow prey larger than themselves. Due to the scarcity of food in the deep sea there is “eat-or be-eaten”
mode of existence.
(v) Soft bottom - I : Y
Due to the soft substratum, msot anirnals living at the bottom of sea develop long appendages,
- abundant'spines, stalks or other means of support, asillustrated by the tripod fish, limb shells, and crinoids.
These appendages are sensory and act as tango-receptors as well as chemoreceptors, '
Adaptation in Fishes A i 5 '

The fishes live in an astonishing variety of habitats from the perpetual night of the abyss to the lighted
surface spaces of the Oceans. They are found along wave battered rocky shores and coral reefs, on sandy
bays and muddy estuaries and in the mid depths of the ocean where there is no bottoriy; no surface, no
shore. They are to be found in great rivers and vast lakes, in rushing torrent and in stili canals, in stagnant
ponds and farm ditch and in caves deep under ground and as deep as the abyss. They live happily beneath
the pack ice of polar seas and in tropical swamps, Theyare to be found in hot springs of Arabla where the

‘water temperature may reach as high as 40°C and even more- astonishing in the thermal soda springs of- -

lake Magadi in Kenya where the temperature of the waler or rather of the soda liquor, ranges from 27°C
10 49°C. With very few exceptions the Dead sea, whichis too salty to support any form of life, is a notable
cne, wherever, there is water, there will be fish. Asis only to be expected, there is-within this huge group
conditioned by this fantastic variety of habitats, a vast diversity of fishes we are accustomed to think of thé
cigar shaped fishes : the typical fish. But adapted to particular surroundings or to specialized ways of life
there are flat fishes, round fishes, ribbon fishes, tubular fishes and so on. There is, in fact, no suc .

atypical fish at least far as shape is concerned

h thing is
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Adaptation in shape and symmetry ‘ . ﬂ
The flat fishes or Pleuronectidae habitually lie on the ground upon on side of the body, some species

on the left side some on the right. In adaptation to this abnormal position the symmetry of the two sidc@igR
in many respect altered. If aflat fish is held in avertical position and compared with any ordinary fish ma&
of the paired organs will be seen to be presentin their usual position, on eachside there is a lateral in &
pectoral and pelvic for and a gill cover or operculum. : —
There are three chief pecularities whicha flat fish restingon the ground with its original plane symmetcy
in a horizontal position, differs from an ordinary fish which swims with its plane of symmetry vertical : {&g
the position of both eyes on the upper side, (2) The absence of pigments from the lower side of body(3) the
extension of the dorsal fin along the line outside the dorsal eye instead of between the eyes as in ot S

fishes.

The flat fishes are evidently descenided from ordinary symmetrical ancestors which swamina verh@
position, and in the course of evolution their structure has undergone the modificaions which are mcgag
suitable for their peculiar position and habits. To have 2 flattenea shape and to lie urvon the sand or gravel
at the sea bottom, is a mode of life which offers distinct advantages to a fish in the way of food g
concleament from enemies, and has been adopted by other fishes as well as flat fishes. Skates for instance,
and the Anglers have adopted this mode of life, but thiey have always rested on the ground in the vert &
position and eifher were originally or have become flattened dorsoventrally without alternation of th%
originalsymrr_xeb'y: _ T ST ' _

Rounded fishes : o . . - =3
* . -An excellent example of the rounided shape is the huge sun fish which may grow to.a, lengthiof 10 ft
- andattain a weight of more thart 1000 kg. The bedy is slightly compressed and is a very deep oval€ny
shape. The sun fish which is quite well known in British waters in summer is sometimes called the Head fisg
this is an appropriate name; for it does have the appearance of being composed of an enornmous head £53
two fins, and no more. Thereis a large and high dorsal fin and immediately opposité te it, a large.and deg
analfin. The body ends abruptly behind these _fips, giving the impression that the tail has been amputateG:
ik ,‘;_-;:;,;chér fishes with shortened rounded bodies are the puffer fish and the Porcupine fi ish. These too g ==
slow:swimmers and would be easy prey for swift predators because of no bodily armour of spines. The
sunfish lacking spines, has an armour of tough bristle some 7.5 cm thick. . . '
Tubular fishes -~ | o - L :
" - Attheopposite extreme o the shortened roiinded fishes are those with fong narrow tubslar bodie§
: ’1'1"‘3' best knewn of these is undoubtedly, the common Eel. The ribbon fishes are also basically tubules
flsne.'s,.but their "codles have bet%n_ SO ‘la.terally com;?ressed that the original tube has been superceeded by
the n’b,bon from which -thes{ derive thfelr name. This body shape has been evolved to suit particular livie®
gs:}r]:g;hom and has ljeSUItgd inaloss of speed, but nothing like the same extent asin the shortened roundg%
Cigar shaped fishes . s + 7 T _ ‘ o é
The typical cigar shaped fishes occupya position midway ;
them and the extremes at either end, there isvery conceivable &fmsﬁin these two extremes. But beh:le;g
is that of the sea horse, another very popular aquarium exhibjj y shape. Pethaps the most extraordinat
; 2 exhibit. In the sea horse; the head s bentat righ

angle to-the body giving the impression of a definite neck. ; i the-

membranous projections giving it a broken outline. The tail is I;I;llel?etr)ng:. ;Sfcuhr;eq and bgars_a m.nnber C.
is.used by the fish to attach itself to plants. The sea horse swims i Pegial eature unique among ﬁs%xes i
means of its fins, and is, therefore, a very slow swimmer. It po Uﬂnght‘posmo“, propelling 'tself >
armour and is completly defence less. But the upright position ssesses nothing that can be desciibed @

: e g2 N . and the broken outlin enderi
inconspicious among thie upright swaying water plants o outline do help to rende
by its tail. : g P amongs which it lives and to which it attachesitse!

1
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Adaptations

Scansorial Adaptaty :
"~ Animals developing the ability to live on
tree that is why this type of adaptationis also
called the arboreal or climbing adaptation.
The anirrm’ kind are categorized into
following types:
() Wall or rock climbers
(i) Terrestrio-arboreal forms
(iii) Arboreal forms
(i) Wall or Rock climbers
There are some animals which are -
adapted to cling on wall and rock and for
this purpose they develop adlesive and
vaccum pads in the limbs. The excellent
example of this category comes from the wall
limrd-Hemjdact_yI_us.' T o
(i) Terrestro-arboredl forms ot
Some animals can climb on the tree but
they prefer to live on ground under the frees, Fig. 16.9. Hind feet of Marsupials.
Such animals have prehensile limbs for the purpose. The excellent example is Funambulus.
(iii) Arboreal forms '

Arnimals living on trees and rarely coming down to ground are the arboreal forms. Animals like
calotes, chameleon, lernur etc. ustallymove on the upper surface of the branches that is why these animals

oms like slothis, flying lemur ard bats that rest hanging
by powerful claws of their limbs. These animals are constituted in such a manner

, that they cannot walk up
on the branches but rest and move suspended from them by powerful recurved: claws of their limbs. Bats
hang themselves by the claws of hindlimbs and sloths by forelimbs.claws. Sometimes, sloth takes rest by
keeping its back on the nearby branch and relastes the hold of ne more of its feet, but the inverted position
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feathers. The feathers provide an insulation, thereby preventing the loss of heat and maintaining a constant
temperature of the body. ‘

Flight Muscles and keeled sternum : In birds there is well developed keeled stemum to provide space |
to flight muscles for their attachment and smooth functioning. There are many types of flight muscles in 8
birds, but two of them are very common—Pectoralis major and pectoralis minor. Pectoralis minor is for |
the upstroke and major for the down stroke and propulsion of the body.

Beak and Teeth : In birds, the teeth are absent, basically to make the body light. At to compensate it |j
they develop a sharp, light but strong beak. It also assistsinprehension. - - . |

Perching ability : Inbirds, forelimbs are modified into wings. Hind limbs develop perching ability to
‘rest on the trees which are supposed to be safer than the ground. This ability is seen in all flying birds.

Tail : The tail is short in birds and a bears a series of tail feathers or rectrices arranged in a fan like |
manner and serves as a ruddar in steering and as a'counter balarice in perching. k

* Pneumatic bones : Inbirds, the bones are hollow, pneumatic and less ossified. The basic purpose of §

these changes is tc make the body light. Most of the bones are fused and articulated bones are restricted to
the parts where mobility or movement is required. Some bones develop air spaces in them.

Alir sacs : In birds, thin membranous air sacs are associated with lungs to siore the additional amount
of air and to make the bodylight. Air sacs also cool down the temperature around gonads.

Single ooary : In birds, only one ovaryis functional and other orie is rudimentary. The ovian eggs are |
large, calcareous and megalecithae. This stage also helps in reducing the body weight. It is the left ovary !
that remains functional.

- Urinary bladder : Urinary bladder is not found in birds, as the urine cannot be stored, and the
excretion is almost solid or semisolid. This is also the water consérving ability that helps in flying in one way

Brain and sense organs : Brain is well developed and specially the cerebeilum which is concerned
with equilibrium and co-ordination is greatly developed. Eyes bears characteristic sclerotic plates to resist

~ variable cir pressure during flight. Eye are large and quick focussing.
r\Aquaﬁc Adaptationﬂ e

- Aquatic adaptations develop in the animals due to theirancestors or permanently water living forms
are called primary aquatic adaptation. If they show terrestriel ancestry then the adaptations are said to be
thie secondary aquatic adaptatioris: _

Primdry aquatic adaptations , | A
~These adaptations are seen in fishes as they were evolved in water and never had terrestrial ancestory.

They show the following features : - RIS
Body Contour : Body contour is spindle shaped with wed
resistance iz swimming. _ _

Fins : Fins are the main swimming organs in fishes. The fins may or maynotbe paired. Paired fins are
the pectoral and the pelvic whereas unpaired fins are middorsal, ventral and caudal fins. '

Gills : Most fishes respire by means of the gills they develop..The gills may be externali.e. withcﬁt.
operculum or internal. i.e. with operculum.

ge shaped head, and offers little or no |

Lateral line organs : The presence of lateral line organs is the important feature of fishes. These

- organs detect the changes causet by rriechiriical dist rbances in the surrounding water, Recently, Lowenstein

has squeste_d the role of these organs other than balancing: According to him, these organs may help in
echolocation tomake the fish abie to swim evenin darkness orinturbid water. These lateral line organs are
not developed in terrestrial forms.

Swim bladders or air bladders : Most of the bony fishes prossess swim bladder that serves as a

hydrostatic organ. With the help of a swimbladder a fish can float at any level in the water. In some
it is also associated with the production of sound.

-

fishes,
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Many animals are known lo have more sensitive sense organs than human beings. One of such abililies is highly
developed acoustical mecihanism of some mammals and birds. The abilily of an animal lo emit high Irequency sound pulses

and to use the return echoes for delecting the dislance, direction, size and texture of an objectiin ils environment is referred

to as echolocation. In simple words, lhe process for localing disiant or invisible objects by means of sound waves rellected

back 1o the sound emilted by the animal. Human ear can hear sound Irequencies within range of 20 to 20,000 Herz

(= 20 KHz). Beyond 20,000 Hz sound is inaudible lo human ear and called ullrasonic sound. Most animals having the power .
of echolocation can emit sound wilh [requencies higher than 20 KHz. This sonar-like use ol auditory signals is mosl

developed in microchiropleran bals and some celaceans (see Box 28.3). Only'two-genera of birds are known lo use

echolocation, the Asian cave swilt (Collocolia) and the Soulh American oil bird (Stealoris).

A special leature of bals is the llying ability but they are also known for their aclivity in total darkness. Lassaro
Spallanzani (1799}, an ltalian naturalist curiously sought the answer to how bals avoid obsldcle in-darkness. He lound thal
blinded bals could find their way home and could catch llies like normal bats. Al thal time, a paper published by Louis
Jurine, a Swiss surgeon, indicated lhal a bal with ears plugged failed to navigate in darkness. Spallanzani came to the
conclusion that bais navigate by delecling the echoes ol sound, but whether ihe animal itself emits the sound or not was
unknown lo him. In 1920 Hariridge; a physiologist suggesled that bals navige'> and caplure prey using their sense ol
hearing. In 1938, Griffin and Galanbos wilh developed acouslical instruments proved that bals emit the ultrasonic sound
. themselves and use the echoes of that'sound to “see in the dark". Their further investigations revealed the phenomenal
capacily ol microchiropleran bal for echolocalion, which mainly feed on insecls. Among megachiropleran bals, rousetle bal
(Rouseltus) is known to use echolocation, which nest in caves and_employ echolocation to navigate out of the caves.

Modifications for producing higﬁ frequency sound

- Larynx ol bat is typically mammalian and capable of preducing sound of complex Iz2quency and lemporal modulalion.
Situated behird lhe hyoid bone, bal larynx is a tox of cartilage and muscles with a central opening through which both
inspired and expired air passes. .Pair of deep lissue lolds by the side ol cenlral opening are vocal cords, which are
conniacled with strong cricothyroid rauscles. Sound is produced by forcing’air through the central opening between these
tensed vacal cords. Loudness and modulalion of Irequencies is produced by alteration of tension on Ihe vocal cords by
these muscles. Other modificalicns are - :

(i) Laryngeal carlilages are ossified lo form a strong Iramework.

(i) Sound is emitted by mouth or. nose. The bats producing nose call have an epidermal nosMear (F‘ng 28.15.a)
acling fike a megaphone. The-nose-leal may modily, direct and fecus the sound in a more concentrated beam.

(i) In some bats pxtra-laryngeal resona’mg chambers help in modulation of sound.

Numbet of morphologi\.ar and neuronal modlf' catlons help in deiecling echoes

(i) Usually pmnae are very Iarge (F.g 28.15.b) to receive echoes. Bul for: fast llynng bats, there. is compromis
between size of pinnae and Might speed

(i) - Tympanic membranes and eat ossicles are especially $mail and fight: thus provide hxgh accuracy in receiving high
frequency sound.

(iii) Cochlea is !arue and basilar membrane is narrow and Uthly slrelched henca’ responc.lve lo faintesl pulse ol
so.md

liv) Middle ear muscles like tensor ympari and slapocﬁ"s are me ich noweriul, T“D'r cc'wtrachon ’*reﬂy blocks the ears
in each sound emission, so that the animal does not dealen iiself

v) A padding of blood sinusas, connective lissues and fally lissues isalale the inner ear lrom the skuii, reduciﬁg
direct lransmnssxon of sourd from the mouth lo lhe inner- ear.

(vi) Auditory centers of brain occupy a very large portion of the relanvply small brain ol bats. Many regions of bal’s
brain receive auditory S|gnals which are processed through “neuronal computation and help to construct a spatial

idea of exlemal world.
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" Figure 28.15 : (a) Spear-nosed bat, Uroderma with nese-leaf and (b) long-eared bat, Plecotys, with Iong ears.

Characters of sound waves -
Scund wbrahons iravel ithgh air in pressure waves and the dnflance between successive peaks is called

wavelength. Sound also vary in mtens:ty from loud lo fow, which reflects the energy or amplitude cf each wave..The’

“intensily of sound is recorded i in decnbeus Ammafs can produce sound simullaneous!y cormprising of different I.’equenc:es
and amphtudes O! ihese diflering sound waves; one has lowesl frequency, cailed basic-or ‘fundamental. If the h:gher
irequenctes are double, triple or quadniple.of the basic, lhey are dalled ha.nonles second third or fourth respecbvely

Most msechvorous bais use pulses. that sweep down.{hrough a range of frequencnes = re!errcd lo as Irequcncy-
modulated (FM) calls. 'n\ey can ba produced in two ways — a shaflow swegp of 'ong duraticnor:a steep sweep of short
duration; Itis believed that steep FM pulses improve cbject discrimination and this' can be further lnproved by producing
. harmonies. Yet some species fke horseshoe bats are known to emit constant lrequency (CF) pulses lhough lhey’
iermmate in- shioit FM sweep. - . £

kis anready staled that s\,und produced by |arynx is emx‘!ed tnrough moulh or nose accordmg to. br.l fa'mty Bats

ol family. Vespertiionidae” emit mouth: calls.with wide 2nyl3.of i ispersion (> 180°) Bats of family. Rhmmoph:dae emit
‘sound through nose ‘and. broadcast the sound lhrough nose leaf with a narrow angls of dlspersmn (< 90°)

During echclocalron, bals em.t sounu wilh discrete pulses of hidh lnlens"y and’ Up to 1 50 KHz frequency Patlems :

of soundalso vary-according to bai famlly In Vespemromdac short pulses ‘are emitleg: with 1 - 4 ﬂ’H”laGOOﬂd duration.

Their pulse repelition rale varies from. 10/sec’ Aatrest o 100/sec during htnting. These bat are able o' détect insects 2! -

50 et 1. mete distance RrinolopFidac, on the oler hand, el much onger. pulses Sih.40 100, miliseconds
duraticn. Their pulse repel.t-or rate is less !ba’ ‘a’sec and mu‘l ihis elruenc th

L H e
of 6 meters. y-they can locale an insect al a distance

lnfon'natlon conveyed by echoes . -

Sound produced by mlcrochlropteran “bats is highty energeuc with mlensmes about 200 dynes/cm? close 1o the
mouth of bats: It IS as-intense as thé noise mada by-a jet plane takiag off, Nevertheless, +ha sound ené - thate efim
as echo !rom a small objectis very weak, because sound travels in radially expanding waves and rgy thal relums .
as the square of distance. This reduclton in energy with distance occurs in both- ways ~ when mr; :’:ai';!esfggu?r:rr:;
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Réﬂecled
soundwaves

..Insect

Figure 28.16 : Only .2 small portion of emitted sound is reflected back to the bat.
Again, a small portion of reflected sound is actuslly intercepted by a bat.

when the tiny Ir_acﬁér}.q_l it reh.'ms as e;cho, Ir}ili'z}l en'grgy uf sound emitted by a bat may be very high but ihal of relumed |
sound is very low _(ﬁglzg';‘,s);; Stili a bal can _ga_lhe_r erough in!gim:ation about direction, distance, size, texture, relative

fmovement etc. ‘about the reﬂeclmgﬁbject

(i) Retumed echo i received by large pinnae’and a neurdnal mechanism called contra-lateral inhibition help lo find

- the direction of reflecting object.-Stimulation of sensory cells of inner ear of one side desensitizes the_cells of

the other éar. It increases tie contrast betweeh two ears,and pfinits 10 détermine the direiction from which the. .
Cechalscoming:. .t LT - s Eak e s S

(i) The timé re‘quired'fr.Sr an echo.lo retum is directly proportional to. the distance from the bat to-the targef; The

change in retum tim_e betwggn two successive calls'incﬁcgles lh‘e_ relalive movement of the bat and its larget:

i) i—‘reqqémies'.d' refiected echo indicate tha object sizé. Larger objects, refigct fonger wavelength. hence lower

“frequenciés and-vice yersa. Therefore, to detect a very small ubject, a bat produces very high frequency sound
waves. . = e v e - ‘ ' B

(iv} Texture of reflecting suiface is indicated by e character of the echo. A sharp echo indicates ‘a smooth suitace

like ﬁ{e-exo‘skeletoh of a_beet!e._A blurred echo iqcﬁbales a fough surfac;, such as the body surfaca cf a moth.

Capturing a p.;'e_y involves three bh‘aSe:s of echolocation
Vien an insectivorous bat, suclas fitlle’browr bat (Myotis) caplues insects by eciiolocation, there. are three phases |
of acoustical orientation: I . ! 3
ﬁ) The first ﬁhase is searching, when the bat flies straight and emils pulsed sound separaleu by siient period of
al least 50 millisecond. The ate of pulse is 10/sec and duration of each pulse is about-2 millisecond. Each pulse
of soundis !reduenCYNOdu‘d‘ed (FM), sweeping downwaids through a Irequency spectrum between 70 KHz and
30 KHz Other bats-may use différent length of puises and frequencies, which vary- from family o’ family.
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(i) The second phase is approachrng a prey and begins 4"
when the bat detects its prey. rlies or mosqurtoes can be P N
detecled from a dislance of 1 to.6 melers. Pulses produced
in this phase shorten .in rntervals -about less than 10

millisecond. It produces 100 cries/sec., each lasling only 5
0.5 1o 1 millisecond: 5%

P S 1 A
(ii)) The third and final phase is capiurmg The bat emits a |3 jEds :
buzz like sound pulsed up lo 200/sec, in.which intervals  |{
are less than 10 millisecond, duration is less-than 0.5
millisecond and frequency drop to 25 - 40 KHz. When the
pat reaches wr'hrn a lew millimeter of the insect, it scoops
up the insect with wings or interfemoral miembrane [Fig.
28.17) guiding the insect into its mouth.Exect details
.obviously vary among families or-even among species but =
the general aclions are’ almost . same.. High-speed .
photography. shows that a bat perfoms two dislinct e : ,
caplures within 0.5 second. Therelore, they are efficient e
enough to capture as many as 10-12 rnsecls per minute.

A hunling horseshoe bat (thnclophus) produces long calls with
constant lrequency (CF), each with 50 millisecond duratron and a,
rate- ol 10. sec. Bul when the bal closes on the insect, the CF
component of each pulse is suppréssed in amplituda and reduced o
less than 10 miltisec. Whiie capluring the prey, ii uses FM sweep.

Figure 28 17 A horseshoe bat swoops on 3
moth jusr before capturrng

Sonograms of three phases of. echolocar'on during hunting an insec prey by two types of bats are shown in F ig. 28.18.

> More about echo1ocatron in bats

..

. Why bals emit ultrasound’? High Irequency sound viaves have shorler wavelengths hence trave1 in st, arght lrne Agarn
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Frgure 28 18 Sonograms of three phases of echolocatron durin

g huoturg an insect prey of two groups of bats.
{a} Little brown bat Wyatis) is = vespertilionidae bat and produces FM calls, ‘Its_pulse rate increases and duration
~ shortens toward capturing prey. {b) Horseshoe bat Whrrolophu ) is a Rhiriolophidae bat and produces CF-calls.
l‘ - As the bat commg nearer: to prey,

J

CF- corrpoent is suppressed and M. sweep is used to capture the-prey.
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an obtect reflects only thost sound waves, which match to its own size. Then to detect very small objects, high trequmcy
(herice very shorl wave tengttt) sound ..hou(d bo emilled fof accurate echolocatlon

ttorsest\oe bals tﬂhmolophus) olten er 0cho\ocatton lo search around but, they themselves remain: stationary. It i is
suggested, that they ihtroduced ‘a vclocnty lactor = a Doppler shift (change of Irequency of echo. relative to the original
sound) by rapid moverient of; iears.-One queétton slill puzzles — how bals discriminate between own call and those of others
flying around. The prob'tbte answeris thal, a bref neural sensitization follows the emission of a call vith definile
wavelength,Bals have mode(ately large gyes ‘but’ they have little use in darkness. So there is no doubt that microchiropteran
“bats rely mostly on thelr echotoéatton abnhty for fiying’ Ireeiy in night avoiding any obstacle and for huntmg insects. A blinded
bal can avoid a wire Jess: than 0. 5 mm in thickhess in lotal darkness. Fish: eatlng bals use echolocation lo locate and
capliire ﬁshes lrom water by detectmg ripplés produced on the water surface by the swimming fishes. Cave-dwelling bals
detccl cracks or cravices in- tho rock in the' caves by echotocation, Irom which they hang during roosting.

et
-

QTP =volution, Adaptation and Ethélogy

Echolocatlon in bat (in’ Q\her ammans also) i§ an exceptional device that puzzles scientists. Il is suggested thal bats
can perceive a lhree: dinensional. geometty aréund itsell by using echolocation and therefore, cari assess more tKan one

target at any one linie. In simple words, bals know the image of their'world by echolocation as we do'with our visuai ability.
klt is alsb certain (hal they make this' phenomenal sense more perfect through learning.

R TS
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'Advantages of livirtg in a'cihatic. habitat :
() Aquatic habitats constitute about 70% of
this planet. Naturally, aquattc ammals

particularly  marine; havé a wide home
range.

- (i) Aquatic animals enjoy access to a- wxde
variety of ‘fdod, which include plarkténs,
plants, varicus mver‘ebrates and fishes.

. (iii} Aquatic _ animals - escape’ from- terrestrial
carnivorous - "and’ also. aquatic prédators
through verious ways of fife.

(iv) Aquatic: ~animals have greater averues-.for

dispersal and. migration, which allow them
to seek favorable living condltions

2831 Prere(']uisite' for Aquatic Life

An aquatic adapted animal must- has the
tol\owtng quahttes—

1: 1t must Have thé. abthty to swim and overcome
the resistance of the:
locomotion.

2. It must have niecessary body organization for
--floating.’ :

3.t has to- overcome the pi
osmot'egulation. o

4.1t must have necessary protection- of’ sense
“organs and respiratory stiuctures for water.
Thermoregulation, ~ proper " mode of

reproduction are also of great importance,'

parttcularly in; secondary aquatic antmals

medium during :

problem  of

Y Airbladder
“Weight y

' ‘Figilre Ztlilfsl <A fish'can 'ggti‘era'te lift by pej:toral' fins
~ " andfor swim bladder, herice can keep floating. -

Aquatic vertebrates are broadiy grouped into two
categones-—prtmary and secondary; and their
adaptations _a;e named accordingly.

28 3.2 Hyﬂrodynamlcs of Swimming
Animals, swlmming in water need little suppoxt
“~ornone for - their:--own~body:—Many- have - swim-
bladder (Fig. 28.19) or large amount of fal in body
that enables ‘them to suspend themselves in certain
depth with little energy expenditure.- Although- high
density of water allows them te be neutrally buoyant
it also “produces high drag.’ Spindleshaped body
wonderfully helps to ovetcome the problem.of drag
and it has a good relation with fiow pattern of water

7 O)




Like bats, celaceans are specnahzed mammals living in waler.
whales) and Odontcceli (loothed whales). Baleen whales are filter
e!aborazle vocalizalions <(:alled whale songs. These whale songs are moslly wilhin the range of human ear. Though Iheir
sound can travel hundreds of kilomelers in sea, baleen whales are not known fo use echolocation. Toothed whales are
smaller than baleen whales, and feed on squids and fishes. Mos! toolhed whales live in the coaslal areas, which are very
productive zones. This-area is lurbid, so vision is limiled. Again, some toothed whales (like sperm whale, Physeter) dive
into deep waler up to 1000 meters depth where sunlight is very poor So loothed whales that catch preys in turbid coaslal
© areas or in deep sed face a problem of unclear vision and they solve lhus problem by using echolocahon

Organs associated with sound produchon

Scund production underwater is a problem. Diving secondary animals submerge with limited supply cf air. Therefore,
using this resemved air for sound produclion is a waste of valuable oxygen, which can reducé lhe time of submergence.
So, it has been suggested that sound production in cetaceans has shifted from la:ynx lo complax nasal passage_(Norris,
1974). The nasal passage is extended Irom glotlis to blovhole (the smgle nostril on the top of head) and has many blind
. pockels or diveriicula. Sound is forced back and forth in this passage to produce sound, which is reflected from the broad
surface of skull. Ultimateiy, the sound is focussed in‘a narrow beam by a falty tissue in the head reglon known as melon
(Fig. 29.25). Melon is known as a flexible acouslic 'éns =nd can chénge its shape lo beam the sound energy in diflerent
direction. Bones of skull and melon are adjusted to function like a parabohc reflector for focussing sound (Fig.28.26).

When sound energy Ieaves whale's head; it passes from one medium to ‘another. Acoustic coupling between ol and: -
waler is.good, so little sound is lost by refiéctiofi. Some scientisls forward that sound is produced by the lerynx,; whlch is
s:tuated far forward; Larynx of toothed whaies fiavé complex folds and muscles but no ‘vocal ¢ords. But'the sound is
-jocussed by parts of lhe IO(ehead Scme species can produce two types of scund srnuttanecusly and this support this view.

Drgans assoclated with echo-receiving

s gddle ear in cetaceans Jees not pedorm:as sound reéeiving and transmiifing organ. Neriis ¢1974) !lrsl proposed \nal
4 »'soura’ is-received and conducled lo lnner ear via a speial fal- body extending from lower jaw-lo_auditery bullz — the
mtrarnandtbular fat body (Fug,28 26) ln lact, an‘area of very thm bone on the'side ot mandnble is: known as acousuc window.

S.p.UNIVERSITY
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Living lineages of celaceans are two — Mysliceli {haloen -
feeders by their baleen plates and are known 10 produce

t
|
-



0Jg

—

Through this window, echoes enler the 1at body and is
conducted 1o the bulla.

High proportion of sound erergy is received by
body tissue are conducled ‘o inner ear with no |
directional informalion. Therefore, inner ears of
cetaceans are.isolated from the sound transmitted via
body tissues. Auditory bulla is made up of thick bone
and separated from skull by fat and connective tissue

" like a soundproof chamber. Al where' the intraman-
dibular fal body touches the bulla, the bone of thal
pointis thin. Thus, cetaceans perceive reflected sound
through Jower jaw, experiments support this view.

Properiies- of sound produced by cetaceans for
echolocation ‘

Velocity of sound in water is five times greater
than that in air. Hence wavelength of any sound
* frequency is five limes longer in water. An object

Purpose of echolocation

problem In detecting fishes with reduced swim bladder.

of potential danger in their surrounding.
v -

(E Evolution, Adaptation ang Ethology

Melor Focussed
soundwaves

. Reflected
Internal ear soundwaves
intramandibular fat

Figure 28.26 : Acoustic foci:ssing_ of u,ltraroundqu_es
through melon and -reg:eiving'echos through
intramandibulai . fat.

reflects only those wavelengths, which_ are shorer ihan or e
high frequency’ sound to detect smaller objects like fishes

Echolocation of toothed whales includes Irequencies from 20 lo 220 KHz, higher than that of bals.
short pulses of clicks with very short-duralion and. high repetition. I some species lhe clicks a
less repetlition. While emitting high frequency sound waves, cetaceans direct them forward
frequencies are disparsed in wider verlical and horizonial arcs.

Ce,laéeans usé .echoloéali'on for two purposes.— for navigation and for-searchin
sound waves are.emilted to delect large obstacles in their swimming path. To locat
of veri' high frequency sound. The-swim bladder of -fishes is the bebt sound refl

During rest, dolphins employ their combined echolecation ability of all individuals in their <
sumounding. Consequenlly; they build up a sound picture of their environmerit. In this way,

Gual fo their diameter. Therefore, cetaceans must emit very

“of squids.

They emil inlense,
re iongeys in duration vith
in a narrow: beam but lower

g prey. Fer pavigation, low frequency
e a small fish, they Use narrow beam-
ecting object; :therefore, whales.face

chool to scan their
the school remains aware

28:4 DEEP SEA ADAPTATION

Light ~ less sea-bottom is ‘usually releired u‘)' as
deep sza that extends from the: lower limit of littoral

zone (200 meters deep), to the ocean floor. In“the

benthic division, this-limit- includes Bathyl (200m-
4000m.), Abyssal (4000m.- 6000m.) and Hadal
(6009m. and. below) zones. In pelagic division, the
limit includes iMesopelagic (200m.-1000m.),
Bathypelagic {1000m.-4000m.) and . Abyssopelagic
(4000m and below). zones.

—/

Charac‘tcrist.i,;é.s of deep sea

Light : Limii qof b,cnetratior_l of sunlight is about
200 meters. ‘Beyond that, diffused light may be
present but, the amount decreases with depth. Blue-
green wavelength: may penetrate - further Up to
750m.). .But at greater depth, there is only darkngss,
no day or night. ' '

Temperature : Temperature of water decreases
with depth. Below 1000m., average temperature, i
J7°F; there are no diurnal or seasonal Mluctuations,
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(“ gh'ef 0, allinity than other mamfgéis and this

Lo
L

RS Sacilitates the uptake of 02 in the lungsi\,"Birds native
o5 *%, high altitude -or which flv over high ‘mountains
TIPS, .

ffir:iduﬁ"@ "migration are conspicuously more'tolerant to

A S he problems of high altitude. The reasons are
B ous— o :

o high G, a[finil_y of their blood,
o great elfectiveness of their réspiratory syiem,
% 3. o their exceptional tolerance o alkalésis, and

> their ability to maintain a'normal blood flow to
the brain at low PCO, and remain free from

brain anoxia. . .
/

L 7~
31.4 Adaptatiens for Thermoregulation

Temperature has profound influence on living
organisms and their metabolic processes. Active. life
is limited lo.2 narrow range of temperatires
compared lo cosmic temperature. Excépt some
thermophilic bacteria, the tolerance level of
organisms is between a few degree below the
freezing point of pure water and
+50°C. '

Animels  which  maintain- a-

approximately

“high  body

. are-cailed homeothérmic (warm-blsoded), such as
‘birds_and ‘mammals. They"also kave. the ability of
internal heat productign and are referred to as
endothermic. On_the other ‘hand, those whose
Yody temperaiure fluctuates - with .that. of their
surrounding are poikilothermic. They also depend
on external sources .of temperature. (such: as solar
radiation) and are called ectothermic. They inciude
reptiles, amphibians and fishes. - o

o

Tei‘ap}':rature limits to life

Temperature. toleraniee of animols differs greaily.
Some have very narrow tolerance range; others
have a'wide tolerance range. Again, temperature
tolerance may change with time and certain

animal can survive an ‘exterme temperature but il
cannot remain active. . ‘Again, an e 'reme
temperature can be tolerated for a short exposure
but for long it is lethal. Generally, twio, extreme
temperatures are nearly equal for all aguafic animals
but differ greatly for terrestrial’animals.

Upper temperature limit for animals is around
I 4+50°C but'some can tolerate much h!ghér_ih‘iesting

d Biochemicai agaptalions .

temperature and remain active in cold surroundings -

- adaptations.-may--help. .to. extend--the. - limits...An- - -

639 a

5,

3 &.'
pedilun:) can tvolerate J
i fiy larva (Polype . b
fioi:?'g:i};msandyin that state it can survive +102°C
de :

: h water crustacean Triops
for 1 mjjnu"(:}'\eEg?; ronfufjr eosf temperature up to BO’C,Q,,
et Sl{!wen-l'mals are not exposed to very high
Aquatic la os. The most heat tolerant fish, the desert
?gm[fz'elrl?z L;; ;.)rino don) lives in warm springs in
pu[g * i Vaynd Nevada, where usual temperature is
E:,ﬁg;n:;"c. In coﬁtmst, some Arctic and. Alntarclic
nimals have a surprisingly low upper heat tolerance. Q
Antarciic fish, Trematomus -lives in nature at sn
average of  -1.9°C and has an. upper lethal
temperature of about 6°C. Thermal deatl? may
happen due to denaturation -and coagpla_lxon of
protein, iractivation of  enzymes, inadequate O,
Su/p?, alteration of membrane structure etc.

f

fects of low témperature-on organisms are E

also perplexing. £inimals. of cold and temperate
regions are often -exposed to prolong winter
tempciatures far below the-[reezing .point‘.qof water. (g
Survival at such subzero -temiperatures depends on
physiological and biochemical characters known as
hardiness. Cold ‘hardingss is possible through twc

slrategies. Tf)e first is to become fréeze-tolerant i, e, &

to survive extensive freezing and-ice-formaticn in
body. Fuily 5qdétjc invertebrates Lave-ro problem
with freezing because "their osmotic conccritralion&
equals that of their medium. But many.-intertidal

_ animals can tolerate more than 90%: of body water i

frozen into ice and tbé:efore-a}ile-tc,x;tol'efate an
exceptional increase. iﬁ‘{_c's'gmotic__ concentrationi. High
concentration ‘of ‘glycérol and“Gther polyhydric
alcohols in body fluid ptt{_itect'théﬁ\ from injury due SR
to freezing, such as gall fly (Eurosta), parasitic wasp
(Bracori) etc. Nucleating agents in hemolymph of a
number of beetles actually aid in ice formation, thus

the damage due: to hje'e'zirig' is avoided. Among

vertebrates, tree_ freg” (Hyla versicolor wood f
(Raria slyvatica) : I S

Raria slyv are freéze tolerant. 'Hatchlings  of
Faxgtg_d_turﬂe"(Chr:ys_erﬁys plcta) may survive when
:no.re,lh;n 5;)% of their extracellular water is frozen
10 1ce. No fish, [bird or mammal j ot

freeze-tolerant, : ° knofm o be

Second  sirateq

. mtolerance..i'e‘
even sif )
_evendf exposed

gy of cold. h_ar}]{ﬁés;;' is freeze-
they avoid ice fermation in,bédﬂ/’




