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Morphometry of lakes, ponds and streams. Determination of physical characteristics of lentic
water bodies. Determination of chemical characteristics of lentic water bodies. Determination
of physical charactettigs of lotic water bodies. Determination of chemical characteristics of
lotic water bodies. Collection and identification of freshwater phytoplankton. Enumeration and
biomass estimation of freshwater phytoplankton. Estimation of primary productivitgsh fr
water bodies. Collection and identification of freshwater zooplankton. Enumeration and
biomass estimation of fresh water zooplankton. Collection and identification of benthos from
lakes and ponds, streams and canals. Collection and identificatioktohfaguatic insects

from freshwater bodies. Collection and identification of aquatic plants from different fresh
water bodies. Field visit to lotic and lentic water bodies.

BFSC-202: Aquatic Ecology and Biodiversiy

Collection of species of fishes andhet organisms and studying the assemblages of organisms
of rocky, sandy and muddy shores, lentic and lotic habitats. Field visits to mangroves, marine
parks, sanctuaries, coral reefs, rivers, hills, streams, lakes and reservoirs. Working out
biodiversity ndices.

BFSC-203: Freshwater Aquaculture

Preparation and management of nursery, rearing andauoponds. Study on effect of liming,
manuring and fertilization on hydrobiology of ponds and growth of fish and shellfishes.
Collection, identification and curol of aquatic weeds, insects, predatory fishes, weed fishes
and eggs and larval forms of fishes. Algal blooms and their control. Estimation of plankton and
benthic biomass. Study of contribution of natural and supplementary feed to growth. Workout
of economics of different culture practices.

Estimation of live stock requirement / Unit in integrated aquaculture Design of paddy plot for
paddycumtfish culture. Design of Fish and Shrimp Culture, livestock shed on pond
embankment, Economics of different igtated farming systems.

BFSC-204: Aquaculture in Reservoir

Preparation of charts on the present situation of reservoirs fisheries productivity; detailed case
studies of selected reservoirs on the changing trends in capture fisheries profile; drawing
inferences from the analysis of data; suggestions for the sustainable development of reservoirs
fisheries. Case studies on cage and pen culture; field visit to cage and pen culture site to
acquaint with construction details and operation.

BFSC-205: Statistical Methods

Construction of questionnaires and schedules. Diagrams and frequency graphs. Calculation of
arithmetic mean, median, mode, range, mean deviation, variance, Standard Deviation.
Exercises on probability, Binomial and Poisson distributions, Arearofal@urve ,confidence
interval for population mean, Test of hypothesis based on normal, t, and chisquare.
Computation of Simple correlation and regression. Fitting of lengthight relationship in

fishes.
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BFSC-206: Anatomy and Biology of Finfish

Study d internal organg digestive, respiratory, circulatory, urkgenital system, nervous,
skeletal systems and endocrine system. Study of food and feeding habits. Analysis of gut
contents. Estimation of age and growth by direct and indirect methods. Chtgsifiof
maturity stages. Estimation of fecundity. Study of developmental stages. Tagging and marking

BFSC-207: Anatomy and Biology of Shellfish

Study of Internal Organs commercially important crustaceans and mollusks. Study of
Digestive, respiratory, iiculatory, nervous and reproductive systems. Study of food and
feeding habits analysis of gut contents, age and growth, lenrgteight relationship and
condition. Reproductive biology: maturity stages, spawning periodicity, fecundity and larval
stages.

BFSC-208: Food Chemistry

Estimation of moisture, crude protein, fat, ash (including acid soluble) in fish sample.
Determination of energy value of fish. Estimation of glucose and salt content in foods.
Colorimetric method of estimation of proteins ancdootwydrates. Use of pH meter. Estimation

of freshness quality indices such as TVBN, TMA, alaghaino nitrogen, PV, FFA, TBA value

of fish. Estimation of fibre in foods.
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BFSC-201: Limnology

A, entirecolony,enclosingseveraldaughtercolonies;B, the sameduringsexualmaturity; C,
fourzooids in optical section; DD5, asexual formation of daughteolony; E, zooid which

has become converted into a mass of microgametes; F, microgamete; G, mega gamete
surrounded byicrogametes; H, zygote; @arly stages in the formation of daughtelonies;

fl, flagellum; ov,ovy, megagametes; pg, pigmesgot; spy, zooids containimgicrogametes

SYSTEMATICPOSITION

Class:Chlorophyceae
Order:Volvocales
Family: Sphaerellaceae
GenusVolvox

IDENTIFYING CHARACTERT

1) Chloroplastgyreen storageproductstarch.

2) Cells spherical with interconnecting mucilaginous strands and are situated
around thperipheryof thecolony.

3) Mucilaginousstrandsdo not radiatefrom the centerof the colony.

4) Eachcell with two equallengthflagella.

Hencethe specimens Volvoxsp.
COMMENTST

1) Volvox coloniesarelargeand sphericalcomposeaf hundreds othousand®f cells.
2) May producea fishyodorin drinking water.
3) Usedasfoodfor aquatic organisms.
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Chara sp.
SYSTEMATICPOSITIONT

Class:Charophyceae
Order: Charales
Family: Characeae
GenusChara

IDENTIFYING CHARACTERT

1) Thebranchingsystemof Charaspeciess complexwith brancheslerivedfrom
apicalcellswhich cut off segments atebaseto form nodl and internodatells
alternately.

2) The main axesbearwhorls of branchesin a superficial resemblancdo
Equisetum(avasculamplant).
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3) Theyaretypically anchoredo the littoral substratedoy meansof branching
undergrounchizoids.

4) Charaplantsarerough tothetouch becausef deposited calciursaltson thecell
wall.

5) Themetabolicprocesseassociateavith this depositionoften give Charaplantsa
distinctiveand unpleasant smell of hydrogeuifide.

Hencethespecimens Charasp.
COMMENTSI

1) Thisis aphytoplankton andommonlyusedasfish food.
2) Thecommon name dheplant is Stonewort.

Chloroplast

(Cylindrical)

(Intercalary celis)
or
(Typical ceil)

Nucleus HoldfasVHapteron

bstratum

Ulothrix sp.
SYSTEMATIC POSITIONT

Class:UIlvophyceae
Order:Ulotrichales
Family: Ulotrichaceae
GenusUlothrix

IDENTIFYING CHARACTERT

1) Chloroplastsaddleshapedextendingmorethanhalf way aroundthe circumference
of thecell

2) Theplant bodyconsists of unbranchedniseriatdilaments.

3) Thecellsof the filaments ararrangedend toend.

4) Theyarecylindrical or barrelshaped.

5) The apical cell is somewhatroundedat its terminal end whereasthe basalcell is
elongatedt is also called the basal holdfast, which attaches the filament to the
substratum. The celvall is composed opropectinand cellulose and itacks
mucilage.

6) Each cell has a single girdli&e and paietal chloroplast and two to many pyrenoids
arepresenin each chloroplast
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COMMENTST

1)

2)

Mucilaginous Cell wall
sheath

Ulothrix isagenusf non-branchindgilamentouggreemalgae generallyfoundin fresh
andmarinewater.
Usuallyusedascommonfish food in freshwater.

Cytoplasm

Vacuole

Pyrenoid

Chloroplast Nucleus

) Cell membrane
Cytoplasmic
strand

Spirogyrasp.

SYSTEMATIC POSITIONT

Class:

Zygnematophyceae
Order:Zygnematales

Family: Zygnemataceae
GenusSpirogyra

IDENTIFYING CHARACTERT

1)
2)

3)
4)
5)
6)
7

8)

Chloroplastdorm a distinctspiral bandwithin the cell.

Spirogyrahascylindrical cellsthatarejoined endto endto form anunbranched
filament.

Thecell walls arefirm andhaveathin film of mucilageontheoutside giving thema
slimyfeel.

Chloroplastdhavea helical shapeandtherecanbe up to 15 percell. Numerous
pyrenoidsirepresent.

Thenucleuspftenvisiblein live material,is in thecenterof thecell. Cellsmaybe
betweedOand 160 um in diameter and up to 590 um long.
Filamentsragmenteasilyat the crosswalls, each fragmengrowinginto a new
filament.

Sexualreproductionn Spirogyrainvolvesconjugatiorbetweercellsof different
filamentsaandresults in thgroduction of aesistant zygote.

It is widely distributedin shallowpondsandditcheswhereit canform densegreen

massesiencethe specimen idJlothrix sp.

COMMENTST

1)

Veryimportantphytoplanktm andplantconsumedby zooplanktorandherbivorous
fishes.
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2) Theseare generallyoundin the marginof stagnant watdvody.
‘v“

Nostocsp.
SYSTEMATIC POSITIONI

Class:Cyanophyceae
Order:Nostocales
Family: Nostocaceae
GenusNostoc

IDENTIFYING CHARACTERT

1) Trichromesembeddedn obviousandextensivdirm mucilage.

2) Cellsof Nostocaresimilarto Anabaenauttheyareembeddedh firm, extensive,
mucilagevhich maybeleatheryin textureandcolored straw obrown.
3) In older colonies th&richomestend tobe stuated towards thedge.

4) Akinetesmay occurin older partsof the colony and are producedbetween
heterocyst@inlike in Anabaena).

5) Hormogoniamaybe occasionallproduced.

6) Thecells areapproximatelyspherical tdarretshaped B6 um wide.

Hencethe spedemenis Nostocsp.

COMMENTST

1) Growsondampor wet surfacesshallowwaters. Carbefreefloating or attached.
2) It occursin rice paddies wher# is usedto contributenitrogento the rice crop.
3) Nostoccanproducetoxinsin freshwaterse.g.microcystinsand lipopolysaccharides.
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Chloroplast

Cell wall

Pyrenoid

Hold fast

a) A single b) A cell enlarged
filament

Oedogoniunsp.
SYSTEMATIC POSITIONT

Class:Chlorophyceae
Order:Oedogoniales
Family: Oedogoniaceae
GenusOedogonium

IDENTIFYING CHARACTERT

1) Cellsform long, unbranchedfjlaments.

2) Cellscylindrical, sometimeslightly swollen @ oneend.

3) Thechloroplast iparietal andhetlike.

4) Cellwall firm butnotveryrobust.

5) FilamentsunbranchedSomecellsalongthefilamentwill havering-like transverse
linesatthe swollen end (capells).

6) Cells10i 40 umwide and2i 5 timesas longas boad.

Hencethe specimen i©edogoniunsp.
COMMENTSH

1) Oedogoniunis a genusf filamentousfreeliving greenalgae.

2) Oedogoniunhasbeenfoundto beimportantin thefixation of heavymetalsin
freshwateecosystems.

3) Commonfish foodfor zooplanktons anbderbivorous fish.
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Zygnemsasp.
SYSTEMATICPOSITIONi
Class:
Zygnematophyceae

Order: Zygnematales
Family: Zygnemataceae
GenusZygnema

IDENTIFYING CHARACTERT

1) Cells of Zygnemaare cylindrical and havetwo, characteristicstarshaped
chloroplastseparatedby a cleararea.

2) Eachchloroplast has pyrenoid.

3) Thefilaments usualljhave a soft mucilageheathareunbranchednd notverylong.

4) Theymaybe attachedb a substratby means ofhizoids.

5) Cells16i 50um indiameterand 2to 3timeslong asbroad.

Hercethespecimen iZygnemasp.
COMMENTSH

1) As membersof the Chlorophytathey storestarchand usedas food for
zooplanktonandaquaticorganisms.

2) Commonin shallowwaterswhereit canform luxuriantgrowths.

3) Excesggrowth maycausebloomandoxygendepleton in pondwater.Huge
growthmaycauseish death.

10
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cell wall

cell membrane
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chloroplast
(cup-shaped)

Pyrenoid
(a collection of
starch grains)

Chlorellasp.
SYSTEMATICPOSITION

Class:
Trebouxiophyceae
Order: Chlorellales
Family: Chlorellaceae
GenusChlorella

IDENTIFYING CHARACTERT

1) Chlorellacellsaresphericato subsphericalwith asingle parietalchloroplastvhich
nearlfills the cell.

2) A singlepyrenoidis present.

3) Cells2i 10 um in diameter.

Hencethe specimernis Chlorella sp.
COMMENTSI

1) Commonin nutrientrich watersbut easilyoverlookedecausef theirsmallsize.lts
smalkize canalso mean that it can pass through traditional water treatment sand
filters givingriseto colorproblems irthe treated water.

2) Chlorellais a food source because it is high in protein and other essential nutrients;
wherdried, it is about45% protein,20% fat, 20% carbohydrate5% fiber, and10%
mineralsandvitamins.

11
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Antennae Brood pouch

SYSTEMATIC POSITIONT

Phylum:Arthropoda
SubphylumCrustacea
Class:Branchiopoda
Order: Anomopoda
Family: Moinidae
GenusMoina

IDENTIFYING CHARACTERIT

1) Bodyis moreor less oval shaped

2) Presencef pointedappendages

3) Presencef 2 pairsof antennules.

4) Presencef distinctlyvisible eyes.

5) Presencef abdominalkcales

6) Cephalicregionis more orlessconicalin shape.

7) Posteriopart ofthebodymoreor less conical irshape.

Hence thespeimenis Moinasp.
COMMENTST

1) Thisgenusdemonstratetheability to survivein waterscontainingow oxygen
levels,highsalinity, and othermpurities, includingsalt pansandcommonly
eutrophication.

2) Veryimportantfish food organisms.

12
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Daphniasp.
SYSTEMATIC POSITIONT

Phylum:Arthropoda
SubphylumCrustacea
Class:Branchiopoda
Order: Anomopoda
Family: Daphniidae
GenusDaphniasp.

IDENTIFYING CHARACTERT

1) The body of a Daphnia species is usuall Inm (0.0390.197 in) long, and is
dividedinto segmats, althougtthis division is notvisible.

2) The head is fused, and is generally bent down towards the body with a visible notch
separating the two. In most species, the rest of the body is covered by a carapace,
with aventralgap in which thdive or six pairsof legs lie.

3) The most prominent features are the compound eyes, the second antennae, and a pair
of abdominalketae.

4) In manyspeciesthecarapaces translucenor nearly.

Hence thespecimen iaphniasp.
COMMENTST

1) Daphniaspp.areapopularlive foodin tropicaland marindish keeping.

2) Daphniaspp.is used incertainenvironmentgo testthe effectsof toxinsonan
ecosystem.

3) Becauseof their thin membraneswhich allow drugsto be absorbedthey are
usedtomonitorthe effects of certain drugsuchas adrenaliner capsaicin.

13
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Cypris, side view, after removal of one valve. e., Eye; A.1l, first antennae; A.2, second
antennaeMN., mandiblesmx.1, first maxilla; mx.2, secondmaxilla; f.1, f.2, thoraciclegs;
Ab., rudimentarabdomen

SYSTEMATIC POSITIONT

Phylum:Arthropoda
SubphylumCrustacea
Class:Ostracoda
Order: Podocopida
Family: Cyprididae
GenusCypris

IDENTIFYING CHARACTERT

1) Carapaceearlypeashapedyalvesasymmetricyight valveoverlapdeft one.
2) Furcawith shortterminalclaw, distal and proximaketaaunequalin length.
3) Presencef distinctlyvisible eyes.

4) Bodyis covered withsoft gel like covering.

5) Presencef jointed appendagex the posteriomartof the body.

Hencethe specimeris Cyprissp.
COMMENTSI

1) Primaryconsumerf tropiclevel.
2) Thesearenutritiousfood for aquaticorganisms.

14
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Cyclopssp.
SYSTEMATIC POSITIONT

Phylum:Arthropoda
SubphylumCrustacea
Class:Hexanauplia
Order: Cyclopoida
Family: Cyclopidae
GenusCyclopssp.

IDENTIFYING CHARACTERT

1) Cyclops individuts may range from ¥5 mm long and are clearly divided into two
sections.

2) Thebroadlyovalfront sectioncomprisesheheadandthefirst five thoracicsegments.
Thehindpartis considerablglimmerandis madeup of thesixththoracicsegmenand
thefourleglesspleonicsegments.

3) Two caudal appendages project from the rear. Although they may be difficult to
observeCyclopshas 5 pairs ofegs.

4) Thelongfirst antennae? in number,areusedby the malesfor grippingthefemales
duringmating.

5) Afterwards,the female carries the eggs in two small sacs on her body. The larvae, or
nauplii, arefreeeswimmingand unsegmented.

Hence thespecimeris Cyclopssp.
COMMENTSI

1) Cyclopsis intermediatehostof dracunculiasigguineaworm diseasepndfish
tapeworntDiphyllobothriumlatum) infection.
2) Primaryconsumenf thetrophiclevel, nutritious foodfor aquaticorganisms.

15
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Female &Vale
SYSTEMATIC POSITIONIT

Phylum:Arthropoda

SubphylumCrustacea

Class:Maxillopoda

Order: Calanoida
Family: Diaptomidae
GenusLepbdiaptomus

IDENTIFYING CHARACTERT

1) Leptodiaptomusadult females are characterized by a -segmented urosome,
metasomatings that are nearly symmetrical and rounded, and endopods of leg 5 are
greatly reduceid size.

2) In adult males, the small lateral spion the terminal segment of leg 5 is located in
the proximal third of the segment, and the right (geniculate) antennule has a slender
procesonthe third to thdast segment.

3) Theright antennuleon the malehasalong, slendeprocesscomingoff the terminal
end ofthe third segmenfrom the distal endandthe metasomaWwings areexpanded
andtriangulain shape.

Hence the specimernis Leptodiaptomusp.
COMMENTSI

1) Leptodiaptomuss apreyanimalfor aquaticorganismsThiszooplanktoris
nutritiousfoodfor fish and other aquati@rganisms.

16
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AU: Auricle

CR: Cirrus

DT: Dorsal antenna
EP: Epidermis

LM: Longitudinal muscle
OD: Oil drop

PG: Prostate gland
FPR: Protonephridium
RM: Ring muscle
RS: Rod sperm

SD: Spermatid

YD: Vas deferens

SYSTEMATIC POSITIONT

Phylum:Rotifera
Class:Monogononta
Order: Ploima
Family: Brachionidae
GenusKeratellasp.

IDENTIFYING CHARACTERT

2) Keratellahasanovallorica,asheltlike protective outecuticle.

3) At theanterior endarethreepairsof spines.

4) The centralpair curvetowardsthe ventral surface the next pair divergeslightly
andtheouterpair converge.

5) Thereis asinglered eye.

6) Thereis alsoa centralfunnelshapedmouthandon eitherside of this arerings
of ciliawhichtwirl and help waft food particles into timeouth.

Hence the specimerns Leptodiaptomusp.
COMMENTSH

1) Keratellais foundworldwidein marine,brackishandfreshwatehabitats.
2) Keratellais arotifer andveryimportantfish food organsm.

17
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Experiment #01

To find thepH valueof agiven solution.
Objective/Sgnificance:

It represents the acidity or basicity of

water samplé€H scaleranges from @.4.

1 4

2
3 Acidity increasegH" ionsaremore)
4 Basicity decreases
(OH ions are les®$)

6

7 Neutral point (at

temperature 28C)8

9
10 Basicityincreases (OHonsaremore)
11 Acidity decrease
(H* ions are lesq4R

13

14 ¢

pH is importantbecausebiological and chemicalreactionstake placein very
narrow rangeofpH. If pH is not appropriateganimals and plants will be harmed.

Apparatus: pH meter,Beaker Distill water. (BufferSolution)
Reagent: No reagents used.

Procedure: Dip thepH meterprobein samplestir it and noteéhereading untilstable.

20
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Experiment #02
To find out theAlkalinity of the given solution.

Objective/Significance:

Alkalinity isameasurefwa t e r 0 ® neattalizéagidsoyit showsbufferingcapacity of
water.

Alkalinity is mainly dueto:

g Carbonatéon COsz?
g Bi-Carbonatéon HCOs!
1 Hydroxylion OH?

Alkalinity determinations neededor calculatingthe coagulantdoseandlime
and sodaashrequirementsn water softeningprocessAlkalinity is total
concentratiorof basein water.

Apparatus:

Burette,PipettesTitration flask, Measuring cylinderbeakers.

Reagents:

Phenolphthaleitndicator,Methyl Orange Indicatol2SQy(0.02N) Titrant.

Procedure:

Take 50 ml of water sample in titration flask. Add few drop8§)®f phenolphthalein
indicator.If water becomes pink, titrate it by>8Qs until pink color disappears. Measure
the amount oH>SQyused. Then add few drops-§$3 of methyl orange in the sample.
The solution will becomgellow. Titrate itby H.SOy until yellow color changesito
orange or pinkistorange. Measurie HSOyused Sum upthe volume®f H.SOyused

in bothtitrationsand calculate totahlkalinity by thisformula.

Total Alkalinity = (ml of titrant) x (N) x (50)

X (1000)in mg/lit) Samplevol. in
mi
Where, N= Normality of H.SQui.e. (0.02).

Note: If phenolphthaleirdoesnot change the coloof water topink, directlygo for
methylorangealkalinity

22
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Experiment# 03

To find outthe Acidity of thegiven solution

24
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Objective/Significance:

It is measure of the acids present in water sample. In natural unpolluted waters, acidity
is due toCOz which reacts with B to form carbonic Acid.In polluted wagér some

acidity is due toacetic or organic acids. If acidity is more (i.e. pH low) then it harmful
for giving organisms invaterandfor drinking purpose.

Apparatus:

Burette,Pipettes Titration Flask,Measuringcylinder,Beakers.
Reagents:

SodiumHydroxide (NaOH)0.02Nsolution,phenolphthaleimndicator.
Procedure:

Take 100 ml of water sample in titration flask. Add 2 drops of a phenolphthalein
indicator andritrateit with sodium hydroxidesolution till lightpink colorappears.

Calculateacidity by following formula:

Total Acidity =(ml of titrant) x (N) x (50) x (100@n mg/lit)
Samplevol. in ml

Where

N = Normality of NaOH i.e.(0.02).

25
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OBSERVATION AND CALCULATIONS:

No. of " . . . Actual volume
Observations Initial reading Final reading used

1

Mean

26
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Experiment #04

To find outthe dissolveaxygenof agiven sample.

28
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Objective/Significance:

Dissolved oxygen (DO) in water comes from air and also produced by lemgsin
water. DO is required for respiration by all living organisms of water. If DO is less or
absent théiving organism may not be survive. High temperature, more dissolved solids
and organismmattercausedecreasén DO levels.

Apparatus:

Burette PipettesMeasuringCylinder, Titration flask, beaker Stirrer

Reagents:

MnSQ: (Manganessulphate)Alkali iodide Azide, NaoS,03(SodiumThio-
sulphated.025N)Conc.H2SOy Starch Indicator.

Procedure:

Take 300 ml water sample in titration flask. Add 2MnSOs and 2 ml alkali iodide
Azide into aimple. Shake very well and settle the contents for 3 minutes. Add 2 ml
H>SOQy and Shake. Tak€00 ml of the bottle content in a flask. Titrate against
NaxS,Osuntil a pale straw color (palgellow color) appeardNow add 3 drops of starch
indicator. The solution becomes blue. Nutrateit with 0.025N NaSa until bluecolor
disappears.

Calculatedissolvedoxygenby formula:
DissolvedOxygen= (ml of titrant) x (8) x (0.025)x (1000)In

mg/lit) Samplevol.
In ml

29
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Observationsand Calculations:

No. of Initial readin Final readin Actual volume
Observations 9 9 used

1

Mean

2
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Experiment #05

To find outthe CarborDioxidein a given sample.

32
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Objective/Significance

It comes from air and is also produced by all living organismsi€t&cessary for food
production in plants. If it is not present, plants will die. So, all organisms will be harmed.
If COzis more, it will increaseddity which is harmful.

Apparatus:
Burette,PipettesMeasuringCylinder, TitrationFlaskandBeaker.

Reagents:

NaCOs(sodiumcarbonate).045N),Phenolphthaleimdicator.

Procedure:

Take 50ml water sample in titration flask. Add 4 drops of phenolpdithaddicator. If
samplebecome pink, then there is no free Ity not titrate it. If Sample is colorless,
it means that fre€Quis present.Titrate it with NaCOs (0.045N). When very light
pink color appearsit meanshatit is end pointNotetheml of titrant usedandcalculate
free COz by thefollowing formula:

CO= (ml of titrant) x(0.045) x(22) x (1000)
(In mg/lit) Samplevol. in ml.
33
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Observationsand Calculations:

No. of " - , - Actual volume
Observations Initial reading Final reading Used Mean
1
2
3
Result:
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Title

Aim:
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Experiment #06

To find out theTotal hardnesi agivensample.

To estimateahe amaunt of total hardnessn the collectedsampleof water.
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Principle:

Hardness in water is due to the presence of dissolved salts of calcium and Magnesium.
It is unfit for drinking, bathing, washing and it also forms scales in boilers. Hence it is
necessy to estimate the amount of hardness producing substances present in the water
sample. Once it isstimatedtheamount of chemicalequired fothetreatment of water
canbecalculated.

The estimationof hardnesss basedon complexometriditration. Hardnessof wateris
determined by titrating with a standard solution of ethylene diamine tetra acetic acid
(EDTA) whichis a complexing agent.

Total hardness:
Total hardness is due to the presence of bicarbonates, chlorides and sulphates of

calcium andhaghesium ions.

Apparatus:

Burette,PipettesMeasuringCylinder, Titration flask, BeakersConicalflask.

Reagents:
Ethylene diamine tetra acid (EDTA)0.01M Erichrome BHEGIBuffer solution (pH

9.5)1 ml of 0.01M EDTA solution =1.00mg @aCQ

Procedure:

Take50 ml watersample irtitration flask.

Add 5 ml of Ammoniabufferand2 dropsof ErichromeBlack-T indicator.
Titrateit against0.01M EDTA until thebluecoloris appeared.

Note the ml of titrant used and calculate the hardness of the sample
by the bllowingformula:

= =4 =4 =
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Hardness asg/l CaCQ=Vol. of EDTA usedfor titration x1000
Samplevol.in ml.

Observationsand Calculations:

No. of " . . . Actual volume
Observations Initial reading Final reading used

1

Mean
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Title
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Experiment #07

To find out thepermanent hardnegsa givensample.
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Permanenthardness:

Permanent hardness is due to the presehcalorides and sulphates of calcium and
magnesiunons. This typeof hardness cannot be removeddmying.

Apparatus:

Burette,PipettesMeasuringCylinder, Titration Flask,Beaker,ConicalFlask.

Reagents:

EDTAO0.01MErichrome BlacKT, Buffer solution(pH 9.5).

Procedure:

Take 100 ml of water sample in titration flask. Boil it for 20 minutes and then cool it.
Add 5ml ofAmmonia buffer and 2 drops of Erichrome BlaEkndicator. Titration it
against 0.01M EDTAuntil the light blue color is appeared. tddhe ml of titrant used
and calculate the permandrardnes®f the sampldy the following formula:

M1V1=M2V>

Observationsand Calculations:

No. of Actual volume

Observations Initial reading Final reading used Mean

1

2

3

Result:
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Title
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Experiment #8

To find out thetotal suspendesbolids inthe givensample:
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Objectives/Significance:

Environmental watersnay contain a variety of solid or dissolved impurities. In
guantifyinglevels of these impurities, suspended solids are the term used to describe
particles in the waterolumn. Practically, they are defined as patrticles large enough to
not pass through #filter usedo separate them from the water. Smaller particles, along
with ionic species, are referred todissolved solids. In considering waters for human
consumption or other uses, it is importankmow the concentrations of both suspended

and disolved solidsThe most common pollutantthewo r | d ingheférm ofr t o
TSS.

TSS can include a wide variety of material, such as silt, decaying plant and animal
matter, industrial wastes,and sewage High concentration®f suspendedolids can
causemanyproblemsfor stream health and aquatliie.

Total

Apparatus:

Crucibles(Evaporatinglish), MeasuringCylinder,oven.FurnaceDesiccatordalance.
Reagents:

No reagentis used.
Procedure:

Notedowntheinitial dry weight offilter paper.

Filter 50ml of thefield watersampleusing whattmaiilter paper
Takethefilter paperandplaceit on theevaporatinglish
Placetheevaporating dish insidde oven ail03C

After dryingin theovencoolto roomtemperature insidéesiccator
Notedownthefinal dry weightof thefilter paper

=4 =4 4 A4 -4 -
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Calculations:
Weightof filter paper W= g

Weightof filter paper+ residue(W2) =.......ccccceeeviiiiiieeees i, g

Total solids =

-W1) x100Qin mg/lit)

mplevol. in ml

(W2
Sa
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Title:

Aim:
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Experiment #09

To find out the volatile solidg agiven solution
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To determinetotal organic (Volatile Solids) and inorganic (Fixed Solids) solids in
the giverwatersample.

Introduction:

The term total volatile solids refer to materials that are completely volatilized from
water athigher temperature (550fCThese solids are often referred to the organic
content of the wategnd the term total fixed solids can be referred to materials which
are not volatilized from water ligher temperaturg550°C). Thesesolids are often
referred taheinorganicconten of thewater.

Apparatus:

Crucibles(Evaporatinglish), MeasuringCylinder, OvenFurnaceDesiccatorand Balance

Reagents:

No reagenis used.
Procedure:

1 To measurehe totalvolatile solids,takeaclean silicacrucible which
hasbeenwashednd driedn a hot air oven at 10% for one hour and
ignited at 558C to remove albrganicmaterials preserin it.

1 Nowweightheemptysilicacruciblein analytical balancd. e t 6 s

denotetheweighimeasurecs W1.

Usingpipettetransfer75ml of unfilteredsampein porcelaindish.

Switchon theoven andallowed toreach 105C

Placethe silicacruciblein the hotair oven andareshouldbe

takento prevent afplatteringof sampleduringevaporating or

boiling

Dry thesampleto getthe constantnass

Coolthecontainerin desiccator.

Notethe weight with residuas Ws.

Switchon thefurnaceandallow it to react650°C

Placethesilica cruciblein thefurnace

Notethe weightas Ws.

=a =4 =9

A =A-_Aa-_a_-a-"
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Calculations:
Initial weightof theevaporating disk sample(W1) =& g
Finalweight of theevaporating dish sampleafterdryingat 103C (W2) =.......cccvvvveeeeee. g
Final weightof theevaporating disk sampleafterdrying at550C (W3) =........cccceeuneee g
Weightof Volatile Substance = W2-W3
Total volatile solids =

(Wo-
W3)x1000(in mg/lit)

Sample
vol.in ml
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Title:
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Experiment #10

To find out settleablesolidsin agiven solution.
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Objective:

The settle able solids test is the measurement of the volume of solids in one liter of
sample thawill settle to the bottom of an Imhoff cone during a specific tifhbe test
indicates the volumef solids removed by settling in sedimentation tanks, clarifiers, or
ponds.The settle able solidsstindicates whethaheprimaryand secondary processes

are functioningproperly.

Apparatus:

Imhoff Cone,Measuring Cylinde Beaker.
Reagents:

No reagenis used

Procedure:

Mix thewaster sample and polil®00mlinto Imhoffcone.
Placetheconein the supportrackallow thesampleto settlefor 45minutes.
Spainthe coneandallow thesampleto settle foranotherl5 minutes.
Record the volume of settlble matter (ml/lit which has accumulated
in the bottom ahecone.

=a =4 =8 =4
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Title

Aim:
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Experiment #11

To find outthe totalsolids inthe givensolution.

To determineghe totalsolids inthegiven wateisample
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Introduction :

The term fAsolidso is generally wused when

dissolved invateror wastewatethatcanbephysicallyisolatedeitherthroughfiltration
or throughevaporation.

Solids can be classified as either filterablaan-filterable. Filterable solids may either
be settleableor non-settleable. Solids caaiso be classified agganic or inorganic.

Total solids in term applied to the material residue left in the vessel after evaporation of
a sampland its subsequent drying oautan oven at a defined temperature. Dissolved
solids may lead tscaling in boiler, corrosion and degraded quality of the product.
Estimation of total dissolvesblids is useful to determine whether the water is suitable
for drinking purpose, agriculturendindustrialpurpose.

Measurement of solids can be made in different water samples (industrial, domestic and
drinkingwater)and it is defined as residu@onevaporation ofreewater.

Environmental Significance:

Total Solidsmeasurementsanbe usefulas anindicatorof the effectsof runoff from
construction, agriculture practices, logging activities, sewage treatment plant discharge
and othesources.

Total solids also affect water clarity. Higher solids decrease the passage of light through
water. Water will heat up affectaquaticlife that hasadapted ta lowertemperature
regime.

As with turbidity, concentration often increases sharply during rainfall. Especially in
developedvatersheds.

Apparatus:

Crucible(Evaporatingdish), MeasuringCylinder,Oven Furnace DesiccatorsBalance
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Reagents:
No reagenis used.
Procedure:

Putthecruciblein furnaceat 109C temperaturéor 30 minutes.
Coolthecruciblein desiccator.

Weighthecrucible.Thisis representetly D.

Now add ameasure@mount ofwatersamplein crucible.
Placethe crucibleinsidethe oven at 10%C for 60 minutes.
After this takecrucibleout and cool itn desiccator.

After cooling,weighthe cruciblewith solids.

Thisweight isrepresentedly R.

Calculatethetotal solidsby the following formula:

=4 =4 =8 -8 _9_4_9_4°_-2°

Total solids =

Ri D
x1000(in mgl/lit)

Sample
vol. in ml

Precautions:

1 Water or wastewater samples which contain high concentrations of
calcium, chloridemagnesiunor sulphate cameadily absorlmoisture
from theair. Such samplesayneedo be dried for a longer period of
time, cooled under proper desiccation and weighedllyin order to
achieveareasonableonstant weight.

1 Non representative particles such as leaves, sticks etc. should be
excluded from theample.
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Courseoutlines
Parti |
History of Entomologyin India, Major pointsrelatedto dominanceof Insecta
in Animal kingdom. Classification of phylum Arthropoda up to classes.
Relationship of class Insecta witther classes of Arthropoda. Morphology:
Structure ad functions of insect cuticle and moltinBody segmentation.
Structure of Head, thorax and abdomen. Structure and modificationsect
antennae, mouth parts, legs, Wing venation, modifications and wing coupling
apparatusStructure of male and femalgenital organ. Metamorphosis and
diapause in insects. Types lafrvae and pupae. Structuaed functions of
digestive,
circulatory, excretory, respiratory, nervous, secretary (Endocrine) and
reproductive system, insects. Types of reproduction in insedkajor sensory
organs like simple and compound eydsmoreceptor.
Part-I|
InsectEcology:Introduction,Environmen@ndits componentsEffectof abiotic
factorg temperature, moisture, humidity, rainfall, light, atmospheric pressure
and air currents. fiect of biotic factorsi food competition, natural and
environmental resistance.
Part Il
Categories of pests. Concept of IPM, Practices, scope and limitations of IPM.
Classification ofinsecticides,toxicity of insecticidesand formulations of
insecticices. Chemical control importance, hazards and limitations. Recent
methods of pest control, repellents, antifeeddrmianonesattractantsgamma
radiation.InsecticidesAct 1968 Important provisions.Applicationtechniques
of sprayfluids. Symptom®f pasoning, firstaid and antidotes.
Part1 IV
SystematicsTaxonomyi importance history and developmentand binomial
nomenclatureDefinitions of Biotype, Suispecies, Species, Genus, Family and
Order. Classification of cladasecta up to Orders, basic gps of present day
insects with special emphasis to orders famdailies of Agriculturalimportance
like OrthopteraAcrididae, TettigonidagGryllidae,Gryllotalpidae; Dictyoptera:
Mantidae, Blattidae; Odonata; Isoptera: Termitidae; Thysanoplergidae;
Hemiptera: Pentatomidae Coreidae, Cimicidae, Pyrrhocoridae,Lygaeidae,
CicadellidaeDelphacidae, Aphididae, Cocciddephophidae,
AleurodidaePseudococcida&leuropteraChrysopidaet epidopteraPieridae,
Papiloinidae, Noctuidae, Sphingidae, Pyraliela Gelechiidae, Arctiidae,
Saturnidae, Bombycidae; ColeopteraCoccinellidae, Chrysomelidae,
Cerambycidae, Curculionidae, Bruchidae, ScarabaeidaeHymenoptera:
Tenthridinidae, Apidae. Trichogrammatidae,lchneumonidae, Braconidae,
Chalcididae; Diptera: Cecdomyiidae, Tachinidae, Agromyziidae,
Culicidae,Muscida€eTephritidae.
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Syllabusfor Practicals
1. Methodsof collectionandpreservatiorof insectsincludingimmaturestages

Externalfeaturesof Grasshopper/Blistdyeetle

Typesof insectantennaemouthpartsandlegs
Wing venation typesof wingsandwing couplingapparatus.

Typesof insect larvae andupae

Dissectionof digestivesystemin insectgGrasshopper)

Dissectionof maleandfemalereproductivesystemsn insectsGrasshopper)
Studyof charactersf ordersOrthoptera, Dictyopter&@donata,
. Isoptera,Thysanoptera,
10. Hemiptera,
11.Lepidoptera,
12.Neuroptera,
13.Coleoptera,
14.Hymenoptera
15. Dipteraandtheir families of agriculturalimportance.
16. Insecticidesandtheir formulations.
17.Pesticideappliances and themnaintenace.
18. Samplingtechniquedor estimatiorof insectpopulationand damage.

©ooNOO~WD
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Practical-1:To study the methodsof collection and preservation of insects
including immature stages
Insect collection is a source of recreation for many people and may be a hobby
for thosewho are interested in studying insects. Methods of collection and
preservation of insectrethepre-requisiteto studytheinsectsandtheirvarious
internalandexternalorgans Aftercollection, it becomes imperative to keep and
preserve the inséspecimens intact argafeforlongertime to furtherstudythe
character®r to developtheinsectcollectionrmu s eum. Let 6 s have a | ook &
the different types methods of collection, devices usedctdlectionand
preservation oinsects includingmmatre stagesn this practicakession.
Nature of insectcollection
A good Zoological collection should consist of at least four (4) individual
representativeof eaabf the order of insects. So that the collection comprises
the great diversity and itshouldftect thalifferentforms occurs in insect fauna
in acertain ecosystem.
Placesof insectcollection
Insects are omnipresent and abound anywhere and everywhere. A good place to
startcollectingnsects is a flowering hedgerow or garden where insects can be
found on thedifferent parts @lants like flowers, leaves and stemBesides
these, we caralso probe thesmall insects in tal or near the roots of plants,
aguatic insects can be collected in water,ponds, streams, talas,etc. and
even do thendoors collection year round.They can be collected fréim
(flying insects),Water (dragonflies, mayflies andstoneflies that howeser
water, aquatic insects andsea shore insectsijome (fromfurniture, boxes,
bookshelves (fleas, bugs, flies, and mogms),flower, fruits andvegetables
brought in), Debris and animal dung (which acts as food source for
manyinsectsland fromdomesticanimals and birds(ecto and endgarasites).
Catching insects: Aerial insectscanbe caughtduring flight or aftertheyhave
alightedbysweepinga net through the air dioliage or by beatingthe foliage
and holdinghe netbelow.

1 Theaerial/sweepnetscancatchaerialinsects.

1 Netforcepsdippers and dredgeancatchaquatic insects.

1 SeparatoandBerlesefunnelcancatd soil dwellinginsects.
Methods of insectcollection

1. Hand picking
This method is suitable for catching the large insects like beetles and
grasshoppers. It isveriedious (hard working) method and not suitable for
catching the biting and stingingnaturiedects.
2. Aerial net or Butterfly net

It is light in weight, useful for catching activefliers like butterflies, moths,
dragonflies,wasp, flietc. The net consists of three partsviz., loop or frame;
handle and porous muslinclothe bags. diia@neterof hoopand thedepth of the
bagshould ben theproportionofl:2.
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3. Sweepnet
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It is heavier than the aerial net. It consists ofshort handle, a large loop and dense
clothbag. This isuitable for collectingleafhoppers, grasshoppers and other
smallinsects. The net ssvept overvegetation.
4. Beatingtray
This methodis suitable for collectingcrawlingnsectsand those,which rest
onbranchesA beatingtrayis held undeabranchwhich is then hit sharplyith
a stick.
5. Aspirator/Potters/Suction tube
It is the device to alect small insects intoglass vials with no damage to the
specimens.It iemployed to suck in through a rubbertube small and minute
insect that is alreadycollected in thet or sitting on wall orfoliage and on the
bark of the tree. Usually itis meant foatching moreactive insects. Toprevent
entry of insect in to mouth, a smallcloth piece is kept in betweemyltss
andrubber tube.
6. Berlese(Tullgren) funnel
Soil arthropodscan be sorted out by thismethods.Debris including soil
arthropodscarbe collecied by usingthe light as thesourcef heat inberlese
funnel method.
7. Traps- Trapping is a method of collecting insects in the absence of
collector. This is themostommon methods or techniques used by
growers in Integrated pest managementprogramroatththe insects.
There are many different types of traps used for collectionof insects. They
arepheromondrapsor sleevetraps,fruit fly trap, sticky traps,delta
traps,wateior Wota traps, pitfall trap, wind pan trapnalaise trap and
light traps.
Pheromonetraps
Synthetic sex pheromones are placed in the traps to attract male moths. The
rubberizedseptaontaining the pheromone lure are kept in the traps designed
especially for thispurpose and usedmonitoring, mass trapping and mating
disruption progrenmes. Stickytarps, Water pan trawsl funnel type models are
available for use in pheromone basedingsst control programmesellow
sticky traps: Aphids, whiteflies, thrips prefer yellow colour. Yellow colour is
paintedortin boxes andticky materiallike castor oil/vaselines smeared othe
sticky material.
Probe trap: It is usedby keepingthemunder grairsurfaceto trap storedproductpests.
Pitfall traps: Containers such as small plastic buckets, plant pots, glass jars or
jam tins aresunknto the ground to trap flightless, groutiding insects and
arachnids, especiallybeetles (groumektles),cockroachescrickets, spiders,
harvestmerand mites. The containershoulde placedina hole with the upper
rim flush with the ground surface. A killinggentand preservative, such as
ethylene glycol, should be placed in traps that are not emptieddaily. Radiating
vanes, such asooden planks, placed in the substrate will increase theeffective
area of the trap. A bait can laelded to the trap to increass effectiveness.
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Thetype of bait will depend on the specimens wighesto catch.

Light traps: Light traps are mainly used for attracting moths & other night
flying insectswhichare attracted towards the light. The insects are actively
caught or encouragl to entera trap. Tr@mplest light trap consists of a light
on a cable hanging out in the field forattracting the peésitsng nights.
However, besidesa number of speciesof moths, beetles,flies,and other
insects,
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most of which are not pests, arecaddtracted to artificial light. Soidentification
of pests andbeneficial insects is of primeimportance before any
controloperations executed.

Mercury vapour lamp light trap: This trap is the basicmodel designedby
Robinson(1952).This trap producestrdvoilet, blue and green radiation with
little red. This is currentlyusedtowardsa wide rangeof noctuidsand other
nocturnalflying insects.a mercurylamp (125W)is fixed at the top of a funnel
shaped (or) trapezoid galvanized iron cone terminating jar@ntaining
dichlorvossoaked in cotton as insecticitiekill the insect.

Killing insects

Killing should be immediately after capture. Potassium cyanide (KCN), ethyl
acetate,carbonetrachloride and chloroform are commonly used for killing
insects. KCNKills theinsects quicklyut deadly poisonous and must be handled
with extreme care. Ethyhcetatekills the insecowly and does not last long.
But the dead insects remain in relaxedcondition for a longer witteout
becomingorittle and stiff.

Pinching- In this method, thorax is pressedbetween thumb and index finger
swiftly andwith jerklt needs constant practice. e.g.butterdisgsshopper.
Injecting - Hypodermicinjection of fluids.

Drowning- Larvaeandinsectswithout scales hairsor powderycoveing can
bekilled bysubmerginghemin water.Theydie of Auto toxicity whenexcessive
CO2unableto escapesfromspiracles and collects in trachaad tissues.

How to prepare Killing Bottle/ Cyanide Bottle?

Stepsinvolvedin preparinghe killing bottles ae given below-

1 Takeawide mouthedstrongbottle orvial with a tight fittinglid.

1 Placea layer of potassiumcyanidegranules/pelletd/4-inch
thickness)atthe bottom ofbottle.

9 Coverit with alayerof dry plasterofParis (1/4-inch thickness)

1 Mix plagerof Pariswith enoughwatesothatit will pouroff from
theendof spoon.Pourl/2-inch layer ofwet plasteof Paris over the
drylayer.

1 Tapthe bottlelightly on the tablg¢oeliminate anyubble in the bottle.

1 Leavethelid off for aday tolet theplaserdry in awell-ventilated
room,completelyawayfrom direct sunlight.

1 Keepa circular pieceof filter orblotting paperon the top of
plasterofParis and avoidcondensatioof waterdroplets orthe side
of bottom (tocheck thesweatingrocess).

1 Lastly, the bottleshouldbetightly corked and labeled with theword ' Poison&

1 In placeof KCN, nowad a yEthgl acetatds beingusedasthe
replacemeninkillingbottle.

Insect Collection Box
Storage of insects is done in the insect boxes,which is made up of wood (top and
bottomcould bef plywood) and lined on one(bottg or both (roof also) sides
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with corksheets covered withihite paper. It is light inweight, moisture proof
and airtight. General(common) size of inseaitectionbox is45x30x15 cm.

65

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Labeling
Specimencollectedshould be uniform in size and labeledpropety on stiff
paperorreferenceard. Labelingonsists ofollowing notesi.e.,Host, Date,
collector and Location.
Setting or stretching boards
Setting is the method that wings antennaeand Occasionally (Hymenopterans)
spread legsin fulldisplay of their fatures. This methodneeds a setting or
stretching boar dboavdssepatatedsy grooget Batbboasdi d e 6 s
and groovesare lined with thin sheetofcork. The widthof groove varies
accordingo thewidth of insect body.
Methods of
preservation
Protection of
Insect
specimens
CollectedInsectscan be protectedfor longer time in insectcollection box
by puttinghenephathalenealls onthe corner sidef box.
Preservationof insects
a) Temporarypreservation
b) Permanenpreservationinsectscanbe permanentt preserveckitherdry,
in fluid, oronmicroscope slides. Arachnids are always preserved in liquid or
on microscope slides. Themetlubgreservation dependas thetype of
arthropodslt canbe doneby the followingmethods

1 Dry preservation Insectsthat are to be preserveddry are best
mounted in ways thatfacilitate study and permanent storage.
Specimenshouldbe mountedsoorafterkilling, if possible whilestill
soft.

1 Liquid preservatiort It isdonein 70% ethylalcohol+ 4 % formaline
solution. Softsale insects andmealybugs can be preserved in
mixture of 4 parts 90 % etharahd 1partglacial aceticacidwhereas,
thrips canbe preservedn a mixture of 9 parts60

%ethanol and 1 part glacial acetic acid. It is very important to periodically check
andtopupcontainers of déiquid collection.

1 Mounting on a microscopic slide- Small specimenshave to be
mountedon microscopeslideso that they can be studiedunder a
compoundmicroscope.Thesenclude groupssuch as thrips, aphids,
parasitic wasps, scale gxds, booklice, lice andnites. Insect
andspidebodyparts(e.g.mouthpartandgenitalia),andlarvaeoften
haveo be slidemounted.Microscopglide mountsmay be temporary
or permanent, but specimensmaintainedn collections require
permanent mounts.

Bringing the specimen home
or the laboratory Materials
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required

Butterflies and other largsevingedinsects can be stored in folded
protectivepaper envelopes.Most arthropod specimenscan be conveniently
stored between layers ofabsorbent paper. Papevelops(Mwspaper,
waxpapertanbeusedto keepthespecimerandbroughtit to homeorlaboratory
(having good absorbent quality)Cellophane and transparent plastics can alsobe
usedfor this purpose.

Relaxing container/Jar
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Relaxing is the method / process of-sadtening the insects. Relaxing
container/Jaii contains alayer of sand (5 cm thick) or any other absorbent
materials (basal wood, pith,synthetic spongedl few drops of formaline or
carbolic acid is added to prevent mould/fungal growth and togered with

filter paper. CleaningDust, pollens and dirt can beremoved with a camel
hairbrusldippedin watermixed with detergent.

Preparing insectsfor the insectcollection box

Insects longer than about 8 mm are usually mounted on pins pushed through
thethorax. msectpins are longer than ordinary pins, and are made of stainless
steel that doesnot rust. A No. 2Mo. 3 entomological pin is suitable for most
insects, although those withdelicate bodies neayiire asizeNo. 0 or No. 1.
Entomological pinsThere isthree general series of pins vienglish pins:

Sold by weightrange of 1830 mm in length and stout, used to pinlepidopteran
insects, which lies or kept low the box.

Continental pins: Sold by 100s, Range 35 mm in length,( 000,00,0&Nos.),

No. 2 & 3 areuseful for general purpose, 38 mm( Nd.0§, 50 mm( No. 11

12), 000 is the thinnest pandNo0.12 is thethickestpin.

Minute pin: Minutest and finest pins, used for pinning the insects meant to
stage, forminutesoftestand fragileinsects.

Pinning

It is the best and common method to preserve hard bodied insects. They will dry
andremain inperfectcondition on the pins for long time without any further
treatmentTheyarepinnedrertically throughthe body. Dependinguponthesize

ofi n s eiashaste beselectedccordingly Exactplaceof insertion ofthe pin
varies amonglifferentgroupsofinsects.

Insectgroups Sketchdiagram Pinning region

Insectgroups Sketchdiagram Pinning region
Grasshoppecrickets, Prorotum
Preying mantids and

cockroaches
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Bugs (most of the Scutellum
Hemipterans)

Beetles and  weevils Rightelytra
(Colepterans)

Dragonfly, damselfly, Thorax
antlion, green lace wing fly,

Moths,butterflybeeswasp,

ants

andtrueflies etc.

Double mounting
Pinning is troublesone in smallerinsects.Very small insects cannot be

pinnedbecausenost ofthe body parts of the insectsare lost during pinning. For
such insectsdouble mounting canfokowed.

Staging

The stageis narrowrectangulapieceofcork or pith. The smallinsectis
pinnedcorrectlywith amicro pin tothe stage Laterthestageis pinnedin the

insect stordoxwith a bigger pin.

Carding
A rectangular white cardbx8 or 5x12mm) may be used as stage. On stage

insteadof pinningthe insect specimen is stuck on itlsing glue or adhesive
After mountingthe insect, card pgnnedin the boxwith alargepin.
Pointing / gumming
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The insect specimen is glued to a cardcut into a triangle of 10 mm height and 5
mmbase. Bendown the tip of card to form asmall surface to whioé insect

is stuck.Apply a drop of glue @dhesivebytouchingthe pointto theglueand

to thethoraxof theinsects tdoe mounted.

aluminium frame

gauze netting

Funnel

Collecting bottle
with alcohol

Beating tray Berlesefunnel
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13-cm glass tube—

8-cm glass lube

Tight Lid

Wide mouth Bottle -

Circular piece of filter |
or blotting paper

Pour 1/2 inch layer of
wet plaster of paris

Layer of dry Plaster _|
of Paris (1/4 inch thick)
Potassium cyanide ——i
granules (1/4th inch thick)

Aspirator/Potters/Suction tube Insectkilling box
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Insectcollecting box Setting/Stretchingbox
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Double Mounting

Micropin

[/

Gumming
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Practical i 2To study the External featuresof Grasshopper

The grasshoppers are widely distributed throughout the country and may be seen
inabundanceduring monssonseason For the generalizedmorphological
descriptionthisinsecthasbeertonsidered as the most suitable representative of
class insects because itsstructural details arauaitvariable. Apart from this,
beinglarger insize, itan bestudied easily.
The gemralized insect body is divided into 3 distinct body regions: a head, a
thorax andarabdomen. Grouping of body segments into distinct regions is
known agagmosisand thebodyegionsarecalledastagmata.
The Head
This is an anterior part of the body faethby the fusion of six segments viz.,
ocellary,antennaljntercalary, mandibular, maxillary and labial. All these
segments are closelyamalgamated to fotmard caseor head capsule,the
craniumthat bearsthe antennaegyesandnouthparts.The heads attachedto
the thorax by meansof a flexible membranouseck(cervix)that allows its
movement. Head capsule is sclerotized and the head capsuleexcluding
appendages formed by theionof several scleritess known asranium.
Scleritesof Head

i. Vertex: Summt of theheadbetweercompound eyes.

ii. Frons: Facialareabelowthevertex andaboveclypeus.

iii. Clypeus Cranial area belowhefronsto which labrumis attached.

iv. Gena Lateralcranialareabehindthe compoundeyes.

v. Occiput : Cranialarea betweenccipitalandpostoccipital suture.
Sutures of Head: Thelinearinvaginationsof the exoskeletorbetweentwo
scleritesarecalledassuture(sometimes referred as sulcus).

i. Epicranial suture/ ecdysialline: Inverted'Y' shapeduture found

mediallyon the topofheadwith a median suturécoronal sutureand lateral

sutures (frontasuture).

ii. Epistomal suture/ Fronto clypeal suture: Foundbetweenfrons and

clypeus.(epi i abovestoma mouth parts)

iii. Clypeo-labral suture: Foundbetweerclypeus andabrum(upperlip).

iv. Postocapital suture: Grooveborderingoccipital foramen.Line

indicatingthe fusionofmaxillaryand labial segment.
The Thorax: It is a body region situated between head and abdomen. The insect
thorax is composedofthree segments:an anterior prothorax, a middle
mesothoraxanda posteriormetathorax.Each segment bears a pair of legs. The
last two segments often called as pterothomaybearwings. Meso and
metathoraxwhich bearwings are calledasPterothorax.Thoracicsegments are
made up of three sclerites ndmedorsal body platetergum or nota,
ventralbodyplatesternum and lateral platgleuron
Functions of thorax: Siteof locomotion.
Abdomen: Abdominal segments are telescopic in nature, highly flexible and
are interconnectdolyamembranealledconjunctiva. Eachabdominakegment
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is madeup of only two scleritesnamelyglorsalbody plate (tergum)and ventral
body plate (sternum).In grasshopper
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eightpairs of spiracles are present in the first eight segments, in addition to a pair
of tympanuminthe first segrant. Eight and ninth abdominal segments bears the
female genital structureandinth segment bears male genital structure.
Abdominal appendages in adult insects aregeoitfnsand cerci.

Function: Site of metabolismandreproduction.
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Practical -3To study the typesof insectantennae
The collected insect samples can be inspected in laboratory after detaching the
antennaand puhem under the microscope. They can also be studied through
the permanent slidesof differelypesof antennady the help ofmicroscope.
Antennae are mobile sensory segmented appendages of the hea@ley
articulate with headinont or between the eyes and arise from antennal socket.
The size and shape ofantennae varidgfarent insects. They used for sensory
perception whch includesmotion and orientation, odseound, humidity, and a
variety of chemical cues. Sensilla onantenna acts as tactile, olfacidan
dioxide, temperature, wind, humidity, andsound receptors.
Structure of Antenna: Antennae consigif three parts:
a) Scape It is first basal segment of antenna by which the antennae is
attached to thehead. Itagtendistinctlylarger tharthe other succeeding
joints. It articulateswiththe antennalidge.
b) Pedicel The joint immediately followed the scape is pedittek usually
smalland containsspecialsensorystructure knowasJ o hnst onds or gan
which is absentiiplura, Collembola.
c) Flagellum- It is also known aslavola, and is the remaining part of
theantenna. Flagellusegments (flagellomeres) increase imiver in
certain insects. Itis modified according to twgroundingsnd habitof the
insects.
Typesof antennae:
1. Setaceous(Bristle like) Size of the segmentsiecreasefrom baseto
apex.e.g.LeafhoppeDragonfly, Damselfly.
2. Filiform : (Threadlike) Segnentsareusually cylindrical Thicknessof
segmentsemainssantéroughoute.g.Grasshopper.
3. Moniliform : (Beaded) Segments are either globular or spherical with
prominentconstriction inetweere.g. Termite.
4. Serrate: (Saw like) Segmentshave short triangular projectionson one
side. e.g.Longicorbettle
5. Pectinate (Comb like)Segments witlong slendemprocesses oanesidee.g. Sawfly
6. Bipectinate: (Double comb like) Segmentswith long slenderlateral
processe®n boththesidese.g. Silkworm moth
7. Clavate: (Clubbed)Antennaenlargegyraduallytowardsthetip. e.g.Blister beetle
8. Capitate: (Knobbed) Terminategmentbecome enlargesuiddenlye.g.butterfly
9. Lamellate: (Platelike) Antennaltip is expandedaterally on oneside
to form flat platese.damellicorn beetle

10. Aristate: Theterminalsegmentis enlargedIt bearsa conspicuouslorsalbristle
calledarista

e.g.Housefly
11. Stylate: Terminalsegmenbearastylelike processg.Horsefly, Robberfly.
12.Plumose (Feathery) Segmentgith long whorlsof hairse.g. malemosquito
13. Pilose (Hairy) Antennais lessfeatherywith few hairsat the junction
of flagellomeres.e.g.emalemosquito.
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14. Geniculate: (EIbowed)Scapeis long remainingsegmentsare small
and are arrangedatarangleto thefirst resemblinganelbowjoint. e.g. Ant,
weevil andhoneybee.
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Structure of Typical Antenna

Antennifer Antennal  Scape

Setaceous : Filiform
C e e o Serrate

Moniliform

S R S S

Pectinate

B —a

Flabellate

Bipectinate

Plumose

Clavate #@QQ
s s

Whorled  fista %moqj

Capitate
Flagellum
Lamella
Pedicel
Scape
Lamellate Geniculate
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Practical- 4To study the different types of mouthparts and their
modifications Mouthpartsof insectsvary among insectsof differentgroups
depending upotheirfeedindpabits. They are mainly of two typesviz.,
Mandibulate (feeding mainly on solidfood) antiaustellatgfeedingmainly
on liquid food). Insectmouthpartshavebecomemodifiedn variouggroupsto
performthe ingestionof different typesof food and bydifferentmethods.
Indeedthemodificationsin the mouthpartsto ingestalmostall kinds ofthe
food material,are one of thefactorsfor thesuccess othe group.
1. Biting and chewingtype: e.g.Cockroach &grasshopper.
It is the primitivetype of mouth parandconsists othe following parts.
i. Labrum : (Upper lip) It is flap like, bilobedandattachedo the clypeus
by anarticularmembrane. It is movable. It covers the mouth cavity from
above. It helps to pull thefoadto the mouth. It holdsthe food in position
sothatmandblescanacton it. Itforms the roof ofthe preoral food cavity.
ii. Labrum -epipharynx: Inner surface of the labrum is referred to as
epipharynx. It isfrequentlynembranousind continuousvith thedorsal wall
of pharnyx.It is anorganoftaste.
iii. Mandibles: There is a pair of mandibles. They are the first pair of jaws.
They are alsocalleds primary jaws or true jaws. Mandibles articulate with
the cranium at twopoints. They dreavily sclerotised.They are toothedon
their inner border. Therearetwotypesof teeth. Distalare sharply pointed
and are called incisor or cutting teeth andproximal teeth are called molar or
grindingteeth. Theyact transverselio bite andgrind the fooahto small
fragments.
iv. Maxillae: They are paired and more complicated than marslifleey
are calledsecondajgiws or accessory jaws. At proximal end the first
sclerite cardo joins themaxilla to head. HBaeeond sclerite is called stipes
which articulates with cardo. Stipescarries a lateral sclerite qadipier
which bears a five ggnented antenna likemaxillary palp. On the distal end
of the stipesthere are two lobes. The outer lobe iscalled galea and inner
lobe is lacinia which is tootheMaxille direct the food into themouth. They
hold the food in place when the mandibles aracition. They act asauxillary
jaws and assist in mastication of food. Sense organs connected with
theperceptiomf touch, smell and taste are abundafdlynd in palpi.
v. Hypopharynx : It is a tongue like organ. It is located centrally in the
preoral cavitySalivaryglandduct opens througit.
vi. Labium /lower lip: It is acompositestructureformedby thefusion of
two primitivesegmented appendages. It bounds the mouth cavity from below
or behind. It formghebasef the preoralcavity. It consistsof threemedian
scleritesviz., submenturflargebasalsclerite), mentum (middle sclerite) and
prementum (apical sclerite). On the lateralsifithe prementum there are
two small lateral sclerites called palpiger bearing threesegmiaied
palpi. Distally prementunbears twairs of lobesThe otherpair oflobesis
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calledparaglossae aridnerpair of lobes, glossad3oth pairs wherfused

arecalledigula.

2. Piercing and sucking/ hemipterous/bug type e.g. Plantbugs.
Labium projects downwards from theanterior pdirthe head like a beak. Beak
isfour segmentezhd groovedthroughoutitsentire length. At the baseof the
labiumthereis a triangularflap like
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structurecalledabrum. Labium is neitherinvolvedin piercing nor sucking. It
functionsasaprotective coverig for the four stylets(fascicle) found within the
groove.Both mandibles andhaxillae are modified into long slender
sclerotizedhair likestructurecalled stylets. They ardying close together and
suited for piercing and sucking.The tips of the stylets haaye minuteeeth for
piercing the plant tissue. The innermaxillary stylets are doubly grooved on their
inner faces. When these are closely opposedthey form two canals viz., food
canal and salivary candhrough sap and saliva areconducted respectively.
Saliva contains enzymes or toxins that chstort plant cell wall topermit the
stylets to penetrate down and reach phloem for suking thé&ai#ppalps
areabsent.

3. Piercing and sucking/ dipterous /mosquito type : e.g.Femalemosquito
Mouthparts of femalemosquito consistsof an elongate labium which is
groovedforming a guttewhich encloses six stylets.The stylets are composed of
labrum-epipharynx (enclosing the foadnal), thehyphophrynx (containing the
salivary canal),two maxillae and two mandibles. BBtteends of maxillary
stylets and mandibularstylets are saw like and suited piercing flesstyliats
are inserted into host's skin by a strong downward and forward thrust ofbody.
Both mandibles and maxillae are reduced in male and they feed on pl#ant nec
andjuices of decayinfguits. Femalepiercegheskinof humanbeingsinto which
it injectssalivacontainingan anticoagulant (to keep the blood flowing without
clotting) and an anesthetic(to keep the viatinaware of the bite) and sucks up
the blood.Labium does not pierce butfoldsup or back as stylets pierce.
Maxillary palpi arepresent.

4. Chewingand lapping type : e.g.honeybee
Labrumandmandiblesareasinbiting and chewingtype of mouthparts.But
mandiblesarebluntand not toothed.They are usktfo crush and shape waxfor
comb building; ingest pollen graimsd other manipulative
functions.Maxillolabialstructuresare modified toform the lappingongue.The
tongueunit consistsof two galeaof maxillae,two labial palpi and
elongatedflexiblhairy glossaof labium. The glossaterminatesinto a
small circular spoonshapediobecallegpoonor bouton orflabellum which is
useful to lickthenectar.

5. Raspingand sucking: e.g.Thrip
Mouth cone consists of labrum, labiumand maxillae. There are thressstyl
derivedfrom twomaxillae and left mandible. Rightmandible is absent. Stylets
are useful tolacerate the plant tisané the oozing sap issucked up by the mouth
cone. Bothmaxillary palpi and labial palpi gnesent.

6. Spongingtype : e.g. Housdly
The poboscis is fleshy, elbowed,retractile and projects downwards fromhead.
The proboscis cdie differentiatedinto basal rostrum and distal haustellum.The
proboscis consists of labium whigsgroovedon its anteriorsurface.Within
thisgroovdie the labrumepiphraynx(enclosing
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the food canal) and slender hypopharynx(containing the salivary
canal).Mandibles are absemaxillae are representedy single segmented
maxillary palpi.Theendof the proboscids enlarged, sponge like and two lobed
which acts as stion pads.They are called oral discdatrella. The surfacesof
labella are transveredby capillarycanalscalled pseudotracheaehich
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collect the liquid food and convey it to the canal. Labellafunction as sponging
organs and areapable of taking exposéldids. These insects oftenspit enzyme
containing saliva onto soli@ods to liquifythem.

7. Siphoningtype : e.g.Moths andbutterflies
Mouth parts consists of elongate sucking tube or proboscis. It is formed by two
greatlyelongatedaleae of maxillae whichre zippered together by interlocking
spines and hooks.Galeae greoved on their inner surface and when they are
fitting together closely theyform a suctoriabd canalthroughwhich the nectar
is suckedup. The proboscisis coiled uplike watchspringand kept beneath the
head when it is not in use. By pumping of blood intogaleae, the proboscis is
extendedTheothermouthpartsarereducedr absenexcepthelabialpalpiand
smallermaxillary palpi.
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Piercing and suckingtype 1 Mosquito

Cross

87

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Raspingand sucking type mouth parts Siphoningtype of mouth parts

B\ —
mandibular stylet — N 7———7—-‘-labrum
| oy . % maxilla

maxillary stylets

(lacir{lao) /
maxillary I
palp e v labium
abial palps

Spongingtype of mouth parts

OCELU —

\b b TRIANGULAR
i el OCELLAR PLATE
A
e \ EVE
. '. - s
B - ARISTA
CLYPEUS —Ac -
MAXILLARY PALP. oo
STIPES I’ ROSTRUM
HYOID SCLERITE
i
LABRUM+ EPIPHARYNX 3 }HOSTElLUM
HYPOPHARYNX X/
ptt
LABELLA OR ORAL: }LABEI.LUM
DisCs 3
MOUTH

88

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Practical -5To study the legsand their modifications
The typical thoracic leg consists of six parts, basal coxa that articulates with the
thoraxin thepleural region, small trochanter, femur, tibia, segmented tasds,
pretarsus. Thecoxa is ofteivided into two parts, the posterior and the anterior
(usually the larger part)being called timeron. The trochanter articulates with
the coxa, but usually forms animmovable attachment thiéh femur. The
femur and tibia are typically the longestlegsegmentsThe tarsus,which is
derived from a single segment, is usually sukdivided intoindividual
tarsomeres. The pretarsasay consist of a single claw, but it is usually
composedof a pair of moveable claws and omaanepadsor bristles.Legsare
usuallylookeduponasthe principal organsofterrestriallocomotion. Theyhave
undergone manymodifications and have beenadapted to a wide variety
offunctionsincludingswimming,preycapture, pollen collectionardigging.
Ambulatorial (Ambulate- to walk;Walking leg) e.g. Fore leg and middle legof
grasshoppef-emurand tibia aréong.Legsaresuited forwalking.
Cursorial: (Cursorial = adapted forrunning : Running leg) e. g. All the
threepairs of legs otockroach.Legs are suitedbr running. Femur isnot
swollen.
Saltatorial: (Salatorial= Leaping:JumpingLegk.g.hindlegof grasshopper.
Fossoriat (Forrorial=Digging; Burrowingleg) e.gForelegsof molecricket.
Natatorial: (Natatorial = pertaining toswimming; Swimming leg) .etang
legsof water bug andaterbeetle.
Raptorial: (Raptorial=predatoryGraspinglegk.g.Forelegsof preyingmantids.
Scansoriat (Scansorial = Climbing;climbing or clinging leg) e.g. all the
threepairs of legs dfeadlouse.
Foragial leg: (Forage= to collectfoodmateriale.g.Legsof honeybee.
i. Forelegs: The foreleg has threeimportant structures (Eye brush,
Antennacleaner or strigilliandPollen brush)
ii. Middle legs It hastwo importantstructures.
(a.) Pollen brush: Stiff hairs onbasitarsus form peh brush which isuseful to
collect pollenfrom middle part oftheirbody.
(b.) Tibial spar: At the distalend of the tibia, a movable spur is presentwhich is
useful to looserthe pelletsofpollen fromthe pollen baskebf hind legsandio
cleanwingsandspiracles.
iii. Hind legs. It has three importantstructures viz., pollen basket,
pollenpacker and pollen com{a.) Pollenbasket It is alsocalledcorbicula.
Theoutersurfaceof thehind tibia containgshalloveavity. The edgesof the
cavity arefringedwith long hairs. The pollen basketenablethe beetocarry
alarger load ofpollen and propolis frotmefield to thehive.
(b.) Pollen packer: It is alsocalledpollenpress.It consistsof pecten
andauricle Pectens a rowof stout bristles atthdistal end otibia. Auricleis a
smallplate
Climbing or Sticking leg: e.g.all the threepairsf legsof housefly.
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Claspingleg: e.g.Forelegsof malewaterbeetle.
Prolegs:Cat e r piols Isheasmiitsof thoraciclegs(true-legs)andfive pairsof
abdominal
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legs (po-legs) on 3rd, 4th, 5th, 6th, and last abdomenal segments. In some,
semtloopers larvaeprologs on 3rd and 4th abomenal segments absent, and
hence while movement, it looks like séoap, in some, looppers, prologs
present only on 6th and last abdomisedjments, and henadile movement,
it looks likeloop.
AThoraciclegsarealsocalledthetruelegs,which aretypically jointed andsclerotized.
AAbdominal legs are called prolegs. These are unjointed, short, fleshy
with a flat surface at thmttomcalled planta.
AA numberof hookslike structuresalledcrochetsareseen
arrangedn circularor semcuticularform on thesurfaceof the
plants.
Aln sawflies of Hymenoptera, the larvae have 3 pairs of true legs in
thorax, and 6 or >6 pairsmflogs in abdomn. This is the unique feature
of sawfly larva, but these prologs do not beachetsunlike lepidopteran
larva.

Structure of atypical leg

Trochanter

Tarsomeres

Ambulatorial leg Cursorial leg Saltatorial leg
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Practical- 6To study about the Wing venation, types of wings and wing
coupling apparatus.

The complete system of veins of a wing is termed as venation or neuration.
Generally inall theinsects there is some similarity in wing venation and
therefore, it is presumed that alltypesvifig venation have developed from the
common base or the same ancestor. Bymeans ekt@msivestudy of wing
venationin differentgroupsof insects,Comstock andNeedhamconstructed a
hypothetical type of wing venation from which all other types havepresumely
been derived. According to them the primitive wing venation has
developedfrom two tracheae whiate situated on the anterior and the posterior
basal margis ofwings and their branches are spadlaaler he wing. Each main
trachea give rise to threeprincipal veins, thereby forming 6 prineipals

namely costa, radius, medius, cubitus,penultimate and ultimate. Each principal
vein givesriseto a subvein rear itsbase.

Wing venation of ahypothetical wing

Theprincipal veins are represented by + sigmvhereas theub veins by- sign.
Thus thewholewning venation system is representag + and the - signsin
alternate as shown in thefigure. Thranchingof principal veins is represented
in the followingmanner:
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1L Costa +C > Costan C +
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Such type of hypothetical wing ventaion is never met in any insect as one or the
othervein isinvariably found lacking for examplethe mediusvein is absenin

order Hemipteraandphimereda and sufedius is missing in Odonata. Some

of the scientists considerprecostaysta,subcosta, radiusnedius, cubitugnd
analasthe principal veinsof the insectwing.

Crossveins

The veins joining the two longitudinal veins are known as cross veins. The
importantcross veinalongwith their symbolsare given below :

(i) Humeral crossvein (h)- It extenddromcostato sub-costanearthe humeralangle
andvein.

(i) Radio-medial crossvein (rm)- It joins the subradiusandthe mediusveins.
(ii) Medial crossvein (m) -The vein joining the m2 and m3 branches
of mediusis termedismediatross vein.

(iv) Medio-cubital cross vein(m-cu) - It joins the mediusandthe cubitus
longitudinalveins.

(v) Radial crossvein (r) -It extenddrom R1to R2
Wing Adaptations and Modifications:

Wing Type Photos Modifications and
Examples
Membranous 1 Membranous wings are

thin & more or less
transparentyutsomeare
darkened.

1 Thesewingsarewith
highly developed
venation.

1 They are useful for
flight. Examples: Hind
wings of Grasshopper,
Dragonfies and
damselflies (order:
Odonata), lacewings
(order:Neuroptera)flies
(order: Diptera), bees
and wasps (order
Hymenoptera),

termites(orderlsoptera)
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Halteres i Halteres are an extreme
modification among the
orderDiptera(trueflies),
in which the hind wings
are reduced to mere
nubs.

1 Used for balance and
direction during flight
(gyroscopicstabilizers).

9 Itis divided into three
regionsscabellum,
pedicelandcapitalum.
ExamplesAll flies

(Diptera).

1 Elytra (sirgular elytron)
are the hardened, heavi
sclerotized forewings of
beetles (horny sheet
without venation).

1 Modified to protect the
hindwingswhenatrest.

1 Examples: All beetles
(orderColeoptera).

Elytra

Flizatmth Morae
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Hemi Elytra 1 A variationof theelytra
is thehemelytra.
hemelytra 1 The forewmgs of .
membranous Hemipterans are said tg
section

be hemelytrous becaust
they are hardened
throughoutheproximal
two-thirds,while the
distal portion is
membranous.

1 Unlike elytra,hemelytra
function primarily as
flight wings.

1 Examples:

Bugs(Hemipterp
Tegmina 1 Tegmina (singular
tegmen) are the leather
forewings of insects in
the orders Orthoptera,
Dictyoptera

1 Like the elytra on
beetles the tegmina helj
protect the delicate hind
wings,andalsousedfor
flight sometimes.

1 Examples:
Grasshoppergyrickets
and katydids
(Orthoptera),
Cockroaches,

Mantids(Dictyoptera)
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1 Scaly wingsthin and
membranoufontand
hind

wingscoveredover

surfacewith
flattenedunicellularsetae

(scales).

1 The scales make the
wingscolorful andused
for taxonomicstudies.

1 They are useful for
flight.

1 ExamplesBultterflies,
moths and skippers
(order Lepidoptera),
caddisflies(order:

Trichoptera).

1 Fringed wingsslender
front and hind wings
with long fringes of
marginalhairs, giving a
feathedike appearance.

1 The wings are highly
reduced with reduced
venation.

1 They are useful for
flight.

1 Example: Thrips

(Thysanoptera)
Clefted Wings 1 Frontwingis
(FissuredWings) longitudinally

divided forming a forKike
structure.

1 Thehindwingis divided
twice, forming two forks
with threearms.

1 All forks possess small
marginalhairs.

1 Theyare useful for
flight.
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1 Example:Bothwingsof
PlumeMoth

Wing coupling apparatus
In certain insects special structures have been devetodadten together the
twowings of eactside so that it may bring more synchronus action of the fore
and hind wings,thereby enabling timsectsto fly moreswiftly. This actionin
many insectsis ensuredsimplyy fore wing overlapping the hind wing. The
i mportant coupling devi ce mloeeeffeiecnoypedi n i nsect
in flying aredescribed below
(i) Jugal and humeral lobe This couplingdevice is commonly found in
Lepidoptera, Thchopteamd Mecoptera wherein thewing bases are highly
modified. Theposterior end of the fore wingnsodifiedinto slender finger
like organ which isstiffened by a branchlbfd anal vein isknownas the
jugal lobe; whereas theanterior margin of the hind wings ismodified in to a
small humeralobe. Thelobes ofore andthe hind wings arecoupled with
eachother duringlight.
(i) Frenulum and Retinaculum -This type ofcoupling apparatuss well
illustratedin highelLepidopterawhereinthe jugum is lostandthe
frenulum assumesnore importance.ln femaldutterfliesa number of
stoutbristlearise beneaththe extendedfore wing known as frenulum
which engagesn aretinaculunfrom a patchof hair nearthe cubitusof a
hind wing. However,inmales thefrenulum bristles are fused into a single
stout structure and is held by a cunpgedcessrom the sub-costal veinof
the forewing.
(i) Hamuli -In this modification the costal margin of the hind wings bears
a row of smallhook&nown as hamuli. These hooks get attached into a fold
on the inner margin of thefosings. Suchcouplingapparats is generally
met in Hymenoptera.
(iv) Amplexiform - This exampleis commonlymetin theinsects
belongingto familypapilionidacandbombycidaeof orderLepidopteraln
this casethewingsarecoupledsimplyby overlappingbasallyto each other.
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HUMERAL LOBE

:::::
_____

JUGAL LOBE

HAMULATE (DORSAL VIEW)
JUGAL AND HUMERAL LOBES
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FRENULUM

FENULUM AND RETINACULUM
(MALE BUTTERFLY)

ANTERIOR WING
VEINS

POSTERIOR
WING

VEINS

AMPLEXIFORM (VERTICAL SECTION)
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Practical- 7To study the types of insect larvae

and pupae Metamorphosis and immature

stages

The change in growth and development (form) of an insect during its life cycle
frombirth to maturityis called metamorphosi3here are foubasic types of
metamorpbsis ininsects.

Ametabola: (No metamorphosisg.g.Silverfish.

These insects have only 3 stages in their life cycle namely egg, young ones and
adults. It ismosprimitive type metamorphosis. The hatching insects resemble
the adult in all respectsexcept fihe size and called as juveniles. Moulting
continueghroughout thdife.

Hemi-metabola: (Incompletemetamorphosisg.g.Dragonfly,damselflyandmayfly.
These insects also have 3 stages in their life namely egg, young ones and adults.
Theyoung oneareaquatic and are callethiads They are different from adults

in habits andhabitat. Thdyeathe by means of tracheal gills. In dragonfly naiad,
the lower lip (labium) iscallednask whichis hingedand provided withhooks

for capturingprey. After finalmoult,

theinsectshavefully developed wingsuitedfor aeriallife.

Pauro-metabola: (Gradualmetamorphosis.g.Cockroachgrasshoppehugs.

The young ones are called nymphs. They are terrestrial and resembles the adults
ingeneral bodyorm except the wg and external genitalia. Their compound
eyes and mouthparts are similathat of adults. Both nymphs and adults share
the same habitat. Wingbuds externally appealaier instars. The genitalia
development is gradual. Later instarsnymphs closelymielgetheadult with
successivenoults.

Holo-metabola: (Completemetamorphosisg.g.Butterflies,moths,fly andbees.
These insects have 4 stages namely egg, larva, pupa and adult. Majority of the
insectsundergocomplete metamorphosis. Larvae of butterfly called
caterpillar. Larva differsgreatly in forfinom adult. Compound eyes are absent

in larva. Lateral ocelli or stemmataare the visual orgéhsir mouth parts and

food habits differ from adults. Wingdevelopment is internal. Wherahal

growth campleted it transforms into pupa. It isthe resting and non feeding stage
in whichthelarval tissues disintegrate andultorgansare built up.

Ametabolous

Development
e
Egg Young ~ Adult

103

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Holometabolous
Development
Eggs o
L )‘
Larvae v '
Pupa Adult
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Paura-metabola

Immature stagesn insects

Larva: Larvalstage ighe activegrowingandimmature stage betwedne egg
andpupalstage @ninsect havinggompletemetamorphosis. This stagéfers
radicallyfrom theadults.

Typesof larvae:

Type of larva Photo Modification
l. Oligopod: Thoraciclegsarewell developedAbdominallegsareabsent.
I Campodeiform They are similar with

diplurans genus Campode
Body is elongate, depress
dorsoventrally and well
sclerotized.  Head is
prognathous. Thoracic leg
arelong. A pairof abdominal
or caudaprocessess usually
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present.Larvae aregenerally
predators and areery active.
E.g. grub of arton or grub
of lady bird beetle.

ii. Scarabaeiform Body isii CO0 s hsopt
andsubcylindrical. Headis
well developed. Thoradegs
are short. Caudal processe;
are absent. Larvia sluggish,
burrowing intowood or soil.
e.g. grub of rhinoceros
beetle.
Body isii CO0 s hsiopt
andsubcylindrical. Headis
well developed. Thoradegs
are short. Caudal processe;
are absent. Larvia sluggish,
burrowing intowood or soil.
e.g. grub of
rhinocerodeetle.
II. Polypod or Eruciform: The body consists of an elongate trunk with large sclerotizad
capsule. Head bears powerful mandibles which tear up vegetation. Two gfasipgle lenseq
eyes Stemmata found on either side of the headittdeghe visuabrgans. The antenna is short
pairs of thoracic legs and up to 5 pairs of unsegmeabtkaininallegs or prolegsor pseudolegs
are present.e.g. Caterpillar(larva of moth
andbutterfly).
I. Hairy caterpillar Thebodyhairsmaybedense,
' sparse or arranged fuafts.
Hairs may causeirritation,
when touched.
e.g.redhairycaterpillar.

106

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Slug caterpillar Larva is thick, short, stol
and fleshy. Larval head
smalland retractile.

either3 or 4 pairs of prolegs
are present. e.g castor
semilooper.

They are also called
measuring worm or inch
worm. In this type, only 2
pairs of prolegs are present
6th and 10th abdomin:
segments. e.g. Dhainchal
looper.

Il. Apod: They arelarvaewithout appendgesfor locomotion.Basedon the degreeof
developmenandsclerotizatiorof headcapsule.
I. Eucephalous Larva with well develope(
head capsulewithfunctional

mandibles,
maxillae, stemmata and
antennae. Mandibles act
i ‘ transversely. e.g. Wriggler
k£ (larva of mosquito)andgrub
5 of redpalm weevil.
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Headcapsules reducedand
can be withdrawn int
thorax. Mandibles act
vertically. e.glarva ofhouse
fly and robber fly.

Acephalous Head capsule is
absent.Mouth parts consg
of apair of protrusibleurved
mouth hooks and associate(
internal scleritesThey are
also called vermiform
larvae. e.g.
Maggot(larvaof housefly)
Pupa: It is the resting and inactive stageal holometabolous insectBuring
this stage,theinsectis incapableof feeding and is quiescent.During the
transitionalstage,the larvalcharactersre destroyedand new adult characters

arecreated.
Typesof pupae
Type of pupae Photo Modification
Obtect Various appendages

pupaviz. Antennaelegs
and wing pads agtued
to the body by &
secretion produced
during the last larval
moult. Exposed
surfaces  of the
appendagesare more
heavily sclerotizedhan
the inner surface.
e.g.mothpupa.
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Chrysali It is naked obtect typef
; butterfly. It is angular

e — o 7 4 Lo and attractivecoloured.
5 ; The pupa isattachedto

labdominal thesubstratuniby hooks
segments present at the terming
end of the abdomen

called Cremaste. The

body of chrysalis is

attached to the

wings =" substratum by 2 stron

silken threads called
gridle.

Pupaof mosquitois
calledtumbler. It is an
obtecttype pupa.lt is
comma shaped with
rudimentary
appendageBreathing
trumpetsare presentn
the cephalicend and
anal paddles are
presenfat the endofthe
abdomen
Abdomen iscapable of
jerky movements
which areproducedoy
the anal paddlesThe
pupais very active.
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Exarate \Various appendagesz.
antennae, legs amding
padsarenotgluedto the
body. Theyarefree. All

oligopodlarvaewill turn
into exaratepupae.The
pupa is soft and pale
e.g. pupaf rhinoceros

beetle.

Coarctate

the last larval skin is
changed into a pupal
case and the pupa is
actuallyanexaratepupa.
The pupal cases dark
brown, barrel shaped
smooth withnoapparent
appendageand called
as puparium. e.g. fly
pupa
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Practical -8To study the dissectionof alimentary canal/nervoussystemin
insects(Grasshopper/Cockroach)

The best learning situation requires one specimen and set of tools per two
students forstudieStudents working in pairs have ample opportunity to fully
participate in thedissection anddarefully examine the specimen. They are also
able to share and discusstheir observations dandgfter thedissection.
Materials required for dissectingCockroach

Dissection Kit includes Surgical scissors, Iris scissors, Tissue forceps, Scalpel,
handle,Scalpeblades, Probe with angled tip, Dissection needles, Dropping
pipette, Blow pipes,Dissection trdyissectingins, Rigid metal ruler, Andase
Camel hair bush etc

Diagram of Alimentary canal showing the major subdivisions in a
generalized Grasshoppédnsect

Foregut Midgut Hindgut
v - o T i PRI N e ’
To right
salivary
gland and  Foregut Stomodael Malpighian Pyloric  Antarior
reservoir  intima Crop Denticle valve Ventriculus tubule valve  inmtestine
Esophagus ki

ntima

Mouth il ‘
Labium

Labrum t)_!
Cibarium .
(preoral Salivary Left Left Proventriculus Gastric  Peritrophic Pyloric Rectum Anus
caviiy) o selivary. savary caecum membrane ampulia

Salivarium gland  reservoir

Digestivesystem
It includes the organs of ingestion (alimentary canal and its associated glands)

and thephysiologyf digestion. The organs of ing&st are located in the head
and are meant forthe intake of foddhe preoralcavityis enclosedy themouth
partsandis divided into twopartsby the hypopharynx,the anteriorregion in
whichthealimentarycanalopenss termedagibariumandn which the salivary
duct opens is known as salivarium. In the suckinglnsects the cibarium is
modifiedinto asuckingpump whilesalivariumserves as thgalivarysyringe.
Alimentary canal
The alimentary canal of grasshopper/cockroach is a simple, hollow and tubular
instructure whichuns from the buccal cavity to anus. It is distinctly divided into
thefollowing three primaryegions

1. Foregutor stomodaeum.
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2. Mid gutor mesenteron oventriculus.
3. Hind gutor proctodaeum.
1. Foregut or Stomodaeum
It constituteghe anteriorregionof the alimentarycanalwhich is primarily an
organofingestiorandshows as a site for storifigod. It consists othe
following paris
(i) Pre-oral food cavity-It has been described previously and indeed it is
not a part ofalimentarganal.
(i) Pharynx-It is situated in between the poeal cavity and the
oesophagous and isprovidedthe dilateral muscles. These muscles are
highly developed in those thoseinsects which phahgigs informingthe
sukingpump.
(ii) Oesophagoudt is simple straight tube whialuns from the posterior
region of thehead tthoraxand joins with therop.
(iv) Crop- It is simplebaglike structureandservesasa storagereservoir
for thefood.Apparentlyit is adilatedportionof the oesophagouut differs
histologicallyby thepresene of sclerotized ridges which are arranged
transversely in the crop. Since itserves assarvoir forfood hencets walls
arethin and themuscles arg@oorlydeveloped.
(e) Gizzard-It is situatedin the posteriorregion of the crop which cannotbe
apparetlydistinguished from crop but differs internally by having the
longitudinal folds intothelumen in which cuticular teeth are attached. Its
posterior part is concentric in the internallapérsix 'V' shaped processes are
attached which form the cardiac lva with the folds ofgizzard. Itsiajor
function is to regulate the passage of food into the mid gut.Histologically, the
following layersmaybedistinguished in thevalls of thestomodaeum
(1) Intima - Theinnermost layer othitin found in continuatiorf body cuticle.
(2) Epitheliallayerlt is a thinlayersecretingheintima.
(3) BasementmembraneBoundingthe outemostsurfaceof the epithelium.
(4) Longitudinalmuscle® Thesemusclesarelessdevelopedhancirculatorymuscles.
(5) Circulatorymuscles Thesearewell developed.
(6) Peritonealmembrane- It is often difficult to detectand consistsof
apparentlystructurelessnnectiveissue.
2. Mid Gut or Mesenteron
It is relatively a short tube or elongated sac with uniform diameter extends from
hepaticcaecae arardiac valve to Malpighian tubes or pyloric valve.
Histologically, theinnerwall ofmesentcroar stomach is not madep of chitin,
but consist®f following layers
(i) Peritrophicmembrane (iiEntericepithelium
(i) Basemenmembrane (ivEircularmuscles
(v) Longitudinal muscleqvi) Peritoneamembrane
Theentericepithelium ismadeup ofthreetypesof cells:
0] Thecolumnar cellsvhichsecrethe enzymes and absdtie digestedood,
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(i) the regenerativecells which renew thedestroyedand dead
epithelial cells througtsecretioror in theprocess of
degeneration and
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(i)  thegobletcellswhich areof uncertainfunctions.
Thus,therearefollowing five majorfunctionof entericepithelium:

(1) to makedigestiveenzymes

(i) to absorb the digested food

(i) to producenewcells

(iv)  toabsorb thevater

(V) to excretethewastematerialoutsidethe body.

The inner surfaceof midgut is sometimelined by a thin membraneknown
asperitrophianembranewhich protectsthe epithelial cells from the direct
contact of foodparticles. Thismembraneis absent inLepidopterans and
hemipterans.

3. Hind Gut or Proctodaeum
It extends from the posterior end of midgut to the anus and is also an
invagination ofthe bodyvall. The hind gut consists of the some layers as the
fore gut except that thecirculamuscles ofits are @veloped both inside and
outside the layer of longitudinalmuscles. The hind gexigernally marked by
the insertion of the Malpighian tubes andinternally by the pyloric valveait
be divided into threedistinct regions(i) Ileum or smallintestine(ii) Colon or
largeintestine

(i) Rectum.
lleum- It is asmall tubewhich hasmanyfolds inits innerwall.
Colon- It is situated on the 5th and 6th segments of the abdomen and is a slender
tubewhich,cannotbe easilydistinguished frontheileum. In some insects is
just like'S'instructure.
Rectum Both the ends of the rectum are comparatively slender while the
middle portion isthickand large which consists of six rectal papillae internally
and six ridges of longitudinalmusclegternally. The rectumopensto exterior
throughthe anuswhich is situatedat thecaudakend oftheabdomen.
Salivary Glands - The labial glands which are associated with the gnathal
appendages arettsalivary glands. A pair of salivary glands is found in the
grasshopper which generaligin the thorax and are convoluted tubes often
branched and racemose. Both the ducts ofsalivary glamtistogether beneath
the oesophagous to form a common salivary ductwhich opens into the
salivarium.
Physiologyof digestion
The grasshoppeis phytophagousand eatsthe leavesand soft parts of the
plantswhichareholdby the maxillae and, they bring the food near to mandibles
where it is broken intosmall particleBhese small food particles are sent to the
buccal cavity with the help oflabrum andilatm. Onentering the buccal cavity,
it is subjected to the action of salivawhich contains the amagtasene. It acts
on the carbohydrates present in the food andchange them into simple sugar i.e.,
glucose which is absorbed in the crop. Saliva is als@iialp moistening the
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food. This foodpasses onward to the crop where the secretions ofthe midgut and
the hepatic 'caecae mix withTthese secretions are weakly acidic or alkalineand
contain maltase, invertase, lactase, protelgase, peptidase,erypsn and
trypsinenzymesvhich act on the food. Due to the actionof these
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eyzymes the starch is convertedinto sugars, protein into aminoawidsat into
fatty acids After thisthefood comedogizzardwhere itis againmasticatedhen
it passeghrough thecardiacvalve intomesenteronvherefurther digestionof
thefoodtakesplace.Thedigestedoodis absorbedby the spongy and thick walls
of mesenteron. The undigested food passes to the dut{groctodaeum)
through pyloric valve where the absorptidnater takes place and thenwaste
and undigested food expelled out through anus in the form of excreta. The
absorbedfood istilized for the following purposes
(1) In the formof energyrequiredfor differentlife activites
(i) Somepartis consumedh theformation of musclesetc.
(i)  Therestis storedin thefat bodieswhich areused in emergency.
Filter Chamber:
AA number of cicadids and cercopids suck sap from xylem, which contains
amino acidsin verdilute solution and relativelftigher concentratioaof salts.
AThis solution has to be concentrated before absorption so as to avoid
excessive dilutionofiaemolymph.
Aln these insects removal of excessve wateris donewith the help of ' thefilterchambe & .
AThe filter chamber consists of an expanded thin walled blddaeanterior
midgut,which liesin close association with (or surrounds) the posterior
midgut (interior) andproximal ends of tialpighiantubules (interior)or
anteriorpart ofthehindgut.
AThe chamber formed within the folds of the anterior gut is callediltier
chamber. Itissuggested that the Malpighian tubules produce a hypertonic
fluid, which is rich inK+. Thisestablishesan osmotic gradientfrom the
anteriormidgutto the filter chambertherio the Malpighian tubules, so that
water passes almost ditly to the hindgut andabsorption of nutridates
place in the more central region of the midgut. Filterchamber of the coccids
has parts omidgutinvaginated into the rectum.

116

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Practical- 9To study the male and femalereproductive systemsn insects
(GrasshopperMALE REPRODUCTIVE ORGANS
The male reproductive organs consist of the followArfgsA pair of testes (ii)
A pair ofvasadeferentig(iii) Seminalvesicleg(iv) Ejaculatoryduct(v) Penisor
Aedeagus(vi)Accessorglands(vii) Male genitalatrium
The TestesThey are located above the midgut and held in position by the
surrounding fatbodieand tracheae. Each testis is a more or less ovoid body
partly or completely dividedinto a variabteimber of follicles or lobes which
are cylindrical in shapeEach follicle isconnected with vadeferensby a
relatively well developedslendertube known as vaseffcrens.The peritoneal
investment of the follicle is developed to the extent of envelopingthe testis as a
whole in acommon coat known as scrotum.the presenceof the sex cells
indifferent stagesf development.
Thesezones aras follows

(i) The germarium - It is theregionhavingprimordialgenii cellsor

spermatogoniavhichunderganmultiplication.

(i) The zone of growthi In this zone the spermatogonia increassize

and undergorepeataitotic division and develop into spermatocytes.

(ii) The zone of division and reductiorHere the spermatocytes undergo

meiosis andproducgpermatids.

(iv) The zone of transformation- The spermatids are transformed into

spermatozoa.The msesf spermatozoa are generally enclosed in the

testicular cyst cells from whichthey are releaseth@évas deferens.In

addition, the testescontain large elementsknownverson'scells or apical

cells.
Vas deferens Theseare the pairedcanalsleadingfrom the testeswhich are
partly or whollymesodermaih origin.
Seminal Vesicles The Vas deferens vary greatly in length in the majority of
insects. EachVadeferens becomes enlarged along its course to form a sac
known as seminal vesicle inwhispermatidluid is collected.
Ejaculatory duct -Posteriorly, the vasa deferentia unite to form a short common
canal whichiontinuouswith a medianectodermatubeknown asejaculatory
duct. Theterminalendokjaculatoryduct opens irthe malegenital atrium.
Aedeagus The terminalendof the ejaculatoryductis enclosed irafinger-like
evaginationof theentral body wall which forms the maleintromittentorgan
known asaedeaguslt issituatedon9th abdominal sternum of the grasshopper
on the conjunctival membma of theposterior margidccessoryglands
Theseareoneto threepairsin numberandusuallypresenin relationwiththe
genitalductsopeninginto seminalvesicle.Thesearetubularor saclike in
structure.Inmostofthe casegheir secretionsix with spermatozoa and
some insectglandsaredirectlyconcernedith theformation of the
spermatophores.
THE FEMALE REPRODUCTIVE ORGANS
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The female reproductive system consists of the following ordgma pair of
ovaries(ii) A pairof lateraloviducts(iii) Spermathec#év) Vaginaandgenital
chambeli(v) Accessorygland€ollaterialglands)
The ovaries Thesearetypically moreor lesscompactodieslying in thebody
cavity oftheabdomen on either side of the alimentary canal. Each ovary is about
2 cm lang andcomposedf a variable number of ovarioles and open into the
oviduct. A typical ovariole isan elongatede in which the developing eggs are
disposed one after the other in a singlechain. The addeste is situated nearer
the union with the ovidet. The wall of anovariole is made of follicular
epitheliumwhosecells resupon asbasement membraneknown as tumazpria.
Eachovariolemaybe differentiated intadhreezones:
(i) Terminal filament- It is the slender thread like apical prolongation of
the peritoneallayerThe filaments of the ovary combine to form a common
thread termed as terminalfilament. Tieeminal filament of one ovary units
with the filament of the other ovaryto foramediadigament.It aidsin
maintainingthe ovariesin the position andisattachedo the dorsal
diaphragm.
(i) The germarium- It is situated below the terminal filament and forms
the apex of anovariolét consists of anassof cellswhich aredifferentiated
from theprimordialgermcells.
(i) The region of growth- It is alsocalled asvitellarium which
constituteghe majorportionofan ovariole. The vitellarium containsthe
developingeggs(oocytes).Theepitheliallayer of thewall of vitellarium
growsinwardsto encloseeachoocytein adefinitesacknown asfollicle.
Thecells of the follicle secrete the chorion of the egg andin some cases serve
to nourish the oocyte3hreetypes of ovariolesnayberecognizedn the
basisof presencer absencefnutritive cells.
(a) Panaoistic typei Nutritive cells are absente.g., grasshoppeand other
insectsofOrthopterandIsoptera.
(b) Polytrophic type-Nutritive cells are presentand arrangednalternate
with the oocytese.g.Hymenoptera
(c) Acrotrophic type-Nutritive cells arepresenaind situatedat the apices
of the ovariolese.g.Hemiptera.
The oviductd The lateral oviducts are paired canals leading from the ovaries
and areformeffom the mesodermTheselateral oviducts form the common
oviduct which opensintothevagina. Each oviduct is an enlarged pouch which
stores eggs. The vagina is gtganlarged tdorm a chamber, knowas uterus,
for thereception of developingggs.
The Spermathecda Thisis a pouchor sacfor the receptionandstorageof the
spermatozoa(seminal fluid) and is also known as receptaculum seminis. It
generally opens by duct intothe dorsal wall of the vagina which is known as
sperm duct. In many insects pairitgkesplace only once and since the
maturation of eggs may extend after the union of the séixeprovisionof
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spermatheca allows for their fertilization from time to time. A
specialspermathecgland opensinto the duct of spermathecand secretesa
fluid which lengthensthe lifef sperms.
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Genital chamberi The vagina opens into the genit
and thischamber @silledbursacopulatrixwhich hdps i

Dept. of Biological Science

al chamber on 9th sternum
n copulation.

Accessoryglands Theseare pairedstructuresopeninginto the distal portion
of thevagina.These glands provide material floe formation of eggpod or

ootheca.

Fertilizationi After copulation; the spermatic fluid is received in the
spermathecaTheeggcomes down from the oviductttee vagina whiclinas an

opening (micropyle) into itsshellfor the entranc
(spermatzoan)One or two spermatozoanterthe egg

only onesucceed# fertilizing theegg After fertilization theaccessow

secretea fluid aroundthe egg
which hardenst.

Male reproductive organ
L. S.of Testicular follicle

:| testis

sperm

Vas etferans
Follicle
seminal vesicle
Vas czferens
ejaculatory duct
:| aedeagus
male reproductive system

Termmal
flament

Ovanale

Calyx

Lateral oviduct
Accessory gland
Comman owvidutt

e §31A000 ¥O NOIO3E

Vagina

Spermathecs  Spermathecal
gland
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Femalereproductive organ L.S. of an Ovariole

Practical -10To study the characters of orders Orthoptera,
Dictyoptera, Odonata Neuroptera, Isoptera, Thysanoptera andtheir
families

Order - Orthoptera(Ortho - straight; ptera - wing)

Synonyms : SaltatoriaSaltatopteraQrthopteroid
Commonnames : Grasshoppers, Locudfatydid, Cricket,Mole cricket

Characters

Distribution : Worldwide
but mainly in tropicBody

Medium to largesized

Mouthparts : Chewingand bitingtype

Eyes : Well developeccompoundeyes;ocelli 2or 3
Antenna - variable filiform in mostof theinsects

Thorax : Largeprothoraxwith shieldin manyof theinsects
Wings : Forewingsare called tegmina (hard and latheryin
texture),Hindwingsaremembranous

Legs : Hind legsis usuallyadopted fojumping (saltatorial)
Cerci : Shortandunsegmented

Ovipositor : Longand welldeveloped

Specializedogans . Stridulatory(soundproducing) orgamndauditory

(hearing)organpresemetamorphosis Gradual Paurometabola type
Sub-orders : Caelifera and Ensifera

Family:

Acrididae

(Caelifera)

Characters

121

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Antenna : shorterthan the bodyength
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Legs : Hind legs are long and meant for jumping with the
help of

levatormuscles

Tarsus : threesegmented

Ovipositor : Short and horny

Sound production : Tympanum is located on either side of the 1st abdominal

segment.Sounds produced byfemoro-alary mechanism (a row of peg
likeprojectionsfound on the innerside of each hind femur which arerubbed
against hardradial vein of the tegmen)Examples(Short hornedGrasshopper
andLocustdphankatiddai Hieroglyphus banian

Kharif katiddai H. nigrorepletus

Ghaski tiddi i Chrotogonus sp.

Locusti Schistocerca@regaria

Family:

Tettigonidae

(Ensifera)

Characters

Antenna : Longas longas bodyor larger

Tarsus : Foursegmented

Ovipositor : Sword like

Sound production : Alary type (a thick region on éhhind margin of forewing
(scraper)isubbed against a row of teeth on the stridulatory vein (file)present on
the ventral side ainother forewing which throws theredonant areas on the wing
(mirror) into vibrations to producesound)Examples (Long horned
grasshopperdSatydidsandbushcrickets)

Order-Dictyoptera(Dictyon = network; ptera=wings)

Synonyms : Oothecaria,

Blattiformia Commonnames:

Cockroacheandpreyingmantids

Characters

Body : Mediumto largesized

Head : Hypognathous

Antenna : Filiform or setaceous

Mouthparts : Chewingtype

Thorax : Prothoraxusuallylargerthan meso and methorax
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Wings : Forewingsthickened,leatherywith a marginal
costalvein calledegminaHindwings membranous and folded fanlike
Tarsi : 5 segmented

Cerci : Shortand manysegmented

Eggs :

Contained in Ootheca

Metamorphosis

Gradual/paurometabola

Suborders : Blattaria(CockroachandMantodegPreyingmantids)
Important Families of Dictyoptera

Characters Blattidae Mantidae
Head Not mobilein all directions Mobile

in all directionsPronotum Shield

like andcover thehead Elongateddo not coverheadcelli
Degenerated? calledas fenestra Three
Body Flatteneddarkcoclored Elongated
sometimescylindricalegsCursorialrunningtype Forelegsare
raptorial, middleard
hind legs are ambulatori@alzzard
Powerfullyarmedwith chitinous

NoChitinous teeth
teeth
Mating behaviour Do not devoumaleduringmating

Often(butnotalwayspotheca

Chitinous

Not chitinous
Nymphal charcter Not cannibalistic Cannibalistic
Mimicry Absent Mimic leaves andlowers
Habitat Omnivorous Mostly outdoors
Economicmportance Householgdest Predator®n croppest
Examples AmericanCockroach Preyingmantids

Order- Odonata
(Odon = tooth; strong mandibules)

Commonnames : Dragonflies andlamselfies
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Characters

Body : Long, cylindrical, mediumto largesized,
attractivelycolouredHead : Globular andconstricted behinhto
a petiolateneck
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Antenna : Very short, bristldike, setaceous

Eyes : Compounckyesarelarge.Ocelli- Three

Mouthparts : Adapted for biting, Mandibles are strongly toothed
Lacinia andgalea afeisedto form mala which is also toothed

Wings : Membraneous, venation is net work with many cross

veins. Wingshave dark pterostigma towards the costal apex. Sub costa ends
innodus. Whg flexing mechanism is absent.

Legs :Basket type arrangement, 3 segmented tarsi, They are
suited forgraspingholdingand conveyinghe preyto themouth.
Abdomen :Abdomenis long and slender,In male gonoporeis

presenton 9"abdominal segment. Butthe functional copulatory organ is
presentorthe 2nd abdominal sternite. Before mating sperms are transferredto
thefunctionalpenis. Femalbdavegonoporeon 8th segment.

Metamorphosis : Incomplete with three life stages. The Nymphs (called
naiad) isaquaticLabium is greatly elongated, jointed and bears two hooks
atapex. It iscalledmask.It is useful tocapturethe prey.

Suborders : Anisoptera(Dragonfly) andZygoptera(damselfly)
Importance : Adults are aerial predators. They are able to catch,
hold and deourtheprey in flight. Naiadsare aquatic predators.Dragonflies
anddamselfliesan be collected with an aerial net near streams andponds
especially on aunny day. Naiads cae collected fromshallow fresh water
ponds andice fields.

Order- Neuroptera (Neuro=nerve;

ptera=wing)

Commonnames : Lacewings,Ant lions, Mantispidflies,Owlflies
Characters

Body : Softbodiedinsects

Antenna - Filiform, with or withoutaterminalclub

Mouthparts : Chewingtypein adults

wings : Wings are equal, membranousvith many cross
veins, held in a roof-likemannerover theabdomen, weak fliers

Larva : Campodeiformwith mandibulesuctorialmouthparts
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Pupa : Exarate Pupationtakesplacein a silkencocoon,Six
out of eightMalpighian tubules are modified as silk glandfiey spin
thecocoonthroughanal spinnerets.
Suborders : MegalopteraandPlanipennia
Planipennia : Families
1. Chrysopidae: Body pale green in colour, eyes are
golden yellowincolour, pedicellate/stalked eggs to
avoid cannibalism andpredation, lan@ey onsoft
bodied insects especially on aphids,exhibits
camouflage wittdebris, biocontrol agents, mass
multipliedeasily for pest control in fielde.g.Green
lacewings, Goldeneyes,Stinkfliesphid lions)
2. Mantispidae: Resemblgreyingmantidsarvae
predaceage.g.Mantispidflies).
3. Myrmeleontidae: Resemblalamselfly(Ant lions)
4. Ascalaphidae:resembladragonfly(Owilflies)
Order- Isoptera (Iso=equal; ptera=wing)

Synonyms : Termitina
/ termitida/ SocialidCommon
names : Termites,

White antCharacters

Body : Minuteto largesized andsoft

Head : Prognathusgharacteristidepressioi Font anel | ao
is presenbnthedorsunof head

Mouthparts : Biting andchewingtype

Eyes : Compoundeyespresentin the wingedform;

in apterousorm itmay ormaynot be presencelli 07 2

Antenna : Shortandmoniliform

wings . Identical in size, form and venation, two pairs,

membranous andsertriansparentWings are extendedbeyondabdomenand
flexedoverabdomerwhenat rest.

Abdomen : Broadly joined to the thorax

without constictionCerci  : Short

Genitalorgans . Externallylackingin bothsexes
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Specialities : They are ancient polymorphisocial
insectsliving in colonie€ExamplesTermites Odontotermusobesus
EutermusheimiMicrotermesanandi

Castesystemis existingin isoperan.

Termite castes

1. Reproductives 2. Non-reproductives (sterile)

King Workers (dominatethe colony, usuallplind andapterous)
Queen Soldiers (a) mandibulatgb) Nasute(defendthe colony)
Order: Thysanoptera (Thysanofringe;

ptera- wing)

Synonyms : Physopoda

Commonnames : Thrips

Characters

Body : Minute, slender soft bodied insects

Mouthparts : Raspingandsuckingtype, Mouth coneis formedby

the labrum andlabium together with basal segments of maxilla. There are
threestyletsderived from 2 madae and left mandiblesRight mandibleis
absent Hencemouth parts are asymmetrical.

Antenna : Moniliform
Eyes : Compounceyeswell developedpcelli presenin alateform
Wings . Either present or absent, when present very narrow

and fringedwith hairs which increase the surface area, weak fliers and
passiveflight inwind is common

Legs : Ambulatorial, Tarsus is with one or two segments, At
the apex ofeactarsusa protrusiblevesicleis present.

Abdomen : 11 segmented, pointed. An appendicular ovipositor
may be present@bsent

Cerci : absent

Metamophosis : Paurometabola/gradual, Nymphal stage is followed

by prepupaland pupstigesvhich areanalogous téhe pupaefendopterygote
insects.

Suborders . Terebrantia (Important family ighripidae) and
tubulifera(ovipositorabsentfubular abdomen)ing venation is absent)
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EconomiclmportanceMostof thethripsspeciedelongto thefamily Thripidae
and arephytophagousThey suck the plant sap. Some are vectors of
plantdiseasesew arepredators.
Examples Ricethrips, StenchaetothripsbiformasidOnionthrips, Thripstabaci
Practical -11To study of charactersof order Hemiptera and its
familiesOrder T Hemiptera
(Hemi - half; ptera i wings)
Synonyms

: Rhynchota
Common
names

: True bugs
Characters

Body : Minuteto largesized

Head : Opisthognathous

Mouthparts . Piercing and sucking type, 2 pairs of bristle like
stylets which are theodified mandibles and maxilla are present. Stylets rest in
thegroovedabiumor rostrum

Antenna : Mostlywith 4 or 5segments

Thorax : Mesothoraxs represented dorsalby scutellum.

Wings . Forewings are mostly hemelytra basally
coriaceous andlistallymembranous

Cerci : Always absent

Metamorphosis : Usuallygradual, rarelgomplete

AlimentarycanalModified into filter chamberto regulatdiquid food

Suborders . Heteroptera(Hetero -different; ptera- wing)

andHomopterg Homo -uniform; ptera- wing )

Characters Heteroptera Homoptera

Forewings heavilysclerotized at the base, hemelytraUniforneiytured

Wingsat rest Heldflat overtheabdomen held roof likeover theback
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Head porrector
horizontal deflexedBasef forelegs do not
touch theheadtouch theead
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Habitat Both terrestrialand aquatic Only
terrestrial(HerbivorousjHerbivorous predaceous dsloodsucking)
Glands Odoriferousor scentglandsWax glandssuallypresent
present
Honeydewsecretion uncommon Common
Scutellum well developed Not well developed

(Triangularplatefound

Betweentheving bases)

Antenna Relativelylong Short

Ocelli DorsalocelliOor 2 20r3
Families of Hetroptera sub-order
Family: Coreidae(Squashbugs/ Leaf footed bugs)
Members with many branching veins arising from a transverse basal vein. Stink
glandsare foundnside the metathorax and glands opening are found on the
sidesof the thaxbetween middle ahihd coxae. They emits disagreeable / foul
pungent odour. Hind tibiaand tarsi are expandedeaftike. Nymphs anédult
suckthe sap from thpanicles orpodsf pulses.
e.g.Rice gundhbug LeptocorisaacutaPodbug Riptortuspedstris
Family: Pyrrhocoridae (Redbug or Stainer)
They are elongate oval bugs. They show warning colouration. They are brightly
markedwith redand black. Feedinginjury causedby thesebugsleadsto the
contamination by thefungus Nematosporaresulting in yellowish brown
discolouration othe lint.
e.g.Red cottorbug Dysdercuscingulatus
Family: Reduviidae (Assassinbugsor Kissing bugs)
Predaceous insects, Head is narrow elongated and beak like. The portion behind
thecompoundeyesis narrow andresembles beak.The rostrumis shortand
three segmentedantennafiiform. Abdomenis broad in the middle. The
lateral margins of the abdomenareexposdokeyondthe marginof thewings.
e.g.Rhynocorismarginatugpredatoron beesandothepests.
Families of Homoptera sub-order
Family: Jassidaeor Cicadellidae (Leaf hoppersand Jassids)
Insects have wedge shaped body with attractive colour. Hind tibiae have a
double rowof spinevipositor is modified for lacerating plant tissue. Nymphs
and adults have thehabitsrohningsidewise. They suck the plant sap and also
transmit the viral disease.e.g. Green leaf hopper
Nephotettixvirescentmnsmitsthe Ricetungro virus disease.
Family: Delphacidae(Plant hoppers)
Large mobile flattened spur is present at the apexndftibia. It causes hopper
burn,transmitwiral diseasen rice. e.gBrownplant hopperNilaparvatalugens
Family: Lophopidae (Aeroplanebugs)
Head is produced into snout. Hind trochanter is directed backward. Hind
basitarsus ismoderatdiyng. Both nymp and adult suck the sap and reduce the
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guality and quantity ofcane juice. e®ugarcanéeaf hopper Pyrillapurpusilla
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Family: Aleyrodidae (Whiteflies)

Minute insects, which superficially resemble like tiny moths. Wings are opaque
anddusted withmealy white powder wax. Wing venation is much reduced.
Vasiform orifice ispresent in the lastbdominal tergite. It is conspicuous
opening provided with an operculum.Beneath the operdhleira is a tongue

like organ termed ligula. The anus opens at thebadedigula through which

the honey dew is excreted in large amount. Immatureinstars are sessile, scale
like, with wax covering. Metamorphosis approaches theholometabolous type
due to the presence of a quiescstatigeprior to the emergenceofadults. It
transmitsvein clearing/mosaidisease ilBhendi (Okra).
e.g.Cottonwhitefly-Bemisiatabaci

Family: Aphididae (Aphids or Plant Lice)

Body is pear shaped. Both apterous and alate forms are found. A pair of
cornicles orsiphonculi @ax tube or honey tube is gent in the dorsum of 5th

or 6th abdominalsegments which secretesx like substance.The chief
constituentsare being Myristic acid,sugarsand water. Theyexcrete copious
amount of honey dew on which ants feed and sootymould fungus grows. Aphids
are knowrfor their extraordinary fecunditghortlife cycleandparthenogenitic
reproduction. Life cycle is highly complex and it involves alteration
ofgeneration. They feed on plant sap disseminatg@lant diseases. e.g. Cotton
aphidi Aphisgossypii

Family: Kerridae or Lacciferidae (Lac Insect)

Females are highly degenerate without legs, wings and antennae. The body is
irregularglobular.Body is enclosed in a thick resinous cell. Dermal glands
secretion of this insectprovides the stia&. e.g.Lacinsecti Lacciferlacca

Family: Pseudococcida¢Mealy bug)

Body is elongate, oval in shape. Body segmentation is distinct. Body is covered
by longradiatingthread of mealy secretion. Functional legs are present in all
instars. Wings areabsent. Nymph addltssuckthe sapandaffectthe growth

of spindleleaf. e.g.CoconutmealyugPseudococcuslongispinus

Family: Cicadidae(Cicadas)

Males have sound producing organs at the base of the abdomen. Sound
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producingorgans consistisa pair of large plates,the operculacovering the
cavity containingstructureproducingsound.
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In the anterior part of the cavity beneath each operculum is ayellowish
membrane. A shiningnirror is located in the posterior part of the cavity. In
thelateral wall of the cavity is an ovalapedibbed structure, the tymbal. These

are vibratedby strong muscles to produce sound. Epehies has a
characteristics song. Tympanum ispresent in both the sexes. Wings are
transparentEggs are inserted into the tree twigs by thefemale. Nymphs drop to
theground, enter the soil arfided on root sap. Anterior femurs ofthe nymph are
thickened with spines beneath and are suedliggingthe soil.Life cycleof
periodical cicaddasts forl3- 17 years.
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Practical- 12To study of charactersof order Lepidoptera and its
familiesOrder: Lepidoptera
(Lepido- scale;ptera- wings)

Synonyms : Glossata
Commonnames : Butterflies,mothsandskippers
Characters

Body : Body, wings and appendages are densely clothed with
overlappingscaleghich give colour, rigidity and strength.They insulatethe
bodyandsmootherair flow over thebody.

Mouthparts : Mouthparts in adults are of siphoning type.
Mandiblesare absent.Thegaleaeof maxillae are greatly elongatedand are
heldtogethelbyinterlocking hooks and spines. Tégctorial proboscis is coiled
up likeawvatchspringand kept beneath theead when nah use.

Wwings . Wings are membranousand are covered with
overlappingoigmentedscalesForewingsarelargerthanhind wings.Wingsare
coupledbyeitherfrenate oramplexform type of wing coupling.

Larvae : Larvae argolypod-eruciform type. Mouthparts are
adapted forchewingith strong mandibles.Thereare three pairs of five
segmented thoraciclegs ending in claws.Two to five pairs of fleshy
unsegmentegbrolegs are found in theabdomenAt the bottomof the proleg,
crochetsarepresent.

Pupae : Pupa is generallgbtect It is either naked or enclosed
in a cocoonmadeut of soil, frass, silk or larval hairs.
Suborders : Ditrysia and Monotrysia
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Most of the lepidoptern ins&s(97 %) are grouped under tiseborder Ditrysia
in whichthefemalansectshavetwo poresi.e., the copulatory pore is located
in the 8th abdominalsternite and the egg pore in 8tle abdominal sternite.
Remaining insects are groupadderthesuborder Monotrysia in which the
female insects havanepore.
Butterfly Family

1. Papilionidae (Swallotail Butterfly)
They are often large and brightly coloured (Fig. on cover page). Prothoracic legs
havetibial epiphysis. In many species hind wings has tail like prgéddion.
Amplexiform type ofwingcoupling is present. Larval body is either smooth or
with tubercles. RetractileOsmeteria gresenbn theprothoracidergum ofthe
caterpillar.e.g. Citrus butterflypapiliodemoleus

2. Pieridae (Whites and sulphurs)
They ae white or yellow or orange coloured with black markings. Larva is
green,elongate andovered with fine hairs. Larval body segmentshave
annuletse.g.Cabbagewhitdutterfly Pierisbrassicae
Moth Family

1. Arctidae (Tiger moth)
Wings are conspicuously spadter banded. They are nocturnal and attracted to
light.Larva iseithersparselyhairy or denselyhairy (wooly bear).e.g. Spotted
boll worm, Eariasvitellg Sunhemgaterpillar,Utetheisapulchella

2. Bombycidae(Silk worm moths)
Antennais bipectinate.Larva is either with tuft of hairs or glabrouswith
medio dorsalhornon8th abdominalsegmentPupationoccursin densesilken
cocoon.e.g.Mulberry silkworm, Bombyxmori

3. Gelichidae (Paddy moths)
Forewings trapezoidal and narrower than hind wing. Caterpillarsiiiaréhe
seedstubers arldaves.e.g. Cottonpink boll worm, Pectinophorajossypiella,
Angumous grainmoth, Sitotrogacerealella Potato  tuber moth,
Pthoremeaoperculella

4. Noctuidae (Noctua moths)
They are medium sized, stoutly built moths. They are noctanthhttracted to
lights.Labialpalpi is well developed. All crochets on the larval prolegs are of
same size andarranged in saincle. Some larvae are semiloopers. They have
either 3 or 4 pairs ofprolegs. Larvae attack phents during night. Larvae of
some species remain concealedbeneatistiniace of the grounar litter during
day and feed on plants during night. Theyoften cut small seedlings close to the
ground and hencdhey are called cut worms. e.g.Tobacc@ut worm,
Spodopteralitura

5. Pyraustidae/Pyralidae
Proboscis is vestigial in many species. Labial palp is snout like. Larval habit
varies. Itmay liveamong aquatic plants and bore into the stem or remain in
silken web among spunup plants pa®me larvae are aquatic andjill
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breathinge.g. Rie stemborer,Scirpophagaincertullus
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6. Saturniidae (Moon moth, giant silk worm moth)
They are large sized moths. Antenna is bipectinate. Transparent eye spots are
presentnear theentre of each wing. The spots are either circular or crescent
shaped. Larvasi stoutand smoottvith scoli. Cocoonis denseand firm.e.qg.
Tusor silkworm, Anthereapaphiavhichyieldssilk.

139

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Practical- 13To study the characters of order Coleoptera and its
familiesOrder: Coleoptera
(Coleo-Sheath;petra- wing)

Synonyms : Elytroptera
Commonnames : BeetlesWeevils
Characters
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Body : Minute to largesizedinsects
Antenna : 11 segmented
Mouthparts : Chewing and biting type, Mandiblesare shortwith blunt
teeth

atthemesalface in phytophagougroup, In predatorshe mandiblesare long,
sharply pointed with blade like inner ridge.dallenfeeders teeth are absent and
the mandibles are covered witiffhairs.

Thorax : Prothorax is large, distinct and mobile.
Mesothorax and metathoraxarefused with the first abdominal segment.
Forewingsare heavilysclerotizedyeinless, hardeneghdcalledelytra.

Wings : Forewings are heavily sclerotised, veinless
and hardened. Thegrecalled elytra. Forewings do not overlap and meet mid
dorsallytoform a middorsal line. It is not used for flight. Thegrse as gairof
convex shields to cover the hind wings and delicate tergfsiomenHind
wings aremembranousvith few veinsandareusefuin flight. At resttheyare
folded transverselyand keptbeneattthe elytra. In someweevils and ground
beetlegheforewingsarefusedand hind wingsareatrophied.

Abdomen : Cerciand adistinctovipositor areabsent.

Development : Metamorphosiss complete. Larvaare often called grubs.
Pupae

areusuallyexarateand rarelyfoundin cocoons.

Importance . It is the largestorder. It includespredatorsscavengerand
many

croppests. Thewlso damagstored products.
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Suborders : Adephaga (predators/ devourers) and Polyphaga

(eaters of

manythings).

Families of predators :Cicindelidae (Tiger beetle), Carabidae (Grourd
beetle),

Dytiscidae(True water beetle), Gyrinidae

(whirligig beetle),
CoccinellidagLadybird beetle),LampyridaéFirefly, glowworm)
Families of scavengers :Scarabaeidae (Scarabs, dung beetle),

Hydrophilidae

(waterscavengdyeetle)
Families of stored product pests:
Anobiidae(Woodworm/woodborer)e.g.Cigrettebeetle
LasiodermaserricornBostrychidae (Grain borer) e.g. Lesser
grain borerRhizoperthadominic&amilies of crop pests:

1. Apionidae e.g.Sweetpotatoweevil, Cylasformicariugsa pestbothin

thefield andinstorage.Head producednto snout. Antennaare not

elbowed. Grubsire apodous.

2. Cerambycidae(Longicorn beetles/l.onghorn beetles)
e.g.Mangostemborer,Batocerarufomaculata

3. Curculionidae (Weevils/snoutbeetles)
Minuteto largesizedinsectsFronsandvertexof the headproducednto snout,
whichiscylindrical and in some species larger than the beetle itself. Mouthparts
(mandible andmaxillaare present at the tip of the snout, It is useful to feed on
internal tissues of the plantaqulovide aplace for egg laying. Antennais
geniculateandusuallyfoundin the middle ofthe snout.Grubsareapodousand
acephalousWeevilsareimportantcroppestsduringbothinfield andin storage.
e.g.Coconutred palmweevil, Rhynchophorusferrugineus

4. Galerucidae/ Chrysomelidae(Pumpkin beetle)
Antenna are closely approximated. Third tarsomere is deeply bilobed. Larvae
are rootfeeders.Adults bite holes on plants.Red pumpkin beetles,
Raphidopalpafoevicollis

5. Melolonthidae (Chaffer beetle,June beetle, White grub)
They are stout beetles with glossy surface. Head is small. Labrum is well
sclerotized.Adults arattracted to lights. They feed on tree foliage during night
and hide in soil duringday time. Larvaee scarabaeiformndrootfeeders. e.g.
Grouncdhut white grub, Holotrichiaconsanguinegaa seriouspest under rainfed
conditions.
Families of Predators:

1. Coccinellidae(Lady bird beetle)
They are hemispherical insects. The body is convex above and flat below. The
bodyappearanceesembledike a split pea headis small, turned down ward
and receivedinto aprominentnotchof prothorax.Elytra is strongly convex,
brightly colouredandvariouslyspottedGrubsarecampodeiform and spiny. The
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last larval skin either covers the pupa andgets attached to iterahdExcept
the genus Epilachna others are predators on aphids,scales, mites and whiteflies.
e.g.Coccinellaseptupunctat&occinellavigintioctopunctata
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Practical- 14To study the charactersof order Hymenopteraand Diptera
and their familiesOrder: Hymenoptera

(Hymen- membrane; ptera- wings), (Marriage on wings)
Commonnames : Sawflies,ants,beesandwasps
Characters

Mouthparts . Primarily adapted for chewing, Mandibles are very
well

developed.In bees both labium and maxillae are integradeéorm the
lappingtongue

Thorax : Modified for efficient flight. Pronotum is
collar like. Mesothoraxsenlarged. Metathorax is small. Both prothorax and
metathoraxarefusedvith mesothorax.

Wings :Stiff and membranousForewingsare larger
than hindwings Wingvenationis reduced.Both forwings and hindwings are
coupled by arow of hookletshdmuli) present on the leading edgd
thehindwing.

Abdomen :Basally constricted, The first abdominal
segmentiscallecoropodeum. It is fused with metathorax. The firgiair of
abdominalspiracless located in the propodeum.The second segmentis
knownaspedicelwhich connectghethoraxandabdomenAbdomenbeyonthe
pedicelis calledgasteror metasoma

Ovipositor :Always presentin females. It is variously modified for
oviposition

orstingingor sawingor piercingplant tissue.

Metamorphosis : Complete

Larva :Often the grub is apodousand eucephalous.

Larvais rarelyeruciform.

Pupa : Exarate and frequently enclosed in a silken

cocoon secreted frdabial glands

Sex de¢rmination : Fertilizedeggsdevelopinto femalesandmalesareproduced
from

unfertilizedeggs.
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Importance Productive

andbeneficialinsectSub

orders: Symphytaand

Apocrita

Suborder Symphyta- Abdomenis broadlyjoined with thorax, stemmata
present,ovipositorisaw like and suited for piercing plant tissues, habits are
phytophagous ,e.g. sawflies andhornt&#snily: Tenthrinidae (Sawflies)

They are wasp like insects. Abdomen is broadly joined to the thorax. Ovipositor
is sawtoothedand suited for Iicing the plant tissue. Larva is eruciform. It
resembles a lepidopterncaterpillar.hias 1 pair od ocelli, papillae (reduced
antanna), 3 pairs of thoracic legs af8@irs of abdominé&tgs.Prolegs lack
chrochets. They are external feeder on the folizgeae while feeding usually
have posterior part of the body coiled over the edge of the leaf.(Mustard Sawfly,
Athlia lugensproximais a defoliator omustardand cruciferousegetables.
Suborder Apocritai Abdomen is petiolated, Stemmata are absent, begs
absent,ovipositor isot sawlike and Suited fopiercingor stinging,theyare
generallyparasitic.

Family:Apidae (Honey bee)

Body is covered with branching or plumose hairs. Mouth parts are chewing
andlapping typeMandibles are suited for crushingdesshaping wax for building
combs. Legsare specialized fpollen collection. Scopa (pollen basket) is
present on hind tibia. They aresocial insects withsges viz. Queen, drone and
workers.Division oflabour is noticedamong honey bees. Intlianey bee,
Apisindica

Formicidae (Ants)

They are common widespread insects. Antennae are geniculate. Mandibles are
welldevelopedWings are present only in sexually mature forms.Petiole may
have 1 or 2 spines.They are soamslectswith 3 castesviz. Queen,malesarnd
workers. Workers are the sterilefemalesand theyform the bulk of the colony.
Exchange of food materials between adultsand immature insemsnision.

After amatingflight queeralonefinds a suitablenestingsite.Many speciésve
associatedymbioticrelationship with homopteran insects.

Braconidae (Braconid wasp)

They are small, stout bodied insects. Fore wing has one recurrent vein. Petiole
is neithercurvednor expanded at the apex. Gaster is sessile or subsessile.
Abdomen is as long as headand thotegether. They parasitize lepidoptern
larvae commonly. They are gregariousparasites. In mapgcies,
Polyembryony is observed. Bracon brevicornis is mass multipliedand released
for thecontrol of black headedoconut caterpillar.
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Order- Diptera (Di-two;ptera-wings)
Commonnames - Trueflies,Mosquitoes,midges,gnats
Characters

Body : Small tomedium sizedsoftbodied insects

Antenna : Oftenhemisphericaindattached tahethoraxby aslender
neck

Mouthparts : Suckingtype

Thorax :Fusedtogether.The thoracic massis largely

madeup ofmesothorax.

Wings . Single pair of wings. Forewingsare larger,

membranougndusedfor flight. Hind wings are highly reduced, knobbed at the
endandarecalledhalteres

Metamorphosis : Complete

Larvae : Larvae of more @mmon forms are known as
maggots. Thewreapodousandacephalous

Pupa : Pupais generallywith free appendagesften
enclosedn thehardenedast larval skin calledpuparium. Pupabelongsto
thecoarctatéype.

Suborders : Nematocera (Thread-horn), Brachycera (Short-horn)
andCyclorrhapha(Circular -crack)

Families of agricultural Importance:

Syrphidae (Horseflies, Flower flies)

They are brightly coloured and brilliantly stripped. A vein like thickening is
present inbetweetheradiusandmedianin theforewing. Abdomenhasdistinct
blackand yellowmarkings.Maggots prey on soft bodied insectsespecially
aphids. Adults are excellent fliers.They hovemver flowers. Theyfeed on
pollen and nectar. Thegid in pollination.

Tephritidae (Fruit flies)

Sub costa énds apically and fades out. Wings are spotted or banded. Female
has asharp angrojecting ovipositor. Maggots can hop. They are highly
destructive to fruits andvegetabl€icurbitfruit fly, Dacuscucurbitae
Tachinidae (Tachinid flies)
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Aristais completly bare.Abdomenis stoutwith severalnoticeable
bristles.Theyarenonspecifiendoparasiten thelarvaeandpupaeof
OrthopteraHemipteral epidopteraandColeoptera.
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Practical- 15To study the Insecticidesand their formulations.
Insecticideformulati ons

After aninsecticideis manufacturedn arelatively pureform (technicalgrade),
it mustbdéormulated before it can be applied. Formulation is the processing of
the technical gradebyarious methods which is done to make the product safer,
more effetive and moreconvenient tose. Formulation is the final physical
condition in which the insecticide is soldcommercially. farmulation, there
are one or more chemicals (formulants) which are theactive ingredients (a.i.)
and other ingredients which hawe pesticide action (inertingredients). There
are mainly threg¢ypesof pesticide formulations (liquid, solid and gas).
A singlepesticide mapesoldin morethanoneformulation.Formulation
typedepend®onseverafactors:
1 toxicologyof the activangredient,
1 chemistryof theactiveingredient,
1 howeffectivethe productis againsthe pest,
1 theeffectof theproductonthe environmenfplant,animal orsurfaceetc.),
1 howtheproductwill beappliedandthe equipmenneededhe applicationrate.
Characteristics of an Appropriate Insecticides Formulation
Highly toxic to target insects.
Not repellentor irritant to targetinsects
Long-lasting
Safeto humans andomesticanimals
Stableduringstorageandtransportation
1 Costeffective
TYPE OF FORMULATIONS
Emulsifiable Concentrates(EC)
1 It consistof atechnicalgradematerial,organicsolventanda emulsifier.
1 Emulsifiermakesthe watelinsolubletoxicantto watersoluble
1 When an emulsifiable concentrate is added to water and agitated (i.e.,
stirredvigorously, the emulsifier causes the oil to disperse uniformly
throughout the carrier(i.e., watgsjoducingan opaqudiquid (oil in
Watersuspension).
1 Afew formulations are Water in oil suspension. These are opaque and
thick, employedakerbicideformulations because thesesult in little
drift.
1 Theseareeasyto transporiandstore,andrequirelittle agitationin the
tank. However,care must be exercised in handlingthe toxic
concentrates.
1 Shelflife approximately3 years
Morethan75%of all insecticides forralationsareappliedassprays.
1 Examples Quinalphof25EC,DimethoateB0EC,Chlorpyriphos20EC.

= —a -8 —a -

==
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Dusts (D)

1 Simplestof all formulationsandthe easiesto apply.

1 The technicalmaterial (active ingredient)is mixed with an inert
diluents carrier suchasclgy, organic flour, pulverised minerals.

1 Inaformulateddust, thefollowing two types ofmixtures areusuallyfound:
Undiluted toxic agent e.g., sulfur dust used for control of mites and powdery
mildew andloxic a.i. plus an inert diluent. This is the most commondust
formulationsold as 2%,5%, or 10% a.i dust.

1 Concentration oflustformulationrangedoetweerD.1%to 25%

1 Particlesizeof dustparticlesl-40 ¢ passhrough325meshsieve.

1 Leasteffectiveandcauseavind drift leadingto poordepositonsurfae.

It has beencalculated that not more than-1B% of the applied
material is retained on tleairface.

1 Highly toxic to beneficial insects.

1 Example: Carbryl5 D, Malathion5D.

Granules (G)

1 The chemicalis in the form of small granulesof inert material,
either as a coatingonthesurfacef theinert granules, oasan
impregnated toxicanh the granules.

1 Consistof smallpelletsof the activeingredientssprayedon to clay
andallowingsolventto evaporate

1 Size:0.257 0.38 mm (20-80 meshor 30-60 meshi.e (i.e., the
numberof grits(granules)peimch of the sievéhrough which they
haveto pass).)

1 Theamountof activeingredientvariesfrom 2-10 percent.

1 Used mainly as systemicinsecticidesand can be applied on to
the soil, or may beplacedinthewhorl of leaves dependingn the
natureof pestcontrol required.

1 Granularinsecticidesmay be more economicsinceprecise
applicationsare possiblewitithem.

1 Muchsaferto applythandustsandaregenerallylessharmfulto
beneficialinsectssuchabees.

1 Example: CarbofurarBG, Phoratd 0G, CrataptG.

Wettable Powders(WP)

1 Concentrated dustontaininga inertdiluents(50-75% talc or clay)
andawettingagenttdacilitate mixing the powder with water before
spraying.

1 Muchmoreconcentratethan dusts, containgil5 to95 percentactiveingredient.

1 Do not dissolvewashersand rubberhoses;donot damage
materialssensitivetoorganicsolvents

1 Leaveeffectiveresiduesn cracksandcrevicesandarenot phytotoxic.

1 Requirefrequentagitationandcause corrosioof valves,nozzlesandpumps
andsprayers
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9 Should never basedwithout dilution.

1 Theseareeasyto carry, store,measureandmix. However,care
mustbe takentoprotecagainstinhalation during handling.

1 Example:Carbaryl50WP,Sulfur 80WP,Bacillusthurnigiensisvar. kurstaki 5WP.

SolublePowders(SPor WSP)

1 Containa finely groundwatersolublesolid which dissolvesreadily
uponthe additionofvaterforming true solution.

1 Do notrequireconstantgitationandformsno precipitate.

1 The amountof active ingredent in soluble powderrangesfrom
15-95% by weight; itisusuallynot morethan 50%.

1 Solublepowderhaveall the advantagesf wettablepowdersexcept
theinhalationhazarduringmixing.

1 Example:Cartaphydrochloride50SP Acephate/5SP.

Water Dispersible Granules (WDG)

1 Water dispersible granules, or dry flowables igelatively new type
of formulationandbeingdevelopedas saferand more commercially
attractive alternatives to wettablepowders and suspension
concentrates formulations.

1 They are becoming more popular becauseof conveniencein
packagingand use, nondusty,fredlowing granules which should
disperse quickly when added to watethespraytank.

1 Theythereforerepresent technologicaimprovementoverwettable
powdersThedispersiotimein wate is averyimportantpropertyand
to ensurethat no problemsshould occuturing mixing in the spray
tank.

1 It is necessaryor all the granuleso dispersecompletelywithin two
minutesin varyingdegreesf watertemperatur@nd hardness.

1 Example:Endosulan50 WG, Cypermethrird0 WG, Thiamethaxam
25WG,Deltamethrin 25 WG.

SuspensionConcentrates(SC)

1 Pesticideparticlesmaybesuspendedn an oil phasebut it is
much more usuaforsuspensiogoncentrates to bdispersed in
water.

1 A stablesuspensiomf solid pesticide(s)n afluid usuallyintended
for dilution withwatebeforeuse.ldeally, thesuspensioshould be
stable (i.enot settle out).

1 Theactiveingredient rangbetweerD.1-60%.

1 A.l. mustbe waterinsolublewith friable crystals,Easyto tankmix (very
compatible)-

A.l. tends tosettleout overtime.

1 Farmerggenerallyprefersuspensiomoncentrateso wettable
powdersbecausgheyarenondustyand easyo measure and pour
into the sprayank.
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1 Example:Fipronil 5 SC,Sulphur 52 SC.
Microencapsulation/CapsuleSuspensiongCS)

1 The polymer membrane, or microencapsulation technique, has
become popular inrecepears.

1 These are particles of pesticide, either solid or liquid encapsulated by
polymericcoatingsMicrocapsule solids are suspended in watea as
concentrate and dilutedproduct (1:1001t@000)is applied in spray
solution to soibr foliar canopy.

1 The rate of releaseof the active ingredient can be controlled by
adjustingthemicrocapsule/droplet size, the thickness of the polymer
membrane andhe degre®fcrosslinking or porosityof the polymer.

1 Example:LambdaCyhalothrin10 CS,LambdaCyhalothrin25 CSetc

O/W Emulsions (EW)

1 Oil-in-water emulsions are now receiving considerableattention
reducedor eliminatedvolatileorganiccompounds (VOCsjor safer
handling.

1 They are water based,oil-in-water emulsionscan have significant
advantagesveremulsifiable concentrates in terms of cost and safety
in manufacture, transportati@amduse.

1 The active ingredient must havevery low water solubility to avoid
crystallizationissues.

1 Example:Butachlor50 EW, Cyfluthrin5 EW, Tricontanol0.1 EWetc
Flowable SuspensionFS)

1 Flowablesuspensionareconcentrated0%to 70%w/w suspensions
of micronizedinsolublactivepesticide in water.

1 FSsmustbe formulatedfor low viscosity andyoodfluidity, so that
transferto the spraytankis easy and complete. This requiresan
effective wetting agentand an efficientdispersing agent to ensure
adequate dispersion of the pesticide in the water. 8ieeetive
ingredientsn FSs arensoluble, good suspension stabilgyessential.

1 If the suspensiorsettlesand leavessedimentat the bottom of the
container,theapplicationof the pesticidemay be too weak tobe
effective.

1 A combinationof smectiteclay (bentonite)and xarthangum works
synergisticallytoprovide excellent longterm suspension stabilitgt
low viscosityandat low cost.

1 Example:Thiram40FS, Thiamethoxan80 FS, Tebuconazol®.36FS

Microemulsions (ME)

1 Microemulsionsare thermodynamicallystabletransparent
dispersionsf twoimmiscibldiquids and arestable over avide
temperatureange.

1 Involves the incorporationof the insecticidein a permeable
covering, microcapsulesrsmallspheres with diameter rangifrgm
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1-50¢ .

1 The total concentrationof surfactantsfor a microemulsioncan be
as high as 10i 30%ormore,compared with about 5% fartypical
o/w emulsion.

1 The insecticidesescapethrough the small spherewall at a slow
rate over anextendedperiodf time.

1 Microemusionshaverelativelylow activeingredientconcentrations,
but the highsurfactantcontent and solubilisation of the active
ingredientmay give riseto enhancedbiologicalctivity.

1 Example:NeemazaB0 MEC,PyrithiobacNa5.4 + QuizalofopP-Ethyl 10.6ME.

Oil DispersionFormulations

1 One of the latest formulation types is oil dispersions (ODs). This
technology allows veryefficient and environmentally friendly
agrochemical formulations.

1 In ODsthesolid activeingredients dispersedn theoil phasemaking
it especiallysuitablefor watersensitive or nonsoluble active
ingredients.

1 The oitphase can comprise different oils such as mineral oils,
vegetable oils or estecdvegetableils.

1 Special attention is needed with the auxiliaries in ODs: suitable oll
compatibledispersinggents and emulsifiers adjusted to the type of oll
which forms a stableemulsion afetifution with water.

ZW Formulation of CS& EW

1 A mixed formulation of CS and EW is a stable suspension of
microcapsules of thectiveingredientand fine droplets of active
ingredient(s)n fluid, normally intendedordilution with waterbefore
use.

1 In the caseof microcapsulesthe active ingredientis presentinside
discreteinert,polymericmicrocapsules.

1 The formulation is intended for dilution int@ater prior to spray
application. Mixturesof active ingredients one of which is
encapsulated are used to provide a broaderspectrpasbtontrol.

1 Formulatingthe active ingredientstogethereliminatesthe needfor
tank mixing (whichcanlead to incompatilities).

1 Example:LambdaCyhalothrin25.0CS+ Chloropyriphos10.0EW

Flowable Powder (FP)

1 Thetechnicalmaterialis wetmilled with a claydiluentandwaterwith
a suspendingagent, a thickener and anti freeze compound forming a
thick creamy puddingikemixture which mixeswell with water.

1 Needsconstantagitationto preventthe insecticidefrom comingout
of suspensiomndsettling.

Oil solutions
1 Formulatedby dissolvingthe insecticidesn an organicsolventsfor
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directusein insectcontrol

1 Rarelyusedon crops as thegause severaurning of foliage.

1 Effective on livestock, as weeds sprays along roadsides, in standing
pool s f o rlamaesantoi, andh dbggingmachines foadult
mosquito control.

Aerosols

1 Mostcommonof all formulationsfor homeuse

1 Consistof toxicant(2%), solvent(10%),knockdownagent(2%) andpropellant
(86%).

1 Theactiveingredientssolublein volatile petroleumoil is keptunder
pressurgrovidedbyropellantgas

1 Whensolventis atomized,it evaporatesjuickly leavingbehird
small dropletsoftheinsecticidesuspended in air

1 Thetoxicant issuspended as minuparticle (0.1- 50 w/w)in air as a fogr mist.

1 Usedfor the knockdownand control of flying insectsand
cockroachesbut theyprovidenoresidual effect.

1 Caution must be taken when usedas they producedropletswell
below 10 ¢ readilyabsorbedy alveolartissues in théungs.

Ultra low volume concentrates(ULV)

1 Technicalingredientis dissolvedin minimum amountof solvent0.6
litre to 5.0litre/hairnvery small droplets of 4L 5 € .

1 Smalldropletscanbetterpenetratehick vegdationandotherbarriers

1 Usedfor insectcontrolin large areaswherehigh volume of water
constitutesatechnicaldifficulty.

Fumigants

1 Gasesrlow volatile liquids of low molecular weightvhich readily
penetrate thematertalbe protected

1 Usedfor thecontrolof insectdn storedproducts, forsoil sterilization.

1 Mostof thefumigantsareliquid and aremixtures oftwo ormore gases.

Foggingconcentrates
9 Usedin controlof adultflies andmosquitoes fopublic health.
1 Foggingmachines generatopletsof 1-1 0 € .
Smokegenerators

1 Theyareusedin the form of coil like stripscontainingpyrethrum,
oxidantandwooddustor the control of mosquitoe8Vhen ignited,
these coils releas@apours.

Impregnating materials

1 Usedin thetreatmenibf woollensfor moth proofingandtimbers

againstwooddestroyingrganisms.
Poisonbait

1 Containslow level of toxicantincorporatedin to material such

as food stuffssugars,molassexc. thatareattractiveto target pest.
LABEL INFORMATION
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Every pesticide container has a leel affixed on it with a leaflet. The label
givesinformation ofthe pesticide in the container. The leaflet contains
information on directionsto use warningksposal and storage. Both the lable
and leaflet are statutorily requiredunder the Insecticidel®68.Thefollowing
information must be furnished on the label.

1 Nameof the pesticide(Brand name, Trade name,Commonname),
NameofthemanufactureandaddressRegistratiomumber Kind and
nameof activeingredientandheir percentagelypesof formulation,
Netcontentby weight, Batchumber(assigneoly manufacturer)Date
of manufacture, Expirgate, Antidote statement

1 Warmingsymbolsandsignal(warmingsymbolis of diamondshaped
consistingoftwotriangles with acolour in thelower triangleand a
signalin the uppetriangle).
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Practical -16To study the Pesticideappliancesand their
maintenancePlant Protection Equipments
SPRAYERS
Sprayer is a machine used to apply liquid chemicals on plants to control pest
anddiseases. It catso be used to pfy herbicides to control weeds and to spray
micronutrientsto enhance plagriowth. Themain functions of aprayer are

1 Breakingthechemical solutionn to finedropletsof effectivesize.

1 Distributingthe dropletsuniformly over theplants.

1 Applying thechemicalswith sufficientpressurdor positivereachinghe plants

1 Regulatingheamountof liquid applied orplantsto avoidexcessivaapplication.
A variety of high volume sprayers are available in the market. Almost all types
of highvolumesprayers hay some kind of pump to supply pressurised spray
liquid to thehydraulic nozzle whititeaks the liquid into spray droplets and
throws the spray awayfrom it. The high volume spragmrdoth manually
operated or power operated type.
Principle: The functionof sparyer is to atomize the spary fluid in to small
droplets and ejectwith some force.
Parts of sprayers: The important parts are tank, agitator, pressure gauge,
valves, filters,pressurehamberhose, sprayance, cut off device, boom and
nozzle.

(b

Lal b

Fig.1. Sprayer components

Nozzlebody: It is themaincomponenbn which othercomponenbf anozzlefit (Fig. 1a).
Swirl plate: It is the partof a conenozzlewhich impartsrotationto the liquid
passingthrougit(Fig. 1b).

Spray gun: It is a lancefrom which sprayis readilyadjustable duringhe operation.
Spray boom: It is aspraylancewith spraynozzles fittedo a head mountedat

right anglestahdance(Fig. 1d).

Filter: It is a component to remove suspended matter larger than a
predetermined sezfromfluid. Over-flow pipe: It is a conduit through

which excess fluidfrom a pump is by-passedbytheactionof arelief valve

or pressureegulator.

Relief valve: It is an automaticdeviceto control the pressureof fluid or

gas within rangepredeternmedvalue.

Pressure regulator: It is an automaticdeviceto control the pressureof

fluid or gaswithinarangeof settings.
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Cut-off valve: It is a mechanisnmbetweenthe pumpandthe nozzleto

control the flow ofliquidfrom the sprayer. This is operated hand.

Nozzle disc It is component containing the final orifice of a nozzle usually

acone nozzleNozzleboss It is a lugon spraypoom or sprajanceto which

anozzlebodyor cap is screwedllozzletip: It is component containinthe

final orifice of anozzleusuallyafan nozzle.

Spray lance A handheldpipethroughwhichthe

liquid reacheshenozzlemounted at th&reeend.

TYPES OF NOZZLE: Thethree commonypesof nozzle
a. Hollow cone nozzleThis liquid is fed into a whirl chamber through
atangentibentry orthrough a fixed spiral passage to give a rotatingmotion.
The liquid comes out in the form of@rrowconicalsheetwhichthenbreaks
upinto smalldrops.Thisis usedfor insecticideandfungicidespraying.
b. Solid cone nozzleThis nozzle coverdie entire area at small range.The
construction isimilar to hollow cone nozzle with the addition ofan internal
jet which strikes the rotating liqujdst within the orifice ofdischarge. The
breaking of drop is mainly due to impact. This is uset&rbicde spraying.
c. Fan nozzle:lt is a nozzle which forms narrow elliptical spray pattern. In
this type theliquid igorced to come out as a flat fan shaped sheet which is
then broken intodroplets. This nozzlemsstlyused folow pressure

spraying.

a. Hollow conenozzle b. Solid coneozzle c¢. Fan nozzle

TYPES OF SPRAYERS

A. Manually Operated Hydraulic Sprayers- In this type, the hydraulic

pump directly actsothe sprayfluids and dischargg.

a. Hand syringe
It is a single acting pump working olnet principle of cycle pump. it consists of
cylinderin towhich the spray fluid is drawn during the suction stroke and
delivered during thepressure strakeldischargehrough nozzle. It is useful to
operateonly asmall area.

b. Hand Sprayers
This is a simp sprayer. It creates hydraulic pressure by forcing spray solution
to anozzle by thdirect action of hand pumping. The spraysolutionis filled
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in a plastic can (5-10 L) which is usually shoulder slungA dip-tube draws
liquid from the tank due tbandatuation of theplunger. Held by both the hands
the piston pump is worked by slidingaction. The capacity o$pinés/elis about
0.5 acre peday. It is useful for small scalespraying in nursery or kitchen
gardensand pot plants.

c. Bucket or Stirrup Pump Sprayer:
It consist either of a double acting pump with two cylinders or a single acting
pumpwith onecylinder. The other parts of the sprayer are the plunger assembly,
foot valueassembly, hose, laaoel nozzle, a stirrup and an adjustable foot rest.
The sution part ofthe pump is immersed in thgray solution kept on floor in
a bucket. The pump is operatedby hand by one person whitgheeperson
holding the delivery line, trigger cuatffdevice and lance nozzle sprays pesticide.
This sprayer is used botbr public healthspraying and agricultural spraying
purposes. This typef sprayer is useful fogprayingsmaltrees. Areacovered
perdayis 0.5 to 0.&ha.

d. Knapsack Sprayer
The sprayer is mounded on the back of operator with help of a pair of mounting
straps.The pumpf the sprayer is actuated by working a hand lever up and down
by one hand ofthe operator atite other hand holds the cut off device for
spraying purpose. This sprayerconsists of liquid tap#traulicoump,operating
lever, pressurehambeyagitator,deliveryhose spraylanceandnozzle. A bean
shaped plastic tank of 146 liters capacity iscommonly used. It is necessary to
operate the hand lever continuously at the rate éfQbrokes per minute. The
normal workingpressure is 40 pdit is user for spraying field cropsvegetables
and nurseries. The area coveped dayis 0.8 to 1 ha. e |

e.Rocker Sprayer
It is very much similar to thefoot sprayerThe main =~
differenceisthe operationofpump. Thepump actuatior
is done by handof the operator. The sprayer ...
pumpmountedn wooden platform iskept on ground o
andthe spraysolution is kept in a separate tamk A
container.It can develop highpressure o
10 kg/cm2. For sprayingtall trees, an extension : l -
bamboolance can be fitted. The adjustabletype | ‘

hydraulic nozzle

(TripleAction Nozzle)is normally used.It can be used
for spraying trees and tall fieldcrops.Itcoversabout
1.5t0 2 hectaref arean
aday.

f. Foot Sprayer or PedalPump:
The pump of the sprayer isworked by
operatinga pedallever bythe foot of the
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operator. The sprayliquid is kept in bucket or containerandit is suckedby a suction
hosethrouga filter (strainer) due to pistonmovement. A suitable ball valve isprovided in the
piston assemblytoserve as suction valve. The liquid fromthe pumdinder is then
deliveredinto a pressuhambemwhere fromthepressurized liquid reacheshydraulic nozzle.
Minimum two person teans required to work on this machine.Hydraulic pressure of 10
kg/cm2 can be achieved whichiscessary to project the jespfay to tall trees simultaneously
from two spray nozzles. The fooperated sprayer isbasically for orchard and tree spraying.
The design is strong and sturdy. Adjustable typehydraulic nozzle (Tripple Action Nozzle)
is generally used which can generdikéerenttypes of spray patterns viz., fine spray (hollow
cone), medium spray and coarse si{jety.
The fine and medium spray are suited for low height orchards, jet spray are necessary fortree
spraying. The spray jet can reach height of 15 - 20 feet. For sprayingtaller trees an
extraextension like bamboo lance may be used to gain additional height b§ &et.It
isdifficult to treat field crops by foot sprayers because the sprayer is kept on ground
andpesticidesolution tank is also kept on grourskparately and so movement of the
longdelivery hoséecomewerydifficult. About 1 to 1.5 hareacanbesprayed iraday.

B. Manually Operatedair compressionSprayers
Theseare also known as pneumaticsprayersbecausar pressureis employedfor forcing
theliquid thoughthe nozzle for atomizationThecontainer®f these sprayershouldnot be
filledcompletely with the spray fluid. A part of thecontainer is kept empty so that adequate air
pressurecan be developed over the spray fluid in the tank. They kdavechgitators and hence
arenot usefulsprayingnaterials which settldown quickly.

a. PneumaticHand Sprayer
The container for the spray fluid also acts as thepressure chamber. An air pump attached to
thechamber inside. The inner end of the discharge pigedown to the bottom of thecontainer
and its outlet terminates a nozzle is filled about 3/4th of it and tipemp isworked force air
into the spaceto build sufficient pressureupon the spray fluid. Thesesprayersre used
extensivelyin kitchen gardensin glasshousesndin doorsagainsthouseholthsects.The
capacityof tank is up to one liter, ifisedin field it can cover an area6f1 hain a day.

b. PneumaticKnapsack Sprayer
This is similar to compresssion hand sprayer but are used for spraymguengtitiesof liquids
(9-10 Litres). It comprises a tank for holding the spray as well as compressed air, avertical air
pump with a handle, filling hole with a strainer, spray lance with nozzle andrelease and shut
off devices. The tank is provided a conient rest with the back of theoperator and has
shoulderstraps that allow it to be carried by him. These sprayers are usedagainst agricultural
pests ananosquitocontrol operations. Thigump covers aareaofabout 0.8o 1.2hain a day.

C. Power Sprayer (Mist blowerscum Duste)
Here the spray fluid is blown out by an air produced in the machine. It consists ofchemical
tank,fuel tank, carburator, spark plug, engine, blower assembly, delivery system,nozzle system
andstarter pulley. The power operatedsprayng systemcan be convertedinto a dusting
unit by
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changing certaitomponentsThe tank inthese ismade ofa thickpolyethylene andhas a
capacity of 10 liters. The fuel tank capacity is 1.0 to 1.5 liters. It isprovided with 1.2 to 3.0 hp
petrol engine This can also be usedfor dusting providedsuitableaccessoriesThe area
coveredby thesesprayers is about 2 ha irday.

LOCKING STiAR

pesticide reservoir

reCOiI Stal'tEI' FUEL TANK _
’ iai
\|

CHEWICAL TANK

an compartment pocticide

Mist blower Motorized Knapsacksprayer

D. Hand carried, battery operatedspinning disc sprayer (Ultra Low Volume Sprayer)
The pesticles are applied assuch or witss

pes PP | f—

than 5 litres sprayfluid produces firzoplets
( 80 ¢ m) ard@light weaght sprayers(<3kg) e
have a rotaryatomizer(spinninglisc) powered Containes
Handle comiains barwons

byanenclosed DC motor with a plasticspram“M_mmml
head,a liquid reservoir,ahandleand a power

. High-voltage noazle
supplyunit. %
Liquid is gravity fed frompolyethenecontainer g stz cabie T S e
screwedin to the sprayhead moulding and the Nozzle skield .»/

liquid isflung off by centrifugal force.

E. Electrodyn Sprayers(EDS)
It is new system of spraying for the controlled droplet application of chemicals (CDA).EDS
putsmore of active chemical on the target than any other spraystgmysince thecharged
particlesare attracted to target crop which ensure coverage on the underside ofleaves where
many pestéeed and also there is minimal drift to non target areas. The EDSconsists of a spray
stick and aruniquecombinationof bottle plus nozzlethe bozzle. Thespraystick consistsof
the batteriesand solid statehigh voltage generator The bozzlecontaingeadyformulated
chemical for immediate application to crops. The pesticide inULV formulation is used
undiluted at a quantitiess ttan 6 liters/ha and usually at 0.5 t02.0 liters/ha for field crops. The
droplet size varies frord0-150micronwith groundsprayingequipmerfor ULV sprayanarea
of 5 hacanbe coveredinaday.
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DUSTERS
The dusting powders are low concentration readys&type, dry formulationscontaining 2 to
10% pesticide. The inert material or dry diluents is talc, soapstone,attapulgite, etc., and it is
nontoxic. The sulphur dust is not diluted with inert material. Thedusts are applied 8020
kg/ha. Itshould be oted that the application is done in highlyconcentrated form, as compared
to highvolume or low volume spraying technique.Therefore, adequate precautions must be
taken inhandling the dust and during theapplication in field. The dusters are available both
manually operated and power operatedmodels. All dusters consist essentially of a hopper
which usuallycontains an agitator, anadjustable orifice and delivery tubes. A rotary fan or a
bellows providesheconveyingair.
A. Manually operateddusters

a. Plunger duster
They are very simple, low cost machines arséful in a limited way. It consists of adust
chamber, a cylinder with a piston or plunger, a rod and a handle. The field applicationcapacity
is low. They hold 200 to 400 g of dust in a chamber into whichs pushed by anadjoining
pistontype air pump operated by hand. The dust cloud is issued from thedischarge outlet. It is
useful fosmallscale usén kitchengarden and in household.

b. Bellowsduster
This is also a simple design lowost dusting machiné\ collapsible bellows pushes airinto a
dust hopper o1-2 kgcapacityanddust is dischargefiitom thenozzle outlet.

c. Rotary duster:
This type of duster makes use of a fan or blower to flow large volume of air at highspeed. The
dust powder is fed into thetream of air and blown from the outlet tube. The fanor blower
rotatest high speed by hand cranking handle, which is geared to it. The highexgeand
betterblower design provide easy cranking and good volume of air isemitted. The dust hoppers
are generally cylindrical and are provided with agitator, feedersand dust metering
mechanism.Suchiotary dusters are either shoulder slung type or belley mounted type.
Theshouldesslung modelsare better balanced when the dust hoppers are filled. But it
beconesinconvenient to operate ¢nops like sugarcane and cotton. The belley mounted type
can beused in such situations. A haatary duster can discharge dust powder from1®0
g/minand displace air about one m3/miB=RPM. Such machine can treat 1 t6 ha/day.

d. Power Duster
These are bigger machines run with the help of engine or electrical rBoime powerdusters
are tractor mountedtype and are driven by tractor P.T.O. The equipmentismountedon
ironframe (stretcher) anchnbe carried by 8 men.The engine/motor driveacentrifugalfan
usually via \tbelt drive. The engine is petrol/ diesel run andd3H.P. Thefan displaces 20 m3
air/min or more at 10@50 km/hr air velocity. These dusters are good forlarge area treatment
andsuitable for appliation on tall trees. In this type of duster design,usually the dust powder
is notrotatedin the fan-casebut dustpowderis aspiratedn thedeliverychannelby air blast.
The dust
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hopper capacity is @0 kg and dust can bedischarged at a rate of 1kg/Bin. A power
dustecancover about 10 ha/day.

e.KNAPSACK DUSTER
The motorised knapsack sprayer can be converted to a duster by replacing some plasticfittings
inside the hopper. Almost all mist blowers have provision of converting them fromspraying
unit to dusting unit. The two stroke petrol engine runs a blower fan and deliversthe air through
a hosegipe system. The dust is agitated and lifted by the blast of air in thehopplkg (2
capacity) and is fed into the main air hose or a long dusting ho$e5@4ftlong polythene
perforated hose) caalso be attached to knapsack duster. Such anattachment is very good for
large area treatment less time. The dust output can beadjusted from 0 to 1.5 kg/min. The
motorised knapsack sprayemmdusterunit is thereforeuseful for bottow volumespraying
and dustingperation.
Soil Injector
It is also known as soil gun, which consists of a cylindrical tank for the liquid fumigant,a pump
barrel and plungerassembly,njector nozzle,thrust handleand injection hande.The hand
operated soil injectors have a capacity of 1 to 3 liters and they can cover about 0.5ha in a day.
Theyareusedto applyliquid nematicides to kill soil nematodes.
Granule Applicators:
Theyareusedto applygranularformulationsof pesticidesiniformly. Thesearetwotypesof
granular applicators.

i. Thereis a plastic hopper liter capacityfrom which thegranuleslow by gravityto
anozzle.

ii. It is aknapsackypewith hopperof 10 liters capacity.
Bird Scarer
It produce loud noise at regularental and used to scare away the birds. It has threeessential
chambers, a chamber to hold calcium carbide, a smaller chamber placed inside theformer to
hold water and combustion chamber attached to the main chamber. Water actswith calcium
carbideand geneates acetylene which explodes producing the noise. Thefrequency of flow of
water intocalcium carbide chamber. One kg of calcium carbide issufficient for working a
machine for 2dours.Onebird scarer is sufficient to cover 1 to 2 ha.
Rat Traps:
Several ypes of mechanical devices for trapping rats and mice are used in India. Inthese traps
baits like dry fish are used for attracting these rats. The cage type wooden boxwith a door
closingdeviceand springhoardtypesarethe morecommon ones used in thelsas.
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Practical- 17To study about the Sampling techniques for estimation of insect population

and damage

Sampling population estimates of insect pests are the fundamental activity in

ecologicalentomologyRegularmonitoring can answerseveralimportantquestionssuchas

Whatkinds of pestsare presentAre the pest numbersgreat enoughto do damageand

towarrantcontrol? Are biagents or natural control present and working? When is the right

time tobegincontrol?andhavemanagement effortsuccessfullyeduced theaumberof pests?

Pest monitoring is the prequisite for any successful pest management programwherein, no

control measureshould be undertakenfor a pest unlessit is known that thepestis

activelypresentand it is present isufficient numbes to cause an econoniass.

How to count or measurea species/damage caused plant, soil or other habitat ?

The sampling method should be: suitable for all key pests,rapid and simple to use,

easyintegration into current sampling program, samplingpegemt readily available and

easytocarryand samplingprocedurébe simple to understanand conduct.

Sampleunit: Singleplant,clustersplants/hill, plant/m2etc.

Sampling Size:In preliminary studies: sample size will be small and 10% of the mean

errordiallbe acceptable Number of samplesdependson degreeof precisionrequiredand

chosentaminimizethe variancend cost..

Typesof Sampling

Random sampling: The sampleis takenat randomwith goodfield coverageo

determineinseaumbersor damageer amples unitForthis purposeyse of random

numbers ismade.

Stratified random sampling: It involvesthedivision of populationin to different

stratabasedndistributionof population.

Sequential sampling: It requirescontinuoussamplinguntil a pre estalished upperor

lowerinfestatiorievel is found.

Trap sampling: This refersto usinglight, suction,sticky or sex pheromonerapsto

detectthpresencef insects in an area.

Systematicsampling: It involvessamplingofpopulationat fixed intervals.

Sekction of Sampling Site
1. Random S - . T
2. Along onediagonal = o . +"' %
3. Along two diagonals i z T
4. Zig-zagdiagonally

5. Along alphabet) W6 g B 1 S
6. In micro-plotsof 1m2 ~3 o O o
7. Meterrow length ' B o
Important Sampling Methods . [] — ¥ieta
Absolute methods: This methodis usedto estimatele| ' S S e
Differenttypesof absolutesamplingaredenoted byn. SR -
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Unit of habitat method
1 In situ or direct counts e.g. Leafhoppers

1 Knock down: removing insects form the habitatsdrop sheet method e.g.
Helicoverpa

spp.brushingwashingetc.
1 Netting: for highly mobile insects

1 Trapping: Useof differenttypesof traps.Phermondraps,Light traps,suctiontraps
etc.

1 Extraction from soil: From a fixed volume of soil insectscan be counted.e.g.
whitegrubs cutworms, pupaef several lepidopterodarvae.

1 Indirect techniques: By taking crop samplesfor example,dead hearts in case
ofsugarcane shoot boremymber of plants cut e.g cutwormsper cent defoliation
e.g.foliagefeeders,root damage e.g. termites,root weevils; shoot damage e.g.
spottedbollwormsper cent fruiting bodies damagece.g. bollworms of cotton, pod
borersstubble infestation e.g. in sugarcane.

Absolute sampling method are desirable because they are accurate, however, these
methodsardime consuming,often difficult to conductand are usually expensivecompared
torelative methods. Relative methodsare more economicalin terms of time, labour
andequipments
Relative methods:This method provides an identification of insect pests abundance ordamage
relative to other times or location. Different types of relative methods are as
followsvisualsearchesiseof various traps, plant damagte.
Remote sensing: Acquiring information through the satellite about pest damage
withoutcominginto physical contact. It can be useful in monitoring of certain pests. A radar
canmonitor heightspeedand direction ofnsects likdocusts, aphids etc.
Componentsof RemoteSensiry
1. Platform
9 Thevehicle/deviceon whichsensors arsmounted
9 Carriersor vehiclesfor thesensors
2. SensorSystem
1 Thedevicewhich sensethe energyreflected/emittedby thetargetobject
3. Data Products
1 Informationreceived fronthesensoiPackageds pewuserrequirement
OTHER METHODS
Beat bucket: Requires 25 litre capacity plastic bucket (white or light coloured); similar
toshake cloth/drop sheet method; top 25 cm of a single plant is bent into the bucket andshaken
vigorously (1215 times during % secondg plant is quickly removed andinsects/predators
andspiders are counted. It is more effective than shake cloth method;reduces variability due
to field scouts.
Vacuum sampling: Sucks into bags most everything from on and around a single plant orplant
part;impractical for regular use in sampling and the samples are too messy to process.Further
improvements could be made by better initial planning and involveofehestatistician with
thebiologists.
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Sampling techniquesfor major insectpestson Paddy crops

Crop Pest Economic Method of sampling

threshold level

Paddy Green leafhopper

a) At earing stage 5-15insects/hill Select 5 micreplots of

1m2 each in a field and
shakevigorouslyplants
in 5 hills/plot or shake
vigorously 25 random
plants and count
leafhoppeffallen on
water.

b) At flowering stage 10-15insects/hill Sameasabove

Stemborer 5-10%plantswith Countinfestedandhealthy
deadhearts or 2% tillers in 25 randomplants.
white ears or one
egg mass or
moth/nf.

Leaf-folder 2 damagedeaves/ Count infested and
plant or one healthy plant@mong25
larva/hill randomplantsor count

Rice gundhibug 1-2 insects/hill Countthe insect on 25

random

Gram Gram pod borer Onelarva/meterow length  |Count larvae in one
meter row length from
10-20 randonsitesin a
field.

Okra Leafhopper 2-5 nymphs/leaf Count leathoppenymphs
from undersideof three
fully developedeaves in
the uppercanopy of each
of 20random plants or
countleaves showing
yellowing and curling
from margins and healthy,
leavesof 20 random
plantsin afield

\Whitefly 6-8 adults/leaf Count whitefly adults as

above.

Spottedbollworm 10%drooping Count drooping shootnd
shoots or 5.0% healthy shoots of 25
infested fruiting random plantsor examine
bodies all greenfruiting

bodiesof theabove
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plantsfor spotted
bollworm induced holes
or damage.

Tomato

Fruit borer

Onelarva/m2

Count larvae in 1 m
micro plot from
10 randomsitesin afield
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Courseoutlines
Parti |
History of Entomologyin India, Major pointsrelatedto dominanceof Insecta
in Animal kingdom. Classification of phylum Arthropoda up to classes.
Relationship of class Insecta witther classes of Arthropoda. Morphology:
Structure and functions of insect cuticle and moltiBgdy segmentation.
Structure ®Head, thorax and abdomen. Structure and modificatiomssett
antennae, mouth parts, legs, Wing venation, modifications and wing coupling
apparatusStructure of male and female genital organ. Metamorphosis and
diapause in insects. Types lafrvae andpupae. Structur@nd functions of
digestive,
circulatory, excretory, respiratory, nervous, secretary (Endocrine) and
reproductive system, insects. Types of reproduction in insects. Major sensory
organs like simple and compound eydsmoreceptor.
Part-I|
InsectEcology:Introduction,Environmen@ndits componentsEffectof abiotic
factorg temperature, moisture, humidity, rainfall, light, atmospheric pressure
and air currents. Effect obiotic factorsi food competition, natural and
environmental restance.
Part Il
Categories of pests. Concept of IPM, Practices, scope and limitations of IPM.
Classification ofinsecticides,toxicity of insecticidesand formulations of
insecticides.Chemical control importance, hazards and limitations. Recent
methodsof pest control, repellents, antifeedamtsymonesattractantsgamma
radiation.InsecticidesAct 1968 Important provisions.Applicationtechniques
of sprayfluids. Symptom®f poisoning, firstid and antidotes.
Part1 IV
SystematicsTaxonomyi importance, history and developmentand binomial
nomenclatureDefinitions of Biotype, Suispecies, Species, Genus, Family and
Order. Classification of cladasecta up to Orders, basic groups of present day
insects with special emphasis to orders famdailies of Agriculturalimportance
like OrthopteraAcrididae, TettigonidagGryllidae,Gryllotalpidae; Dictyoptera:
Mantidae, Blattidae; Odonata; Isoptera: Termitidae; Thysanoplergidae;
Hemiptera: Pentatomidae Coreidae, Cimicidae, Pyrrhocoridae,Lygaeidae,
Cicadellidae Delphacidae, Aphididae, Cocciddephophidae,
AleurodidaePseudococcida&leuropteraChrysopidaet epidopteraPieridae,
Papiloinidae, Noctuidae, Sphingidae, Pyralidae, Gelechiidae, Arctiidae,
Saturnidae, Bombycidae; ColeopteraCoccinellicae, Chrysomelidae,
Cerambycidae, Curculionidae, Bruchidae, ScarabaeidaeHymenoptera:
Tenthridinidae, Apidae. Trichogrammatidae,lchneumonidae, Braconidae,
Chalcididae; Diptera: Cecidomyiidae, Tachinidae, Agromyziidae,
Culicidae,Muscida€eTephritidae.
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Syllabusfor Practicals
19. Methodsof collectionandpreservatiorof insectsincludingimmaturestages
20. Externalfeaturesof Grasshopper/Blistdyeetle
21. Typesof insectantennaemouthpartsandlegs
22.Wing venation typesof wingsandwing couplingapparatus.
23. Typesof insect larvae andupae
24. Dissectionof digestivesystemin insectsGrasshopper)
25. Dissectionof maleandfemalereproductivesystemsn insecty(Grasshopper)
26. Studyof character®f ordersOrthoptera, Dictyopter&)donata,
27.Isoptera,Thysanoptera,
28.Hemiptera
29. Lepidoptera,
30. Neuroptera,
31.Coleoptera,
32.Hymenoptera
33. Dipteraandtheir families of agriculturalimportance.
34. Insecticidesaandtheir formulations.
35. Pesticideappliances and themaintenance.
36. Samplingtechniquedor estimatiornof insectpopulationand damage.
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Practical-1:To study the methodsof collection and preservation of insects
including immature stages
Insect collection is a source of recreation for many people and may be a hobby
for thosewho are interested in studying insects. Methods of collection and
preservation of insectrethepre-requisiteto studytheinsectsandtheir various
internalandexternalorgans Aftercollection, it becomes imperative to keep and
preserve the insect specimens intact safdforlongertime to furtherstudythe
character®r to developtheinsectcollectionrmu s eum. Let 6 s have a | ook &
the different types methods of collection, devices usedctdlectionand
preservation oinsects includingmmaturestagesn this practicakession.
Nature of insectcollection
A good Zological collection should consist of at least four (4) individual
representativeof eaabf the order of insects. So that the collection comprises
the great diversity and itshould reflect difeerentforms occurs in insect fauna
in acertain ecosystem.
Placesof insectcollection
Insects are omnipresent and abound anywhere and everywhere. A good place to
startcollectingnsects is a flowering hedgerow or garden where insects can be
found on thedifferent parts @lants like flowers, leaves and stemBeddes
these, we caralso probe thesmall insects in tal or near the roots of plants,
aguatic insects can be collected in water,ponds, streams, talas,etc. and
even do the indoors collection year round.They can be collected fam
(flying inseds), Water (dragonflies, mayflies andstoneflies that howeser
water, aquatic insects andsea shore insectsijome (fromfurniture, boxes,
bookshelves (fleas, bugs, flies, and mosquitoés)er, fruits andvegetables
brought in), Debris and animal dung (which acts as food source for
manyinsectsland fromdomesticanimals and birds(ecto and endgarasites).
Catching insects: Aerial insectscanbe caughtduring flight or aftertheyhave
alightedbysweepinga net through the air dioliage or by beatingthe foliage
and holdinghe netbelow.

1 Theaerial/sweepnetscancatchaerialinsects.

1 Netforcepsdippers and dredgeancatchaquatic insects.

1 SeparatoandBerlesefunnelcancatchsoil dwellinginsects.
Methods of insectcollection

8. Hand picking
This mehod is suitable for catching the large insects like beetles and
grasshoppers. It isveriedious (hard working) method and not suitable for
catching the biting and stingingnaturiedects.
9. Aerial net or Butterfly net

It is light in weight, useful for catéhg activefliers like butterflies, moths,
dragonflies,wasp, flietc. The net consists of three partsviz., loop or frame;
handle and porous muslinclothe bags. dila@neterof hoopand thedepth of the
bagshould ben theproportionofl:2.
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10. Sweepnet
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It is heavier than the aerial net. It consists ofshort handle, a large loop and dense
clothbag. This isuitable for collectingleafhoppers, grasshoppers and other
smallinsects. The net is swept ovegetation.

11. Beatingtray
This methodis suitable for collectigcrawling insectsand those,which rest
onbranchesA beatingtrayis held undeabranchwhich is then hit sharplyith
a stick.

12. Aspirator/Potters/Suction tube
It is the device to collect small insects intoglass vials with no damage to the
specimens.It iemployed to suck in through a rubbertube small and minute
insect that is alreadycollected in thet or sitting on wall orfoliage and on the
bark of the tree. Usually itis meant for catching maxtve insects. Toprevent
entry of insect in to mouth, a stficloth piece is kept in between tlggass
andrubber tube.

13. Berlese(Tullgren) funnel
Soil arthropodscan be sorted out by thismethods.Debris including soil
arthropodscarbe collectedby usingthe light as thesourcef heat inberlese
funnel method.
14. Traps- Trapping is a method of collecting insects in the absence of

collector. This is themostommon methods or techniques used by growers

in Integrated pest managementprogrammeatoh the insects. There are

many different types of traps used for collectibmsects. They are

pheromondrapsor sleevetraps,fruit fly trap, sticky traps,delta

traps,wateior Wota traps, pitfall trap, wind pan trapnalaise trap and light

traps.
Pheromonetraps
Synthetic sex pheromones are placed in the traps to attractmogie. The
rubberizedseptaontaining the pheromone lure are kept in the traps designed
especially for thispurpose and usedmonitoring, mass trapping and mating
disruption programmes. Stickytarps, Water pan teayosfunnel type models are
available fo use in pheromone basedinspest control programmeéellow
sticky traps: Aphids, whiteflies, thrips prefer yellow colour. Yellow colour is
paintedortin boxes andtickymaterial like castor oil/vaseline smeared othe
sticky material.
Probe trap: It is usedby keepingthemunder grairsurfaceto trap storedproductpests.
Pitfall traps: Containers such as small plastic buckets, plant pots, glass jars or
jam tins aresunknto the ground to trap flightless, groutidng insects and
arachnids, espedigbeetles (groundoeetles),cockroachescrickets, spiders,
harvestmerand mites. The containershoulde placedina hole with the upper
rim flush with the ground surface. A killing agentand preservative, such as
ethylene glycol, should be placed in trapat are not emptieddaily. Radiating
vanes, such asooden planks, placed in the substrate will increase theeffective
area of the trap. A bait can laelded to the trap to increase its effectiveness.
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Thetype of bait will depend on the specimens wighesto catch.

Light traps: Light traps are mainly used for attracting moths & other night
flying insectswhichare attracted towards the light. The insects are actively
caught or encouraged to entera trap. Jingplest light trap consists of a light
on a cablehanging out in the field forattracting the pesksring nights.
However, besidesa number of speciesof moths, beetles,flies,and other
insects,
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most of which are not pests, are also attracted to artificial light. Soidentification
of pests andbeneficial insects is of primeimportance before any
controloperations executed.

Mercury vapour lamp light trap: This trap is the basicmodel designedby
Robinson(1952).This trap produces ultravoilet, blue and green radiation with
little red. This is currentlyusedtowardsa wide rangeof noctuidsand other
nocturnalflying insects.a mercurylamp (125W)is fixed at the top of a funnel
shaped (or) trapezoid galvanized iron cone terminating jar@ntaining
dichlorvossoaked in cotton as insecticittekill the inset.

Killing insects

Killing should be immediately after capture. Potassium cyanide (KCN), ethyl
acetate,carbonetrachloride and chloroform are commonly used for killing
insects. KCN Kills theinsects quickiyt deadly poisonous and must be handled
with exreme care. Ethylacetatekills the insecgowly and does not last long.
But the dead insects remain in relaxedcondition for a longer witteout
becomingorittle and stiff.

Pinching- In this method, thorax is pressedbetween thumb and index finger
swiftly andwith jerklt needs constant practice. e.g.butterdisgsshopper.

Injecting - Hypodermicinjection of fluids.

Drowning- Larvaeandinsectswithout scales hairsor powderycoveringcan
bekilled bysubmerginghemin water.Theydie of Auto toxicity whenexcessive
CO2unableto escapesfromspiracles and collects in trachaad tissues.

How to prepare Killing Bottle/ Cyanide Bottle?

Stepsinvolvedin preparinghe killing bottles aregiven below-

1 Takeawide mouthedstrongbottle orvial with a tight fiting lid.

1 Placea layer of potassiumcyanidegranules/pelletd/4-inch
thickness)atthe bottom ofbottle.

9 Coverit with alayerof dry plasterofParis (1/4-inch thickness)

1 Mix plasterof Pariswith enoughwatesothatit will pouroff from
theendof spoa. Pourl/2-inch layer ofwet plasteof Paris over the
drylayer.

1 Tapthe bottlelightly on the tablg¢oeliminate anyubble in the bottle.

1 Leavethelid off for aday tolet theplastedry in awell-ventilated
room,completelyawayfrom direct sunlight.

1 Keep a circular pieceof filter orblotting paperon the top of
plasterofParis and avoidcondensatioof waterdroplets orthe side
of bottom (tocheck thesweatingrocess).

1 Lastly, the bottleshouldbetightly corked and labeled with theword ' Poison&

1 In placeof KCN, nowad a yEthgl acetatds beingusedasthe
replacemeninkillingbottle.

Insect Collection Box
Storage of insects is done in the insect boxes,which is made up of wood (top and
bottomcould bef plywood) and lined on one(bottg or both (roof also) sides
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with corksheets covered withihite paper. It is light inweight, moisture proof
and airtight. General(common) size of inseaitectionbox is45x30x15 cm.
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Labeling

Specimencollectedshould be uniform in size and labeledpropety on stiff

paperorreferenceard. Labelingonsists ofollowing notesi.e.,Host, Date,

collector and Location.

Setting or stretching boards

Setting is the method that wings antennaeand Occasionally (Hymenopterans)

spread legsin fulldisplay of their fatures. This methodneeds a setting or

stretching boar dboavdssepatatedsy grooget Batbboasdi d e 6 s

and groovesare lined with thin sheetofcork. The widthof groove varies

accordingo thewidth of insect body.

Methods of

preservation

Protection of

Insect

specimens

CollectedInsectscan be protectedfor longer time in insectcollection box

by puttinghenephathalenealls onthe corner sidef box.

Preservationof insects
c) Temporarypreservation

d) Permanenpreservationinsectscanbe permanenit preserveckitherdry, in
fluid, oronmicroscope slides. Arachnids are always preserved in liquid or
on microscope slides. Themetlubgreservation dependas thetype of
arthropodslt canbe doneby the followingmethods

1 Dry preservation Insectsthat are to be preserveddry are best
mounted in ways thatfacilitate study and permanent storage.
Specimenshouldbe mountedsoorafterkilling, if possible whilestill
soft.

1 Liquid preservatiort It isdonein 70% ethylalcohol+ 4 % formaline
solution. Softsale insects andmealybugs can be preserved in
mixture of 4 parts 90 % etharahd 1partglacial aceticacidwhereas,
thrips canbe preservedn a mixture of 9 parts60

%ethanol and 1 part glacial acetic acid. It is very important to periodically check
andtopupcontainers of déiquid collection.

1 Mounting on a microscopic slide- Small specimenshave to be
mountedon microscopeslideso that they can be studiedunder a
compoundmicroscope.Thesenclude groupssuch as thrips, aphids,
parasitic wasps, scale gxds, booklice, lice andnites. Insect
andspidebodyparts(e.g.mouthpartandgenitalia),andlarvaeoften
haveo be slidemounted.Microscopglide mountsmay be temporary
or permanent, but specimensmaintainedn collections require
permanent mounts.

Bringing the specimen home
or the laboratory Materials
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required

Butterflies and other largsevingedinsects can be stored in folded
protectivepaper envelopes.Most arthropod specimenscan be conveniently
stored between layers ofabsorbent paper. Papevelops(Mwspaper,
waxpapertanbeusedto keepthespecimerandbroughtit to homeorlaboratory
(having good absorbent quality)Cellophane and transparent plastics can alsobe
usedfor this purpose.

Relaxing container/Jar
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Relaxing is the method / process of-sadtening the insects. Relaxing
container/Jaii contains alayer of sand (5 cm thick) or any other absorbent
materials (basal wood, pith,synthetic spongedl few drops of formaline or
carbolic acid is added to prevent mould/fungal growth and togered with

filter paper. CleaningDust, pollens and dirt can beremoved with a camel
hairbrusldippedin watermixed with detergent.

Preparing insectsfor the insectcollection box

Insects longer than about 8 mm are usually mounted on pins pushed through
thethorax. msectpins are longer than ordinary pins, and are made of stainless
steel that doesnot rust. A No. 2Mo. 3 entomological pin is suitable for most
insects, although those withdelicate bodies neayiire asizeNo. 0 or No. 1.
Entomological pinsThere isthree general series of pins vienglish pins:

Sold by weightrange of 1830 mm in length and stout, used to pinlepidopteran
insects, which lies or kept low the box.

Continental pins: Sold by 100s, Range 35 mm in length,( 000,00,0&Nos.),

No. 2 & 3 areuseful for general purpose, 38 mm( Nd.0§, 50 mm( No. 11

12), 000 is the thinnest pandNo0.12 is thethickestpin.

Minute pin: Minutest and finest pins, used for pinning the insects meant to
stage, forminutesoftestand fragileinsects.

Pinning

It is the best and common method to preserve hard bodied insects. They will dry
andremain inperfectcondition on the pins for long time without any further
treatmentTheyarepinnedrertically throughthe body. Dependinguponthesize

ofi n s eiashaste beselectedccordingly Exactplaceof insertion ofthe pin
varies amonglifferentgroupsofinsects.

Insectgroups Sketchdiagram Pinning region

Insectgroups Sketchdiagram Pinning region
Grasshoppecrickets, Prorotum
Preying mantids and

cockroaches
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Bugs (most of the Scutellum
Hemipterans)

Beetles and  weevils Rightelytra
(Colepterans)

Dragonfly, damselfly, Thorax
antlion, green lace wing fly,

Moths,butterflybeeswasp,

ants

andtrueflies etc.

Double mounting
Pinning is troublesone in smallerinsects.Very small insects cannot be

pinnedbecausenost ofthe body parts of the insectsare lost during pinning. For
such insectsdouble mounting canfokowed.

Staging

The stageis narrowrectangulapieceofcork or pith. The smallinsectis
pinnedcorrectlywith amicro pin tothe stage Laterthestageis pinnedin the

insect stordoxwith a bigger pin.

Carding
A rectangular white cardbx8 or 5x12mm) may be used as stage. On stage

insteadof pinningthe insect specimen is stuck on itlsing glue or adhesive
After mountingthe insect, card pgnnedin the boxwith alargepin.
Pointing / gumming
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The insect specimen is glued to a cardcut into a triangle of 10 mm height and 5
mmbase. Bendown the tip of card to form asmall surface to whioé insect

is stuck.Apply a drop of glue @dhesivebytouchingthe pointto theglueand

to thethoraxof theinsects tdoe mounted.

aluminium frame

gauze netting

Funnel

Collecting bottle
with alcohol

Beating tray Berlesefunnel
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13-cm glass tube—

8-cm glass lube

Tight Lid

Wide mouth Bottle -

Circular piece of filter |
or blotting paper

Pour 1/2 inch layer of
wet plaster of paris

Layer of dry Plaster _|
of Paris (1/4 inch thick)
Potassium cyanide ——i
granules (1/4th inch thick)

Aspirator/Potters/Suction tube Insectkilling box
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Insectcollecting box Setting/Stretchingbox
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Double Mounting

Micropin

[/

Gumming
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Practical i 2To study the External featuresof Grasshopper

The grasshoppers are widely distributed throughout the country and may be seen
inabundanceduring monssonseason For the generalizedmorphological
descriptionthisinsecthasbeertonsidered as the most suitable representative of
class insects because itsstructural details arauaitvariable. Apart from this,
beinglarger insize, itan bestudied easily.
The gemralized insect body is divided into 3 distinct body regions: a head, a
thorax andarabdomen. Grouping of body segments into distinct regions is
known agagmosisand thebodyegionsarecalledastagmata.
The Head
This is an anterior part of the body faethby the fusion of six segments viz.,
ocellary,antennaljntercalary, mandibular, maxillary and labial. All these
segments are closelyamalgamated to fotmard caseor head capsule,the
craniumthat bearsthe antennaegyesandnouthparts.The heads attachedto
the thorax by meansof a flexible membranouseck(cervix)that allows its
movement. Head capsule is sclerotized and the head capsuleexcluding
appendages formed by theionof several scleritess known asranium.
Scleritesof Head
vi. Vertex: Summt of theheadbetweercompound eyes.
vii. Frons: Facialareabelowthevertex andaboveclypeus.
viii. Clypeus Cranial area belowhefronsto which labrumis attached.
ix. Gena Lateralcranialareabehindthe compoundeyes.
x. Occiput : Cranialarea betweenccipitalandpostoccipital suture.
Sutures of Head: Thelinearinvaginationsof the exoskeletorbetweentwo
scleritesarecalledassuture(sometimes referred as sulcus).
v.Epicranial suture/ ecdysialline: Inverted'Y' shapedsuture foundnedially
onthe topofheadwith a median suturgoronal sutureand lateral sutures
(frontal suture).
vi. Epistomal suture/ Fronto clypeal suture: Foundbetweenfrons and
clypeus.(epi i abovestoma mouth parts)
vii. Clypeo-labral suture: Foundbetweerclypeus andabrum(upperlip).
viii. Postocapital suture: Grooveborderingoccipital foramen.Line
indicatingthe fusionofmaxillaryand labial segment.
The Thorax: It is a body region situated between head and abdomen. The insect
thorax is composedofthree segments:an anterior prothorax, a middle
mesothoraxanda posteriormetathorax.Each segment bears a pair of legs. The
last two segments often called as pterothomaybearwings. Meso and
metathoraxwhich bearwings are calledasPterothorax.Thoracicsegments are
made up of three sclerites ndmedorsal body platetergum or nota,
ventralbodyplatesternum and lateral platgleuron
Functions of thorax: Siteof locomotion.
Abdomen: Abdominal segments are telescopic in nature, highly flexible and
are interconnectdolyamembranealledconjunctiva. Eachabdominakegment
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is madeup of only two scleritesnamelyglorsalbody plate (tergum)and ventral
body plate (sternum).In grasshopper
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eightpairs of spiracles are present in the first eight segments, in addition to a pair
of tympanuminthe first segrant. Eight and ninth abdominal segments bears the
female genital structureandinth segment bears male genital structure.
Abdominal appendages in adult insects aregeoitfnsand cerci.

Function: Site of metabolismandreproduction.
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Practical -3To study the typesof insectantennae
The collected insect samples can be inspected in laboratory after detaching the
antennaand puhem under the microscope. They can also be studied through
the permanent slidesof differelypesof antennady the help ofmicroscope.
Antennae are mobile sensory segmented appendages of the hea@ley
articulate with headinont or between the eyes and arise from antennal socket.
The size and shape ofantennae varidgfarent insects. They used for sensory
perception whch includesmotion and orientation, odseound, humidity, and a
variety of chemical cues. Sensilla onantenna acts as tactile, olfacidan
dioxide, temperature, wind, humidity, andsound receptors.
Structure of Antenna: Antennae consigif three parts:
d) Scape It is first basal segment of antenna by which the antennae is attached
to thehead. It isftendistinctlylarger tharthe other succeedingints. It
articulateswiththe antennalidge.
e) Pedicel The joint immediately followed the scape is pedittlak usually
smalland containsspecialsensorystructure knowasJ o hnst onds or gan
which is absentiiplura, Collembola.
f) Flagellum- It is also known aslavola, and is the remaining part of
theantenna. Flagellusegments (flagellomeres) increase imiver in
certain insects. Itis modified according to twgroundingsnd habitof the
insects.
Typesof antennae:
15. Setaceous(Bristle like) Size of the segmentdecreasefrom baseto
apex.e.g.LeafhoppeDragonfly, Damselfly.
16. Filiform : (Threadlike) Segnentsareusually cylindrical.Thicknessof
segmentsemainssantéroughoute.g.Grasshopper.
17. Moniliform : (Beaded) Segments are either globular or spherical with
prominentconstriction inetweere.g. Termite.
18. Serrate (Sawlike) Segmentshave short triangular projectionson one
side. e.g.Longicorbettle
19. Pectinate (Comb like)Segments witthong slenderprocesses oonesidee.g. Sawfly
20. Bipectinate: (Double comb like) Segmentswith long slenderlateral
processe®n boththesidese.g. Silkworm moth
21. Clavate: (Clubbed)Antennaenlargegraduallytowardsthetip. e.g.Blister beetle
22. Capitate: (Knobbed) Terminasegmentdecome enlargesuiddenlye.g.butterfly
23. Lamellate: (Platelike) Antennaltip is expandedaterally on oneside
to form flat platese.damellicorn beetle

24. Aristate: Theterminalsegments enlargedlt bearsa conspicuouslorsalbristle
calledarista

e.g.Housefly
25. Stylate: Terminalsegmenbearastylelike processeg.Horsefly, Robberfly.
26.Plumose (Feathery) Segmentgith long whorlsof hairse.g. malemosquito
27. Pilose (Hairy) Antennais lessfeatherywith few hairsat the junction
of flagellomeres.e.g.emalemosquito.
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28. Geniculate: (Elbowed)Scapeis long remainingsegmentsare small
and are arrangedatarangleto thefirst resemblinganelbowjoint. e.g. Ant,
weevil andhoneybee.
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Structure of Typical Antenna

Antennifer Antennal  Scape

Setaceous : Filiform
C e e o Serrate

Moniliform

S R S S

Pectinate

B —a

Flabellate

Bipectinate

Plumose

Clavate #@QQ
s s

Whorled  fista %moqj

Capitate
Flagellum
Lamella
Pedicel
Scape
Lamellate Geniculate
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Practical- 4To study the different types of mouthparts and their
modifications Mouthpartsof insectsvary among insectsof differentgroups
depending upotheirfeedindpabits. They are mainly of two typesviz.,
Mandibulate (feeding mainly on solidfood) antiaustellatgfeedingmainly

on liquid food). Insectmouthpartshavebecomemodifiedn variouggroupsto

performthe ingestionof different typesof food and bydifferentmethods.

Indeedthemodificationsin the mouthpartsto ingestalmostall kinds ofthe

food material,are one of thefactorsfor thesuccess othe group.
8. Biting and chewingtype: e.g.Cockroach &grasshopper.

It is the primitivetype of mouth parandconsists othe following parts.

i. Labrum : (Upper lip) It is flap like, bilobedandattachedo the clypeusby
anarticularmembrane. It is movable. It covers the mouth cavity from above.
It helps to pull thefoodhto the mouth. It holdsthe food in positionso that
mandblescanacton it. Itforms the roof ofthe preoral food cavity.

ii. Labrum -epipharynx: Inner surface of the labrum is referred to as
epipharynx. It isfrequentlynembranousind continuousvith thedorsal wall
of pharnyx.It is anorganoftaste.

iii. Mandibles: There is a pair of mandibles. They are the first pair of jaws.
They are alsocalleds primary jaws or true jaws. Mandibles articulate with
the cranium at twopoints. They dreavily sclerotised.They are toothedon
their inner border. Therearetwotypesof teeth. Distalare sharply pointed
and are called incisor or cutting teeth andproximal teeth are called molar or
grindingteeth. Theyact transverselio bite andgrind the fooahto small
fragments.

iv. Maxillae: They are paired and more complicated than marslifleey
are calledsecondajgiws or accessory jaws. At proximal end the first
sclerite cardo joins themaxilla to head. HBaeeond sclerite is called stipes
which articulates with cardo. Stipescarries a lateral sclerite qadipier
which bears a five ggnented antenna likemaxillary palp. On the distal end
of the stipesthere are two lobes. The outer lobe iscalled galea and inner
lobe is lacinia which is tootheMaxille direct the food into themouth. They
hold the food in place when the mandibles aracition. They act asauxillary
jaws and assist in mastication of food. Sense organs connected with
theperceptiomf touch, smell and taste are abundafdlynd in palpi.

v.Hypopharynx : It is a tongue like organ. It is located centrally in the preoral
cavity Salivaryglandduct opens througih.

vi.  Labium /lower lip: It is acompositestructureformedby the fusion of
two primitivesegmented appendages. It bounds the mouth cavity from below
or behind. It formghebasef the preoralcavity. It consistsof threemedian
scleritesviz., submenturflargebasalsclerite), mentum (middle sclerite) and
prementum (apical sclerite). On the lateralsifithe prementum there are
two small lateral sclerites called palpiger bearing threesegmiaied
palpi. Distally prementunbears twairs of lobesThe otherpair oflobesis
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calledparaglossae aridnerpair of lobes, glossad3oth pairs wherfused

arecalledigula.

9. Piercing and sucking/ hemipterous/bug type e.g. Plantbugs.
Labium projects downwards from theanterior pdirthe head like a beak. Beak
isfour segmentezhd groovedthroughoutitsentire length. At the baseof the
labiumthereis a triangularflap like
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structurecalledabrum. Labium is neitherinvolvedin piercing nor sucking. It
functionsasaprotective coverig for the four stylets(fascicle) found within the
groove.Both mandibles andhaxillae are modified into long slender
sclerotizedhair likestructurecalled stylets. They ardying close together and
suited for piercing and sucking.The tips of the stylets haaye minuteeeth for
piercing the plant tissue. The innermaxillary stylets are doubly grooved on their
inner faces. When these are closely opposedthey form two canals viz., food
canal and salivary candhrough sap and saliva areconducted respectively.
Saliva contains enzymes or toxins that chstort plant cell wall topermit the
stylets to penetrate down and reach phloem for suking thé&ai#ppalps
areabsent.

10. Piercing and sucking/ dipterous /mosquito type : e.g.Femalemosquito
Mouthparts of femalemosquito consistsof an elongate labium which is
groovedforming a guttewhich encloses six stylets.The stylets are composed of
labrum-epipharynx (enclosing the foadnal), thehyphophrynx (containing the
salivary canal),two maxillae and two mandibles. BBtteends of maxillary
stylets and mandibularstylets are saw like and suited piercing flesstyliats
are inserted into host's skin by a strong downward and forward thrust ofbody.
Both mandibles and maxillae are reduced in male and they feed on pl#ant nec
andjuices of decayinfguits. Femalepiercegheskinof humanbeingsinto which
it injectssalivacontainingan anticoagulant (to keep the blood flowing without
clotting) and an anesthetic(to keep the viatinaware of the bite) and sucks up
the blood.Labium does not pierce butfoldsup or back as stylets pierce.
Maxillary palpi arepresent.

11. Chewingand lapping type : e.g.honeybee
Labrumandmandiblesareasinbiting and chewingtype of mouthparts.But
mandiblesarebluntand not toothed.They are usktfo crush and shape waxfor
comb building; ingest pollen graimsd other manipulative
functions.Maxillolabialstructuresare modified toform the lappingongue.The
tongueunit consistsof two galeaof maxillae,two labial palpi and
elongatedflexiblhairy glossaof labium. The glossaterminatesinto a
small circular spoonshapediobecallegpoonor bouton orflabellum which is
useful to lickthenectar.

12. Raspingand sucking: e.g.Thrip
Mouth cone consists of labrum, labiumand maxillae. There are thressstyl
derivedfrom twomaxillae and left mandible. Rightmandible is absent. Stylets
are useful tolacerate the plant tisané the oozing sap issucked up by the mouth
cone. Bothmaxillary palpi and labial palpi gnesent.

13. Spongingtype : e.g. Housdly
The poboscis is fleshy, elbowed,retractile and projects downwards fromhead.
The proboscis cdie differentiatedinto basal rostrum and distal haustellum.The
proboscis consists of labium whigsgroovedon its anteriorsurface.Within
thisgroovdie the labrumepiphraynx(enclosing
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the food canal) and slender hypopharynx(containing the salivary
canal).Mandibles are absemaxillae are representedy single segmented
maxillary palpi.Theendof the proboscids enlarged, sponge like and two lobed
which acts as stion pads.They are called oral discdatrella. The surfacesof
labella are transveredby capillarycanalscalled pseudotracheaehich
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collect the liquid food and convey it to the canal. Labellafunction as sponging
organs and areapable of taking exposéldids. These insects oftenspit enzyme
containing saliva onto soli@ods to liquifythem.

14. Siphoningtype : e.g.Moths andbutterflies
Mouth parts consists of elongate sucking tube or proboscis. It is formed by two
greatlyelongatedaleae of maxillae whichre zippered together by interlocking
spines and hooks.Galeae greoved on their inner surface and when they are
fitting together closely theyform a suctoriabd canalthroughwhich the nectar
is suckedup. The proboscisis coiled uplike watchspringand kept beneath the
head when it is not in use. By pumping of blood intogaleae, the proboscis is
extendedTheothermouthpartsarereducedr absenexcepthelabialpalpiand
smallermaxillary palpi.
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Piercing and suckingtype 1 Mosquito

Cross
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Raspingand sucking type mouth parts

mandibular stylet

maxillary stylets

(lacir{lao) / 1

maxillary

palp labial palps

Spongingtype of mouth parts
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Practical -5To study the legsand their modifications

The typical thoracic leg consists of six parts, basal coxa that articulates with the

thoraxin thepleural region, small trochanter, femur, tibia, segmented tasds,

pretarsus. Thecoxa is ofteivided into two parts, the posterior and the anterior

(usually the larger part)being called timeron. The trochanter articulates with

the coxa, but usually forms animmovable attachment thiéh femur. The

femur and tibia are typically the longestlegsegmentsThe tarsus,which is
derived from a single segment, is usually sukdivided intoindividual
tarsomeres. The pretarsasay consist of a single claw, but it is usually
composedof a pair of moveable claws and omaanepadsor bristles.Legsare
usuallylookeduponasthe principal organsofterrestriallocomotion. Theyhave
undergone manymodifications and have beenadapted to a wide variety
offunctionsincludingswimming,preycapture, pollen collectionardigging.

Ambulatorial (Ambulate- to walk;Walking leg) e.g. Fore leg and middle legof

grasshoppef-emurand tibia aréong.Legsaresuited forwalking.

Cursorial: (Cursorial = adapted forrunning : Running leg) e. g. All the

threepairs of legs otockroach.Legs are suitedbr running. Femur isnot

swollen.

Saltatorial: (Salatorial= Leaping:JumpingLegk.g.hindlegof grasshopper.

Fossoriat (Forrorial=Digging; Burrowingleg) e.gForelegsof molecricket.

Natatorial: (Natatorial = pertaining toswimming; Swimming leg) .etang

legsof water bug andaterbeetle.

Raptorial: (Raptorial=predatoryGraspinglegk.g.Forelegsof preyingmantids.

Scansoriat (Scansorial = Climbing;climbing or clinging leg) e.g. all the

threepairs of legs dfeadlouse.

Foragial leg: (Forage= to collectfoodmateriale.g.Legsof honeybee.

i. Forelegs: The foreleg has threeimportant structures (Eye brush,
Antennacleaner or strigilliandPollen brush)

ii. Middle legs It hastwo importantstructures.

(a.) Pollen brush: Stiff hairs onbasitarsus form peh brush which isuseful to

collect pollenfrom middle part oftheirbody.

(b.) Tibial spar: At the distalend of the tibia, a movable spur is presentwhich is

useful to looserthe pelletsofpollen fromthe pollen baskebf hind legsandio

cleanwingsandspiracles.

iii. Hind legs: It has three importantstructures viz., pollen basket,
pollenpacker and pollen com{a.) Pollenbasket It is alsocalledcorbicula.
Theoutersurfaceof thehind tibia containgshalloveavity. The edgesof the
cavity arefringedwith long hairs. The pollen basketenablethe beetocarry
alarger load ofpollen and propolis frotmefield to thehive.

(b.) Pollen packer: It is alsocalledpollenpress.It consistsof pecten

andauricle Pectens a rowof stout bristles atthdistal end otibia. Auricleis a

smallplate

Climbing or Sticking leg: e.g.all the threepairsf legsof housefly.
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Claspingleg: e.g.Forelegsof malewaterbeetle.
Prolegs:Cat e r piols Isheasmiitsof thoraciclegs(true-legs)andfive pairsof
abdominal
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legs (po-legs) on 3rd, 4th, 5th, 6th, and last abdomenal segments. In some,
semtloopers larvaeprologs on 3rd and 4th abomenal segments absent, and
hence while movement, it looks like séoap, in some, looppers, prologs
present only on 6th and last abdomisedjments, and henadile movement,
it looks likeloop.
AThoraciclegsarealsocalledthetruelegs,which aretypically jointed andsclerotized.
AAbdominal legs are called prolegs. These are unjointed, short, fleshy with
a flat surface at thmttomcalled planta.
AA numberof hookslike structuresalledcrochetsareseenarranged
in circularor semcuticularform on thesurfaceof theplants.
Aln sawflies of Hymenoptera, the larvae have 3 pairs of true legs in thorax,
and 6 or >6 pairs pfologs in abdomn. This is the unique feature of
sawfly larva, but these prologs do not berarchetsunlike lepidopteran
larva.

Structure of atypical leg

Trochanter

Tarsomeres

Ambulatorial leg Cursorial leg Saltatorial leg
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Practical- 6To study about the Wing venation, types of wings and wing
coupling apparatus.

The complete system of veins of a wing is termed as venation or neuration.
Generally inall theinsects there is some similarity in wing venation and
therefore, it is presumed that alltypesvifig venation have developed from the
common base or the same ancestor. Bymeans ekt@msivestudy of wing
venationin differentgroupsof insects,Comstock andNeedhamconstructed a
hypothetical type of wing venation from which all other types havepresumely
been derived. According to them the primitive wing venation has
developedfrom two tracheae whiate situated on the anterior and the posterior
basal margis ofwings and their branches are spadlaaler he wing. Each main
trachea give rise to threeprincipal veins, thereby forming 6 prineipals

namely costa, radius, medius, cubitus,penultimate and ultimate. Each principal
vein givesriseto a subvein rear itsbase.

Wing venation of ahypothetical wing

Theprincipal veins are represented by + sigmvhereas theub veins by- sign.
Thus thewholewning venation system is representag + and the - signsin
alternate as shown in thefigure. Thranchingof principal veins is represented
in the followingmanner:
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Such type of hypothetical wing ventaion is never met in any insect as one or the
othervein isinvariably found lacking for examplethe mediusvein is absenin

order Hemipteraandphimereda and sufedius is missing in Odonata. Some

of the scientists considerprecostaysta,subcosta, radiusnedius, cubitugnd
analasthe principal veinsof the insectwing.

Crossveins

The veins joining the two longitudinal veins are known as cross veins. The
importantcross veinalongwith their symbolsare given below :

(vi) Humeral crossvein (h)- It extenddromcostato sub-costanearthehumeralangle
andvein.

(vii) Radio-medial crossvein (rm)- It joins thesubradiusandthemediusveins.
(viii) Medial cross vein (m) -The vein joining the m2 and m3 branches
of mediusis termedismediatross vein.

(ix) Medio-cubital cross vein(m-cu) - It joins the mediusandthe cubitus
longitudinalveins.

(x) Radial crossvein (r) -It extenddrom R1to R2
Wing Adaptations and Modifications:

Wing Type Photos Modifications and
Examples
Membranous 1 Membranous wings are

thin & more or less
transparentyutsomeare
darkened.

1 Thesewingsarewith
highly developed
venation.

1 They are useful for
flight. Examples: Hind
wings of Grasshopper,
Dragonfies and
damselflies (order:
Odonata), lacewings
(order:Neuroptera)flies
(order: Diptera), bees
and wasps (order
Hymenoptera),

termites(orderlsoptera)

203

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Halteres i Halteres are an extreme
modification among the
orderDiptera(trueflies),
in which the hind wings
are reduced to mere
nubs.

1 Used for balance and
direction during flight
(gyroscopicstabilizers).

9 Itis divided into three
regionsscabellum,
pedicelandcapitalum.
ExamplesAll flies

(Diptera).

1 Elytra (sirgular elytron)
are the hardened, heavi
sclerotized forewings of
beetles (horny sheet
without venation).

1 Modified to protect the
hindwingswhenatrest.

1 Examples: All beetles
(orderColeoptera).

Elytra

Flizatmth Morae
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Hemi Elytra 1 A variationof theelytra
is thehemelytra.
hemelytra 1 The forewmgs of .
membranous Hemipterans are said tg
section

be hemelytrous becaust
they are hardened
throughoutheproximal
two-thirds,while the
distal portion is
membranous.

1 Unlike elytra,hemelytra
function primarily as
flight wings.

1 Examples:

Bugs(Hemipterp
Tegmina 1 Tegmina (singular
tegmen) are the leather
forewings of insects in
the orders Orthoptera,
Dictyoptera

1 Like the elytra on
beetles the tegmina helj
protect the delicate hind
wings,andalsousedfor
flight sometimes.

1 Examples:
Grasshoppergyrickets
and katydids
(Orthoptera),
Cockroaches,

Mantids(Dictyoptera)

205

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual

Dept. of Biological Science

1 Scaly wingsthin and
membranoufontand
hind

wingscoveredover

surfacewith
flattenedunicellularsetae

(scales).

1 The scales make the
wingscolorful andused
for taxonomicstudies.

1 They are useful for
flight.

1 ExamplesBultterflies,
moths and skippers
(order Lepidoptera),
caddisflies(order:

Trichoptera).

1 Fringed wingsslender
front and hind wings
with long fringes of
marginalhairs, giving a
feathedike appearance.

1 The wings are highly
reduced with reduced
venation.

1 They are useful for
flight.

1 Example: Thrips

(Thysanoptera)
Clefted Wings 1 Frontwingis
(FissuredWings) longitudinally

divided forming a forKike
structure.

1 Thehindwingis divided
twice, forming two forks
with threearms.

1 All forks possess small
marginalhairs.

1 Theyare useful for
flight.
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1 Example:Bothwingsof
PlumeMoth

Wing coupling apparatus
In certain insects special structures have been devktopgasten together the
twowings of eactside so that it may bring more synchronus action of the fore
and hind wings,thereby enabling timsectsto fly moreswiftly. This actionin
many insectsis ensuredsimplypy fore wing overlapping the hind wing. The
i mportant coupling devi ce mloeesffeiecnoypedi n i nsect
in flying aredescribed below
(v)Jugal and humeral lobe This couplingdevice is commonly found in
Lepidoptera, Thchopteaamd Mecoptera wherein thewing bases are highly
modified. Theposterior end of the fore wingrisodifiedinto slender finger
like organ which isstiffened by a branchlbfd anal vein isknownas the
jugal lobe; whereas theanterior margin of the hind wings ismodified in to a
small humeralobe. Thelobes ofore andthe hind wings arecoupled with
eachother duringlight.
(vi) Frenulum and Retinaculum -This type ofcoupling apparatuss well
illustratedin highelLepidopterawhereinthe jugum is lostandthe
frenulum assumesnore importance.ln femaléutterfliesa number of
stoutbristlearise beneaththe extendedfore wing known as frenulum
which engagesn aretinaculunfrom a patchof hair nearthe cubitusof a
hind wing. However,inmales thefrenulum bristles are fused into a single
stout structure and is held by a cungedcessrom the sub-costal veinof
the forewing.
(vii) Hamuli -In this modification the costal margin of the hind wings bears
a row of smallhook&nown as hamuli. These hooks get attached into a fold
on the inner margin of theforgings. Suchcouplingapparatisis generally
met in Hymenoptera.
(viil) Amplexiform - This exampleis commonlymetin theinsects
belongingto familypapilionidacandbombycidaeof orderLepidopteraln
this casethewingsarecoupledsimplyby overlappingbasallyto each other.
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HUMERAL LOBE

:::::
_____

JUGAL LOBE

HAMULATE (DORSAL VIEW)
JUGAL AND HUMERAL LOBES
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Practical- 7To study the types of insect larvae

and pupae Metamorphosis and immature

stages

The change in growth and development (form) of an insect during its life cycle
frombirth to maturityis called metamorphosi3here are foubasic types of
metamorposis ininsects.

Ametabola: (No metamorphosisg.g.Silverfish.

These insects have only 3 stages in their life cycle namely egg, young ones and
adults. It ismosprimitive type metamorphosis. The hatching insects resemble
the adult in all respectsexcemlr fthe size and called as juveniles. Moulting
continueghroughout thdife.

Hemi-metabola: (Incompletemetamorphosisg.g.Dragonfly,damselflyandmayfly.
These insects also have 3 stages in their life namely egg, young ones and adults.
Theyoung oneare aquatic and are callediads They are different from adults

in habits andhabitat. Thdyeathe by means of tracheal gills. In dragonfly naiad,
the lower lip (labium) iscallednask whichis hingedand provided withhooks

for capturingprey. After finalmoult,

theinsectshavefully developed wingsuitedfor aeriallife.

Pauro-metabola: (Gradualmetamorphosis.g.Cockroachgrasshoppehugs.

The young ones are called nymphs. They are terrestrial and resembles the adults
ingeneral bodyorm except theving and external genitalia. Their compound
eyes and mouthparts are similathat of adults. Both nymphs and adults share
the same habitat. Wingbuds externally appealaier instars. The genitalia
development is gradual. Later instarsnymphs closelgrmbte theadult with
successivenoults.

Holo-metabola: (Completemetamorphosisg.g.Butterflies,moths,fly andbees.
These insects have 4 stages namely egg, larva, pupa and adult. Majority of the
insectsundergocomplete metamorphosis. Larvae of butterfly called
caterpillar. Larva differsgreatly in forfinom adult. Compound eyes are absent

in larva. Lateral ocelli or stemmataare the visual orgéhsir mouth parts and

food habits differ from adults. Wingdevelopment is internal. Wherahal

growth mmpleted it transforms into pupa. It isthe resting and non feeding stage
in whichthelarval tissues disintegrate andultorgansare built up.

Ametabolous

Development
e
Egg Young ~ Adult
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Holometabolous
Development

Immature stagesn insects

Larva: Larval stage ighe activegrowingandimmature stage betwedne egg
andpupalstage @ninsect havinggompletemetamorphosis. This stagéfers

radicallyfrom theadults.

Typesof larvae:

Type of larva Photo Modification

l. Oligopod: Thoraciclegsarewell developedAbdominallegsareabsent.
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I. Campodeiform They are similar with
diplurans genus Campode
Body is elongate, depress
dorsoventrally and well
sclerotized.  Head IS
prognathous. Thoracic leg
arelong. A pairof abdominal
or caudaprocessess usually

present.Larvae aregenerally
predators and areery active.
E.g. grub of arion or grub
of lady bird beetle.

ii. Scarabaeiform Body isfi CO0 s hsopt
andsub-cylindrical. Headis
well developed. Thoradegs
are short. Caudal processe;
are absent. Larvia slugish,
burrowing intowood or soil.
e.g. grub of rhinoceros
beetle.

Body isA C0 s hsopt
andsub-cylindrical. Headis
well developed. Thoradegs
are short. Caudal processe;
are absent. Larvia sluggish,
burrowing intowood or soil.
e.g. grub of
rhinocerosheetle.

II. Polypod or Eruciform: The body consists of an elongate trunk with large sclerotizad
capsule. Head bears powerful mandibles which tear up vegetation. Two gfasipgle lenseq
eyes Stemmata found on either side of the headittdeghe visuabrgans. The antenna is shorf
pairs of thoracic legs and up to 5 pairs of unsegmabtaminallegs or prolegsor pseudolegs
are present.e.g. Caterpillar(larva of moth
andbutterfly).
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Thebodyhairsmaybedense,
sparse or arranged fuafts.
Hairs may causeirritation,
when touched.
e.g.redhairycaterpillar.

Larva is thick, short, stou
and fleshy. Larval head
smalland retractile.

either3 or 4 pairs of proleg
are present. e.g castor
semilooper.

They are also called
measuring worm or inch
worm. In this type, only 2
pairs of prolegs are present
6th and 10th abdomin:
segments. e.g. Dhainchal
looper.

Il. Apod: They arelarvaewithout appendagefor locomotion.Basedon the degreeof
developmenandsclerotizatiorof headcapsule.
I. Eucephalous Larva with well develope(
head capsulewithfunctional
mandibles,
maxillae, stemmata and
antennae. Mandibles act
{ : transversely. e.g. Wriggler
» (larva of mosquito)andgrub
' 3 of redpalm weevil.
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Headcapsules reducedand
can be withdrawn int
thorax. Mandibles act
vertically. e.glarva ofhouse
fly and robber fly.

Acephalous Head capsule is
absent.Mouth parts consig
of apair of protrusibleurved
mouth hooks and associate(
internal scleritesThey are
also called vermiform
larvae. e.g.
Maggot(larvaof housefly)
Pupa: It is the resting and inactive stageal holometabolous insectBuring
this stage,thensect is incapableof feeding and is quiescent.During the
transitionalstage,the larvalcharactersre destroyedand new adult characters

arecreated.
Typesof pupae
Type of pupae Photo Modification
Obtect Various appendages

pupaviz. Antennaelegs
and wing pads agtued
to the body by &
secretion produced
during the last larval
moult. Exposed
surfaces  of the
appendagesare more
heavily sclerotizedhan
the inner surface.
e.g.mothpupa.
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Chrysali It is naked obtect typef
; butterfly. It is angular

e — o 7 4 Lo and attractivecoloured.
5 ; The pupa isattachedto

labdominal thesubstratuniby hooks
segments present at the terming
end of the abdomen

called Cremaste. The

body of chrysalis is

attached to the

wings =" substratum by 2 stron

silken threads called
gridle.

Pupaof mosquitois
calledtumbler. It is an
obtecttype pupa.lt is
comma shaped with
rudimentary
appendageBreathing
trumpetsare presentn
the cephalicend and
anal paddles are
presenfat the endofthe
abdomen
Abdomen is cpable of
jerky movements
which areproducedoy
the anal paddlesThe
pupais very active.
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Exarate \Various appendagesz.

antennae, legs amding
padsarenotgluedto the
body. Theyarefree. All
oligopodlarvaewill turn
into exarae pupae.The
pupa is soft and pale
e.g. pupaf rhinoceros
beetle.

Coarctate

the last larval skin is
changed into a pupal
case and the pupa is
actuallyanexaratepupa.
The pupal cases dark
brown, barrel shaped
smooth withnoapparent
appendagesand called
as puparium. e.g. fly
pupa
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Practical -8To study the dissectionof alimentary canal/nervoussystemin
insects(Grasshopper/Cockroach)

The best learning situation requires one specimen and set of tools per two
students forstudiesStudants working in pairs have ample opportunity to fully
participate in thedissection anddarefully examine the specimen. They are also
able to share and discusstheir observations dandgfter thedissection.
Materials required for dissectingCockroach

Dissection Kit includes Surgical scissors, Iris scissors, Tissue forceps, Scalpel,
handle,Scalpeblades, Probe with angled tip, Dissection needles, Dropping
pipette, Blow pipes,Dissection trdyissectingins, Rigid metal ruler, Andase
Camel hair brus etc

Diagram of Alimentary canal showing the major subdivisions in a
generalized Grasshoppédnsect

Foregut Midgut Hindgut
v - o T i PRI N e ’
To right
salivary
gland and  Foregut Stomodael Malpighian Pyloric  Antarior
reservoir  intima Crop Denticle valve Ventriculus tubule valve  inmtestine
Esophagus ki

ntima

Mouth il ‘
Labium

Labrum t)_!
Cibarium .
(preoral Salivary Left Left Proventriculus Gastric  Peritrophic Pyloric Rectum Anus
caviiy) o selivary. savary caecum membrane ampulia

Salivarium gland  reservoir

Digestivesystem
It includes the organs of ingestion (alimentary canal and its associated glands)

and thephysiologyf digestion. The organs of ingestiare located in the head
and are meant forthe intake of foddhe preoralcavityis enclosedy themouth
partsandis divided into twopartsby the hypopharynx,the anteriorregion in
whichthealimentarycanalopends termedagibariumandn which thesalivary
duct opens is known as salivarium. In the suckinglnsects the cibarium is
modifiedinto asuckingpump whilesalivariumserves as thgalivarysyringe.
Alimentary canal
The alimentary canal of grasshopper/cockroach is a simple, hollow and tubular
instructure whichuns from the buccal cavity to anus. It is distinctly divided into
thefollowing three primaryegions

4. Foregutor stomodaeum.
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5. Mid gutor mesenteron oventriculus.
6. Hind gutor proctodaeum.
4. Foregut or Stomodaeum
It constituteghe anteriorregionof the alimentarycanalwhich is primarily an
organofingestiorandshows as a site for storifigod. It consists othe
following paris
(v) Pre-oral food cavity-It has been described previously and indeed it is
not a part ofalimentarganal.
(vi) Pharynx-It is situated in between the poeal cavity and the
oesophagous and isprovidedthe dilateral muscles. These muscles are
highly developed in those thoseinsects which phahgigs informingthe
sukingpump.
(vii) Oesophagousdt is simple straight tube whichmg from the posterior
region of thehead tthoraxand joins with therop.
(viii) Crop- It is simplebaglike structureandservesasa storagereservoir
for thefood.Apparentlyit is adilatedportionof the oesophagouut differs
histologicallyby thepresencef sclerotized ridges which are arranged
transversely in the crop. Since itserves assarvoir forfood hencets walls
arethin and themuscles arg@oorlydeveloped.
(e) Gizzard-It is situatedin the posteriorregion of the crop which cannotbe
apparenydistinguished from crop but differs internally by having the
longitudinal folds intothelumen in which cuticular teeth are attached. Its
posterior part is concentric in the internallapérsix 'V' shaped processes are
attached which form the cardiac valwith the folds ofgizzard. Iteajor
function is to regulate the passage of food into the mid gut.Histologically, the
following layersmaybedistinguished in thevalls of thestomodaeum
(7) Intima - Theinnermost layer othitin found in continuatiomf body cuticle.
(8) Epitheliallayerlt is a thinlayersecretingheintima.
(9) BasementmembraneBoundingthe outemostsurfaceof the epithelium.
(10) Longitudinalmuscle® Thesemusclesarelessdevelopedhancirculatorymuscles.
(11) Circulatorymuscles Thesearewell developed.
(12) Peritonealmembrane- It is often difficult to detectand consistsof
apparentlystructurelessnnectiveissue.
5. Mid Gut or Mesenteron
It is relatively a short tube or elongated sac with uniform diameter extends from
hepaticcaecae arardiac valve to Malpighian tubes or pyloric valve.
Histologically, theinnerwall ofmesentcroar stomach is not madep of chitin,
but consist®f following layers
(i) Peritrophicmembrane (iiEntericepithelium
(i) Basemenmembrane (ivEircularmuscles
(vi) Longitudinalmuscleqvi) Peritoneamembrane
Theentericepithelium ismadeup ofthreetypesof cells:
0] Thecolumnar cellsvhichsecrethe enzymes and absdtie digestedood,
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(i) the regenerativecells which renew thedestroyedand dead
epithelial cells througtsecretionor in theprocess of
degeneration and

(i)  thegobletcellswhich areof uncertainfunctions.
Thus,therearefollowing five majorfunctionof entericepithelium:

(vi)  tomakedigestiveenzymes

(vi)  toabsorb the digested food

(viii)  to producenewcells

(ix)  toabsorb thevater

(x) to excretethewastematerialoutsidethe body.

The inner surfaceof midgut is sometimelined by a thin membraneknown
asperitrophianembranewhich protectsthe epithelial cells from the direct
contact of foodparticles. Thismembraneis absent inLepidopterans and
hemipterans.

6. Hind Gut or Proctodaeum
It extends from the posterior end of midgut to the anus and is also an
invagination ofthe bodyvall. The hind gut consists of the some layers as the
fore gut except that thecirculamuscles ofits are devieped both inside and
outside the layer of longitudinalmuscles. The hind gexiernally marked by
the insertion of the Malpighian tubes andinternally by the pyloric valveait
be divided into threedistinct regions(i) lleum or smallintestine(ii) Colon or
largeintestine

(iv) Rectum.
lleum- It is asmall tubewhich hasmanyfolds inits innerwall.
Colon- It is situated on the 5th and 6th segments of the abdomen and is a slender
tubewhich,cannotbe easilydistinguished frontheileum. In some insects is
just like'S'instructure.
Rectum Both the ends of the rectum are comparatively slender while the
middle portion isthickand large which consists of six rectal papillae internally
and six ridges of longitudinalmusclegternally. The rectumopensto exterior
throughthe anuswhich is situatedat thecaudaknd oftheabdomen.
Salivary Glands - The labial glands which are associated with the gnathal
appendages arettsalivary glands. A pair of salivary glands is found in the
grasshopper which generallyeiln thethorax and are convoluted tubes often
branched and racemose. Both the ducts ofsalivary glantistogether beneath
the oesophagous to form a common salivary ductwhich opens into the
salivarium.
Physiologyof digestion
The grasshoppeis phytophagus and eatsthe leavesand soft parts of the
plantswhichareholdby the maxillae and, they bring the food near to mandibles
where it is broken intosmall particleBhese small food particles are sent to the
buccal cavity with the help oflabrum and labiu@nentering the buccal cavity,
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it is subjected to the action of salivawhich contains the amagtasene. It acts

on the carbohydrates present in the food andchange them into simple sugar i.e.,

glucose which is absorbed in the crop. Saliva is alsohelpfooistening the

food. This foodprasses onward to the crop where the secretions ofthe midgut and
the hepatic 'caecae mix withTthese secretions are weakly acidic or alkalineand
contain maltase, invertase, lactase, protelgase, peptidase,erypsin and
trypsinenzymesvhich acton the food. Due to the actionof theseeyzymes the
starch is convertedinto sugars, protein into amino aarts fat into fatty acids.

After this the food comestogizzardwhere itis againmasticatedhenit passes

through thecardiacvalve intomesenteronvhere further digestionof the food

takes place. The digestedfoodis absorbedby the spongy and thick walls of

mesenteron. The undigested food passes to theghiforoctodaeum) through

pyloric valve where the absorption of iwa takes place and thenwaasiel
undigested food expelled out through anus in the form of excreta. The
absorbedfood istilized for the following purposes

0] In the formof energyrequiredfor differentlife activites

(i) Somepartis consumedh theformation ofmusclesetc.

(i)  Therestis storedin thefat bodieswhich areused in emergency.

Filter Chamber:

AA number of cicadids and cercopids suck sap from xylem, which contains
amino acidsin verdilute solution and relativelftigher concentratioaf salts.

AThis soltion has to be concentrated before absorption so as to avoid excessive
dilutionof haemolymph.

Aln these insects removal of excessve water is donewith the help of ' thefilterchambe & .

AThe filter chamber consists of an expanded thin walled bldddeanerior
midgut,which liesin close association with (or surrounds) the posterior
midgut (interior) andproximal ends of tiMalpighiantubules (interior)or
anteriorpart ofthe hindgut.

AThe chamber formed within the folds of the anterior gut is called liee fi
chamber. Itissuggested that the Malpighian tubules produce a hypertonic
fluid, which is rich inK+. Thisestablishesan osmotic gradientfrom the
anteriormidgutto the filter chambertherio the Malpighian tubules, so that
water passes almost directly the hindgut andabsorption of nutridatses
place in the more central region of the midgut. Filterchamber of the coccids
has parts omidgutinvaginated into the rectum.
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Practical- 9To study the male and femalereproductive systemsn insects
(Grasshopper)MALE REPRODUCTIVE ORGANS
The male reproductive organs consist of the followArfgsA pair of testes (ii)
A pair ofvasadeferentig(iii) Seminalvesicleg(iv) Ejaculatoryduct(v) Penisor
Aedeagus(vi)Accessorglands(vii) Male genitalatrium
The TestesThey are located above the midgut and held in position by the
surrounding fatbodieand tracheae. Each testis is a more or less ovoid body
partly or completely dividedinto a variabteimber of follicles or lobes which
are cylindrical in shape. Eadbollicle isconnected with vasleferensby a
relatively well developedslendertube known as vaseffcrens.The peritoneal
investment of the follicle is developed to the extent of envelopingthe testis as a
whole in acommon coat known as scrotum.the presene of the sex cells
indifferent stagesf development.
Thesezones aras follows

(v) The germarium - It is theregionhavingprimordialgenii cellsor

spermatogoniavhichunderganmultiplication.

(vi) The zone of growthi In this zone the spermatogonia increaseze si

and undergorepeataitotic division and develop into spermatocytes.

(vii) The zone of division and reductiorHere the spermatocytes undergo

meiosis andproducgpermatids.

(viii) The zone of transformation- The spermatids are transformed into

spermatozoa.The masséspermatozoa are generally enclosed in the

testicular cyst cells from whichthey are releaseth@évas deferens.In

addition, the testescontain large elementsknownverson'scells or apical

cells.
Vas deferens Theseare the pairedcanalsleadingfrom the testeswhich are
partly or whollymesodermaih origin.
Seminal Vesicles The Vas deferens vary greatly in length in the majority of
insects. EachVadeferens becomes enlarged along its course to form a sac
known as seminal vesicle inwhispermatidluid is collected.
Ejaculatory duct -Posteriorly, the vasa deferentia unite to form a short common
canal whichiontinuouswith a medianectodermatubeknown asejaculatory
duct. Theterminalendokjaculatoryduct opens irthe malegenital atrium.
Aedeagis- The terminalendof theejaculatoryductis enclosed irafinger-like
evaginationof theentral body wall which forms the maleintromittentorgan
known asaedeaguslt issituatedon9th abdominal sternum of the grasshopper
on the conjunctival membrané theposterior marginAccessoryglands
Theseareoneto threepairsin numberandusuallypresenin relationwiththe
genitalductsopeninginto seminalvesicle.Thesearetubularor saclike in
structure.Inmostofthe casegheir secretionsix with spermatozoa anth
some insectglandsaredirectlyconcernedith theformation of the
spermatophores.
THE FEMALE REPRODUCTIVE ORGANS
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The female reproductive system consists of the following ord@ma pair of
ovaries(ii) A pairof lateraloviducts(iii) Spermathecév) Vaginaandgenital
chambeli(v) Accessorygland€ollaterialglands)
The ovaries Thesearetypically moreor lesscompactodieslying in thebody
cavity oftheabdomen on either side of the alimentary canal. Each ovary is about
2 cm long adcomposedf a variable number of ovarioles and open into the
oviduct. A typical ovariole isan elongatde in which the developing eggs are
disposed one after the other in a singlechain. The addegte is situated nearer
the union with the oviduct. He wall of anovariole is made of follicular
epitheliumwhosecells resupon asbasement membraneknown as tumazpria.
Eachovariolemaybedifferentiated intdhreezones:
(iv) Terminal filament- It is the slender thread like apical prolongation of
the peribneallayerThe filaments of the ovary combine to form a common
thread termed as terminalfilament. Tieeminal filament of one ovary units
with the filament of the other ovaryto foraamediardigament.It aidsin
maintainingthe ovariesin the positionand isattachedo the dorsal
diaphragm.
(v) The germarium- It is situated below the terminal filament and forms
the apex of anovariolét consists of anassof cellswhich aredifferentiated
from theprimordialgermcells.
(vi) The region of growth- It is alsocalledasvitellarium which
constituteghe majorportionofan ovariole. The vitellarium containsthe
developingeggs(oocytes).Theepitheliallayer of thewall of vitellarium
growsinwardsto enclosesachoocytein adefinitesacknown asfollicle.
Thecells ofthe follicle secrete the chorion of the egg andin some cases serve
to nourish the oocyte3hreetypes of ovariolesnayberecognizedn the
basisof presencer absencefnutritive cells.
(d) Panoistic typei Nutritive cells are absente.g., grasshoppeand other
insectsofOrthopterandIsoptera.
(e) Polytrophic type-Nutritive cells are presentand arrangednalternate
with the oocytese.g.Hymenoptera
() Acrotrophic type-Nutritive cells arepresenand situatedat the apices
of the ovariolese.g.Hemiptera.
The ovductsi The lateral oviducts are paired canals leading from the ovaries
and areformeffom the mesodermTheselateral oviducts form the common
oviduct which opensintothevagina. Each oviduct is an enlarged pouch which
stores eggs. The vagina is greatlgeged toform a chamber, knowas uterus,
for thereception of developingggs.
The Spermathecd This is a pouchor sacfor the receptionandstorageof the
spermatozoa(seminal fluid) and is also known as receptaculum seminis. It
generally opens by ductintothe dorsal wall of the vagina which is known as
sperm duct. In many insects pairingkesplace only once and since the
maturation of eggs may extend after the union of the séxeprovisionof
spermatheca allows for their fertilization from time to time. A
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specialspermathecgland opensinto the duct of spermathecand secretesa
fluid which lengthensthe lifef sperms.

Genital chambern The vagina opens into the genital chamber on 9th sternum
and thischamber ¢slledbursacopulatrixwhich helps ircopulation.
Accessoryglands Theseare pairedstructuresopeninginto the distal portion

of thevagina.These glands provide material floe formation of eggpod or
ootheca.

Fertilizationi After copulation; the spermatic fluid is received in the
spermabeca. Theeggcomes down from the oviductttee vagina whiclinas an
opening (micropyle) into itsshellfor the entrance of male germ cell
(spermatzoan)One or two spermatozoanterthe eggthroughmicropyle and

only onesucceed# fertilizing the egg. After fertilization theaccessor;glart]ds
APICAL CELL
secretea fluid aroundthe egg

which hardenst.
Male reproductive organ
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GERMARIUNM
OF ZONE OF
;SPE RAMATOSONIA

R
o
m
2
sperm am
] _ Q9 ¢ (o
testis m R
™
h
Vas atferans ul 0
) 7 20NE OF
Z0m
nf’ri;\((r ‘Ci“. MATURATION
-TION DVISON
DVISCN '\
. ZONE OF
' Follicle SPEAMATIDS
seminal vesicle
B
Vas czferens R - SPERMATIDS
ejaculatory duct k g
o3
2% { ‘ ~ GPETM:
:| aedeagus ¥ ' ]

male reproductive system

APICAL CELLT

Termmal
flament

REGION OF
OOOONIA OR
GERMARIUM

IMMA TR _—
OOCYTES

‘-

Ovanate

YTES OF WTELLARAM

~
v

ooy TE "

Calyx

Lateral oviduct
Accessory gland
Comman owiduct

FOLLICULAR
EPThew L iUM

VVALL OF -
COVARIOLY

e $314000 ¥O NOIO3E

*REGION OF GROWTH 0F CO

MATURE
OOCYTES
Vagina

cHoOMmoN

TLHNCA -

Spermatheca  Spermathecsl BRort 3
No

(a) gland
223

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Femalereproductive organ L.S. of an Ovariole

Practical -10To study the characters of orders Orthoptera,
Dictyoptera, Odonata Neuroptera, Isoptera, Thysanoptera andtheir
families

Order- Orthoptera(Ortho - straight; ptera - wing)

Synonyms : Saltatoria SaltatopteraQrthopteroid
Commonnames : Grasshoppers, Locusfatydid, Cricket,Mole cricket

Characters

Distribution : Worldwide
but mainly in tropicBody

Medium to largesized

Mouthparts : Chewingand bitingtype

Eyes : Well developedcompoundeyes;ocelli 2or 3
Antenna > variable filiform in mostof theinsects

Thorax : Largeprothoraxwith shieldin manyof theinsects
Wings : Forewingsare called tegmina (hard and latheryin
texture),Hindwingsaremembranous

Legs : Hind legsis usuallyadopted fojumping (saltatorial)
Cerci : Shortandunsegmented

Ovipositor : Longand welldeveloped

Specializedorgans  : Stridulatory(soundproducing) orgamndauditory
(hearing)organpresemietamorphosis Gradual Paurometabola type

Sub-orders : Caelifera and Ensifera
Family:

Acrididae

(Caelifera)

Characters
Antenna : shorterthan the bodyength

Legs : Hind legs are long and meant for jumping with the
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help of

levatormuscles

Tarsus : threesegmented

Ovipositor : Short and horny

Sound production : Tympanum is located on either side of the 1st abdominal

segment.Sounds produced byfemoro-alary mechanism (a row of peg
likeprojectionsfound on the innerside of each hind femur which arerubbed
against hardradial vein of the tegmen)Examples(Short hornedGrasshopper
andLocustdphankatiddai Hieroglyphus banian

Kharif katiddai H. nigrorepletus

Ghaski tiddi i Chrotogonus sp.

Locusti Schistocerca@regaria

Family:

Tettigonidae

(Ensifera)

Characters

Antenna : Longas longas bodyor larger

Tarsus : Foursegmented

Ovipositor : Sword like

Sound production : Alary type (a thick region on the hind ngar of forewing
(scraper)isubbed against a row of teeth on the stridulatory vein (file)present on
the ventral side ainother forewing which throws theredonant areas on the wing
(mirror) into vibrations to producesound)Examples (Long horned
grasshoppeyr, Katydidsandbushcrickets)

Order-Dictyoptera(Dictyon = network; ptera=wings)

Synonyms : Oothecaria,

Blattiformia Commonnames:

Cockroacheandpreyingmantids

Characters

Body : Mediumto largesized

Head : Hypognathous

Antenna : Filiform or setaceus

Mouthparts : Chewingtype

Thorax : Prothoraxusuallylargerthan meso and methorax
wings : Forewingsthickened,leatherywith a marginal
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costalvein calledegminaHindwings membranous and folded fanlike

Tarsi : 5 segmented

Cerci : Short and mangegmented

Eggs :

Contained in Ootheca

Metamorphosis

Gradual/paurometabola

Suborders : Blattaria(CockroachandMantodegPreyingmantids)
Important Families of Dictyoptera

Characters Blattidae Mantidae
Head Not mobilein all directions Mobile

in all directionsPronotum Shield

like andcover thenead Elongateddo notcoverheadcelli
Degenerated? calledas fenestra Three
Body Flatteneddarkcoclored Elongated
sometimescylindricalegsCursorialrunningtype Forelegsare
raptorial,middleand
hind legsare ambulatori&izzard
Powerfullyarmedwith chitinous

NoChitinous teeth
teeth
Mating behaviour Do not devoumaleduringmating

Often(butnotalwaysyotheca

Chitinous

Not chitinous
Nymphal charcter Not cannibalistic Cannibalistic
Mimicry Absent Mimic leaves andlowers
Habitat Omnivorous Mostly outdoors
Economicmportance Householpdest Predatorn croppest
Examples AmericanCockroach Preyingmantids

Order- Odonata
(Odon =tooth; strong mandibules)
Commonnames : Dragonflies andlamselflies
Characters
T ‘T—:'.‘—TQ— Oveoosax

Body : Long, cylindrical, mediumto largesized,
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attractivelycolouredHead : Globular andconstricted behinhto
a petiolateneck

Antenna : Very short, bristldike, setaceous

Eyes : Compounckyesarelarge.Ocelli- Three

Mouthparts : Adapted for iing, Mandibles are strongly toothed
Lacinia andgalea afesedto form mala which is also toothed

Wings : Membraneous, venation is net work with many cross

veins. Wingshave dark pterostigma towards the costal apex. Sub costa ends
innodus. Winglexing mechanism is absent.

Legs :Basket type arrangement, 3 segmented tarsi, They are
suited forgraspindioldingand conveyinghe preyto themouth.
Abdomen :Abdomenis long and slender,In male gonoporeis

presenton 9"abdominal segment. Butthe functional copulatory organ is
presentorthe 2nd abdominal sternite. Before mating sperms are transferredto
thefunctionalpenis. Femalbavegonoporeon 8th segment.

Metamorphosis : Incomplete with three life stages. The Nymphs (called
naiad) isaquaticLabium is gratly elongated, jointed and bears two hooks
atapex. It iscalledmask.It is useful tocapturethe prey.

Suborders : AnisopteraDragonfly) andZygoptera(damselfly)
Importance : Adults are aerial predators. They are able to catch,
hold and devourthprey in flight. Naiadsare aquatic predators.Dragonflies
anddamselfliesan be collected with an aerial net near streams andponds
especially on aunny day. Naiads cafe collected fromshallow fresh water
ponds andice fields.

Order- Neuroptera (Neuro=nerve;

ptera=wing)

Commonnames : Lacewings,Ant lions, Mantispidflies,Owlflies
Characters

Body : Softbodiedinsects

Antenna - Filiform, with or withoutaterminalclub

Mouthparts : Chewingtypein adults

wings : Wings are equal, membranousvith many cross
veins, held in a roof-likemannerover theabdomen, weak fliers

Larva : Campodeifornwith mandibulesuctorialmouthparts
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Pupa : Exarate Pupationtakesplacein a silkencocoon,Six
out of eightMalpighian tubules are modified as silk glands. They spin
thecocoonghroughanal spinnerets.
Suborders : MegalopteraandPlanipennia
Planipennia : Families
1. Chrysopidae: Body pale green in colour, eyes are
golden yellowincolour, pedicellate/stalked eggs to
avoid cannibalism andpredation, laryaey on soft
bodiedinsects especially on aphids,exhibits
camouflage wittdebris, biocontrol agents, mass
multipliedeasily for pest control in fielde.g.Green
lacewings, Goldeneyes,Stinkfliesphid lions)
2. Mantispidae: Resemblgreyingmantidsarvae
predaceou®.g.Manispidflies).
3. Myrmeleontidae: Resemblalamselfly(Ant lions)
4. Ascalaphidae:resembladragonfly(Owilflies)
Order- Isoptera (Iso=equal; ptera=wing)

Synonyms : Termitina
/ termitida/ SocialidCommon
names : Termites,

White antCharacters

Body : Minuteto largesized andsoft

Head : Prognathusgharacteristidepressioi Font anel | ao
is presenbnthedorsunof head

Mouthparts : Biting andchewingtype

Eyes : Compoundeyespresentin the wingedform;

in apterousorm itmay ormaynot be present; OcelliD2

Antenna : Shortandmoniliform

wings . Identical in size, form and venation, two pairs,

membranous andsertriansparentWings are extendedbeyondabdomenand
flexedoverabdomerwhenat rest.

Abdomen : Broadly joined to the thorax

without constrictioCerad : Short

Genitalorgans . Externallylackingin bothsexes
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Specialities : They are ancient polymorphisocial
insectsliving in colonie€ExamplesTermites Odontotermusobesus
EutermusheimiMicrotermesanandi

Castesystemis existingin isopteran.

Termite castes

1. Reproductives 2. Non-reproductives (sterile)

King Workers (dominatethe colony, usuallplind andapterous)
Queen Soldiers (a) mandibulatgb) Nasute(defendthe colony)
Order: Thysanoptera (Thysanofringe;

ptera- wing)

Synonyms : Physopoda

Commonnames : Thrips

Characters

Body : Minute, slender soft bodied insects

Mouthparts : Raspingandsuckingtype, Mouth coneis formedby

the labrum andlabium together with basal segments of maxilla. There are
threestyletsderived from 2 maxillae and flemandibles.Right mandibleis
absent Hencemouth parts are asymmetrical.

Antenna : Moniliform
Eyes : Compounceyeswell developedpcelli presenin alateform
Wings . Either present or absent, when present very narrow

and fringedwith hairs which increas the surface area, weak fliers and
passiveflight inwind is common

Legs : Ambulatorial, Tarsus is with one or two segments, At
the apex ofeactarsusa protrusiblevesicleis present.

Abdomen : 11 segmented, pointed. An appendicular ovipositor
may be presntorabsent

Cerci : absent

Metamophosis : Paurometabola/gradual, Nymphal stage is followed

by prepupaland pupstigesvhich areanalogous téhe pupaefendopterygote
insects.

Suborders . Terebrantia (Important family ighripidae) and
tubulifera(ovipogor absentfubular abdomen)ing venation is absent)
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EconomiclmportanceMostof thethripsspeciedelongto thefamily Thripidae
and arephytophagousThey suck the plant sap. Some are vectors of
plantdiseasesew arepredators.
Examples Ricethrips, StenchaetothripsbiformasidOnionthrips, Thripstabaci
Practical -11To study of charactersof order Hemiptera and its
familiesOrder T Hemiptera
(Hemi - half; ptera i wings)
Synonyms

: Rhynchota
Common
names

: True bugs
Characters

Body : Minuteto largesized

Head : Opisthognathous

Mouthparts . Piercing and sucking type, 2 pairs of bristle like
stylets which are theodified mandibles and maxilla are present. Stylets rest in
thegroovedabiumor rostrum

Antenna : Mostlywith 4 or 5segments

Thorax : Mesothoraxis represented dorsalby scutellum.

Wings . Forewings are mostly hemelytra basally
coriaceous andlistallymembranous

Cerci : Always absent

Metamorphosis : Usuallygradual, rarelgomplete

AlimentarycanalModified into filter chamberto regulatdiquid food

Suborders . Heteroptera(Hetero -different; ptera- wing)

andHomopterg Homo -uniform; ptera- wing )

Characters Heteroptera Homoptera

Forewings heavilysclerotized at the base, hemelytraUniforneiytured

Wingsat rest Heldflat overtheabdomen held roof likeover theback
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Head porrector
horizontal deflexedBasef forelegs do not
touch theheadtouch theead
Habitat Both terrestrialand aquatic Only
terrestrial(HerbivorousjHerbivorous predaceous dsloodsucking)
Glands Odoriferousor scentglandsWax glandasuallypresent
present
Honeydewsecretion uncommon Common
Scutellum well developed Not well developed

(Triangularplatefound

Betweentheving bases)

Antenna Relativelylong Short

Ocelli DorsalocelliO or 2 20r3
Families of Hetroptera sub-order
Family: Coreidae(Squashbugs/ Leaf footed bugs)
Members with many branching veins arising from a transverse basal vein. Stink
glandsare foundnside the metathorax and glands opening are found on the
sidesof the thoraxbetweenddie andhind coxae. They emits disagreeable / foul
pungent odour. Hind tibiaand tarsi are expandedeaftike. Nymphs anédult
suckthe sap from theanicles orpodsf pulses.
e.g.Rice gundhbug LeptocorisaacutaPodbug Riptortuspedestris
Family: Pyrrhocoridae (Red bug or Stainer)
They are elongate oval bugs. They show warning colouration. They are brightly
markedwith redand black. Feedinginjury causedby thesebugsleadsto the
contamination by thefungus Nematosporaresulting in yellowish brown
discolouration othe lint.
e.g.Red cottorbug Dysdercuscingulatus
Family: Reduviidae (Assassinbugsor Kissing bugs)
Predaceous insects, Head is narrow elongated and beak like. The portion behind
thecompounceyesis narrow andresemblesa beak.The rogrum is shortand
three segmentedantennafisform. Abdomenis broad in the middle. The
lateral margins of the abdomenareexposdokeyondthe marginof thewings.
e.g.Rhynocorismarginatugpredatoron beesandothepests.
Families of Homoptera sub-order
Family: Jassidaeor Cicadellidae (Leaf hoppersand Jassids)
Insects have wedge shaped body with attractive colour. Hind tibiae have a
double rowof spine®vipositor is modified for lacerating plant tissue. Nymphs
and adults have thehabits of runnsidewise. They suck the plant sap and also
transmit the viral disease.e.g. Green leaf hopper
Nephotettixvirescent@nsmitsthe Ricetungro virus disease.
Family: Delphacidae(Plant hoppers)
Large mobile flattened spur is present at the apex of hind tilwaustes hopper
burn,transmitwiral diseaseén rice. e.gBrownplant hopperNilaparvatalugens
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Family: Lophopidae (Aeroplane bugs)

Head is produced into snout. Hind trochanter is directed backward. Hind
basitarsus ismoderatdiyng. Both nymph and adultsk the sap and reduce the
guality and quantity ofcane juice. e®ugarcanéeaf hopper Pyrillapurpusilla

Family: Aleyrodidae (Whiteflies)

Minute insects, which superficially resemble like tiny moths. Wings are opaque
anddusted withmealy white powder wa Wing venation is much reduced.
Vasiform orifice ispresent in the lastbdominal tergite. It is conspicuous
opening provided with an operculum.Beneath the operdhleira is a tongue

like organ termed ligula. The anus opens at thebase of the ligulegkhwhich

the honey dew is excreted in large amount. Immatureinstars are sessile, scale
like, with wax covering. Metamorphosis approaches theholometabolous type
due to the presence of a quiescstatgeprior to the emergencefadults. It
transmitsvein clearing/mosaiaisease ilBhendi (Okra).
e.g.Cottonwhitefly-Bemisiatabaci

Family: Aphididae (Aphids or Plant Lice)

Body is pear shaped. Both apterous and alate forms are found. A pair of
cornicles orsiphonculi @rax tube or honey tube is present in thesdm of 5th

or 6th abdominalsegments which secretesx like substance.The chief
constituentsare being Myristic acid,sugarsand water. Theyexcrete copious
amount of honey dew on which ants feed and sootymould fungus grows. Aphids
are knowrfor their extaordinary fecundityshortlife cycleandparthenogenitic
reproduction. Life cycle is highly complex and it involves alteration
ofgeneration. They feed on plant sap disseminatglant diseases. e.g. Cotton
aphidi Aphisgossypii

Family: Kerridae or Lacciferidae (Lac Insect)

Females are highly degenerate without legs, wings and antennae. The body is
irregularglobular.Body is enclosed in a thick resinous cell. Dermal glands
secretion of this insectprovides the sti@&. e.g.Lacinsecti Lacciferlacca

Family: Pseudococcida¢Mealy bug)

Body is elongate, oval in shape. Body segmentation is distinct. Body is covered
by longradiatingthread of mealy secretion. Functional legs are present in all
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instars. Wings areabsent. Nymph addltssuckthe sapandaffectthe growth

of spindleleaf. e.g.CoconutmealyugPseudococcuslongispinus

Family: Cicadidae(Cicadas)

Males have sound producing organs at the base of the abdomen. Sound
producingorgans consistisa pair of large plates,the operculacoveringthe

cavity containingstructureproducingsound.

In the anterior part of the cavity beneath each operculum is ayellowish
membrane. A shiningnirror is located in the posterior part of the cavity. In
thelateral wall of the cavity is an ovalaped ribbed structirthe tymbal. These

are vibratedby strong muscles to produce sound. Epehies has a
characteristics song. Tympanum ispresent in both the sexes. Wings are
transparentEggs are inserted into the tree twigs by thefemale. Nymphs drop to
the ground, entehe soil andeed on root sap. Anterior femurs ofthe nymph are
thickened with spines beneath and are suiedliggingthe soil.Life cycleof
periodical cicaddasts forl3- 17 years.

Practical- 12To study of charactersof order Lepidoptera and its
familieOrder: Lepidoptera
(Lepido- scale;ptera- wings)

Synonyms : Glossata
Commonnames : Butterflies,mothsandskippers
Characters

Body : Body, wings and appendages are densely clothed with
overlappingscaleshich give colour, rigidity and strength.They insulatethe
bodyandsmootherair flow over thebody.

Mouthparts : Mouthparts in adults are of siphoning type.
Mandiblesare absent.Thegaleaeof maxillae are greatly elongatedand are
heldtogethelbyinterlocking hooks and spines. The suctorial proisas coiled
up likeawvatchspringand kept beneath theead when nah use.

wings : Wings are membranousand are covered with
overlappingoigmentedscalesForewingsarelargerthanhind wings.Wingsare
coupledbyeitherfrenate oramplexiformtype of wing coupling.

Larvae : Larvae argolypod-eruciform type. Mouthparts are
adapted forchewingith strong mandibles.Thereare three pairs of five
segmented thoraciclegs ending in claws.Two to five pairs of fleshy
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unsegmentegbrolegs are found in theabdomenAt the bottomof the proleg,

crochetsarepresent.

Pupae : Pupa is generallgbtect. It is either naked or enclosed
in a cocoonmadeut of soil, frass, silk or larval hairs.

Suborders : Ditrysia and Monotrysia

Most of the lepidoptern inseqt@7 %) are gouped under theuborder Ditrysia
in whichthefemalansectshavetwo poresi.e., the copulatory pore is located
in the 8th abdominalsternite and the egg pore in 8tle abdominal sternite.
Remaining insects are groupadderthesuborder Monotrysia in which the
female insects havanepore.
Butterfly Family

3. Papilionidae (Swallotail Butterfly)
They are often large and brightly coloured (Fig. on cover page). Prothoracic legs
havetibial epiphysis. In many species hind wings has tail like prolongation.
Amplexiform type ofwingcoupling is present. Larval body is either smooth or
with tubercles. RetractileOsmeteria aresenbn theprothoracidergum ofthe
caterpillar.e.g. Citrus butterflypapiliodemoleus

4. Pieridae (Whites and sulphurs)
They are white or yellowor orange coloured with black markings. Larva is
green,elongate andovered with fine hairs. Larval body segmentshave
annuletse.g.Cabbagewhitdutterfly Pierisbrassicae
Moth Family

7. Arctidae (Tiger moth)
Wings are conspicuously spotted or banded. Hneyocturnal and attracted to
light.Larva iseithersparselyhairy or denselyhairy (wooly bear).e.g. Spotted
boll worm, Eariasvitellg Sunhemgaterpillar,Utetheisapulchella

8. Bombycidae(Silk worm moths)
Antennais bipectinate.Larva is either with tuft of hairs or glabrouswith
medio dorsalhornon8th abdominalsegmentPupationoccursin densesilken
cocoon.e.g.Mulberry silkworm, Bombyxmori

9. Gelichidae (Paddy moths)
Forewings trapezoidal and narrower than hind wing. Caterpillars bore into the
seedsthers andeaves.e.g. Cottonpink boll worm, Pectinophorajossypiella,
Angumous grainmoth, Sitotrogacerealella Potato  tuber moth,
Pthoremeaoperculella

10. Noctuidae(Noctua moths)
They are medium sized, stoutly built moths. They are nocturnal and attracted to
lights.Labialpalpi is well developed. All crochets on the larval prolegs are of
same size andarranged in saincle. Some larvae are semiloopers. They have
either 3 or 4 pairs ofprolegs. Larvae attack plents during night. Larvae of
some species renmeconcealedbeneath tlsairface of the grounar litter during
day and feed on plants during night. Theyoften cut small seedlings close to the
ground and hencdhey are called cut worms. e.g.Tobacc@ut worm,
Spodopteralitura
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11. Pyraustidae/Pyralidae
Proboses is vestigial in many species. Labial palp is snout like. Larval habit
varies. Itmay liveamong aquatic plants and bore into the stem or remain in
silken web among spunup plants pa@me larvae are aquatic andaill
breathinge.g. Ricestemborer,Scrpophagaincertullus

12. Saturniidae (Moon moth, giant silk worm moth)
They are large sized moths. Antenna is bipectinate. Transparent eye spots are
presentnear theentre of each wing. The spots are either circular or crescent
shaped. Larva is stoutand smoetith scoli. Cocoonis denseand firm.e.g.
Tusor silkworm, Anthereapaphiavhichyieldssilk.

Practical- 13To study the characters of order Coleoptera and its
familiesOrder: Coleoptera
(Coleo-Sheath;petra- wing)

Synonyms : Elytroptera
Commonnames : Beetlkes,Weevils
Characters

H y . 4——— Antennae

g ¢ -..‘ : .»“‘ — Leg

d b - <«—— Hard outer wings

T e e S ) (elytra)

8

r

R

A

b

d

0

rg{ Underwings

n
Body : Minute to largesizedinsects
Antenna : 11 segmented
Mouthparts : Chewing and biting type, Mandiblesare shortwith blunt
teeth

atthemesalfacein phytophagougyroup, In predatorshe mandiblesare long,
sharply pointed wit blade like inner ridge. Ipollenfeeders teeth are absent and
the mandibles are covered witiffhairs.

Thorax : Prothorax is large, distinct and mobile.
Mesothorax and metathoraxarefused with the first abdominal segment.
Forewingsareheavilysclerotied,veinless, hardeneghdcalledelytra.

Wings : Forewings are heavily sclerotised, veinless
and hardened. Thegrecalled elytra. Forewings do not overlap and meet mid
dorsallytoform a middorsal line. It is not used for flight. They serve gmaof
convex shields to cover the hind wings and delicate tergii@sdomenHind
wings aremembranousvith few veinsandareusefuin flight. At resttheyare
folded transverselyand keptbeneattthe elytra. In someweevils and ground
beetlegheforewingsarefusedand hind wingsreatrophied.
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Abdomen : Cerciand adistinctovipositor areabsent.
Development : Metamorphosiss complete. Larvaare often called grubs.
Pupae
areusuallyexarateand rarelyfoundin cocoons.
Importance . It is the largestorder. It includespredatorsscavengerand
many
croppests. Thewlso damagstored products.
Suborders : Adephaga (predators/ devourers) and Polyphaga
(eaters of
manythings).
Families of predators :Cicindelidae (Tiger beetle), Carabidae (Ground
beetle),
Dytiscidae(True water beetle), Gyrinidae
(whirligig beetle),
CoccinellidagLadybird beetle),LampyridaéFirefly, glow worm)
Families of scavengers :Scarabaeidae (Scarabs, dung beetle),

Hydrophilidae

(waterscavengdreetle)
Families of stored product pests:
Anobiidae(Woodworm/woodborer)e.g.Cigrettebeetle
LasiodermaserricornBostrychidae (Grain borer) e.g. Lesser
grain borerRhizoperthadominic&amilies of crop pests:

6. Apionidae e.g.Sweetpotatoweevil, Cylasformicariusa pestbothin

thefield andinstarage.Heads producednto snout. Antennaare not

elbowed. Grubsre apodous.

7. Cerambycidae(Longicorn beetles/l.onghorn beetles)
e.g.Mangostemborer,Batocerarufomaculata

8. Curculionidae (Weevils/snoutbeetles)
Minuteto largesizedinsects Fronsandvertex of the headproducednto snout,
whichiscylindrical and in some species larger than the beetle itself. Mouthparts
(mandible andmaxillaare present at the tip of the snout, It is useful to feed on
internal tissues of the plantand providelace for egg laying. Antennais
geniculateandusuallyfoundin the middle ofthe snout.Grubsareapodousand
acephalousWeevilsareimportantcroppestsduringbothinfield andin storage.
e.g.Coconutred palmweevil, Rhynchophorusferrugineus

9. Galerucidae/ Chrysomelidae(Pumpkin beetle)
Antenna are closely approximated. Third tarsomere is deeply bilobed. Larvae
are rootfeeders.Adults bite holes on plants.Red pumpkin beetles,
Raphidopalpafoevicollis

10. Melolonthidae (Chaffer beetle,June beetle,White grub)
They arestout beetles with glossy surface. Head is small. Labrum is well
sclerotized.Adults arattracted to lights. They feed on tree foliage during night
and hide in soil duringday time. Larvaee scarabaeiformndrootfeeders. e.g.
Groundnutwhite grub, Holotrichiaconsanguineaa seriouspest under rainfed
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conditions.
Families of Predators:
2. Coccinellidae(Lady bird beetle)

They are hemispherical insects. The body is convex above and flat below. The
bodyappearanceesembledike a split pea,headis small, turned down ward
and receivedinto aprominentnotchof prothorax.Elytra is strongly convex,
brightly colouredandvariouslyspottedGrubsarecampodeiform and spiny. The
last larval skin either covers the pupa andgets attached to iterahaExcept
the gemis Epilachna others are predators on aphids,scales, mites and whiteflies.
e.g.Coccinellaseptupunctat&occinellavigintioctopunctata
Practical- 14To study the characters of order Hymenoptera and Diptera
and their familiesOrder: Hymenoptera

(Hymen- membrane; ptera- wings), (Marriage on wings)
Commonnames : Sawflies,ants,beesandwasps
Characters

Mouthparts . Primarily adapted for chewing, Mandibles are very
well

developed.In bees both labium and maxillae are integrated tatietappingtongue

Thorax : Modified for efficient flight. Pronotum is collar like.

Mesothoraxisenlarged. Metathorax is small. Both prothorax and metathamefusedwith
mesothorax.

Wings :Stiff andmembranous-orewingsarelargerthanhindwings.
Wingvenationis reduced. Both forwings and hindwings are coupled by arow of hooklets
(hamuli) present on the leading edgithehindwing.

Abdomen :Basally constricted, The first abdominal segment is
calledpropodeum. It is fused with metathorax. The first pairaiddominalspaclesis located
in the propodeum.The secondsegments knownaspedicel which connectsthe thoraxand
abdomenAbdomenbeyondhe pedicelis calledgasteror metasoma

Ovipositor :Always presentin females. It is variously modified for
oviposition
orstingng or sawingor piercingplant tissue.
Metamorphosis : Complete
Larva :Often the grub is apodousand eucephalous.
Larvais rarelyeruciform.
Pupa : Exarate and frequently enclosed in a silken
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cocoon secreted frdabial glands

Sex determination : Fertilizedeggsdevelopinto femalesandmalesareproduced
from

unfertilizedeggs.

Importance Productive

andbeneficialinsectSub

orders. Symphytaand

Apocrita

Suborder Symphyta- Abdomenis broadlyjoined with thorax, stemmata
present,ovipositorisaw likeand suited for piercing plant tissues, habits are
phytophagous ,e.g. sawflies andhornt&#snily: Tenthrinidae (Sawflies)

They are wasp like insects. Abdomen is broadly joined to the thorax. Ovipositor
is sawtoothedand suited for slicing the plant tissulLarva is eruciform. It
resembles a lepidopterncaterpillar.hias 1 pair od ocelli, papillae (reduced
antanna), 3 pairs of thoracic legs af8irs of abdominé&tgs.Prolegs lack
chrochets. They are external feeder on the foliage.Larvae while feesliatiyu

have posterior part of the body coiled over the edge of the leaf.(Mustard Sawfly,
Athlia lugensproximais a defoliator omustardand cruciferousegetables.
Suborder Apocritai Abdomen is petiolated, Stemmata are absent, Legs are
absent,ovipositors not sawlike and Suited fomiercingor stinging,theyare
generallyparasitic.

Family:Apidae (Honey bee)

Body is covered with branching or plumose hairs. Mouth parts are chewing
andlapping typeMandibles are suited for crushing and shaping wax fodimg!
combs. Legsare specialized fpollen collection. Scopa (pollen basket) is
present on hind tibia. They aresocial insects withs3es viz. Queen, drone and
workers.Division oflabour is noticedamong honey bees. Intlianey bee,
Apisindica

Formicidae (Ants)

They are common widespread insects. Antennae are geniculate. Mandibles are
welldevelopedWings are present only in sexually mature forms.Petiole may
have 1 or 2 spines.They are soalectswith 3 castesviz. Queen,malesand
workers. Workers are the sterilefemalesand theyform the bulk of the colony.
Exchange of food materials between adultsand immature insemsnision.

After amatingflight queeralonefinds asuitablenestingsite.Many speciésve
associatedymbioticrelationship with homageran insects.

Braconidae (Braconid wasp)

They are small, stout bodied insects. Fore wing has one recurrent vein. Petiole
is neithercurvednor expanded at the apex. Gaster is sessile or subsessile.
Abdomen is as long as headand thot@gether. They pardsie lepidoptern
larvae commonly. They are gregariousparasites. In mapgcies,
Polyembryony is observed. Bracon brevicornis is mass multipliedand released
for thecontrolof black headedoconut caterpillar.
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Order- Diptera (Di-two;ptera-wings)
Commonnames - Trueflies,Mosquitoes,midges,gnats
Characters

Body : Small tomedium sizedsoftbodied insects

Antenna : Oftenhemisphericaindattached tahethoraxby aslender
neck

Mouthparts : Suckingtype

Thorax :Fusedtogether.The thoracic massis largely

madeup ofmesothorax.

Wings . Single pair of wings. Forewingsare larger,

membranougndusedfor flight. Hind wings are highly reduced, knobbed at the
endandarecalledhalteres

Metamorphosis : Complete

Larvae : Larvae of more common forms are knoas
maggots. Thewreapodousandacephalous

Pupa : Pupais generallywith free appendagesften
enclosedn thehardenedast larval skin calledpuparium. Pupabelongsto
thecoarctatéype.

Suborders : Nematocera (Thread-horn), Brachycera (Short-horn)
andCyclorrhapha(Circular -crack)

Families of agricultural Importance:

Syrphidae (Horseflies, Flower flies)

They are brightly coloured and brilliantly stripped. A vein like thickening is
present inbetweetheradiusandmedianin theforewing. Abdomenhasdistinct
blackand yellowmarkings.Maggots prey on soft bodied insectsespecially
aphids. Adults are excellent fliers.They hovemver flowers. Theyfeed on
pollen and nectar. Thegid in pollination.

Tephritidae (Fruit flies)

Sub costa bends apically and fadmut. Wings are spotted or banded. Female
has asharp angrojecting ovipositor. Maggots can hop. They are highly
destructive to fruits andvegetabl€icurbitfruit fly, Dacuscucurbitae
Tachinidae (Tachinid flies)
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Aristais completelybare.Abdomenis stout with severalnoticeable
bristles.Theyarenonspecifiendoparasiten thelarvaeandpupaeof
OrthopteraHemipteral epidopteraandColeoptera.

Practical- 15To study the Insecticidesand their formulations.
Insecticideformulations

After aninsecticdeis manufacturedn arelatively pureform (technicalgrade),
it mustbéormulated before it can be applied. Formulation is the processing of
the technical gradebyarious methods which is done to make the product safer,
more effective and moreconvenidotuse. Formulation is the final physical
condition in which the insecticide is soldcommercially. farmulation, there
are one or more chemicals (formulants) which are theactive ingredients (a.i.)
and other ingredients which have no pesticide actioertingredients). There
are mainly thre¢ypesof pesticide formulations (liquid, solid and gas).
A singlepesticide mapesoldin morethanoneformulation.Formulation
typedepend®onseverafactors:
1 toxicologyof the activangredient,
1 chemistryof the activeingredient,
1 howeffectivethe productis againsthe pest,
1 theeffectof theproductonthe environmengplant,animal orsurfaceetc.),
1 howtheproductwill beappliedandthe equipmenneededhe applicationate.
Characteristics of an Appropria te Insecticides Formulation
1 Highly toxic to target insects.
Not repellentor irritant to targetinsects
Longlasting
Safeto humans andomesticanimals
Stableduringstorageandtransportation
1 Costeffective
TYPE OF FORMULATIONS
Emulsifiable Concentrates(EC)
1 It consistof atechnicalgradematerial,organicsolventanda emulsifier.
1 Emulsifiermakesthe waterinsolubletoxicantto watersoluble
1 When an emulsifiable concentrate is added to water and agitated (i.e.,
stirredvigorously)the emulsifier causethe oil to disperse uniformly
throughout the carrier(i.e., watgsjoducingan opaqueiquid (oil in
Watersuspension).
1 Afew formulations are Water in oil suspension. These are opaque and
thick, employedabkerbicideformulations, because thegsult inlittle
drift.
1 Theseareeasyto transporiandstore,andrequirelittle agitationin the
tank. However,care must be exercised in handlingthe toxic
concentrates.

= =4 —a -1
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1 Shelflife approximately3 years

1 Morethan75%of all insecticides formulationareappliedassprays.

1 Examples Quinalpho25EC,DimethoateB0EC,Chlorpyriphos20EC.
Dusts(D)

1 Simplestof all formulationsandthe easiesto apply.

1 The technicalmaterial (active ingredient)is mixed with an inert

diluents carrier suchasclay,organic flour, pulvesed minerals.

1 Inaformulateddust, thefollowing two types ofmixtures areusuallyfound:
Undiluted toxic agent e.g., sulfur dust used for control of mites and powdery
mildew andloxic a.i. plus an inert diluent. This is the most commondust
formulationsold as 2%,5%, or 10% a.i dust.

1 Concentration oflustformulationrangedoetweerD.1%to 25%

1 Particlesizeof dustparticlesl-40 ¢ passhrough325meshsieve.

1 Leasteffectiveandcauseawvind drift leadingto poordepositonsurface.

It has beencalculatedhat not more than 105% of the applied
material is retained on trsairface.

1 Highly toxic to beneficial insects.

1 Example: Carbryl5 D, Malathion5D.

Granules (G)

1 The chemicalis in the form of small granulesof inert material,
either as a coatingonthesurfaceof theinert granules, oasan
impregnated toxicanh the granules.

1 Consistof smallpelletsof the activeingredientssprayedon to clay
andallowingsolvent® evaporate

1 Size:0.257 0.38 mm (20-80 meshor 30-60 meshi.e (i.e., the
numberof grits(granules)peimch of the sievéhrough which they
haveto pass).)

1 Theamountof activeingredientvariesfrom 2-10 percent.

1 Used mainly as systemicinsecticidesand can be applied on to
the soil, or may beplacedinthewhorl of leaves dependingn the
natureof pestcontrol required.

1 Granularinsecticidesmay be more economicsinceprecise
applicationsare possiblewitithem.

1 Much saferto applythandustsandaregenerallylessharmfulto
beneficialinsectssuchabees.

1 Example: CarbofurarBG, Phorat 10G, Cratap!tG.

Wettable Powders(WP)

1 Concentrated dustontaininga inertdiluents(50-75% talc or clay)
andawettingagenttdacilitate mixing the powder with water before
spraying.

1 Muchmoreconcentratedhan dusts, containinth t095 percentactive ingredient.

91 Do not dissolvewashersand rubberhoses;donot damage
materialssensitivetoorganicsolvents
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1 Leaveeffectiveresiduesn cracksandcrevicesandarenot phytotoxic.

1 Requirefrequentagitationandcause corrosioof valves,nozzlesandpumps
andsprayers

91 Should never basedwithout dilution.

1 Theseareeasyto carry, store,measureandmix. However,care
mustbe takentoprotecagainstinhalation during handling.

1 Example:Carbaryl50WP,Sulfur 80WP,Bacillusthurnigiensisvar. kurstaki 5WP.

Soluble Powders(SPor WSP)

1 Containa finely groundwatersolublesolid which dissolvesreadily
uponthe additionofvaterforming true solution.

1 Do notrequireconstantgitationandformsno precipitate.

1 The amountof active ingredientin soluble powderrangesfrom
15-95% by weight; itisusuallynot morethan 50%.

1 Solublepowderhaveall the advantagesf wettablepowdersexcept
the inhalationhazarduringmixing.

1 Example:Cartaphydrochloride50SP Acephate/5SP.

Water Dispersible Granules (WDG)

1 Water disprsible granules, or dry flowablesasrelatively new type
of formulationandbeingdevelopedas saferand more commercially
attractive alternatives to wettablepowders and suspension
concentrates formulations.

1 They are becoming more popular becauseof conwenience in
packagingand use, nondusty,fredlowing granules which should
disperse quickly when added to watethiespraytank.

1 Theythereforerepresentitechnologicaimprovementboverwettable
powdersThedispersiotimein wateris averyimportantpropertyand
to ensurethat no problemsshould occuturing mixing in the spray
tank.

1 It is necessaryor all the granuleso dispersecompletelywithin two
minutesin varyingdegreesf watertemperatur@and hardness.

1 Example:Endosulfanr60 WG, Cypermethrird0 WG, Thiamethaxam
25WG,Deltamethrin 25 WG.

SuspensionConcentrates(SC)

1 Pesticideparticlesmaybesuspendedn an oil phasebut it is
much more usuaforsuspensioroncentrates to bdispersed in
water.

1 A stablesuspensiomnf solid pesticide(s)n afluid usuallyintended
for dilution withwatebeforeuse.ldeally, thesuspensioshould be
stable (i.enot settle out).

1 Theactiveingredient rangbetweerD.1-60%.

1 A.l. mustbe waterinsolublewith friable crystals,Easyto tankmix (very
compatible)-
A.l. tends tosettleout overtime.
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1 Farmerggenerallyprefersuspensiomoncentrateso wettable
powdersbecausegheyarenondustyand easyo measure and pour
into the sprayank.

1 Example:Fipronil 5 SC Sulphur 52 SC.

Microencapsulation/CapsuleSuspensiongCS)

1 The polymer membrane, or microencapsulation technique, has
become popular inrecepears.

1 These are particles of pesticide, either solid or liquid encapsulated by
polymericcoatingsMicrocapsule solids are suspended in water as a
concentrate and dilutedoduct (1:100 td.:1000)is applied in spray
solution to soibr foliar canopy.

1 The rate of releaseof the active ingredientcan be controlled by
adjustingthemicrocapsule/droplet size, the thickness of the polymer
membrane and the degreferosslinking or porosityof the polymer.

1 Example:LambdaCyhalothrin10 CS,LambdaCyhalothrin25 CSetc

O/W Emulsions(EW)

1 Oil-in-water emulsions are now receiving considerableattention
reducedor eliminatedvolatileorganiccompounds (VOCsjor safer
handling.

1 They are water based,oil-in-water emulsionscan have significant
advantagesveremulsifiable concentrates in terms of cost and safety
in manufacture, transportati@amduse.

1 The active ingredient must havevery low water solubility to avoid
crystallizationissues

1 Example:Butachlor50 EW, Cyfluthrin5 EW, Tricontanol0.1 EWetc
Flowable SuspensionFS)

1 Flowablesuspensionareconcentrated0%to 70%w/w suspensions
of micronizedinsolublectivepesticide in water.

1 FSsmustbe formulatedfor low viscosity andyoad fluidity, so that
transferto the spraytankis easy and complete. This requiresan
effective wetting agentand an efficientdispersing agent to ensure
adequate dispersion of the pesticide in the water. 8iseetive
ingredients in FSs arasoluble, god suspension stabilitg essential.

1 If the suspensiorsettlesand leavessedimentat the bottom of the
container,theapplicationof the pesticidemay be too weak tobe
effective.

1 A combinationof smectiteclay (bentonite)and xanthangum works
synergistially toprovideexcellent longterm suspension stabilitgt
low viscosityandat low cost.

1 Example:Thiram40FS, Thiamethoxan80 FS, Tebuconazol®.36FS

Microemulsions (ME)

1 Microemulsionsare thermodynamicallystabletransparent

dispersionsf twoimmiscildeliquids and arestable over avide
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temperaturgange.

1 Involves the incorporationof the insecticidein a permeable
covering, microcapsulesrsmallspheres with diameter rangifrom
1-50¢ .

1 The total concentrationof surfactantsfor a microemulsioncan be
as high as 10i 30%ormore,compared with about 5% fartypical
o/w emulsion.

1 The insecticidesescapethrough the small spherewall at a slow
rate over anextendedperiodf time.

1 Microemukionshaverelativelylow activeingredientconcentrations,
but the highsurfactantcontent and solubilisation of the active
ingredientmay give riseto enhancedbiologicalctivity.

1 Example:NeemazaB0O MEC,PyrithiobacNa5.4 + QuizalofopP-Ethyl 10.6ME.

Oil DispersionFormulations

1 One of the latest formulation types is oil dispersions (ODs). This
technology allows veryefficient and environmentally friendly
agrochemical formulations.

1 In ODsthesolid activeingredients dispersedn theoil phasemaking
it especiallysuitablefor watersensitive or nonsoluble active
ingredients.

1 The oitphase can comprise different oils such as mineral oils,
vegetable oils or estecdvegetableils.

1 Special attention is needed with the auxiliaries in ODs: suitable oll
compatibledispersinggents and emulsifiers adjusted to the type of oll
which forms a stableemulsion afaitution with water.

ZW Formulation of CS& EW

1 A mixed formulation of CS and EW is a stable suspension of
microcapsules of thectiveingredientand fine droplets of active
ingredient(s)n fluid, normally intendedordilution with waterbefore
use.

1 In the caseof microcapsulesthe active ingredientis presentinside
discreteinert,polymericmicrocapsules.

1 The formulation is intended for dilution intoater prior to spray
application. Mixturesof active ingredients one of which is
encapsulated are used to provide a broaderspectrpasbtontrol.

1 Formulatingthe active ingredientstogethereliminatesthe needfor
tank mixing (whichcanlead to incompatiltities).

1 Example:LambdaCyhalothrin25.0CS+ Chloropyriphos10.0EW

Flowable Powder (FP)

1 Thetechnicalmaterialis wetmilled with a clay diluentandwaterwith
a suspendingagent, a thickener and anti freeze compound forming a
thick creamy puddingikemixturewhich mixeswell with water.

1 Needsconstantagitationto preventthe insecticidefrom comingout

244

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

of suspensiomndsettling.
Oil solutions

1 Formulatedby dissolvingthe insecticidesn an organicsolventsfor
directusein insectcontrol

1 Rarelyusedon crops as thegause severaurning of foliage.

1 Effective on livestock, as weeds sprays along roadsides, in standing
pool s f oramaexanuol, and foggingmachines foadult
mosquito control.

Aerosols

T Mostcommonof all formulationsfor homeuse

1 Consistof toxicant(2%), solvent(10%),knockdownagent(2%) andpropellant
(86%).

1 Theactiveingredientssolublein volatile petroleumoil is keptunder
pressurgrovidedbyropellantgas

1 Whensolventis atomized,it evaporatesjuickly leavingbehind
small dropletsoftheinsecticidesuspended in air

1 Thetoxicant issuspended as minuparticle (0.1- 50 w/w)in air as a fogr mist.

1 Usedfor the knockdownand control of flying insectsand
cockroachesbhut theyprovidenoresidual effect.

9 Caution must be taken when usedas they producedropletswell
below 10 ¢ readilyabsorbedy alveolartissues in théungs.

Ultra low volume concentrates(ULV)

1 Technicalingredientis dissolvedin minimum amountof solvent0.6
litre to 5.0litre/hairnvery small droplets of 4L 5 € .

1 Smalldropletscanbetterpenetratehick vegdationandotherbarriers

1 Usedfor insectcontrol in large areaswherehigh volume of water
constitutesatechnicaldifficulty.

Fumigants

1 Gaseorlow volatile liquids of low molecular weightvhich readily
penetrate thematertalbe protected

1 Usedfor thecontrolof insectdan storedproducts, forsoil sterilization.

1 Mostof thefumigantsareliquid and aremixtures oftwo ormore gases.

Foggingconcentrates
9 Usedin controlof adultflies andmosquitoes fopublic health.
1 Foggingmachines generatiropletsof 1-1 0 ¢ .
Smokegenerators

1 Theyareusedin the form of coil like stripscontainingpyrethrum,
oxidantandwooddustor the control of mosquitoe$Vhen ignited,
these coils releas@apours.

Impregnating materials

1 Usedin thetreatmenibf woollensfor moth proofingandtimbers

againstwooddestroyingrganisms.
Poisonbait
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1 Containslow level of toxicantincorporatedin to material such

as food stuffssugars,molassexc. thatareattractiveto target pest.
LABEL INFORMATION
Every pesticide container has a leel affixed on it with a leaflet. The label
givesinformation ofthe pesticide in the container. The leaflet contains
information on directionsto use warningksposal and storage. Both the lable
and leaflet are statutorily requiredunder the Insecticidel®68.Thefollowing
information must be furnished on the label.

1 Nameof the pesticide(Brand name, Trade name,Commonname),
NameofthemanufactureandaddressRegistratiomumber Kind and
nameof activeingredientandheir percentagelypesof formulation,
Netcontentby weight, Batctnumber(assigneoly manufacturer)Date
of manufacture, Expirgate Antidote statement

1 Warmingsymbolsandsignal(warmingsymbolis of diamondshaped
consistingoftwotriangles with acolour in thelower triangleand a
signalin the uppetriangle).

Practical -16To study the Pesticideappliancesand their maintenancePlant Protection
Equipments
SPRAYERS
Sprayer is a machine used to apply liquid chemicals on plants to control pest
anddiseases. It catso be used to appherbicides to control weeds and to spray
micronutrientsto enhance plagriowth. Themain functions of aprayer are

1 Breakingthechemical solutionn to finedropletsof effectivesize.

9 Distributingthe dropletauniformly over theplants.

1 Applying thechemicalswith sufficientpressurdor positivereachinghe plants

1 Regulatingheamountof liquid applied orplantsto avoidexcessivapplication.
A variety of high volume sprayers are available in the market. Almost all types
of highvolumesprayers haveome kind of pump to supply pressurised spray
liquid to thehydraulic nozzle whitineaks the liquid into spray droplets and
throws the spray awayfrom it. The high volume spragmrdoth manually
operated or power operated type.
Principle: The function ofsparyer is to atomize the spary fluid in to small
droplets and ejectwith some force.
Parts of sprayers: The important parts are tank, agitator, pressure gauge,
valves, filters,pressurehamberhose, sprayance, cut off device, boom and
nozzle.
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Fig.1. Sprayer components

Nozzlebody: It is the maincomponenbnwhich othercomponenbf anozzlefit (Fig. 1a).
Swirl plate: It is the part of a conenozzlewhich impartsrotationto the liquid
passingthrouglt(Fig. 1b).

Spray gun: It is a lancefrom which sprayis readilyadjustable duringhe operation.
Spray boom: It is aspraylancewith spraynozzles fittedo a head mountedat

right anglestahdance(Fig. 1d).

Filter: It is a component to remove suspended matter larger than a
predetermined sizegomfluid. Over-flow pipe: It is a conduit through

which excess fluidfrom a pump is by-passedbytheactionof arelief valve

or pressureegulator.

Relief valve: It is an automaticdeviceto control the pressureof fluid or

gas within rangepredetermiadvalue.

Pressure regulator: It is an automaticdeviceto control the pressureof

fluid or gaswithinarangeof settings.

Cut-off valve: It is a mechanisnmbetweenthe pumpandthe nozzleto

controlthe flow ofliquidfrom thesprayer. This is operated hgnd.

Nozzle disc It is component containing the final orifice of a nozzle usually

acone nozzleNozzleboss It is a lugon spraypoom or sprajanceto which

anozzlebodyor cap is screwellozzletip: It is component containinthe

final orifice of anozzleusuallyafan nozzle.

Spray lance A handheldpipethroughwhichthe

liquid reacheshenozzlemounted at th&reeend.

TYPES OF NOZZLE: Thethree commonypesof nozzle
d. Hollow cone nozzleThis liquid is fed into a whirl chamber through
atangential etry orthrough a fixed spiral passage to give a rotatingmotion.
The liquid comes out in the form ofh@rrowconicalsheetwhichthenbreaks
up into smalldrops.Thisis usedfor insecticideandfungicidespraying.
e. Solid cone nozzleThis nozzle covers thentire area at small range.The
construction isimilar to hollow cone nozzle with the addition ofan internal
jet which strikes the rotating liqujdst within the orifice ofdischarge. The
breaking of drop is mainly due to impact. This is uset@rbicidespraying.
f. Fan nozzle:lt is a nozzle which forms narrow elliptical spray pattern. In
this type theliquid igorced to come out as a flat fan shaped sheet which is
then broken intodroplets. This nozzlemsstlyused folow pressure
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spraying.

a. Hollow conenozzle b. Solid coneozzle c¢. Fan nozzle

TYPES OF SPRAYERS

F. Manually Operated Hydraulic Sprayers- In this type, the hydraulic

pump directly actsothe sprayfluids and dischargg.

g. Hand syringe
It is a single acting pump working on thenciple of cycle pump. it consists of
cylinderin towhich the spray fluid is drawn during the suction stroke and
delivered during thepressure strak@ldischargehrough nozzle. It is useful to
operateonly asmall area.

h. Hand Sprayers
This is a simplerayer. It creates hydraulic pressure by forcing spray solution
to anozzle by théirect action of hand pumping. The spraysolutionis filled
in a plasticcan (5-10 L) which is
usually shoulder slungA dip-tube draws liquid from the tank due handactuabn of the
plunger. Held by both the hands the piston pump is worked by slidingaction. The capacity of
thissprayeris about0.5 acre peday. It is useful for smallscalespraying in nursery or kitchen
gardensand pot plants.

i. Bucket or Stirrup Pump Sprayer:
It consist either of a double acting pump with two cylinders or a single acting pumpwith one
cylinder. The other parts of the sprayer are the plunger assembly, foot valueassembly, hose,
lanceand nozzle, a stirrup and an adjustable foot rest. The spettbofthe pump is immersed
in the spray solution kept on floor in a bucket. The pump is operatedby hand by one person
while theother person holding the delivery line, trigger-otitlevice and lance nozzle sprays
pesticide. This sprayer is used both fgublic healthspraying and agricultural spraying
purposes. This typef sprayer is useful fasprayingsmaltrees. Areaovered pedayis 0.5 to
0.8ha.

j. Knapsack Sprayer
The sprayer is mounded on the back of operator with help of a pair of mountingT$teaps
pumpof the sprayer is actuated by working a hand lever up and down by one hand ofthe
operator andhe other hand holds the cut off device for spraying purpose. This sprayerconsists
of liquid tank,hydraulicpoump,operatingever,pressurehamberagtator,deliveryhose spray
lanceandnozzle. A bean shaped plastic tank of1Biliters capacity iscommonly used. It is
necessary toperate the hand lever continuously at the rate etQdirokes per minute. The
normal workingpressure is 40 pdt is user for spraying field cropsvegetablaad nurseries.
The area coveregger dayis 0.8 to 1 ha.
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k. Rocker Sprayer .
It is very much similar to thefoot ﬁ
sprayefThe main differenceisthe
operationofpump. Thepump actuation is
done by hanaf the operator.The sprayer
pumpmountedn woodenplatform iskept

on groundandhe spraysolution is keptin
a separate tankr container.It can \g\

eV

SPRAY KANLE

rune
ASSEmiY

PLATIOEM
SUCTiON WOSL

STRawEN

develop highpressure
10 kg/cm2.For sprayingtalltrees,an @
extensiorbamboolanceanbefitted. The
adjustabletype hydraulic
nozzle
(TripleAction Nozzle)is normally used.lt
can be usedfor sprayingtreesand tall
fieldcrops.ltcoversaboutl.5to 2
hectaref arean
aday.
|. Foot Sprayer or PedalPump:
The pump of the sprayer PesTom ascesLs
isworked by
operatinga pedallever bythe foot of the

DELVERY OUT

BEAMLESS BRARS
TUSE LANCE

POOT RERT

FYORALLC
ATATOR
PVC DELIVERY MOSE
BRASE TRIGGER
CUT-OFF DFOCE

operator.The sprayliquidis keptin bucket
or containerandt is suckedby a suction
hosethrough filter (strainer) due to pistonmovement. A suitable ball valve
isprovided in the piston assemtiserve as suction valve. The liquid fromthe
pump ¢linder is then deliveredinto a pressuckamberwhere fromthe
pressurized liquid reacheshydraulic nozzle. Minimum two person fsam
required to work on this machine.Hydraulic pressure of 10 kg/cm2 can be
achieved which isecessary to project the jet pfay to tall trees simultaneously
from two spray nozzles. The fooperated sprayer isbasically for orchard and
tree spraying. The design is strong and sturdy.adjustable typehydraulic
nozzle (Tripple Action Nozzle) is generally used which can generate
differenttypes of spray patterns viz., fine spray (hollow cone), medium spray
and coarse sprgyet).

The fine and medium spray are suited for low height orchards, jet spray are
necessary fortregpraying.The sprayjet canreachheightof 15 - 20 feet. For
sprayingtaller trees an extraextension like bamboo lance may be used to gain
additional height by 810 feet.It isdifficult to treat field crops by foot sprayers
because the sprayer is kept on ground andpestoidéon tank is also kept on
ground gparately and so movement of the longdelivery Hussomesvery
difficult. About 1 to 1.5 hareacanbesprayed imaday.
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G.Manually Operated air compressionSprayers
Theseare also known as pneumaticsprayersbecausar pressureis employedfor forcing
theliquid thoughthe nozzle for atomizationThecontainer®f these sprayershouldnot be
filledcompletely with the spray fluid. A part of thecontainer is kept empty so that adequate air
pressurecan be developed over the spray fluid in the tank.They kdavechgitators and hence
arenot usefulsprayingnaterials which settldown quickly.

a. PneumaticHand Sprayer
The container for the spray fluid also acts as thepressure chamber. An air pump attached to
thechamber inside. The inner end of the discharge pigedown to the bottom of thecontainer
and its outlet terminatas a nozzle is filled about 3/4th of it and tipeimp isworked force air
into the spaceto build sufficient pressureupon the spray fluid. Thesesprayersire used
extensivelyin kitchen gardensin glasshousesndin doorsagainsthouseholthsects.The
capacityof tank is up to one liter, iisedin field it can cover an area6f1 hain a day.

b. PneumaticKnapsack Sprayer
This is similar to compresssion hand sprayer but are used for spraymguengfitiesof liquids
(9-10 Litres). It comprises a tank for holding the spray as well as compressed air, avertical air
pump with a handle, filling hole with a strainer, spray lance with nozzle andrelease and shut
off devices. The tank is provided a conient rest with the back of theoperator and has
shoulderstraps that allow it to be carried by him. These sprayers are usedagainst agricultural
pests andnosquitocontrol operations. Thigump covers aareaofabout 0.80 1.2hain a day.

H. Power Sprayer (Mist blowerscumDustej)
Here the spray fluid is blown out by an air produced in the machine. It consists ofchemical
tank,fuel tank, carburator, spark plug, engine, blower assembly, delivery system,nozzle system
andstarterpulley. The power operatedsprayng systemcan be convertedinto a dusting
unit by
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changing certaicomponentsThetank inthese ismade ofa thickpolyethylene
andhas a capacity of 10 liters. The fuel tank capacity is 1.0 to 1.5 liters. It
isprovided with 1.2 to 3.0 hpetrol engine This can also be usedfor dusting
providedsuitableaccessoriesThe areacoveredby thesesprayers is about 2 ha
in aday.

LOCKING STRAP

pesticide reservoir
recoil starter

FUEL TANK ..
— CNEMICAL  TANK

pesticide
delivery
hose Y/ &
unit LTS y \_ WOSE
Mist blower Motorized Knapsacksprayer

I. Hand carried, battery operatedspinning disc sprayer (Ultra Low Volume Sprayer)
The pestiaes are applied
assuch or wittess than 5
litres sprayfluid produces
fine droplets / \)
( 80 ¢ m) .afehlighs e
weight  sprayers(<3kg)
have a rotary Liquid
atomizer(spinning disc) Chgtings
powered by anenclosed Hasdlec contains baroes
DC motor with a a8 voliage convene

plasticsprayead aliquid ‘\ /’ Hagh-voltage noazle
reservoir, ahandleand a 2 '
power supplunit. -~ ’an%\‘ﬂ"a cownler
Liquid is gravity fed from High»‘mlugtt/‘.bk / elcc-lr!idc
polyethenecontainer <

screwed in to the Nuzzle shield

sprayhead moulding and
the liquid isflungoff by
centrifugal force.

J. Electrodyn Sprayers(EDS)
It is new system of spraying for the controlled droplet application of chemicals
(CDA).EDS putgnore of active chemical on the target than any other spraying
system since thecharged particlage attracted to target crop which ensure
coverage on the underside ofleaves where many feesisand also there is
minimal drift to non target areas. The EDSconsists of a spray stick amitae

251

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

combinationof bottle plus nozzlethe bozzle. Thespraystick consistsof the
batteriesanda solid state high voltage generator.The bozzlecontaingeady
formulatedchemical for immediate application to crops. The pesticide inULV
formulation is used undiluted at a quantégs tlan 6 liters/ha and usually at 0.5
t02.0 liters/ha for field crops. The droplet size varies f&fk150 micron with
groundsprayingequipmenfior ULV sprayan areaof 5 ha canbe coveredina
day.
DUSTERS
The dusting powders are low concentration ready te tge, dry
formulationscontaining 2 t0% pesticide. The inert material or dry diluents is
talc, soapstone,attapulgite, etc., and it is taxic. The sulphur dust is not
diluted with inert material. Thedusts are applied at 80 kg/ha. Itshould be
noted that the application is done in highlyconcentrated form, as compared to
highvolume or low volume spraying technique.Therefore, adequate precautions
must be taken ihandling the dust and during theapplication in field. The dusters
are available both amually operated and power operatedmodels. All dusters
consist essentially of a hopper which usualintains an agitator, anadjustable
orifice and delivery tubes. A rotary fan or a bellows provitiezonveyingair.
A. Manually operateddusters

f. Plungerduster
They are very simple, low cost machines asdful in a limited way. It consists
of adustchamber, a cylinder with a piston or plunger, a rod and a handle. The
field applicationcapacity i®w. They hold 200 to 400 g of dust in a chamber
into which ar is pushed by anadjoining pisttype air pump operated by hand.
The dust cloud is issued from thedischarge outlet. It is usefrhfdiscale use
in kitchengarden and in household.

g. Bellowsduster
This is also a simple design lowost dusting machiné\ collapsible bellows
pushes airinto dust hopper o1-2 kgcapacityanddust is dischargeftom the
nozzle outlet.

h. Rotary duster:
This type of duster makes use of a fan or blower to flow large volume of air at
highspeed. Theust powder is fed into th&ream of air and blown from the
outlet tube. The fanor blower rotatéshigh speed by hand cranking handle,
which is geared to it. The highergeatio and bettelblower design provide easy
cranking and good volume of air isemitted. The dust hoppergemerally
cylindrical and are provided with agitator, feedersand dust metering
mechanism.Suctotary dusters are either shoulder slung type or belley mounted
type. Theshouldeslung modelsre better balanced when the dust hoppers are
filled. But it becomsinconvenient to operate @nops like sugarcane and cotton.
The belley mounted type can beused in such situations. Arbtarg duster can
discharge dust powder fromi @50 g/minand displace air about one m3/min at
35RPM. Such machine can treat 1 t6 ha/day.
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i. PowerDuster
These are bigger machines run with the help of engine or electrical rBotoe
powerdustersire tractor mountedtype and are driven by tractor P.T.O. The
equipmentismountedon ironframe (stretcher) anchnbe carried by 28 men.
The engine/motor driveacentrifugal fan usually via \fbelt drive. The engine
is petrol/ diesel run and -35 H.P. Thefan displaces 20 ra8/min or more at
100-250 km/hr air velocity. These dusters are good forlarge area treatment and
suitable for applic#on on tall trees. In this type of duster design,usually the dust
powder is nototatedin thefan-casebut dustpowderis aspiratedn thedelivery
channelby air blast. The dust hopper capacity is 2020 kg and dust can
bedischarged at a rate of 1 to §/rkin. A power dustean cover about 10
ha/day.

j. KNAPSACK DUSTER
The motorised knapsack sprayer can be converted to a duster by replacing some
plasticfittings inside the hopper. Almost all mist blowers have provision of
converting them fromspraying und dusting unit. The two stroke petrol engine
runs a blower fan and deliversthe air through a pipgesystem. The dust is
agitated and lifted by the blast of air in thehoppebKg capacity) andig fed
into the main air hose or a long dusting hoseg§@0tlong polythene perforated
hose) caralso be attached to knapsack duster. Such anattachment is very good
for large area treatment lass time. The dust output can beadjusted from 0 to
1.5 kg/min. The motorised knapsack spragem-dusterunit isthereforeuseful
for bothlow volumesprayingand dustingperation.
Soil Injector
It is also known as soil gun, which consists of a cylindrical tank for the liquid
fumigant,a pumarrelandplungerassemblyinjectornozzle thrusthandleand
injectionhandleThehandoperated soil injectors have a capacity of 1 to 3 liters
and they can cover about 0.5ha in a dalgey are usedto apply liquid
nematicides to kill soil nematodes.
Granule Applicators:
Theyareusedto applygranularformulationsof pesticides
uniformly. Thesearetwotypesof granular applicators.

iii. Thereis a plastic hopper liter capacityfrom which thegranuledlow by gravityto
anozzle.

iv.It is aknapsackypewith hopperof 10 liters capacity.
Bird Scarer
It produce loud noise at regular intal and used to scare away the birds. It has
threeessentialhambers, a chamber to hold calcium carbide, a smaller chamber
placed inside theformer to holdater and combustion chamber attached to the
main chamber. Water actswith calcium carbadel generats acetylene which
explodes producing the noise. Thefrequency of flow of water ¢atoium
carbide chamber. One kg of calcium carbide issufficient for working a machine
for 24 hours.Onebird scarer is sufficient to cover 1 to 2 ha.
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Rat Traps:

Several tpes of mechanical devices for trapping rats and mice are used in India.
Inthese trapdaits like dry fish are used for attracting these rats. The cage type
wooden boxwith a door closidgvice and springboard types are the more
common ones used in thehess

254

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual Dept. of Biological Science

Practical- 17To study about the Sampling techniques for estimation of

insect populationand damage

Samplingpopulationestimatef insectpestsare the fundamentakctivity in

ecologicalentomology.Regular monitoring can answer several important

guesions suchasWhatkinds of pests are present?Are the pest numbers
great enoughto do damageand towarrantcontrol? Are biagents or natural
control present and working? When is the right ttotgegincontrol?andhave

management efforsuccessfullyeduced thenumberof pests?

Pest monitoring is the pmequisite for any successful pest management

programwherein, noontrol measureshould be undertakenfor a pestunless

it is known that thepestis activelypresentand it is present isufficient

numbes to cause an economass.

How to count or measurea species/damage caused plant, soil or other habitat ?

The sampling method should be: suitablefor all key pests rapid andsimple

to use, easyintegration into current sampling program, sampling etgnp

readily available and easytoarry and samplingprocedurebe simple to

understandnd conduct.

Sampleunit: Singleplant,clustersplants/hill, plant/m2etc.

Sampling Size:In preliminary studies: sample size will be small and 10% of

the mean errorstiibe acceptableNumberof samplesdependson degreeof

precisionrequiredandchosentaninimizethe varianceand cost..

Typesof Sampling

Random sampling: The sampleis takenat randomwith goodfield coverage

to determineinseatumbersor damageer sanples unitForthis purposeyse

of randomnumbers ismade.

Stratified random sampling: It involvesthedivision of populationin to

differentstratabasedndistributionof population.

Sequential sampling: It requirescontinuoussamplinguntil a pre

estattished upper orlowerinfestatiorievel is found.

Trap sampling: This refersto usinglight, suction,sticky or sex pheromone

trapsto detectthpresenc®f insects in an area.

Systematicsampling: It involvessamplingofpopulationat fixed intervals.

Selection of Sampling Site
1. Random S - ® . .
2. Along onediagonal = = . +" %
3. Along two diagonals i z 0
4. Zig-zagdiagonally

5. Along alphabet) W6 2., J - - = . o
6. In micro-plotsof 1m2 ~a i O o
7. Meterrow length ' B o

Important Sampling Methods
Absolute methods: This methodis Eod o
usedto estimateensityof insects SRR

. D —e Ficld
|

® 11 = Sampling Site
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perunit area.
Differenttypesof absolutesamplingaredenoted byn.
Unit of habitat method

1 In situ or direct counts e.g. Leafhoppers

1 Knock down: removing insects form the habitatsdrop sheet method e.g.
Helicoverpa

spp.brushingwashingetc.
1 Netting: for highly mobile insects

1 Trapping: Useof differenttypesof traps.Phermonearaps,Light traps,suctiontraps
etc.

9 Extraction from soil: From a fixed volume of soil insectscan be
counted.e.g. whitegrubs,cutworms, pupaef several lepidopterous
larvae.

1 Indirect techniques: By taking crop samplesfor example,dead
hearts in caseofsugarcane shoot boretumber of plants cut e.g
cutworms per cent defoliation e.g.foliagefeedersyoot damagee.g.
termitesrootweevils;shootdamagee.g.spottedbollwormsper cent
fruiting bodies damaged e.g. bollworms of cotton, pod
borersstubble infestation e.g. in sugarcane.

Absolute ssmpling method are desirable because they are accurate, however,
these methodsartme consuming,often difficult to conductand are usually
expensiveomparedorelativemethodsRelative methodaremoreeconomical
in terms oftime, labourandequipments.
Relative methods: This method provides an identification of insect pests
abundance ordamagelative to other times or location. Different types of
relative methodsare as followsvisualsearchesyse of various traps, plant
damageetc.
Remote sensingAcquiring information through the satellite about pest damage
withoutcominginto physical contact. It can be useful in monitoring of certain
pests. A radar canmonitor heigbpeedand direction ofinsects likelocusts,
aphids etc.
Componentsof RemoteSensing
4. Platform
1 Thevehicle/deviceon whichsensors arsmounted
9 Carriersor vehiclesfor thesensors
5. SensorSystem
1 Thedevicewhich sensetheenergyreflected/emittedby thetargetobject
6. Data Products
1 Informationreceived fromthesensoiPackageds pewuserrequirement
OTHER METHODS
Beat bucket: Requires 25 litre capacity plastic bucket (white or light
coloured); similatoshake cloth/drop sheet method; top 25 cm of a single plant
is bent into the bucket andshakegorously (1215 times during 4% seconds)
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plant is quickly removed andinsects/predatorssgmders are counted. It is more
effective than shake cloth method;reduces variability due todcdts.
Vacuum sampling: Sucks into bags most everything from on and around a
single plant orplanpart;impractical for regular use in sampling and the samples
are too messy to process.Furtireprovements could be made by better initial

planning and involvemenof thestatistician witlthe biologists.

Sampling techniquesfor major insectpestson Paddy crops

Crop Pest Economic Method of sampling

threshold level

Paddy Green leafhopper

a) At earing stage 5-15insects/hill Select 5 micreplots of

1m2 each in a field and
shakevigorouslyplants
in 5 hills/plot or shake
vigorously 25 random
plants and count
leafhoppefallen on
water.

b) At flowering stage 10-15insects/hill Sameasabove

Stemborer 5-10%plantswith Countinfestedandhealthy
deadhearts or 2% tillers in 25 randomplants.
white ears or one
egg mass or
moth/nf.

Leaf-folder 2 damagedeaves/ Count infested and
plant or one healthy plant&mong25
larva/hill randomplantsor count

Rice gundhibug 1-2 insects/hill Countthe insect on 25

random

Gram Gram pod borer Onelarva/meterow length  |Count larvae in one
meter row length from
10-20 randomsitesin a
field.

Okra Leafhopper 2-5 nymphs/leaf Count leafhoppemymphs
from undersideof three
fully developedeaves in
the uppercanopy of each
of 20random plants or
countleaves showing
yellowing and curling
from margins and healthy
leavesof 20 random
plantsin afield

\Whitefly 6-8 adults/leaf Count whitefly adults as

above.

257

MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual

Dept. of Biological Science

Spottedbollworm

10%drooping
shoots or 510%
infested fruiting
bodies

Count drooping shootnd
healthy shoots of 25
random plantsor examine
all greenfruiting

bodiesof theabove

plantsfor spotted
bollworm induced holes
or damage.

Tomato

Fruit borer

Onelarva/m2

Count larvae in 1 m
micro plot from
10 randomsitesin afield
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BFSC-202: Aquatic Ecology and Biodiversity

Water Strider

Mosquito \s
larva \

lllustrationbv Moriva Rufer

Aquatic insects play a major role in the aquatic ecosystem.They help break down
and decomposethe dead material at the bottom of the lake such asleaves,deadfish,
and otherorganisms. They are also a major food source for fish, frogs, birds and

other animals. Without insectsin the lake or stream, it wouldn't be avery nice place
to fish or swim!
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AWat er blifg 6 s

Dragonflies, mosquitoes, midges, mayflies and many more insects live in the water
during their immature life stage (nymphs and larvae) and fly on land in their adult life
stage. You can think of the immature life stageand adult life stageas the equivalent of
a caterpillar andbutterfly. Aquatic insectsthat live in the lake aslarvae (caterpillars)
often spend ayear or more in the water eating and growing before they are ready to fly
away as adults. Whirligig beetles,water boatmen, and water striders usethe lake all
their lives.

Dragonflies, for example, live in the water during their nymph life stage. They scoot
aroundon the bottom of the pond, eating minnows and other insects. Some of them
becomeatastymeal to fish, frogs and birds. Those that survive crawl on land to
molt into an adult Dragonfly. When they molt, they leavetheir shed skins on
vegetation, buildings and rocks. The adult th en flies away tobegin its new life on
land.

Dragonfly nymph Dragonfly shedskin Dragonfly adult
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Mayfl ies (Ephemeroptera)

Mayfly adults

Mayfly nymphs have hairy looking gills attached to their abdomen. This is how
they breathe under water. They also have 2 to 3 long tails extending from their back
end. The nymphs eat detritus and decomposing things at the bottom of lakes and
streams. They arealso a favorite food for fish.

Mayfly adults have 2-3 tails extending from t heir back end as well. The two long
limbs sticking out the front are actually their front legs, not antennae. The male uses

theselegstohug t he f emal e. Mayfly adults al so
live for one or twodays, sothey don't needto eat anything!
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Damselflies and Dragonflies (odonata)

Damselflies and Dragonflies are related to eachother like cousins. They are both
predatorsand eat minnows, worms and other aquatic insects. They're mouth hasan
extension that shoots out and catches minnows swimming by!

Damselflynymphs

Damselflies have long skinny bodies with gills that look like feathers coming out the
backend. This is how they breathe underwater.

The adults are very common flying around lakes and ponds. The adults look like
they're flying in crazy patterns becausethey actually catch and eat other bugs like
mosquitoes whileflying in the air!
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Dragonflynymphs

Dragonflies have shorter, stouter bodies with no visible gills. They breathe by sucking
waterinto their back end, absorbing the oxygen out of it, and then shooting the water
back out their back end. When they shoot water out their back end, it scootsthem

forward.

The adults are very common flying around lakes and ponds. The adults look like
they're flying in crazy patterns becausethey actually catch and eat other bugs like
mosquitoes whileflying in the air!
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Backswimmers and Water Boatmen

Backswimmers and water boatmen look very similar to eachother. The main
difference isthat backswimmers swim on their back and water boatmen swim on
their front.

BackswimmmergNotonectidae)

Backswimmers do just that i they swim on their back! Their third pair of legsare
much longer than their front and middle legs. They usetheir back legslike oars to
swim through the water.

Water Boatmen (Corixidae)

Water boatmen look similar to backswimmers, but they swim on their front side.
Theirsecond and third pair of legs are similar in length, and their back has pretty
stripes and speckled patterns.
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Giant Waterbu 0 (Belostomatidae)

Giant water bugs can be very big - 1to 3 inches long! They are voracious predators,
andbite their prey with asharp beak. They haveevenbeenseenattacking
minnows.

They are called toe-biters, becauseif you accidentally step on them in a pond they

may biteyour toe. They usually stay away from humans in lakes though, so they
shouldn't bother you while swimming.
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Water Striders and Water Scorpians

Water Striders(Gerridae)

Water striders walk on top of the water. They havelittle hairs on their feet that repel
waterand keep them on top of the surface. If soap or oil is added to the water, it
makes the surface of the water soft and the water strider is not able to stay on top
anymore. It will fallinto the water and drown. This is why we should not bathe and
shampoo our ha_lir in the lake.

Water ScorpiangNepidae)

Water scorpions are vicious predators. They catch bugs, minnows and worms with
their long arms. They have a long, beak-like mouth to eat their prey. The long tube
that sticks out from their back end is their breathing tube. You canthink of it like a
straw. They hangupside down in the water with the tube at the top of the water and
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breathe in air in throughit. When they dive down deeper into the water, they close

the tube sono water getsin it.
P A
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Water Beetles

Water beetleslive in the water their whole life. They start out asalarva, and then
molt into an adult like butterflies do. The adults breathe in a unique way. They
have alittle air bubble stuck to their belly that they breathe from. They come up to
the top of the water every few minutes to get more air into their bubble and then
they dive back down underwater.

Whirligig beetle adults have eyes both on top of their head and on the underneath
part of their head! This allows them to see both above and below water when they're
floating on top. Whirligig beetlesswim in fast little circles at the top of the water.

Predacioudiving beetle (Dytiscidae)
larvae . adult

Whirligig beetle (Gyrinidae)
larvae _ adult

Water scavengebeetle (Hydrophilidae)
larvae adult
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Caddisflies (Trichoptera)

Caddisflylarvae Caddisflyadults

Caddisfly larvae build little housesfor themselvesout of sticks and stones. They use
theirsaliva as glue to hold their houses together. The houses give them protection
from predators.

Caddisfly adults look similar to moths, but their wings are usually held back over their

bodyinstead of to the sides. If you see what you think are a bunchof tiny moths
swarming around on rocks by a lake, they're most likely caddisflies, not moths.

Caddisflyhouses
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Aq uatic Flies (Diptera)

Non-biting Midges (Chironomidae)
larvae . adult
{ ‘ "]" , - by -

Non-biting midges look alot like mosduitoes asadults, but they do not bite. They don't
have a long tube-like mouth attached their face for sucking
blood.

Mosquitoes(Culicidae)
larvae adult

Most people are familiar with mosquitoes, but not everyone knows that they live in
water adarvae. The larvae like to live in stagnant water like ponds, puddles, and bird
baths. They have a long tube extending from their back end to breath air from the
water's surface.

As adults, the females are the only onesthat suck our blood. They need the blood for
nutrients for growing eggs.The males do not bite us, they drink nectar from

plants.

HorseFlies(Tabanidae)
larvae adult

Horseflies can leave a nasty bite. Most people don't know that they live in the water
aslarvae too. That is why you're most likely to get bit by a horsefly when you're in a
boat ornear a lake.
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Collection and identification of aquatic plants from different freshwater bodies

The plants vary greatly in the degree to which they have become truly aquatic and present in an
interesting series ofrgdations from those which are little more than amphibious, living at the edge
of the water in very moist or water saturated soil. Aquatic plants are those unwanted and
undesirable vegetation which reproduce and grow in water and if left unchecked mag tteok

entire body of water posing a serious menace to pisciculture. Another definition is that the surplus
growth of a plant that influences adverse physical, chemical and biological effects on a water body
with its resultant economic and aesthetic losses.

Collection of Aquatic plants

The aquatic plants can be collected using a long handled hook, nets or by hand. For quantification of
sample in a given area the floating or sinking type of quadrates of known size hamely (1m x 1m or
0.5m x 0.5m) made up oME pipes or wood are used. These quadrates are placed to mark the area
from which sample is to be taken. After collection, these plants are brought to the laboratory for
identification. Before identification of these plants, they must be classified basé¢keair habitat

into the following classifications, they are :

i. Floating macrophytes
ii. Marginal macrophytes
iii. Submerged macrophytes

iv. Emergent macrophytes

Identified of plants using the following keys :
i. Floating macrophytes

1. Eichhornia sp (&er hayacinth or blue devil)
Class : Angiosperm

Family : Pontederiacea

It is native of Brazil, accidentally brought to India and released in West Bengal, one of the most
damaging aquatic weeds, inhabits stagnant and slow moving rivers.

Leaves broad withveollen stalks filled with air to enable them to float on water surface, dense
leathery roots, flower pinkish in colour, multiplication by vegetative propagation, dries off in winter
and spourts during summer.

2. Salvinia (water fern velvet)

Family : Salviaceae
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This plant has got rhizome, stalk or stem is delicate, oblong or hemispherical leaves, actual roots
absent, leaves sessile with short stalk, leaves in two or more whorls, second whorl is either lateral
and floating, third one submerged in water whilooks like roots, lateral leaves sometimes filled

with air which aids in floating.

3. Pistia (water lettuce)
Family : Araceae

A free floating perennial plant, plant body comprise a shell like rosette of tongue shaped leaves,
reduced stem, sessile leavasd numerous branching roots, leaves form common cup shaped
structure, leaves ovate and surrounded at the base by membranous sheath.

4. Lemna (duck weed)

Light green in colour, occurs in group of one to three, no distinct stem, leaves have flatteneds minut
leaf-like fronds, vegetative reproduction is rapid, often forming a scum over the surface, flowers are
rare and so small that they are invisible to naked eye, appear as small weeds.

5. Azolla (water velvet)
Family : Azollaceae

Smaller plant, found in stgant water bodies, leaves lobed, scale like, thick and about 0.5 mm in
length, the entire plant is 1.§2.0 cms in length, impart reddish green colour to water surface by
covering it, it fixes atmospheric nitrogen.

ii. Marginal macrophytes
1. Colocasia
Family : Araceae

This plant covers large areas of the water body, leaves ov#8,i6ches long and-B2 inches wide,
leaf margin dark green in colour, base of stem triangular, petiole long ugltméhes, colour of
petiole green, violet or purple.

2. Tyha (Cat tail or Elephant grass)
Family : Typhaceae

Common in margins of ponds, lakes, rivers and canals, perennial, creeping rhizome with leaves
growing up to 2 m height and leaves have sheath at the base. Leasesdtie, thick and spongy,
secreting ogan present at the leaf base, flower numerous and cylindrical.

3. Marsilea (water shamrock)
Family : Marsiliaceae

It inhabits ponds, rooted in shallow and stagnant waters, roots slender, stalks slender and thin, roots
burrowed into the ground, petiole longith four cloves like or sharp pointed leaflets.
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4. Scirpus (Bullrush)
Family : Cyperaceae

Annual herb, triangular in cross section, stem bears sheath at the base but sometimes leafy and
naked, spiklets numerous with one or more long leaves from the bfibeanch, spiklets are usually
with more flowers.

5. Cyperus (Flat sedges)
Family : Cyperaceae

Perennial herb with a single stem, cylindrical in cross section and hallow. The stem has sheath at the
base and with one or more leaves on top forming a clydtewers or spikites are present at the top.

iii. Submerged macrophytes (Rooted)
1. Hydrilla
Family : Hydrocharitacea

It is found to occur in almost all water bodies in India like ponds, lakes tanks etc. Leaves linearly
arranged in whorls while stem isslder, grows up to 45 cms, has got fibrous roots, multiplies very
rapidly by spores and vegetative propagation, infestation density-B020g per square meter,

broken parts of this plant develops into a new plant by attaching themselves with the helptsf
provides shelter to young fish in aquaria offer a substrate for attachment of spawn of common carp.

2. Chara (stonewort)

Occurs in all types of freshwater bodies, stem has got erect branches and are gregarious in habit,
nodes and internodes can basgily distinguished, grow up to £330 cm in length, remains
unattached to the bottom, plant is rough to touch.

3. Vallisneria (eel grass / tape grass)

Plant with long ribbon like leaves measuring  5m width, female flowers are long, thread like,
twisted and appear at stalks, propagation is by offshoots, it can tolerate temperaturecd3@sC
and medium water hardness.

4. Ceratophyllum (Horn wort)(Nonrooted)

It has got a fragile algal like structure, grows to about 80 cms in length, rootsciiegaleaf

branches are sometimes modified into rhizoids, lower part of stem serves as an anchore and helps in
the absorption of nutrients, leaves are set in whorls, repeatedly forked with minute teeth on the side
of the segment.

5. Cobamba (Fan wort)

Leaves are opposite, cut into thread like regions, stem slender with a gelatinous lining; plant
provides shade and shelter for small organisms and forms a beautiful aquarium plant.
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iv. Emergent macrophytes
1. Nymphaea (Water lily / Nilkamal)

Found in pondsakes, canals and also in water up to 1.5 m depth, perennial herb, petiole with lower
end of leaflet, leaf round, veins radiating from the centre, leaves float on the surface of water,
flower white or pink and solitary.

2. Nelumbo (Lotus)

Perennial herb, inabiting tanks, ponds, lakes and other stagnant water bodies, leaves almost brown
and are raised well above the water surface when mature, petiole attached to the centre of leaf,
veins prominently radiate from the centre, flower large pinkish red leaf dianranging from 30 to

90 cms.

3. Trapa (Water chestnut / Singhara)

A perennial herb, occurs commonly in wild waters, leaves floating, solitary, branched or rhomboidal
in shape, petiole with spongy swelling, flowers are solitary projecting over watecgyniuts with
two or four sharp spines.

4. Myriophyllum (Parrot head / Water milfoil)

Found in stagnant and slow moving waters especially in places which are sheltered from wind, plants
with slender, sparingly branched floating system mostly rooting yraelower nodes, leaves

opposite or whorled, the emergent leaves are horn like, flowers are very small and sessile and found
in the axis of upper, emergent leaves grows to moderate height.

Other emergent type of plants are Nymphoides (Floating or Trimgadr lily), Nuphar (Yellow lily or
Cow lily) etc.
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COMMUNITY STRUCTURE
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4.1 Introduction

Communitiesarerecurrentorganizedsystemof organismsespondingn a related
mannerto changesin the environment(Legendreand Legendrel978). Due to
concomitantandcontinuousnteractiontakingplacebetweemdividualsof different
speciesandbetweertheindividualsandthe environmentafactors,the community
remainsdynamic.The change®ccurring in the biodiversity is a gauge of structure
of the canmunity, whereasthe changesin productionreflect its function. For
aquatic ecosystemsjndices of diversity are basically an approachto assess
biological quality, through the structure of the community (IsmaelRmdjham

2003).

The community structuref periphytic algae in N. Paravoor aMypeenlisland
backwaterdavenotbeennvestigatedofar. Periphyticalgadnave a major role in the
productivity of the aquatic system. A variety sitidieshaveappearedoncerning

the structureandfunction of peliphytonindifferent ecosystems. Efforts were also
made to relate the changes in glegiphytoncommunitystructurewith thelevel of
pollutantsusing introducedubstrata (Cooper and Wilhm 1975; Singh and Gaur
1989). Many studiehaveconductedn different ecosystemsy variousworkers
aboutthe factoranfluencing periphytonaccrual. The macronutrientspitrogenand

phosphoruarecommonlythe majorlimiting resourcegor periphytongrowthin
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freshwater streams. Streamsdraining agricultural watershedsof the midwest
characteristicalljhaveelevatedevelsof both nitrogenandphosphorusanchighly

variableN: Pratios(Kilkus etal. 1975).

4.2 Materials and Methods

Periphyton grown on glass slides for the quantitative and qualitatiakysiswas
collecedfrom 10differentstationsof N. Paravooandvypeen Island wetlands (Fig.
2.1). Details of collection methods (APHA&98.)andidentificationweredescribed

in chapter3. Hydrological parameterssuch as dissolvedoxygen, pH, salinity,
temperatureand nutrients like nitrite, nitrate, silicate and phosphate were

determined bgtandardnethodsandgivenin thechapter2.

4.2.1 Biological Diversity
Biological diversity can be quantified in many different ways. filemainfactors
takeninto accountwhenmeasumg diversity arerichness and evenness. Richness
is @ measure of the number of differdaimtids of organisms in a particular area.
Evenness compares the similatfypopulationsizeof eachof the speciegpresent.
4.2.2 Richness
The numberof speciesper sampleis a measureof richness.Themore species
present in a sample, the asameadureonis t he s a

own takesno accountof the numberof individuals of
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each species present. It gives as much weight to those species whivbrydeas
individuals as to those species which have many individSalsciesichnessvas

calculated o Ma r (4988)ferhuias

4.2.3 Evenness
Evenness is a measure of the relative abundance of the dipemn¢snakingup

therichnesof anarea.

4.2.4 Margale f index
There are several simple species richness indices that attesghpensate for
sampling effects by dividing richness,the number o$pecies recorded, BN, the
total number of individuals in the sample. Ookethe best known of these is
Mar gal ef 6s i ndex (ndéaigweighted owal®speti¢s.richifebsi s

and is the measure of the tataimberof speciesor agivennumberof individuals.

R= (S1/InN
Where,
R =  Speciesichness
S =  Totalnumberof speciesn thecommunty
N =  Totalnumberof individualsin thecommunity

425Si mp sindaxd s
TheS i mp siraex& sneof the mostmeaningfulandrobustiversity measures
availablelt captureghevarianceof thespeciesabundanceistribution (Magurran
2004).S i mp sdiversitsindex is measures of diversity whidhke into account
both richness and evenneSs.. mp simdexdD is calculated bythe following

equatior:
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_ aaSni [n, -1]0

1 EN[NA +

Wheren;= the numberof individualsin theith speciesandN= the totalinumberof

individuals.

4.2.6 Si mp smeeasdreof evenness
AlthoughSi mp sdivarsitsmeasureemphasizeshe dominancegs opposed to
richness, component of diversity strictly speaking, it giee evennesgneasure.
A separatemeasureof evennesscan, howeverbe calculated by dividing the
reci procal f or m o fnumBdrofrspexiesn thesamipla($netx by t h e

andWilson, 1996;Krebs,1999).

Where,
Eip=(1/D)S

Ewp= Si mpsonb6s meaBuwre of evenness
Si mp sirgexans
S = Numberof thespecies
4.2.7 Similarity index
Similarity index is a simple and elegant measureof comparing stations for

obtaining an integrated picture of the biotopes and calculsdediSor ensenod s

(1948)equation:
S — 2¢3100
atb
where 60cd = t hieesmumbremomwmfat hledohsriouralset at i ons

of species at one st at i ctatiormSisdheiddexdf i s t he

similarity.
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4.2.8 ShannonWiener index (H')

It is important to note that while the energy flow in the commuadégends t@

large extent on the dominant species, the species diveigitgndson the total

numberof speciesparticularly thoseof lessimportanceor rare species.Species
diversity decreasesn system controlled by strong physicachemical limiting

factors while the diversity of species increasesin biologically controlled
communitiesand is directly proportionalto the stability of the system.The
diversityin the community can be determinedby Shannonindex of general
diversity. The higherthe value the greaterthe diversity. Commutationf species
diversity in periphytic algae was made using Shannon ifliekou1975).

where
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H' = - pilnpi
H' = Diversity index
pi = Proportionof individualsfoundin theith speciebr =

Naturallogarithm
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4.3 Resultsand discussion
4.3.1 Environmental parameters

Environmental parameters such as dissolved oxygen, tempeptiiisglinity and
nutrients such as nitrite, nitrate, silicate and phosphatthefstudy area were
analyzed (Table 4.1). The monthly mean valusabiity of the backwatersluring
thestudyperiodshoweda variationfrom

1.4 x 10° during September to 23.75 x-1@uring Febuary. Salinity ofstation 6,
Cheraikayal showed higher values (Table 2.5) in all mongisept July, August
and September (Monsoon). This station is closeAtabian Sea and it is
permanently connected by Azhikode estuary. Tiay be the reason for remang
higher salinity values. Other statiomghich showed higher salinity values are
located close to the Vembankalyal Stationsdistantlylocatedto ArabianSeaand

Vembanadkayakhowedessevaluesof salinity.

Dissolved oxygen of N. Paravoor and \&égm Island backwatestowedavariation
from 4.51to 10.8 ml L! andrecordedan yearlyaverage of 6.393 + 2.644 mi‘L
Monsoon season showed the highedties of dissolved oxygen. Dissolved oxygen
values of premonsoonmonsoonand postmonsoorwere6.690+ 2.454,7.748+
2.772and

4.741+ 1.690ml L™ respectively.

Temperature ranged from 28.8 to 32.25in the backwaters durirthe period of

study. The pH of the backwatersshoweda variation from
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6.21 to 7.18 during the study period. During moms@md post monsoonthe
backwaters showed a slight acidic nature and during thempresoon,the

backwatershowedhe pH valuesjustabovethe neutral.

Thesilicateconcentratiomf thestudyareashowed Table4.1) higher valuesluring

all monthsof study. The values rangddom 36.96to

114.64 ug at 2. Monsoon and poshonsoon seasons showed highalues of
silicate than preanonsoon. The concentration of nitrltevariedfrom 0.14 to 0.83
ug at LY. The lowest value was reported during Januarg tle highest value
during September. Greenwood and Lowe (20@8) reported that the low silicate

in water column potentially a limitinfactorto diatomgrowth.

The average monthly nitraté showed a variation from 0.07 duriiMprch to 3.7
ug at L't during SeptembelTable 4.1). The annualmeawas0.949+ 1.803ug
atL. The phosphateoncentratiorof the backwaters varied from 0.99 to 3.17 ug

at L't and showed an annual me&a2.112+ 1.834ug atL™.

Two way ANOVA of salinity (Table4.2) showeda significant variationbetween
stationsand betweenseasons(p< 0.01). Dissolvedxygen (Table 4.7) showed

significantvariationbetweenrstationsanthetweerseasongp< 0.01).
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Twoway ANOVA analysisof temperaturéTable4.3) showedsignificant variation
between stations and no variation between seasdmspH (Table 4.4) varied
significantly betweenseasonsand stationgp <0.01).Silicate (Table 4.5) showed
seasonwise significant variation(p <0.01).Nitrate (Table 4.6) andnitrite (Table

4.8) also showedsignificant seasonal variation (p<0.01). Analysis of phosphate
with two way ANOVA showed(Table 4.9) significant variation between season,

stationsandstationto seasor{p<0.01).

Pearsorcorrelationanalysis(Table 4.10) showedthat the salinitywas negavely
correlated to N@N, silicate, and phosphate and positivadyrelated to pH.
Dissolved oxygen was found positively correlategbmsphate and temperature.
Temperature was found positively correlatedissolvedoxygenonly. pH showed
positive correlationto salinity.Silicate was positively correlated to NO?Q: and
negatively correlated salinity. NG had positive correlation to N@nd PQ. NGz
was positivelycorrelated to N@ SiOG:; and negatively correlated to salinity.
Phosphatevas found psitively correlated to dissolved oxygen, nitrite and silicate

andnegativelycorrelatedo salinity.

Pearson correlation analysis revealed that there was no corrdiatiweenthe
nutrient concentrationand algal growth. Algal numbersshowed a negative

carrelation(p<0.05)to dissolved oxygeanda positive
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correlation to salinity (p<0.01). Muret al (1989) had noticed that tiperiphyton
growing in agricultural streamsof central lllinois did not respond to nutrients
examined. Previous studies on agtiural streamshave also found lack of
correlation between periphyton standing crop amzfease in either nitrate or
phosphate (Kilkugt al. 1975; Moore 197 /atrick 1966; Wileyet al. 1987). Rier

and Stevenson (2006) also haeportedthe lack of correlationbetweemitrogen

and phosphorusconcentrations in periphyton growth. Sreekumar (1998) in his
studies witlperiphytic algae on Cochin estuary has also noticed no correlation with
nutrients such as nitrite and phosphate with periphyton standipg Theresults

of this studyareconsistentvith theaboveobservations.

Scholteretal. 2005hasreportedhatphosphates oneof theessential nutrients for
algal growth and is considered to be the primeting elementdeterminingthe

biological productivity.

a)

O6 Reilly (2006) with his studalage of se
tropical lake in Zambia, and reported that the nutrients rethaiprimary factor

limiting algal growth throughout the year in the shaNeaters.Becareset al

(2008) have reported that periphyton -ehbften significantly relatedto nutrient

loading.

Correlationanalysishasshownthattemperaturés positivelycorrelatedto primary

productivity. Even though the temperaturds not
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considered as a resource, ieddnteract with other variables to enhapaenary
production (Munret al. 1989). Kilkuset al (1975) reported thatatertemperature
wasa majordriving variablefor periphytonin agriculturalstreamsn lowa.
4.3.2Ma r g a ticenksSisdex
Various seasonahean community indices are shown in Table 4Tlie highest
valueof Ma r g aihdexireaasdedduring pre monsoonwas
3.552 at station 5 and the lowest was 2.654 recorded from stationrhe@ievalue
of the season was 3.015. The maximum and minimumerdmgng the monsoon
season was 3.803 (station 5) and 2.105 (station Zh@ntkanvaluewas?2.945.
During post monsoonthe highestvalue recorded was 3.822 at station 5 and the
lowest 2.520 at station 7 and meéthe seasonsvas 3.129.Almost all staions

showedhigh valuesofspeciesichness.

Stn. 5 showed the highest species diversity in all seasons. Stnp&kikadi paddy

tract.

Speciegichnessvalueswere higherduring postmonsoon.This indicate that the
environmental conditions prevailed during the seasowas mostfavorable for
speciesabundance.This observationagreeswith that of Sreekumar(1998);

Paniadimaet al. (2006) and&/aheedg2008).
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4.3.3 ShannonWiener index H'
The patternof seasonaShannoAwWeinerindexis givenin Table4.11During pre
monsoon Stn. 10 showed the highest value (2.567) andbwest value was
recordedat station6 (1.969).During monsoorthe highesvalue noticed was 2.658
at station 5 and the least 1.594 at station 2. mMhrimum value recorded during
post mosoon was 2.661 at station 5 anohimum was 2.068 at station 1. The mean
values of Shannon index fpremonsoon, monsoon and pasbnsoon were 2.235,

2.167 and 2.36fespectivelyPostmonsoorrecordedhe highestmeanH' value.

434S i mp slodexdB)
Simpn (1949) gave the probability of any two individuals drawaratom from
an infinitely large community belonging to the same spe&iss. t he Si mp s on ¢
index (D) increases, the diversity decreases. The vahges from 0 to 1. With this

index, O represds infinite diversity and 1denotegheleastdiversity.

The seasonal mean values of g% nmpablends i n
4.11. During premonsoon station 6 reported the highestdlue(0.268)andthe

lowest recordedwas at station 10 (0.130). The highestvalue reported during

monsoon was at station 2 (0.360) and the lowesta#ibn 5 (0.127). The maximum

D value shown during postonsoonseasonwas 0.253 at station 9 and the

minimum at station5 (0.118).The
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averageD valuesrecordedduringpreemonsoonmonsoorandpost monsoon were
0.203, 0.243 and 0.171 respectively. The posbnsoonseason recorded the
minimum D value. Station 6, Chereayalrecorded aigher value of D indicated
its low species diversity. This station reporthding December the highest algal
numbers in the present study. This wia® to the occurrenceof Naviculacincta
andNitzschiaclausii in enormous quantity in December. Blooming of these two

species mighhaveoccurredduringthis period.

4.3.5S i mp smeasdrsof evennesgE1p)

Themeasureangedrom 0to 1 andis not sensitiveto specieschnesslt is usually
termed Ep to denote the use of the reciprocal forrtheindex(Magurran2004).
Seasonatvennessalueis givenin Table4.11The pre monsoomaximum value

was recorded at station 10 (0.252) d@he minimum at station 6 (0.140) .During
monsoon the highest valoecorded was 0.339 at station 9 and the lowest was 0.162
at station 2Station 4 recorded the highest value during post monsoon ((a2686)

the least at station 6 (0.135). AveragedcEvalues of pre monsoon, monsoand

postmonsoorwere0.194,0.243and0.221respectively.

Analysis of the results of different indices indicated that the posisoonvasthe
most favorableseasorfor specis diversity. More evennessshowedduring pre

monsoon.The high speciediversity during
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postmonsoorshowedhatthis seasonvasthe mostsuitablefor periphytongrowth,

offering themostfavorablesalineregime.

Station 5 which showed the highest H' ual during post monsoomand
comparatively higher value during monsoon is a pokkali paddy @a.to the
peculiar cultural practices, substantial paddy stubbles are ldfe ifield after
harvest. They act as additional substrata for periphgtowth. The high species
diversity can be explained in this directiddtation5 also recordedthe leastD

values.

Theobservatiorof maximumdiversityduringthepostmonsooragreeto the reports
of De et al (1994) from Hubli estuary, llangovan (198Ypareethigh andHaniffa
(1997)from Vellar estuary,Sreekumag1998)fromCochinestuary Krishnakumay

andJohn(2003)andVaheedd2008).

Studies of phytoplankton diversity is an important contribution torttlerstanding
of the ecosystem dynamics (Hillebrand &ammer 2000].he species diversity is
typically measured by the species count (richreggssometimes with an evenness
index. However, it may also be measurggroportional statistics like Shanron
Wiener index (H' Shannon andeaverl949)thatcombinebothmeasuresvhichis
oneof themostwidelyuseddiversityindicesfor measuringliversity(GaoandSong

2005).

Speciediversity within the aquaticcommunitiesis closelyrelatedwiththe trophic

stateof thewaterbody.If it is accuratelydentifiedandmeasured
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on the unified basis, variability (or stability) of structural and functipaahmeters
such as ShanneWiener index of plankton communities in #suariegandcoastal
waters, can serve as an indicator for the modification of ecosystemsinder the

eutrophication/pollutiostresgTelesh2004).

ShannorWiener diversity index is a suitable indicator for wadeality. Hendley
(1977) used Shannewiener diversity index as pollutiondex of microalgal
communities, especially diatoms and putrfard thefollowing scale; 61 for high
pollution, 12 for moderate pollution,-3 for small scalepollution, and 3-4 for

incipientpollution.

The value of diversity index of a community in less polluted waterdd behigher
(Margalef1967;GaoandSong2005). Theseobservations agreed with the results
obtained from this study. Station #idring Junerecordedthe leaststandingcrop
andits ShannorAwieneindex was 1.75. Hence it is perceived that all the stations
studied excepdtations2 and7 arenot polluted.

4.3.6 Floral similarity
Floral similarity of periphyticflora of the studyareawasanalyzedwithSor ensen o6 s
similarity index and 6t r eshdwedsthatdaihmglgr a mo
similarity between stations. Abundance Ad¢hnanthedrevipes,A. coarctata,A.
longipes, Amphora coffeaeformis,A. coffeaeformivar. borealis, A. holsatica,

Bacillaria paradoxa,Cocconeigplacentulavar.
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euglypta, C. scutellum. Cymbella cistula, C. hustedtii, C. japonica,

C. marina, C. minuta, C. spicylRiplonds puella, Epithemea muscul#sagilaria
oceanica, Grammatophoraundulata, Gyrosigmanodiferum,

G. scalproides, Hantzschia amphioxys, Melosira nummuloides,Nawicwiiz, N.
exigua,N. longa, N. radiosa, N. salinarum, Nitzschiaclausii,

N. closterium, N. linearis, N. longissima, N. palea, N. paleaecea,

N. panduriformis, N. sigma, N. singma, N. sigma rigida, N. sigmavar.rigidula,
Pinnularia braunii, Pleurosigma angulatum, P. elongatum, Synedraulna,
ThalassionemanitzschiodesQscillatoria limnetica, O. raoi, O. tenuisMougetia
adnata, Oedogonium rufescefigeoclonium flagelliferurandJlothrix tenerrima

atthestationsstudiedcontributedhesimilarity betweestations.

4.3.7 SpeciesComposition
Pokkaliandprawnfieldsof N. ParavooandVypeenlslandcomposedf 185species
of Bacillariophyceae34 specieof Myxophyceae?4 speciesf Chlorophyceaand
two specie®f EuglenineaeT hestationsexhibitedahigh variationin thenumberof
specieseported Themaximumnumberofspecies 119 was recad from station 5
while the minimum number 96pecies were reported from the stations 1 and 6
(Table 4.12). Species dfitzschiaandNaviculashowedhigh speciediversity.21

specief Nitzschiahavebeenreportedrom station3.
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4.3.8 Population Density
Annualand monthly occurrence®f abundancef periphytonstanding crop at 10
different stations are shown kig 4.2 and Fig 4.3T'he monthly average periphyton
cell numbers in the study area varfeam 4.4x1Gto 6.4x10 cells cm?. The highest
cell numbes recorded wax10® from station 6 during December and the lowest,

9.7x1C cells cn¥ from station10 during July.

Achnanthedrevipes,A. longipes,Amphora coffeaeformisCocconeiglacentula
var. euglipta, C. scuttellum,CymbellajaponicaEpithemiamusculus,Fragilaria
oceanica,Hantzschiaamphioxys,Navicula cincta, N. exigua, N. longa, N.
salinarum, Nitzschiaclausii,

N. closterium, N. palea, N. sigma ,N. sigma var. rigida, Pinnularia braunii,
ThalassionemanitzschioidesOscillatoria spp., Mougeotiaadnata, Oedogonium
rufescensand Stigeocloniunflagelliferumweredominant through out the year in
all stations studied. Irrespective of thariationsof the study areathe common
occurrenceof thesespeciethroughout the year indicted that they are typically

euryhalinespecies.

Climacospheniamoniligera, Coscinodiscusradiatus, Fragilaria construens,
Gomphonemagracile, Gyrosigmalittorale, Licmophora abbreviata, Nitzschia
capitellata, Nitzschia sigmavar. rigida, Microspora pachyderma and

Monoraphidiundybowskiwererecordedonly during post
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monsoon seasorand Achnanthes coarctataDiploneis puella, Encyonema
prostratumMelosiradubia, Thalassiosirasubtilis, Oscillatoriaangustissima,
O.chlorina, O.formosaQ. laetevirensvar. minimus O. raoi, andSpirulinasubsala
wererecordedonly duringpre monsoonAs theseformswereseermnly duringhigh

salinitytheyaretruesalinespecies.

The presence of Cymbella tumida, Gyrosigma nodiferum, Navicula
rhynchocephalavar. grunowii, N. hasta, Pleurosigna aestuarii, Tabellaria
flocculosa,Oscillatoria agardhii, and Ulothrix cylindricunonly during monsoon

indictedthattheyaretruefreshwaterforms.

Periphytic floral compositionof the pokkali and prawn fields of

N. Paravoorand Vypeen Island (Table 3.1) showedthat out of the71 genera
identified, 45 belonged to Bacillariophyceae, 9 Myxophycéd&eChlorophyceae
and 1 Euglenineae. 185 species of diatoms formediimenant group of periphytic
flora of the study area. Among diatoqsnnate forms were donant.Out of 185
diatoms reported 162 specie®re pennalesand only 23 speciesbelongedto 8

generaof centrales.

4.4 Summary

Themonthlyaverageperiphytoncell numbersn thestudyareaariedfrom 4.4x16
to 6.4x 10* cellscm?. Thehighestcell numberecordedwas 3x 10° from station
6 during Decemberand the lowest

9.7 x 17 cells cm 2 at station 10 during July. The two way ANOVA
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analysis of salinity showed a significant variation between stationdbetmeceen
seasons (p<0.05). The algal numbkthe study area showedasitivecorrelation
to salinity (p<0.01). Thus the standing crop at different stations exhibited
considerablerariationwith salinity. Analysisshowedthathere was no correlation
between nutrient concentration and algal nethberMa r g ainhdexbf éichness
was higher during monsoonindicatingthe favourable environmentalconditions

prevailedduringtheseason.

The highest Shannon Weiner index of diversity was noticed dposgmonsoon.

Li kewise the | eaaue waS recopdedurim@ gostmomsdoa x v
suggesting that more species diversity was shshwimg post monsoon. The lowest

val ue of Si mp s o n Orscordeadaringnoresoomntdicatedthe n n e s s

high evennessluringmonsoon.

The similarity of the florawaa anal ysed by similardyyndexg Sor en
The study revealed that the flora showed high similahityix stationsthe floral

similarity washigherthan 70%.

The flora of pokkali and prawn fields of N. Paravoor and Vydskmdcomposed
with 71 generaand245 speciesOut of that45 generaandl85specie®f diatoms9
generaand34 specieof Myxophyceael6 generand24 specieof Chlorophyceae
and 1 genusand 2 speciesof EuglenineaéAmong the Diatoms 37 genera and

constituted by pennales@ 8 generdy centrals.
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Table 4.1 Monthly meanvaluesof environmental parameters

Nl (@)
£ | g S 15| | § 12| 2| &
c £ 6 .S £ o 3] & © ot
] Td U= 3 = ©) O
> nxX 100E& - ) prd pd

Feb. 23.75 5.22 12958 7.08 42.64 0.550.23  0.99

Mar. 23.10 598 /30.00| 7.05 36.96 0.62 0.07 1.55

Apr.  20.05 765 3225 7.18 47.21 0.33 054 1.98

May [13.90 9.34 3093 6.94 46.52 0.45 0.21 2.07

Jun. 9.80 993 29.95 6.87 | 5291 | 0.48 0.83 2.47

Jul.  1.60 8.47 129.35| 693 8254 0.61 0.76 3.17

Aug. 3.38 6.87 3116 6.21 8943 041 1.83 2.79

Sep 1.40 10.80 [ 32.20 6.81 102.45 0.83 3.70 2.90

Oct. 6.63 462 30.68 6.71 114.64 0.19 0.79 1.84

Nov. 6.75 488 30.30 6.99 108.52 0.34 0.99 231

Dec. 11.00 494 3175 6.91 8552 0.28 0.75  1.87

Jan. 22.35 451 28.78 6.99 5099 0.14 0.70 141

Average 11.98 6.93 3058 6.89 7169 044 0.95 2112

Table 4.2 ANOVA of seasonalvariations (p<0.05) of salinity atdifferent

stations
Sourceof Variation DF SS MS F
Station 9 1284.956 142.773 4.063
Season 2 5225.666 2612.833 74.355
Stationx Season 18 253.334 14.074 0.401
Residual 90 3162.594 35.14
Total 119 9926.55 83.416
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Table 4.3 ANOVA of seasonalvariations of Temperature(p<0.05)at
different stations

Sourceof Variation DF SS MS F
Station 9 98.82 10.98 4.242
Season 2 2.43 1.215 0.469
Stationx Season 18 59.057 3.281 1.268
Residual 90 232.968 = 2.589

Total 119 393.275 3.305

Table 4.4 ANOVA of seasonalariations of pH (p<0.05)atdifferent stations

Sourceof Variation DF SS MS F
Station 9 5.195 0.577 5.68
Season 2 2.575 1.287 12.667
Stationx Season 18 1.368 0.076 0.748
Residual 90 9.147 0.102

Total 119 18.285 0.154

Table 4.5 ANOVA of seasonalvariations of Silicate (p<0.05)at different

stations
Sourceof Variation DF SS MS F
Station 9 19098.2 | 2122.022 | 2.124
Season 2 49585.14 2479257 @ 24.821
Stationx Season 18 16807.68| 933.76 0.935
Residual 90 89897.7 | 998.863
Total 119 175388.7 1473.855
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Table 4.6 ANOVA of seasonalvariations of Nitrate (p<0.05) atdifferent

stations
Sourceof Variation DF SS MS F
Station 9 32.995 3.666 1401
Season 47.252 23.626 9.031
Stationx Season 18 71.188 3.955 1.512
Residual 90 235.447 2.616
Total 119 386.882 3.251

Table 4.7 ANOVA of seasonalvariations of Dissolved oxygen(p<0.05)

at different stations

Sourceof Variation DF SS MS F
Staton 9 176.176 | 19.575 4.978
Season 2 186.197 = 93.099 23.676
Stationx Season 18 115.837 6.435 1.637
Residual 90 353.89 3.932

Total 119 832.1 6.992

Table 4.8 ANOVA of seasonalvariations of Nitrite (p<0.05) atdifferent

stations
Sourceof Variation DF SS MS F
Station 9 2.212 0.246 2.866
Season 2 2.525 1.263 14.725
Stationx Season 18 1.587 0.0882 1.028
Residual 90 7.718 0.0858
Total 119 14.042 0.118

Table 4.9 ANOVA of seasonalariations of Phosphate(p<0.05)at different

stations

Sourceof Variation DF SS MS F
Station 9 118.499 13.167 7.896
Season 2 32.111 16.056 9.629
Stationx Season 18 99.555 5.531 3.317
Residual 90 150.068  1.667

Total 119 400.234  3.363

297

MIDNAPORE CITY COLLEGE




Fishery Science Lab Manual Dept. of Biological Science

Table 4.10Correlation matrix of standing crop and environmentalparameters

@ 2
Lo) 4?6 e
2 c Q < @ > =
55 2 z Q o I o = Z
= o N (7)) o = — ©
0 % O (@) ) o] o)
N o Z Z - (0p) <
Dissolved
1
Oxygen
NOsN 253" 1
NO2N 169 | 3137 1
SIOs 156 208 @ 011 1
PQ: 187 | 054 | 247" 367 1
pH
046  -146 126 -154 126 1
Temperature o.s 155 | 123 .047 | 159 015 1
Salinity 091 -311" | -126 -.645"-319" 318" -.046 1
Algal .
188  -092 -112 -085 -.144 168 .104 289" 1
Number

** Significantat0.01level (2 tailed)
* Significantat 0.05 level (2tailed)
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Table 4.12List of periphytic algal generareported in the study area

Number of genera at 10 different stations

Algal genera 1 2 3 4 5 6 738 9 10
Bacillariophyceae

Achnanthes 2 3

Amphiprora

Amphora

l/Anomoeoneis

Bacillaria

Biddulphia

Caloneis

Campylodiscus

Climacosphenia

Cocconeis

Coschodiscus

Cyclotella

Cymbella

Diatoma

Diploneis

Donkinia

Encyonema

Epithemia

Eunotia

Fragilaria

Frustulia

Gomphonema

Grammatophora

A P N O R P P P ONM O O N N W O R N O kP O 0 o w
W P N P R P P OO0 W o|N ON ®W R R P R R O O Rk

W Rk N ORI R P Ol MO N ODNM W O O PR W kR | ol o

AP, FP|lO|FP P RP|IPlOlw O o oNMN|  w o o N|FrR P o 0un|lo|lw
O P P O N O R P O W o/lN kP b W O NN P P ON DN
gk Fr|lo|/NdM OrRr|ojloldNM ON Pl W|M O R Mo o ol k| s~
B P P O R O R P O N OIN B NN R O R O P P OO O ®
W P P O FP O FP O O N ON O FPr W o o N P P N © P ®
AR PO/ FRr P PPN ON P Ojlw O O/ FRP|FR P o 0|lFr| w
W kP PR P RPN RPN FPIMDNM O O RFP|IR P O O|FL,|N

Gyrosigma
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Hantzschia 1 11 1 1 1 1 1 1 1
Licmophora 1 11 0 1 1 1 1 1 1
Mastogloia 1 10 2 0 1 1 1 0O O
Melosira 1 0 2 1 1 3 0 2 2 1
Navicula 13 16 12 17 13 12 |11 11 13 11
Nitzschia 16 16 21 14 20 15 16 14 20 15
Pinnularia 1 2 1 1 1 1 1 1 1 1
Pleurosigma 2 3 4 3 3 3 4 4 3 7
Podosira 0 0 0 1 1 0 0 1 0O O
Rhaphoneis 0 0 0 1 1 0 1 0 1 0
Rhoicosphenia 0 10 0 0 0 0 0 0O O
Rhopalodia 0 0 0 0 0 0 0 1 0O ©O
Stephanodiscus 0 0 O 0 0 0 0 0 1 0
Surirella 0 2 2 0 3 1 2 2 2 1
Synedra 2 3 2 2 2 2 2 2 2 2
Tabellaria 1 0 1 1 0 1 0O O 0O O
Thalassionema 1 11 1 1 1 1 1 1 1
Thalassiosira 0 0 0 1 1 1 1 0 0O O
Thallassiothrix 0 0 1 0 0 0 0 0 0O ©O
Triceratium 0 0 0 0 0 0 0 1 0 1
Tropidoneis 0 0 1 0 0 0 1 1 0 1
Myxophyceae
Anabaena 0 0 0 1 1 1 0 1 0O O
Aphanocapsa 1 2 2 1 1 1 1 1 1 1
Arthospira 0 0 O 0 0 1 1 0 0 1
Calothrix 1 11 1 0 0 0O O 1 0
Lyngbya 1 4 3 1 1 1 3 2 3 1
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Merismopedia 0 1 1 0 1 0 0 1 1 0
Nostoc 1 0 1 1 1 0 1 1 0 0
Oscillatoria 3 5 4 3 5 8 3 4 5 |5
Spirulina 0 0 1 0 1 2 1 0 0O O
Chlorophyceae
Chaetophora 0 0 1 0 0 0 0 0 0 0
Chlorella 1 1 1 0 1 1 1 1 1 1
Cladophora 1 0 1 0 0 0 1 1 1 0
Closterium 0 1 0 0O ©O 0 0O O 0 0
Enteromorpha 1 1 1 1 1 0 0 0 1 1
Microspora 1 0 0 0 0 0 1 0 1 0
Monoraphidium 0 0 1 1 0 1 1 0 0 1
Mougeotia 1 1 1 1 1 0 0 1 1 1
Oedogonium 1 2 2 1 1 1 1 2 1 1
Parsonella 0 0 0 0 1 0 0O O 0 0
Schizomeris 0 1 0 0O O 0 0O O 0 0
Schroederiella 0 0 0 0 1 0 0 1 0 0
Spirogyra 0 3 1 0 1 0 0 1 1 0
Stigeoclonium 2 2 2 1 2 1 2 2 2 2
Ulothrix 2 0 1 1 1 1 1 1 2 1
Uronema 0 0 0 0 0 0 0 O 1 0
Euglenineae
Euglena 1 2 1 1 1 1 1 1 1 1
Total 96 112 115 97 119 102 94 104 108 96
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1 2 3 4 5 6 7 8 9 10
1 66.66 | 68.54 | 73.20 | 69.16 | 67.34 | 73.68 | 68.00 | 68.62 | 65.28
2 65.77 | 45.32 | 60.99 | 58.65 | 59.30 | 63.16 | 59.15 | 63.37
3 66.98 | 64.68 | 60.68 | 59.72 | 68.78 | 65.78 | 59.81
4 71.30 | 69.65 | 63.54 | 72.27 | 67.96 | 64.62
B 61% to 70%
5 67.87 | 62.26 | 72.07 | 63.72 | 5767 | Bl 45% to 60%
71% to 74%
3 67.00 | 67.63 | 65.40 | 65.00
7 62.62 | 66.34 | 64.92
8 71.43 | 65.67
) 66.34
& 10
(6)]

Fig. 4.1 Trellis diagram showingfloral similarity at 10different
stations
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Fig.4.2 Annual meanalgal numbers at stations1-10
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BFSC-203: Freshwater Aquaculture

Pond Management

A. Nursery Pond:

The total fry (fish seeds above 8mm. and up to 40mm. in length) requirements for the presently
cultivated waters have been estimated over 165.18 crores. If all existing readily ewadtd

areas for nursery production are to adequately stocked, the total requirements to meet the above
demand would be 219.66 crores and this requirement will further increase the production of
fish culture in our country.

The available sources of frygruction in the country are

a) From riverine collection (contributes 5.90% of total seed production in country)
b) Production in different hatcheries

Nursery pond management is based on the principle of bringing suitable and proper ecological,
physicachemi@l and biological conditions in pond, where by protection from harmful external
factors and promotion of optimum growth and survivality of the fry, will be ensure in natural
conditions or through human manipulation.

Factors responsible for mortality o$fi larvae in nurseries aire

a) Damage and injury to spawn collection and during transport.

b) Wide fluctuation of physicehemical parameters of the container carrying the fry and
pond water.

c) Defective method of fish seed stocking in pond.

d) Presence of unwantexdiganisms in nursery pond.

e) Macro and micro weed infestation.

f) Lack of sufficient natural food.

g) Rearing duration.

h) Improper feeding management and schedule.

i) Deterioration of soil and water quality in pond.

Nursey ponds are small, shallow ponds, peremmniatasonal, to rear the fishes from spawn to

fry stage. In some larger production ponds may be large in size, though, generally, these types
of ponds having 0.62.04 ha in size,-3.5 feet in depth. Cement riveted, stone, brick and even
fiberglass tanksan also be used as nursery rearing tank with different management protocols
than earthen pond. Culture period in nursery ponds is abelf diays.

The ecological condition the interrelationship of primary productivity, plant and animal life,
which canplete with each other and complete the food chain in a nursery environment bears
great significance in successful nursery management in earthen ponds. Ecological factors such
as, abundance of maevegetations and higher animal life in the form of figigeicts and
amphibian population hardly play any important and useful role in the rearing of the fry. An
alternation of natural ecology through human agency is necessary to make a nursery is, there,
to be limited to short cycle ending with zooplankton orgjain
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Time of the pond preparation: April to May.

Type of the pond: Seasonal (Dry type) and Perennial (Nevertheless, seasonal types are most
common).

Pre-stocking Operation in Dry/Seasonal Pond:

1. Drying the pond still the cracks appear on the bottom.
2. Repar the dykes, berm, and bottom of the pond.
3. Ploughing of the pond bottom with raw cow dung and green manure by exposing the
sub soil to the atmosphere to speeding up the oxidation process and release the nutrients.
4. Applications of small volume water to tpend just to moist the pond bottom.
Application of manuré raw cow dung @ 1000 kg/bigha; single super phosphate @ 10
kg/ha.
Raking of pond soil after 7 days of manuring.
Application of lime @ 30 kg/ha.
Filling of pond with sufficient water inlet.
Testingof water parameters after 2 to 7 days. (The optimal condition should be like as
follows)
a) Colour of the water turbid brown, light green, red,
b) pH=>7.8t08.2
c) Alkalinity => 120-170 ppm.
d) Dissolved oxygen content =>5 to 8 ppm.
e) Alkalinity i 70 to 150 ppm.
f) Free ammonia Nil.
g) Phosphate => 0.2 to 0.4 ppm.
h) Nitrite => 0.06 to 0.1 ppm.
10.Measurement of zooplankton density, when the density is found optimum, the pond is
ready to be stocked.
11. Twenty-four hours before stoking, all the aquatic insects should leellbly using soap
and oil emulsion, generally kerosene is used.

o

© N

Pre-stocking Operation in Perennial Pond:

1. Control of predatory and weed fishes In perennial pond predatory and weed fauna
in the water body is to be eradicated by netting or using fishaotsc The common
fish toxicants aré
a) Mohua oil cake- Mahua oil cake at 26050 ppm is applied 15 days before
stocking and pond effectively kills in predatory fishes. Mahua oils cake
containing-6% saponin enters the blood stream of fishes causing hgsmol
and subsequent mortality. The application of mahua oil cake has gained wide
popularly due to its fertilizing effect after toxic effect.
b) Derris root powdeil It is a contact poisons with 5% rotenone, damages the
respiratory system of the fishes andoamection of 4 ppm is effective against
all forage fishes. The required quantity of derris root powder is applied 12 days
prior to stocking. It is mixed thoroughly with water and sprayed over the water
surface.
c) Chlorinated hydrocarboris

307
MIDNAPORE CITY COLLEGE



Fishery Science Lab Manual ‘Dept. of Biological Science

i.  Endrin (Tafadrin20)
ii.  Organophosphate (Thiometon DDVP, Phosphamidon)

2. Control of aquatic weeds- Perennial water bodies is used for nursery operations may
contain luxurious growths of various aquatic weeds which should be removed by
following waysi
a) Manual controli Nurseryponds are small and labours are cheap in India. Most of

the ponds are cleared manually by hand pickling of aquatic weeds. Small floating
weeds likeLemnaand other algae can be removed by straw rope dragging towards
the corner of the pond.

b) Mechanical conbl i some weed cutting machine can be used for relatively large
pond for larger production. But in nursery pond, mechanical weed cutters are hardly
used.

c) Chemical controt The manual removal of weeds from heavily infested large water
bodies is difficultand time consuming. Under such conditions certain commercially
available chemicals (herbicides) can provide an efficient means of eradication of
undesirable aquatic plants. The common herbicide used in pond clearant® is 2
(12 kg/ha). Water lettuce whidften causes a serious problem in fish ponds can be
controlled with 0.10.2 kg of paraquat/ha. This infestation could also be controlled
by foliar spray of aqueous ammonia (1%) at the rate b 5Bg/ha along with 0.2
% of any commercially available degent as a wetting agent.

d) Biological controli biological control of aquatic weeds is not common in nursery
pond. Grass carp is the most effective biological control agent against most of the
submerged and floating weeds except the water ferns. Grassncarally
consumes some aquatic weeds, at least 50% of their body weight in a day.

3. Fertilization - Fertilization schedule involving both organic and inorganic fertilizers
starts 1015 days prior to stocking and is prepared on the basis of nutrient stdtus a
chemical environment of the pond soil and water.

a) Organic fertiliseii Raw cow dung @ 1000 kg/bigha

b) Inorganic fertiliseii single super phosphate @ 10 kg/bigha; urea @ 5 kg/ha.

c) Maharashtra schedule of manuring consist of the following steps:

i. Stagel: Organic RCD @ 700kg/ha. and oilcake @ 700kg/ha, with
inorganic superphosphate 150kg/ha, triple phosphate 80kg. /ha. the day
before the expected date of stocking spawn.

ii. Stage2: Organic RCD @ 88kg/ha and peanut oil cake @ 350kg/ha on the
day following the dte of stocking.

iii.  Stage3: Organic RCD 44kg/ha, peanut oil cake @ 175kg/ha on the second
day following the date of stocking.

iv.  Stage4: Organic RCD 22kg/ha, peanut oil cake @ 88kg/ha fréirdady to
10" day following the date of stocking.

4. Liming - This isthe first steps in the fertilization of a nursery pond. The quantity of
lime to be applied depends on the pH of the soil. Liming is important to enhance the
effect of organic fertilisers in pond. It can also disinfect the pond water and eliminates
some hanful pathogens. It also maintains the optimum pH condition of water and soil.
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PH range Quantity of Lime kq/ha
4 - 45 1,000

45 - 55 700

55 - 65 500

65 - 175 200

5. Control of aquatic insecti A high survival in nursery pond can be expected only if
the insect population is completely eradicated which otherwise will prey upon with
spawn n addition to being competitors for the food. Among the insect beetles back
swimmers water bugs, water scorpions, dragonfly nymphs cause considerable harm to
the span in nursery ponds.

a) Repeated drag netting using a fine method (1/16) on the previous day of
commissioning the one can eradicate the insect population in nursery pond in to
a considerable extends.

b) Most of aquatic insects utilize the atmospheric oxygen for respiration which if
cut off from the water column will lead to its mortality by suffocati®his is
achieved through. 00il emulsiond by pi
water surfacelFor making soail emulsion, the soap is mixed with oil and
gently heated for some time with vigorous stirring. These emulsions are applied
by spraying oer the pond surface aboutiZ2 hours prior to stocking of spawn.

It is the film of the emulsion which is important and hence care is taken not to
disturb the film for a few hours. Windy days should be avoided as it will break
the film.

c) Malathion applicabn i n nursery ponds also cont
population and hence subsequent treatment for control of insect is not required.
However, if swarms of these predatory insects are seen in the nursery pond,
treatment should be applied immediately.

6. Water quality testi (same as dry pond preparation mentioned above).

7. Assessment of Food in NurserigsThe quantitative and qualitative nature of standing
crop of plankton following fertilization od nurseries is to be ascertained at short
intervals by filteing 45 litres of pond water through plankton collection net made of
No. 21 bolting silk. A rich production and dominance of Pkplenktonic organisms
in the nursery at the time of stocking suggests its immediate unsuitability for stocking
and sediment wame of about 1.0ml. of zooplankters, consisting of rotifers, copepod
nauplii and Cladocera is to be regarded as a good food reserve for the hatchlings.

Stocking of Nursery Pond:

Complete detoxification of the piscicide applied earlier should be ensefectstocking the
nursery, rearing and stocking ponds. One or two days prior to stocking, a hapa should be fixed
in the pond and some stocking materials should be put inside the hapa. Absence of distress and
mortality after 24 hours confirm complete defmation and the pond should be regarded as
ready for stocking.
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Carp spawn requires natural feed immediately after stocking and hence it is essential to have a
minimum plankton value of 3@0 ml/n? in case of stocking at a moderate rate i(2.5
million/ha). When a higher stocking rate is to be adopted, plankton population is also required
to be increased accordingly. In case the stocking density is over 5 million/ha, the plankton
volume should be around 100 m¥rselfproduced or procured 3 days old sawn should be
stocked in the morning at the rate @64million/ha. The stocking density must be according

to the condition of the pond and the amount of fish food organisms available. The rate of
stocking in a welprepared nursery pond with adequate fagbd organisms can be as high as

10 million/ha.

Poststocking Operation Nursery Pond:

1. Feeding- Soon after the entry into the pond the spawn starts voracious feeding on the
plankton. Within a couple of days, the plankton population gets depleted. Hence a
supplementary diet is resorted so as to keep up the plankton biomass. Nursery ponds
are fed with rice bran and finely powdered ground nut oil cake in 1:1 by weight. The
following feeding schedule is more economical and gives better survival. For better
utilization half of the feed is given during the morning hours and half during the evening
hours in every day.

V First 5 days Equal to the initial body wt. of spawn stocked.
V Second 5 daysDouble the initial body wt. of the spawn stocked.
V Third 5 days Thrice the initial body wt. of the spawn stocked.

The nursery feeds for higher stocking densities to get best survival rates should have
the following qualities

a) Ready acceptability to early fry,
b) Easy digestibility and
c) Higher conversion value

The daily ratiois estimated on the basis of fry population and their advancing growth
with the approximate initial weight of each spawn as 0.0014 g. The total quantity to be
fed as; first 5 days of stockirigdouble the weight, second 5 days of stocKinbree

times tke weight, and third 5 days of stockindour times the weight.

Broadcasting of feed on the surface water is the normal procedure. All the food
broadcasted is not utilised by the early spawn and fry to full extent. A large quantity of
feed drops down ahé bottom of the pond, decomposed and forms organic manure.

Mixture of dry finely powdered notonecta, small shrimps and cheap pulses in the ratio
of 5:3:2 is also used as artificial feed at the same rate as that of grain barn and vegetable
oil cake.

2. Harvesting- After 15 days of rearing the fry attains a size of250mms and the stock
is ready for harvesting. Using 1/16 mesh cotton drag net pond is harvested repeated
netting the survival range would be-88% with an average of 75%. The harvested fry
required to be transferred to larger rearing ponds. Survival rates in nurseries have been
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registered as high as 88% and an average of about 50% with size of fry ranging between
20 and 30 mm.

B. Rearing Pond:

Rearing of the 15 days old fry (2536 mm) to thdingerlings (100150mm) size in a large pond with
in shortest per icaledrearihg p8nd memagéentest @aringipona shoulsl have an
area 0f0.8 to 0.1 ha preferably recgudar in shape with wateepth ranging from 1.5 to 2 metrd$e
utility of the rearing pond culturis to provide more space to frgducing stocking density and at the
same time pviding a larger pond than timeirsery pond for their proper growth and depenent. On
the other hand, th&5 days old fry are reared the same small ngery pond, their growth will be
retarded and hence production will be hampefée. time of rearing in rearing pond is normalkg 2
months and sometimes up to 6 months.

Pre-Stocking management

1. Eradication of Aguatic Weeds- Being sonewhat deeper and longer than nursery ponds,
rearing pondsare more liable to get infested with weeds. Am overgrowth of weeds deprived
the pond soil of nutritive elements, restrict movement of fish interferes with netting operations
and harbours predatty and weed fishes and insects
a) Manual control Floating weeds likeeichhorniaandPistia are best removed by manual

labour.

b) Chemical control- Chemicals like 2,4 are quite effective and economical against
Eichhornia When mixed with common domestic detarge, 4D effectively against weeds
like PistiaNymphaeaand Nelumbo Taficide 80, at a dose of 2.2kg/ha is adtective
againstEichhornia

¢) Mechanical control Marginal weeds likel'ypha grassessedgeslpomoea Sagittariaand
Colocasiaare effectivelycontrolled by ploughingand burning during dry season or
repeated cutting by weed cutter.

d) Biological control- Some of the bettdtnown fishes that are used for biological control of
weeds are the grass cagtenopharyngodon idelandPuntius pvanicus Grass carp feeds
mostof the weeds lik®telia valliharia, Utricularia, TrapaandMyriophyllum

2. Eradication of Predatory and weed fishes- Weed fishes (e.g Puntius spp.
Amblypharyngodomola, E. @nricus etc.pre those which compete with the culturagpecies
of fishes for food, space and oxygen ardising serious problem to fish cultuRredatory
fishes (e.gChannaspp, Clarias sp, Wallagoattu etc.)arethose causing the aboweentioned
problemsandalso directly preyipon the fry and fingerlirggof the culturable species.
a) These fishes may be controlled by repeated drag netting or by complete dewatering of
the ponds.
b) However, when this is not possible and effective the unwanted fishes may be killed by
the application of Mahua oil cake an effgetifish toxicant a 2002500 kg/ha (at 1
meter water) to 20@50ppm/ Whickkills toxicant fishes of the pond within@lhours.
The effect of the toxicant lasts for about 21 days after which it acts as 5% rotenone
content at a dose of 4.20 mg/1 is perhapscommonest pond toxicant used.

3. Fertilisation - The next step in rearing pd preparation is fertilizatigrthe objectiveof which
is to have sustained production of adequate quantities of zooplamkicm forms the natural
food of carp fry.
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a) Organic mauring Organic manures raw cattle dung is genenadlgd as 10,000 organic
manure raw cattle before the anticipated of stocking.

b) Inorganic Fertilization Inorganic manures such as super phosphate can be used @ 250
kg/ha before stocking.

4. Liming - The advatage of liming pond is numerous enhances pond productivity and improves
its sanitation.The commonly available lime for pond application are calcium carbonate,
calcium hydroxide, calcium oxide and calcium sulphate. Litawe loe applied to the pond
bottom D0-250 kg/haadded to water ahlets or uniformly broadast on the water surface
depending on the form ¢ifne used.

Stocking Management:

In rearing ponds, the fry of IMC ar@hinese are stocked in variocsmbination at densities ranging
from 2-3 lakhs/la in the following rations.

Species Ratie Some of the possible combinations aeatla, rohu, mrigal, common carp (3:4:1:3);

silver carp, grass carp (1:1); silver carp, grass carp, common carp (4:3:3); catla, rohu, mrigal, grass carp
(4:3:1.5); silvercarp, grass carp, common carp, rohu (3:1.5:2.5:3), etc. Combination of too many species
should be avoided as it invites excessive handling at the time of harvesting for species segregation. Fry
are reared in ponds for about 3 months when they usually 4861150 mm in length and 180 g in

weight. For healthy fry rearing it is recommended that the size of the fry at the time of stocking in the
rearing pond should be as uniform as possible. This can be done by size grading at the time of fry
harvesting fom nursery ponds. Prior to stocking the rearing ponds, the pond waters must have a
plankton level of about 30 ml/n?.

Post stocking managemerit

1. Feeding- Supplementary feeding consisting of a mixture of ground nut /. Musilazdke and
rice brain at 11 ratio by wéght in powders form broadcaswery day in the pond during
morning hours from the first day of stocking. Tieeding schedule as shown below may be
followed for 3 months rearing period.

Period Quantity of Feed day/Lakh of Fry
First Month 6 kgs

Second Month 10kg

Third Month 15kg.

2. Manuring - During the culture period both organiodainorganic manures should applied
at 15 days interval in order to enhance zooplanktorpagtbplankton respectively.
a) Organic manuré 1000 kg/ha/month.
b) Inorganic manure 40kg/ha/ month

3. Liming - During the culture period liming should be done 2&kg month limingshould be
followed on bright days and should be avoided on cloudy or digs.

4. Netting Operations and Harvesting of fingerlings- Netting should be done regularly at least
once a month, the more thetting in a pond the better will e yield of good sized fingerlings
in pond.After 3 months the fingerlings can be harvested by which time they attain an average
weight of 15620gms. Supplementary feeding should be stoppahy before, harvesting.
Harvesting should be done during camrning hours.
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C. Stoking Pond

Raising of fingerlings téable sized fish in large pon@.2510.0 ha area and 0380 depth) is referred

to as the stocking pond management. Most of the following activitiég istbcking pond management
aresimilar to thog of nursery and rearing paand o get maximum production fi$h utmost care should

be taken through the most economic management measures. The principles in the rational management
of stocking ponds are increasing the carrying capacity or the maximodngtarop.

A pond can support fish biomass up to only certain level or limit. This lingtdalled the carrying
capaciy or the maximum standing crofarrying capacity of ponds are increasing by fertilization and
supplementary increasing by fertilimat and supplementary feeding, optimum utilization of ecological
riches in the pond by good magement of water quality, tleeilture of first growing species and fish
healh monitoring. The managementsibcking pond is broadly discussed in three stage @saring
ponds.

Pre-stocking Management:

New ponds, prstockingoperations starts witliming and filling of the pod with water. Thédirst step
for exiding pond requiring developmedeals with clearig the unwanted weeds and fisteither by
manud mechanical or chemical meafnem the pondDifferent methods are employéat this.

1. Control of aquatic weeds- Removal of weeds by Manual/Mechanical, Chemical or biological
means.
i.  Manual/Mechanical Clearance of weeds by means of hand pickling, mechhni

cutter, burning etc.

ii.  Chemical means herbicides like 2,4 (2,4dichlorophenoxy acetic acid), Paraquat
or aqueous ammonia and Diuron/Karmex,

iii. Biological meansintroduction of Grass carp, Tilapi@pmmon carp, Pearl spot, Giant
gourami

2. Removal of unwanted and predatory fishes anather animalsi by repeated netting or using
mahuaoil cake @ 2500 kg/ha meters or by sun drytimg pond bed. Other toxicants include
tea seedtake with a dose of 1j5pm in salinity less thard 5ppt, tamarind seed powder ki
dose of 178200ppm

3. Liming - The soils/ tanks which are acidic mature are less productive than alkaline ponds.
Lime is used to bring the pH to the desired lekeaddition, lime also has the following effects
a) Increases the pH.
b) Acts as buffer ash avoids fluctuations of pH.
c) ltincreases the resistance of soil to parasites.
d) Its taxic effect kills the parasites.
e) It hastens organic decomposition.

The normal doses of the lime desired ranges from 200 to 250 Kg/ha. However, the actual
dose has to be lcallated based on pH of the soil and water as follows:
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SoilpH Nature Lime(kg/ha)
4.0-4.5 Highly acidic 1000
4.5-5.5 Medium acidic 700
5.5-6.5 Slightly acidic 500
6.5-7.5 Near acidic 200
7.5-8.5 Alkaline Nil

Liming materials calcium carbonate, calcium oxide, calcium hydroxide etc

4. Fertilisation/ Manuring - Fertilisation of thgpond is an important means for intensifying fish
culture by increasing the tuaal productivity ofthe pond. The fertilisation schedule has to be
prepared after studying the quality of the paull. A combination of both Organic and
Inorganic fertilisers also be used. The fertiliser programhas to be suitably modified
dependingon thegrowth of the fish, available food reserve in fend, physicohemical
conditions of the pondnd climatic conditions.

a) Organic- Farm yard manuré~YM)- Cow dung @ 5000 kg/h&oultry, sheep manure
b) Crop byproducts cotton seed meal, mustard cilke
c) Inorganic- Inorganic fertilisation to be undertaken after 15 day®rganic manuring.
Requirement of nitrogenous aptosphate fertilisers would vary as per the naturthef
soil fertility indicated below. Howeveany one ofthe nitrogen and plsphate fertilisers
could be useds per given rate.
Inorganic Fertiliser Application (kg/ha/month)

Soil fertility status Ammonium .

sulphate
1. Nitrogen
(mg/100 g soil) 70 30
i) High (51-75) 90 40
if) Medium (26-50) 140 60
iii) Low (upto 25)
2. Phosphorus Single super  Triple super
(mg/100 gm soil) phosphate Phosphate
i) High (7-12) 40 15
ii) Medium (4-6) 50 20
i) Low (upto3) 70 30

Stocking:

After proper preparation, the pond should be stocked withI8IDmm long fingerlings of desired carp
species. In case the fingerlings are not available, the pond can also be stocketVavitea fry or

early fingerlings in absolutely predativee ponds. The stocking rate depends primarily upon the
volume of water and on the oxygen balance of the pond. Quality of available natural fish food in the
pond and the capacity of the farmer toyide supplementary feed, are also matters for consideration.
Usually a pond having average water depth of 2% m should be stocked at the rate of 5 000
fingerlings/ha. The volume of water available for fish in an undrainable pond should not be I&ss than
m?/fish if there is no provision of artificial aeration. In composite fish culture, rearing of six species of
carps, viz. catla(Catla catla), rohu (abeo rohita), mrigal (Cirrhinus mrigala), silver carp
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(Hypophthalmichthys molitr)x grass carpGtenomaryngodon idella and common carpClyprinus
carpio) is considered to be the ideal combination. However, depending on the availability of quality
fingerlings of these carp species, three or four species combinations can also be taken up.

Species  3-species 4-species 6-species

Catla 4.0 3.0 1.5
Rohu 3.0 3.0 2.0
Mrigal 3.0 2.0 1.5
Silver Carp - - 1.5

Post stocking:

1. Supplementary feeding- Fishes need much more food than what is available naturally in the
pond. Fishes can be fed with a mixture of rice bran and oilcakes in the ratio 4:1. Due to the high
cost of Ground Nut Oil Cake (GOC) alternate sources like Cotted e# cake which is
comparatively cheaper than GOC. GOC and cotton seed oil cake can be mixed in equal
proportions and fed to the fish and is reported to give almost the same growth rate as that of
GOC. The feed should be placed on a feeding tray oeitirig bags and lowered to the pond
bottom or it can be dispersed at the corners of the pond. After some time, the fishes will get
used to this type of feeding and aggregate at the same place at particular time for regular feeding
thereby reducing the feddsses. The recommended feeding rate-i§ 56 of the body weight
up to 500gm size of fish and then reduce to 3.5% of body weight frorA@D@ym size. The
feeding is supplementary in nature.

2. Manuring -

a) Organic manuring may be done in monthigtalmens @ 1000 kg/ha.

b) Inorganic fertilisationmay be done at monthly intervals alternating with
organic manuring. However, the monthly ratefestilisation will depend on
pond productivity and thgrowth of the fishes. It should be ensured that excess
fertilisation does not take place which may resukirtirophication.

3. Harvesting - Harvesting is generally done at the end of first y@hen the fishes attain average
weight of 800 gm td..25 kg. With Proper management a production tf 8 tons/ha can be
obtdned in a year. Harvestingd®ne by partial dewatering and repeated nettingpine cases,
complete dewatering of ponds is resortedSome farmers resort to partial harvesting also
depending on the season and demand for fish.
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Identification of Aquatic Weeds

Specimen - 1

Systematic Position

Kingdom Plantae
Order - Poales
Family - Typhaceae
Genus Typha

Identifying Character

1. Typha leaves are alternate and mostly basal on a simple, joint less stem that
bears the flowering spikes.

2. The plants are monoecious, with unisexual flowers that develop in dense
racemes.

3. The numerous male flowers form a narrow spike at the top of the vertical stem.
Each male (staminate) flower is reduced to a pair of stamens and hairs, and
withers once the pollen is shed. Large numbers of tiny female flowers form a

dense, sausage-shaped spike on the stem below the male spike.
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4. In larger species this can be up to 30 centimeters (12 in) long and 1 to 4

centimeters (0.39 to 1.57 in) thick.

Specimen - 2

fy

wx
'

MafewPrabdfufe,

Kingdom - Plantae
Order - Poales
Family - Cyperaceae

Genus Eleocharis
Identifying Character

1. Eleocharis species have photosynthetic tube-shaped, leafless green stems but
no green leaves (the leaves have been reduced to sheaths surrounding the
base of the stems).

2. Eleocharisis an erect, rhizomatous, semi aquatic or aquatic, perennial herb.

3. Vegetative reproduction occurs through an extensive rhizome system and is

responsible for the maintenance and expansion of existing stands. Sexual
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reproduction via seed dispersal and seedling establishment is responsible for

invasion of new areas.

4. Flower develop singly in axil of glumes, unisexual or bisexual.

Specimen - 3

NOCUXTYL

Kingdom: Plantae
Order: Alismatales
Family: Araceae
Subfamily: Lemnoideae
Tribe: Lemneae
Genus: Lemna

Specimen: Lemna minor

Identifying Character:

1. Itis a floating freshwater aquatic plant, with one, two or three leaves each with
a single root hanging in the water; as more leaves grow, the plants divide and
become separate individuals.

2. Therootis 1-2 cm long. The leaves are oval, 1-8 mm long and 0.6-5 mm broad,

light green, with three (rarely five) veins, and small air spaces to assist flotation.
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3. It propagates mainly by division, and flowers are rarely produced; when
produced, they are about 1 mm diameter, with a cup-shaped membranous
scale containing a single ovule and two stamens. The seed is 1 mm long, ribbed

with 8-15 ribs.

Specimen 4:

Kingdom: Plantae
Order: Alismatales
Family: Araceae
Subfamily:  Aroideae
Tribe: Pistieae
Genus: Pistia

Identifying Character:

1. Itis a perennial monocotyledon with thick, soft leaves that form a rosette.

2. It floats on the surface of the water, its roots hanging submersed beneath
floating leaves.

3. The leaves can be up to 14 cm long and have no stem. They are light green,
with parallel veins, wavy margins and are covered in short hairs which form
basket-like structures which trap air bubbles, increasing the plant's buoyancy.

4. The flowers are dioecious, and are hidden in the middle of the plant amongst

the leaves.
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5. Small green berries form after successful fertilization. The plant can also
undergo asexual reproduction. Mother and daughter plants are connected by a

short stolon, forming dense mats.

Specimen -5

Kingdom: Plantae
Order: Solanales
Family: Convolvulaceae
Tribe: Ipomoeeae

Genus: Ipomoea

Identifying Character:

1. It grows in water or on moist solil. Its stems are 2 3 metres (7 10 ft) or more
long, rooting at the nodes, and they are hollow and can float.

2. The leaves vary from typically sagittate (arrow head-shaped) to lanceolate, 5
15cm (2 6in)longand 2 8 cm (0.8 3 in) broad.

3. The flowers are trumpet-shaped, 3 5cm (1 2 in) in diameter, and usually white

in colour with a mauve centre.
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4. Propagation is either by planting cuttings of the stem shoots that will root along

nodes or planting the seeds from flowers that produce seed pods

Specimen 6

Kingdom: Plantae
Order: Commelinales
Family: Pontederiaceae
Genus: Eichhornia

Species: E. crassipes
Identifying Character:

1. Water hyacinth is a free-floating perennial aquatic plant (or hydrophyte) native
to tropical and sub-tropical South America.

2. With broad, thick, glossy, ovate leaves, water hyacinth may rise above the
surface of the water as much as 1 meter in height. The leaves are 10 20 cm
across, and float above the water surface. They have long, spongy and bulbous

stalks.
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The feathery, freely hanging roots are purple-black. An erect stalk supports a
single spike of 8-15 conspicuously attractive flowers, mostly lavender to pink in
colour with six petals. When not in bloom, water hyacinth may be mistaken for
frog's-bit (Limnobium spongia).

One of the fastest growing plants known, water hyacinth reproduces primarily
by way of runners or stolons, which eventually form daughter plants. Each plant
can produce thousands of seeds each year, and these seeds can remain viable

for more than 28 years.

Algal Bloom

An algal bloom is a rapid increase or accumulation in the population of algae (typically

microscopic) in a water system. Cyanobacteria blooms are often called blue-green

algae. Algal blooms may occur in freshwater as well as marine environments.

Typically, only one or a small number of phytoplankton species are involved, and some

blooms may be recognized by discoloration of the water resulting from the high density

of pigmented cells.

Problems of algal bloom

S T o A

Produce extremely dangerous toxins that can sicken or kill people and animals.
Absorbs nutrients from water

Sudden death of algal bloom increase the BOD and COD level in water bodies.
Create dead zones in the water

Raise treatment costs for water

Harmful algal blooms negatively impact the food web by decreasing the amount
of nutritious, edible phytoplankton that zooplankton and other primary
consumers need to survive. These organisms may then starve, leading to
decreased food for secondary and higher order consumers.

Increased cell concentration can block sunlight from primary producers under

the water s surface as well, Il eading
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the cells in the bloom begin to die it can also lead to decreased dissolved
oxygen levels that can be lethal to other aquatic organisms and cause fish kills.
Low dissolved oxygen can be made worse by overcast days and warmer

temperatures.

Chemical control of Aquatic Weeds:

Herbicides (plant poisons) are commonly used to manage land and water plants.
Herbicides are relatively easy to apply and may be the only practical method of control
in some situations. 2,4-D, carfentrazone ethyl, copper, diquat, endothall, fluridone,
glyphosate, imazapyr, sodium carbonate peroxyhydrate compounds, and triclopyr can

be used safely in ponds to control the aquatic weeds.
Biological control of Aquatic Weeds:
Biological Controls (Grass Carp)

Introducing animals and plants that eat or compete with waterweeds represents
another control method. Herbivorous animals (those that eat plants) include a wide
variety of insects, snails, crayfish, tadpoles, turtles, fish, ducks, geese, and swans

which can be stocked in ponds to consume aquatic plants.

Fish - Of these, the triploid (sterile fish with 50% more chromosomes than normal)
Chinese grass carp (Ctenopharyngodon idella) is a plant-eating fish that can be
stocked in ponds to provide effective, economical plant control. The recommended
stocking rate is about 12 fish (stock large fish 9-12 inches in length) per surface acre.
Ponds with very dense weeds may require more fish and those with less, fewer fish.

These fish will try to migrate up or downstream out of your pond, so block fish passage
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out of the pond. Most states require a permit from the fish and game agency to import

and stock these non-native fish.

Insects - Two insects are also being used as a biological control. Adults and larvae of
the South American weevil Neohydronomous affinis feed on Pistia leaves, and the
larvae of moth Spodoptera pectinicornis from Thailand. Both are proving to be useful
tools in the management of Pistia. Another natural antagonist of the Pistia is the

freshwater turtle.

BFSC-204: Aquaculture in Reservoir

P-1: Make a chat on physicochemical feature of the Indian reservoirs and comment on
it.

Parameter Overall Productivity
Low Medium High
Water
pH 6.59.2 <6.0 6.0/ 8.5 >8.5
Alkalinity (mg 19 40 240 <40.0 401 90 >90.0
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Nitrates (mg 1) Tr.-0.93 Negligible Upto 0.2 0.210.5
Phosphates (mg%l Tr.-0.36 Negligible Upto 0.1 0.110.2
Specific conduc 761474 Up to 200 >200
Temperature (°C) 12.0031.0 18 1822 >22

(with minimal stratification i.e.,>5°C)

Soll

pH 6.0/ 8.8 <6.5 6.59175 >7.5
Available P (mg/100 g) 0.476.2 <3.0 3.006.0 >6.0
Available N (mg/100 g) 13.065.0 <25.0 25160 >60.0
Organic carbon (%) 0.613.2 <0.5 0.51.5 1525

In India, majority of the reservoirs fall under low productivity, which has the water quatdynpéers

pH is less than 6.0, alkalinity is less than 40mg/l. The soil parameters such as the pH are less than 6.5,
available nitrogen is less than 3.0mg/100g, and available nitrogen is less than 25mg/100g and organic
carbon is less than 0.5%. The totatatilved solids and specific conductivity directly influence the
productivity of the reservoirs.

The soil pH is one of the important parameter, which regulates the productivity of the water bodies. If
the pH value is less than 6 then it is a low produgtigservoir, 6.5 7.5 is termed medium productivity
and more than pH 7.5 is termed a high productivity reservoir.

P-2: Make a chart on Fish production of reservoirs in India

Small reservoir Medium reservoir Larger reservoir Pooled reservoir

Nu Produ Yiel Nu Produ  Yiel Nu Produc  Yield Nu Produ Yield

mb ction d mbe  ction d mb tion (t) (kg mbe  ction (kg

er (t) (kg r (t) (kg er ha?) r (t) ha?)
ha?) ha?)

Tamil 52 760 485 8 269 13.74 2 294 12.66 62 1323 22.63
Nadu
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Uttar
Pradesh

Andhra
Pradesh

Maharasht
ra

Rajasthan

Kerala

Bihar

Madhya
Pradesh

Himachal
Pradesh

Odisha

Total

Average

Dept. of Biological Science

31 168 14.6 13 156 7.17 1 50
37 2224 188 29 306 22 3 800
6 72 21.09 12 3135 11.83 4 794
78 970 46.43 17 599.7 24.47 2 120
7 118 53.5 2 17.3 4.8
25 22 3.91 3 7.2 1.9 1 0.8
2 24 47.26 20 624.9 12.02 3 1184
2 1453
53 349 25.85 6 163 12.76 3 925
291 110 21
49.9 12.3

P-3: Make a chart on Reservoir potential of the Indian reservoirs

Category

Small
Medium
Large

Total

Yield (kg ha
9
49.90
12.30
11.43

Area (ha) Present Production
1485557 74129
527541 6488
1140268 13033
3153366 93650

16.8

53

14.53

35.55

7.62

11.43

45

69

22

97

28

25

62

422

374

4330

1179.6

1690

135

30

1833.1

1453

1437

Potential Production

P-4: Make a chart on present pollution of different reservoirs of India:

4.68

36.48

10.21

24.89

23.37

0.054

13.68

35.55

20.13

148556

39565

57013

245134

Reservoir Name of river Sources of pollution
Getalsud Subarnarekha |Heavy engineering, chemicasd sewage.
Gandhisagar Chambal Textile, chemicals, trade effluents from Indore, Ujjain and Kota.
Tungabhadra  Tungabhadra |Paper, iron and steel, rayon, chemicals and sewage.
G.B.Pantsagar |Rend Thermal power plant, coal washery, chemicals
Bhavanisagar |Bhavani Viscose factory effluent.
Hussainsagar |Musa Trade effluents and sewage from Hyderabad city.
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Hirakud Mahanadi Paper mill
Byramangala |Vrishabhavati |Industrial effluents and city sewage
Sandynulla - /Animal products

P-6: Make case study on

Status of heavy metals in Byramangala reservoir
Metal Concentration
Water (¢ g | | Sediment( e'g | Plante g -*dyy wt.)
Zn 871130 50i 197 76.5207.8
Cu 28i 52 38i 64 33i 143
cd nd-15 321 106 1.4i2.1
Cr nd 0.881.32 0.42°0.7
Pb 16i 22 53.4101.2 5.319.0
Hg 0.080.12 0.14/0.4 0.29°0.63

P-7: Cage and Pen Culture in Reservoirs

Cageand pen culture

The unconventional production systems, such as cage and pen cultures have not become very
popular in India, although they have a definite role to play in augmenting fish production from
open water, especially the reservoirs. It is now lyidecepted that the pen enclosures erected

in the reservoir margins can be used as nurseries to raise stocking material to obviate the
necessity for constructing concrete nursery farms which areintessive. Similarly, the

rearing of fish in cages améns up to marketable size enables easier stock manipulation and
total harvesting. However, nestandardization of farm practices and the materials to be used

in the operation still acts as a major retardant for tagde adoption of these culture system

in Indian reservoirs.

Species selection
Main criteria for the choice of candidate species for cage and pen culture are:

fast growth rate

adaptability to the stresses in enclosures due to crowded conglitions

ready acceptance of artificial feeds consigtinainly of cheap agricultural byproducts
high feed conversion rates

resistance to diseases, and

good market demand.

oA LNE

The candidate species should preferably not breed in the cages and upset the population
balance. Under the Indian conditions, the Gacgeajor carp&C. catla, L. rohita, C. mrigala)

the chinese carpgHypophthalmichtys molitrix, Ctenopharyngodon idellajommon
carps(Cyprinus carpio) the magufClarias batrachusand tilapias satisfy these requirements

to a great extent. Murre{€hanra spp.)also can be cultured in maritime States, where marine
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trash fish is available at a discount. Selection of species, however, is mainly dictated by the
local demands and availability of quality seed and other inputs in adequate quantities.

Site seletion

Appropriate site selection is important for successful enclosure aquaculture. Sheltered, weed
free, shallow bays are the ideal locations for installing pens and cages. The sites should have
adequate circulation of water, with wind and wave actioniwithoderate limits. Excessive
turbulence may lead to wastage of fish energy for stabilizing themselves and loss of feed. The
other major considerations are that the water should be potugenavailability of seed in

the vicinity, easy accessibility the site and a ready market for fish. Flowing waters with a
slow current of 1.0 to 9.0 m per minute are considered ideal for cage siting. It is desirable to
install cages a little away from the shore to prevent poaching and crab menace.

Water level fluctation is the most important consideration in site selection for the pen culture
operations in reservoirs. A scrutiny of the contour map and the monthly fluctuation patterns of
reservoir levels will enable the location of suitable sites, which retain isuffizvater for the
required period of time. Sites which dry out during summer will be ideal, as it is easier to erect
pens on dry land, to be inundated later as the water level increases. Similarly, some bays of the
reservoir retaining water for sufficieperiod can be identified and cordoned off by erecting
barricades.

Cage culture

Experiments on cage culture conducted in India have been exploratory in nature and the yields
obtained, so far, are not impressive. The supplemental feeds given are oiicakeany soy

bean flour and silkworm pupae, which have great demand in cattle, poultry, pig rearing and
other animal husbandry practices and hence command a good price in the market. The food
guotient obtained in the cage culture of various species hag@otigh, except in the case of
tilapia, making conventional supplemental feeding unremunerative. The low production and
feed conversion rates are mainly due to the relatively low stocking density and many
deficiencies in the feed. The feed is oftenin@ water stable form and nutritionally balanced

to promote growth. There is need for evolving suitable complete feeds for individual species
of fish from the locally available raw materials, by experimentation.

One of the major constraints of the caglure system is the lack of suitable cage designs to
withstand severe wave action, common in Indian reservoirs. Mukherjee (1990) suggested a
number of flexible, floating barriers, sheet barriers and rigid floats to protect the cage structures
from wave adbn. The floats dampen the wave thrust and absorb the wave energy before the
wave can propagate and strike the cage and cause damage. Kumaraiah and Parameswaran
(1985) proposed a circular cage that could be used in reservoir with moderate wave action for
culture of carps, tilapia and air breathing fishes. The cages can float at the surface, remain just
submerged or rest at the bottom. Floating cages are considered to be most appropriate for Indian
conditions and all the experiments conducted so far indbetry for seed rearing, growout,
nutrition and biomonitoring have been in such enclosures.

Cage materials
Floating fish cages can be constructed out of a variety of materials including metal, wood,

bamboo and netting. Fairly finmeshed nylon netting isad for nursery purposes. Cages made
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of monofilament woven material of 1.0 to 3.0 mm mesh size are light and easy to handle but
last only for six months to one year, depending on their thickness. Knotless nylon webbing of
3 to 6 mm mesh size and knottedamywebbing of 7 to 15 mm mesh have been found to be
very durable as cage material. A battery of cages can be buoyed up within a bamboo catwalk
which will serve as a working platform, floated by sealed empty barrels. Circular and boxlike
cages of varyingidmensions on conduit pipe structures which can be easily assembled, and
suitable flotation systems have been designed in India. Similarlyflsating cage with HDPP

pipe structure has also been experimented with succesfully.

In Jari tank near Allahabadylon cages (20 mesh dirsize 2.2x1.6x1.45 m) were stocked at

a density of 8500 hatchlingshgsize 6.5 to 7.8 mm). These grew in 21 to 28 days to 30.2 to
45.6 mm with a survival of about 25% (Anon., 1979). In fry rearing, the stocking rate in the
cages (mesh size 3 mm) was 700 to 2 500and within 90 days they attained a size of 103.6

to 121.8 mm. The feed given was powdered soybean, groundnut cake and rice bran in equal
proportions. Rearing of carp fry was done in Getalsud reservoir, where thé&y 81 mm in

size) were stocked in 2.4 x 1.5 x 1.5 m cages at the rate of 300 to?70bengrowth rate per
month was 17, 25 and 20 mm in mrigal, catla and rohu respectively. The stock was fed with
mustard and groundnut cake and rice bran in the rdti@ at 30% of the body weight (bw) of

the stock for 4 days and thereafter at 20% for the rest of the period. Summary of cage culture
experiments conducted is presented in Table 1.13.

A series of cage culture trials have been reported from a 12 ha impenndanBangalore
(Parameswaran, 1993). In an experiment conducted with monofilament cloth cages of size 10.5
m2, common carp and silver carp fry were reared at a ratio of 40:1 at a stocking density of 225
m. Put ona diet of powered rice bran, defatifth®rm pupae, groundnut cake and soya flour

in 12:5:2:1 ratio at 10 to 20% bw d&ythe survival obtained at the end of 4 months rearing
was 97.5% in common carp and 88% in silver carp. The stock attained average final weight of
20 and 8.6 g respectiveliiowever, experiments conducted on catla gave erratic results with
survival rate varying from 9 to 71.4%. In another trial, 30 000 spawn obtained from cage grown
common carp parents were reared in 45antofloating (PVC frame) monofilament cloth
(mesh:15 cm?) cages. In 35 days, the fry attained a size of 25.4 mm with 38% survival.
Restocked in 3.5 /18 mm mesh knotless nylon netting cages, at a density of #7%hey

grew to 54.8 mm/4.9 in 75 days with a survival rate of 88.5%.

In a cage culture geriment reported from Tamil Nadu (Parameswaran, 1993), 10 days old fry
(size 10 mm) stocked at a density of 508 were raised to a size of 50 to 60 mm in 40 days,
with survival rates ranging from 45 to 85%. Department of Fisheries in Tamil Nadu has been
undertaking rearing of spawn and fry of major carps in floating cages during July to September
every year. However, data on the stocking density, nutrition, growth and survival are not
available.

Rearing of the fry of Indian major carps was tried in Tiohgalra reservoirs in the year 1984

85 (Singit et al., 1985). Four floating cages, made eP Melon screen fitted on rectangular
bamboo frame of 10x4x1 m, were stocked with rohu and mrigal. Although survival rates
ranging from 37.5 to 87.5% were obtainadthe end of the 3 months rearing period, the
experiment was vitiated due to the destruction of cages due to heavy winds. At stocking
densities ranging from 2 to 5 million +ia growth of about 100 mm (33 g) was obtained.

Dependent on the type of managemmput, fish production rates obtained for growout in
cages vary greatly. Unlike theilech system of saturated stocking and feeding on enriched
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formulated diets, the production recorded in cage culture of common carp is 35, 37.5 and 25
kg m3® month? respectively in Japan, Germany and the Netherlands. In Asia, in general, only
semi intensive and low cost technologies are adopted, mainly due to economic considerations.
In India, the growing season is almost year round, except for Decelabeaary in nottern

parts, where the temperature is low during these winter months.

Table 1.13 Summary of growout experiments conducted in cages in India
Cag II}}Aea f:emtu Produ Feed
e . . [ction ing
Species cultured volu Stockin harv perio (kg m|Feed rate EReference
g est d 2 wh R
me size (mon rrllont (%D
m?3 h- w
(m @ ths) "
dengsiz
ity e
(m (g
)
40 8.3
Cvorinuscario 15.7 30i i 395 |6 1.55 WP, GNC, REL0i T |Govind(M
yp S " 2.22S (8:9:3) 20 110./S.) 1983
4
15.0 56
T 137 81 544 .. 0.83 A e am e |Govindet
Catla catla 15749 50772 6i 8 130 GNC,RB(1:1) 5i 10'66a|" 1988
5 :
Hypoph thalmichr SWPRB, GN|,. Kumaraial
hysmolitrix 10 15 6lla72 10 0.7 C(1:2:3) 35 3'1etal., 1991
Kumaraial
16 s et al,
Labeocalbasu 10 5 208 8 0.1 GNC, RB(1:1)2 2.9 .
5 (unpublish
ed)
Ctenopharyngdon3 33 7 3500 6 20|.33Lemna, 80 - Ea;dgtp Zld
idella 67 |10400 22 ydrilla yayet al,
1991
6.
. 100 |30 noy RB, 1.8 .
gr:]eb‘?gﬂgom's MOS!i5; 107 g' gg‘ 25 0911.6 GNC, CFP(1:3i5 i gt”g;a{gg‘é
200 6. 1:1) 2.3 N
Kumaraial
o5 10i Paramesw
Channamarulius 5 40 3 177 5.3 0.8 Trash fish 12 2.5laran; an
' (unpublish
ed)
Murugesal
. 7. and
Clariasbatrachus 2 100 4 36.93 1 - - " Kumaraial
; 1972
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SWP=Silkoworm pupae;
GNC= Groundnut cake;
RB-=rice bran;

CFP=cattle feed pellets;
FCRfood conservation ratio
Pen culture

Pen culture has a special relevance in reservoir management, since it has been widely
recognised as a means to réarssity, the fingerlings for stocking. The number of fingerlings
required fo stocking the reservoirs in the country is so enormous that it is impossible to raise
all of them in lanebased nursery farms which makes pen nursseiesqua notior reservoir
management. Nevertheless, pen culture on a regular basis has not besadoaagtivhere in

India except at Tungabhadra reservoir. The factors that hamper the standardisation of pen
culture technique are:

the steep level fluctuations,

wind and wave action,

lack of suitable pen materials,

weed infestation and the related harvespiraplems, and
nonsynchronisation of suitable water levels and the spawn availability.

arwnE

The water retention time is important, since the rearing has to be completed before the water
level in the pen goes down the critical limit. In reservoirs with high doawn, the water
retention time is very limited. Sometimes the filling takes place so late that no spawn of
desirable carps will be available when the water level attains the desirable limit. The pen walls
limiting the water circulation to some extent, thecumulated feed and fertilizers case
eutrophication leading to weed infestation fouling of water and fish kills.

Pen culture in Tungabhadra reservoir

Despite all the limitations, pen nurseries are used with remarkable success in Tungabhadra
reservoir forthe last 12 years. During 19923, 21 pens were erected in Ladakanabhavi, 25 km
away from the dam site, covering a total enclosure of 3.3 ha. The pen site is situated at an
elevation of 496 m above MSL and the installation was completed in the montly,oi/dah

the site was still exposed. Later, when the water level increased, the pen got inundated.

The pen area was pteeated with organic manure that resulted in a rich growth of plankton
after the filling. A total of 15 million spawn were stocked in thens, comprising 6.75
million Labeo rohita and 8.25 milliorCirrhinus mrigala After a rearing period of 90 days, 2.

41 million fingerlings were collected from the pen and released into the reservoir. This included
1. 085 million L. rohita and 1. 325 milon C. mrigala worth Rs. 495 875. Pen culture
operations on similar lines are being in Kyrdemkulai and Nongmabhir reservoirs of the northeast
(see Chapter on the Northeast).
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Seed rearing experiments were conducted in a split bamboo pen enclosure of 247 .5
m? reinforced with a nylon netting in Punjar swamp, adjoining the Bhavanisagar reservoir
(Abraham, 1980a). The pen was stocked with the spawi aofrigala(size 7 mm) and..
fimbriatus(size 5 mm) at the rate of 4.6 million-hand usual farm practicegere followed.

In 30 days, mrigal attained a size of 38 mm and L. fimbriatus, 28 mm. At the time of conclusion
of the study after 3 months, the former had attained a size of 88 mm and the latter, 75 mm. The
overall survival obtained was 27.8%.

A pen cultue experiment for raising catla and rohu in Manika maun, a floodplan lake in
Gandak basin yielded a (computed) production of 4 t fishinaix months. The experiment

was conducted in a bamboo screen pen (10)Gandl the stock was fed with mixture ofaic

bran and mustard cake, apart from a feed formulated from the aquatic the weeds collected from
the lake.
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BFSC-206: Anatomy and Biology of Finfish

Anatomy of a Typical Freshwater Fish

TRUNK

J::j- MENTRAL LENGTY

= IH
STANDAZD LENGTH

oRK. _LENGTH /

[ToTaL LENGTH

Anatomy of a Typical Elasmobranch
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MoRPHOMETRIC MEASUREMENTS oF 'E.l&rm mossambica
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MoRPHOMETRIE MEASUREMENTS OF Civehinga myigala,
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KIDNEY
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Draw and Label a Typical Fish

Swaaguy
FRRIETY e |

br_._ L2l

uly [esioQ wnpnedp

15 eusaixa 8|Buls ¢ pur KA ‘COO'S | YY) Saour 8q G118
Ay Bupsine wnpnouado Syl pages s Auog s el JO 21388 Jo Jagunu aos ay) yyadid pul sasiong
S AU B aney Yy Auoq ‘s1sabbns swew sy sy PP pug saysy Auog Syt A sy o dnosb abiey ey

saAU1y219150 Sse|D) HSI4 ANOS

Fecundity Estimation
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Fecundity Estimation:

Fecundity derived from the word fecund, generally refers to the ability to

rep roduce. In biology , fecundity is the potential reproductive capacity of

an organisms or population, measured by the number of gametes (eggs),
seed set or sexual propagates. Fecundity can be defined as the number of
ova that are likely to be laid by a fi sh during the spawning season. Or, the
fecundity is the measurement of reproductive capacity of female fish.

Methods of Estimation:

1 Volumetric Method:
i Total number of the ovary is measured
9 Ovaries are cut into small pieces and random samples are
taken fro m anterior, middle and posterior part of the ovaries.
1 The number of ova from each sample is counted along with
the volume.
1 The total number of the ova and total volume of the ovary is
then calculated.
1 Gravimetric Method:
1 The formalin preserved ovaries ar e used.
1 The weight of the ovary is measured
1 The ovary is cut into three samples of 100mg each by
assumption from anterior, middle and posterior part.
1 The number of ova from each sample is counted along with the
weight.
1 Total number of ova is then calcula ted by following formula:
F = (SxOW)/100
Where, F = Fecundity
S = Average number of ova obtained from three samples
of 100mg each.
OW = Total weight of the Ovary
1 Quantitative method:
1 By this method the fecundity is estimated after fertilization

only.
1 Fertilization was performed by mixing the eggs and the sperm
adding water and shaking the petri -dish by hand.

1 Excess sperms are removed and the fertilized eggs are left for
10 minutes to get water hardened.

1 After being fertilized the after hardened eggs are photocopied
and a piece of thick white paper was used to cover the petri -
dish while eggs after photocopied.

1 White circles were counted and recorded as viable eggs, and
dark dots counted as dead eggs.
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1 Scanned Image Method
1 The ovaries are collected an  d kept on ice until they could be
weighed and gravimetric subsamples could be dissected.

1 Each sub samples was then preserved in
nitric acid, 0.008I glacial acetic acid, 0.1 60% ethyl alcohol,
0.877! distilled water for 11 of fluid) to promote the breakdown

of ovarian tissues.

1 After exposure of four to six weeks, the eggs are rinsed and
dewatered usinga 333 -am square mesh screen and low vacuum
suction.

1 Eggs are then dispersed in petri dish and any large clumps are
gently separated. @ We used 100 mm diameter plastic (round)
petri -dish, which are tended to produce low optical aliases
when scanned.

1 Concentration of the eggs alongside of the dish is to be
avoided by using melted agarose gel mixed with 15| of water.

1 After the agarose hard ened, an image of the dish was taken by
placing the dish directly on flatbed scanner. The cover of the
petri -dish is painted black which can produce high resolution
images of the eggs on black background.

1 The image was saved as gray -scale at a pixel resol ution of
(600x600 dpi).

1 Scans were then examined using image processing and the
eggs are counted.

The number of the eggs produced by a female fish or the fecundity of the
fish entirely depends upon the length weight and the age of the fish. Or
we can say the fecundity is proportional to the length and weight of the
fish.

Estimation of Fecundity is Important in respect of fisheries science due to
the following:

1. This is important in the field of population ecology. Fecundity can
be increased or decreased in a population according to the current
conditions and certain regulating factors. For instance, in times of
hardship for a population such as a lack of food, juvenile and
eventually adult fecundity has been shown to decrease.

2. The estimation is important t o know the relation between the length
and weight of the fish. In fish farming, the estimation helps to
understand which size group would be economical and profitable for
maximum production of new offspring.

Fins of fishes:
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Fins are the most distinctive f eatures of fish. They are either composed of
bony spines protruding from the body with skin covering them and joining

them together, either in a webbed fashion as seen in most bony fish, or are
similar to a flipper, as seen in sharks. Apart from the tail o r caudal fin, fins
have no direct connection with the spine and are supported by muscles
only. Their principal function is to help the fish swim. Fins can also be
used for gliding or crawling, as seen in the flying fish and frogfish. Fins
located in differ ent places on the fish serve different purposes, such as
moving forward, turning, and keeping an upright position. For every fin,

there are a number of fish species in which this particular fin has been lost
during evolution.

Types of fins:

Dorsal fins ar e located on the back. Most fishes have one dorsal fin, but
some fishes have two or three. The dorsal fins serve to protect the fish
against rolling, and assist in sudden turns and stops. In anglerfish, the
anterior of the dorsal fin is modified into an il licium and esca, a biological
equivalent to a fishing rod and lure. The bones that support the dorsal fin

are called Pterygiophore. There are two to three of them: "proximal",
"middle", and "distal". In spinous fins the distal is often fused to the
middle, or not present at all.

The caudal fin is the tail fin, located at the end of the caudal peduncle and
is used for propulsion. The caudal peduncle is the narrow part of the fish's

body to which the caudal or tail fin is attached. The hypural joint is the

joint between the caudal fin and the last of the vertebrae. The hypural is
often fan -shaped. The tail is called:

1 Heterocercal if the vertebrae extend into the upper lobe of the tail,
making it longer (as in sharks)

1 Reversed heterocercal if the vertebrae exte nd into the lower lobe of
the tail, making it longer (as in the Anaspida)

1 Protocercal if the vertebrae extend to the tip of the tail and the tall
is symmetrical but not expanded (as in amphioxus)

1 Diphycercal if the vertebrae extend to the tip of the tail a nd the tail
is symmetrical and expanded (as in the bichir, lungfish, lamprey and
coelacanth. Most Palaeozoic fishes had a diphycercal heterocercal

tail.)
1 Most fish have a homocercal tail, where the fin appears superficially
symmetric but the vertebrae exte nd for a very short distance into the

upper lobe of the fin. This can be expressed in a variety of shapes.
The tail fin can be:
o0 Rounded at the end
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o Truncated: or end in a more  -or-less vertical edge, such as in
salmon

o Forked: or end in two prongs

Emarginated : or with a slight inward curve.

o Continuous: with dorsal, caudal and anal fins attached, such
as in eels

(@)

The anal fin is located on the ventral surface behind the anus. This fin is
used to stabilize the fish while swimming.

The paired pectoral fins are loc ated on each side, usually just behind the
operculum, and are homologous to the forelimbs of tetrapods. A peculiar

function of pectoral fins, highly developed in some fish, is the creation of

the dynamic lifting force that assists some fish, such as sharks , in
maintaining depth and also enables the "flight" for flying fish. In many

fish, the pectoral fins aid in walking, especially in the lobe -like fins of some
anglerfish and in the mudskipper. Certain rays of the pectoral fins may be

adapted into finger -like projections, such as in sea robins and flying
gurnards. The "horns" of manta rays and their relatives are called cephalic

fins; this is actually a modification of the anterior portion of the pectoral

fin.

The paired pelvic or ventral fins are located ve ntrally below the pectoral
fins. They are homologous to the hindlimbs of tetrapods. The pelvic fin
assists the fish in going up or down through the water, turning sharply,

and stopping quickly. In gobies, the pelvic fins are often fused into a single

sucke r disk. This can be used to attach to objects.

The adipose fin is a soft, fleshy fin found on the back behind the dorsal

fin and just forward of the caudal fin. It is absent in many fish families,

but is found in Salmonidae, characins and catfishes. Its fu nction has
remained a mystery, and is frequently clipped off to mark hatchery -raised
fish, though data from 2005 showed that trout with their adipose fin

removed have an 8% higher tailbeat frequency.[15] Additional research
published in 2011 has suggested that the fin may be vital for the detection

of and response to stimuli such as touch, sound and changes in pressure.
Canadian researchers identified a neural network in the fin, indicating that

it likely has a sensory function, but are still not sure exact ly what the
consequences of removing it are.[16]

Some types of fast -swimming fish have a horizontal caudal keel just
forward of the tail fin. Much like the keel of a ship, this is a lateral ridge
on the caudal peduncle, usually composed of scutes (see belo w), that
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provides stability and support to the caudal fin. There may be a single
paired keel, one on each side, or two pairs above and below.

Finlets are small fins, generally behind the dorsal and anal fins (in bichirs,

there are only finlets on the dorsa | surface and no dorsal fin). In some fish
such as tuna or sauries, they are rayless, non -retractable, and found
between the last dorsal and/or anal fin and the caudal fin.

Scales of Fishes:

The skin of most bony and cartilaginous fishe s is covered by scales. Scales
vary enormously in size, shape, structure, and extent, ranging from rigid

armour plates in fishes such as shrimpfishes and boxfishes, to microscopic

or absent in fishes such as eels and anglerfishes. The morphology of a

scale can be used to identify th e species of fish it came from.

The principal types of scales are the cycloid scales of salmon and carp, the
ctenoid scales of perch, the placoid scales of sharks and rays, the ganoid
scales of sturgeons and gars. Fish scales are produced from the mesoderm
layer of the dermis, which distinguishes them from reptile scales. The

same genes involved in tooth and hair development in mammals are also
involved in scale development.

Fish, along with reptiles, have hard protective scales o n their skin for
protection. The outer body of many fish is covered with scales, which are

part of the fish's integumentary system. The scales originate from the
mesoderm (skin). It has been suggested that they are similar in structure

to teeth, but they p  robably ori ginate from different tissue. Some species
are covered instead by scutes. Others have no outer covering on the skin.

Most fish are covered in a protective layer of slime (mucus).

Types of Scales:
Leptoid scales /Bony Ridge Scale:

Leptoid scales are found on higher -order bony fish, the teleosts (the more
derived clade of ray -finned fishes). As they grow they add concentric
layers. They are arranged so as to overlap in a head -to -tail direction, like
roof tiles, allowing a smoother flow of water ove r the body and therefore
reducing drag. Leptoid scales come in two forms: cycloid and ctenoid.

1 Cycloid scales have a smooth outer edge or margin, and are most
common on fish with soft fin rays, such as salmon, banded
killifish, and carp.

i Ctenoid scales hav e a toothed outer or posterior edge, with tiny
teeth called ctenii that give them a rough texture. They are usu ally
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found on fish with spiny fin rays, such as the perch -like fishes.
These scales contain almost no bone, being composed of a surface

layer containing hydroxyapatite and calcium carbonate, and a
deeper layer composed of mostly collagen. The enamel of the

other scale types is reduced to superficial ridges and ctenii.

Ctenoid scales can be further subdivided into three types:

o Crenate scales: where the margin of the scale bears indentations and
projections.

0 Spinoid scales: where the scale bears spines t hat are continuous with
the scale itself.

o True ctenoid scales: where the spines on the scale are distinct
structures.

Both cycloid and ctenoid scales are overlapping, making them more
flexible than cosmoid and ganoid scales. They grow in size through
addit ions to the margin, creating bands of uneven seasonal growth called
annuli (singluar annulus). These bands can be used to age the fish.

Mostray -finned fishes have ctenoid scales. In flatfishes, some species have
ctenoid scales on the eyed side and cycloid scales on the blind side, while
other species have ctenoid scales in males and cycloid scales in females.

Placoid scales

Placoid scales are found in the cartilaginous fishes: sharks, rays, and
chimaeras. They are also called dermal denticles, Placoid scal es are
structurally homologous with vertebrate teeth ("denticle” translates to

"small tooth"), having a central pulp cavity supplied with blood vessels,
surrounded by a conical layer of dentine, all of which sits on top of a
rectangular basal plate that re sts on the dermis. The outermost layer is
composed of vitrodentine, a largely inorganic enamel -like substance.
Placoid scales cannot grow in size, but rather more scales are added as the

fish increases in size.

Similar scales can also be found under the he ad of the denticle herring.

Sharks are entirely covered by placoid scales. This is what we think of as
"shark skin". Studies have found that the scales create tiny vortices that
reduce drag, which makes swimming more efficient, as well as quieter
compared to bony fishes. The amount of scale coverage is much lesser in
rays and chimaeras. The rough, sandpaper -like texture of shark and ray
skin, coupled with its toughness, has led it to be valued as a source of
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rawhide leather, called shagreen. One of the many historical applications
of shark shagreen wasi n making hand -grips for swords.

Unlike bony fish, sharks have a complex dermal corset made of flexible
collagenous fibers and arranged as a helical network surrounding their
body. This works as an outer skele ton, providing attachment for their
swimming mu scles and thus saving energy. Their dermal teeth give them
hydrodynamic advantages as they reduce turbulence when swimming.

Elasmoid scales

Elasmoid scales are thin, imbricated scales composed of a layer of de nse,
lamellar bone called isopedine, above which is a layer of tubercles usually
composed of bone, as in Eusthenopteron. The layer of dentine that was

present in the first sarcopterygians is usually reduced, as in the extant
coelacanth, or entirely absent, as in extant lungfish and in the Devonian
Eusthenopteron. Elasmoid scales appeared several times. They are present

in some lobe -finned fishes: coelacanths, all extant and some extinct
lungfishes, some tetrapodomorphs like Eusthenopteron, amiids, and

teleo sts, whose cycloid and ctenoid scales represent the least mineralized

elasmoid scales.

Cosmoid scales

Cosmoid scales are found in several ancient lobe -finned fishes, including
some of the earliest lungfishes, and were probably derived from a fusion

of plac oid scales. They are composed of a layer of dense, lamellar bone
called isopedine, above which is a layer of spongy bone supplied with

blood vessels. The bone layers are covered by a complex dentine layer
called cosmine and a superficial outer coating of v itrodentine. Cosmoid
scales increase in size through the growth of the lamellar bone layer.

Ganoid scales

Ganoid scales are found in the sturgeons, paddlefishes, gars, bowfin, and
bichirs. They are derived from cosmoid scales, with a layer of dentine in
th e place of cosmine, and a layer of inorganic bone salt called ganoine in

place of vitrodentine. Most are diamond -shaped and connected by peg -
and -socket joints. In sturgeons, the scales are greatly enlarged into armour
plates along the sides and back, while in the bowfin the scales are greatly

reduced in thickness to resemble cycloid scales
Scutes

A scute is another, less common, type of scale. Scute comes from Latin for
shield, and can take the form of:
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o an external shield -like bony plate, or

o a modified, th ickened scale that often is keeled or spiny, or

0 a projecting, modified (rough and strongly ridged) scale, usually
associated with the lateral line, or on the caudal peduncle forming
caudal keels, or along the ventral profile.

Some fish, such as pinecone fi sh, are completely or partially covered in
scutes. River herrings and threadfins have an abdominal row of scutes,

which are scales with raised, sharp points that are used for protection.

Some jacks have a row of scutes following the lateral line on either side.

Thelodont scales

The bony scales of thelodonts, the most abundant form of fossil fish, are
well understood. The scales were formed and shed throughout the
organisms' lifetimes, and quickly separated after their death.

(nonteleost bony fishes) (teleost fishes)

(teleost fishes)

Placoid scales
(cartilaginous fishes)

BFSC-207: Anatomy and Biology of Shellfish

P-1: Draw and Label the Diagram of a typical prawn anatomy
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Lateral View of Freshwater Prawn
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P-2: Dissect and Display the Cephalic Appendages of Prawn

Cephalothorax is the broad,-segmented and cylindrical anterior part. It is formed by the
fusion of head and thorax. In fact, during the development of prawn, osegmeental region
and first fourteen segments fuse to form cephalothorax. Theegraental region remains in
adult and carries the stalked eye and the first segment disappea tthe process of
transformation.

A continuous shieldike exoskeletal covering, called carapace, encloses the cephalothorax. On
both the ventrolateral sides, the carapaaegs freely over the githamber as gHtover or
branchiostegite. The branchiegite is raised and lowered by a thin membrane, branchiostegal
membrane. Ventrally, the carapace is covered by several hard sternal plates.
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Following structures are present on the cephalothoracic region:

1) Rostrum: On the dorsal and median surface. the carapace is drawn into a long-serrated
projection towards the anterior end. This is defensive in function.

2) Eye: Near the base of the rostrum and on each side of the carapace is placed an eye. Each
eye 1s black and hemispherical and made up of several visual elements. Tt 1s thus called
compound eye and it is mounted on a movable and jointed stalk. It 1s responsible for
detecting light.

3) Spines: These are small pointed structures, present in pairs on each lateral side of the
carapace and posterior to each eye. The anterior pair is known as antennal spines and the
short posterior pair is the hepatic spines.

4) Appendages: Thirteen pairs of appendages are present on the ventral side of prawn. The
close apposition of these appendages speaks about the fusion of cephalothoracic segments.
The first five pairs, 1.e. First antenna or Antennule, second antenna, Mandible, first maxilla
or Maxillula and Second maxilla are known as cephalic appendages. The remaining eight
pairs are called thoracic appendages or pereopods, which include three pairs of Maxillipeds
and five pairs of walking legs.

a) First antenna: First antenna is also known as antennule. It is placed near the base of the
eye stalk. Its protopodite carries an additional segment, a spiny precoxa. The basis is
longer than coxa and probably its exo and endopodites are modified as feelers or
flagella. The outer feeler has two branches and the smaller branch carries olfactory
setae, probably for determining smell. The precoxa carries the balancing organ, called
statocyst and the coxa 1s beset with many sensory hairs.

b) Second antenna: It 1s situated immediately after the first antenna. The coxa contains a
specialized organ, called green gland. or antennal gland (or maxillary gland), which
serves as excretory organ. The exopodite is modified as a leaf-like squama or scale with
setae along its nner margin. The scale serves as a balancer during swimming. The
endopodite has become a long many-jointed flagellum and carries numerous tactile
setae.

Cephalic appendages of prawn (Palaemonid). A. Antennule or First Antenna; B.
Second Antenna; C. Mandible; D. First maxilla; E. Second maxilla.
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¢) Mandible: It is placed on the outer side of the mouth and is responsible for crushing the
food. In its protopodite, the coxa is modified to form as spoon-shaped proximal
apophysis and solid distal part called head. The head contains stout molar process with
five to six yellow teeth and thin incisor process with three closely set white teeth. The
basis portion of protopodite and the endopodite form a three- jointed mandibular palp,
which remains in front of the head of the mandible and carries sensory setae. The
exopodite 1s absent.

d) First maxilla or Maxillula: This crown-shaped smallest appendage is placed slightly
posterior to the mouth. It consists of three small leaf-like plates carrying sensory setae
in their margins. Two to these plates (formed by coxa and basis) are projected inwards
and are called jaws or gnathobases or endites. The remaining plate is endopodite and is
directed outwards. The exopodite is absent. The first maxilla is responsible for pushing
the food inside the mouth.

e) Second maxilla: It is fan-shaped and placed immediately after the first maxilla. The
coxa is much reduced and the basis is bifurcated and directed inwards to form endites
or jaws. The exopodite is large, fan-shaped and known as scaphognathite. The
endopodite 1s small and placed between the basis and exopodite. The second maxilla
serves double functions jaws are for food-getting and the scaphognathite is for
producing constant water current within the gill chambers.

f) First maxilliped: The coxa and basis of the protopodite are flattened to become jaws
and bear stiff setae on their inner margins. In addition to short endopodite and long
exopodite, the coxa bears a bilobed epipodite. The exo and endopodite parts of coxa
together with basis help in the in-pushing of food. The epipodites help in respiration.

Three Maxillipeds of freshwater prawn
A. First Maxilliped: B. Second Maxilliped: C. Third Maxilliped
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g) Second maxilliped: Here the short coxa carries on its outer margin a small epipodite
and a gill. The inner margin is lined with numerous setae. The exopodite is long and
un-jointed but the endopodite is made up of five segments - ischium, merus; carpus,
propodus and dactylus. The last two segments are curved backwards to form a knife-
like structure.

h) Third maxilliped: This appendage is leg-like and its coxa carries a thin epipodite on the
outer side. The exopodite is thin and un-jointed but the endopodite has three segments
- proximal, middle and distal. The proximal segment is formed by the fusion of ischium
and merus, middle is carpus and the distal segment is formed by the fusion of propodus
with dactylus.

1) Walking legs: There are five pairs of walking legs for crawling. Each leg has a short
protopodite with distinct coxa and basis and a prominent five segmented endopodite.
These endopodite segments are ischium, merus, carpus, propodus, and dactylus. The
ep1 and exopodites are absent. The first and second legs possess pincers formed by
the attachment of dactylus on propodus and are called chelate legs, while the rest are
known as non-chelate legs. The second walking leg being the largest is known as
large chela and the first walking leg is called small chela.

A. First walking legs; B. Second walking legs: C. Third walking legs:
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5) Dafferent apertures in cephalothorax:

a) Mouth: The mouth is a slit-like unpaired and median aperture on the ventral side of
the cephalothorax and is situated in between third and fourth segments. It is
encircled by mandibles, maxillae and first maxillipeds. It is concerned with the
ingestion of food.

b) Renal apertures: It is present as a minute opening on a raised papilla near the base
of each second antenna. It serves as an outlet of excretory duct from the excretory
organ, green gland.

¢) Gonopores: The position of these paired openings depends upon the sex of the
individual. In males, the gonopores are seen on the inner sides of the coxae of fifth
walking legs and in females these are in similar positions on the third walking legs.

d) Statocyst openings: Tine statocysts or the balancing organs of prawn communicate
with the exterior through minute pores. There are two statocysts situated one on the
base of each first antenna.

6) Abdomen: The abdomen is composed of six distinct segments and a posterior-most
triangular telson. Each abdominal segment is laterally compressed and is bounded by a
ring-like exoskeletal piece, called the sclerite. The sclerite of one segment covers the
sclenite of the following segment. Such imbricately arranged sclerites are united with each
other by thin un-calcified arthrodial membrane. Each sclerite consists of a ventral plate-
like sternum and a dorsal arch-shaped tergum. The tergum suspends freely on the lateral
sides as pleuron. The pleuron is connected with the appendage of the corresponding side
by a small plate-like epimeron. The imbricate arrangement of the sclerites and its hinge-
like joints (marked by orange spots) permit free vertical movements of the abdomen. Each
abdominal segment carries a pair of appendages on its ventral sides. These appendages are
called pleopods and the last pair is modified and known as uropods.

Transverse section of a prawn passing through abdominal region.

a) Pleopods or Swimmerets: One pair of pleopods is present in each of the first five
abdominal segments. In each pleopod the protopodite has a longer basis than the coxa.
The exopodite is longer than the endopodite. Both the exo and endopodites bear tactile
setae but the former is larger. An additional hook-like process, appendix interna is
present on the inner sides of the endopodites of 2nd. 3rd. 4th and 5th pleopods. These
processes of both the sides in females unite to form a basket for carrying eggs. The
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second pleopods of the male prawn have an additional process which 1s known as
appendix masculina. The pleopods are primarily meant for swimming.

A. First swimmeret; B. Second swimmeret; C. Third swimmeret

b) Uropod: One pair of uropods is present in the last segment, one on each side of the
telson. The protopodite is one segmented but the exo- and endopodites are large and
fan-shaped. The exopodite is divided by a fine suture but the endopodite is not sutured.
The tactile setae are arranged at the margin of both the exo- and endopodites. The
uropods are used for changing direction and also for leaping backwards. Only one
aperture called anus is present near the base of the telson on its ventral side. This is the
opening of alimentary canal for the purpose of egestion.
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P-3: Digestive System of Prawn

The digestive system of Prawn consists of (A) Alimentary canal and (B) Digestive glands.

Lateral view of alimentary system in freshwater prawn. The outline of the body is drawn to
indicate the position of the different parts of alimentary canal.

(A) Alimentary canal:

The alimentary canal of Prawn is distinctly divisible into three parts - fore gut, mid gut and hind
gut.

1) Fore gut: It is internally lined by thick cuticle and consists of following parts:

(a) Mouth: It is a broad opening on the ventral side of the cephalothorax between the third
and fourth segments. It is bordered anteriorly by shield-like labrum, posteriorly by two-
lobed labium and laterally by the incisor processes of the mandibles.

(b) Buccal cavity: A small anterio-posteriorly flattened chamber between the mouth and
esophagus. It has an irregularly folded lining of cuticle.

(c) Esophagus: It runs vertically upwards as a broad tube from the buccal cavity and leads
to the stomach. The inner lining is muscular and has one anterior, two lateral and one
posterior folds.

(d) Stomach: This is the longest part of the fore gut which is placed longitudinally within
the cephalothorax. It also divided into two parts —

(1) Cardiac stomach: It is large, spacious and bag-like anterior part of the
stomach. Its inner cuticular wall is provided with ridges having minute bristles.
Following plates support its wall - circular plate in the anterior part, lanceolate
plate on the dorsal side of the posterior part and a shield-shaped hastate plate in
the mid-ventral region. The posterior part of the hastate plate is depressed and
reaches up to the cardio-pyloric opening.

The upper part is slightly convex and gradually slopes towards the two lateral
sides from a distinct median ridge in the middle. Both the upper and posterior
surfaces have delicate setae. On each lateral side of the hastate plate lies an
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elongated lateral groove. A cuticular supporting rod and a ridged plate of similar
nature, bound the inner and outer sides respectively of each lateral groove.

Cardio-pyloric opening

Floor of the cardiac stomach of freshwater prawn seen in longitudinal section

The nner side of each ridged plate is provided with rows of comb-like setae,
which are known as comb-plate. The bristles of the comb-plate partially cover
the lateral side of the hastate plate. The comb-plates of two sides unite at the
anterior end but remain free at the posterior end just near the cardio- pyloric

opening.

The inner wall of the cardiac stomach on the side of each comb-plate is folded
to form a longitudinal channel, called the guiding ridge. The two guiding ridges
posteriorly form the border of the cardio-pyloric opening.

(11)  Pyloric stomach: The cardiac stomach opens within th6 next part, pyloric
stomach through a narrow, X-shaped cardio-pyloric opening. The opening is
guarded by one anterior, one posterior and two lateral valves. The anterior valve
is the posterior extension of hastate plate, posterior one is the fold of stomach
wall and the two lateral valves are the projections of the guiding ridges.

The pyloric stomach is much smaller and narrower than cardiac stomach. Its
lateral muscular wall is incompletely divided by folds into a small dorsal
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chamber and large ventral chamber. The ventral chamber receives the duct from
the digestive gland, hepatopancreas and 1s divided into two lateral

compartments.

The floor of the ventral chamber has a rectangular filter plate having alternate
ridges and grooves. This filter plate together with the bristles on the lateral wall
of ventral chamber, acts as pyloric filtering apparatus. This filter permits only
liquid food to enter into the intestine.

2) Mid gut: It is the narrow and elongated part of the” intestine, which begins from the dorsal
chamber of pyloric stomach and runs along the mid-dorsal line up to the sixth abdominal
segment. Its internal epithelial lining at the posterior part is folded. Thus, the space within
the tube 1s reduced.

3) Hind gut: It is also lined by thick cuticle and consists of following parts:

(a) Rectum: It is the swollen muscular region of the last part of intestine having number
as internal folds.

(b) Anus: This is the aperture through which the alimentary canal opens to the exterior. It
is a ventrally placed longitudinal slit-like opening, present near the base of the telson
on a raised papilla.

(B) Digestive gland:

Only one digestive gland, hepatopancreas, 1s present. It is an orange-yellow colored, loosely
arranged bilobed organ which encircles completely the pyloric stomach, part of the intestine and
partly the cardiac stomach. One hepatopancreatic duct originates from each lobe independently
and opens separately within the pyloric stomach, immediately after the pyloric filter plate.

The hepato-pancreas in its role as digestive gland serves as liver, pancreas and intestine of higher
animals. In addition, it absorbs digested food and can store it for future use. Thus, this organ serves
double functions - digestion and storage.

Mechanism of Nutrition:
The process of nutrition involves three stages—ingestion, digestion and egestion.

Ingestion: Prawn is omnivorous, 1.e., eats all kinds of foods. It feeds actively at dusk and in the
morning on algae, decaying vegetables and small insects. Food is procured by the chelate legs and
brought near the mouth cavity by following appendages— maxillipeds, maxillulae and maxillae.

Mandibles help to fragment the food into smaller bits and the molar processes of the mandibles
nside the buccal cavity crush the food. Entrance of food within the cardiac stomach is assisted by
the peristaltic motion of the esophageal wall.

Digestion: Within the cardiac stomach the food 1s chumed by the action of cuticular plates on the
inner wall, finer particles of food filtered by the complete come within lateral grooves from where
it is guided into the ventral chamber of pyloric stomach.
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Digestion takes place within the pyloric stomach by the action of digestive juices which come from
the hepatopancreas. All the enzymes for the breakdown of carbohydrate, protein and lipid are
present in the juice.

The digested liquid food is strained by the filtering apparatus in the ventral chamber of pyloric
stomach and enters within dorsal chamber and then to the hepatopancreas. The residual part of the
food passes within the mid gut. After certain amount of absorption, the residual matter enters
within dorsal chamber and then to the hepatopancreas. The residual part of the food passes within
the hind gut.

Egestion: From intestine the residual part of the food enters within the rectum and is temporarily
stored there for some-time. Finally, it is ejected through the anus.

P-4: Dissect and Display the Circulatory System of Prawn

C. True blood vessels: These are the vessels which possess definite walls. As all of them originate
from the heart to supply blood to different parts of the body, they are better called arteries. From
the heart of prawn six large vessels originate.

They are:

a) Single ophthalmic artery: The single ophthalmic or cephalic artery originates from the apex
of the heart and runs anteriorly along the mid-dorsal line up to the base of the rostrum and
unites with the branches of two antennary arteries

b) Paired antennary arteries: Each antennary artery originates from the heart and from the
sides of the ophthalmic artery. It runs anteriorly along the outer border of the mandibular
muscle.

Each antennary artery sends the following branches on its own side:

1) Pericardial branch to supply blood to the pericardial wall

1) Gastric branch to supply blood to the cardiac stomach

u1)  Mandibular artery to the muscle of the mandible. Each antennary artery then splits
mnto —

» A ventral branch - The ventral branch supplies vessels to the first and second
antennae.

» A dorsal branch - The dorsal branch sends an optic artery to the eye and
then the two dorsal branches of the two antennaries unite with the median
ophthalmic artery to run within the rostrum as paired rostral arteries

¢) Paired hepatopancreatic arteries: The hepatopancreatic or hepatic artery of each side
originates from the posterio-median end of the heart and runs transversely to enter within
the hepatopancreas
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d) A single mid-posterior artery - The mid-posterior artery immediately after originating from
the posterio-median end of the heart divides into:

» Supra-intestinal artery - The supra-intestinal which is also known as dorsal
abdominal artery runs posteniorly along the mid-dorsal line up to the hind gut. It
supplies the alimentary canal and the muscles on the dorsal sides.

» Sternal artery - The sternal artery runs transversely towards the ventral side. It
pierces the thoracic ganglion mass and bifurcates into an anteriorly directed ventral
thoracic and a posteriorly directed ventral abdominal arteries.

e) The ventral thoracic artery - supplies blood to the different parts on the ventral side of the
cephalothorax and ventral abdominal sends branches to the ventral side of the abdomen.

Antennal Rostral Dorsal Gastrio
branch

Heart and principal arteries of freshwater prawn. Ventral arteries are partially drawn.

All the arteries ultimately break up into finer branches and open within the haemocoelomic spaces.
Thus, the Circulatory system of prawn lacks network of capillaries.

D. Haemocoelomic spaces: Small haemocoelomic spaces are called lacunae. These lacunae open
into larger spaces. called sinuses. The passages connecting lacunae and sinus or two sinuses are
known as haemocoelomic channels.

Blood after flowing through different small haemocoelomic spaces or lacunae is collected in a pair
of common elongated space, called ventral sinus. These are placed beneath the hepatopancreas and
continued up to certain length within the abdomen. The two ventral sinuses are interconnected by
several small slender channels.

From the ventral sinus six afferent branchial channel take the deoxygenated blood to the gills. First
afferent branchial channel supplies blood to the podobranch and arthrobranchs while the remaining
five vessels supply to the five pleurobranches.

From gills oxygenated blood is collected by six pairs of efferent branchial channels and is finally
drained into dorsal or pericardial sinus.

Mechanism of blood flow:

The heart contracts to drive the oxygenated blood to the different parts of the body through arteries.
These arteries instead of forming capillary network open directly within haemocoelomic spaces.
From different haemocoelomic lacune deoxygenated blood is collected within paired ventral
sinuses.
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From these large spaces. blood is sent for oxidation to the respiratory organs through the afferent
branchial channels. From gills the blood returns to the pericardial sinus through efferent branchial
channels.

When the pericardial sinus is full its wall starts to contract and forces the blood to enter within the
heart through ostia. When heart contracts the lip-like borders of the ostia close and thus blood is
permitted to travel only through arteries.

Efferent branchial channel Ostia Hean Pericardial sinus

Afferent branchial Ventral abdominal argry -
channel Ventral sinus  thoracic anery

Schematic route of blood flow 1n Freshwater Prawn

P-5: Dissect and Display the Respiratory System of Prawn

Prawn respires in the aquatic medium and it carnes three sets of organs for the purpose - lining of
the branchiostegite, epipodites and gills. All these organs are enclosed within a special chamber
on each side of the cephalothorax, which is called gill chamber. The gill-chamber 1s covered by
the lateral extension of carapace, called gill- cover or branchiostegite. Each gill-chamber is thus
open ventrally, anteriorly and posteriorly.

Lining of the branchiostegite: The richly vascularized membrane of the branchiostegite serves
as respiratory surface, through which gaseous exchange takes place.

Epipodites: These are small highly vasculanzed leaf-like membranous structures, one on the coxal
segment of each maxilliped. These epipodites being present in the anterior part of the gill-chamber
carry out respiratory functions.

Gills: Among the three sets of respiratory organs, the gills are regarded as primary respiratory
organs. On each lateral side of the cephalothorax and beneath the branchiostegite, there are eight
gills, each attached with the thoracic wall by a gill-root. Seven of these eight gills are serially
arranged, while the eighth gill remains concealed under the second gill.
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Respiratory organs (Gills) of freshwater prawn. Note that the branchiostegite of one side has
been removed to expose the gill-chamber.

Structure:

The gills are crescent-shaped and their sizes increase gradually from anterior to posterior direction.
Each gill consists of a slender axis or base on which double rows of rhomboidal leaf-like gill-plates
are arranged like the pages of a book.

According to their position and mode of attachment, the gills are of three types:

(1) Podobranch - attached with the coxa of the second maxilliped.
(1)  Arthrobranch - attached with the arthrodial membrane of third maxilliped.
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