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51g. Mo.1 a i i tantn mx<B O^mX 
(Caaelttt dromedarius) 



I N T R O D U C T I O N 

Camel i s perliaps the aos t important and usefuj. 

animal for the deser t area, both for r iding as well as 

for t ranspor t . I t i s su i tab le for a r id zones because i t 

can withstand draught and can l i v e for days together 

without taking water. 

There are two species of caae ls , (a) The two 

humped camel ( Camelus bacter ianus ) which i s a strong 

y'and heavy camel and i s found in Central Asia, Russia, 

Mongolia and Turkey and (b) The one humped camel ( Camelus 

dromedarius ) the Arabian form, found in Southern Asia 

and North Africa, Camels are also prevalent in South 

America and Aust ra l ia . 

Camel i s a seasonal breeder. The breeding season 

of camel i s known as " Musth " in India , Hej in " Arabic " 

^ and ** Waghogh " in Somali Land. In India the ru t occures 

in winter, when the male camel i s l e t loose in herd to 

serve the female^. One bu l l camel can serve +̂0 to 50 she 

camel in one seasons^^ 

A r t i f i c i a l inserminatioa i s a revolut ionary s tep 

in the breeding of the species . I f t h i s method of breeding 

could be applied to camel breeding, perhaps i t could 

pay r i c h dividends. 

A r t i f i c i a l inseminatioxi includes 

( a ) . The co l lec t ion of t ^ semen from the male animals. 
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( b ) . Evaluation of the semen. 

( c ) . Dilution and preservation of tiae semen. 

( d ) . Insemination of th i s semen in to the reperoductive 

t r a c t of the female. 

From above i t appears tha t the f i r s t s tep towards 

s t a r t i n g a r t i f i c i a l insemination in camels i s to co l l ec t 

semen from bu l l camel. As such s tudies have been under 

taken to co l l ec t semen and study i t s d i f fe ren t 

c h a r a c t e r i s t i e s . Mongvith th i s study an attempt has 

also been made to study the male sexual behavior and some 

of the changes tha t occur in the fee blood of the male 

camel during ru t t i ng and non-rut t ing seasons. 
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lSa» MQxmX behavior of an adult m l e ui th a fully 

fveeptive fei»ile covers a l l etige of soxual ac t iv i ty fi«a 

in te res t in tim feaale to noRial copulation and eJacxjlatlon» 

Xa %tm broad sense of the ter% sexual behavior consists 

of (a) the mating desire ( sex l ibido ) and (b) the ab i l i ty 

to copulate* 

According to tfadrone and Walton (1938) the sexual behavioi 

was Influenced by both internal and external factors. 

Internal factors included physiological, psychological and 

physical conditd.ons sand the external factors ooKipriaed 

d i a a t l c and nutr i t ional conditionsf disease and the 

su i tab i l i ty of the sexual object* 

Leese C1927) reported thut *MV ms knovn as «Musth» 

Sn India, "Bsj" in Arabic find ••Waghogh" in SomalilaadU 

According to this author the rutt ing season in the northern 

Heaisphere a t a distance froa the equator, was reoxighly ths 

l a t e r half of th© cold weather, generally froia December to 

March. In Sahara I t extended froa Septewiber to Janu-ryj 

whiles t in Somlilandy i t occured a t different tiaies in 

dif fer^i t d i s t r i c t s , Soiaetiis&s twice a year, generally in 

June, or in iiepteiaber, October and i^oveiaber, chiefly 

depwiding on the best grazing periods* In Jubaland, caiaels 

cans in iHusth* a t any time of the year, but part icularly 

duxing and after the "big" and "soall'^ ra ins , Jubaland 



ilB rarely beeaat wmtii vMle vorkiikg* In matraXXa 

Vcm rutting tloe %p̂8 re,̂ .o7tv4 ttom June to Septeaber and 

probably also in Bouth w«st 4frlea« ^ 

BUilz (1951)$ Calma (1965)| ami iluXet (1962) 

•tudled t)3e texual behairlor in rum and buck and 

olaasified i t into oourtalilp and ooptilaUon* Detailed 

•tiidiM aade bgr thea ver« as under $« 

i* Paving tkm fciaal@} hoarse baa or gruabls } 

il« liolsing genltlal region of tim fcaale* 

111* uilffing t&amXQ urine| extondlng nedi vrltb 

upcurled Up* 

!•• Bisinlng tongue In and out of the aoutlu 

•• Bttbblng against the side of the feaal® $ 

biting t«ol of feisile* 

rim Herding or pusbing f@skil@ avay fsroa otiwr 

1« IdggXing tail (rar») 

il« Hounting* 

il l* I'hrusting aov̂ BAiiits of hind qmirtera* 

Slgnoret <196l)| ilaftes (I960) after studying tiM 

ssjcoal bebcivior of svlne rei;orted tb0 follovirig stages 

for courtship and copulation* 

^ ffg^t§W I 



UiMA a mie approaeticd a sow in oestrusi 

tile foUoidng stages vtre inTolwd • 

U Tim boar •atiltted ''lifting song" (Chant de eour) 

a regular series of softf guttural groats* 

tU Be tlghtl/ pasî ed M.s nose against her htta<i« 

shouXdeTf or flank and ^t he reached her genlto anal 

regloui his nvussling generally becaite laore Yigorous* 

i i i* Iht boar grunted contlnxKJUslyi grinded his 

litt^if aoved his Javs froia side to sidei and froth ai^eared 

at the south* 

IT* A rhsrthale eaisilon of itrlne use eharacteristie 

of the hoar during sexual arousal and occured during the 

prelittlnarsr phases of semial behavior* 

Boar aounted a lomJiOf in the mating stance^ 

iaMdiate3^» Soaie boars no in ted smd disinounted a feaale 

Mpeatedl/ before eoitus$ other iKiors laounted only once 

and oopul^ted* During laountingi the boir swinged his 

trwik upvard to a nearly irertioal position «:tnd rê tx̂ d his 

forefeet on the f&aiile* 

She aoimtlng bo«ir thrusted tmtil the tip of 

ti» partially exposed penî ^ extended either the vaginal or 

rectal orifice* £he penis %ras of flbroelastio type* 

spirally shaptid ulth a presorotol sigaoid flexure^ and 



<Jldl not wilarge during •rection* During ejaculatlont 

tile bdar*s h£>iUiiQhe@ were clenchsd to retirer ^d prtsted 

for%rdr«if a nuseuXir imireXike i^irt^«its of the perintm 

yv Yisiblt mt anml iiinlciagt on© of t^ testis m.a 

retraeted to t^% a flslble oontraetion oeeu@d one 8ld« 

of the scrotuaw tvo or tlir̂ .o separate vavt'S of seaon 

alight )»« ojaeulated before Urn boar discounted and tllded 

liHtplj fros tbe back of Uns feia lo« Hie ponls ms retracted 

into tlie aheatn within s@V!@r<id j$eeoiida« 

Wailaoa (1956)1 Miersbvskl <195 )̂ vMle working 

<»i the 8t.ilXian*« sexual beimvior recorded tlut during* 

i* (faurtaMp I 

Vm stallion saelled the external genitalia 

and the groin of the sAre and ext^yied i t s neck vith an 

upcurled i upper lip« Szielliiig vas accoa^anied by '̂ Pinching* 

th0 stallion grasps@d with his t@<̂ tht tuQ folds of skin nBur 

tht sur^*8 croup (rui^) and h@ld i t more or less tightly* 

Jir^ction of the penia took place graduaUy 

vhilo th© stallion %̂ s at soas distune© mmy from t3a» oKire* 

Intromission took place after several pelvic 

osoillatioas vhich t̂iimilatî d tho engorgcsKmt of the 

p«ni8 vith bloodf At full erection and after introadssiont 

t2»s glons fora@d the shape of a basin* Before ejaculation 
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tHe p«nis vas kept quite at i l l aOherlng 

tightly to t.^ Tdglnal vall for »om seconds* Timn 

•«BnQt e4aculatv4 %£lth gr@ t pressurei entered tlie 

uterus directly < Viiltoa I960 )• cm aa average the 

Urut e^aeulatloa of seaen oecured about 13 seooads 

after Introalesion* fim cessation of t̂ @ pelvic 

OceHlat^one iras an external sign of the lieglnnlng of 

ejaculation* BiiytlisileaX shrinking^ o£ tim urethral 

fl^iscles pas:.«̂ d to the tall siuselee« causing 

eh^irdoterlstlc up and dowi aovc^snts or tXm tall* 

lf»8t stalIl<»iS| upon eJacul:^tlo{i| exhibited fast 

V reeperatlon, drooi^g of the headf and relaxation of 

the vhole body* Vm stolUoii then dlsaourUed Um 

flare ylth a flaocld penlii vMch \m.B soon vlthdra>^ 

Into the prepuce* 

Qeneoherg (t95^)f Zarrov (196I) and sheroan 

(t960) deserlhed the courtship and copula tlo î in the 

tt&le rabbit as under s-

(a)* Chasing t It %as the early foria of sexual 

activity obiierved mut freqyeJitlj, this were often 

fd.st and furious* 

(b)* ^ 1̂1 **flagglng** t The buck elevated his 

hauhohest so th^t he walked with a st iff legged galtf 

and layed hla 1^1 fX..it along his t̂ ck^ so Uut he 

displayed Its white under side or scut* 

(c)* '*Fa.lse retreat** s Ute buck walktid stiffly 



iri©\f of ills ©levdted Ui l« 

(<!)• i^ttresls 8 Tha rabbit tadt ted Jet of 

uriae a t th^ partner in the dispXajr* 

(«)• Ifountlng. 

fhe s@4U@acit of events in Uw aule rabbit were 

mumirlz^d AS S ijcploration, wiaeliia,j;» J4i aping, 

Cliln rubbingi ^ya t i ng , grip;.iiig with tim to^th, pelvic 

osc i l la t ions , exploratory laovoiaent of erect penis, 

introndssion oiid or^^um with ajacul^-ition* 

Kllng £^a i* (1960) studied tn© uexml behavior 

in Um oat and observ«id* 

(a)« gs»urtf^4P 

!• Oriental towards t r a i l , 

i i , iiiiff genital ia, 

i i i . c i rcl ing. 

iv* luting call* 

!• Took neck grip* 

ii« Hountad with trout logs* 

kiU Httbb^d yith forepavt* 

iv* arel»d back* 

v« Pelvic tiirjistt* 

v i . Penilt^ erection* 

vll* Pelvic lunge* 

vl i i* Xntroalssion* 

IX* ii4^cy^ '̂̂ ^c>n« 

JU Penis idUsdra^n* 
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JCC* Ueked penJf.g and forvpavs* 

iwuft (I963) described t3i© s«xual act in the buil 

Into t ^ following different stftfes* 

Ca)r Erectloiu 

(e)« Psnile aovteacsat to locate tlâ  vuLva. 

(d)« Actual thruat and 

(0)« EJaci)l>i.ti(»i« 

Ouial and Gloria (1951) ctesoribed the stage* of 

tlw Mxml btimirior in Um birds as t» 

i* S6xu:al approach* 

11. yaltz or iviagfluther froa the r«ar» 

i i i* i'^uatlng ima treading* 

iv* Mor^d tails to ona side and @v@rted cloaca* 

ir« Spreaded tail and everted cloaca* 

vl» Vents Met* 

vli* Ejaeolation* 

Z^ese (1927) obgenmd t'm following symptom of 

rut tins n̂ ^^ s^® coael t ConstMit grinding of the 

teeth« accuaulation of froths at the aiouth and ejection 

of the soft p<jlate* Tm secretion froa th@ pollglands 

increased so that a dark redlish fluidf vith a disagreable 

8«sllt lî s often eeen falling in drops about Urn n«̂ ek* 

Hm oaael vas soiastiass stiindiag viith hindlegis ap^rty 

flapping the tail up and down and ev^n emitting* seaml "̂  

y £ei liddition to al l these sjaptonsy th@ aoiml also 
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si»%r@d a aiirked pu^aci ty to otb^r si^le caiatitlsy or 

tlnoiie wriictt vere also tauath, and Merere ( soiae t ines fa ta l ) 

injuxleii %fere often inf l ic ted in tm fight vriica ensued* 

/ flm»9 injuries vers eaU8«»d by Um foroidable tushes of 

th@ cambi|ants« Tho injuries took the form of punctured 

or lacerted vounds about tiie headf %iitliers| la ,s or 

. c r o t u * ' 

'According to Hoimn Singh e t . ^ . <19^) the poll 

glands were only present in caa^l and absent in other 

doeieatic .inimls* These glunds in 6.m&X mere two l i rge 

cutaneous gl.uidSf .l̂ î ch glMid MB.B broader a t the base 

/ ( towjird head ) and na rower a t the ap©x« the poll glande 

exhieted only in th@ t^ile, in v Ich sex tiiey were 

detectable froa f^ry esr ly age. In the a i le during rutt ing 

•eason their secretion ViiicU viS of bro%tnish tinge and 

offensive odour v^s much auipented* This secretion was 

often runnin:^ dovn trie neck* 

pQCOck (1910) observed that in case of Bactrion 

0)UMl| poll glands vero p^^sjent both in tne imle and 

fStaa l̂e* In the London ^oO| Umum glands were seen active 

in l^rcii in t̂ ie laalesf but th@ glands of the f^aales were 

not noticeably active during the breeding se^sont In 

case of Dromedary caiael the glands were fo ĵnd to be active 

botn in nailes and f&mû les* ttm S'̂ âieatU. auttxir r^uorUid 

that in Londo î ^ o ti:3^se ac t iv i t i es were aoticed in the 

jsonth of June. 
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^Siagli tl^ai«C196^) ytttXX^ \*orklng oa the Indian 

&i.flMl ob8*ry«..'d ta-^t t.m m^l% a^-^mil v̂ ŝ feiroclous during 

tiiB acting season (l̂ ovtiiW-r to Deocaber), and Uut ther* 

vsig grlndiiig oi' trie t^eth cuid ^vaginatlon of tl:i6 soft 

P':4l̂ t@ prior i«> coi>ul^Uoa* Tn@ siile tried to sa^e tlii 

fe»ile t i t ^ biting ingr snouXders and by applying 

|ireei»ure on her ntck with his owi, ^ r i ag co,^ul-tion 

botri aexes adopted a **Sitting DQg» posture and the sule 

griped the female ^ith his forelegs* Copulation Xaat«̂ d 

fro« 7 to 20 ainutea* ^ 
y 

Charton, (1963) obserircd th*t during the period 

of rut, the soft p^at@ of the droflx;dary mxlM incre<i8ed 

>/ in length and «a« capable of evagin^^tlon out side xJm oouth. 

The length waa gre^itest froa fturu^ry fco itirch* Hie 

•ajM autiior reported timt individual isales ejchibited 
/ 

variations in the length of the soft palate. 

Voi development of teohniquss lor seaia CK^Hectlon 

ttvm the deiik;stic anlia^ l̂s opened aî aiy avienu^s in breedli^ 

mjiage£8eat« i;»everal a^thods vere used for seoen collectioni 

but mny of thea vere unaitisfactor/, (kjllectlon of aeoen 

¥lth tlj& ar t i f ic ia l vagina \m& %m cowion and aost 

satisfyictory m t̂.'tt>d for th© bull | ra% st^^llloni boar and 

other doi^stic anliiials* 

killiaas (193^) citing Sclisi--lt^, re^^rt^d th^t in an 
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Arabian book puUish^d Ui tim fourteenth centurrt ^ 

Arab vas i ta^rtod to ii^v^ tak@n namwii by maxisi of a 

pledgut of cottoa ttom th^ vagiiU of a aare recent! / 

br«a to a fooouji s td l l loa , then by Insertliig tULs cotton 

Into th€> TcigiiiA of xda ova a^re, produced coitception. 

4ppar^ntl/ Urn f i r s t a r t i r i c i a l -mgln:^ for bulls 

Vis d@s»igiiv.4 in iaa«il-^ and Xa.tar i t ii^g laodlfled by 

•any wrk^ra ( Kuanetao^a s^ai,»1932f ''tU.oTAnov, 193^1 

Houa^t1936» Sormi&mt 193Bt and Waltoni 193^ )• 

Xi3fe ewirll@r Eujiaian «)deX conijii>tfid of :i i^gid 

cylinder of rubber, or ottter aiiterij.1 about S^ inoiiOt 

(60 eai) longf ^vtjTig an inside dlaiaster of 2*2 incnftt 

(5*5 osi)« Inside tim cylinder V^A a tidn y ^ l e d rubber 

tubOf Vaa ends of wiieh v«r@ tum@d back 0¥@r t l^ outer 

<ay cariUndor, forming a t̂ ^ater tigiit jacket* Into on^ end of 

tim i i r t i f i c ia l vagina vas f i t ted a graduat^id glass 

••aan receptacle of si lgntly saal ler di^ineter than tbs 

eyllndor* wblle lit uset tiie Jacket VHM f i l l ed tbxougi) 

a screw plug hole with water, hot enough to bring the 

inside of the a r t i f i c i a l vagini teaper^ture to a few 

degrees above the oody teeiperature* 

liorensen (193B) aodifi^d tim early aussl4.n siodel* 

lid introduced two i^dels , the f i r s t was the Bagllsh saodel 

In woich the seaen rcccept^cle had a larger voluaci and 

the second was the Î ^niŝ h nodel widch h^d a much shorter 
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cylinder and the semen receptable was attached by laeans 

of a rubber fumicl. In both tiio Daiush and tijie aigl ish 

aodels the seaen receptacle was exposed to l ight and 

ambient tempera.tore, and there was danger of cold sriock 

to the ijperaiitozoai dwiuti collection in cold weather. 

Salisbxiry, arid V^illett (19^0) designed an 

a r t i f i c i a l vagina in which the collection receptable 

was inside the inner l iner and thus protected froai cold. 

!I!he gener::4l design being sijadlar to th^t of the ear l ie r 

modelg, except for a rubber funnel l i ne r that ran through 

laost of the vagina inside the in.ier l iner and connected 

to the collection receptacle. 

LiiMbert and Jfcikenzie (19^) designed !4lssour«i 

Model j'or horses (I966). 

iX)ctor (1966) Pickelt developed a very functional 

Colorado laodel which incorrjorated the good features of 

several previously described lasdels. 

Mckenzie (1931) described a simple a r t i f i c i a l 

vagina for boar which consisted of a soft rubber tube 

(band tubing) 16 inches long, 1 ^ inches Inside dlaiaeter 

and l i Inches out side diameteri one end of which was 

f i t ted over the aK>uth of a t es t tube or suction flaak and 

the other over a ^ inches key ring. A clai^ coiapleted 

the outf i t , 

Lambert and Mckenzia (19*»0) devised an a r t i f i c i a l 
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fftgiisa for boar at tm Missouri AgrlcuturaX i^perliaDntal 

•tiition* the iragiaa consisted of m inner tube» l?^ incbe* 

in lat^rmi dlaaster ^id 1 ^ indies in. external dlaaeter, 

md an outer ruboor ca«iiig 12 to 15 iiiches long* )a air 

valvt permitted adjustiaent of pressuro* 

a^bltcenko (1957) dascrlb©d an electrically huated 

artificial vmgina for boars* 

Maial i l«^«i (192®) used a sisort vat«r heatod 

artificial wgina for sesien collection for the boar* This 

vagin̂ ^ y&B oonnectt̂ d to d pulsating apparatus* At tbe 

\toth finds of Jacketi apoag@ vas ussd* 

Mtm (195B) designed a «a siaiHar but islit^ntly 

sl»rter vagina* A cone wm fitted either internally or 

extexnally %dth a ooll or wire or plastic, into viilcli tbe 

Aaantea (191^) used an artificial vagin̂ ^ and %ras 

apparently tiie first investigator to use this device for 

ttm oolloction of canine seata* Later the artificial 

vaccina vas used W other vorlcers sucii as ^Uifanov (1935)* 

ilaaco^ and i^vlands (19^) and liooder (1950)* lUl these 
,.e 

iavsstlgatorsy hovever, used a bith in oestrus as a <*teaser" 

at tlie tiM<8 of coHeoUon* 

Bî rop (195^) developed a nev type of artificial 

vagina which incorporated a cylindrical bladder between 

the liner and the luaen of the artificial vagina i*e* the 

file:///toth
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vatBT spacGi mid vhich could b@ operated by a imkd puap 

to imp^irt pulaitions to tae liner* 

Mckolas J. sojka (1970) developed an a r t i f i c i a l 

faglaa for cat» Th& a r t i f i c i a l vagina wai a 291* rubber 

bulb pipet vi tn the bulb cut off* tim cut «md was f i t ted 

omr a jjM-a^t* t e s t tube diking a %fat8r t ight seal* tim 

vagina coHeectiag tub® \m.a 9Mst0ol&d and placed in toe 

polyetAjrleae bo«Ue ( f i l l ed v i ta 52*C vater giving Urn 

vagina a working internal tsiaper^jture of Mf to *f6*C ) 

and Urn rolled md of the bulb was streciied over the r i a 

of Im bottle* l'ii@ opening of tb@ vagina vas sparingly 

lubricated with K-I j e l ly . 

KuzneooTa £^iy».(1932) Anderson (19^5)1 ^ank (19$0) 

and J e r r l l l (19^5) described the a r t i f i c i a l vagina for 

raos* 

Faduceva and Maksiaov (19^ ) us©d a r t i f i c i a l vagina 

for collecting seiaen froai rabbits for studies on physiology 

of reproduction. 

According to report of an interiial zoo Vearb (I96I) 

^lers vas a blind ea^el a t iiidlson, Wisconsin (U.S«A*)* 

The s&Mui wag <x>llect«d from tills caiaul by electro 

ejaculation and \«as refrigerated a t - 320*F* A fewile 

camel was inseodnat^d 3 tiiaes before she conceived* 

It has been reijorted tifet the seaen ch^iracterlstics 
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vere fairly veil a»»ociafced with the TerUllty of toe 

Mdes* The Bmtm charaotorlailcs atudied for i t s 

ftrtilitir v^re voIuia&| eoIouTp aass activity, laotilit/i 

tiŷ drogeoioa conceatratlon ipd^t »perm conceatratloii atid 

l i f t and dead sp&ra p@re#iitagii* 

XHe voluae of bull seatn lî is b«e!i re^rded W 

kag«rlof (193^) { ^roan and Svanton (19-^^1 iUrmm and 

BagsdaX« (1939)} L ôpardf Ctuart and 9oat»T (19^1)} Greeoi 

Cooiitoek and Wiat«rs (1939)} Kusuriui (1939)} (1939)} (19^) I 

(19*#9)} V««raasu)i Ayy^r (19M#)} jLa«ley and Bogart (I9W)} 

^ukXi and Bliattaoimrsqra (19^}« According to tkmM% 

MOtkBT& i t ranged froa 0*3 to ^BO* 

Harsiiiii and liyâ ond (19Mf)| Berliner (19^)} 

Berlintr (19*»6)} Laî jert and Mckenzie (19»*0)} iSay (19k))} 

l3BkV±i» and Cole (1939)} rdcord«d th& »«m&a volutins in 

stallion. It raagid from M) to 600ial, 

lA ttiftir study on buffalo avaimf Bhattactiarya 

(1955) and Mahaoud (1952) stated Um volum rang* frois 

1*2 to 6*02il* 

galzsiin (19H0) vhll@ working on tins A»î «« senen 

•stiiaated ita »9mm volums at ^^aSu 

Moskovltfi (193^)} Mlloimnov (193'*)} recorded the 

99mm. roX'om of the raa, and reported itg mm rmge 

from 1 to 2al* 
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Mtlovanov (1936) wMle working on the seaea 

quality o£ boar stated tiiat Its wolwm^maged from 

ISO to kOQaH* 

lOMS^ett and i4okenzie (19^^)1 liarrop (1955)| 

recorded the stiasn voluiao m the dogt ttom 2 to 9^* 

Mlckolas J.sojku (1970) collected th© seiann 

froa a toa eat and report* d th ît the VDluŝ e was 0«05)33.* 

Lambert and Mekensle (1939) reported the &eitta 

foluae In th@ rabbit aa ranging froa 0*^ to $*$ml^ 

C aost coaiton volû s© vaa 0*7ial*)« 

Staritov (193>3'«') worked on th«sr sMiii ttaluation 

in the Cox. and reî orted th« seaen volu^ range froa ^l to 

^•5} average 1»5aU 

Macartney (1956) reported th« eeaen voluae, froa 

0*1 to 0*8sa. In tJiie turkey* 

2«aabGrt mid Mckenzie (19^) recorded the sea^ 

voluae in the Ibid* As p&r these aut̂ iors It ranged Troa 

0*1 to 1*5^^ ( aoftt coaaon 0*6al*)* 

Witanabe (1957) reported the eeaen voluae of Q*3flil« 

in du(^ (Ossika)* 

liasley and Dogart (19^3) ooncluded th^t the seaen 

fQlum vas riighly correlated with total spera but not 

vlth the other cimrdcters In 12 liereford biilXa* 

Anderson (19^1) Indicated th^t the dairy bulla 

ga-ve larger ejaculate than m^ beef bulls* Lagerlof (19^) 
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suggested thj.t the siz6 of the ejaculi te ndght be related 

to Urn Siize of trie bullf 48 ileirsiaii aad ovsuison (I9M} had 

also ob&©rv4;d* 

md»v»on (19M)) recordctd t t u t tli@ vo lu^ was luually 

Bimllar in youiig bull» Uma in adultir bulli- Be al^o r e ^ r t a d 

Utat Umt second ejaculate collected s tor t ly after the f i r s t 

vas usually larger* Lagerlof (193^) noted tnat the ac^uat 

of seaan vas usually normal l a a bull vi th liaparred fe r t i l i ty* 

In ei / ldldy^ti^t iyo/'^Qmr^ %m amowit M'AU 'usually s i l l i e r thaa 

Hovever according to MiloYanov (1936) there was no 

direct nslvifcionshlp between lives \!/elght and the semon vol" ' 

ilaule (19%65t) cited the colour ap earanc^ of the seiitii 

in the difroront speciesi in the bull %h<o colour was opaquey 

vhi t ish or whitish y@llo'̂  fluid of milky or milky->cr«aa[y ; 

st.*liioa s whitisri opaquu; naM t creaiayj Goat i wxdte creaui 

and Leaon coloured, dog s vat@ry grey to miXk/ white { bo^r t 

greyish to ailliy whitej Buffalo i siillsy wtiite \sita a very 

l ight ting© of blue, 

•According to Anderson, the thicker and laore crea»» 

lilie the ejaculates vas, the lilgner vas thi> concentration 

of s|»eriaatoaoat and inwrsa ly , a thiner aore i^t^iiy, less 

Ojpaque fluid of a bluish vrkite colour contained a smaller 

concentration of spenmtosoa* 

file:///sita
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Webster {^9'J*»3^) aad miovanov (193^) reported 

%im pU of semen in bull* 4s per tisege aiitiK>rtt i t 

ranged £rom 6.0 to 7,5 • 

Coattock and Bxud^ Ct93?)i^v.tbst«r (1937) roportttd 

vblle vorklAg on Urn raia semeni th^t tise pH ranged from 

6.85 to 6*9 • 

Ku»hxaiia t|.iji.(1955)|^Sajred and Oloufd (1957 b) 

reported ti^:i.t Uw pH of Uie buXTalo bull tottftn ranged 

fYoa 6*7 to 6«S • 

Prabhu and Slurm (195^} obstrv^gd that Uimi a n u u ^ r 

of «e2Mn colloctioog were jKide la rdpio. ^ucceaaloiii from & 

buffalo bul l , t ^ pH sm.rt@d frois the aeld to tbe alkaline 

range* 

tSlloTanov (193^)1 P^nlkoF (1^55){<<iHacX«od and He G«o 

(1950)} recorded tbe pH of s ta l l ion seaen* IhB ranged was 

found fros 6*2 to / .S and toe mi^m 7*^ • 

l^rrop (1955) found Umt the pH of norml dog teaMn 

varied fro:si 5«B to 6*9 i f taken iastediatel/ af ter collaction. 

Hk& average figure w â 6.?5* ^ also reported t l u t i f the 

individual fractioris of an ejaculate were tested separately, 

tiae resul ts record«id vere t i s t fraction 6*37> ^^^d fraction 

6.10, 3rd fracUon 7.20 « 

Doae îiir al»j4A.«(1958) re^^rted t l u t in dog tho pH 

varitfd according to tine aetnod of collection, use of an 

a r t i f i c i a l vagina witnoiat a t^^ter bitch, 6*59 S 12'̂ d 
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aaaipulatlon vttliout a teaaer, 6*52; 'naM aanlpulaUon 

¥itli a teaser, 6«7^ t 

I^aabert aai iicit«/i2lt (19*>6) wMle vcrklng oa tt» 

rabbit sefMHf !W»ported i t s nmgfs front 6»8 tc 7»5 • 

Starkov (193>^»') reported th^t tht pH of fox*« 

t«Mny ranged froa 6.2 to 6,^ • 

{.aabcrt and *4okenai© (1952) reeorded the pH in U>» 

Itovl r^^orded^ts- ranged fro a 6*3 to 7»8 • 

Mtlovanov (19i^) ^^» perimps tiie f i r s t worker to 

r tpor t tli^it Ui0 pa of ttie bull seimn was usually acidic 

(6 .5 to 6.8 ) but with an increase in the aaount of ths 

accessory secretions i t oe©iae neutral or even alkaline 

7.0 to 7.5 . 

Wet»ter (1939 ^) i-^ pH tes ts on bull seaeny obserwd 

a relationship between pU and fe r t i l i ty* ile suggested that 

the probably f e r t i l e r^age vas fj^a 6»0 to 7.5» vith 

•ajitples b©t¥ten 7.0 and 7.5 of very doubtful low f e r t i l i t y . 

the pa of the semen of th.<^ atmora^l bulls vas iavastlgatad 

by Anderson (19»f2)» An alkaline r taction was character is t ic 

of typical caseis of ep id idy^ t lS | and of bullii with sval l 

testes* the a lkal ini ty % ŝ also associated vith a decrease 

in the ooncentrations or absence of sperm.xto2oa* 

Anderson (19^) took t^o e,Maculates one after the 

other froa f s r t i l e bulls} t i^ second ejaculate nas xisually 

acidic tiian the firistf and this change in reaction 
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lAf in gAiieralf associattad witu tin bet ter ^uaXltjr of 

Urn second ejaculate iii ti^^t t^i^re \mB greater 

eoiio^fitration of spermxtozoa of Mgiier siotiXity'* 

D^via and wiiiiam (1939) described timt tiie 

ooaceatratlon of i^pera^to^oa In tiie buXXg decreased 

frosa l e t to 3rd eJacuXatey and in tMs ease the atean pH 

also decreiiaed trom tlm 1st to tî M. 3r(i ^gjaoul^te* In 

s t e r i l e tmllst ^ ^ P^ of successive ejaculatos beca^ae 

increasingly alkaline* 

IfSlMitsr (193^35)$ ^iokunzie and Bcrline (193?) i 

indicated tlmt alkaline reaction in t'm raa ummm was 

ftssociated vi tn sterilitgr* Webster (1939); also obifsrved 

t t o t the d is t inc t ly acid ei'iculatest %<ere of blgh f e r t i l i t y 

and that as %b& dsgre* of acidi ty decreased touards tne 

n e u t r ^ point th€ f e r t i l i t y also decx^ased* 

Xerril (1937) obaerrod that tiui ejaculates giving 

an acid reaction to litsiau in r ^ i , V9t€i definateXy superior 

to t^i»e givi^ig mi alkaline reaction* 

Peenikov (1955) reported timt in case of liorse tiie 

pH vas unaff&'Cted t^ age wad i t shoved no correlation witn 

speraatozoal u t i l i t y , aurvival or concentration or with 

numberii of sperKitossoa per eiacul;ite« 

I^igerlof (193^)1 MerEBin and Bagsdal© (1939)> 

Mckenzie (1939); Mderson (19^) | Xerril (19^) I xierzaan 

end Svanson ( t 9 M ) | Green, kinters and Coaatock (19^1) | 

lAsley and Bogart (19^3); Kuaar^n (19Mf}{ £^ukla and 

jKMittaeharya (19^) I Shultze and MVIB (19^) { a l l rei^orted 
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ttm tpera ooacentraUon in the bull . I t ranged froa .16 

to 2»oa ialXllims per £ii«^i* 

MoBkonts (193?*) I Hilovaaotr (193^); Tcrri l (1937)| 

recorded tiii «9iMm coAo^sntratlQn in ta» ran* /^ ^r 

t tnsc autiriors i t rangc^d from 2*0 to 5*7 ol l l lons per Si^m> 

and tiie afvragd ii^e 2*85 al l l ions per £M!>li* 

Laabert and iksKerĵ ie (19M>)j MUile ^.orking on the 

»9mm quali ty, recorded that tha sperm eoncentration ranged 

froa 30,000 to ^ , 0 0 0 per £U»m§» in tl)« s ta l l ion . 

Hiiovanov (t936)j rjodolfo (193^) I reported the apera 

coaceatration in the boar. I t r^mgiid from .1 to . 5 adliions 

per ,g_i4. ffa. 

ifcirrop (1955) I Hooder (1950)$ iisuicock and Bovlanda 

(19*^9)1 atatted tiiat in case of dog, the caoacentration 

rangad froa 1.0 to 9«0 a i l l ions per ^i|#m» 

l)uaaardiar and i^zuaovaki (1952)t studied the aenan 

quality of goat, and r9i:sort%d that Um sperm concentration 

ifaa 3*6 p&t <^^m, 

St^rkov (t93>jN') vbii© wrking on the fox 

raproduetion, recorded tlie apara eoncantrition, yiiUca 

ranged froa . ^ to 1.2 ^ l l i o n a average .66 a i l l ion par 

Laabart and Mckanai© (19**6) reported tiie apera 

concentration in tfae rabbit . I t raag«id froa . 1 to 2.0 

a i l l iona < average .70 a i l l iona )• 
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Hiekolas (1970) viorked on seiaen quality of th« 

cat, axid reported Va& ug^Tm concentration as 1«1 ai l l ioi is 

Mukherjee mi^ Elmttacharya (19^9); Î ake (1957) } 

reported the seaeri concentration in poultry, tn« range* 

was 0,16 to 7.0 radllioria per su.M» 

Mecartaey worked on turkey seiaen and stated timt 

VD» sperm coacentr^ition was 7»^ pei* fiM»Si» 

Katanabie (1957) reijorted tne sperm concetitrd-tlon 

in th@ duck, w&mi vas U-«6 millions per cu,jj|a« 

Lagerlof (19** )̂ noted tii® following effects of 

disease on tiie concentration of speraaatoaoa. 

i« With degenerative cimnges in the t e s t i s , the 

number of spermatozoa was alaost noraal ^dtmxi the ci^inges 

were s l ight , but when the changes were aarked the nuaber 

was much reduced or sjieraiitozoa were absent. 

i i . With infective changes or fibrosis of the 

t e s t i s spermatozoa were, as a rule absent or present 

in saal l nutabers. 

i i i . With hyxK)plasia of the t e s t i s , the speroato^^sa 

were absent or present in very siie.ll nuabers* 

Cumiaings (195^) found no change in conception rate 

In raia with i n i t i a l spv.raiato2oal concentrations rimging 
Q 

from 2.5 to 19x10 per a l . ;atliough the higher counts 

appeared to resul t in higher f e r t i l i t y . Variations in 

the counts were also reflected in the aeasure^^nt of 

resperatlon and iaipedance change frequency. 

http://siie.ll
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®P̂  Siî a2fĉ (t955) î p-orted tfc.-t a varlaUoa In 

%im sperm ooacentoaUQP ŵ ŝ thi aala factor interfering 

vlth netabollaa test^ in biai« 

iDavia and Cole (1939) noted in horts9& that th« 

f8mg« in nuaftjer fipr a tingls «soll«sct;aa vae froa a f̂ ŵ 

liuad.read thousand to ttaidiBun of ^500 silXlion. Tixia 

Yariation was appcarently ac't related to the voiuae of 

tb9 sjlacul.it9» 

Zsajanig (1962) explained timt t.be aiass actS.vity 

of tn^ microscopic vave pattern or s%drl sK>tion reflected 

VM eoaibin@d effect of sp^rm cell eoac$ntr:itioA and tnt 

viabHit/ of t ^ spera ceils* According to bXm ^a acceptable 

99m»n sample slioiild imM at le is t *Good* i-t-^-^) va^ ^tion 

on a scale of •••-•• • 

Bloa (19^) developed a cossparlng chamber for aass 

actiintyi wMcii could also be used for raakiag a rough 

estiflKite of the concentration of cells and for observing 

ootility of individual cells* m rtcô î̂ î nded a 

classification of 89yma grades of vave laotion* Other 

ifoilcers used a s t i l l larger nuiab«>r of categories* 

A astliod or scoring ttm laotility of seaen saaples 

¥as put forward by asrisiiin and Svanson (19*f1) and 

subsequently aodified by swanson and Hf^rmm (19**̂ )f 

(19^7) described i t for use with rabbit a^smn and 
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this l}as b&&ii applied to other speeies* 

Cuamlngs (t95^) •gdrXmd Urn use of pliase contrast 

Mlei^seopy for Uî  %^$«ssneat of u%mii ^oUllt;jr* 

hfotllitj t«Kt Is «3Jisid«red to pro vide tije ^••st 

si^flcaifit isiforBiatloa about tim qmllty of tim 

e4acva^tad seiien ( ^@iiJaniS| 1962 )« 

Initlrti sKstllit/ wiia coasider^d one of tiai best 

signs of viability of apsria ( Davl.i, 1938 ) 

33i8i« ¥a3 ao clear oiridimee Uiit "iiiltial saotility" 

could be cXoaei./ ijorrelited with fer t i i i tyi md studies 

h.4d yielded aogative or iadefinit© results { Ctamg et«al(19**0 ) 

cupps et«a2.«(1953)| Lesley and Bogart i 19*̂ 3) | LM^as&x and 

H®raaa (19Mf)« 

ifciwwr, EPb £ |^j^ . (I95O)} Stone £^^,(1950) and 

Blsliop £js*ai«(195^) wre of th« opinion tbat tas in i t i a l 

astilitjiVds nord olosoly corr^lattd i*rith othsr seawa 

cJviriCteriatics than witii fer t i l i ty . 

Tsrrll l in 1937 noted a rang© of Ojl to 100 % aotile 

spsra for forty foui* r^as ( mdn S®;»; )• T^ saaie autfior 

in (1938) wtoil© working on 21 raas reported nage froa kO% 

to 100)1̂  (aean 73^* 

Tt» aoti l i ty for I^y's tboroughbreds and pony vais 

from 6o;C feo 100> • On the wiacle the motility ŵ ŝ 

eonsistsntly good for there st^aiions* SaXEjâ ia noted a 
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a aean activity of 0*8 in liis in^estigiJiUoas* 

Lardy aad FMiiips (1>»M) reported tii^t in the 

bull speraatozoa, the glycolytic or fructolytio aeehaoits 

provided ti» cntrgy vhicii suiitaiacd jaotillty* 

Dttbiacik (193^) reported timt motility of 

•ptmatosoa in bypotoiiio toXut .oa» %»s reduced and often 

e«aeed* In l^pertoiiic eolutions ootllity otaaed ioinediately* 

The datensinatlon of the percent̂ ige of liv@ aperm 

la aaaplce was o2* greŷ t practical applicatioas in artificial 

InsMdnaUoa ôrk* Qmam saapl^a vere graded on tiie basia 

of th^ir 11 v« •p9Tm eon tent in injunction vith other 

quality t^stst for samn and tiw breeding worth of males vaa 

aaseased acre eatisf ACtorily. Fwctimr this technique \m.a of 

oon8i(M»rable mlua in the atudiĉ ig on spera a t̂aboliî ia* 

Several tctoardquc*̂  hid be©n introduced in th&* paat 

for Un differcintiml sstaiaing of live and dead apera* 

lAtXay £^|i^.(19^a) first inti*oduced opal blue eosin for 

the dlfferenttation of Hire and dead raa apaxts v îieii vaa 

later iaodifi<Bd ( Laelay and Bogart, 19^3 ) for use with 

bull seaan. 

CrooKe and .teidl (1^7) introduced reveotor soluble 

blue counterstained by neutral red for asstssing the 

vial3ility cf humonspenas* 

Hayer £i^ii«Cl9^7) involved VHB f-st green eosin 
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aad Shaffer Mid KXmqul&t (19^) reeoawmdtd aaillae 

WM9 90BMi for Urn laae purî £»e« 

Bloa (195^) int2^>duoed nigrosin «oitln aixtitr« 

for Urn dii'f«p«atlatiioa of iiv«i froa dead iipera .ind 

tills tfcCitaiqye m>s subjected to a cr i t ical stady and 

iiodiilc-a by Swanaoin anu l^arden (1951 )• 

BitJKJp £t»ii.«(195^) confiraed tij^t this nlgroaln 

•esln «oIutloa VJ^B IA/POtonic to bull sesien and had a 

pH of 8*5 • ilower<ir« QumBon and Bearddn (1951) found 

that vhen Bloa's ^tiiod vas ooapared vdth othor 

trtataeats Umt9 %as a significantly higher porcentaga 

of dead speraatoso^ and th& difrer&ace vai siiovn to \)% 

due to the use of a hypotoolG solution* Tim authors 

found th^it 1^ eosin B and 5^ nigi^sin in isotonic 

citrata buffer gave consent reaultg even vhen the 

proportion of seiRen stain varied from 1t1 to Is20 and 

tbe pMi frwa 6.^ to 8.7 • iMa fIndia;- v^s in coiitr-^st 

to the resiilts re^^rted fey Lasley ££«idL»(19**'2) and iij^yer 

£jf»iy^(195l) vho h^d stressed the iisportance of having 

the aixture ^t a constant pd of 6«d • 

iknoock (1957) «»difi@d the nigrosln eo^in stain 

\iiith glua>se and by this toe iK>lution heease isotoaic* 

This teehniqug did not differentiate aotile tron dead 

non £iotile spsrmitosoa Out differentiated living froa 

dead spere^tozoa* 
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mneoGk mtd Shaw (1955) deaostrdted tii^t only 

the dbiad Mpernitozoa, ai':gliitlnated î hcn a senm\ sample 

i«ai treate^d with a fornaliri dlla©i}t« 

BangiUii} and i&uicock (1955) arnv'^d Uhit tm 

opacity of a Bemmi suspension could be altered W 

tiltr&tion tlirough a m^diuia of glas^ bead^ wiiich 

flXterod out ttm dtad speraitozoai tn@ ciiaag« in 

opacity vas found to b@ significantly related to the 

percentage of s t i ined sp«rn tozoa in Ui& mmn saapXes 

tested ( r»0,7, P £ 0*001 ) . A further al ternative 

staining procecius*® was retorted by BishOi, and Sisiles 

(1957)• ft^f using ul t raviole t dark ground illuxaincition 

along ^tth preiaulin stains found th^t dead speri^;ito;soa 

fluoresce l igh t blue and the l iving ones re^^ain invis ib le . 

Blackshaw (195B) found that a stain containing 

oongo red emd nigrosin gave satisfactory resul ts for 

T9M soiaen an4. coudd be used vith adVintuge to repl«Aoe 

eosin iiigrosin stains* 

Wiggins JLj6»ial»(''953) found the percentage of l ive 
n 

sptr»itozoa vas not signiflcatly coroelated vi th f e r t i l i t y 

In rail. Tm percentage of l ive spera-itozoa» siK>wed « 

signiflciint correlatioii of 0,29 ( P v' o»01 )• This was 

lovtr« however, than the iiighest correlation (0.^3) found 

between f e r t i l i t y smd the percentage of xwiaal spez%ito^oa 

alone. 
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Prabhu and Bliattachaiya (1951) obtained an 

awrag® of 22.6^ and 17«ai;* dead iperaitozoa in U» 

first and ««eond e;{acuXat&a zvspectlvsly viiile vorking 

vlth Xndiaa buffaloes* 

lasley iL̂ îii* C 19^2) and Lasley and Bogart C19**-3)» 

using inssaination results ^Ith besf cat&lSf reported 

tliat seaen saapXes containing less than ^'^ lif<s 

spenaatozoa vsre of doubtful fsrtllitjr* 

l^ra cells vers first 9<d9n hy a Doctor muf and 

liis observations were first reijorted by Anton! ¥an 

Leeuwenbock in 167? soon after tba invention of the light 

aicrogcope* 

Tbs rapid growth of artificial inseaixutlon in 

£&rm aniaals M had thrown a heavy responsibility on a 

«o«paratively ssall nutter of oales* Many criteria 

ymr9 employed for the evaluation of seisen quality* A 

knovXedee of the Jiaarphology and the developosnt of spera • 

vas essential for the proper evuluatioa of &^tma on the 

basis of spent aorphology* 

The spera^tozoa of all aunals» birds and other 

vertebrates oould be easily distinguish fro:a those of 

others by the shape of the head vhich iiave distinctive 

features* 
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The liiead of tim s tal l lot i «p«ra when ¥l«^»d in 

tim tm f l^ t position w^u broadest In urn ialddXe gradually 

tapering towards the extreadtles with the mds being 

rounded off. 

Tiae iiead of Urn Jack sperm reseabied the s ta l l ion 

sperm closelyt but vas laoie ro^de4 anteriorly and tne 

1aa£>e was broader* The point of great&st vidtn also VJS 

s l lgnt ly b&riXnd Urn »Lddle l i ne . 

Tim latdiid of tlia ram speim in ttm ma f la t view vas 

oval in slmpe %ritli ttm greatest ^idth about ^ d d l e of 

tne nead. 

lim head of Urn buck sperm V4S about the siae 

length as that of ra.m but differed markedly in shape. 

1?h@ greatest vidth resttid a t about the anterior tnird 

of the head and 9Ymi here i t was only s l ight ly broader 

than a t ei ther e x t r e ^ t y . 

Tim bui'falo bull sperm reise^blanoed the ram sperm 

in out 11x16 through iwre shorter and narrower, i'he head 

vas narrowest a t the bctset th© greatest width lyiiig s l ight ly 

behind tne anterior end. 

fhe he id of the boar spera was larger timn other 

specias except the bull , bexag longi^r and Droader. The 

gx^atest width ym» about the sddale from vimre i t narrowed 

down to tim base whilts anteriorly tim Mtdta was* only 

s l ight ly less than a t the centre. 
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Thib hBB.d of tee aperaalosoa of Urn bird* stiidifcii 

Wk9 narro\.«ir| ®longat«<i and cylindrical htth an 

incoiispicous, appar^atis^ iiiflexiui^ head* Tiie anterior 

iKXd of the Iwiid \x*as draM) into $iK>rty nê sdX^ lik@ 

process, viille Uie r e s t of tht? ise^d was of ^mifona 

tlilcknesa* 

(^)* l^grc^tegg of g^baorml »p»ri»tozoa t 

The ocear@nc® of i^itljologicil or abnoi^ml 

sporiiitosom ^ai dei^oastratQd in « oan as early as 1900 

by Dromm vMle kllllaim and Samge (1925) v«ru the 

pioneerg to soow th^-t vhati Urn B%mm of a bull or other 

bre^^ding aalei coat^Oned a large percont-ige of pathological 

speraatozoat f e r t i l i t y %m^ lovered approxisititely paral le l 

to the ra t io of th& dffectiv© c®ll»» fhey considered the 

iiorphology of the sperat heads as the greatest sihgle 

soarc© of iiifora,...Uon as 'fco the f i taess of the cel ls for 

reproductioh* 

V»illiam» aad Savati© (1927) further shoved that 

f e r t i l i t y \mm diaiaish~d vhaa ak'ioriaal spern^itosoa exceeded 

17 percent* 

Lagerlof (19^) fouod that the count of atniorisal 

•ptfmatO£oa lay betveeh 2*^ percent 4iid 17*2 perc&ht v l th 

ah average of 10*7 percent* Lagerlof (193^) further 

recognised abnormal types of si^rmitozoa as giant | dwarf 

fora», two headsy t%k'o ta i l^ i looii>e headsy alvior^-ilities 
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in Urn aiddXs piece and distrux'bed sti^iaiag capacity. 

Lagsrlof (193^) ^Iso ita°bad that the dttrimt^xital 

agency vMoii caused tl:ie disturbance In 8p€raito2.v>a 

forasatloa or brought about degtner-ition in any of tho 

developed spermatozoa, .'light also im'm affected 

spermatozoa otoer tijan tiK> ê vhlcn thoyed actual changers 

tinder t ^ isicroseope* 

Several autrjorS| including Williaaw and &ivugey 

Lagerioff hlom and .lercier axid Salisbury stressed the 

ia^ortance of pr imry spers ce l l abnoraialitits vhose 

number zt>se as a resu l t of faulty eperntatog^nesis. 

itekenxie and Pni l i ,^ (193^) found abtioraal 

iperaatozoa in tht̂  ear l ies t ejaculation of the bretJding 

seaaon or following perlocts of br^fe'dlfig inact iv i ty , froia 

eatlef^etox^ rsuas* Xlieee vere iiostl/ t a i l i e i e or with 

CH»iled taila* Hiis was considered i3.s a pisyeiological 

c»>nditioa rather tlmn a patlM^logicil one* 

Svanaoa mnd E&rmiu (19*10) found that bulls of knowi 

good breeding effideieicy averaged i^ell belov 20 percent 

aunoraal sparmauo^oa* Three s i res vuicn %^re pract ical ly 

s t e r i l e had aore than 60 percent abnoraioO. foros, and in 

fbur, knohn to be of lo^er f e r t i l i t y , ab^ioraal speraatozoa 

r ^ g e d froa 23 to 37 percent* The saae autnors (19M) 

showed tMt no purtic^lar type of abnors^lity seemed to 

be associated with reduced fer t i l i ty* the main difi'erence 
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iMtvtai Wie speraLitosoa of good f e r t i l i t y and tiJo^̂ e of 

poor f e r t i l i t / ^©re tkm percentage of t©ai to ta l akiormal 

apm»mtozoa, tmd tiie uniforiiity of the si^e of heads, 

Mckenzie and Phill ips (19^) and Mcfeenale and 

Berliner (193?) classified tUe abiiormilitles in ram aa 

t a i l l ^ ss i coiled t a i l s , taperiag headsibroken a t necke, 

•aa l l and large headst e^U^rged midAile pi tce , middle 

{>iece beadf filiform iidddle placet double Iteada, double 

t a i l s and cytoplaeialc extnitlon a t bast of head. 

Salisbury £^i i . (19^2) streeaed t h i t the 

deterraiaatlon of tm nuabor of morphologically abnorfjial 

sperfly>tozoa in a saaple of uemai could be videly ust'd at 

a diagnostic aid la identii'ying cert:iin causes of neile 

e t e r l l l t y . 

Klo^ (19**B) considered the ab toraaii t ies of 

spexmitozoa aa i* 

(a ) . Prii^ry i Occuring due to defect l '^ 

•peraatogenesis, and 

(b) . Secondai^ i Hesulting froa the degenerative 

OHuiges following a normal differeatlat ion of speroidtozoa* 

Tbe incidence of secondary fona of abrsormalitice were 

s»re varyiiigy altnougii mem of theatet as detacm'd heads 

and bent tails# could be artefeets and that they could 

mleo be a eign of t e s t i s degeneration ^md therefore be 

an indication of iopalred f e r t i l i t y . 
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Cuppi £^al»C1953) reported a iiigh correlation 

between percanta ;e of atooriaal speriaito2oa and fertility* 

CtuBHlngs (19^) vas of the opinion ^lat, as tim 

abnoriaal sperm contents increased froa 2 to about 12 

percentf there vat & doeline in breeding effidLeriq/, but 

t ^ later l̂ioved no change at iocreasingXy high levels 

of alxiorii&l spera^tozoa* 

Konath jili.^. (1955) observed a positive but 

insignificant correlation ( r»0.0**8) betiicen percentage 

of abQor̂ i.1 speratito ŝoa wad fertil ity. 

Boltent ten and jyaderson (195^) considered tbat 

Msb level of alKionaal speraatoatoa vas not necessarily 

indicative of low f^irtiiity, 

Bonadonna and Possl it99*) described tho pr&sence 

of protoplasiaic drops in relation to the yarioiis part of 

tlie genital tract. ti»f suggested that tbe progressive 

•ofeaMnt of the drop from the head to the tail of ine 

speri^toaoa «»• as80<£lated vitn tbe age of nm spensatoxoa* 

Caabell £j^al»(1960} l̂ ovever thought that the 

frequency of the occurrence of rnlSorim^ head* vas neither 

Afsodated with loiiiered fertility nor th&re vas any 

correlation betireen fre î enear of dead spera and conception 

rate. 

Sclaunio 1^.^.(19^) reported timt the seaien of 

low aotllity and longivity having 13«8 to k6 percent of 



36 

tailXese speraatoaoa v&s ablt to fertilize only 38*3 

ptrceafc of tM ©o¥sj, 

MmmMk <195P) rtportAd a £ovm of sterility ia 

Quemtey bulls c^^ractexl̂ ied iQr tue separation into heads 

and tailM of tkm mjority of spermatozoa* some asisociatlon 

9t tiiie anoaaXy Kith the islgratl<m of cytipliismie drop 

¥^s suggestî d ^ the autiior* The abnoroHlitiea increased 

%dth the agei averaging d^k to 7»8 percent at 2 to 3 yeare 

againiit 10»7 to 12.6 percent at 5̂  yearns* The percentage 

of al]normLitiea vas higher in th@ first than in the second 

ejaculate* The incidmce of alinor!3aliti@8 of head̂  aldcile 

l>ieee and tail vere equally obserfed* 

Coik Screv eperaatosoa %rer0 aoted by Bloa (19^) 

in eesien eai^le of 6 out of 1088 Bed Danish A* I* bulls 

in >̂enmirk* Ihe ahiiorwility vas aoted in 2*5 to 25 percent 

of the spematoisoa froa h bulls of 15 months to 12 yeare 

of age* Ibur out of six bulls vexe relatedi tvo being 

half brothers* A genetic factor however could not be 

reported for vant of sufficient data* 

liorio £&»iJL (̂19 )̂ shoved that in bull spei* 

abnoraalities vere lovest in April and my iihile ilagy 

(19^5) reported i t to be loosest in August* 

Fares and V̂gache 196? reported tlut the perct̂ ntage 

of abaorisal speraa tosoa decreased froa puberty to 18 oonths 

of age and start<^d to increase at about ^ sKUiths* 
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Ta îieXts in tm nwsleoplAm of wp^rm V6r@ oTo&erted 

by aildka and ^b r i a (196^) in normal bulls vhicii tmy 

atributed to diaturbane^s ixk Urn differentiation of 

nuelear oaterlal* 

Baja ana lla«biar (t$6a) found a v^ry idgh incidenc« 

of abaxiftl attacii^aents (72<»S5) perc^ t out of total 

abnox'miiU^s (&2«>90 percent) in a sindlii bull viileti 

ttmf thought vas a el#ar eause of s t s r i t i t r in ttiat bull* 

0ns tad (1S>63) observtjd the sbaidal attacisi»at in 

about 60 p«re^it of Um spcrti^ of an l8 aonths old 

Horvaigian Bed mid Ignite bull vhi,Gh im beliov£^d to be 

of congenifcil origin^ 

S^vagt imd I»ft (19^3) found in sê aen tmaipl!& froa an 

appajf'ontl/ irif#rtil© bull t t e t approxiatite ^/$th of th« 

•paraatosoa iiid no oovering sheath to th© niddle piact 

and mm of U'i@ d^reotive isidal® pieces vare disintagrating 

postariorlj iato th@ laagitudlnal fibres* 

Eolllkai' <l856) vas ptrhaps Uia f i rs t to draw 

atttmtlon to tnis round body nov knovn as protoplasado 

droplet or bead* 

Badena (19^) obserred protoplasmic drops on the 

epidid/^ial B^vm and later on ejaculated spera and fouid 

thfit i t s position varied vith th» spera collected. 

Volosko^ (1935"36) used MdtaaKia and Phillips 

classification! for t^is vtalXion tperstatosoa* Aecording 
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to VolOfkOTy th» p9TQ9Kkt&g9 ot defoHaed B^t'm*te>zQn. 

norml ly varied trom 2Sf* to 80^ ^tnd there ©jrlstod a 

coaplete paralleLlita ijettriswB tm i'wrcent'&ge of patliologicai 

g« foraa and t̂ ® percentage of foaling. Stsillions witii 

over 70% of aoraal ^p-.. r»,feor,oa fe r t i l i sed 60^ to 89^ of 

tlJ^lr mres and tl'sos© wlUi M̂ j» to $2fi normal speriacitozoa, 

<Nnlj kQ^ to 535* of iKire*. 

Ifencock. (19!>7) after studying the boar 8«sm@n x'or 

abnormalities, rej^orttid tbe appearance of protoplaaaio 

droplets. 

Phil l ips (1935) concluded tii&t the spena ojorpijology 

of a boar could b© tako^a as an indication of Ws f e r t i l i t y . 

Seattci of f e r t i l e bears did not haw taore th;in 20;̂ . of 

alsiormal forns. From 20|<i> to 50^ ^Inorsaili t ies occurred 

in ssasn of boars viiicli productd small l i t t t r s f dead or 

wisnified foetuses, or from boirs v ioli failed to s«t t l« 

t ^ l r 80¥«. According to MUoTJuiov (1936) noraal f e r t i l e 

boars Slay tevs upto 30/̂  of alanorEial foras. 

M&dan (1969) after working on the caael opididyjaal 

speraatossoa wi,.©rt®d tiie me^M porcenta/es of the to ta l 

spera abnormttliti s in the head, body and t a i l region of 

tile epididymis as 18.0^, lS.23 and 19.85 respectively. 

Me signifleant differeiioe \m8 found in the aean percentage 

of total spera abnoraaliti^s in Uw head, body and t a i l 

mgion of the epldidyais. 
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Tm tmsn percentage of the anterior protoiilj-smic 

d3foj>i«t»| posterior pjt>topla®.E5ie droplets mxd the <iropl«»» 

«p«r«tito2oa in. tiw head regioa of Urn tpididyaiis wtr® 

iei\md as 63.19, 6.2S aad ^ . 7 3 re»p«cfcl^iy« In the body 

i«gloii tbeg© dyopi©t» wtr© fouati as 21* >6, 39*02 and 

39* 1*2 yt^pectlvely, wiiilc? ia the t a i l r^'gion Buj^h dropleti 

occurred as 8»8B, 36*J*2 fuid $^«70 respectively. 

4 feal3tilat^d i?tatcK.tit of the blô âE? t r i e s data of 

(liff«i«nt »peri8ato2oa of cUfr^r^at Bp^alm &» r«ix>rtad 

!3iy diffei^nt imrkerg i® ntm^m in talvle ito. 1. 

Sava,,:;e|. Willi^jssi and ^ v l e r (1927) investigated 

Van relationsiiip bstvewi the b©-id larisht of ^pen**tosoa 

«a4 fer t i l t t7» !moy foimd th^^t l a b'olls of good f e r t i l i t y 

Vm )»a.d laagtii shovad novml. or aliaoat no '̂Bial <iistr4bu1;4.on 

and they aKdntaincd U^ t tfcji soefflcicint of Tarlatior. of 

head length prc'4defl a. good l?n3dlc,iti<;K:j. of fer t i l i . ty , in 

isonaal bulls the rioefflcieat vas not to ©xc®*id ^» 

Lagerlof ( 1 ? ^ ) considered bulls vith a coefficient 

of -̂ and ĵsrtder a?, .î robabl;;̂ ' f e r t i l t j and thor.B id.th a 

coefficl*;nt of ^ 5 and over vltH reduced: f e r t i l i t y , value* 

i*ron ^ to ^ 1 ^ \mTB inconclVusi^*. .He foitnd that coefficient 

of variatlcfi in (a)- 3? fe r t i le balls ^aa 3.? (b) in 15 of 

d©ii^tf!il f®rUlity I t was lf.8j and (c) in ^} »ter l l« or 

al«>st cteTlle bi.tll« if; y-ie 6.2 « 
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Kolaer aad i-ioemer <19^1) stated tint tm 

(iistributioA GMrm ciSî lcfciiig t ^ l^ingto of tiie Bp«riii laead 

ti}Q»wod Mgii jptalc aad s&iXl b.̂i@@ iii f^rUlfe casest vher* 

a t i t ps«teat«4 im irr&gular and f l a t sliap^ vi th broader 

ba@e in in fe r t i l e subjects* 

Mdersoa (19^5) indicated that tnere vas aliiost 

noroal diatrifcitiU.0.1 of Iwad ieaiita of sperm ia good 

f e r t i l e bull B®umu 

Pursley aad ifcxsiau (1950) observed tii-xt thsre were 

no i^asuz'able ctmngQB in t ^ I:i@a4 disiensions of 

§p9}tm.UiZQ% in tnii tsypo-rtotUc arid, nypotooic solutions* 

Swy €KHi@ider&<l th t thare were no observable dlffereneeg 

in tile head size of gp3r%..toisQa in tne Js/pi^rtonic eclutions* 

Krajne (196̂ *.) ŝAd® bioiietj'ic studies on bul l 

tpBTO&tozoh in relat ion to f e r t i l i t y md found tliat l ess 

f e r t i l e bulls generally sliowed greater var iab i l i ty of 

gpei^ iaeasureaents* i ^ r t i l i t y vas correlated viUi sperm 

head lengtii (0*638}; eosfficicnt of variation for sperm 

liead tddUi (0*^1)* 

ScM.ll<mg and Kratne (196*<-) investigated 

smsiMV^&miitu on bull epejra*to2:oa and tneir relat ion to 

iCertility ana foiaid t&it conception n t c wxss correlated 

\,itl2 MM area (-0*6), tiead len/ th (•0*6^) and nead 

widtn (0*^2) of spero^to^ioa in t£ie s«ma used for 

iQsesaination* 

\ # 
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Vtnkata Svaai and VeGUmâ agam coi^ared toe sise 

of tm Bperrnktomm vitn to0 ago and fouuntct tn^t tbj& c@Xle 

of oldor biais v«r@ tl^Uflcantay longer la mmd, sddile 

piece and tail l&ngtl̂ i exeept im%6. vidth than those of 

%tm jrouager bulls. 

Itiklier^ee and Dott (I960) found tliat the head of 

•permto^a p]?eserved in £.iua* ( egg yolk glycerol ) 

for 72 iioure vaa approxiaiitely 0* 1 tiicrDn alatrter and 

0*1? iBicrons nirrover tisan those of tntreated spersiatosaft 

or spematoxoa preserwd in EmXmQ* ( egg yolk citrate ) 

for tiie &%m length of tim* ^aXs difrerence vas 

significant* ISm cî ange vas probably due to shrinKaft 

of acro8o»* Tliey stated tlsat altr^ugh tm decrease in 

else of the spexw head preserved in £«X«G« ( egg yolk 

glycerol ) %fas asaoeiated i^ith the decrease in the 

fBrtilising capacity of sperskitOiSoay this vas not to be 

taicen as evidence that the shrinkagd itself was responsibl* 

£br the loss in fertilising pover* 

^^dcherjee and ilingii (I966) exaî ln%)d @easa samples 

froa four iMriana bulls at alx the h seasons* (December, 

Marchf Hsiy and July) aM the speraatoisoa vere aeasurod* 

Oenetic variations bet%i«en bulls caused Bk^h?^ 67»77 and 

8l#37 percent of th® total variation in head lengfeth, 

head breadth and imskd shâ  e reapeetively. khere as 

season contributed only 2 psrcait, of the variation* 
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Btadl X«iigt2i dtereaiiiag and t^readto Increaslog %.ith 

increase In eavixoniaantal t^itpermtui e* 

Mttooud (19?2) found 9.126, ^,732, 12.J58 and 

)>6»28 mLcron& at head length, head width, ^dlXe piece 

l ^ g t h and ta i l length respectively of bulls ep^raiitozoa. 

Baouf and i^aggar (1965), ( ai quoted by Ifedan,t969 ) 

exaair^d ejaculated and epidldy^aal epermatozoa of 7 and 10 

eaaels respectively* W» avBra.gc ^©asureoMents of 17 c^nele 

in edorons of head Imgth, anterior himd width, length of 

middle piece and ta i l vere 5»620 ± 0*0267| 2#917 ± 0.173> 

7*^1 X 0*^3 and ^k»22B ± 2*7^i respectively. They found 

that the epera vtte tsaHer thin eperm^to^oa of the htOl 

and buffalo* The head ehape was elleptLcfil rather than 

o^ id a< in «pentitQ2oa of the other Artiod^ctyla* 

Utidan (1969) h^d taken the biometry of 2100 epididyiKil 

•pernato^m out of 21 eaia»»ls at randOBt,£iibia:id that the, 

(a)# pad iddth 1 !i3ie he^d vldth varied froa 1*76 

to 3*822 atlerons* Xhe airerag« â of 21 casmls rjn.-ed froa 

2*737 to 3*22 aiorone* file aean head width ms 3*030 oiorons* 

(to)» ^ad l en^^ t Thm he id length varied fro« 

h*h1 oicroni to 6*762 alcrona* Ihe avierages r^ged froa 

%^3 to %9$2 aicront and the man reported was as 5*302 

aicrons* 

(c)* ^<m^ M .̂gf, 3,en^l| t Tim middle piece length 

varied froa 5«880 to 8*020 aicrons, the ranged froa 7*CA'1 to 
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7*929 iaicrmiii tm m^m vul\m vus 7.3185 alcront* -

(d)* | a i l letii'th s Tim ama length of ta i l va« 

35»933 alcroa*. 

(«)• I'^tal leiigtife t laotal langth of »p@ni.itoaoa 

vapied from ^5«958 to 5^»360 nicroas, ranged irom J+6.007 

to 5 ^ ^ rnXorotiBf Ui& ia#m vmlue of total length va« 

ti9«o8^ ialcroa«» 

VeHtoak^p {t967) saeasured 5.082t 3»5>S? and 37*^^ 

•Icroni at ^£td l^ngii^t head \dLdth and ta i l length 

( lnolu«iv«6j or laiddl® piece ) jrespeetively of Tiger 

speri3at0£ioa« 

JMrmy (1616) fegarded ixlood as a "living eleaent 

of bo(iy**t <i^ f i r s t to live and las t to die**» wiiile 

StMUKwrdmn̂  (175B) discovered tm presence of red KLood 

eellf in frog and li<^« 

l ^ r ton i Jbne <t^f6) divided Urn vi:dte l^ood 

oorpuseles into granule and nongranular types* 

¥ierorit (1852) produced a dilution technique 

for deteriiiinatlon of red cell count and gave the figure 

of five laillioa cells par cubic ailliiieter for me oele 

hvimm o\>i%c%sm 

Biner^ee £ ^ ^ « ( t 9 ^ ) worked on healthy msX& caiatls, 

•ged 7*17 y^ars* the aniaals were not in th^ rut period* 

file different values reported vere as follovs t-

file:///dLdth
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(b)» ,yw^gglQ^,fe i 13.1 ga« too %U 

(«)• fa8,\tg«^«i:t«i t 18,000 i.«r eu.iasw 

(g)* ,torap^<?ylt, I ^ is 

'Xhtjr lud also repor&ea titMt la the orm immp^ 

Indium Câ telf th© nuabei* or r«€i calls vac IOJIS* 

aordan, iJ^al*Ct9^7) r t ^ r t e d that castration la 

Kkle ra t i waa follQwed by a cl«cr«a«« in th@ rt̂ d ceH count, 

vhBV& as t '̂ils caLû @d aa lacr«48e ixi tae fea-ale rats* In 

castrated l&ftiles ttw adoiaistratioii of estradiol benzoate 

euu»6d a drop in tiM- ^@¥ut@d ooiuits, vhLl& t«stosteron« 

produced a rim in Vm Cs^ îtrat̂ d s^les. 

aurntfy M^msfilS^^^J reported tJmt androgyne 

lncreuii«d Urn production oi erytnro pole tin by financing 

tlMi activity Qt tii^ renal erythropoietic* 
we 

Irvine iV'jb) $^ttld tn^t in cafie of ^Ktr^e, tnere 

vas increase in a^ nuialQ&>r of erytlirooytes d'oe to conditions 

of teaperoaant* 

l{«vaon and Cnitty (1962} sug,:#«ted t lut tnere vaa 

a drop in tiM ImQmglQtili'i li^vel in tm s'mrt tailed vole, 

( microtui^ agrststls ; in early spring juiit before ths 
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breeding s«aton and thtre \iau iiici^ast ratt of 

«rxti}rocyt«s* 

Oordoa (1955) rt^iorttcl tiriat under tue conditions 

of atresia the adrenal cortical secretioa depressed tim 

nuBtoer of circulating eoslnopiills aad lymphocytes aiid 

Xed to an elev&tlon la tim number of circulating neutrophllg* 

Michel l̂ igne Cherrml (lBl5) first discovered tne 

orioles terol ^& ciiolasit^rine (Greok } Chole, bile and 

stereo«« solid ) in mn imd aniaal txiXe* Later i t vms 

reported by Lacanu (183S) in humn blood and by Couer^ 

<ldH) in tbe brain tii«iue« 

Sterols are foimd in all living org:aniBa@ in VEryin.g 

aiaconts* She adrenals ( particul^^rly tiie cortex ) and 

nervous system are bigh in eterols* IJLveri kidney and 

lung are of interiiediate coatantf and low levels occur in 

suseular and oemnective tissue ( Cometius and Kanelco9l963 )* 

Wotiz £i*lî «C195î )f ^taunvbite and Sajamles (195<>> 

eonsidered cboleeterol mci acetate us tm precureers in 

the biosyntbesis of testosterone by the testis* 

The data collected hy Knapatein j£^i|i*(196b) 

suggested tbat tegtia were able in vivo to syntn@iised 

steroid bor îsnesi in buaan Ibeingg froa acetatey as v«ll 

as ebolesterol* 

It iKis been sbô î  tb t age, sex, breid, lactation» 
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di6ty pi'^gaaacy t ie* affect serwi ci:^Xest«rol levels both 

i n mm &ad w£iimxL»4 

Ktli^jr (19^6) iodicated tii«*t in ea«« of ea t t l e , tlm 

feaales &r€ rspor'ced to lij.ire .iiga®r 'blood serum ciiolesterol 

t̂ imi Ht l̂ Mll* I t was ob&@r\r@d t i u t in e-̂ ate of eatt le^ 

plafsaa c'^ol^^tirol la^tlsg vitri> idghsr in vdnter than in 

StttjT su:td liiJSiiaii (1966I z«i.iort«td mgii blood 

eltaldstdrol 1&'7G1 during im^d Ji^ason as comp4.rQd to 

£(&f0i.'dz £i«|i;*(19!^S) obs^^rired a rt@oipxx»oiil 

a^soei^tion between blood ciiolsstiiral and at!%>apj»arie 

teap«ratui'e in buTi'alo cows. 

.ijilddnr<iidb £ | , . ^ . ( t94? j obaarwd tn-'-t tn® piga 

hud highsir blood ciiol«iii'(^it»l levt-lsi during idnter tiaan 

4\a*iiig liiti^ sasi-ex' ©r f id l . limnon and y^Hig (1959) «l»o 

reported a £ii^iric~-at incr«£4g4» iii serua clK^lesterol 

Ifevalg in ra ts ejtposscd to cold. 

Aocording to £teln@x £|«iaL«(f955) mdoiiiistriition 

of ^strOi^^tn in a ^ ddpr^ii&ed blood serua oiiolusterol l@¥«ils 

vhH r̂e ?vs iji^drog^ns t^lovut^d t̂ î̂  levels* In eocku^^ls 

androgms ittd no «n'«»ct on hyperchfttl^atereata produced 

l^ p s t r o ^ n s . 

J^onlko'/y 1965 obtesrmd thut ¥lille ad£i^riiGtr.^tion 

of ts.'Sl;o£<t©rori«i- propionate rtiduced iilood choleBt^rol levels 

in rabbits} co^stration incr«ased serua cn^lesterol* 
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MiiiiiCfftfiiiiiyiit'ii] iMffiiiiiiifiiii 

The preheat stvn^ w^s conducted on fifteen o^le 

e^ineli ( Caitelua droaedariud ) of Blicontri breed* 13ie 

aoiiKils vm iiealtiisr and c l i n i c a l l / froe from diseaao* 

fheir age rangad from ^ to 16 years* All the aaimil^s 

beXonged to t^ie s tate &itml brei^dlng farm and were getting 

the ease scale of ration @mx&pt ttm three vhlen vere l e t 

loose in Uie berd along v i ta ftaul^a^ in rut* 'm& study 

vas conducted diiring tlie period froa septeraber»1970 to 

l^bruaryi 1971 and included tht̂  follovlAg details* 

/ AB Signs of mt* 

& Act of copulation* 

&» collection of seoen ^ t n tiie ^ I p of an 

a r t i f i c i a l vagina* 

& VoliMtt 

C* Colour* 

JPb ^drogen ion conoentrition {pU^ 

I* MSB actiidLty* 

F* ifoUIity. 

Qm Sp^rm ooncantration* 

H» Xiive and dead percentage* 

I* Morptiological itudi«i@* 

J* BiWMtry of tne sperofttosoa* 
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A. Total e ry throcyt ic cowit. 

B. Total leucocyt ic count, 

C. Haeiasglobln content. 

D. Di f fe ren t ia l leucocyt ic coi«?.t. 

h. Blood serum cholesterol estimation before and 

during rut. 

1. Sexual bejoavlor 

A. Signs of rut t 

The follovdng points were noted. 

i. Duration of rut. 

i i . Body condition of the bu l l camel. 

iii. General behavior of the bull camel which 

was classified as :-

(a). Furious. 

(b). Strong. 

(c). Mild. 

iv. Intake of food and water. 

V. Grunting and gurgling sound. 

vi. Secretion of the salivary glands. 

vli. Secretion of the poll glands. 

vlii. Ejection of the soft palate. 

IX. Typical posture while standing. 

X • Up and down movements of tail, 

XI. Act of micturition. 

B, Act of copulation t 

Separate studies were conducted for natural 

and hand mating. 



v±a-r''o.2 "Boar's a r t i f i c i a l Yagina 
M.sod for Seiren col lect ion 
i n CariGl 
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( a ) . Natural service : 

Vihen the male and female ( i n r u t ) were 

iiiovlng f reely in the herd. I t included -

i . Courtship. 

l i . Efforts of the bu l l camel to make the she 

caiael s i t on the ground. 

i i i . Mounting. 

iY. Penile movements of the bull camel to 

locate the vul-/a. 

tr. i'iating, 

v l . Posture of the male in r e l a t i o n to the 

female during mating. 

v l l . Total copulation time. 

v i i i . Ejaculation. 

IX. Posi t ion of the biil l camel a f t e r e jacula t ion , 

B# Band service s 

I t comprised of 

i . Mounting, 

i io Penile lODvements to loca te vulva, 

l i i e Copulation time, 

i v . Body movements during copulation. 

V. Ejaculation, 

v l . Posi t ion of the bu l l a f t e r ejaci i la t ion. 

2* Semen s tudies t 

( a ) . ColJLeotion of the semen with the help of 

an a r t i f i c i a l vagina t 

For co l lec t ion of semen a boa r ' s a r t i f i c i a l 

vagina was used. The temperatiare of the a r t i f i c i a l vagina vas 
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nalntained between 38,0 to 38. J'C. The tecimlque of 

collection included the following details. 

1. p̂reparation of the bull and she caiaels : 

The bull camel was well prepared before 

semen collection by cleaning the area around the prepuce. 

The she caael was secured in sitting position on a clean, 

free of dirt ground. A pillow cushion was tied on the 

posterior part of the hurap of the female camel to avoid 

damage, from the chest pad of the bull camel. 

ii. Collection in the artificial vanina i 

A teaser ( female camel ) was used 

for taking the collection. The bull camel was well excited 

and allowed to mount only when there was good erection. The 

artificial vagina was held firndy in the right hand of the 

operator and the pulsation apparatus was held by an assistant. 

Both persons stood on the right side of the teaser. 

After the bull had mounted the teaser 

and taken the position of coitus, the sheath was held gently 

by the operator in iiis left hand ( right handed operator ) 

and the penis directed into the opening of the artificial 

vagina. At this stage the assistant worked with the pulsation 

pump and provided the required pulsations. With the rhythmic 

waves of pulsation coming from the pulsation pump, the male 

camel copulated. The ejaculate was collected in the 20 ml • 

graduated collection tube attached to the other end of the 

artificial vagina. 
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Precautions : 

1, In order to avoid the hand of the operator 

getting parallised due to pressure exerted by the bull 

camel against the hind quarter of the female during coitus, 

frequent gentle finger imssage of the abdomen of the bull 

camel was resorted. 

2. After ejaculation the bull camel got exhausted 

and usually fell down on the same side where .the artificial 

vagina was applied. Care was taken to avoid accidents at 

this time. 

B. Volume i 

Tbtal ejaculate was recorded in millilitres 

directly from the graduated collection tube, upto the tenth 

decimal place ( 0.1 al. divisions ). 

C. Colour t 

The colour of the e jaculate was recorded 

macroscopically from the co l lec t ion tube. 

,.; D. Mass a c t i v i t y j 

The movement! of the spermatozoa in mass 

in the ejaculated f lu id were judged, according to the 

nature of vare formation. For t h i s a email but uniform drop 

of fresh ejaculate was placed on a clean, dry, warm glass 

s l ide ( temperature about 38 to 38. J*>C ) and examined, 

without a covers l ip , under low power with reduced l i g h t . 

The r e su l t s were recorded as under, 

keeping in view the patisern recoiaraended by Palsson (1965). 
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1, No wave laotion 0 

2, Slow vaves • 

3, Eapid waves • • 

k. Strong and rapid waves ++• 

5. Very strong and vigorous waves -H-** 

E. I n i t i a l mot i l i t y : 

A drop of fresh semen was d i lu ted (1J1) 

with physiological normal sa l ine solut ion on the warm, 

dry and clean s l i d e . A covers l ip was placed on the 

d i lu ted semen and examined under riigh power. 

Ihe estimation of the mot i l i t y was made 

by observing the approximate percentage of spermatozoa 

showing progressive movements. For r a t ing , the following 

scale was employed. 

Grade 

5. Above 8o^ spermatozoa were motile (Excellent) 

If. 60 to QQ% spermatozoa were motile ( Good ) 

3, ifO to 60^ spermatozoa were motile ( Fair ) 

2. 20 to hQ% spermatozoa were motile ( Poor ) 

1. 10 to 20% spenaatozoa were motile (Osc i l la t ing) 

0. 0 to X0% spermatozoa were motile (Non-Motile) 

F. Hydrogen ion concentration (pH) 

BEydrogen ion concentration was determined 

with the help of a B.D. H. Capil lary "pH" comparator by using 

BromoThyiK>l Blue ind ica to r . 
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Cfe Sperm concentration : 

The spermatozoa were counted using 

iiaproved neubaur haeaiocy to meter. The folloving method 

vas followed. 

i . Complete and even d i s t r ibu t ion of the 

speriaatozoa In the seminal f lu l ( | 

I t was seen tha t the camel semen did 

no t dissolve in the d i lu t ing f lu id u n t i l and unless , i t 

was f i r s t kept in the incubator a t 37'*C for about 18 to 2h 

hours. Ifence the estimation was done on the second day. 

l i . Dilution and ciiargjnK of haemoc.vtometer 

The semen was thoroughly mixed everytime 

before drawing i t in to the red c e l l p ipe t t e . The semen 

vas drawn with great accuracy to the O.? ffiark and the 

d i lu t ing { 2 % eosin normal sa l ine ) f lu id was drawn upto 

101 mark to give 200 times d i lu t ion of semen in the p i p e t t e . 

The p ipe t t e was then gently ro ta ted for proper mixing 

for about 2 to 3 minutes. Then the haeoKDcytometer was 

charged with th i s d i lu ted f lu id . 

l i i . Counting of spermatozoa 

'Hie four corner squares and cent ra l 

square of the cen t ra l la rge square were used for counting 

the spermatozoa, lising 10 X eye piece under high power. 

Spermatozoa ly ing on the l i ne s were counted only when they 

were on the top and l e f t l i n e s . The t o t a l number of 

spermatozoa of 5 squares were counted and mul t ip l ied by 

10,000 and r e s u l t expressed as mil l ion per cubic mil l imeter 
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of semen. 

B» Live and dead sperm percentage : 

The percentage of l i ve and dead 

speriaatozoa in the e jacu la te , was studied by using Eosin 

NigrosSn s t a in . 

The s ta ining solut ion vas prepared as 

under : -

Nigrosin solut ion 150 ffll* 

Eosin yello-w (a.T.Gui-r) 5 g»» 

Stock buffer solut ion 30 lal. 

Stock glucoae fjolutlon 30 lal. 

Water 300 Ml. 

Nigrosin solution t 

20 gm Nigrosin ( G. T. Gurr ) was added 

to 100 ml d i s t i l l e d v/ater and dissolmt^d under boi l ing 

Stock buffer solut ion j 

21.662 gm.; 
] 200 ml. 

500 ml. i 

22.25^ gm. j 

500 a l .1 
80 ml. 

Na2 Ĥ ?ol̂  SHgp 

Water to 

KHg POlf 

Water to 

Stock glucose solut ion : 

Glucose ^ 3 gm. 

Water to 500aa. 

staining technique j 

i. The ejaculate and the staining iaixture 

were kept at the same temperature i.e. 31*G to 37®C by 
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inimersiiig tiiem in a water bath. 

i i , A drop of semen was mixed with 3 drops 

of s ta in ing solut ion i n a dry, clean t e s t tube and allowed 

to stand for half to one minute. 

i l l . From No. i i a lODderately thin smear was 

prepared with the help of another s l i de and allowed to dry 

in a i r . 

i v . The fil/.i was examined under Mgh power 

objective of the Hiicroscorje. Tiie l i v ing apenaitozoa* 

were unstained, while the dead one 's took the pink s t a in . 

The intermediate foims o:? stidiiing were counted as dead. 

In a l l 500 spermatozoa were counted from each e jacu la te . 

I . Morpholo/TJcaU y abnormal spermatozoa 

i , Compositl.on of stairiing solut ion ( Williams 

Stains ) . 

(a-) • parbol fu-clisln eosin 

I . .?t'ek solutioii 

Fuchsin 10 ge, 

96,^ alcohol 100 ml. 

I I • Mixing stainiiiK solut:'.on 

Stock solut ion 10 ml. 

5% phenol solut ion 100 ml. 

I l l , Final s t a in which was used for s ta in ing 

Mixing s ta in ing solut ion 50 c .c . 

Saturated alcohol ic of bl''iish eosin 

25 c. c. Tills f i na l solut ion was kept for a t l e a s t 1^ days 

for maturation and then f i l t e r e d . 
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( b ) . Loef f le r ' s metiiylene blue 

Saturated solut ion of methylene blue 

in alcohol - 30 ml. 

0 .01^ aqueous KOH-100 ml. 

Preparation and s ta in ing of the semen smears 

Semen smears were -

i . Made on clean, dry,grease free g lass s l i d e s , 

i i . Dried in a i r and fixed on the flame, 

i i i . Pasiicd through absolute alcohol for 3 to 

k Etinuten. 

i v , Treated with j^-'J, chloramine solut ion for 

1 to 2 ndnuwfcs ui i t i l the nucus ¥as reaoved and tne smears 

were f a i r l y cleai'ed. 

T. »twished in d i s t i l l e d water and then passed 

tiirough ^6% a lcohol . 

v i . L'Tiaii.ed with Cc.rbcl iuc.^'.sln eosin for 2 to 

10 adnutes. 

vli« Again wached IIL water, 

v l i l . Counter s ta ined wi:h Loef f le r ' s methylene 

blue for 5> seconds and then thoi'oughwuy vashod in d i s t i l l e d 

water. The dried sugars vers then examined under high 

pov/er objective of the i*aicroscope. 

4taiormal ŝ parm percent.-ir.e : 

Jbr det2ri2ination of abnorcial spermatozoa 

percentage in the e jacu la te , the smears preparsd and s ta ined 

with williaias s t a in were used. 
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The abnormalit ies were estimated by 

counting 500 spermatozoa from each e jacu la te . 

Tile following abnormil i t ies were studied 

(a) ifead ^ 

i , Maga head, 

i i . Micro head 

111. J l l l i fo rm head 

iv . Pyriform hetid 

V. Tapering head 

TL. Loosening of galea capa t i s . 

( b ) . i'ilcMle Piece 

i» Abaxial attachment of middle piece, 

i i . ix>uble midule piece, 

i i i . Swoixen jaiddie piece. 

i v . Short midaie piece. 

V. Cork sci-«w iiiidilte piece, 

v i . hmix, middle piece. 

v i i . F i l l i fo rw iSiiadle piece. 

v i i i . Proxifflal protoplusiaaic drople t . 

IX. Distcii pro topiasiaic ai 'oplet . 

( e ) . Tail 

i . Bene, t a i l 

i i . Coiled cciii 

i i i . Loop t a i l 

i v . Short t a i l 

V. iOiik/ t a i l 
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J. Bloiaetry of spermatozoa t 

The direct method of measurements, using 

an ocular and stage micrometer, was employed, for the 

determination of the size of the component parts of the 

spermatozoa. Both the micrometers used vere the product 

of Erma, Tokyo ( Japan ). The standardization of the ocular 

scale and all the measurement of the spermatozoa were done 

under ' ASCO ' research microscope using a 20 X eye piece 

and high power objective* 

iilrst of all the ocular scale was standardized. 

During the standardization of the ocular scale by calibration 

with the stage micrometer, it was found that 59 division of 

the ocular scale were equivalent to 15 divisions of the stage 

micrometer. The value of one division of the ocular scale 

was calculated as below s-

59 divisions of the 15 divisions of the 

ocular scale. stage micrometer. 

1 division of the 1^ divisions of the stage 

ocular scale. micrometer. 

1 division of the = 0.01 mm. or 10 microns 

stage micrometer. 

1 division of the a l5x10 or 2.9*-

ocular scale. 

Thus the magnification was found to be 2.5^ or in 

other words 1 division of the ocular scale was equivalent 

to 2. 5^ microns. 
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Seventy five well s ta ined, noriaal, s t r a i g h t 

spermatozoa were measured, from each e jacu la te . Thus the 

a t o t a l of 3600 spermatozoa were measured. The average 

measurements of the component pa r t s of the spermatozoa 

were then calculated. 

3* Haematologjcal s tudies before and during rut 

A. Blood col lec t ion 

For haematological studies and cholesterol 

estimation, 5al» blood vas collected from each animal from 

the Jugular vein in each of the two test tubes. One sample 

was used for serum cholesterol estimation and the other 

for haematological studies. The sample tk haematological 

studies contained 0.5 HJg. to 1.0mg. E.D. T.A. C Disodiua 

salt of ethylene diamine tetra acetic acid ) as an 

anticoagulent. The blood after collection was thoroughly mixed 

with the anticoagulent for about one minute by gently rotating 

the tubes between the palms of both the hands. The serum was 

separated from the clot by centrifusing at 1200 r.p.a. 

While haematological studies were done on the 

same day, cholesterol estimation was done on the next day. 

B. Analysis of Blood 

The blood was analysed for the following values:• 

1. Total erythrocytic count. 

11. Total leucocytic count. 

111. Haemoglonin content. 

iv. Differential leucocytic count for t-

(a). Lymphocytes 

(b). Monocytes. 

(c). Neutrophils. 
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( d ) . Eosinophils. 

( e ) . BasopMls. 

i« Total e ry throcyt ic count* 

The erythrocytes were counted by using 

improved neuhaur haeniocytoiaeter (A. 0. spencer b r igh t l i n e 

haeajocytometer) as described by Napier and Das Gupta (19^6) 

The following steps were taken for red c e l l count. 

(a)» Dilution and charging of haemocytometer s 

The blood was thoroughly mixed every 

time before drawing i t in to the red c e l l p i p e t t e . Tne blood 

was drawn with grea t accuracy to the O.J laark. Sl ight excess 

of blood above the 0.5 saark was drawn down by touching the 

point of the p ipe t t e with a f i l t e r paper. The d i lu t ing 

f lu id was drawn upto 101 mark, to give 200 times d i lu t ion 

of blood, in the p ipe t t e . The p ipe t te was then gently 

ro ta ted for porper mixing for about 3 minutes. The 

haemocytometer was then charged with th i s d i lu ted f lu id . 

(^)» Counting of Erythrocytes : 

The four corner squares and cen t ra l 

square of the cen t ra l l a rge square were used for counting 

the blood corpuscles, using 10X eye piece under high power, 

corpuscles lying on the l i n e s were counted only when they 

were on the top and l e f t l i n e s . The t o t a l number of 

corpuscles of 5 squares were counted and mul t ip l ied by 

10,000. Results were expressed as mil l ion of R,B. C. per 

cubic m i l l i « i e t e r of blood. 
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i i« Total leucocyt ic count 

The t o t a l leucocytes were counted with 

the same method as used for the erytl irocytic count. 

( a ) , d i lu t ion and charging of haemocytometer i 

The blood was thorougnly iiiized before 

drawing i t in white blood c e l l p i p e t t e . The blood was sucked 

to the 0 .5 mxTk in the p i p e t t e . After t h i s the d i lu t ing 

f lu id was dra'̂ m to the 0.11 imrk and the p ipe t te was gent ly 

ro ta ted between the palms for proper mixing. The 

haemocytometer was charged in a siioLlar manner as for 

e ry throcyt ic count. 

C^)» Counting of leucocytes t 

The leucocytes wore counted in each of 

the four la rge comer squares. The c e l l s within four comer 

squares of ruled area were added and the r e s u l t s were 

expressed as thousands per cubic mill imeter of blood. 

i i i # Haemoglobin content 

Haemoglobin was estimated by sahl i*s 

haemoglobinometer. The ca l ibera ted tube was f i l l e d to the 

l e v e l of lowest graduation with N/IO hydrochloric acid 

with the help of glass dropper. The haemoglobinometer 

p ipe t t e wae f i l l e d with blood to the 20 cu.nm. mark. 

Excess of blood was drawn down by using f i l t e r paper on 

the t i p of the haeaK>globinometer p ipe t t e . Now the blood 

was slowly expelled in to the tube containing N/10 
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hydrocixLoric acid. The Mood vas mixed thoroughly vdth 

hydrochloric acid by sucking i t back in to the 

haeiaoglobinometer p ipe t te and blo'wing i t out i n to the 

haefliometer tube several tiates. The tube was allowed to 

stand for |- an hour a f t e r thorough aixing. Now th i s 

haeoatin solut ion was d i lu ted v i t h d i s t i l l e d water u n t i l 

the colour matches with t h^ t of standard brown glass of 

the haeaioglobinciBeter. The readings were taken in grams 

per lOOal of olood. 

Iv , Di f ferent ia l leucocytic count 

For d i f f e r e n t i a l leucocyt ic count a 

smear was prepared v i th in f i f teen minutes a f t e r bleeding. 

The smears were s ta ined with Giemsa»& s ta in and the 

leucocytes counted by the "Batt le* H e l d " method ( Mac Gregor, 

1 9 ^ )• In a l l 200 c e l l s were counted and the percentage 

of lymphocytes, JfeneutrcphllL, Jionccytss, eosinophils and 

basophils v'as calculated. 

h. Estimation of blood serum choles tero l : 

lifumerous methods imve oeen used for the 

quant i ta t ive estimation of blood choles terol but a method 

developed by Kaclntyre and Balaton (195^) was comparatively 

easy and required only 0,1 ml. of serum. Besides being 

p rec i se , i t could be analyaed e^ren in an ordinary labora tory . 

As such th i s method was used foi' the present s tud ies . 
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Reagents : 

i , ChroiHatograpM-c grade (Merck) g l a c i a l 

a c e t i c a d d s-

Ih is g l a c i a l a ce t i c acid wag free from 

aldehyde, 

i l . 10 % Fer r ic chloride solut ion s 

10 gm. of f e r r i c chloride (Fec i3 6fl20 ) 

was disolued in 100 lal. of g l a c i a l a c e t i c acid, 

i l l . Colour reagent i 

0«5BLL» of 10^ Fer r ic chloride solut ion 

was added to 7»?ial. of concentrated sulphuric ac id in a 

dry f lask. The solut ion was mixed and d i lu ted to 50IB1. with 

concentrated sulphuric acid. A c lear and l i g h t yellow 

f lu id was obtained which gradually turned colour less . This 

reagent was prepared fresh each day. 

i'"'* Cholesterol stock solut ion : 

The stock standard solut ion ^tla.a prepared 

by dissolving lOOmg. pure, dry choles terol in I00ml. g l ac i a l 

a ce t i c acid. This contained one mg. choles te ro l per ml. 

of solut ion. 

Y. Cholesterol working standard : 

20iiLL. of the stock sfcindard solut ion 

was d i lu ted to lOOial. with g l ac i a l a ce t i c acid. This solut ion 

contained 0.2mg. choles tero l per ml. 

Procedure t 
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0.1ffll. serum was t ransferred to t e s t tube 

and to t h i s was added 6ml. g l ac i a l ace t i c acid. A s l i g h t 

tu rb id i ty occured. The solut ion was f i l t e r e d and Sal . of 

f i l t e r a t e was t ransfer red to a large t e s t tube. The volume 

was made upto 6ml. by adding 3ml, of g l ac i a l ace t i c acid. 

Simultaneously a standard and a blank were 

also prepared. For standard solut ion one ml. of working 

choles te ro l standard was taken in a t e s t tube to which 

was added ^sH, of g l ac i a l a ce t i c acid. The blank was 

prepared by using 0 .1a l . d i s t i l l e d water in place of serum 

and 6ial. g l ac ia l ace t i c acid was added to each t e s t tube, 

The whole se t of t e s t tubes \ja.s then kept in an ice cold 

water bath. ^ a l . of colour reagent i.fas added to each t e s t 

tube which resu l ted in the formation of a l ayer below the 

ace t i c acid. To ensure even heat d i s t r i b u t i o n the t e s t 

tubes were shaken atonce thoroughly and placed in racks to 

a t t a i n room temperature. A l i g h t to dark pinkish colour 

appeared in a l l the t e s t tubes except in the blank reagent. 

Readings were talien a t 570 mi by using 55" M 

f i l t e r on Kle t t - SuiSBierson photo e l e c t r i c colorimeter a f t e r 

s e t t i ng i t a t 0 with blank reagent. The t o t a l choles te ro l 

was then calcula ted by using the foilwowing formula. 

Total choles tero l = Reading of t e s t sample 0»2x100 
Reading of standard oTl 

mg. choles tero l per 100ml. serura x 2*mg. choles te ro l per 

100ml. serum. 

( * Bae concentration was mult ipl ied by two because only half 
of the f i l t e r a t e was taken ) , 
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R E S U L T S A M D D I S C U S S I O N 
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SEXUAL BEHAVIOR : 

It included the studies on j 

A. Signs of r u t . 

B. Act of copulation. 

A. Signs of r u t : - \ 

Sexual beijavior wa« studied on seven male 

camels, out of wnich five shoved a l l the external signs 

of r u t , while two did not snow any signs of ru t , except 

t h a t they ahad an increased secret ion of the po l l glands. 

The de ta i l ed observations made regarding the siggs 

of r u t , were as undem-

Ca). Duration of ru t j 

The bul l camels No. AHD? & 119 each aged 

eleven years and which were l e t loose in the herd along 

with the she camels, exhibited signs of r u t from the 

middle of October to the middle of March. 

Two camels, No.V+6 & 529i which were each s ix and 

eleven years old, and one which was sixteen years of age, 

showed the signs of rut from the f i r s t week of November 

to the end of February. These bu l l s were not l e t loose 

in the herd but were t i ed up © in t he i r s t ab l e s . 

Of the three camels, aged s ix years each and which 

had approximately the same s i ze , body weight and general 

hea l th ; one showed the signs of ru t while two did not 

show any sign of r u t . The one tha t showed signs of r u t , 
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had a l i t t l e darker coat colour than the other two. 

/ I t vas observed tha t those bu l l s which were l e t 

loose in tJae herd, exhibi ted the signs of ru t some what 

e a r l i e r and remained in ru t also for a longer period 

than those which were not l e t loose in the herd. 

y I t was also seen tha t ti::^ age did not influence 

the comaencement of r u t . This i s i n agreement with 

Leese (1927). Bowever coat colour laa/ have had some 

influence on i t . 

Duration of the UP? ru t t i ng season i s i n agreement 

/ with the work of Mathur (I96O). ifowever Leese (1927) 

and Singh e t . ^ . (196lf) have reported d i f fe ren t ly . 

Though Leese (1927) had reported a bu l l camel of 

two years age, showing a l l the signs of r u t , yet in the 

present study there Wi-s not a s ingle male camel in the 

age range of 2 to 5 years which showed the signs of r u t , 

( b ) . Body condition : -

Those bul l camels which were l e t loose in 

the herd, l o s t much of t h e i r weight and became weak and 

emaciated as compared to those wliich were not l e t loose 

in the herd. Two camels which did not exh ib i t signs of 

r u t , did not lose weight. 

This may be so because the camels in r u t did not 

take the i r normal r a t i on , as they were always sexually 

exci ted, being a l l the time \\l th the females. 

This i s in agreement with "L^QUQ (1927) . 

file:////lth
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/ \ c )» General betovlor s 

During ru t a l l the b u l l camels showed Taried 

degrees of ex terna l s igns . 

Three bu l l camels were furious because they charged 

other persons, as well as *e the owner. When these bu l l s 

^ were used for work, they were d i f f i c i i l t to handle. They 

were each eleven years old and were l e t loose in the herd. 

One bul l camel, which was s ix years old, exhibi ted 

strong signs of r u t but was not furious. This camel was 

also l e t loose in the herd. 

Another camel, wJriich was sixteen years old, exhibited 

mild signs of ru t . 

I t appears t ha t the age may be re la ted to the 

^ i n t e n s i t y of r u t t i n g signs exhibited by the animals. 

Matkure animals were furious as compared to the younger 

and older stock. 

yAll the bu l l s in ru t were h o s t i l e to each other , 

, when two bu l l camels in r u t were l e t loose in the herd, 

they fought continuously t i l l the weaker one ran away from 

the herd or l e f t the herd. / 

Leese (1927) and Singh e t . a l . (196^) have reported 

t h a t a l l the bu l l s were furious during ru t , but t l i is has 

not been observed in the present study. 

y ' ( d ) . Intake of food and water \ 

During ru t , a l l the bul ls which exhibi ted 
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fligns of r u t , took very l i t t l e food and water. Bulla 

wMcli were l e t loose in the herd, did not take food 

even up to ten to twenty days continuously, because 

they were busy in contro l l ing the females. Through 

/ out, day and n igh t , they were enci rc l ing the herd, so 

tha t no s ingle female may escape from the herd or another 

bu l l camel ma.y ^o±a the herd. 

This i s in agreement with Leese (1927). 

( e ) . Solids produced during rut ; -

The bu l l caiael produced two types of sounds. 

!• i t a l i c sound : 

I t was a f r i c t i on sound, produced by 

grinding the lower molars to the upper aolara by l a t e r a l 

/ laovejnents of the lower jaw. This was present even a t 

the time of copulation, 

11. Gurgling sound : -

This sound was produced by belching the a i r . 

The animal took .his head and neck close to the hump and 

y a t the sarae t ine protruded the soft palate from the corner 

of h is mouth. 

The gurgling sound and the grinding of the t ee th 

/ h a v e also been reported by Leese (1927); Singh e t . a l . (196^) 

and Mathur (I960). 

(f)» Secretion of the Salivary elands : -

All the bu l l camels, exhibi t ing signs of r u t , 
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produced profuse secre t ion of the sa l iva iy glands. The 

sa l iva caae out from the mouth, a t the time of the e;)ection 

of the sof t pa la te and remained on the sides of the iK)uth 

in the form of froth. 

This i s in agreement with the findings of Leese (1927) 

^Singh ejb.3^.(196^) and Mathur (I960) . 

( g ) . gecretlon of the uol l glands : -

In a l l the seven caciels s tudied, secre t ion 

of the pol l glands was copious. The secret ion was dark 

redish in colour wit'i d i sagrea t le sicell and i t f e l l on 

"both s ides of the neck e in the foria of sinall drops. The 

quant i ty of secre t ion was more in the older camels as 

y compared to those which were younger. However the secre t ion 

of the pol l glands was present in camels, which showed 

the signs of ru t , as well as those which did not show any 

signs of r u t . 

The secret ion of the po l l glands Is a lso re,.or ted 

hy Leese (1927) J Mohan Singh (1958); Pockock (1910); 

Mathur (1960); and Singh e t . ^ . (196^). 

( h ) . Kjection of the soft palate : -

In f ive camels e ject ion of the sof t palate 

wag present but was absent in t\/o camels, which did not 

exh ib i t the externa l signs of r a t . 

/ K;5ecticn of the soft pa la te was observed general ly 

on the r i g h t s ide , but soaje times i t occured on the l e f t 
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• id« alJio*( Hg* lk>» 1 )• 

Ih ls i s in agroeaent with Le«8« (1927) ; HaLthur 

<1960}{ Chartoa (I963) and singH &^^.(196l^)* 

( ! ) • lyp^fi^ PpstfWg ¥M1.^ JltHm^^g 1* 

During soxyal excltd£ii@nt a l l the bul l 

caneXf atsuiaed a typic^il posture. Xhe caoel s t retcted 

/ hi« hind legs wld© apart, asaiuaed a crouching posture 

and aade false Jerky BK>\reaents ^itii his pelvis. While 

doing go, Um aaiiaal brought his head and aeok close 

to the huaip. ( Fig. Ho* 1 )• 

!D2ls finding i s in agi<eeaent ^Ith Leeee (1927) 

aad Mathur (i960)* 

All the bull casiels did up and down 

aoireaents of t a i l and lashed i t vigourously on the i r 

^ t es t ies and the genital organs. By doing so they 

stimulated t l ^ i r ovn genital organs. ( ^ g . No. 1 )• 

Mathur (i960) has also reported th i s . 

(k ) . 4St̂  9t ^f^^^JUV-^ ><-

At the tiiM of sexual ezciteaent ths bul l 

camcil̂  mtctiu^atf^d i n t e r ^ t e n t l y . 1!he urine vas eni t ted 

xiiythiaically in spurts, indicating the sexual arousal of 

the sale caael. !Ehis urine vas also broadcasted by the 

ani i» l by up and dovn saoveiients of h i t t a i l . 

Shis i s in accordance with the finding of Mathur (i960). 
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•R'i^.""o.12 ".lection of the soft p a l a t e . 
{^.xtemal signs of r u t ) . 

Fig. 13. 
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ig . "o ,14 "Hall camel vigouiously 
lashes the t a i l on tbe «renita 
organs to stlrr'.ul'ite therr. i 

•^ig.'ro. I*, l a l l camel assurres a typica l 
posture hind l egs are s tretched 
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I t vas observed aiid recorded in | 

X* llattiral service. 

IX, Sand service, 

Ttm following deta i ls were observed 

(^)« gpurtghip i 

Bull caasl viiile aoving freely In the Jierd, 

f i r s t t r ied to detect tfje estrus in t'm female by spelling 

her external genital ia and the grola. After sael l ing, he 

extended Ma lisad aad n&Gk ylth upcm*l&d lipe* Sa^lling, 

vas Inv^iriably aceoa^>aiiled by "Pinclilng'* ( biting the 

feoale )• Some tliM tb© ^lale b i t tim female so imrd that 

i t resulted in bleeding* the usiial place of biting vas 

the Vulvar l i p s or to© i>osterior part of tbe huap, 

(^)« fflTforta of ths bull om®!, to ailce tm sim 

After detection of e$truS| the bull caiiel 

s&de Vaa ahe camel s i t on tm ground and followed th@ 

f«llo%dng procedure. 

t . Bull oimel tSghtly passed his nose against 

her hiad and followed dovn to her ghculder, flank and as 

he reached hsr genitoanal region, bis nuzzliiig generally 

became laore vigoroiie. 

li« Ttm bull stiiaulated the vulva of the 



•^ig/ ' 'o.15 Act of copula t ion(^^a tura l ) 
Cour tah ip : "^he b u l l camel pu t s h i s 
neck on t h e hind p o r t i o n of the she 
carrel anc pressed downv/ords thus 
pu t t i ne ; h i s f u l l weie-ht on t h e she canel 

^iR.r^o.^S Act of Copulat ion (^ ' a tu ra l ) 
"Bull camel s t i m u l a t e s the vulva o f 
she caiTiel. 

U?^.!'^o.17 ,4.ct of copula t ion (Na tu ra l ) 
Bul l camel b i t e s on the s t i p e 

- j o i n t of t he she camel. 



^ig.^^0.19 Act-of copula t ion (^Tatureal ) 
? u l l cornel t akes p o s i t i o n fo r 
copu la t ion imcEdia te ly a f t e r f a l l i n g 
down. 

7ig.Fo.20 Act of copula t ion (Ha tu ra l ) 
"Bull camel t r a n s f e r s bj s f u l l 
v/eie;ht on the female through h i s 

ches t pad, which r e s t s on the 
J p o s t e r i o r p a r t of the hump of the 

she caroel. 
• » " 
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she camQl by the f r i c t ion of h is neck. 

i l l . He put Ms neck on the neck of the 

she caiael and pressed down words thus put t ing h i s f u l l 

weight on the she camel. 

iv . I f the female fa i led to obl ige , then 

he b i t her on the 2a»ek jo in t which stopped her from 

walking and she then sa t down. 

v« As soon as the female sa t down, the 

male often vent off balance and f e l l on the ground, but 

soon took the pos i t ion and mounted the female. 

This i s in agreement with Leese (1927) and Singh 

£ t . ^ . (196if). 

( c ) . Mounting and posi t ioning 

This included the following s teps . 

i . The bul l camel stood over the s i t t i n g 

female by placing h is fore limbs, one on each side of 

her shoulder and his hind limbs, one on each side of her 

pe lv i s . 

i i . Now the bu l l camel s a t down on the female 

in such a mannei t ha t he t ransfered h is fu l l weight on 

the female though h i s own chest pad which res ted on the 

rea r port ion of the hump of the female. In t h i s posi t ion 

the male kepthis fore legs fu l ly extended but folded h i s 

hind legs completely. Thus while the whole of h i s front 

port ion was ra i sed up, he was ac tua l ly s i t t i n g on the 
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ground through h is hind p a r t s . 

l i i . When bul l camel covered the she camel, 

he squated dog l i k e , with hind limbs flexed and res t ing 

on the ground from the heels of the hock, the s t i f l e 

alDJOst touching the ground, the forelimbs extended one 

on each side of the she camel v i t h the fee t planted on 

the ground. Both animals were facing the same way. 

This i s also in accordance with Leese (1927) and 

Singh e t . a l . (196^)* 

(d ) . Penile movements to loca te the vulva. 

The bu l l camel a f t e r ijaounting s t a r t e d the 

penile raovenents to loca te the vxilva. The penis which 

was found to be r i g i d and approximately 15 to 20 " long, 

a f t e r fu l l erect ion, located the vulva by ro ta t ing i t s e l f 

s p i r a l l y on i t s own longi tudinal ax i s . 

( e ) . iMating; j 

After the penis had located the vulva, the 

bu l l caiael gave strong pelvic jerks from time to time by 

l i f t i n g h is haunches. His back was now arched. 

( f ) . Posture of the bul l camel in r e l a t i on to 

the she camel during mating. 

IXiring mating, bul l camel assumed a typica l 

posture known as the dog s i t t i n g pos i t ion . The re la t ionsh ip 

of the d i f fe ren t male par t s to the female was observed as 

under. 
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1. The chest pad of the bu l l camel vas 

re la ted to the pof te r ior pa r t of the hump of the she caael . 

l i . The head and neck of the bu l l camel wat 

fu l ly atrecbed and held high and s t r a i g h t above the neck 

of the she camel. 

i i i . The hind par t s of the bul l camel were 

pressing t i g h t l y agains t the pelvis of the she camel, 

i v . The forelimba of the bu l l camel were 

placed one on each side of the ]a«^ of the female and 

vere l e l a t e d to the shoulder region of the she caiael, 

(g)* Total copulation time j 

The period from the ent ry of the penis i n to 

the vagji.na t i l l the completion of the ac t was recorded as 

t o t a l copulation time. In a l l 20 aatings were recorded. 

The t o t a l copulation time recorded waz 10 to 22 minutes 

( mean 13 stLnutes )• 

Daring one complete ac t of copulation the b u l l 

caael on an average served 3 to 1+ times, and every time 

the entry of the penis i n to the vagina was gained a fresh. 

Ejacu3atioD occured a t each one of these at tempts . After 

each withdrawl of penis the bul l camel took r e s t for a 

few moments and then again s t a r t ed the copulation. 

The number of intromisgions the bu l l camel had 

during one ac t of copulation depended on h is sex l i b i d o 

and the period of r e s t he has had between tvx) ac t s of 
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copulation. 

The t o t a l copulation time ii» also in agreement 

with Leese (192?) and Singh et.3l. (196^). 

ih), E:laculation i 

At the t i aa of e jacu la t ion the lyull camel 

gave a f ina l t h rus t by ra i s ing ills hind port ion on the 

hock j o i n t s . Daring tiiis period shivering wag also 

observed in the g lu tea l and abdoiainal ausc les . The bu l l 

camel fur ther arched his back. Strong contract ions were 

also observed in the sheath. 

Itoring one ac t of copulation the bu l l s e jaculated 

3 to ^ times. 

( i)« Posi t ion of the bu l l carael a f t e r e.iaculation 

I t was observed tha t a f t e r e jacu la t ion , the 

bu l l camel e i t h e r f e l l down on one side or stood up. After 

continuous service une bu l l camel got t i r e d and general ly 

f e l l down, other-wise he was able to stand up. 

I I . Hand service . 

I t was done for the purpose of co l lec t ion of 

semen in the a r t i f i c i a l vegina. After the female was 

secured in the recumbent pos i t ion , the bul l camel wag 

allowed to mount under control . The following d e t a i l s 

wei*e recorded j mounting, p sa i l e laovements to locate the 

vulva, copulation time, body movements during copulation, 

e jacula t ion and posi t ion of the bu l l a f t e r e jacula t ion . 
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i i l l the steps aetioned were saiae as have already 

been discussed before, eiicept the coi»iJation time. 

In lisnd serv ice , tiie roean .for t o t a l copulation 

tiiae vcLs o a inutes and ranged from ^ to 13 minutes, 

S.D. 2.38, S.£. 0.36 and G.V. was 29.8 %, In htind service 

the copulation tinie was j u s t ha l f aa compared to in 

n a t u r a l service , 

2. ^mmi STUDIES s 

I t included : -

A. Collection of semen v i t h the help of an a r t i f i c i a l 

vagina -

After observing na tu ra l service in camel, i t appeared 

tha t the bu l l camel behaved more or l e s s the same vay as 

a boar during serv ice . Hence a boar ' s vagina complete with 

pulsa t ion apparatus v̂ as t r i e d ( Kohli 1970 ) . I t proved 

a success* 

The i n t e r n a l temperature of the a r t i f i c i a l vagina 

vas se t a t 38<*G to 38.5*0 a f t e r recording the vaginal 

teiaperatures of 20 she camels in heat . 

Fi'oa f i i s t co.mel ( No. 118 ) eleven co l lec t ions 

were taken, while from other five b u l l camels e ight 

co l lec t ion wer© taken from each. Out of these s ix camels 

two were put to uae for the f i r s t time only. 

I t was observed tha t during co l l ec t ion , i f the 

degree of piilsation was too weak or too strong, tl:ie 
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B (if59) 

C (119) 

D (Mf^ 

E (Mf6) 

Age ^ t a l ,e,tacn;|^t^ 
T 

Mean I &D. • S.E, • C.V. 
. I I 

11yrs h to $ml, ^f.Jal. 

SyvB 1 to 7231, 3.2i8li 

l l / r s 1 to if,5sa.2.5aQ.. 3.3 l .8if 0.2809 5 ^ A 

6yr5 1 to ^m., 3.OH1I. 

6yTg 1.5 to? , Ona. 3» ̂ aa. 

4 . F (GCF 82) l6yi's 1.5to 10al. 3.^aa. 
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î  

3.^-aa»(l6»r«) 

I *• 

\] 

fiOftl^ t * 1 i&Oh » 1 Ji4« SO^AH* 



83 

e jacula te did not contain any spermatozoa. Tlie b u l l 

camel iHrfjected the a r t i f i c i a l vagina viien i t s temperatur« 

was no t between 38«G to 38,5^C. 

IVo cass is viiich did not show external signs of 

ru t but gave co l lec t ions and were used for tne f i r s t time 

for serv ice , took l e s s time in giving co l lec t ions as 

compared to the o thers . 

B. Volume : 

In the f i r s t t r i a l the t o t a l e jaculate ( I'.Ji. ) 

was 5ml. and the t o t a l time five minutes but i t did not 

contain any spermatozoa. In the second t r i a l the i'. E. 

was 21ffll. and the t o t a l time 18 minutes, but t h i s also 

did not contain any spermatozoa. In the t h i rd t r i a l a l so 

the T. E. co l lec ted was 22ml. and the t o t a l time 25 minutes, 

but t h i s a lso did not contain any spermatozoa. 

As the I .E . being obtained was without any 

spermatozoa and the t o t a l time was more than even in 

na tu ra l serv ice , so i t was thought t ha t perhaps the 

a r t i f i c i a l vagina temperature f e l l during th i s time and 

t h i s resul ted in the absence of spermatozoa. In order 

to over come t h i s , thr^e a r t i f i c i a l vaginas were t r i e d 

one a f t e r the other in the H-th t r i a l . Ai'ter ko minutes 

of continuous t r i a l , the bu l l camel e jaculated a ge l ly 

l i k e mater ia l containing spermatozoa but i t was contaminated 

with u r ine . Ihe volume of tn i s e jaculate was 35^1. 
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Ttm gaiae pa t te rn of taking co l lec t ions was 

followed upto eight e jacula t ions and during th i s period 

the technique of pulsat ion was improved and perfected. 

During the n in th co l l ec t ion , only one a r t i f i c i a l 

vagina was used. At t h i s time the T.E. obtained wag $val. 

I t was witdiout, urine contamination. After tlriis only one 

a r t i f i c i a l vagina was used for each co l l ec t ion . 

In a l l the s ix camels the mean volume recorded was 

3, lml. and i t ranged from 1 to 10ml. ( Table No. 2 ) . 

From table No.2 i t appears t ha t there had s l i g h t 

individual va r i a t ion on the mean value but the age had 

no effect on the semen volume. 

C. Colour J 

The colour of the semen was found to be ei^feer 

milky white and of thick v i sc id consistency. The e jacula te 

which did not contain spermatozoa had a d i r t y white colour 

with watery consistency. 

D. Hydrogen ion concentrat ion ( pH ) : 

The mean recorded values for pH ware 7.8 and i t 

ranged from 7.2 to 8.8 . 

Table No. 3 ind ica tes t h a t there was no indiv idual 

va r i a t ion and th^^t the age had also no effect on the pH 

of semen. 

E. Mass activity : 

The mass activity was recorded in • (plus) values. 
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I t ranged from 0 to <•-•-••+ • 

Table NoA shoves tha t the mass a c t i v i t y improved 

gradually a f t e r the f i r s t three e jaculateg. 

The caiaels B ( NoA59 ) and D ( No. ̂ 5 ) which 

were put to «tud for the f i r s t time, did not record any 

improvement in the mass a c t i v i t y even upto eight col lec t iong, 

F. Initial motility ; 

The motility ranged from 0 to 5 grades and the 

figures recorded for all the camels under study are shovm 

in table Ho. 5. 

From table No. 5> it appears that upto 3^6. ejaculation 

the motility of the spermatozoa was zero or oscillating 

but after the third ejaculation, gradual improvement in 

the motility was recorded. 

G. Sperm concentration s 

Sperm concentration was recorded in million per 

KL, The mean values recorded were I89 millions per ml. 

and it ranged from 70 to 370 millions per ml. 

The details of the individual animals are recorded 

in table No.6. 

Table No. 6 shows that there was no individual 

variation and the age had also no effect on the sperm 

concentration. 

Total ejaculate was found to be inversely related 

to the sperm concentration, because it was seen that when 
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the volume of the e jacula te was raore, the sperm 

concentration was lo¥ C per ml. ) and when the volun^ 

of the e jacula te ¥as l e s s spena concentration of more. 

E, Live and dead percentage of spermatozoa i 

For l i v e and dead percentage, the spermatozoa 

were s ta ined v i t h nigrosin eosin s t a i n . The l i v e 

percentage ranged from 3 to 85 percent . The d e t a i l s are 

giiovin i n tab le No. 7» 

I t appears from tab le No. 7 t ha t in a l l the bu l l 

camels ther© was gradual increase in the l i v e percentage 

of spermatozoa from the f i r s t e jacula te to the e ight 

e jaci i la te . The mean value for the f i r s t e jacula tes was 

7% while for the e ight e jacu la tes i t was 63% . 

At random the minimum l i v e percentage was 3% while 

the aazimum was 85 percent. 

The regression l i n e showed tha t there was a 

pos i t ive cor re la t ion between the number of e jacu la te and 

the i>ercentage of l i v e spermatozoa. 

I . HorpholoKicaJ. s tudies : 

I t included -

I . Normal laorphological s tudies : 

In general appearence the camel spermatozoa 

resembled the ram sperntitozoa. The head was broad and 

r a the r f l a t a t the upper end. I t did not taper completely 

a t the lower end. The g rea te s t width was recorded a t the 



^ ^ ^ ^ ^ ^ ^ ^ 1 Fig•23* Normal camel spermatozoon, 
^^^^^^^^^M head is broad and rather flat at 
^ ^ ^ ^ ^ ^ ^ ^ H the upper end, did not taper compl-
^ ^ ^ ^ ^ ^ ^ ^ H etely at the lower end. 
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upper t h i r d a f t e r whicli the width s t a r t ed decreasing 

gradually. 

II* Abnormalities of the spermatozoa : 

The follovd.ng abnormalit ies were detected. 

<a). Alaiormalitles of the iisad, 

The t o t a l head abnormali t ies ranged from 

2.0 to 6.^ percent, mean 3»75 percent , S. D. 1.02, S.E. 

0.1^+7 and C.¥. vas 27.20 . 

The percentage of d i f fe ren t head abnormil i t ies 

recorded was as under : -

i . Mcro head 1.2 percent. 

i i . Maga head 0.6 percent, 

i i i . Tapering head 1.0 percent. 

i v . Long narrow head 0.6 percent. 

V. Loosening of galea capat is 0.2 percent . 

v i . Double head 0.1 percent. 

(b ) . Abnormalities of the middle piece 

The t o t a l middle piece abnormalit ies ranged 

from 3«2 to 11 percent , mean 5»^ percent , S. D. 1.65, 

S.E. 0.239 and C.V. was 30.21 . 

The percentage of d i f fe ren t middle piece 

abnormalit ies recorded was as ijnder s 

i . Short middle piece 0.6 percent . 

i i . Double middle piece 0.05 percent . 

i i i . Bilarge middle piece 0.9 percent. 

i v . Cork-screw middle piece 0.01 percent. 

V. Fi l l i form middle piece 0 .5 percent. 

v i . Dis ta l drople t 1.2 percent . 



Fig.2lf."Double headV 

Pip .25 . "Tapering head". 



\ 

Fig.26. "Broken neck". 

i 
Fig.27, "Double middle piece". 



Fig.28. " Bent t a i l s ". 

.X 

«v 

F i p . ^ 3 . "Protoplasmic droplet", 
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v l l . Proximal droplet 1,1 percent. 

viii* Abaxial attaciiment 0.7 percent. 

IX. Beat middle piece 0.3 percent. 

( c ) . ^Abnormalities of the t a i l s 

The to ta l t a i l abuoriaalities ranged from 

2.^ to 8.2 percent, aie ,n If. 1 percent, S.D. 0.920, S.E. 

0.133 and C.V. vag 22.06 . 

TUB percentage of different t a l l abnormalities 

recorded was as under j -

1. Kinlgr t a i l 0.1 ptrcent. 

i i . Boat t a i l 1.1 percent. 

i i i . Sfciort t a i l 0.3 percent. 

Iv. Coiled t a i l 1.^ percent. 

7". Loop t a i l 1.2. percent. 

Table No. 8 shows that there \^8 no variation in 

the individual mean of the different camels for the head 

abnoriaalities. Age had also no relationship with the 

head abnor»aalitief. 

1$ appears frca table No. 9 tbuit there was also 

no variation in the individual aean of the different 

canels for the aidale piece ataoraialitieg. Age had also 

no relationship vi th the raidldle piece abnoriaalities. 

I t appears from table iSfo. 10 th^t there was also 

no variation in the individual laean of the different 

ca^aels for the t a l l abriortaalitles. 
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In a l l the anioals there was also no var ia t ion 

in the mean value of the t o t a l ejaculat© from the f i r s t 

e jacula te to the l a s t e j acu la te . Age had alec no 

r e l a t i onsh ip with the t a i l abnormalit ieg. 

TaU.e No. 8,7 and 10 show tha t the percentage of 

the laiddle ijlece abnormalities were laore as compared to 

the head and t a i l abnormali t ies . 

J , Biometry of the spermatozoa ; 

In a l l 3600 spermatozoa were measured, 75 from 

each e jacu la te . The b ioae t r i c s tudies of the component 

pa r t s of the spermatozoa showed the following r e s u l t s . 

i . Ifead length 

The head length ranged from 5»08 to 6.35 

microns. Mean values of head length of 36OO sperm;itozoa 

was found to be 5»36 microns. 

i i . Head width 

The head width ranged from 3.17 to 3.81 microns, 

TSxe mean head width of 36OO spermatozoa was found to be 

3,^2 microns. 

i l l . Middle piece length 

rne middle piece length ranged from 7.62 to 

8.25 microns. The mean middle piece length of 36OO 

spermatozoa was found to be 7 . ^ microns, 

i v . Tail length 

The length of the t a i l ranged from 3^-. 2 to 



102 

o 

00 

O 

o 

vO 
CO 
o 
o • 
o 

s 
a 
o • 
o 

vO 
UN 
o • 
o 

T -

rn 
OJ 
o • 
o 

ES 
CM 
OJ 
o 
o • 
o 

g o 
o 

m 

2 

ITS 

o 

K 

i 
J-
no 

2i vO 

o 

^* 

o 
o 

w 

g 
o 

3 

5 
bO 

«> 
H 

a 

A 
+a 
-d 
•51 
Ti 
ft 

A 

fl 
3 
• 
H 

s 
• 
«4 
P I 

• 

3 •d 

;« 

5 
c 
H 
H 
» 
P. 
M 

• p 

o 

C^ ^ IfN 



103 

37.5 laicayona. The mean value of t a i l length of 36OO 

speriKitozoa was found to be 35«62 microns. 

•• Total sperm length 

The t o t a l length of the spermatozoa ranged 

from ^6.9 to 50.8 microns. The averages of kQ e;)aciLLates 

ranged from ^8.2 to ^-8, 5 microns. Mean value of t o t a l 

length of 3600 spermatozoa was found to be kQ, 37 microns. 

These r e s u l t s seem to be in agreement with Eaouf 

and Naggar (1965) ; and mdan (1969). 

The hioiaetric s tudies show tha t the head length , 

head width and middle piece length of the camel 

spermatozoa are lea* than th;it of the b u l l , ( Bonadomia 

&:fe.al. ,41963 ) ; buffalo bu l l ( i"lahffloud,1952); ram (Rathore, 

1961 ) ; goat C Jelam and Nambiar, I965 ) ; boar ( Hancock 

and fioy, 1957 ) ; and ass ( Msiiikawa e t . a l . ) whe:ife the 

head length and width were compared to the s t a l l i o n 

spermatozoa, these were found to be more, ( Bielanski,1950 

Bonadonna and Caret ta , 195^ ) . fibwever tl-ie middle piece 

length was l e s s than the s t a l l i o n spermatozoa. 

The t a i l length was also l e s s than b i a i , buffalo 

b u l l , ram, goat, s t a l l i o n but i t was more than b o a r ' s 

spermatozoa. 

Total length of the camel spermatozoa was l e s s 

than a l l the domestic aniiiialg, except the boar, where 

i t was j u s t s imi la r to i t . 
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3- Haematological studleg before and during r u t ; 

I t included : -

A. Total erythrocyt ic count 

( a ) . Before ru t 

Total erytlnxicytic count ranged froa 

7,0 to 11.5 a i l l i o n s per cu-na. The mean value obtained 

was 3.8 mil l ions per cu,iam, 

( b ) . Purina r u t 

Total eryti irocytic count ranged from 

6.5 to 9*9 Million per cu.iata. The mean was found to be 

8 ,^ la i l l ions per cu.mm. 

I t appears from the table No. 10 thdt there vag 

s l i g h t decrease in the t o t a l e ry throcyt ic count during 

r u t t i n g season, but i t i s not s ign i f i can t . 

B. Total LeucocTtic count. 

( a ) . Before rut 

The t o t a l leucocyt ic count ranged fi*oa 

6.5 to 13.6 thousands per cu.am. The mean values obtained 

were 10.5 tnousands per cu.aa. 

( b ) . During ru t 

The t o t a l leucocyt ic count ranged froa 

10.5^ to 19.2 thousands per cu. im. The laean value was 

found to be 1*f. I6 thousands per cu,aua. 

I t appears froia tne table il̂ o. 12 t h a t there was 

a highly s ign i f i can t ( P 1̂ '01 ) increase in the t o t a l 
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.Srapl̂ No,? 

Total red blood cells count per 

curiam, before and during rut* 

8.8 

8 

8.U. 

m 

^ 

P^^m^ ^^%' 

Scale J- 1 inch « 2 millions R.B,C, count per ciuam. 
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12 

10 
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Graph No.8 ^^^g 

^ " ^ 

^ 

X 

y 'y. 

Total leucocytic count per cu. 

before and during rut. 

Before rut. 

l>̂rj-nf-; rut. W 

Scale ; - 1 inch = 2 thousands leucocytes per cu. nua. 
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Qrapl̂  Ho. ^ 109 

Ifeeaoglobin content of blood per 

100 ml* before and during rut . 
12.6 

10.8 

VA 

V, ̂
 

Before rut . 

During rut . WA 

scale s- 1 inch « 2 gia. haeiaoglobln per 100 na. of blood. 
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I l l 

l eucocyt ic count recorded during r u t t i n g seagon as 

compared to the non ru t t i ng season. 

( c ) . Haetaoglobin content i 

( a ) . Before r u t 

The haemoglobin content of blood ranged 

from 11.0 to 1^.0 gm, per 100 Ml. The laean value obtained 

was 12.6 gm. per 100 ml. of blood. 

( b ) . Dui'ing ru t 

The haemoglobin content of the blood 

ranged froa 9«6 to 11.8 ga. per 100 aCL. The laean value 

was found to be 10.8 gm. per 100 ml. of blood. 

Table No. 13 ind ica tes t h i t the decrease in the 

haemoglobin content recorded during the r u t t i n g season 

was highly s ign i f i can t ( P ^ .01 ) . The reason for t h i s 

could be t ha t during ru t the bu l l camel took l e s s amount 

of ra t ion as compared to the non r u t t i n g season. 

D. Di f fe ren t ia l Leucocytic count 

i . Lymphocytes 

( a ) . Before ru t 

The number of lymphocyte ranged froa 

^3 •to 59 percent . The mean value was foimd to be 5l percent. 

( ^ ) . During ru t 

The number of lymphocytes ranged from 

^7 to 59 percent . The mean value was found to be ^3 percent . 

i i» Monocytes 
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70$' 

60 

ko 

30 

20 

10 

QmBkMxJiSl 

27% 
m 

m 
,^;^*^ 

/ ^ ^ Jit 

Olfferential leucocytic count 

of W-ood b«fora and du ring rut« 

Before rut t 

i . Lymphocyt«». ffl 
!!• Heutrophils, | ^ 
i l l . ^nocytes . 
! • . Boginophils 
•• Basophils. 
During ru t i 
!• Lytapiiocytes. 
11. Neutrophils rg 
H I . 14)nocyt68. f-a 
iv . iDoslnophils. Jr 
V. Basophils. ^ 

m 

III / 

I / / / / 

7% 7% n 
9^ 

f-̂ Jv/l M ' 
Scale J- 1 inch = 10 percent different ial 

leucocytic count. 
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( a ) . Before ru t 

The number for laonocytes ranged from 7 to l8 

percent. The mean value obtained was 13 percent. 

( b ) . During ru t 

The number of monocjtes range from 5 to 11 

percent. The mean value wag found to be 7 percent. 

111. MeutroDhilg 

(a). Before rut 

The number of neutrophils ranged from 23 to 

^ percent. The mean value was found to be 27 percent. 

(b). During rut 

The number of neutrophi ls ranged from 2k- to 

3^ percent . The mean value obtained was 29 percent . 

i v . jaosinophils 

( a ) . Before ru t 

The number of eosinophils ranged from 5 to 11 

percent. The mean value was found to be 9 percent. 

(b). During rut 

The number of eosinophils ranged from ̂ - to l5 

percent. The mean value was found to be 9 percent. 

v. Basophils 

(a). Before rut 

The number of basophils ranged from 1 to 3 

percent. The mean value was found to be 1.9 percent. 

(b). During rut 
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Graph No.11 

92.1 

V5 

65.5 

m 

HLood a«rum cholegterol level in 

bull camels before and during rut . 

Befort ru t . ^ 

Duriggc rut . 

Scale J- 1 inch « 20 ag* per 100 ial« cholesterol 

level C in serum )• 
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The number of basopMls ranged from 1 to 3 

percento The mean value obtained was 1.8 percent. 

From tiie t ab le No. 1 -̂, i t appears t h a t there was 

s l i g h t increase in the lyaphocytes, eosinophils and 

neut rophi l s but decrease in the monocytes, during the 

ru t t i ng season, these r e s u l t s are not s ign i f i can t . 

h» Cholesterol ; 

The serum choles terol l eve l before and during 

ru t was estimated in the male camel. 

( a ) . Before ru t 

The mean value for the serum choles tero l was 

65.58 Jag. per 100 ml, of blood and i t ranged from 14-9.8 

to 85.3 mg. per 100 ml. of blood. This l eve l was 

approxiimtely equal to tha t found in rabb i t s ( 6^ ^g»% ) 

Maderova ( i960) . 

(b ) . .During r u t 

The mean value recorded of serum choles terol 

was 92.19 and i t ranged from 75.3 to I I 6 . 3 . This l eve l 

was approximately equal to t ha t reported in sheep (97 mg.^) 

Maderova ( i960) . 

The above information ind ica tes t h a t there was h ighly / 

s ign i f i can t increase in serum choles terol l e v e l diiring ru t 

as shown in table No. 15* 

From the ava i lab le l i t e r a t u r e i t appears, t h a t 

u p t i l l now, no work has been done on the est imation of 
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blood choles tero l l eve l in caael . 

Lenon and Mixner (1957) reported th?it plaaoa 

choles te ro l l eve l s were high in winter^ than in gummerir, 

g i ja i l laraly in the case'male caael there was change in 

choles te ro l l e v i l before and during r u t . 

As choles te ro l and aceta te are reported to be 

precursers in the biosynthesis of tes tos terone by the 

t e s t i s ( Wotiz e t . a l . 1955 )» so i t was perhaps one of 

the reasons for increased l eve l of blood choles te ro l 

during r u t . 
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l ^ ' O 

s tudies hav» "b«^i conducted on the sexual behavior, 

f«aen cha rac t e r s t i c s , haematology and blood serum 

choles tero l l e v e l s , in Bikaneri ( one humped ) camel. 

Ibr this^ work was done a t the camel breeding farm Jor-Bir , 

Bikaneri on 15 male camels. 

The s tudies conducted were as under : -

Sexual behavior included the s tudies on 

A. Signs of ru t 

Duration of r u t recorded was from November to March. 

I t was soae what e a r l i e r in those bu l l camels which were l e t 

loose in the herd as cciapared to thoie tha t were s tabled. 

During ru t the bul l camel became weak and emaciated because 

he did not take h i s fu l l r a t ion . Following sIgBns of ru t 

^ r e recorded. 

( a ) . Sounds: Hetal ic and gurgling sounds. 

(b ) . Pre«fuse secret ion of the sa l ivary glands. 

( c ) . Ejection of the soft pa l a t e . 

( d ) . Typical posture while standing, 

( e ) . Up and down movements of the t a i l to 

st imulate the g e n i t a l i a • 

( f ) . Inter iai tent mic tur i t ion . 

B« (Act of copulation : 

I t was observed and recorded in 

I , J^atural service j I t included 

( a ) . Courtship ; 
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Dsttc t ion of es t rus by s a t l l i n g and pinching 

of vulva and the groin of the female. 

(b ) . Effor t ! of the bu l l camel to make the she 

camel s i t on the ground. 

( c ) . Ifounting and posi t ioning: 

Bull camel squated dog l i k e , v i t h hind limbs 

flezed and the forelimba extended one on each side 

of the she camel. 

(d ) . Penile movements to locate the vulva : 

The penis , a f t e r e rec t ion , located the vulva by 

proAuding about ^ to 5" out of the prefuc ia l opening and 

ro ta t ing i t se l f s p i r a l l y on i t s own longi tudinal ax i s . 

( e ) . Mating : 

Bull camel gave strong pelvic jerks by lifting 

his haunches. 

(f). Posture of the biill camel in relation to 

the she camel during rut : 

Bull camel assumed a dog sitting position; chest 

pad was related to the posterior part of the hump of the 

she camel, hind parts pressing tightly against the pelvis 

of the she camel. His neck was fully extended. 

(g). Total copulation time : 

The total copulation time recorded was 10 to 22 

minutes ( Mean 13 minutes )• 

(h). .̂laculation t 

Bull camel gave a final thrust by raising his 
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hind portlcKi on the hock jolnt«« I t was accompaidted 

by tramming in tkm gluteal and aMo^iinal ausclet« 

(i)« Position of tim Uai caa@l aft»r ctaeuXatioa; 

ATt«r ejaculatioa, the bull caawl e i ther 

t^ll dovn on one side or stood up. 

XI. m^ if rncf 
In hand mrvice the mean for to ta l eopulation 

tim vns 8 salnutes ind I t ranged froa >̂ to 13 ailnutes. 

This t i a t nas Just half as eoapared to la natural s«rTic«i. 

Staen vm collected v i ta ths hftlp of boar*s 

Ar t i f ic ia l vaginm. Others flndingn r«coreted v»r« as undtri* 

^ yolaaa i I t ranged from 1 to lOol. mm vas 3.1al. 

& ^loiiT t Mlky vhlte and of thick viscid consistency. 

to ll«8» Man WIS 7*8 • 

0» ^ 3 ac t iv i ty t I t ranged fr?fi 0 to ik) -H^* . 

& foAtlal ^ U ^ U » I t ranged froa 0 to 5 grades. 

?• gpffyii g9ngffttr4U9n » I t ranifed frooi 70 to 

370 ail l ioiis per nd. and oean ««s 189 Jilllions per o l . 

At random the lainimiQi l ive percentage vi» 3 percent while 

tfete Mudiwuui was 85 percent and tm ^ean value for f i r s t 

ejaculates was 7 percmt while for th« elghthejaculates 

i t was 63 percent. 
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H, Morphological s tudies : 

( a ) . Alanorsallties of head ranged from 

2,0 to 6.^ psrcent ; Mean was 3*75 percent . 

( b ) . Abioriaalities of middle piece ranged 

from 3.2 to 11 percent; mean was ^,h percent , 

( c ) . Abnoraali t ies of the t a i l ranged froa 

2.8 to 8,2 percent; aean was •̂. 1 percent. 

I . Biometry of the spermatozoa : 

i . Head length ranged from 5»08 to 6.35 

microns; mean was 5«36 microns. 

i l . Hsad width ranged from 3.17 to 3.8I 

microns; mean was 3.^2 microns. 

i i i . Middle piece length ranged from 7»^2. 

to 8,25 microns; mean was 7*38 microns. 

i v . Tail length ranged froa 3^,2 to 37.5 

aicronii; mean was 35*62 microns, 

V. Total sperm length ranged from i+6,9 to 

50.8 microns; mean was ^ . 3 7 microns, 

3« Haematological s tudies : 

( a ) . Before ru t 

i . Total e ry throcyt ic count».ranged from 

7 to 11,5 mil l ions per cu.mm.; mean was 8.8 mil l ion per 

cu.pa. 

i i . Total leucocyt ic couait ranged 6.5 

to 13.6 thousands per cu.mm.; mean was 10.5 thousands per cu.mm. 
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i l l . Ikeaoglobin content^ ranged from 

11.0 to 1^ gm. per lOOal. of blood ; mean ¥a« 12,6 ga, 

per 100 ml* of blood. 

iv» Differential leucoGytj.c count i 

1. Lymphocytes ranged -̂3 to 59 percentj 

mean 5lJi» 

2. Monocytes ranged 7 to 18 percent; mean 

13 percent, 

3. NeutropMli ranged I'roa 23 to 3^ percent? 

•eaxi 2? percent, 

h. Eosinophils ranged from 5 to 11 percent; 

mean 7 percent, 

5» Basophils ranged 1 to 3 percent; mean 

1,9 percent. 

i i . Total leucocytic coynt ranged from 

10*5 to 19*2 thousands per cu,mm,; mean was 

i i i , ilaeiaoglobin content, ranged from 

9,6 to 11,8 gm, per lOOml,; mean was 10,8 ga,per 100ml. 

^^» Differential leucocycic count t 

1, Lymphocytes ranged from h? to 59 percent; 

mean 53 percent, 

2, Monocytes ranged from 5 to 11 percent; 

] »an 7 percent. 

3, Neutrophils ranged froia 2Jf to 3*f percent; 
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aean 29 percent . 

k. Eosinophils! ranged from ^ to 15 

percent; mean 9 percent. 

5. BasopMls ranged from 1 to 3 percent; 

aean 1.9 percent. 

^» Blood seruffl choles terol estimation : 

Observations made were a i under : 

( a ) . Before ru t 

I t ranged from ^ . 8 to 8^.3 mg. per I00ml. of 

bloodi mean was 65.58 ag. per lOOal. of blood. 

( b ) . During ru t 

I t ranged from 75.3 to I I6 .3 ag. per 100 ml. of 

blood; aean was 92.19 mg. per 100ml. of blood. 
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Appendix Nb.l 

Total e j acu la t e ! in alx caaglg. 

No. of Eja- Voluaa in ml. 
culat«». A B C D E F 

11 y^^*y^t, }}s. i 6y r s . 6 yr«. 16 yrs . 

2 

3 
k 

-

«* 

m> 

-

or 

5.0 

J+.o 

^.5 

7.0 

5.0 

^ . 0 

2.5 

1.5 

1.0 

1.0 

3.0 

^ . 0 

2 .0 

3.0 

1.5 

1.0 

^.5 
1.0 

If. 5 

5.0 

2.0 

3.0 

1.5 

3.5 

3.5 

1 .̂0 

3.5 

7.0 

5.'? 

3.0 

2.5 

tf.O 

2.0 

1.5 

2>.5 

10.0 

5.0 

2.5 

3.0 

1.6 

1.5 

1.5 

2.0 

Mean = 3.1 

^.Tk ^ 1.8lf 

S.il. = 0.289 

C.V. = 56.^ 



Appendix No. 2. 

I^drogcn Ion Cionc«ntration(pH) of Scm«n i n 
d i f ferent s ix camels. 

No.of pH 
I j a cu l a -
tes . A B C D E F 

11 y r s . 6 y r i . 11 y r s . 6 yrs. 6 yri . 16 yr 

i 7.B 7.6 7.6 

2 8.0 7.7 8.0 

J 7.6 7.8 7.8 

k B.h 8.2 7.8 

5 8.0 8.if 8.if 

i 7.8 7.6 7.6 

f 7.^ 7.6 7.7 

S 8.2 7.7 7.8 

Mean = 7,8 

S.D. = 0.148 

S.E. ^ 0.053 

C.V. = if.8lf 

8.6 

7.6 

7.^ 

7.8 

B.h 

7.8 

8.2 

7.6 

7A 

7.8 

8 . If 

7.8 

7.6 

8.2 

7.7 

7.8 

7.7 
8.0 

8.2 

7.8 

7.2 

8.0 

7.6 

7.7 
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Appendix No. ̂  5 

Total time for copulation in six camels during collections. 

Service 
No. A 

Total tiffle in minuteg 

B C D E 

1 
F 
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3 

k-

5 
6 

7 

8 

<» 

• 

. 

-

«K 

10 

11 

9 

a 
? 
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5 
u 
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9 

10 

a 
9 

k 

8 

6 

H 
« 

8 

7 

00 

11 

6 

11 

13 

5 
12 

7 

8 

12 

7 

9 

12 

7 

13 

6 

6 

5 
8 

k 

5 
if 

6 



kppendlx No. ^ 

S.NO. Camtl No. Ag«. B«fore Duri- B«fo- Dur- Before During 
rut . ng re rut ing rut rut . 

rut . rut 

t 
2 

$ 

h 

$ 

o 

? 

8.^ 

9 

10 

U 

U 

n 
m 
1$ 

A 

B 

f 

W 

1 

F 

@ 

H 

I 

J 

I 

li 

H 

9 

0 

U 

6 

n 
4 

4 

3.6 

¥ 

3 

k 

k,5 

5 

5 

h 

3 

Ht 

RBC 
MLllioni 
cu.om. 

8.2 

8.6 

8.8 

9A 

9.7 

8.9 

7.3 

7.8 

8.7 

8.6 

9.7 

11.5 

11.5 

8.0 

i 7-3 
i 

-4 

RBC 
1 per 

7.8 

8.5 

8.9 

7-7 

8.9 

6.5 

8.7 

7.1 

7.9 

8. if 

9.9 

1 1 . ^ 

8.8 

8.8 

8.3 

WBC WBC 
Thousands per 
cu. lain. 

12.3 

11.2 

11.5 

11.6 

11.2 

13.6 

7.8 

10.1 

9 .^ 

6.6 

7.9 

918 

13.0 

9.0 

10.5 

13.0 

13.6 

12.8 

19.2 

18.5 

13.7 

15.6 

17.7 

12.7 

6.5 
11.6 

13.7 

11.8 

16.5 

17.5 

Hb. Hb, 
Grafflg per 
hundred ml. 
blood. 

1 

1 3 . ^ 10.8 

12.2 11.6 

13.6 10. M-

12.8 9.6 

12.6 11.6 

11.6 11.0 

12.8 11,0 

13.2 10.6 

12 .^ 10.2 

li+.2 10.6 

1^.2 10.2 

11.2 10.2 

1^.0 10.2 

11.0 11 . 6 

llf.O 11.8 



Blood ««ruii 

S.No. 

1* 

a* 
3. 
K 

f« 
^ 

7* 
%. 

f* 

K). 

1 1 . 

12. 

13. 

1^. 

15. 

Carael 
No. 

A 

B 

C 

D 

S 

F 

H 

I 

J 

K 

L 

M 

N 

0 

P 

140' 

cholesterol l eve l 

Sg Before 
ru t . 

62.1 

85.3 

75.6 

58.2 

56.1 

59.5 

52.3 

67.2 

86.2 

72.3 

if8.1 

k^,b 

72.8 

69.9 

78.3 

before and during r u t . 

During r u t . 

85.1 

116.3 

112.9 

81.3 

85.1 

87.0 

58. â  

81.2 

97.1 

75.3 

102. V 

86.2 

llfir .7 

100.8 

8if.i 


