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Introduction 

• It is easier, from an evolutionary perspective, to 

change the timing of the mating season than to 

change the duration of gestation or lactation. 

• Seasonality in animals a function of interaction btwn 

eǆtriŶsiĐ ;eŶǀ’tͿ & iŶtriŶsiĐ ;geŶetiĐallǇ prograŵŵedͿ 
events (mainly endocrine) 

• Extrinsic/Env: 

• Temperature, humidity, amount and distribution of rainfall, 

solar radiation and photoperiod, nutrition, productive system 

management, social interactions 

• Main predictor  = photoperiod. (Ungerfeld et al ., 2011) 

 

 



-Cont- 

• Photoperiod affects circadian & circannual rythms in 

animals.  

• Intrinsic:  

• Life expectancy, gender (Simpson et al., 1982) 

• social interactions among individuals within the 

same population, predator-prey interactions, 

parasite- and pathogen- host interactions 

 (Taberlet et al., 2011, Burns et al., 2010) 

 

 



Review 

• Spermatogenesis 

• Differentiation of Sertoli cells,  

• Formation of sex cords containing pre-

spermatogonia and Sertoli cells,  

• Appearance of Leydig cells,  
– Production of testosterone 

– Male germ cells enter mitotic arrest 

-  resume development at puberty 

 



birth to puberty 
• Normally formed male gonad (testis) 

•  Leydig cells remains fairly constant from late fetal 

period thro’ out the postŶatal period. 
• However, juvenile and pubertal cells are different in 

ultra structural xeristics -SER, RER, Golgi & 

mitochondria. (Hardy et al., 1991) 

• Sertoli cells - differentiation commences during 

puberty (de Kretser and Kerr 1988) 

 number of the Sertoli cells in the testis remaining 

stable throughout adulthood (Wang et al., 1989). 



Stimulation of activity at puberty 

• Activation of the Hypothalamo – pituitary – 

Gonadal (HPG) axis 

• GŶRH → PituitarǇ horŵoŶes; 
• Pituitary LH and FSH 

• Testosterone, cortisol, prolactin – All play a 

role in sexual maturity & behaviour  

– (Borg et al., 1992) 



Role of smell 
• Pheromones 

• Def. 

• Pherein  - to carry 

• Hormon – excite 

• Ref as ecto-hormones:  

– chemical messengers that are emitted into the 

environment from the body where they can then 

activate specific physiological or behavioural 

responses in conspecifics. 

   
   



Classification: - 

 (1) signal/releaser & (2) primer -  

• Releaser 

– A specific reaction, definite behaviour 

– Short term, immediate 

• Primer 

– Developmental process (Tristram D. W., 2003) 



Pheromone - detection 

• VNO/ JaĐoďsoŶ’s orgaŶ 

• located above the hard palate on both sides of the 

nasal septum 

• detection of volatile pheromones by the main 

olfactory epithelium (MOE) 

• leads to the activation of a population of glomeruli 

and abutting mitral cells in the main olfactory bulb 

(MOB) 

• mitral cells extend axons to the medial/vomeronasal 

amygdala 



- cont-  

• The amygdala sends impulses to the 

hǇpothalaŵus → GŶRH → reproduĐtiǀe 
hormones release.  

• VNO destruction dramatically reduced the 

capacity of female mice, when tested while in 

estrus, to display lordosis in response to the 

receipt of mounts from a male.  

– Martel and Baum, 2009a 

 



VNO mechanism of action 



cont 

• The terminal nerve (TN) is a major source of GnRH in 

the olfactory epithelium (Amano et al., 2002) 

• GnRH acts as a neurotransmitter and 

neuromodulator;- alters the membrane excitability of 

mitral cells, thereby modulating their firing activity 

(Hardy et al., 2005) 

• GnRH conc. In the olfactory bulb is increased within 1 

hr when ϼ Prairie Vole is exposed to male urine 

(Dluzen et al., 1981) 



Effects in various spp 

• Swine 

• Androstenone in saliva:  

 attracted estrous sows, and facilitated their 

reĐeptiǀe, ͞staŶdiŶg͟ ďehaǀior ǁheŶ pressure ǁas 
applied to the back by a mounting male. (Dorries et 

al., 1995) 

• occlusion of the VNO ducts in female pigs failed to 

disrupt their detection/motivation to approach this 

odor (Dorries et al., 1997) 



Star fish 

• Pre-ovulatory pheromones released into H2O 

    lead to LH surge in males 

Response; 

• Increased swimming & searching behaviour upto 12 

hrs 

• Increased milt volume within hrs 

• Increased sperm release, motility & male competitive 

behaviour (Norm Stacy, 2003) 

 



Equine 

• Behavorial response: 

• Foreplay - the male will smell, nibble , lick mare, 

exhibit flehmen.  

• Following ejaculation - stallion may smell the 

ŵare’s geŶital area aŶd the grouŶd, flehŵeŶ aŶd 
urinate.  



Shoats 

• females are anoestrous (before puberty, during 

gestation and lactation, during photoperiodic or 

nutritional anoestrus) – Shackelton & Shank, 1984 

• temperate regions- Most sheep breeds show 

reproductive seasonality, 

• Tropics - very weak or does not exist at all 

• feŵales are ŵore seasoŶal thaŶ ŵales, aŶd eǁes’ 
ďreediŶg seasoŶ is ŶorŵallǇ shorter thaŶ raŵs’ oŶe, 
from the same breed. (Ungerfeld et al ., 2011) 

 

 



- cont- 

    ͞Ram effect͟ 

• Ram wool/fleece contain pheromone – smell 

stimulate onset of estous and full ovulatory response 

• ͞Female effect͟ 

• exposure of males to oestrous females 

• -  LH secretion, plasma  testosterone, FSH, cortisol 

& prolactin (Howland et al. 1985) 

• FSH, Testo – associated with courtship behaviour 

• Cortisol, prolactin – mounting and intrommision - 

Borg et al., 1992 

• anosmic ewes exhibit a depressed ovulatory 

response to rams (Morgan et al., 1972) 

 



• Ram  - Behaviour 

–  sniffing, extending neck and curling lip (flehmen) 

response 

–  toŶgue goes iŶ aŶd out, ŵaǇ ďite the feŵale’s ǁool 
raise and lower one front leg in a stiff-legged striking 

motion 

http://www.flickr.com/photos/baalands/8106861118/


bovine 

• Male to female pheromones 

• prepubertal heifers receiving oronasal treatments 

with bull urine reached puberty earlier than heifers 

receiving control treatment with water.  

• The urine-treated heifers calved earlier and had a 

shorter calving season than the control heifers (Izard 

& Vandenbergh, 1982a) 

• ovarian activity - exposure to bulls, or their 

 excretory products shortened  postpartum 

anoestrus; hastened resumption of luteal activity 

after calving (Landaeta-Hernández et al., 2004; 

Berardinelli & Joshi (2005b), 



Captive Male emus 

• Seasonal changes in testicular 

morphology and blood plasma 

concentrations of LH, 

testosterone, and prolactin;  

– Testicular mass –  two fold 

during breeding season 

– Testicular T, plasma LH, prolactin 

tubular diameter -  during 

ďreediŶg seasoŶ ;O’MalleǇ, 
1998) 

 

 

 



Red sided garter Snake 

(Thamnophis sertalis parietalis) 

• Conspecific trailing behaviour of males result from 

female (and she–male) derived sexual attractiveness 

pheromone. (Y- maze)  

• No change when other male present in maze 

(Michael, P. 2001) 



Wildebeest (Gnu) 

• Calving in feb/march 

• Rut – Intense in May/June (Northern migration) 

• Males cued by early estrus females - become more 

territorial and start to separate small harems from 

the main herd 

• Smell key to rutting behaviour (Mysterud, Coulson, 

and Stenseth, 2002) 

 



Mice 

• The exposure of male mice to female mice or to 

urine from female mice induces a luteinizing 

hormone (LH) surge (Maruniak and Bronson 1976) 

• females without a pituitary gland, or urine from such 

females, fail to induce the LH surge in males 

  (Johnston and Bronson, 1982). 

• Male mice prefer the odors of estrous over 

nonestrous females (Kavaliers and Kinsella, 1995) 



coyote 

•  in testosterone, testicular vol, ejaculate 

quality and quantity btwn Dec & April 

(breeding season) Minter el al 2008. 

• Not directly linked to pheromone 

 



Man 

• maximum attractiveness of female mosquitoes 

(Aedes aegypti) to cycling women occurred on days 

13, 18 and 23 after the onset of menses, - 

corresponds well to the peaks in estrogen secretion 

during  menstrual cycle. Roessler (1963)   

• Men rate women bodily odours more pleasant 

around ovulation cmprd to other menstrual phase. 

(Thornhill, Gangestad, 1999) 

•   

 



Man –cont- 

• male underarm volatiles, when applied to the 

lips of women subjects, accelerate the next LH 

pulse and improve mood ratings (Preti et al., 

2003) 

• Increased earnings of lap dancers during 

follicular phase as opposed to luteal phase has 

been attributed to smell! (Miller et al, 2007) 



Discussion 

• The extent to which male-female interaction 

 succeeds in inducing fertile reproductive activity is 

constrained by a range of interacting factors, 

 particularly by photoperiod and more particularly in 

females (Walkden-Brown et al., 1999) 

• Between-sex pheromonal communication clearly 

occurs in animals.  

• There are different GnRH systems in the brain that 

express specific forms of the GnRH peptide (Okubo 

and Nagahama, 2008). 

 



-Cont- 

• Food availability and ambient temperature 

determine energy balance, and variation in energy 

balance is the ultimate cause of seasonal breeding in 

all mammals and the proximate cause in many. 

• Photoperiodic cueing is common among long-lived 

mammals from the highest latitudes down to the 

mid-tropics. It is much less common in shorter lived 

mammals at all latitudes. Bronson, F. H. (2009) 

 



-Cont- 

• climate change: 

   the small rodents of the world may adapt rather 

 easily but the longer lived mammals whose 

 reproduction is regulated by photoperiod may 

 not do so well. - (Bronson, F. H. 2009) 

 



• Seasonal breeding patterns has concentrated 

on photoperiod, in the temperate latitudes. 

• A major gap in our knowledge concerns the 

tropics; that is where most species live and 

where we have the least understanding of 

how reproduction is regulated by 

environmental factors. (Bronson, F. H. 2009) 

 

 



• Reviewed literature does not rule out the 

possibility of pheromonal communication in 

species such as humans which lack a 

functional VNO. 

 



 

References 
•Borg K.E., Esbenshade K.L., Johnson B.H., Lunstra D.D., and Ford J.J. 
(1992): Effects of sexual experience, season and mating stimuli on endocrine 

concentrations in the adult ram Hormones and Behaviour 26 87-109 
•Bronson, F. H. (2009). Climate change and seasonal reproduction in 

mammals. 

• de Kretser D.M., Kerr J.B., (1994): The Cytology of the Testis. In: The 

Physiology of Reproduction; Knobil E, Neill JD (eds) 1177-1290. Raven Press, 

New York.  
•Kavaliers M, Kinsella D.M. (1995b). Male preference for the odors of estrous 

female mice is reduced by the neurosteroid pregnenolone sulfate. Brain Res 

682:222-226. 

•Geoffrey Miller., Joshua M. Tybur., Brent D. Jordan. (2007): Ovulatory cycle 

effects on tip earnings by lap dancers: economic evidence for human estrus?  
•Hardy M.P., Gelber S.J., Zhou Z.F., Penning T.M., Ricigliano J.W., Ganjam 
V.K., Nonneman D, Ewing L.L.,(1991): Hormonal control of Leydig cell 

differentiation. Ann NY Acad Sci 637:152-163. 

•Howland B.E., Sanford L.M., and Palmer W.M. (1985) Changes in the serum 

levels of LH, FSH, prolactin, testosterone and cortisol associated with season 
and mating in male pygmy goats Journal of Andrology 6:89-96  

 



 

 

Ref  -cont- 
•Izard, M.K. & Vandenbergh, J.G. (1982b). Priming pheromones from estrous 

cows increase synchronization of estrus in dairy heifers after PGF-2α injection. 
Journal of Reproduction and Fertility 66(1), 189-196. 

•Johnston RE, Bronson F. 1982. Endocrine control of female mouse odors that 

elicit luteinizing hormone surges and attraction in males. Biol Reprod  27:1174-

1180  

•Landaeta-Hernández, A., Giangreco, M., Meléndez, P., Bartolomé, J., 
  Bennet, F., Martel K. L., Baum M. J. (2009b). A centrifugal pathway to the 

mouse accessory olfactory bulb from the medial amygdala conveys gender-

specific volatile pheromonal signals. Eur. J. Neurosci. 29, 368–376. 

•Maruniak JA, Bronson FH. 1976. Gonadotropic responses of male mice to 

female urine. Endocrinology 99:963-969.  

•Morgan PD, Arnold GW and Lindsay DR (1972): A note on the mating 

behaviour of ewes with various senses impaired Journal of Reproduction and 

Fertility 30 151-152 

•Mysterud, A., T. Coulson, and N. C. Stenseth. (2002):. The role of males in the 

dynamics of ungulate populations. Journal of Animal Ecology 71 (6):907-915. 

 
 



•Norm Stacy., (2003): Hormones, pheromones and reproductive behaviour; 
 Fish physiology and Biochem 28: 229-235 

Okubo K., Nagahama, Y (2008): Structural and functional evolution of 

gonadotropin-releasing hormone in vertebrates. Acta Physiol (Oxf) 193: 3–
15 

•O'Malley P.J., (1998): Endocrine and testicular changes in a short-day 
 seasonally breeding bird, the emu (Dromaius novaehollandiae), in  

  southwestern Australia. Animal Reproduction Science Volume 53, Issue 1 

, Pages 143-155 

•Preti G., Wysocki C. J., Barnhart K. T., Sondheimer S. J., Leyden J. J. 
(2003). Male axillary extracts contain pheromones that affect pulsatile   

            secretion of luteinizing hormone and mood in women recipients.  

            Biol. Reprod. 68, 2107–2113 

•Rae, D., Hernández, J. & Archbald, L. (2004). Effect of biostimulation on 

uterine involution, early ovarian activity and first postpartum estrous cycle in 

beef cows. Theriogenology 61(7-8), 1521-1532. 

•Simpson S.M., Follett B.K., Ellis D.H. (1982). Modulation by photoperiod 

of gonadotrophin secretion in intact and castrated Djungarian hamsters. 

Journal of Reproduction and Fertility 66, 243–250. 

 

 

 



Shackelton DM and Shank CC (1984): A review of the social behavior of feral 

and wild sheep and goats Journal of Animal Science 58 500-50  

Takafumi K., Yoshitaka O., and Heather Eisthen. (2009): The Role of the 

Terminal Nerve and GnRH in Olfactory System Neuromodulation; Zoological 

Science 26: 669–680. 

Ungerfeld R., Bielli . (2011): Seasonal and Social Factors Affecting 

Reproduction. Encyclopedia of Life Support Systems.  

Walkden-Brown S. W., Martin G. B., and  Restall B. J. (1999): Role of male-

female interaction in regulating reproduction in sheep and goats 

 Wang ZJ, Jeffs B, Ito M, Achermann JC, Yu RN, Hales DB, Jameson JL,  
  (2001): “Aromatase (Cyp19) expression is up-regulated by targeted disruption of 

Dax1.” Proc Natl Acad Sci U S A 98(14):7988-7993. 

 Yarney, T. A., Sanford, L.M.(1989); Pubertal changes in the secretion of 

gonadotropic hormones, testicular gonadotropic receptors and testicular function 

in the ram. Domest Anim Endocrinol;6(3):219-229. 

 

 

 

 



thank you  


