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Chapter 6: Chemical Signals 

 
 

Literature Cited 
 
1 Abraham, N. M., V. Egger, D. R. Shimshek, R. Renden, I. Fukunaga, R. Sprengel, 

P. H. Seeburg, M. Klugmann, T. W. Margrie, A. T. Schaefer, and T. Kuner. 2010. 
Synaptic inhibition in the olfactory bulb accelerates odor discrimination in mice. 
Neuron 65: 399–411. 

 
2 Ache, B. W. 1988. Integration of chemosensory information in aquatic 

invertebrates. In Sensory Biology of Aquatic Animals (J. Atema, R. R. Fay, A. N. 
Popper, and W. N. Tavolga, eds.), pp. 387–402. New York, NY: Springer-Verlag. 

 
3 Ache, B. W. 1991. Phylogeny of small and taste. In Smell and Taste in Health and 

Disease (T. V. Getchell, R. L. Doty, L. M. Bartoshuk, and J. B. Snow, eds.), pp. 3–
18. New York: Raven Press. 

 
4 Ache, B. W. and J. M. Young. 2005. Olfaction: Diverse species, conserved 

principles. Neuron 48: 417–430. 
 
5 Alberts, A. C. 1992. Constraints on the design of chemical communication systems 

in terrestrial vertebrates. American Naturalist 139: S62–S89. 
 
6 Alberts, A. C. 1993. Chemical and behavioral studies of femoral gland secretions in 

iguanid lizards. Brain Behavior and Evolution 41: 255–260. 
 
7 Albone, E. S., P. E. Gosden, and G. C. Ware. 1977. Bacteria as a source of chemical 

signals in mammals. In Chemical Signals in Vertebrates (D. Müller-Schwarze and 
M. M. Mozell, eds.), pp. 35–44. New York: Plenum Press. 

 
8 Albone, E. S. 1984. Mammalian Semiochemistry. New York: John Wiley.  
 
9 Alvarez-Buylla, A. and J. M. Garcia-Verdugo. 2002. Neurogenesis in adult 

subventricular zone. Journal of Neuroscience 22: 629–634. 
 
10 Appelt, C. W. and P. W. Sorensen. 1997. Freshwater fish release urinary 

pheromones in a pulsatile manner. In Advances in Chemical Signals in Vertebrates 
(R. E. Johnston, D. Müller-Schwarze, and P. W. Sorensen, eds.), pp. 247–256. New 
York: Kluwer Academic/Plenum Publishers. 

 
11 Araneda, R. C., A. D. Kini, and S. Firestein. 2000. The molecular receptive range of 

an odorant receptor. Nature Neuroscience 3: 1248–1255. 



Chapter 6 Literature Cited  2 

 
12 Armstrong, S. D., D. H. L. Robertson, S. A. Cheetham, J. L. Hurst, and R. J. 

Beynon. 2005. Structural and functional differences in isoforms of mouse major 
urinary proteins: a male-specific protein that preferentially binds a male pheromone. 
Biochemical Journal 391: 343–350. 

 
13 Atema, J. 1986. Review of sexual selection and chemical communication in the 

lobster, Homarus americanus. Canadian Journal of Fisheries and Aquatic Sciences 
43: 2283–2390. 

 
14 Atema, J. 1988. Distribution of chemical stimuli. In Sensory Biology of Aquatic 

Animals (J. Atema, A. N. Popper, R. R. Fay, and W. N. Tavolga, eds.), pp. 29–56. 
Heidelberg: Springer-Verlag. 

 
15 Atema, J. 1995. Chemical signals in the marine environment - dispersal, detection, 

and temporal signal analysis. Proceedings of the National Academy of Sciences of 
the United States of America 92: 62–66. 

 
16 Atema, J. 1998. Tracking turbulence: Processing the bimodal signals that define an 

odor plume. Biological Bulletin 195: 179–180. 
 
17 Atema, J., M. J. Kingsford, and G. Gerlach. 2002. Larval reef fish could use odour 

for detection, retention and orientation to reefs. Marine Ecology-Progress Series 
241: 151–160. 

 
18 Aylor, D. E. 1976. Estimating peak concentrations of pheromones in the forest. In 

Perspectives in Forest Entomology (J. F. Anderson and H. K. Kaya, eds.), pp. 177–
188. New York: Academic Press. 

 
19 Bagøien, E. and T. Kiørboe. 2005. Blind dating - mate finding in planktonic 

copepods. I. Tracking the pheromone trail of Centropages typicus. Marine Ecology-
Progress Series 300: 105–115. 

 
20 Baker, T. C. and R. T. Carde. 1979. Courtship behavior of the Oriental fruit moth 

(Grapholitha molesta) (Lepidoptera-Tortricidae) - Experimental analysis and 
consideration of the role of sexual selection in the evolution of courtship 
pheromones in the Lepidoptera. Annals of the Entomological Society of America 72: 
173–188. 

 
21 Baker, T. C., S. A. Ochieng, A. A. Cosse, S. G. Lee, J. L. Todd, C. Quero, and N. J. 

Vickers. 2004. A comparison of responses from olfactory receptor neurons of 
Heliothis subflexa and Heliothis virescens to components of their sex pheromone. 
Journal of Comparative Physiology A-Neuroethology Sensory Neural and 
Behavioral Physiology 190: 155–165. 

 



Chapter 6 Literature Cited  3 

22 Balkovsky, E. and B. I. Shraiman. 2002. Olfactory search at high Reynolds number. 
Proceedings of the National Academy of Sciences of the United States of America 
99: 12589–12593. 

 
23 Balthazart, J. and M. Taziaux. 2009. The underestimated role of olfaction in avian 

reproduction? Behavioural Brain Research 200: 248–259. 
 
24 Bargmann, C. I. 2006. Comparative chemosensation from receptors to ecology. 

Nature 444: 295–301. 
 
25 Barlow, G. W. 1974. Contrasts in social behavior between Central American cichlid 

fishes and coral reef surgeon fishes. American Zoologist 14: 9–34. 
 
26 Baxi, K. N., K. M. Dorries, and H. L. Eisthen. 2006. Is the vomeronasal system 

really specialized for detecting pheromones? Trends in Neurosciences 29: 1–7. 
 
27 Beeler, A. E., C. M. Rauter, and A. J. Moore. 1999. Pheromonally mediated mate 

attraction by males of the burying beetle Nicrophorus orbicollis: alternative calling 
tactics conditional on both intrinsic and extrinsic factors. Behavioral Ecology 10: 
578–584. 

 
28 Belanger, J. H. and E. A. Arbas. 1998. Behavioral strategies underlying pheromone-

modulated flight in moths: lessons from simulation studies. Journal of Comparative 
Physiology A-Neuroethology Sensory Neural and Behavioral Physiology 183: 345–
360. 

 
29 Bembe, B. 2004. Functional morphology in male euglossine bees and their ability to 

spray fragrances (Hymenoptera, Apidae, Euglossini). Apidologie 35: 283–291. 
 
30 Bennett, N. C., J. U. M. Jarvis, R. P. Millar, H. Sasano, and K. V. Ntshinga. 1994. 

Reproductive suppression in eusocial Cryptomys damarensis colonies - Socially-
induced infertility in females. Journal of Zoology 233: 617–630. 

 
31 Beynon, R. J., C. Veggerby, C. E. Payne, D. H. L. Robertson, S. J. Gaskell, R. E. 

Humphries, and J. L. Hurst. 2002. Polymorphism in major urinary proteins: 
Molecular heterogeneity in a wild mouse population. Journal of Chemical Ecology 
28: 1429–1446. 

 
32 Beynon, R. J. and J. L. Hurst. 2003. Multiple roles of major urinary proteins in the 

house mouse, Mus domesticus. Biochemical Society Transactions 31: 142–146. 
 
33 Beynon, R. J. and J. L. Hurst. 2004. Urinary proteins and the modulation of 

chemical scents in mice and rats. Peptides 25: 1553–1563. 
 



Chapter 6 Literature Cited  4 

34 Beynon, R. L., J. L. Hurst, M. J. Turton, D. H. L. Robertson, S. D. Armstrong, S. A. 
Cheetham, D. M. Simpson, A. MacNicoll, and R. E. Humphries. 2008. Urinary 
lipocalins in rodenta: is there a generic model? In Chemical Signals in Vertebrates, 
Vol. 11 (J. L. Hurst, R. L. Beynon, S. C. Roberts, and T. D. Wyatt, eds.), pp. 37–50. 
New York: Springer. 

 
35 Bezzerides, A., T. H. Yong, J. Bezzerides, J. Husseini, J. Ladau, M. Eisner, and T. 

Eisner. 2004. Plant-derived pyrrolizidine alkaloid protects eggs of a moth 
(Utetheisa ornatrix) against a parasitoid wasp (Trichogramma ostriniae). 
Proceedings of the National Academy of Sciences of the United States of America 
101: 9029–9032. 

 
36 Billen, J., B. Thijs, F. Ito, and B. Gobin. 2005. The pretarsal footprint gland of the 

ant Amblyopone reclinata (Hymenoptera, Formicidae) and its role in nestmate 
recruitment. Arthropod Structure and Development 34: 111–116. 

 
37 Birch, M. C., G. M. Poppy, and T. C. Baker. 1990. Scents and eversible scent 

structures of male moths. Annual Review of Entomology 35: 25–58. 
 
38 Bloss, J., T. E. Acree, J. M. Bloss, W. R. Hood, and T. H. Kunz. 2002. Potential use 

of chemical cues for colony-mate recognition in the big brown bat, Eptesicus 
fuscus. Journal of Chemical Ecology 28: 819–834. 

 
39 Bonadonna, F., S. P. Caro, and M. D. Brooke. 2009. Olfactory Sex Recognition 

Investigated in Antarctic Prions. Plos One 4: 3. 
 
40 Boomsma, J. J., J. Nielsen, L. Sundstrom, N. J. Oldham, J. Tentschert, H. C. 

Petersen, and E. D. Morgan. 2003. Informational constraints on optimal sex 
allocation in ants. Proceedings of the National Academy of Sciences of the United 
States of America 100: 8799–8804. 

 
41 Booth, W. D. 1987. Factors affecting the pheromone composition of voided boar 

saliva. Journal of Reproduction and Fertility 81: 427–431. 
 
42 Booth, W. D. and K. I. Vonglos. 1991. Pheromaxein, the pheromonal steroid-

binding protein, is a major protein synthesized in porcine submaxillary salivary 
glands. Journal of Endocrinology 128: 205–212. 

 
43 Bossert, W. H. and E. O. Wilson. 1963. Analysis of olfactory communication 

among animals. Journal of Theoretical Biology 5: 443–469. 
 
44 Bot, A. N. M., D. Ortius-Lechner, K. Finster, R. Maile, and J. J. Boomsma. 2002. 

Variable sensitivity of fungi and bacteria to compounds produced by the 
metapleural glands of leaf-cutting ants. Insectes Sociaux 49: 363–370. 

 



Chapter 6 Literature Cited  5 

45 Boudko, D. Y., M. Switzer-Dunlap, and M. G. Hadfield. 1999. Cellular and 
subcellular structure of anterior sensory pathways in Phestilla sibogae (Gastropoda, 
Nudibranchia). Journal of Comparative Neurology 403: 39–52. 

 
46 Bowyer, R. T., V. Vanballenberghe, and K. R. Rock. 1994. Scent marking by 

Alaskan moose - characteristics and spatial distribution of rubbed trees. Canadian 
Journal of Zoology-Revue Canadienne De Zoologie 72: 2186–2192. 

 
47 Bowyer, R. T., X. Manteca, and A. Hoymork. 1998. Scent marking in American 

bison: Morphological and spatial characteristics of wallows and rubbed trees. In 
International Symposium on Bison Eoclogy and Management in North America (L. 
R. Irby and J. E. Knight, eds.), pp. 81–91. Bozeman, MT: Montana State 
University. 

 
48 Bozza, T. C. and P. Mombaerts. 2001. Olfactory coding: Revealing intrinsic 

representations. Current Biology 11: R687–R690. 
 
49 Bradshaw, J. W. S., R. Baker, and P. E. Howse. 1975. Multicomponent alarm 

pheromones of weaver ant. Nature 258: 230–231. 
 
50 Brennan, P. A. and E. B. Keverne. 2003. The vomeronasal organ. In Handbook of 

Olfaction and Gustation (R. L. Doty, ed.), pp. 967–979. New York: Marcel Dekker, 
Inc. 

 
51 Brennan, P. A. and K. M. Kendrick. 2006. Mammalian social odours: attraction and 

individual recognition. Philosophical Transactions of the Royal Society B-
Biological Sciences 361: 2061–2078. 

 
52 Brennan, P. A. and F. Zufall. 2006. Pheromonal communication in vertebrates. 

Nature 444: 308–315. 
 
53 Bretman, A., M. K. N. Lawniczak, J. Boone, and T. Chapman. 2010. A mating plug 

protein reduces early female remating in Drosophila melanogaster. Journal of 
Insect Physiology 56: 107–113. 

 
54 Briand, L., J. C. Huet, V. Perez, C. Lenoir, C. Nespoulous, Y. Boucher, D. Trotier, 

and J. C. Pernollet. 2000. Odorant and pheromone binding by aphrodisin, a hamster 
aphrodisiac protein. Febs Letters 476: 179–185. 

 
55 Briand, L., D. Trotier, and J. C. Pernollet. 2004. Aphrodisin, an aphrodisiac 

lipocalin secreted in hamster vaginal secretions. Peptides 25: 1545–1552. 
 
56 Brown, R. E. and D. W. Macdonald. 1985. Social Odours in Mammals. Oxford: 

Clarendon Press.  
 



Chapter 6 Literature Cited  6 

57 Buck, L. and R. Axel. 1991. A novel multigene family may encode odorant 
receptors - a molecular basis for odor recognition. Cell 65: 175–187. 

 
58 Buck, L. B. 1996. Information coding in the vertebrate olfactory system. Annual 

Review of Neuroscience 19: 517–544. 
 
59 Burgener, N., M. Dehnhard, H. Hofer, and M. L. East. 2009. Does anal gland scent 

signal identity in the spotted hyaena? Animal Behaviour 77: 707–715. 
 
60 Buschinger, A. and U. Maschwitz. 1984. Defensive behavior and defensive 

mechanisms in ants. In Defensive Mechanims in Social Insects (H. R. Hermann, 
ed.), pp. 95–150. New York: Praeger. 

 
61 Buzzell, G. R. 1996. The Harderian gland: Perspectives. Microscopy Research and 

Technique 34: 2–5. 
 
62 Cameron, S. A. 2004. Phylogeny and biology of neotropical orchid bees 

(Euglossini). Annual Review of Entomology 49: 377–404. 
 
63 Cardé, R. T. 1996. Odour plumes and odour-mediated flight in insects. In Olfaction 

in Mosquito-Host Interactions (G. R. Bock and G. Cardew, eds.), pp. 54–70. 
Chichester: John Wiley & Sons Ltd. 

 
64 Cardé, R. T. and K. F. Haynes. 2004. Structure of the pheromone communication 

channel in moths. In Advances in Insect Chemical Ecology (R. T. Cardé and J. G. 
Millar, eds.), pp. 283–332. Cambridge, UK: Cambridge University Press. 

 
65 Cardé, R. T. and M. A. Willis. 2008. Navigational strategies used by insects to find 

distant, wind-borne sources of odor. Journal of Chemical Ecology 34: 854–866. 
 
66 Carleton, A., L. T. Petreanu, R. Lansford, A. Alvarez-Buylla, and P. M. Lledo. 

2003. Becoming a new neuron in the adult olfactory bulb. Nature Neuroscience 6: 
507–518. 

 
67 Carr, W. E. S. 1988. The molecular nature of chemical stimuli in the aquatic 

environment. In Sensory Biology of Aquatic Animals (J. Atema, R. R. Fay, A. N. 
Popper, and W. N. Tavolga, eds.), pp. 3–28. New York: Springer-Verlag. 

 
68 Catania, K. C. 2006. Olfaction - Underwater 'sniffing' by semi-aquatic mammals. 

Nature 444: 1024–1025. 
 
69 Cavaggioni, A., C. Mucignat-Caretta, M. Redaelli, and G. Zagotto. 2006. The scent 

of urine spots of male mice, Mus musculus: changes in chemical composition over 
time. Rapid Communications in Mass Spectrometry 20: 3741–3746. 

 



Chapter 6 Literature Cited  7 

70 Chandrashekar, J., M. A. Hoon, N. J. P. Ryba, and C. S. Zuker. 2006. The receptors 
and cells for mammalian taste. Nature 444: 288–294. 

 
71 Chapman, R. F. 1998. The Insects: structure and function. Cambridge: Cambridge 

University Press.  
 
72 Charles-Dominique, P. 1977. Urine marking and territoriality in Galago alleni 

(Waterhouse, 1837-Lorisoidea,Primates) - Field study by radio-telemetry. 
Zeitschrift Fur Tierpsychologie-Journal of Comparative Ethology 43: 113–138. 

 
73 Charlton, R. E., F. X. Webster, A. J. Zhang, C. Schal, D. S. Liang, I. Sreng, and W. 

L. Roelofs. 1993. Sex pheromone for the brownbanded cockroach is an unusual 
dialkyl-substituted alpha-pyrone. Proceedings of the National Academy of Sciences 
of the United States of America 90: 10202–10205. 

 
74 Cheetham, S. A., M. D. Thom, F. Jury, W. E. R. Ollier, R. J. Beynon, and J. L. 

Hurst. 2007. The genetic basis of individual-recognition signals in the mouse. 
Current Biology 17: 1771–1777. 

 
75 Chong, K., T. S. Ying, J. Foo, L. T. Jin, and A. Chong. 2005. Characterisation of 

proteins in epidermal mucus of discus fish (Symphysodon spp.) during parental 
phase. Aquaculture 249: 469–476. 

 
76 Christensen, T. A. and J. White. 2000. Representation of olfactory information in 

the brain. In The Neurobiology of Taste and Smell (T. E. Finger, W. L. Silver, and 
D. Restrepo, eds.), pp. 201–232. New York: Wiley-Liss. 

 
77 Christensen, T. A. and J. G. Hildebrand. 2002. Pheromonal and host-odor 

processing in the insect antennal lobe: how different? Current Opinion in 
Neurobiology 12: 393–399. 

 
78 Clapperton, B. K., E. O. Minot, and D. R. Crump. 1988. An olfactory recognition 

system in the ferret Mustela furo L (Carnivora, Mustelidae). Animal Behaviour 36: 
541–553. 

 
79 Clare, A. S. and K. Matsumura. 2000. Nature and perception of barnacle settlement 

pheromones. Biofouling 15: 57–71. 
 
80 Clark, M. M. and B. G. Galef. 2001. Socially induced infertility: familial effects on 

reproductive development of female Mongolian gerbils. Animal Behaviour 62: 897–
903. 

 
81 Clyne, P. J., C. G. Warr, M. R. Freeman, D. Lessing, J. H. Kim, and J. R. Carlson. 

1999. A novel family of divergent seven-transmembrane proteins: Candidate 
odorant receptors in Drosophila. Neuron 22: 327–338. 

 



Chapter 6 Literature Cited  8 

82 Colonello, N. A. and K. Hartfelder. 2005. She's my girl - male accessory gland 
products and their function in the reproductive biology of social bees. Apidologie 
36: 231–244. 

 
83 Cook, A. 1992. The function of trail following in the pulmonate slug, Limax 

pseudoflavus. Animal Behaviour 43: 813–821. 
 
84 Cooper, W. E. and L. J. Vitt. 1986. Tracking of female conspecific odor trails by 

male broad-headed skinks (Eumeces laticeps). Ethology 71: 242–248. 
 
85 Craven, B. A., E. G. Paterson, and G. S. Settles. 2010. The fluid dynamics of canine 

olfaction: unique nasal airflow patterns as an explanation of macrosmia. Journal of 
the Royal Society Interface 7: 933–943. 

 
86 Cribb, B. W., K. N. Siriwardana, and G. H. Walter. 2006. Unicellular pheromone 

glands of the pentatomid bug Nezara viridula (Heteroptera : Insecta): 
Ultrastructure, classification, and proposed function. Journal of Morphology 267: 
831–840. 

 
87 Csanady, G. T. 1973. Turbulent diffusion in the environment. Dordrecht: Reidel.  
 
88 Cunningham, A. M., P. B. Manis, R. R. Reed, and G. V. Ronnett. 1999. Olfactory 

receptor neurons exist as distinct subclasses of immature and mature cells in 
primary culture. Neuroscience 93: 1301–1312. 

 
89 D'Ettorre, P. and J. Heinze. 2005. Individual recognition in ant queens. Current 

Biology 15: 2170–2174. 
 
90 D'Have, H., J. Scheirs, R. Verhagen, and W. De Coen. 2005. Gender, age and 

seasonal dependent self-anointing in the European hedgehog Erinaceus europaeus. 
Acta Theriologica 50: 167–173. 

 
91 D'Innocenzo, B., A. M. Salzano, C. D'Ambrosio, A. Gazzano, A. Niccolini, C. 

Sorce, F. R. Dani, A. Scaloni, and P. Pelosi. 2006. Secretory proteins as potential 
semiochemical carriers in the horse. Biochemistry 45: 13418–13428. 

 
92 David, C. T., J. S. Kennedy, A. R. Ludlow, J. N. Perry, and C. Wall. 1982. A 

reappraisal of insect flight towards a distant point source of wind-borne odor. 
Journal of Chemical Ecology 8: 1207–1215. 

 
93 David, C. T., J. S. Kennedy, and A. R. Ludlow. 1983. Finding of a sex pheromone 

source by gypsy moths released in the field. Nature 303: 804–806. 
 
94 de Bruyne, M. and T. C. Baker. 2008. Odor detection in insects: Volatile codes. 

Journal of Chemical Ecology 34: 882–897. 
 



Chapter 6 Literature Cited  9 

95 Dean, J., D. J. Aneshansley, H. E. Edgerton, and T. Eisner. 1990. Defensive spray 
of the bombardier beetle - a biological pulse jet. Science 248: 1219–1221. 

 
96 del Campo, M. L., S. R. Smedley, and T. Eisner. 2005. Reproductive benefits 

derived from defensive plant alkaloid possession in an arctiid moth (Utetheisa 
ornatrix). Proceedings of the National Academy of Sciences of the United States of 
America 102: 13508–13512. 

 
97 Delisle, J. and L. Royer. 1994. Changes in pheromone titer of oblique-banded 

leafroller, Choristoneura Rosaceana, virgin females as a function of time of day, 
age, and temperature. Journal of Chemical Ecology 20: 45–69. 

 
98 Delisle, J., J. F. Picimbon, and J. Simard. 1999. Physiological control of pheromone 

production in Choristoneura fumiferana and C. rosaceana. Archives of Insect 
Biochemistry and Physiology 42: 253–265. 

 
99 Denis, D., R. Blatrix, and D. Fresneau. 2006. How an ant manages to display 

individual and colonial signals by using the same channel. Journal of Chemical 
Ecology 32: 1647–1661. 

 
100 Denny, M. W. 1993. Air and Water: the Biology and Physics of Life's Media. 

Princeton, NJ: Princeton University Press.  
 
101 Dethier, V. G. 1987. Sniff, flick, and pulse, an appreciation of interruption. 

Proceedings of the American Philosophical Society 131: 159–174. 
 
102 Dillon, R. J., C. T. Vennard, and A. K. Charnley. 2000. Pheromones - Exploitation 

of gut bacteria in the locust. Nature 403: 851–851. 
 
103 Doall, M. H., S. P. Colin, J. R. Strickler, and J. Yen. 1998. Locating a mate in 3D: 

the case of Temora longicornis. Philosophical Transactions of the Royal Society of 
London Series B-Biological Sciences 353: 681–689. 

 
104 Dorries, K. M., E. AdkinsRegan, and B. P. Halpern. 1997. Sensitivity and 

behavioral responses to the pheromone androstenone are not mediated by the 
vomeronasal organ in domestic pins. Brain Behavior and Evolution 49: 53–62. 

 
105 Døving, K. B., D. Trotier, J. F. Rosin, and A. Holley. 1993. Functional architecture 

of the vomeronasal organ of the frog (genus Rana). Acta Zoologica 74: 173–180. 
 
106 Dreanno, C., R. R. Kirby, and A. S. Clare. 2006. Smelly feet are not always a bad 

thing: the relationship between cyprid footprint protein and the barnacle settlement 
pheromone. Biology Letters 2: 423–425. 

 
107 Dulac, C. and R. Axel. 1995. A novel family of genes encoding putative pheromone 

receptors in mammals. Cell 83: 195–206. 



Chapter 6 Literature Cited  10 

 
108 Dulac, C. and A. T. Torello. 2003. Molecular detection of pheromone signals in 

mammals: From genes to behaviour. Nature Reviews Neuroscience 4: 551–562. 
 
109 Dulac, C. and S. Wagner. 2006. Genetic analysis of brain circuits underlying 

pheromone signaling. Annual Review of Genetics 40: 449–467. 
 
110 Dulka, J. G., N. E. Stacey, P. W. Sorensen, and G. J. Vanderkraak. 1987. A steroid 

sex pheromone synchronizes male-female spawning readiness in goldfish. Nature 
325: 251–253. 

 
111 Dumbacher, J. P., B. M. Beehler, T. F. Spande, and H. M. Garraffo. 1992. 

Homobatrachotoxin in the genus Pitohui - chemical defense in birds. Science 258: 
799–801. 

 
112 Durand, N., G. Carot-Sans, T. Chertemps, N. Montagne, E. Jacquin-Joly, S. 

Debernard, and M. Maibeche-Coisne. 2010. A diversity of putative 
carboxylesterases are expressed in the antennae of the noctuid moth Spodoptera 
littoralis. Insect Molecular Biology 19: 87–97. 

 
113 Dusenbery, D. B. 1989. Calculated effect of pulsed pheromone release on range of 

attraction. Journal of Chemical Ecology 15: 971–977. 
 
114 Dusenbery, D. B. 1992. Sensory Ecology. New York: W. H. Freeman and 

Company.  
 
115 Dusenbery, D. B. and T. W. Snell. 1995. A critical body size for use of pheromones 

in mate location. Journal of Chemical Ecology 21: 427–438. 
 
116 Ebling, F. J. 1977. Hormonal control of mammalian skin glands. In Chemical 

Signals in Vertebrates (D. Müller-Schwarze and M. M. Mozell, eds.), pp. 17–33. 
New York: Plenum Press. 

 
117 Eisner, T., I. Kriston, and D. J. Aneshansley. 1976. Defense mechanisms of 

arthropods .47. Defensive behavior of a termite (Nasutitermes exitiosus). 
Behavioral Ecology and Sociobiology 1: 83–125. 

 
118 Eisner, T. and J. Meinwald. 1995. The chemistry of sexual selection. Proceedings 

of the National Academy of Sciences of the United States of America 92: 50–55. 
 
119 Elkinton, J. S., R. T. Carde, and C. J. Mason. 1984. Evaluation of time-average 

dispersion models for estimating pheromone concentration in a deciduous forest. 
Journal of Chemical Ecology 10: 1081–1108. 

 



Chapter 6 Literature Cited  11 

120 Elsaesser, R. and J. Paysan. 2007. The sense of smell, its signalling pathways, and 
the dichotomy of cilia and microvilli in olfactory sensory cells. BMC Neuroscience 
8: 13. 

 
121 Eltz, T., D. W. Roubik, and M. W. Whitten. 2003. Fragrances, male display and 

mating behaviour of Euglossa hemichlora: a flight cage experiment. Physiological 
Entomology 28: 251–260. 

 
122 Eltz, T., D. Roubik, and K. Lunau. 2005. Experience-dependent choices ensure 

species-specific fragrance accumulation in male orchid bees. Behavioral Ecology 
and Sociobiology 59: 149–156. 

 
123 Eltz, T., A. Sager, and K. Lunau. 2005. Juggling with volatiles: exposure of 

perfumes by displaying male orchid bees. Journal of Comparative Physiology A-
Neuroethology Sensory Neural and Behavioral Physiology 191: 575–581. 

 
124 Endler, A., J. Liebig, T. Schmitt, J. E. Parker, G. R. Jones, P. Schreier, and B. 

Hölldobler. 2004. Surface hydrocarbons of queen eggs regulate worker 
reproduction in a social insect. Proceedings of the National Academy of Sciences of 
the United States of America 101: 2945–2950. 

 
125 Endler, A., J. Liebig, and B. Hölldobler. 2006. Queen fertility, egg marking and 

colony size in the ant Camponotus floridanus. Behavioral Ecology and 
Sociobiology 59: 490–499. 

 
126 Erickson, R. P. 2000. The evolution of neural coding ideas in the chemical senses. 

Physiology and Behavior 69: 3–13. 
 
127 Evans, C. 2003. Vomeronasal Chemoreception in Vertebrates: a Study of the 

Second Nose. London: Imperial College Press.  
 
128 Fares, Y., P. J. H. Sharpe, and C. E. Magnuson. 1980. Pheromone dispersion in 

forests. Journal of Theoretical Biology 84: 335–359. 
 
129 Ferkin, M. H., E. S. Sorokin, M. W. Renfroe, and R. E. Johnston. 1994. 

Attractiveness of male odors to females varies directly with plasma testosterone 
concentration in meadow voles. Physiology and Behavior 55: 347–353. 

 
130 Ferkin, M. H. and R. E. Johnston. 1995. Meadow voles, Microtus pennsylvanicus, 

use multiple sources of scent for sex recognition. Animal Behaviour 49: 37–44. 
 
131 Ferkin, M. H. and R. E. Johnston. 1995. Effects of pregnancy, lactation and 

postpartum estrus on odor signals and the attraction to odors in female meadow 
voles, Microtus pennsylvanicus. Animal Behaviour 49: 1211–1217. 

 



Chapter 6 Literature Cited  12 

132 Ferkin, M. H., E. S. Sorokin, and R. E. Johnston. 1996. Self-grooming as a sexually 
dimorphic communicative behaviour in meadow voles, Microtus pennsylvanicus. 
Animal Behaviour 51: 801–810. 

 
133 Ferkin, M. H., E. S. Sorokin, R. E. Johnston, and C. J. Lee. 1997. Attractiveness of 

scents varies with protein content of the diet in meadow voles. Animal Behaviour 
53: 133–141. 

 
134 Filoramo, N. I. and K. Schwenk. 2009. The mechanism of chemical delivery to the 

vomeronasal organs in squamate reptiles: A comparative morphological approach. 
Journal of Experimental Zoology Part A-Ecological Genetics and Physiology 
311A: 20–34. 

 
135 Flood, P. 1985. Sources of significant smells: The skin and other organs. In Social 

Odours in Mammals (R. E. Brown and D. W. Macdonald, eds.), pp. 19–36. Oxford: 
Clarendon Press. 

 
136 Flower, D. R., A. C. T. North, and C. E. Sansom. 2000. The lipocalin protein 

family: structural and sequence overview. Biochimica Et Biophysica Acta-Protein 
Structure and Molecular Enzymology 1482: 9–24. 

 
137 Ford, N. B. and J. R. Low. 1984. Sex pheromone source location by garter snakes - 

a mechanism for detection of direction in nonvolatile trails. Journal of Chemical 
Ecology 10: 1193–1199. 

 
138 Foster, S. P., M. O. Harris, and J. G. Millar. 1991. Identification of the sex 

pheromone of the hessian fly, Mayetiola destructor (Say). Naturwissenschaften 78: 
130–131. 

 
139 Fraenkel, G. S. and D. L. Gunn. 1961. The Orientation of Animals: Kineses, Taxes 

and Compass Reactions. Oxford: Oxford University Press.  
 
140 Galizia, C. G. and W. Rossler. 2010. Parallel olfactory systems in insects: Anatomy 

and function. Annual Review of Entomology 55: 399–420. 
 
141 Gautier, P. and C. Miaud. 2003. Faecal pellets used as an economic territorial 

marker in two terrestrial alpine salamanders. Ecoscience 10: 134–139. 
 
142 Geiger, R. 1965. The Climate Near the Ground. Cambridge, MA: Harvard 

University Press.  
 
143 Gemeno, C., J. Claramunt, and J. Dasca. 2005. Nocturnal calling behavior in 

mantids. Journal of Insect Behavior 18: 389–403. 
 



Chapter 6 Literature Cited  13 

144 Gerlach, G. 2006. Pheromonal regulation of reproductive success in female 
zebrafish: female suppression and male enhancement. Animal Behaviour 72: 1119–
1124. 

 
145 Gesase, A. P. and Y. Satoh. 2003. Apocrine secretory mechanism: Recent findings 

and unresolved problems. Histology and Histopathology 18: 597–608. 
 
146 Gilg, A. B., J. C. Bearfield, C. Tittiger, W. H. Welch, and G. J. Blomquist. 2005. 

Isolation and functional expression of an animal geranyl diphosphate synthase and 
its role in bark beetle pheromone biosynthesis. Proceedings of the National 
Academy of Sciences of the United States of America 102: 9760–9765. 

 
147 Goldman, J. A. and M. A. R. Koehl. 2001. Fluid dynamic design of lobster 

olfactory organs: High speed kinematic analysis of antennule flicking by Panulirus 
argus. Chemical Senses 26: 385–398. 

 
148 Gosling, L. M. 1985. The even-toed ungulates: Order Artiodactyla. In Social 

Odours in Mammals (R. E. Brown and D. W. Macdonald, eds.), pp. 550–618. 
Oxford: Clarendon Press. 

 
149 Gosling, L. M. and S. C. Roberts. 2001. Scent-marking by male mammals: Cheat-

proof signals to competitors and mates. Advances in the Study of Behavior 30: 169–
217. 

 
150 Greenberg, L. 1979. Genetic component of bee odor in kin recognition. Science 

206: 1095–1097. 
 
151 Gustin, M. K. and G. F. McCracken. 1987. Scent recognition between females and 

pups in the bat Tadarida brasiliensis Mexicana. Animal Behaviour 35: 13–19. 
 
152 Hagelin, J. C., I. L. Jones, and L. E. L. Rasmussen. 2003. A tangerine-scented 

social odour in a monogamous seabird. Proceedings of the Royal Society of London 
Series B-Biological Sciences 270: 1323–1329. 

 
153 Hagelin, J. C. 2007. The citrus-like scent of crested auklets: reviewing the evidence 

for an avian olfactory ornament. Journal of Ornithology 148: S195–S201. 
 
154 Hajjar, E., D. Perahia, H. Debat, C. Nespoulous, and C. H. Robert. 2006. Odorant 

binding and conformational dynamics in the odorant-binding protein. Journal of 
Biological Chemistry 281: 29929–29937. 

 
155 Hall, G. M., C. Tittiger, G. L. Andrews, G. S. Mastick, M. Kuenzli, X. Luo, S. J. 

Seybold, and G. J. Blomquist. 2002. Midgut tissue of male pine engraver, Ips pini, 
synthesizes monoterpenoid pheromone component ipsdienol de novo. 
Naturwissenschaften 89: 79–83. 

 



Chapter 6 Literature Cited  14 

156 Hallem, E. A., M. G. Ho, and J. R. Carlson. 2004. The molecular basis of odor 
coding in the drosophila antenna. Cell 117: 965–979. 

 
157 Hallem, E. A. and J. R. Carlson. 2006. Coding of odors by a receptor repertoire. 

Cell 125: 143–160. 
 
158 Halpern, M. and A. Martinez-Marcos. 2003. Structure and function of the 

vomeronasal system: an update. Progress in Neurobiology 70: 245–318. 
 
159 Halpin, Z. T. 1985. The rodents III: suborder Sciuromorpha. In Social Odours in 

Mammals (R. E. Brown and D. W. Macdonald, eds.), pp. 458–479. Oxford: 
Clarendon Press. 

 
160 Hamdani, E. H. and K. B. Døving. 2006. Functional organization of the olfactory 

system in fish. In Communication in Fishes (F. Ladich, S. P. Collin, P. Moller, and 
B. G. Kapoor, eds.), pp. 223–257. Enfield (NH): Science Publishers. 

 
161 Hanlon, R. T. and J. B. Messenger. 1996. Cephalopod Behavior. Cambridge: 

Cambridge University Press.  
 
162 Hansen, A., K. T. Anderson, and T. E. Finger. 2004. Differential distribution of 

olfactory receptor neurons in goldfish: Structural and molecular correlates. Journal 
of Comparative Neurology 477: 347–359. 

 
163 Hardege, J. D., C. T. Muller, M. Beckmann, D. B. Hardege, and M. G. Bentley. 

1998. Timing of reproduction in marine polychaetes: The role of sex pheromones. 
Ecoscience 5: 395–404. 

 
164 Hardege, J. D., H. Bartels-Hardege, C. T. Muller, and M. Beckmann. 2004. Peptide 

pheromones in female Nereis succinea. Peptides 25: 1517–1522. 
 
165 Harvey, S., B. Jemiolo, and M. Novotny. 1989. Pattern of volatile compounds in 

dominant and subordinate male-mouse urine. Journal of Chemical Ecology 15: 
2061–2072. 

 
166 Hayes, R. A., B. J. Richardson, and S. G. Wyllie. 2003. To fix or not to fix: The 

role of 2-phenoxyethanol in rabbit, Oryctolagus cuniculus, chin gland secretion. 
Journal of Chemical Ecology 29: 1051–1064. 

 
167 He, J., L. M. Ma, S. Kim, J. Nakai, and C. R. Yu. 2008. Encoding gender and 

individual information in the mouse vomeronasal organ. Science 320: 535–538. 
 
168 Hee, A. K. W. and K. H. Tan. 2004. Male sex pheromonal components derived 

from methyl eugenol in the hemolymph of the fruit fly Bactrocera papayae. 
Journal of Chemical Ecology 30: 2127–2138. 

 



Chapter 6 Literature Cited  15 

169 Heise, S. R. and F. M. Rozenfeld. 1999. Reproduction and urine marking in 
laboratory groups of female common voles Microtus arvalis. Journal of Chemical 
Ecology 25: 1671–1685. 

 
170 Hendriks, W. H., M. F. Tarttelin, and P. J. Moughan. 1995. 24 hour feline excretion 

patterns in entire and castrated cats. Physiology and Behavior 58: 467–469. 
 
171 Hepper, P. G. and D. L. Wells. 2005. How many footsteps do dogs need to 

determine the direction of an odour trail? Chemical Senses 30: 291–298. 
 
172 Herrada, G. and C. Dulac. 1997. A novel family of putative pheromone receptors in 

mammals with a topographically organized and sexually dimorphic distribution. 
Cell 90: 763–773. 

 
173 Hight, S. D., S. Bloem, K. A. Bloem, and J. E. Carpenter. 2003. Cactoblastis 

cactorum (Lepidoptera : Pyralidae): Observations of courtship and mating 
behaviors at two locations on the Gulf Coast of Florida. Florida Entomologist 86: 
400–408. 

 
174 Hildebrand, J. G. and G. M. Shepherd. 1997. Mechanisms of olfactory 

discrimination: Converging evidence for common principles across phyla. Annual 
Review of Neuroscience 20: 595–631. 

 
175 Hillier, N. K. and N. J. Vickers. 2007. Physiology and antennal lobe projections of 

olfactory receptor neurons from sexually isomorphic sensilla on male Heliothis 
virescens. Journal of Comparative Physiology A-Neuroethology Sensory Neural 
and Behavioral Physiology 193: 649–663. 

 
176 Hölldobler, B. and J. M. Palmer. 1989. A new tarsal gland in ants and the possible 

role in chemical communication. Naturwissenschaften 76: 385–386. 
 
177 Hölldobler, B. and E. O. Wilson. 1990. The Ants. Cambridge, MA: Harvard 

University Press.  
 
178 Horne, E. A. and R. G. Jaeger. 1988. Territorial pheromones of female red-backed 

salamanders. Ethology 78: 143–152. 
 
179 Howard, K. J., A. R. Smith, S. O'Donnell, and R. L. Jeanne. 2002. Novel method of 

swarm emigration by the epiponine wasp, Apoica pallens (Hymenoptera Vespidae). 
Ethology Ecology and Evolution 14: 365–371. 

 
180 Howard, R. W. and G. J. Blomquist. 2005. Ecological, behavioral, and biochemical 

aspects of insect hydrocarbons. Annual Review of Entomology 50: 371–393. 
 
181 Howe, N. R. and Y. M. Sheikh. 1975. Anthopleurine - Sea anemone alarm 

pheromone. Science 189: 386–388. 



Chapter 6 Literature Cited  16 

 
182 Huang, G. Z., J. J. Zhang, D. Wang, R. T. Mason, and M. Halpern. 2006. Female 

snake sex pheromone induces membrane responses in vomeronasal sensory neurons 
of male snakes. Chemical Senses 31: 521–529. 

 
183 Hurst, J. L., D. H. L. Robertson, U. Tolladay, and R. J. Beynon. 1998. Proteins in 

urine scent marks of male house mice extend the longevity of olfactory signals. 
Animal Behaviour 55: 1289–1297. 

 
184 Hurst, J. L., C. E. Payne, C. M. Nevison, A. D. Marie, R. E. Humphries, D. H. L. 

Robertson, A. Cavaggioni, and R. J. Beynon. 2001. Individual recognition in mice 
mediated by major urinary proteins. Nature 414: 631–634. 

 
185 Hurst, J. L. and R. J. Beynon. 2004. Scent wars: the chemobiology of competitive 

signalling in mice. Bioessays 26: 1288–1298. 
 
186 Hurst, J. L., M. D. Thom, C. M. Nevison, R. E. Humphries, and R. J. Beynon. 2005. 

MHC odours are not required or sufficient for recognition of individual scent 
owners. Proceedings of the Royal Society B-Biological Sciences 272: 715–724. 

 
187 Hurst, J. L., M. D. Thom, S. A. Cheetham, S. D. Armstrong, D. H. Robertson, A. J. 

Davidson, P. Stockley, and R. J. Beynon. 2008. Scent signals of individual genetic 
identity used in mate choice. Chemical Senses 33: S173–S173. 

 
188 Imai, T., H. Sakano, and L. B. Vosshall. 2010. Topographic mapping - the olfactory 

system. Cold Spring Harbor Perspectives in Biology 2: 18. 
 
189 Iyengar, V. K. and T. Eisner. 1999. Female choice increases offspring fitness in an 

arctiid moth (Utetheisa ornatrix). Proceedings of the National Academy of Sciences 
of the United States of America 96: 15013–15016. 

 
190 Jaeger, R. G. and C. R. Gabor. 1993. Intraspecific chemical communication by a 

territorial salamander via the postcloacal gland. Copeia 1171–1174. 
 
191 Johnson, B. A., S. L. Ho, Z. Xu, J. S. Yihan, S. Yip, E. E. Hingco, and M. Leon. 

2002. Functional mapping of the rat olfactory bulb using diverse odorants reveals 
modular responses to functional groups and hydrocarbon structural features. 
Journal of Comparative Neurology 449: 180–194. 

 
192 Johnson, B. A. and M. Leon. 2007. Chemotopic odorant coding in a mammalian 

olfactory system. Journal of Comparative Neurology 503: 1–34. 
 
193 Johnston, R. E. 2000. Chemical communication and pheromones: the types of 

signals and the role of the vomeronasal system. In The Neurobiology of Taste and 
Smell, 2nd edition (T. E. Finger, W. L. Silver, and D. Restrepo, eds.), pp. 99–123. 
New York: Wiley. 



Chapter 6 Literature Cited  17 

 
194 Johnston, R. E. 2008. Individual odors and social communication: Individual 

recognition, kin recognition, and scent over-marking. Advances in the Study of 
Behavior 38: 439–505. 

 
195 Jolly, A. 1966. Lemur Behavior. Chicago: Chicago University Press.  
 
196 Kaissling, K. E. 2009. Olfactory perireceptor and receptor events in moths: a kinetic 

model revised. Journal of Comparative Physiology A-Neuroethology Sensory 
Neural and Behavioral Physiology 195: 895–922. 

 
197 Kajiya, K., K. Inaki, M. Tanaka, T. Haga, H. Kataoka, and K. Touhara. 2001. 

Molecular bases of odor discrimination: Reconstitution of olfactory receptors that 
recognize overlapping sets of odorants. Journal of Neuroscience 21: 6018–6025. 

 
198 Kan, E., T. Hidaka, T. Sato, and H. Kitajima. 2002. Copulation and male calling in 

the swift moth, Endoclita excrescens (Butler) (Lepidoptera : Hepialidae). Applied 
Entomology and Zoology 37: 163–169. 

 
199 Kannan, S., K. R. Kumar, and G. Archunan. 1998. Sex attractants in male preputial 

gland: Chemical identification and their role in reproductive behaviour of rats. 
Current Science 74: 689–691. 

 
200 Kanzaki, R., K. Soo, Y. Seki, and S. Wada. 2003. Projections to higher olfactory 

centers from subdivisions of the antennal lobe macroglomerular complex of the 
male silkmoth. Chemical Senses 28: 113–130. 

 
201 Karcher, M. H. and F. L. W. Ratnieks. 2010. Honey bee guards recognise 

allospecific intruders via "different odours" not "harmful-intruder odours". Journal 
of Apicultural Research 49: 270–277. 

 
202 Katada, S., T. Hirokawa, Y. Oka, M. Suwa, and K. Touhara. 2005. Structural basis 

for a broad but selective ligand spectrum of a mouse olfactory receptor: Mapping 
the odorant-binding site. Journal of Neuroscience 25: 1806–1815. 

 
203 Kaupp, U. B. 2010. Olfactory signalling in vertebrates and insects: differences and 

commonalities. Nature Reviews Neuroscience 11: 188–200. 
 
204 Kennedy, J. S. 1986. Some current issues in orientation to odour sources. In 

Mechanisms in Insect Olfaction (T. L. Payne, M. C. Birch, and C. E. J. Kennedy, 
eds.), pp. 11–26. Cambridge: Cambridge University Press. 

 
205 Kepecs, A., N. Uchida, and Z. F. Mainen. 2006. The sniff as a unit of olfactory 

processing. Chemical Senses 31: 167–179. 
 



Chapter 6 Literature Cited  18 

206 Keverne, E. B. 2008. Visualisation of the vomeronasal pheromone response system. 
Bioessays 30: 802–805. 

 
207 Kikuta, S., H. Kashiwadani, and K. Mori. 2008. Compensatory rapid switching of 

binasal inputs in the olfactory cortex. Journal of Neuroscience 28: 11989–11997. 
 
208 Kimoto, H., S. Haga, K. Sato, and K. Touhara. 2005. Sex-specific peptides from 

exocrine glands stimulate mouse vomeronasal sensory neurons. Nature 437: 898–
901. 

 
209 Kiørboe, T., E. Bagøien, and U. H. Thygesen. 2005. Blind dating - mate finding in 

planktonic copepods. II. The pheromone cloud of Pseudocalanus elongatus. Marine 
Ecology-Progress Series 300: 117–128. 

 
210 Kobayakawa, K., R. Kobayakawa, H. Matsumoto, Y. Oka, T. Imai, M. Ikawa, M. 

Okabe, T. Ikeda, S. Itohara, T. Kikusui, K. Mori, and H. Sakano. 2007. Innate 
versus learned odour processing in the mouse olfactory bulb. Nature 450: 503–U5. 

 
211 Koehl, M. A. R., J. R. Koseff, J. P. Crimaldi, M. G. McCay, T. Cooper, M. B. 

Wiley, and P. A. Moore. 2001. Lobster sniffing: Antennule design and 
hydrodynamic filtering of information in an odor plume. Science 294: 1948–1951. 

 
212 Koehl, M. A. R. 2006. The fluid mechanics of arthropod sniffing in turbulent odor 

plumes. Chemical Senses 31: 93–105. 
 
213 Kou, R. and Y. S. Chow. 1987. Calling behavior of the cotton bollworm, Heliothis 

armigera (Lepidoptera, Noctuidae). Annals of the Entomological Society of 
America 80: 490–493. 

 
214 Krasnoff, S. B. and W. L. Roelofs. 1988. Sex-Pheromone released as an aerosol by 

the moth Pyrrharctia isabella. Nature 333: 263–265. 
 
215 Krasnoff, S. B. 1997. Evolution of male Lepidopteran pheromones: A phylogenetic 

perspective. In Insect Pheromone Research: New Directions (R. T. Carde and A. K. 
Minks, eds.), pp. 490–513. New York: Chapman & Hall. 

 
216 Krieger, J., E. Grosse-Wilde, T. Gohl, and H. Breer. 2005. Candidate pheromone 

receptors of the silkmoth Bombyx mori. European Journal of Neuroscience 21: 
2167–2176. 

 
217 Kuederling, I., C. S. Evans, D. H. Abbott, C. R. Pryce, and G. Epple. 1995. 

Differential excretion of urinary estrogen by breeding females and daughters in the 
red-bellied tamarin (Saguinus labiatus). Folia Primatologica 64: 140–145. 

 



Chapter 6 Literature Cited  19 

218 Labra, A., C. A. Escobar, A. Ar, and H. M. Niemeyer. 2002. Sources of 
pheromones in the lizard Liolaemus tenuis. Revista Chilena De Historia Natural 75: 
141–147. 

 
219 Landolt, P. J. and T. W. Phillips. 1997. Host plant influences on sex pheromone 

behavior of phytophagous insects. Annual Review of Entomology 42: 371–391. 
 
220 Laurent, G., M. Stopfer, R. W. Friedrich, M. I. Rabinovich, A. Volkovskii, and H. 

D. I. Abarbanel. 2001. Odor encoding as an active, dynamical process: 
Experiments, computation, and theory. Annual Review of Neuroscience 24: 263–
297. 

 
221 Lawson, R. E., R. J. Putman, and A. H. Fielding. 2000. Individual signatures in 

scent gland secretions of Eurasian deer. Journal of Zoology 251: 399–410. 
 
222 Lee, S. G., N. J. Vickers, and T. C. Baker. 2006. Glomerular targets of Heliothis 

subflexa male olfactory receptor neurons housed within long trichoid sensilla. 
Chemical Senses 31: 821–834. 

 
223 Leinders-Zufall, T., A. P. Lane, A. C. Puche, W. D. Ma, M. V. Novotny, M. T. 

Shipley, and F. Zufall. 2000. Ultrasensitive pheromone detection by mammalian 
vomeronasal neurons. Nature 405: 792–796. 

 
224 Leon, M. and B. A. Johnson. 2003. Olfactory coding in the mammalian olfactory 

bulb. Brain Research Reviews 42: 23–32. 
 
225 Li, W., J. A. Farrell, S. Pang, and R. M. Arrieta. 2006. Moth-inspired chemical 

plume tracing on an autonomous underwater vehicle. Ieee Transactions on Robotics 
22: 292–307. 

 
226 Liberles, S. D. and L. B. Buck. 2006. A second class of chemosensory receptors in 

the olfactory epithelium. Nature 442: 645–650. 
 
227 Liebig, J., C. Peeters, N. J. Oldham, C. Markstadter, and B. Holldobler. 2000. Are 

variations in cuticular hydrocarbons of queens and workers a reliable signal of 
fertility in the ant Harpegnathos saltator? Proceedings of the National Academy of 
Sciences of the United States of America 97: 4124–4131. 

 
228 Liman, E. R. 2006. Use it or lose it: molecular evolution of sensory signaling in 

primates. Pflugers Archiv-European Journal of Physiology 453: 125–131. 
 
229 Lin, D. Y., S. Z. Zhang, E. Block, and L. C. Katz. 2005. Encoding social signals in 

the mouse main olfactory bulb. Nature 434: 470–477. 
 



Chapter 6 Literature Cited  20 

230 Linn, C. E. and W. L. Roelofs. 1995. Pheromone communication in moths and its 
role in the speciation process. In Speciation and the Recognition Concept: Theory 
and Application (D. M. Lambert and H. G. Spencer, eds.), pp. 263–300. Baltimore: 
Johns Hopkins University Press. 

 
231 Linn, C. E. 1997. Neuroendocrine factors in the photoperiodic control of male moth 

responsiveness to pheromone. In Insect Pheromone Research: New Directions (R. 
T. Cardé and A. K. Minks, eds.), pp. 194–209. New York: Chapman & Hall. 

 
232 Linsenmair, K. E. 1985. Individual and family recognition in subsocial arthropods, 

in particular in the desert isopod Hemilepistus reaumuri. Fortschritte Der Zoologie 
31: 411–436. 

 
233 Liu, C. H. and D. Y. C. Leung. 2006. Finite element solution to passive scalar 

transport behind line sources under neutral and unstable stratification. International 
Journal for Numerical Methods in Fluids 50: 623–648. 

 
234 Lledo, P. M. and A. Saghatelyan. 2005. Integrating new neurons into the adult 

olfactory bulb: joining the network, life-death decisions, and the effects of sensory 
experience. Trends in Neurosciences 28: 248–254. 

 
235 Lomvardas, S., G. Barnea, D. J. Pisapia, M. Mendelsohn, J. Kirkland, and R. Axel. 

2006. Interchromosomal interactions and olfactory receptor choice. Cell 126: 403–
413. 

 
236 Loseva, E., T. F. Yuan, and S. Karnup. 2009. Neurogliogenesis in the mature 

olfactory system: A possible protective role against infection and toxic dust. Brain 
Research Reviews 59: 374–387. 

 
237 Loudon, C. and M. A. R. Koehl. 2000. Sniffing by a silkworm moth: Wing fanning 

enhances air penetration through and pheromone interception by antennae. Journal 
of Experimental Biology 203: 2977–2990. 

 
238 Loughry, W. J. and G. F. McCracken. 1991. Factors influencing female-pup scent 

recognition in Mexican free-tailed bats. Journal of Mammalogy 72: 624–626. 
 
239 Lucas, C., D. B. Pho, D. Fresneau, and J. M. Jallon. 2004. Hydrocarbon circulation 

and colonial signature in Pachycondyla villosa. Journal of Insect Physiology 50: 
595–607. 

 
240 Luo, M. M. 2004. Got milk? A pheromonal message for newborn rabbits. Bioessays 

26: 6–9. 
 
241 Lytridis, C., G. S. Virk, Y. Rebour, and E. E. Kadar. 2001. Odor-based navigational 

strategies for mobile agents. Adaptive Behavior 9: 171–187. 
 



Chapter 6 Literature Cited  21 

242 Ma, W. D., Z. S. Miao, and M. V. Novotny. 1998. Role of the adrenal gland and 
adrenal-mediated chemosignals in suppression of estrus in the house mouse: The 
Lee-Boot effect revisited. Biology of Reproduction 59: 1317–1320. 

 
243 Ma, W. D., Z. S. Miao, and M. V. Novotny. 1999. Induction of estrus in grouped 

female mice (Mus domesticus) by synthetic analogues of preputial gland 
constituents. Chemical Senses 24: 289–293. 

 
244 Mackay-Sim, A. and P. W. Kittel. 1991. On the lifespan of olfactory receptor 

neurons. European Journal of Neuroscience 3: 209–215. 
 
245 Mafra-Neto, A. and R. T. Cardé. 1994. Fine-scale structure of pheromone plumes 

modulates upwind orientation of flying moths. Nature 369: 142–144. 
 
246 Malnic, B., J. Hirono, T. Sato, and L. B. Buck. 1999. Combinatorial receptor codes 

for odors. Cell 96: 713–723. 
 
247 Mandairon, N., A. Didier, and C. Linster. 2008. Odor enrichment increases 

interneurons responsiveness in spatially defined regions of the olfactory bulb 
correlated with perception. Neurobiology of Learning and Memory 90: 178–184. 

 
248 Manning, C. J., E. K. Wakeland, and W. K. Potts. 1992. Communal nesting patterns 

in mice implicate MHC genes in kin recognition. Nature 360: 581–583. 
 
249 Mardon, J., S. M. Saunders, M. J. Anderson, C. Couchoux, and F. Bonadonna. 

2010. Species, gender, and identity: Cracking petrels' sociochemical code. 
Chemical Senses 35: 309–321. 

 
250 Martínez, D., O. Rochel, and E. Hugues. 2006. A biomimetic robot for tracking 

specific odors in turbulent plumes. Autonomous Robots 20: 185–195. 
 
251 Martínez-Ricós, J., C. Agustín-Pavnón, E. Lanuza, and F. Martínez-García. 2008. 

Role of the vomeronasal system in intersexual attraction in female mice. 
Neuroscience 153: 383–395. 

 
252 Mason, R. T., H. M. Fales, T. H. Jones, L. K. Pannell, J. W. Chinn, and D. Crews. 

1989. Sex pheromones in snakes. Science 245: 290–293. 
 
253 Mason, R. T., T. H. Jones, H. M. Fales, L. K. Pannell, and D. Crews. 1990. 

Characterization, synthesis, and behavioral responses to sex attractiveness 
pheromones of red-sided garter snakes (Thamnophis sirtalis parietalis). Journal of 
Chemical Ecology 16: 2353–2369. 

 
254 Mason, R. T. 1993. Chemical ecology of the red-sided garter snake, Thamnophis 

sirtalis Parietalis. Brain Behavior and Evolution 41: 261–268. 
 



Chapter 6 Literature Cited  22 

255 Masse, N. Y., G. C. Turner, and G. Jefferis. 2009. Olfactory Information Processing 
in Drosophila. Current Biology 19: R700–R713. 

 
256 Matsumoto, H., K. Kobayakawa, R. Kobayakawa, T. Tashiro, K. Mori, and H. 

Sakano. 2010. Spatial arrangement of glomerular molecular-feature clusters in the 
odorant-receptor class domains of the mouse olfactory bulb. Journal of 
Neurophysiology 103: 3490–3500. 

 
257 Matsumoto-Oda, A., R. Oda, Y. Hayashi, H. Murakami, N. Maeda, K. Kumazaki, 

K. Shimizu, and T. Matsuzawa. 2003. Vaginal fatty acids produced by chimpanzees 
during menstrual cycles. Folia Primatologica 74: 75–79. 

 
258 Mazor, M. and E. Dunkelblum. 2005. Circadian rhythms of sexual behavior and 

pheromone titers of two closely related moth species Autographa gamma and 
Cornutiplusia circumflexa. Journal of Chemical Ecology 31: 2153–2168. 

 
259 McCracken, G. F. and M. K. Gustin. 1987. Batmom's daily nightmare. Natural 

History 96: 66–73. 
 
260 McNeil, J. N. and J. Delisle. 1989. Are host plants important in pheromone-

mediated mating systems of Lepidoptera? Experientia 45: 236–240. 
 
261 Meredith, M. 1994. Chronic recording of vomeronasal pump activation in awake 

behaving hamsters. Physiology and Behavior 56: 345–354. 
 
262 Merkx, J., A. K. Slob, and J. J. V. Tenbosch. 1988. Vaginal bacterial flora partially 

determines sexual attractivity of female rats. Physiology and Behavior 44: 147–149. 
 
263 Miller, J. R., J. L. Spencer, A. J. Lentz, J. E. Keller, E. D. Walker, and J. F. 

Leykam. 1994. Sex peptides - potentially important and useful regulators of insect 
reproduction. In Natural and Engineered Pest Management Agents (P. A. Hedin, J. 
J. Menn, and R. M. Hollingworth, eds.), pp. 189–209. Washington: American 
Chemical Society. 

 
264 Mitchell, B. K., H. Itagaki, and M. P. Rivet. 1999. Peripheral and central structures 

involved in insect gustation. Microscopy Research and Technique 47: 401–415. 
 
265 Mombaerts, P. 1999. Seven-transmembrane proteins as odorant and chemosensory 

receptors. Science 286: 707–711. 
 
266 Moreno, M. M., C. Linster, O. Escanilla, J. Sacquet, A. Didier, and N. Mandairon. 

2009. Olfactory perceptual learning requires adult neurogenesis. Proceedings of the 
National Academy of Sciences of the United States of America 106: 17980–17985. 

 



Chapter 6 Literature Cited  23 

267 Mori, K., Y. K. Takahashi, K. M. Igarashi, and M. Yamaguchi. 2006. Maps of 
odorant molecular features in the mammalian olfactory bulb. Physiological Reviews 
86: 409–433. 

 
268 Mozuraitis, R. and V. Buda. 2006. Pheromone release behaviour in females of 

Phyllonorycter junoniella (Z.) (Lepidoptera, Gracillariidae) under constant and 
cycling temperatures. Journal of Insect Behavior 19: 129–142. 

 
269 Mucignat-Caretta, C., A. Cavaggioni, and A. Caretta. 2004. Male urinary 

chemosignals differentially affect aggressive behavior in male mice. Journal of 
Chemical Ecology 30: 777–791. 

 
270 Müller-Schwarze, D. 1971. Pheromones in black-tailed deer (Odocoileus hemionus 

columbianus). Animal Behaviour 19: 141–152. 
 
271 Müller-Schwarze, D., N. J. Volkman, and K. F. Zemanek. 1977. Osmetrichia - 

specialized hair in black-tailed deer. Journal of Ultrastructure Research 59: 223–
230. 

 
272 Müller-Schwarze, D., L. Kallquist, and T. Mossing. 1979. Social behavior and 

chemical communication in reindeer (Rangifer t. tarandus L). Journal of Chemical 
Ecology 5: 483–517. 

 
273 Müller-Schwarze, D. 2006. Chemical Ecology of Vertebrates. Cambridge: 

Cambridge University Press.  
 
274 Murlis, J. and C. D. Jones. 1981. Fine-scale structure of odor plumes in relation to 

insect orientation to distant pheromone and other attractant sources. Physiological 
Entomology 6: 71–86. 

 
275 Murlis, J., J. S. Elkinton, and R. T. Carde. 1992. Odor plumes and how insects use 

them. Annual Review of Entomology 37: 505–532. 
 
276 Murlis, J. 1997. Odor plumes and the signal they provide. In Insect Pheromone 

Research: New Directions (R. T. Carde and A. K. Minks, eds.), pp. 221–231. New 
York: Chapman and Hall. 

 
277 Musich, J. A. and H. Rapoport. 1978. Synthesis of anthopleurine, alarm pheromone 

from Anthopleura elegantissima. Journal of the American Chemical Society 100: 
4865–4872. 

 
278 Nakagawa, T. and L. B. Vosshall. 2009. Controversy and consensus: noncanonical 

signaling mechanisms in the insect olfactory system. Current Opinion in 
Neurobiology 19: 284–292. 

 



Chapter 6 Literature Cited  24 

279 Neat, F. C., L. Locatello, and M. B. Rasotto. 2003. Reproductive morphology in 
relation to alternative male reproductive tactics in Scartella cristata. Journal of Fish 
Biology 62: 1381–1391. 

 
280 Nieh, J. C., F. A. L. Contrera, R. R. Yoon, L. S. Barreto, and V. L. Imperatriz-

Fonseca. 2004. Polarized short odor-trail recruitment communication by a stingless 
bee, Trigona spinipes. Behavioral Ecology and Sociobiology 56: 435–448. 

 
281 Niimura, Y. and M. Nei. 2006. Evolutionary dynamics of olfactory and other 

chemosensory receptor genes in vertebrates. Journal of Human Genetics 51: 505–
517. 

 
282 Nishida, R., T. E. Shelly, and K. Y. Kaneshiro. 1997. Acquisition of female-

attracting fragrance by males of Oriental fruit fly from a Hawaiian lei flower, 
Fagraea berteriana. Journal of Chemical Ecology 23: 2275–2285. 

 
283 Nishida, R. 2002. Sequestration of defensive substances from plants by 

Lepidoptera. Annual Review of Entomology 47: 57–92. 
 
284 Nishino, H., M. Nishikawa, F. Yokohari, and M. Mizunami. 2005. Dual, 

multilayered somatosensory maps formed by antennal tactile and contact 
chemosensory afferents in an insect brain. Journal of Comparative Neurology 493: 
291–308. 

 
285 Novotny, M. V., W. D. Ma, D. Wiesler, and L. Zidek. 1999. Positive identification 

of the puberty-accelerating pheromone of the house mouse: the volatile ligands 
associating with the major urinary protein. Proceedings of the Royal Society of 
London Series B-Biological Sciences 266: 2017–2022. 

 
286 O'Donnell, R. P., N. B. Ford, R. Shine, and R. T. Mason. 2004. Male red-sided 

garter snakes, Thamnophis sirtalis parietalis, determine female mating status from 
pheromone trails. Animal Behaviour 68: 677–683. 

 
287 Okubo, A. 1980. Diffusion and ecological problems: mathematical models. Berlin: 

Springer.  
 
288 Olsen, K. H., R. Bjerselius, I. Mayer, and H. Kindahl. 2001. Both ovarian fluid and 

female urine increase sex steroid hormone levels in mature Atlantic salmon (Salmo 
salar) male parr. Journal of Chemical Ecology 27: 2337–2349. 

 
289 Olsen, K. H., G. R. Sawisky, and N. E. Stacey. 2006. Endocrine and milt responses 

of male crucian carp (Carassius carassius L.) to periovulatory females under field 
conditions. General and Comparative Endocrinology 149: 294–302. 

 



Chapter 6 Literature Cited  25 

290 Ottway, D. S., S. J. Pankhurst, and J. S. Waterhouse. 2005. A possible function for 
female enurination in the mara, Dolichotis patagonum. In Chemical Signals in 
Vertebrates, Vol. 10 (R. T. Mason, M. P. LeMaster, and D. Müller-Schwarze, eds.), 
pp. 89–92. New York: Springer Science+Business Media, Inc. 

 
291 Ozaki, M., A. Wada-Katsumata, K. Fujikawa, M. Iwasaki, F. Yokohari, Y. Satoji, 

T. Nisimura, and R. Yamaoka. 2005. Ant nestmate and non-nestmate discrimination 
by a chemosensory sensillum. Science 309: 311–314. 

 
292 Painter, S. D., B. Clough, D. B. G. Akalal, and G. T. Nagle. 1999. Attractin, a 

water-borne peptide pheromone in Aplysia. Invertebrate Reproduction and 
Development 36: 191–194. 

 
293 Painter, S. D., S. F. Cummins, A. E. Nichols, D. B. G. Akalal, C. H. Schein, W. 

Braun, J. S. Smith, A. J. Susswein, M. Levy, P. de Boer, A. ter Maat, M. W. Miller, 
C. Scanlan, R. M. Milberg, J. V. Sweedler, and G. T. Nagle. 2004. Structural and 
functional analysis of Aplysia attractins, a family of water-borne protein 
pheromones with interspecific attractiveness. Proceedings of the National Academy 
of Sciences of the United States of America 101: 6929–6933. 

 
294 Pasquill, F. 1962. Atmospheric Diffusion. London: D. van Nostrand.  
 
295 Pearce, G. P., P. E. Hughes, and W. D. Booth. 1988. The involvement of boar 

submaxillary salivary gland secretions in boar-induced precocious puberty 
attainment in the gilt. Animal Reproduction Science 16: 125–134. 

 
296 Pelosi, P. 2001. The role of perireceptor events in vertebrate olfaction. Cellular and 

Molecular Life Sciences 58: 503–509. 
 
297 Penn, D. and W. Potts. 1998. How do major histocompatibility complex genes 

influence odor and mating preferences? Advances in Immunology 69: 411–436. 
 
298 Penn, D. J. 2002. The scent of genetic compatibility: Sexual selection and the major 

histocompatibility complex. Ethology 108: 1–21. 
 
299 Perez, B. 2005. Calling behaviour in the female praying mantis, Hierodula 

patellifera. Physiological Entomology 30: 42–47. 
 
300 Perry, J. N. and C. Wall. 1985. Orientation of male pea moth, Cydia nigricana, to 

pheromone traps in a wheat crop. Entomologia Experimentalis Et Applicata 37: 
161–167. 

 
301 Phelan, M. M., L. McLean, D. M. Simpson, J. L. Hurst, R. J. Beynon, and L. Y. 

Lian. 2010. H-1, N-15 and C-13 resonance assignment of darcin, a mouse major 
urinary protein. Biomolecular NMR Assignments 4: 239–241. 

 



Chapter 6 Literature Cited  26 

302 Phelan, P. L. and T. C. Baker. 1987. Evolution of male pheromones in moths - 
Reproductive isolation through sexual selection. Science 235: 205–207. 

 
303 Pinillos, M. L., A. I. Guijarro, M. J. Delgado, P. C. Hubbard, A. V. M. Canario, and 

A. P. Scott. 2002. Production, release and olfactory detection of sex steroids by the 
tench (Tinca tinca L.). Fish Physiology and Biochemistry 26: 197–210. 

 
304 Poddar-Sarkar, M. 1996. The fixative lipid of tiger pheromone. Journal of Lipid 

Mediators and Cell Signalling 15: 89–101. 
 
305 Poddar-Sarkar, M. and R. L. Brahmachary. 2004. Putative chemical signals of 

leopard. Animal Biology 54: 255–259. 
 
306 Porter, T. A. and G. S. Wilkinson. 2001. Birth synchrony in greater spear-nosed 

bats (Phyllostomus hastatus). Journal of Zoology 253: 383–390. 
 
307 Potts, W. K., C. J. Manning, and E. K. Wakeland. 1991. Mating patterns in 

seminatural populations of mice influenced By MHC genotype. Nature 352: 619–
621. 

 
308 Prestwich, G. D. 1984. Defense mechanisms of termites. Annual Review of 

Entomology 29: 201–232. 
 
309 Quay, W. B. 1977. Structure and function of skin glands. In Chemical Signals in 

Vertebrates (D. Müller-Schwarze and M. M. Mozell, eds.), pp. 10–16. New York: 
Plenum Press. 

 
310 Quay, W. B. 1986. Scent glands. In Biology of the Integument, Vol. 2. Vertebrates 

(J. Bereiter-Hahn, A. G. Matoltsy, and K. S. Richards, eds.), pp. 357–373. Berlin: 
Springer. 

 
311 Quennedey, A. 1998. Insect epidermal gland cells: ultrastructure and 

morphogenesis. In Microscopic Anatomy of Invertebrates, Vol. 11A. Insecta (F. W. 
Harrison and M. Locke, eds.), pp. 177–207. New York: Wiley-Liss. 

 
312 Rajan, R., J. P. Clement, and U. S. Bhalla. 2006. Rats smell in stereo. Science 311: 

666–670. 
 
313 Ram, J. L., C. T. Muller, M. Beckmann, and J. D. Hardege. 1999. The spawning 

pheromone cysteine-glutathione disulfide ('nereithione') arouses a multicomponent 
nuptial behavior and electrophysiological activity in Nereis succinea males. Faseb 
Journal 13: 945–952. 

 
314 Ramaswamy, S. B. 1997. Pheromonotropism in insects: molecules to molecular 

biology. In Insect Pheromone Research: New Directions (R. T. Cardé and A. K. 
Minks, eds.), pp. 101–110. New York: Chapman & Hall. 



Chapter 6 Literature Cited  27 

 
315 Rasmussen, L. E. L., T. D. Lee, W. L. Roelofs, A. J. Zhang, and G. D. Daves. 1996. 

Insect pheromone in elephants. Nature 379: 684–684. 
 
316 Rasmussen, L. E. L., J. Lazar, and D. R. Greenwood. 2003. Olfactory adventures of 

elephantine pheromones. Biochemical Society Transactions 31: 137–141. 
 
317 Reddy, G. V. P. and A. Guerrero. 2004. Interactions of insect pheromones and plant 

semiochemicals. Trends in Plant Science 9: 253–261. 
 
318 Regnier, F. E. and M. Goodwin. 1977. On the chemical and environmental 

modulation of pheromone release from vertebrate scent marks. In Chemical Signals 
in Vertebrates (D. Müller-Schwarze and M. M. Mozell, eds.), pp. 115–133. New 
York: Plenum Press. 

 
319 Reisert, J. and D. Restrepo. 2009. Molecular tuning of odorant receptors and its 

implication for odor signal processing. Chemical Senses 34: 535–545. 
 
320 Restrepo, D., W. H. Lin, E. Salcedo, K. Yarnazaki, and G. Beauchamp. 2006. 

Odortypes and MHC peptides: complementary chemosignals of MHC haplotype? 
Trends in Neurosciences 29: 604–609. 

 
321 Rø, H., D. Müller, and H. Mustaparta. 2007. Anatomical organization of antennal 

lobe projection neurons in the moth Heliothis virescens. Journal of Comparative 
Neurology 500: 658–675. 

 
322 Roberts, S. A., D. M. Simpson, S. D. Armstrong, A. J. Davidson, D. H. Robertson, 

L. McLean, R. J. Beynon, and J. L. Hurst. 2010. Darcin: a male pheromone that 
stimulates female memory and sexual attraction to an individual male's odour. Bmc 
Biology 8: 21. 

 
323 Robertson, D., J. Hurst, S. Hubbard, S. J. Gaskell, and R. Beynon. 1998. Ligands of 

urinary lipocalins from the mouse: Uptake of environmentally derived chemicals. 
Journal of Chemical Ecology 24: 1127–1140. 

 
324 Robertson, D. H. L., A. D. Marie, C. Veggerby, J. L. Hurst, and R. J. Beynon. 2001. 

Characteristics of ligand binding and release by major urinary proteins. In Chemical 
Signals in Vertebrates (E. Marchlewska-Koj, D. Müller-Schwarze, and J. Lepri, 
eds.), pp. 169–176. New York: Plenum Press. 

 
325 Roelofs, W. L. 1995. Chemistry of sex attraction. Proceedings of the National 

Academy of Sciences of the United States of America 92: 44–49. 
 
326 Roelofs, W. L., W. T. Liu, G. X. Hao, H. M. Jiao, A. P. Rooney, and C. E. Linn. 

2002. Evolution of moth sex pheromones via ancestral genes. Proceedings of the 
National Academy of Sciences of the United States of America 99: 13621–13626. 



Chapter 6 Literature Cited  28 

 
327 Roper, T. J. 1999. Olfaction in birds. Advances in the Study of Behavior 28: 247–

332. 
 
328 Rosell, F. and L. J. Sundsdal. 2001. Odorant source used in Eurasian beaver 

territory marking. Journal of Chemical Ecology 27: 2471–2491. 
 
329 Ruth, P., H. Schmidtberg, B. Westermann, and R. Schipp. 2002. The sensory 

epithelium of the tentacles and the rhinophore of Nautilus pompilius L. 
(Cephalopoda, Nautiloidea). Journal of Morphology 251: 239–255. 

 
330 Said, I., C. Gaertner, M. Renou, and C. Rivault. 2005. Perception of cuticular 

hydrocarbons by the olfactory organs in Periplaneta americana (L.) (Insecta : 
Dictyoptera). Journal of Insect Physiology 51: 1384–1389. 

 
331 Saito, H., Q. Y. Chi, H. Y. Zhuang, H. Matsunami, and J. D. Mainland. 2009. Odor 

Coding by a Mammalian Receptor Repertoire. Science Signaling 2: 14. 
 
332 Schaal, B., G. Coureaud, D. Langlois, C. Ginies, E. Semon, and G. Perrier. 2003. 

Chemical and behavioural characterization of the rabbit mammary pheromone. 
Nature 424: 68–72. 

 
333 Schal, C., V. L. Sevala, H. P. Young, and J. A. S. Bachmann. 1998. Sites of 

synthesis and transport pathways of insect hydrocarbons: Cuticle and ovary as 
target tissues. American Zoologist 38: 382–393. 

 
334 Schemske, D. W. and R. Lande. 1984. Fragrance collection and territorial display 

by male orchid bees. Animal Behaviour 32: 935–937. 
 
335 Schlamp, K. K., K. Brown, R. Gries, M. Hart, G. Gries, and G. G. R. Judd. 2006. 

Diel periodicity of sexual communication in Anarsia lineatella (Lepidoptera: 
Gelechiidae). Canadian Entomologist 138: 384–389. 

 
336 Schneider, D. 1964. Insect antennae. Annual Review of Entomology 9: 103–122. 
 
337 Schulte, B. A. 1998. Scent marking and responses to male castor fluid by beavers. 

Journal of Mammalogy 79: 191–203. 
 
338 Schwenk, K. 1994. Why snakes have forked tongues. Science 263: 1573–1577. 
 
339 Seki, Y., H. Aonuma, and R. Kanzaki. 2005. Pheromone processing center in the 

protocerebrum of Bombyx mori revealed by nitric oxide-induced anti-cGMP 
immunocytochemistry. Journal of Comparative Neurology 481: 340–351. 

 



Chapter 6 Literature Cited  29 

340 Serizawa, S., K. Miyamichi, H. Nakatani, M. Suzuki, M. Saito, Y. Yoshihara, and 
H. Sakano. 2003. Negative feedback regulation ensures the one receptor-one 
olfactory neuron rule in mouse. Science 302: 2088–2094. 

 
341 Settles, G., D. Kester, and L. Dodson-Dreibelbis. 2003. The external aerodynamics 

of sniffing. In Sensors and Sensing in Biology and Engineering (F. Barth, J. 
Humphrey, and T. Secomb, eds.), pp. 323–355. New York: Springer. 

 
342 Seybold, S. J., D. R. Quilici, J. A. Tillman, D. Vanderwel, D. L. Wood, and G. J. 

Blomquist. 1995. De-novo biosynthesis of the aggregation pheromone components 
ipsenol and ipsdienol by the pine bark beetles Ips paraconfusus (Lanier) and Ips 
pini (Say) (Coleoptera-Scolytidae). Proceedings of the National Academy of 
Sciences of the United States of America 92: 8393–8397. 

 
343 Seybold, S. J. and C. Tittiger. 2003. Biochemistry and molecular biology of De 

Novo Isoprenoid pheromone production in the Scolytidae. Annual Review of 
Entomology 48: 425–453. 

 
344 Shaheen, N., K. Patel, P. Patel, M. Moore, and M. A. Harrington. 2005. A predatory 

snail distinguishes between conspecific and heterospecific snails and trails based on 
chemical cues in slime. Animal Behaviour 70: 1067–1077. 

 
345 Shanas, U., I. Gozlan, U. Murawski, and J. Terkel. 1998. Identification of main 

lipid components of mole rat Harderian gland. Journal of Chemical Ecology 24: 
2181–2193. 

 
346 Shepherd, G. M., W. R. Chen, D. Willhite, M. Migliore, and C. A. Greer. 2007. The 

olfactory granule cell: From classical enigma to central role in olfactory processing. 
Brain Research Reviews 55: 373–382. 

 
347 Shine, R., B. Phillips, H. Waye, M. LeMaster, and R. T. Mason. 2003. 

Chemosensory cues allow courting male garter snakes to assess body length and 
body condition of potential mates. Behavioral Ecology and Sociobiology 54: 162–
166. 

 
348 Smid, H. M. 1997. Chemical mate guarding and oviposition stimulation in insects: a 

model mechanism alternative to the Drosophila sex-peptide paradigm. Proceedings 
of the Koninklijke Nederlandse Akademie Van Wetenschappen 100: 269–278. 

 
349 Sorensen, P. W., T. J. Hara, and N. E. Stacey. 1987. Extreme olfactory sensitivity of 

mature and gonadally-regressed goldfish to a potent steroidal pheromone, 17-
alpha,20-beta-dihydroxy-4-pregnen-3-one. Journal of Comparative Physiology A-
Sensory Neural and Behavioral Physiology 160: 305–313. 

 



Chapter 6 Literature Cited  30 

350 Sorensen, P. W. 1992. Hormonally derived sex pheromones in goldfish - a model 
for understanding the evolution of sex pheromone systems in fish. Biological 
Bulletin 183: 173–177. 

 
351 Sorensen, P. W. and A. P. Scott. 1994. The evolution of hormonal sex pheromones 

in teleost fish - poor correlation between the pattern of steroid release by goldfish 
and olfactory sensitivity suggests that these cues evolved as a result of chemical 
spying rather than signal specialization. Acta Physiologica Scandinavica 152: 191–
205. 

 
352 Sorensen, P. W., A. P. Scott, N. E. Stacey, and L. Bowdin. 1995. Sulfated 17,20-

beta-dihydroxy-4-pregnen-3-one functions as a potent and specific olfactory 
stimulant with pheromonal actions in the goldfish. General and Comparative 
Endocrinology 100: 128–142. 

 
353 Sorensen, P. W. and N. E. Stacey. 1997. Evolution and specialization of fish 

hormonal pheromones. In Advances in Chemical Signals in Vertebrates (R. E. 
Johnston, D. Müller-Schwarze, and P. W. Sorensen, eds.), pp. 15–48. New York: 
Kluwer Academic/Plenum Publishers. 

 
354 Sorensen, P. W., C. A. Murphy, K. Loomis, P. Maniak, and P. Thomas. 2004. 

Evidence that 4-pregnen-17,20 beta,21-triol-3-one functions as a maturation-
inducing hormone and pheromonal precursor in the percid fish, Gymnocephalus 
cernuus. General and Comparative Endocrinology 139: 1–11. 

 
355 Soucy, E. R., D. F. Albeanu, A. L. Fantana, V. N. Murthy, and M. Meister. 2009. 

Precision and diversity in an odor map on the olfactory bulb. Nature Neuroscience 
12: 210–220. 

 
356 Spehr, M., K. R. Kelliher, X. H. Li, T. Boehm, T. Leinders-Zufall, and F. Zufall. 

2006. Essential role of the main olfactory system in social recognition of major 
histocompatibility complex peptide ligands. Journal of Neuroscience 26: 1961–
1970. 

 
357 Spehr, M. and S. D. Munger. 2009. Olfactory receptors: G protein-coupled 

receptors and beyond. Journal of Neurochemistry 109: 1570–1583. 
 
358 Stebbins, R. C. 1966. A Field Guide to Western Retiles and Amphibians. Boston: 

Houghton Mifflin.  
 
359 Steck, K., M. Knaden, and B. S. Hansson. 2010. Do desert ants smell the scenery in 

stereo? Animal Behaviour 79: 939–945. 
 
360 Stewart, P. D., D. W. Macdonald, C. Newman, and C. L. Cheeseman. 2001. 

Boundary faeces and matched advertisement in the European badger (Meles meles): 
a potential role in range exclusion. Journal of Zoology 255: 191–198. 



Chapter 6 Literature Cited  31 

 
361 Stoddart, D. M. 1979. External nares and olfactory perception. Experientia 35: 

1456–1457. 
 
362 Stoddart, D. M. 1980. The Ecology of Vertebrate Olfaction. London: Chapman and 

Hall.  
 
363 Stopfer, M., V. Jayaraman, and G. Laurent. 2003. Intensity versus identity coding in 

an olfactory system. Neuron 39: 991–1004. 
 
364 Su, C. Y., K. Menuz, and J. R. Carlson. 2009. Olfactory Perception: Receptors, 

Cells, and Circuits. Cell 139: 45–59. 
 
365 Sulz, L. and J. Bacigalupo. 2006. Role of nitric oxide during neurogenesis in the 

olfactory epithelium. Biological Research 39: 589–599. 
 
366 Sutton, O. G. 1953. Micrometerology. New York: McGraw Hill.  
 
367 Suzuki, Y., M. Takeda, N. Obara, N. Suzuki, and N. Takeichi. 2000. Olfactory 

epithelium consisting of supporting cells and horizontal basal cells in the posterior 
nasal cavity of mice. Cell and Tissue Research 299: 313–325. 

 
368 Takahashi, Y. K., M. Kurosaki, S. Hirono, and K. Mori. 2004. Topographic 

representation of odorant molecular features in the rat olfactory bulb. Journal of 
Neurophysiology 92: 2413–2427. 

 
369 Tennekes, H. and J. L. Lumley. 1972. A First Course in Turbulence. Cambridge, 

MA: MIT Press.  
 
370 Thesen, A., J. B. Steen, and K. B. Døving. 1993. Behavior of dogs during olfactory 

tracking. Journal of Experimental Biology 180: 247–251. 
 
371 Thiessen, D. D. and M. Pendergrass. 1985. Change of pelage lipids in the 

Mongolian gerbil, Meriones unguiculatus, as the result of autogrooming and 
sandliving. Journal of Mammalogy 66: 469–475. 

 
372 Thornton-Manning, J. R. and A. R. Dahl. 1997. Metabolic capacity of nasal tissue 

interspecies comparisons of xenobiotic-metabolizing enzymes. Mutation Research-
Fundamental and Molecular Mechanisms of Mutagenesis 380: 43–59. 

 
373 Tirindelli, R., M. Dibattista, S. Pifferi, and A. Menini. 2009. From Pheromones to 

Behavior. Physiological Reviews 89: 921–956. 
 
374 Touhara, K. 2002. Odor discrimination by G protein-coupled olfactory receptors. 

Microscopy Research and Technique 58: 135–141. 
 



Chapter 6 Literature Cited  32 

375 Touhara, K. 2008. Sexual communication via peptide and protein pheromones. 
Current Opinion in Pharmacology 8: 759–764. 

 
376 Touhara, K. and L. B. Vosshall. 2009. Sensing odorants and pheromones with 

chemosensory receptors. Annual Review of Physiology 71: 307–332. 
 
377 Troemel, E. R., J. H. Chou, N. D. Dwyer, H. A. Colbert, and C. I. Bargmann. 1995. 

Divergent seven transmembrane receptors are candidate chemosensory receptors in 
C. elegans. Cell 83: 207–218. 

 
378 Twan, W. H., J. S. Hwang, Y. H. Lee, H. F. Wu, Y. H. Tung, and C. F. Chang. 

2006. Hormones and reproduction in scleractinian corals. Comparative 
Biochemistry and Physiology A - Molecular and Integrative Physiology 144: 247–
253. 

 
379 Vahed, K. 2006. Larger ejaculate volumes are associated with a lower degree of 

polyandry across bushcricket taxa. Proceedings of the Royal Society B-Biological 
Sciences 273: 2387–2394. 

 
380 van Wilgenburg, E., R. Sulc, K. J. Shea, and N. D. Tsutsui. 2010. Deciphering the 

chemical basis of nestmate recognition. Journal of Chemical Ecology 36: 751–758. 
 
381 Vander Wall, S. B. 1998. Foraging success of granivorous rodents: Effects of 

variation in seed and soil water on olfaction. Ecology 79: 233–241. 
 
382 Vander Wall, S. B. 2000. The influence of environmental conditions on cache 

recovery and cache pilferage by yellow pine chipmunks (Tamias amoenus) and deer 
mice (Peromyscus maniculatus). Behavioral Ecology 11: 544–549. 

 
383 Vergassola, M., E. Villermaux, and B. I. Shraiman. 2007. 'Infotaxis' as a strategy 

for searching without gradients. Nature 445: 406–409. 
 
384 Vickers, N. J. 1999. The effects of chemical and physical features of pheromones 

plumes upon the behavioral responses of moths. In Advances in Chemical Signals in 
Vertebrates (R. E. Johnston, D. Müller-Schwarze, and P. W. Sorensen, eds.), pp. 
63–76. New York: Kluwer Academic Publishers/Plenum Press. 

 
385 Vickers, N. J. 2000. Mechanisms of animal navigation in odor plumes. Biological 

Bulletin 198: 203–212. 
 
386 Vickers, N. J. 2002. Defining a synthetic pheromone blend attractive to male 

Heliothis subflexa under wind tunnel conditions. Journal of Chemical Ecology 28: 
1255–1267. 

 
387 Vickers, N. J. 2006. Winging it: Moth flight behavior and responses of olfactory 

neurons are shaped by pheromone plume dynamics. Chemical Senses 31: 155–166. 



Chapter 6 Literature Cited  33 

 
388 Vogt, R. G., L. M. Riddiford, and G. D. Prestwich. 1985. Kinetic properties of a sex 

pheromone degrading enzyme - the sensillar esterase of Antheraea polyphemus. 
Proceedings of the National Academy of Sciences of the United States of America 
82: 8827–8831. 

 
389 Voigt, C. C. and O. von Helversen. 1999. Storage and display of odour by male 

Saccopteryx bilineata (Chiroptera, Emballonuridae). Behavioral Ecology and 
Sociobiology 47: 29–40. 

 
390 Voigt, C. C., B. Caspers, and S. Speck. 2005. Bats, bacteria, and bat smell: Sex-

specific diversity of microbes in a sexually selected scent organ. Journal of 
Mammalogy 86: 745–749. 

 
391 von Bekesy, G. 1964. Olfactory analogue to directional hearing. Journal of Applied 

Physiology 19: 369–373. 
 
392 Vosshall, L. B., H. Amrein, P. S. Morozov, A. Rzhetsky, and R. Axel. 1999. A 

spatial map of olfactory receptor expression in the Drosophila antenna. Cell 96: 
725–736. 

 
393 Wagner, D. L. and J. Rosovsky. 1991. Mating systems in primitive Lepidoptera, 

with emphasis on the reproductive behavior of Korscheltellus gracilis (Hepialidae). 
Zoological Journal of the Linnean Society 102: 277–303. 

 
394 Walro, J. M. and G. E. Svendsen. 1982. Casator sacs and anal glands of the North 

American beaver (Castor canadensis) - their histology, development, and 
relationship to scent communication. Journal of Chemical Ecology 8: 809–819. 

 
395 Watson, G. J., M. G. Bentley, S. M. Gaudron, and J. D. Hardege. 2003. The role of 

chemical signals in the spawning induction of polychaete worms and other marine 
invertebrates. Journal of Experimental Marine Biology and Ecology 294: 169–187. 

 
396 Webster, D. R. and M. J. Weissburg. 2001. Chemosensory guidance cues in a 

turbulent chemical odor plume. Limnology and Oceanography 46: 1034–1047. 
 
397 Wee, S. L., K. H. Tan, and R. Nishida. 2007. Pharmacophagy of methyl eugenol by 

males enhances sexual selection of Bactrocera carambolae. Journal of Chemical 
Ecology 33: 1272–1282. 

 
398 Weissburg, M. J. and R. K. Zimmerfaust. 1994. Odor plumes and how blue crabs 

use them in finding prey. Journal of Experimental Biology 197: 349–375. 
 



Chapter 6 Literature Cited  34 

399 Weissburg, M. J. 1997. Chemo- and mechanosensory orientation by crustaceans in 
laminar and turbulent flows: from odor trails to vortex sheets. In Orientation and 
Communication in Arthropods (M. Lehrer, ed.), pp. 216–246. Basel: Birkhäuser 
Verlag. 

 
400 Weissburg, M. J., M. H. Doall, and J. Yen. 1998. Following the invisible trail: 

kinematic analysis of mate-tracking in the copepod Temora longicornis. 
Philosophical Transactions of the Royal Society of London Series B-Biological 
Sciences 353: 701–712. 

 
401 Weissburg, M. J. 2000. The fluid dynamical context of chemosensory behavior. 

Biological Bulletin 198: 188–202. 
 
402 Weldon, P. J. 2004. Defensive anointing: extended chemical phenotype and 

unorthodox ecology. Chemoecology 14: 1–4. 
 
403 Wells, M. J. and S. K. L. Buckley. 1972. Snails and trails. Animal Behaviour 20: 

345–355. 
 
404 Wesson, D. W., T. N. Donahou, M. O. Johnson, and M. Wachowiak. 2008. Sniffing 

behavior of mice during performance in odor-guided tasks. Chemical Senses 33: 
581–596. 

 
405 Wesson, D. W., J. V. Verhagen, and M. Wachowiak. 2009. Why sniff fast? The 

relationship between sniff frequency, odor discrimination, and receptor neuron 
activation in the rat. Journal of Neurophysiology 101: 1089–1102. 

 
406 Wheeler, J. W. 1977. Properties of compounds used as chemical signals. In 

Chemical Signals in Vertebrates (D. Müller-Schwarze and M. M. Mozell, eds.), pp. 
61–70. New York: Plenum Press. 

 
407 White, P. J., T. J. Kreeger, J. R. Tester, and U. S. Seal. 1989. Anal-sac secretions 

deposited with feces by captive red foxes (Vulpes vulpes). Journal of Mammalogy 
70: 814–816. 

 
408 Whittle, C. L., R. T. Bowyer, T. P. Clausen, and L. K. Duffy. 2000. Putative 

pheromones in urine of rutting male moose (Alces alces): Evolution of honest 
advertisement? Journal of Chemical Ecology 26: 2747–2762. 

 
409 Wilson, D. A. and R. M. Sullivan. 1999. Respiratory airflow pattern at the rat's 

snout and an hypothesis regarding its role in olfaction. Physiology and Behavior 66: 
41–44. 

 
410 Wilson, E. O. and W. H. Bossert. 1963. Chemical communication among animals. 

Recent Progress in Hormone Research 19: 673–716. 
 



Chapter 6 Literature Cited  35 

411 Wilson, E. O. 1970. Chemical communication within animal species. In Chemical 
Ecology (E. Sondheimer and J. B. Simeone, eds.), pp. 133–155. New York: 
Academic Press. 

 
412 Wilson, E. O. 1971. The Insect Societies. Cambridge, MA: Harvard University 

Press.  
 
413 Wistrand, M., L. Kall, and E. L. L. Sonnhammer. 2006. A general model of G 

protein-coupled receptor sequences and its application to detect remote homologs. 
Protein Science 15: 509–521. 

 
414 Wood, W. F. 1999. 2-Methylcarboxylic acids in the interdigital glands of whitetail 

deer, Odocoileus virginianus dacotensis. Biochemical Systematics and Ecology 27: 
93–95. 

 
415 Wood, W. F., B. G. Sollers, G. A. Dragoo, and J. W. Dragoo. 2002. Volatile 

components in defensive spray of the hooded skunk, Mephitis macroura. Journal of 
Chemical Ecology 28: 1865–1870. 

 
416 Wyatt, T. D. 2003. Pheromones and Animal Behaviour. Cambridge: Cambridge 

University Press.  
 
417 Wyatt, T. D. 2009. Fifty years of pheromones. Nature 457: 262–263. 
 
418 Yamamoto, K., Y. Kawai, T. Hayashi, Y. Ohe, H. Hayashi, F. Toyoda, G. 

Kawahara, T. Iwata, and S. Kikuyama. 2000. Silefrin, a sodefrin-like pheromone in 
the abdominal gland of the sword-tailed newt, Cynops ensicauda. Febs Letters 472: 
267–270. 

 
419 Yamazaki, K., E. A. Boyse, V. Mike, H. T. Thaler, B. J. Mathieson, J. Abbott, J. 

Boyse, Z. A. Zayas, and L. Thomas. 1976. Control of mating preferences in mice by 
genes in major histocompatibility complex. Journal of Experimental Medicine 144: 
1324–1335. 

 
420 Yamazaki, K., M. Yamaguchi, L. Baranoski, J. Bard, E. A. Boyse, and L. Thomas. 

1979. Recognition among mice - Evidence from the use of a Y-maze differentially 
scented by congenic mice of different major histocompatibility types. Journal of 
Experimental Medicine 150: 755–760. 

 
421 Yamazaki, K., G. K. Beauchamp, M. Curran, J. Bard, and E. A. Boyse. 2000. 

Parent-progeny recognition as a function of MHC odortype identity. Proceedings of 
the National Academy of Sciences of the United States of America 97: 10500–
10502. 

 



Chapter 6 Literature Cited  36 

422 Yokoi, M., K. Mori, and S. Nakanishi. 1995. Refinement of odor molecule tuning 
by dendrodendritic synaptic inhibition in the olfactory bulb. Proceedings of the 
National Academy of Sciences of the United States of America 92: 3371–3375. 

 
423 Yuan, T. F. 2010. Smell with new neurons. Cell and Tissue Research 340: 211–214. 
 
424 Zala, S. M., W. K. Potts, and D. J. Penn. 2004. Scent-marking displays provide 

honest signals of health and infection. Behavioral Ecology 15: 338–344. 
 
425 Zarzo, M. 2007. The sense of smell: molecular basis of odorant recognition. 

Biological Reviews 82: 455–479. 
 
426 Zeeck, E., J. Hardege, H. Bartelshardege, and G. Wesselmann. 1988. Sex 

pheromone in a marine polychaete - determination of the chemical structure. 
Journal of Experimental Zoology 246: 285–292. 

 
427 Zeeck, E., T. Harder, M. Beckmann, and C. T. Muller. 1996. Marine gamete-release 

pheromones. Nature 382: 214–214. 
 
428 Zhang, J. X., Y. J. Liu, J. H. Zhang, and L. X. Sun. 2008. Dual role of preputial 

gland secretion and its major components in sex recognition of mice. Physiology 
and Behavior 95: 388–394. 

 
429 Zhang, J. X., W. Wei, J. H. Zhang, and W. H. Yang. 2010. Uropygial gland-

secreted alkanols contribute to olfactory sex signals in budgerigars. Chemical 
Senses 35: 375–382. 

 
430 Zhao, X. C. and B. G. Berg. 2010. Arrangement of output information from the 3 

macroglomerular units in the heliothine moth Helicoverpa assulta: Morphological 
and physiological features of male-specific projection neurons. Chemical Senses 35: 
511–521. 

 
431 Zimmermann, Y., D. W. Roubik, and T. Eltz. 2006. Species-specific attraction to 

pheromonal analogues in orchid bees. Behavioral Ecology and Sociobiology 60: 
833–843. 

 
432 Zimmermann, Y., D. W. Roubik, J. J. G. Quezada-Euan, R. J. Paxton, and T. Eltz. 

2009. Single mating in orchid bees (Euglossa, Apinae): implications for mate 
choice and social evolution. Insectes Sociaux 56: 241–249. 


