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ABSTRACT 

Ol factory communication in the ferret ( Mustela furo L . ) and the use of  

ferret anal  gland odours in  wi ldlife management were investigated . 

Four hypothesised functions of ferret odours and pred ictions from these 

hypotheses were outl ined and tested . 

Pred ictions of  spatial and temporal patterns of  scent marking were 

tested by two years of observations on ferrets in an outside enclosure. 

A repertoire of  scent marking actions was described . Both males and 

females performed anal drags after defaecation at conspicuous latr ines 

throughout the year . Wiping , belly  crawl and/or body rubbing , and chin 

rubbing , were performed more o ften by males , and peaked in spring . 

Chin rubbing was associated with food sites , and body rubbing with 

agonistic encounters .  An exper iment testing the use of anal gland 

odours in the maintenance of spatiotemporal separation of males was 

inconclusive .  

An histological study of  the skin revealed abdominal glands in  both 

sexes around the urogenital open ing , larger in males than in females . 

The odour-producing characteristics of  these glands are d iscussed . 

Tubular and sebaceous glands were present over the whole body , and both 

atr ichial and epitrichial tubular glands occurred in the feet and 

digits . 

Gas chromatography on ten individual ferrets ' anal sac extracts 

revealed sexually and individually d istinct profiles of volatile  

compounds ,  but no  consistent seasonal trends . Females had higher 

concentrations of 2 , 3-d imethylthietane and/or 3 , 4-dimethyl-1 , 2-

dithiolane , whi le indol� was usually the largest peak in male GC 

profiles . 2-propylthietane was an important constituent in most 

ind ividuals of each sex . 

y- and T-maze preference tests showed that ferrets were attracted to 

ferret anal gland odour ; could d iscriminate ferret odour from that of  

weasel , male from female , fami liar from strange , famil iar from their 

own , and fresh from one-day old ferret anal gland odours . Males 

preferred to investigate female odours , but could not d iscriminate 
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between oestrous and anoestrous odours . 

Male ferrets ' behaviour in the presence o f  various anal gland odours 

and an opponent showed them to be more confident in the presence of  

their own rather than their opponent ' s  odour , and less confiden t  with 

their opponent ' s  than with a known dominant animal ' s  odour . 

With mustelids ' predatory role in New Zealand and current predator 

control techniques in mind , the feasibility of using ferret anal gland 

odours as scent lures was investigated . A bioassay of synthetic  anal 

gland compounds showed that the most attractive combination of 

compounds was trans- and cis-2 , 3-dimethylthietane and 2-propylthietane , 

which was used as the bas is of an arti ficial scent lure i n  trapping 

experiments . Paired-trap design choice exper iments showed that ferrets 

preferred to enter baited traps rather than those scented w ith the 

artificial lure ; showed no preference between bait and a natural 

product anal gland odour lure ; preferred the natural over the 

artificial lure ; and the arti fic i al lure over no odour . The removal 

of  2 , 3-d imethylthietane d id not reduce the attracti veness o f  the 

artificial lure , and a lure containing only indole was also as 

attractive as the arti fic ial lure . Comparisons between trap s i tes with 

bait/lure pairs and those with lure only ind icated that scent lures 

should be as effective as bait in attracting ferrets , and this was 

confirmed in a field programme . Di fferences in the c atches o f  males 

and females , through the year , and on fresh and stale lure were 

analysed , along with data on captures of non-target spec ies . 

Ev idence for the hypothesised functions of  odours is synthesised . The 

role of anal gland odour i n  provi ding an ol factory association between 

a resident and the defended area is supported , along with a scent 

matching mechanism , whi le a neighbour-neighbour avoidance mechanism 

cannot be rejected . Anal gland odour ' s  role in sex attraction finds 

support , as does the antipredator defence hypothesis . Body odours are 

thought to play a more active role than anal gland odour in agonistic 

encounters ,  and chin rubbing could provide a bookkeeping system for 

efficient food searching .  Ferret and other mustelid ol factory 

communication systems play similar roles in med iating spacing systems . 

Differences occur in  the roles of  odours as sex attractants where there 

are differences between species in social organisation or reproductive 
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physiology . 

Results o f  the bioassay and trapping experiments are d iscussed i n  the 

context of the pheromone concept which is rejected for ferrets . Scent 

lures are seen as valuable additions to the current techniques used in 

mustelid control operations . The major priorities for future research 

are the confirmation of the presence of  odorous secretions at scent 

marking s ites ; the study of  l atrine usage by  wild ferrets ; the 

development of the art ificial lure in a long-lasting form ; and the 

testing of the attractiveness of arti ficial and natural product lures 

to other mustel id species . 
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Chapter 

INTRODUCTION 

has become apparen t that for the c omplete 

understand ing of the l i fe of a specie s ,  i n formation on 

its  methods of communication is  e ssential . . .  Some 

i nvestigators • • •  also hope that through a better 

understand ing of the animal's ' language' they may be 

able to design more effi cient methods  lead ing to the 

reduction ( or even the complete elimination )  of  a pest 

spec ies . "  -Mykytowycz 197 0  

1. 1 RAISON D'ETRE 

Although l i ttle is  known about the impact of predators on the majority 

of contemporar y New Zealand fauna , i t  i s  ind isputable that in  some 

places , at some times , mammalian predators such as muste l id s  are 

causing damage to particular spec ie s . Merton ( 197 8 )  noted that on 

island s: "without exception , ind igenous bird l i fe has been depleted by 

introduced mustelid s . "  Moors ( 1983 ,  pers . comm . )  found that native 

birds  in Kowhai Bush , Ka ikoura , lost 67 � of  the ir nests to predators , 

with stoats and weasel s being responsible for 7 8 �  of  this predation . 

Pierce ( 1982a ) found that pred ation was the main reason for nesting 

fa ilure of the endangered black stilt  ( Himantopus novae zeland iae ) . The 

main pred ators are ferrets ( Mustela  furo ) , c ats ( Fe l i s  catus ) , harriers 

( Circus approx iman s )  and rats ( Rattus norvegicus ) .  Another local ised 

mustelid-predation problem occurs at Tairoa Head , Otago , where Royal 

albatross ( Diomedea epomophora)  chicks fall prey to ferrets ( King and 

Moors 1979 ) .  Predation by stoats cannot be excluded from consideration 

of  factors l imiting the population of  takahe , Notornis mantell i , 

( Lavers and Mills  1978 ,  King 1984 ) and North Island kokako , Callaeas 

cinerea wil soni , ( King 198 4 ) . Effective man agement programmes require 

knowledge of  the biology of these pred ators . The keystone posi tion 

communication holds in social behaviour of animal s  means that a 

knowledge of a spec ies' communication system is essenti al for a full 

understand ing of the l i fe of that an imal . Thi s  thesi s reports on a 

3-year study of  the olfactory communication s ystem o f  the ferret , that 

provid es a test· o f  poss i b l e  functions o f  odours in commun ication . 

Bui ld ing upon this knowledge of ferret olfactory commun ication , the use 
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of  odours as wild l i fe management tool s are  investigated , with the  a im 

of  producing more effec tive mustel id control techniques . 

1 . 2 THE FERRET IN NEW ZEALAND 

The ferret  ( Mustela furo Linnaeus 1 75 8 )  i s  probably  a domesticated form 

of Mustel a  putorius , the European polecat ( Carnivora : Mustel idae ) ( Rempe 

1 970 , Corbet and Hill 1 980 , Zima and Kral 1 984 ) . For convenience , and 

to d i stingui sh between thi s domesticated form and i ts  ancestral stock , 

the name M .  furo i s  retained ( Corbet and Southern 1 97 7 , Corbet and Hi ll 

1 980 , Lavers and Clapperton in prep . ) . It  was introduced i n to New 

Zeal and in the late 1 800 ' s ,  along with stoats ( M . erminea)  and weasels 

(�. nival i s ) , in  an attempt to control the alarming increase i n  the 

rabbit population ( Oryctolagus cun iculus ) (Thomson 1 922 , Gibb and Flux 

1 973 ) . It was soon realised , however , that they were  not controll ing 

rabbit numbers ,  and that native birds  wer e  included in the i r  d iet  

( Thomson 1 922 ) . Ferrets have become widely d istr ibuted through New 

Zeal and , l iving in pasture , rough grassland , and bush marg ins ,  the ir 

populations being concentrated in areas wi th l arge r abbit popul ations 

( Mar shall 1 963 ) . They have not been reported from Stewart I s l and or 

any o ffshore island s ( Fitzgerald et al . 1 984 ) . 

There are publ ished accounts o f  appearance , body s ize , we ight , skull 

d imensions ,  r eproduction and d iet ( Wodzicki 1 95 0 , McCann 1 955 , 

Fi tzgerald 1 964 , Lavers 1 973a , Roser and Lavers 1 976 , Robertson 1 976 , 

Gibb et al . 1 978 ) . Thi s  i nformation i s  summar i se d  by Lavers  and 

Clapperton ( in prep . ) . Male we ight ( average 1 . 0- 1 . 3  kg )  can b e  twice 

that of females ( average 450-600 g ) , with we ight and physical cond ition 

varying through the year ( Fi tzgerald et  al . 1 984 ) . Testi s we ight 

increases rapidly  in  August , and i s  high until late summer . Females 

come into oestrus in September . After a 4 1 -42 day gestation per iod , 

the fi rst l itter o f  2-1 0 ( usually  6-8 ) ki ttens i s  born in spr ing , and 

the young disperse from the natal area  about three months l ater . The 

femal e can come back into oestrus and have  a second l i tter b e fo r e  the 

end of the breed ing season in March . Breeding coincides roughl y with 

the peak supply o f  young rabbits . Rabb its , rodents and bird s a r e  the 

major prey , supplemented by frogs , carr ion , fi sh and invertebrates . 

Ferrets spend l ittle  time above ground in the open , and al though 

basically  nocturnal , are sometimes activ e  during daylight hours  ( Gibb 
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et al . 1 978 , pers . obs . ) .  

Soc i al organisation has been stud i ed by Lavers ( 1 973a ) and Moors  and 

Lavers ( 1 9 8 1 ) ,  who found that ferrets at Pukepuke Lagoon , coastal 

Manawatu , had an intrasexual terr itor i al system typical  of Mustela 

speci es ( Powell 1 979) . The ranges o f  males and females overlapped 

extensively ,  but within the same sex individual ranges overlapped only 
near the ir  borders .  Males in particular maintained a wel l-defined 

spacing  system . An i nd ividual ' s  home range did  not remain fi xed 

throughout its l i fe ,  but was affected by such factors as food sources 

and occupancy of nei ghbouring ranges . Moors and Lavers ( 1 98 1 )  

suggested that scent marking and dominance relationships were the 

pr inci pal mechanisms by which this  spacing system was maintained . 

Ind i viduals appeared to be solitary ,  except for reproductive purposes , 

and males engaged in f ighting dur i ng the breed ing season ( Lavers 1 973a , 

Moors and Lavers 1 98 1 ) .  The term terr itory i s  thus used in  the sense of a 
defended area , allowing priority of access to resources , leading 
to spatiotemporal separation of ind i viduals of the same sex . 
Knowledge of  the ferret ' s  communi cation system has been l imited to 

overseas studies on vocalisations ( Gossow 1 970 ) , polecat/ferret 

behaviour ( Poole 1 967 , 1 972a , b ,  1 973 ) , i nclud ing scent marking ( Goethe 

1 940 , 1 964 , Eibes-Eibesfeldt 1 95 6 ) ,  responses to odours (Wheeler 1 978 , 

Sokolov and Rozhnov 1 983 ) and studies on anal gland structure ( Stubbe 

1 972 ) . Crump ( 1 980b ) identi fied some of the chemical components o f  

ferret anal gland secretions . McCann ( 1 955 )  suggested that smell was 

important in location o f  the opposite sex . Lavers ( 1 973b ) found that a 

s igni ficantly high proportion o f  ferrets was caught in  traps that had 

recently held another ferret , and he suggested that this indicated that 

scent plays an important part in attract ing ferrets to one another . 

1 . 3 OLFACTORY COMMUNICATION 

With this background informat ion on the biology of the ferret , the 

research needed to understand ferret ol factory communication can be 

outlined . Eisenberg and Kle iman ( 1 972)  defined ol factory communicat ion 

as: "the process whereby a chemical si gnal i s  generated by a presumpti ve 

sender and transmitted ( generally through the ai r )  to a presumpti ve 

recei ver who by means o f  adequate receptors can identify ,  integrate and 

respond ( ei ther behaviourally  or physiologicall y )  to the s i gnal " . 

Mammal ian odours can take the form o f  either body odours or scent 
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marks . Johnson ( 1 97 3 )  defined scent marking as " behaviour by  which  

gland ular sec retions are  deposited on  the ground or o nto objects  in  an 

animal ' s  environment" ,  but i t  should be noted that faeces and ur ine c an 

act as med ia for the deposition o f  such secretions . 

The sol itary and terr itorial way o f  l i fe of  the ferret suggests that 

odours could have a role in the mainter\ance o f  i ts spac ing system . An 
early  hypothes i s. :o f scent marking by mammals  was that i t  was 

used to demarcate a spatially-fi xed terr itory , and that c onspec i fics  

would be deterred from intrud ing into thi s marked area  ( Uexull and 

Kr iszat 1 934 ) .  It has seldom been shown , however , t hat animal s will be 

prevented from enter ing a scent marked area ( Gosl ing 1 982 ) . Thus scent 

marks are not likely to act simpl y as i ntruder-deterrent bound ary 

markers , espec iall y in a spec ies l ike the ferret , where mal e home 

ranges can be as large as 10 ha ( R . J .  Pierce per s .  c omm . ) . Such a 

system of bound ary markers would provide j ust a sing le l ine o f  defenc e ,  

which could not be renewed frequentl y enough b y  a sol itary animal 

defend ing a large area . A more effective means o f  defence for such an 

animal is "hinterland marking" ( Go rman and Mills 1 984 ) , the animal 

peppering the whole home range with scent marks . Thi s  allows some 

intrusion to occur , but ensures that sooner or later an intruder will 

encounter a scent mark .  

Scent marks may intimidate intruders and/or enhance the confidence o f  
( see Emendation 1 )  

residents ( Mykytowycz 1 915 , Mykytowycz et §le 1 916 �. Gosl ing ( 1 982 ) 

claimed that thi s was not d i rectly testable , and rephrased the problem 

in terms o f  a cost/benefit asssessment o f  agoni stic encounters. He 

suggested a mechani sm by which intruders could recogni se a resident . 

Scent marks were seen to provide an olfactory a ssoc iation between a 

resident and its defended area . Intruders encounter ing scent marks and 

then other animal s would be able to recogni se the r esident by matching 

the odour o f  the scent marks wi th the bod y odour emanating from the 

animal it meets . Territorial d isputes are thus settled on a "property 

tenure" basis  ( Gorman 1 984a ) . Both animals would be able to assess the 

asymmetr y o f  the encounter , and react appropriatel y .  Both should avoid 

escalating the encounter to fi ghting if possible , but as the resident 

has more to lose , it should be prepared to defend i ts resources , while  

the intruder should be  more l ikely  to  flee  when the scent marks and 

bod y odours of  the adversary match ( Parker 1 914 ,  Ma ynard-Smith and 
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Parker 1 976 ) . Thus territorial d i sputes could be settled by odour 

commun ication and a min imum of fighting and assoc iated i n j ury . 

I nteractions between neighbours c ould also be med iated i n  thi s way ,  but 

a simpler model of neighbour-neighbour recognition and avoid ance can 

al so be proposed . As i n  auditory c ommunication , neighbours could learn 

each others ' signals by repeated exposure ,  and ad just their  

spatiotemporal arrangemen t wi thout over t aggression ,  or  even having to 

meet . As Leyhausen ( 1 965 ) found in domestic cats , after only  one 

agonistic  interaction d omin ance relationshi ps can be  establ ished , and 

an imal s will then avo id face-to-face encounters .  Leyhausen and Wol ff 

( 1 95 9 )  suggested that scent marks act as  "railway signal s" , to min imise 

encounters between ind ividuals  by signall ing how recentl y  an an imal has 

passed . If  two an imal s residen t  in  overlapping home r anges r egular ly  

encounter scent marks tha t  contain in formation on  ind ividual identity  

and on the length of  time since  the mar k was pl aced , they  could  learn 

to recognise each other ' s  scent marks and movement patterns . In thi s 

way ,  subord inate indiv iduals could avoid d irec t  contact  with dominan t  

neighbours ,  and no further in teractions or matching o f  scent would b e  

necessar y .  

A territorial d efence hypothesi s  can thus b e  put forward , w ith two 

possible mechanisms , each  o f  which have particular pred ictions that c an 

be te sted ( Table 1 . 1 ) .  I f  the scent marks are aimed at stranger s 

intrud ing into the area , one can predict  an increased rate o f  scent 

marking in the breed ing season , when males are most acti vely defend ing 

their territories ( Moors and Lavers  198 1 ) .  I f  the y  are more important 

in neighbour-neighbour interac tions , they may show no seasonal vari ations j 

frequenc ies , as neighbours mainta in spatiotemporal arrangements all  

year round . Both mechan i sms require an ab ility to d i sc riminate amongst 

odours of d i fferent ind ividuals , and to show c er ta in r esponses , 

depend ing upon the id enti ty o f  the odours . Ei ther mechan i sm could 

involve  ei ther a bound ar y or hinterland marking system . If scent marks 

are used as bound ar y-markers , they should be c oncentrated at the 

per iphery of the territory . If  a hinterland marking system is  used , 

scent mar ks should be left in conspicuous pl aces throughout the 

territory , concentrated at  acti vity  c entres such as d en si tes and 

regularl y-used pathways , where they are  most l ikel y  to be  encountered . 
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TABLE 1 . 1  

Hypothesi sed functions of  ferret odours and pred ictions to be tested . 

(see Emendation 2) 

HYPOTHESIS  1 

Scent marks prov ide an olfactory association between a residen t  and its 

defended area which allows i ntruders and neighbours to avoid escalating 

agonistic encounters wi th a r esiden t .  

MECHANISM 

Intruders compare  the scent of  any an imal s they meet with the memorised 

scent  of marks they have encountered in the v icin i ty . When these 

scents match the resident is i den tifi ed and the intruders respond 

appropr iatel y ,  usually by wi thdrawal . 

Pred ictions : 

( a )  Scent marks wi ll be left in places where they are  most l ikel y  

to be encountered . 

( b ) The fre�uency of  scent marking  wi ll be hi ghest in  spr ing . 

( c) Ferrets wi ll  be able to d istingui sh between the ir own and others ' 

odours and amongst d ifferent indiv idual s '  odours .  

( d )  Residents wi ll smell the same as the ir scent marks . 

( e ) Residents wi ll  be most confident when in the presence of the ir 

own odours .  

( f ) Intruders will be intimidated if  the odour of  n earby scent 

marks matches that of the an imal it meets . 

MECHANISM 2 

Ferrets will remember and recogn i se the scent of  n e ighbours they have 

prev iously  encountered , and wi ll avoid areas scent  marked by fresh 

odour of dominant neighbours , thus avoid ing agonistic encounters . 

Pred ictions : 

( a ) Scent marks will be left in places where they are  most l ikel y  

to be encountered . 

( b ) Ferrets wi ll  scent mark all year round . 

( c) Ferrets wi l l  be able to d i scriminate amongst d i fferent 

indiv idual s '  odour s ,  and the freshness of odour s .  

( d )  Ferrets wi l l  be least confiden t  in the presence of the odour of 

known domin ant  neighbour s .  



( e ) Ferrets  wi l l  avoid areas freshly  scent marked by dominant 

neighbour s .  

HYPOTHESIS 2 

Scent marks and/or body odours act as sex a t trac tants , one or  both 

sexes being attracted to the odours of the opposite sex . 

Pred i c tions 

( a )  Scent marks will be left in  pl aces wher e  the y  are most l i kely  

to  be  encountered by members of  the oppo s i te sex. 

( b )  Scent marking may vary  seasonally  in frequency or qual i t y . 

( c )  Ferrets will  be able to di scr iminate between male and female  

odours . 

( d )  Ferrets will  approach the odour o f  the opposite sex in  

preference to that of i ts own sex , dur i ng the breed ing season. 

HYPOTHESIS 3 

7 

Scent mar ks act as  a bookkeeping system to assi st in effi c ient food 

relocation . 

Prediction : 

( a ) Scent marks wi ll  be concentrated at food s i tes , e i ther ( i )  at  old 

food site wher e  onl y odours and ined ibl e r emains are present , or  

( i i )  at freshly deposi ted food stores . 

HYPOTHESIS 4 

Anal gland odours released in l arge amounts form an antipr ed ator 

d e fence system . 

Pred ictions : 

( a )  Wi ld ferrets will release l arge amounts o f  anal g l and odour 

when captured by a pred ator ( e . g .  man ) . 

( b ) Predators wi ll be d eterred by thi s  odour . 
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Odours can al so be used in reproductive processe s .  An important 

signalling role for odours  i n  r eproduction is  to ind icat e  to 

conspec i fi c s  the sex and sexual state o f  the signaller ( Stoddart 

1 980b) . Odours c ould thus act as  both a sex recognition system and as 

sex attractants , bring ing the sexes together for mating , of part icular 

importanc e  in sol itary-living species  such as the ferret ( Hypothe sis  2 ,  

Table 1 . 1 ) .  For odours t o  act i n  sex attractio n , ferrets must b e  able 

to d i scriminate between male and female odours and r e spond 

appropriate ly , at least dur ing the breed ing seaso n . 

Kor ytin and Solomin ( 1 969 ) and Henry  ( 1 977 ) suggested that scent marks 

could assi st in effic ient forag ing by scavenging spec ies . Scent marks 

could be d eposited when and where food is stored , or where no food 

remains at a cache , both systems acting  to reduce the amount o f  time 

and energy spent in foraging by increasing the odour output from 

cer tain si tes . These hypotheses  c an apply not only  to scavenging 

spec ies , b ut to an y an imal that stores food , no  matter how it i s  

obta ined ( Hypothesis 3 ,  Table 1 . 1 ) .  

In add ition to these intraspecific roles , odours could function in  an 

interspeci fic  context .  Goethe ( 1 964 ) noted that : "despi te the ir 

mostly smal l size the mustelids have few enemies , unquestionably a 

result o f  the ir var ied threaten ing and defensive behaviours ,  i n  which 

chemical d efence in particular has a strong effect on all host ile 

mac ros mati c  mammal s." Some spec ies are well known for the ir  read iness 

to release anal gland odour when fr ightened ( John son 1 92 1 , Walker 1 930 , 

McCabe 1 94 9 ,  Alexander and Ewer 1 95 9 ,  Br inck et  �. 1 97 8 ) . The odour 

of skunks ( Mephi tinae) , which contains butyl merc aptan , was described 

by Ewer ( 1 97 3 ) as "nauseous i n  the extreme" . Adult ferrets i n  New 

Zealand lack the natural mammal ian and raptorial pred ators wi th which 

the y evolved in Europe ( Goethe 1 964 ) , but an antipredator function  for 

the use o f  anal gland secretion/odour in large quantities c an be 

outlined ( Hypothesis 4 ,  Table 1 . 1 ) .  

The testing  of  the four hypotheses ( Table 1 . 1 ) requires observations on 

how ferrets lay  down scent marks , and how they  respond to these and to 

bod y odour s ( Chapter 2 ) . An examination o f  the possible sources o f  

odours used i n  scent mar king wi ll allow a fuller understand ing o f  the 

functions o f  odours from var ious g lands  ( Chapter 3 ) . For ferrets to be 
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abl e to d i scr iminate amongst d i fferent odour s ,  these odours must var y  

i n  some structural way ( Chapter 4 ) .  The odour d i sc r imin ation abi l ities 

of ferrets can be tested by preference exper iments ( Chapter 5 ) , and 

further controlled experiments demonstrate ferrets '  spontaneous 

responses to scent marks ( Chapter 6 ) . Information  on odour r elease 

dur ing hand ling of captured wi ld ferrets ( Chapter 8 )  prov id es a test 

for the antipredator role of odours . 

I f  anal gland odours are attractive to ferrets ( i . e .  i f  an y o f  

Hypotheses 1 ,  2 ,  o r  3 ,  are oper ating ) ,  then the possible use o f  anal 

gland odours to bring mustelids to control dev ices can be invest igated . 

1 . 4 PREDATOR CONTROL I N  NEW ZEALAND 

Predator c ontrol procedures can be classed into two 

1 98 1 ) .  Large scale population control measures 

overall population density permanently ,  whi le d amage 

c ategories ( King 

a ttempt to reduce 

c ontrol measures 

attempt temporary reduction o f  numbers o f  a pred ator in  an area and at 

the time when d amage i s  occurr ing . 

Ferret populations may be controll able by a " gamekeeper" population 

control approach . King and Moors ( 1 97 9 )  describe the dec l ine in  

number s o f  polecats in England by intensive pred ator c ontrol on game 

estate s .  However , such proc edures would be ineffective on mainland 

populations  of stoats and weasel s ,  because of the ir r apid reproductive 

potential ( King and Moors 1 97 9 ,  King 1 983 ) .  Control of damage done by 

all mustel id spec ies in  New Zealand , as i n  the examples above ( section 

1 . 1 ), remains v iable , as does population control on small island s .  The 

ab i l i ty to control predators on small islands has been demonstrated , 

for example , by  the ex termination o f  cats from Li ttle Barrier Island 

( Veitch 1982 ) . Such erad ication programmes are ex tremel y d i ffi c ul t  and 

exac ting tasks , and Merton ( 1 97 8 )  stressed that all 

ecologic all y-acceptable means of extermination should be used . Onc e  an 

i sland is freed of a predator , continued pred ator c ontrol programmes o n  

nearby ,  " stepping stone" i sland s may b e  necessary to prevent 

recolon isa tion . For ei ther population control o r  d amage prevention  

programmes to  be effective they must be very  i n tensi ve , and  thi s 

requires techn iques that are effi c ient in  terms o f  money and manpower . 

There i s  a need thus for wi ldl ife sc ienti sts to explore all possibl e 
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avenues to arrive at improved control measures . 

The control of damage done by  mustelid s in  New Zealand is achieved by  

preventing access to  the prey s pecies and by  inc reasing mortality of 

the pred ator population . Ferret n umbers may also be controlled by  

reducing the numbers of  their staple food , the r abb it ( Gibb and Flux 

1973 ) .  Preven ting access to the prey can be done only in  small areas 

and in some habitats . Two pred ator exclosures form a mechanical 

barr ier between ground predators and black stilt nests ( Pierce 1 982b) , 

however , t hese two ex closures include only a small portion of t he total 

breed ing ground of the spec ies . Augmenting mortality of mustelids i s  

done by trapping , using Fenn traps for stoats and weasels and Gin  traps 

or box traps for the larger ferrets ( Plate 1 . 1 ) .  Catch r a tes  are 

higher if  there is some odour ( ba i t  or the smell of a prev ious capture ) 

in the trap ( King 1 973 , Lavers 1 973b , King and Moody 1 976 , King and 

Edgar 1 977 ) , thus scent lures for mustelid traps could be v aluable 

add i tions to the current techn ique s .  

The attrac tive ingred ients of ferrets ' anal gland secret ions i s  

determined by a laboratory bioassay ( Chapter 7 ) .  These are then used 

as the basi s for synthetic trap lures , whose effecti veness compared to 

ed ible bait  and natural product  ferret lures are tested in field tr ials 

( Chapter 8 ) . 



Plate 1 . 1 :  Ferret caught in ( a) Gin trap ( b ) Edgar l ive-trap . 



(b) 
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Chapter 2 

OBSERVATIONS ON SCENT MARKING BEHAVIOUR 

"The greatest need in scent marking studies i s  good 

descr ipti ve i n formation Most researchers 

interested in chemical commun ication ideally would 

like to understand the entire process a s  i t  

functions i n  n ature • • •  However in general thi s  i s  

the most difficult approach , so many worker s have 

turned to studies of captive an imals to help 

provide insight into the way chemical commun ication 

functions in the wild . "  -Mech and Peter s 1 977 

I NTRODUCTION 

1 1  

The first step i n  a study of  olfactory signalling is  t o  observe  the 

an imals to see i f  they lay odours down as scent marks , and i f  so , i n  

what situations . Scent marking actions have been descr ibed for a 

number of  mustelid spec ies . 

region on prominent objects 

The European badger rubs i ts gen ital 

in the environment ( Frank 1940 , 

Eibl-Eibesfeldt 195 0 ) ,  and has a "squat-marking" action , by whi ch i t  

marks the substrate with  a mixture of  secretions from i ts  subcaudal and 

anal glands ( Kruuk 1 978 , Kruuk et al. 1984 ) .  Wolver ines  ( Gulo gulo ) 

deposi t "musk" from anal glands on trees and on the ground , and mark 

rocks and stumps with secretions from pregen ital glands ( Krott 1959 , 

Pulliainen and Ovaskainen 1 975 , Koehler et al .  1980 ) . Eibl-Eibesfeldt 

( 1956 ) described tr ee martens ( Mar tes sp . )  climbing over obj ects  in a 

conspicuous fashion and believed thi s to be a way o f  wiping  off 

sec retion from the anal glands . Herter and Ohm-Kettner ( 1 954 ) observed 

similar marking  actions , and Krott ( 1959 )  suggested that i t  was not 

sec retion of  the anal glands being laid down by mar tens , but rather 

that o f  the pregen ital gland.  A tame pine marten ( M . mar te s )  was 

observed by Goethe ( 193 8 )  to r ub the urogenital region , g i v ing  off 

glandular secretion s ,  against a ra ised obj ect . Hall ( 1926 )  described 

rubbing of  the abdominal gland as a form of scent marking in Martes 

caurina . 
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Amongst Mustela spec ies , the weasel marks with the whole body , with 

presumed g land s of the gen ital reg ion , and by c heek rubbing ( Frank 

1 962 ) ,  whi le  the mink ( M . v ison ) rubs the anal reg ion against obj ects 

on the ground ( Br inck et al . 1 97 8 ) . The European pol ecat sl ides  its 

hin d quarters  over the ground after defaecation, leav ing behind a trail  

of " scent" ( Goethe 1 940 ) . It a lso c l imbs over obj ects with i t s  tail  

raised , and was thought to wipe off anal  gland secretion by thi s action 
( Eibl-Eibesfeld t 1 956 ) . The most comprehensi ve study of scent marking 
in a Mustela  spec ies to date is  that  of Er l inge et al . ( 1 982 ) on the 
stoat . They described the anal d rag, and assumed it to be a way of 
deposi ting anal gland secretions, and body rubbing, a means of marking 

with general bod y  odours .  

Man y of these descr ipt ions have been based on tame or captive an imal s, 

or casual observations i n  the wi ld . A full und erstand ing of a spec ies '  

ol fac tory communication system requires extensive , s ystematic 

ob serv ation , ideally in  the wi ld . Even given modern technology, 

however , an attempt to study the behav iour of a wild population of 

small mustel id s would result in many hours of unproductive effort . A 

more profi table approach i s  to con fine several stud y an imals into a 

large encl osure and allow them to l ive  under semi-natural cond itions 

and observe  them directl y .  Such d irect  observational techn iques allow 

the scent marking events to be described, along wi th not only  the 

env ironmental but also the behavioural contex t  in which  they occur . 

Erl inge et al . ( 1 982) based their descriptions of scent marking actions 

of stoats on observations of wild-caught an imal s in an enclosure, and 

Kruuk et al . ( 1 984 ) observed squat-marking in badgers in a 1 600m2 

enclosure . Thi s  approach appeared to be the most sui table for 

investigating the scent marking behaviour of the ferret . 

Onc e  it has been establ i shed that a spec ies does l ay down scent in  the 

env ironment, add itional quest ions can be posed . How often do 

ind i v idua l s  scent mark? At what  times and in what  seasons and 

locations? Wha t  is the sex of the marker? What  e ffects do scent marks 

hav e  on an imal s perceiving them? Three hypotheses were suggested in 

Chapter 1 to explain scent marking behav iour in  ferrets , and a n umber 

of testable predictions outl ined for each hypothesis . Those 

predictions  involving the d i stribut ion and frequency of scent marking 

by var ious i nd i v iduals, and responses to scent marks, can be tested by 



direct observat ion work on scent marking behaviour . 

2 . 2 METHODS 

2 . 2 . 1 Encl osure 

1 3  

Observations on scent marking behaviour of ferrets were conducted in a 

30 m by 35 m outside enclosure at Massey University  ( Fig . 2 . 1 ,  Plate 
2 . 1 ) .  It was d iv ided into two equal areas by a 1 m high fence made  of 

chicken netting in the first year and of corrugated iron in  the second 

year . A 2 m length was left in chicken netti ng , to prov ide a window 

for v isual , ol factory and aud i tory contact between the ferrets on 

either sid e .  A gate in the d ivid ing fence could be opened to allow the 

ferrets access to the opposi te side and physical contact with  each 

other . Two straw-filled plywood nest boxes set i n  earth mounds  were 

prov ided on ei ther side of the enclosure .  Lengths of PVC pi ping or 

plywood formed entrance/ex it  burrows . Water was prov ided in containers  

on ei ther side of the enclosure . Large dead tree l imbs , small plants , 

lengths of PVC piping , wooden posts and other " land scaping" provided 

rel ief from the flat pasture on which the enclosure was built  

( Fig . 2 . 1, Plate 2 . 1 ) .  The grass was kept short by intermittent 

grazing by sheep . Food was prov ided ad libitum , usually  in  the form of 

petfood sausage . 

2 . 2 . 2  Subj ects 

Four ferrets l ived in the encl osure ,  one male/ femal e pair on ei ther 

side . Males Hans  and Snark and females Jol ie and Ulla were observed 

throughout the first year of the study ( though Ul l a  was not present in  

spr ing ) .  These ferrets were  replaced by four new  ind ivid ual s ,  males 

Bi lbo and Mall i  and femal es Pug and Satha for the n ex t  year . However , 

these four escaped after six  months , and were replaced by mal es Chico 

and Ras and femal es Swuzzle and Titi for the f inal hal f  year of the 

stud y .  All were  wild caught an imal s apart from Ti t i  who was bred in 

captiv ity . Some were fi tted with harnesses or collars made of 

reflective tape , or pa int-marked to allow rapid identi fication dur ing 

night observations . 

2 . 2 . 3  Proced ure 

Observations were made at night , using a Noctron V night v i sion scope , 

with either a 1 35 mm or 80-200 mm zoom lens . 



Figure 2 . 1 :  Diagram of the outside enclosur e ,  and deta i ls  

of the per imeter fence . 

W =water conta iner 

o =nest box 

J:::( =burrow or piping 

L:7 =wood or plywood 

o = post 

% = plan t  

? = branch 

Overl ays show ( a ) pathways and latr ine s i tes ( 1  and 2 

refer to the latrines used in  the avoid ance exper iment , 

sections 2 . 2 . 3 ,  2 . 3 . 3 ) and ( b ) d i v i sion o f  t he enclosure 

into regions used in stati stical analysi s  ( C=central , 

B=boundary )  • 
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Plate 2 . 1 :  View of the outside enclosure .  
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Torch l ight was used to improve v i sibil ity on d ark n ights , and to aid 

in identi fic ation of animal s .  The ferrets were observed at all t imes 

of the n ight from sunse t  to sunr ise , in all seasons ,  from July 1 98 3  to 

May 1 985, for a total of 430 hours . 

General behaviour was observed using an ad l ib itum sampl ing procedure 

( Al tmann 1 974 ) . Postures and actions o f  ferrets engaged in scent 

mar king were  noted , along with the ferret ' s  identity , sex , position in 

the enclosure , and orientation towards obj ects . Preceed ing and 

subsequent behaviours of the scent marker , position and reaction o f  the 

other animal s, time of night and weather cond i tions were  al so noted . 

Thi s  qual i tative information allowed the formation o f  a reperto ire o f  

scent marking behaviou� 

Quantitative d ata on scent  marking were  al so collec ted . Each year was 

d ivided into four seasons - winter ( June to Augus t ) , spr ing ( September 

to November ) ,  summer ( December to February )  and autumn ( March to May ) . 

The night was divided into roughly equal ear l y ,  middle and late 

observation period s or "watche s" , the length and start and fin ish hours 

var ying with daylength . During a watch ,  a sampling session was d efined 

as starting when an an imal appeared from an entrance burrow , or  i f  an 

an imal was already out , from when it was first seen . Sampling fin i shed 

when the animal disappeared from sight and remained out of  sight for at 

least ten minutes . A focal subgroup sampling procedure was fol lowed 

( see Altmann 1 974 ) , wi th a pair of an imals being observed 

simultaneousl y  during a watch ,  i f  they were both visible . The two 

pa irs were  watched usually  on al ternate night s ,  or  on the same n ight i f  

they were active at d i fferent times . More ear ly  watches were done than 

either mid d le or l ate watches , but the ratio of observations in the 

three per iods was kept roughly equal through t he year . Eac h  hal f  o f  

the enclosure was d ivided into two regions - central ( C ) o f  302 m2 , and 

boundary ( B ) of 223 m2 ( Fi g .  2 . 1 ) .  The n umber and type of scent 

marking events occurring in each region were  noted . Every minute the 

posi tions of the focal an imal s were  recorded on a map o f  the enclosure , 

thus the n umber of scen t marking events  in a region , per time spent in  

that regio n , could be  calculated . This  g ave a rate o f  scent marking 

for each an imal for each region and each season . The time spent 

feed ing in a region ( an imals were usually  fed in C )  was subtracted from 

the time in that reg ion . Data on both the rate o f  scent marking per 
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total time observed in that  season and the rate o f  scent markin g  per 

time in each region per season were analysed . The behavioural 

observations on each animal ' s  f i r st n ight in  the enclosure were  
I ' 

excluded from the d ata , which were converted into normal ised ranks and 

analysed using analysis of var iance .  Null  hypotheses were  rejec ted at 

the � =O . 05 significance level . Full analyses are given in Append ix 1 .  

The gate in the d ivid ing  fence was opened a few n ights every season to 

allow observations on male-male and female-female interactions arid 

responses o f  ferrets to their neighbours ' scent marks . Scent marking 

actions on these n ights were not i ncluded in the quantitative analysi s .  

In May 1 985 , a t  the end o f  the two-year sampling programme , the gate 

between the two st��s o f  the enclosure was left open , g iving all four 

ferrets access to the whole enclosure and all four nest boxes . The 

occupancy o f  nest boxes was noted on 22 days , to establ ish whether or 

not the males would avoid each other . Subsequently ,  the dominant  male 

was removed on two nights  and hi s anal gland secretion wiped across the 

grass in front o f  a l atrine near one o f  the nest boxes ( latr ine 1 in  

Fig .  2 . 1 i n  the first trial and latr ine 2 in  the second trial ) . The 

behaviour o f  the other male was noted , in  particular hi s entry into 

nest boxes . 

2 . 3 R ESULTS 

2 . 3 . 1 General Behaviour 

The ferrets were  active intermittently throughout the n ight .  Per iods 

of  activity generally lasted for about half  an hour , and were separated 

by one and a hal f  to three hours o f  rest . The exact  times of  activity 

were affected by  when the an imal s were fed . They were seldom active 

during the d a y ,  with the exception of Titi , the captive-bred female .  

They regularl y  used specific pathways throughout the enclosure 

( Fi g .  2 . 1 ) ,  and  would repeatedly  stop and sn i ff at particular sites 

such as nest box lid s ,  logs , and old food sites . They made use of the 

arti ficial  nest boxes provided , but also spent time d igging their own 

burrows . When food was placed in the enclosure , both mal es and females 

would take pieces o f  food and store them in the nest boxes and burrows . 

1 .  The fer r e t s ' b eh a v i ou r  was n ot i c e a b l y  d i f f e r e n t  f r om n o r ma l  
on l y  o n  t h e  f i r s t  n i ght . 

2 .  The f r q u e n c y  d i s t r i bu t i o n  o f  the d a ta w a s  c l e a r l y  n o n -n o r ma l . 
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Mal e  and female pa irs  sometimes shared the same nest box , and sometimes 

wer e  in  separate nest boxes . When  a male and female met out i n  the 

open , the i r  first action was usuall y  to sni ff at each other ' s  anal 

reg ion , and often then the back of the n eck .  Thi s  anus and neck 

sn i ffing was al so seen between members o f  the same sex . Some 

ritual i sed and play fighting ( Pool e  1 912a ) was observed between males 

and females , but no high i ntensity aggression .  The females 

occasional l y  used deterrent ,  aversive , or  even fearful d efensive 

behav iour ( Poole  1 912a ) to avoid the males . When unreceptive  to a 

mal e ' s  sex ual advances they  sometimes released anal gland odour whi le  

trying to  escape . 

When  allowed physical contact , the males would chase each other , and 

fight aggressivel y ,  espec ially  in  spr ing , and , to a lesser extent , in  

summer . Males developed stable dominance rel ationships that d id not 

depend on location in the enclosure . In the first year , Snark 

dom inated Hans , and in the second hal f  of the second year Ras dominated 

Chico . Bi lbo and Malli  were  both very aggressive , and although Mal l i  

lost both hi s top canine teeth , h e  was not always i ntimidated . Amongst 

the females , few agonistic  interactions were observed . A resident  

female would dominate an  intruding neighbour in  her own side o f  the 

enclosure . No fighting was seen between females , only chases . 

2 . 3 . 2  Scent Marki ng Behav iour 

2 . 3 . 2 . 1 Defaec ation and Ur ination 

Defaecation was an obv ious action that usually  started with the an imal 

sn i ffing at the chosen si te . The an imal would then turn around and 

back into posi tio n ,  and stand still for five  seconds or longer , with 

the body sl ightly  stretched out and wi th the tail curled right over the 

bod y ,  or sometimes out to one side ( Fi g . 2 . 2a ) . Defaecation was o ften 

accompan ied by urination , but urination al so occurred throughout the 

enclosure . It did not always involve any obv ious stance, and thus 

could not be accurately mapped or quanti fied . Faeces were  deposited in 

conspicuous places , usuall y  close to the nest box es ,  including the nest 

box lids ( Fig . 2 . 1 ) .  Ind iv idual s used the same si tes for months at  a 

time , and had two or three of these " latr ines" in use at any one time . 

Mal e  and female pa irs had some communal and some separate latr ines . 



Figure 2 . 2 : Repertoire of scen t  marking actions and associated 

behav iour ; line d rawings from photographs .  

( a ) Defaecation 

( b ) Sn i ffing at l atr ine 

( c )  Anal drag ( side v iew) 

(d)  Anal d rag ( posterior v iew) 

( e )  Wiping ( side v iew) 

( f ) Wiping ( posterior v iew) 

( g ) Bell y  crawl 

( h ) Neck rubbing 

( i ) Rol l ing 

( j )  Chi n  rubb ing 



(a) Defaecation 
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( b) Sniff ing at Latr i ne 
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(c) Anal Drag (s id e v iew) 

(d) Anal  Drag (pas ter ior v i ew) 
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(e ) Wip ing {s ide v iew} 

(f) Wip ing (poster ior v ie w) 

(g ) Bel ly Crawl 



(h) Neck Rubbing 

( i )  R ol l i ng  

\ 1 1 ' 
I' � '\ r 

i i I !,J I /1 } I" 

( j ) Ch i n  Rub b i ng 
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The ferrets regularly v isited the nest box l id latr ines a t  the 

beginn ing and/ or end of an activity  per iod . A v i sit  sometimes involved 

j ust sn i ffing at the latr ine ( Fig . 2 . 2b ) , wi th faeces not being 

deposi ted at ever y visit . Hans almost always sni ffed at one of his  

latr ines a fter interactions  with Snark at  the d ivid ing fence d uring 

spr ing . When the animals were allowed into their  neighbours '  side  of 

the enclosure , they would frequen tl y  sniff  at the l atrines there ,  but 
seldom defaecated there themselves . 

2. 3 . 2 . 2  Anal Drag 

Thi s  action involved the pelv is  being depressed so that the anus 

touched the substrate as the animal walked forward , making side to side  

wriggling movements of its  hindquarters ( Fig . 2 . 2c , d ) . The tail  was 

raised and curled over the back .  Anal d rags occ urred whi le  the an imal 

was mov ing away from a latrine , and seldom occurred separate from the 

act of defaecation . They usua l ly  lasted for l ess than hal f a metre , 

but occasionall y  the an imal contin ued the anal d rag for up to two 

metres . Males and females per formed anal d rags a t  similar frequenc ies , 

and the overall frequency of anal dragging d id  not vary  with season , 

nor was there a significant  sex and season interaction ( Fig . 2 . 3a ) . 

Thi s  remains  true if anal drags are expressed as proportions of 

observed d e faecations . 

Overall numbers of anal d rags observed were signi ficantly greater in  

the central than in  the boundary reg ion of the enclosure ( P<O . 00 1 , 

Fig . 2 . 3b) , but anal drags occurred in C and B at  equal numbers per 

time spent in those regions ( Fi g . 2 . 3c ) . There was no d i fference in  

the d istr ibutions of anal drags of males and femal es . 

significan t d i fference between males ' and females ' 

There was a 

changes i n  

di stribution of anal drags with season ( P�O . 005 ) , but nei ther sex 

showed a regular pattern of change .  

Insufficient numbers of defaecations and anal d rags were observed for 

Snark and Chico to provide in formation on any relationshi p between 

rates of per forming anal drags and dominance status . These two males 

used latr ines out of sight , in nest box entrances . 



Fi g ure 2 . 3 :  F requenc i e s  o f  o b s e r v ed a n a l  d r a g s .  Data a r e  

un tr an s fo rm ed mean s +SE .  

( a ) Se a s o n al cha n g e s  i n  n umber per t o t a l  ho u r s  o f  

obser v a t i o n  o n  each a n im a l  ( n = 4  f o r  e a c h  s e x , 

e x c ept fo r spr i n g  whe r e  n = 3  for femal e s ) . 

C b )  Number o f  a n al d rag s o b s e r v ed i n  t h e  t wo r e g i o n s  

per t o t a l  ho ur s o f  o b s e r v a t i o n  o n  e a c h  a n imal 

per a r e a  o f  each r eg i o n  ( n = 6  f o r  e a c h  s e x ) . 

( c )  Number o f  a n al d rag s o b se r v ed i n  t he t wo r e g i o n s  

per ho u r s in t h a t  r e g io n  p e r  ar e a  ( n = 6  f o r  eac h s e x � 
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2 . 3 . 2 . 3  Wiping 

Thi s category  includes two actions that  place the ventral  bod y  sur face 

on the substrate : wiping and belly  c rawl . Mal es often wiped the 

urogenital reg ion against obj ects  i n  an obvious manner as they walked 

over them , sometimes rai sing one leg , and with the ta il  r aised 

( Fig . 2 . 2e , f).  Log s ,  nest box lids  and lengths of piping were  

favour i te obj ects for wipi ng . It  was often accompanied by  u r ination ,  

and al so occasionally occurred not on an y particular obj ect ,  but b y  the 

an imal slipping down onto one haunch while walking , pressing  the 

urogen i tal  reg ion on the ground . The anal reg ion d id not touch the 

ground d ur ing wiping by males ( Fi g . 2 . 2e , f) .  Females showed a similar 

wiping action in which the vulva was pressed on obj ects . It was n ever 

clear d ur ing female wipi ng whether or not the anus was touching  the 

substrate . Wiping sites would often be sn i ffed at by the scent marker 

and by other ferrets . When mal es were allowed into the ir neighbours ' 

side of the enclosure the dominant  males would sn i ff and then wipe ov er 

the wiping si tes of their neighbour . Subord inate males would usually 

j ust sn i ff at the dominant ' s  wiping sites . 

Bel ly  c rawl was per formed by lower ing the chest reg ion onto the g round , 

and pushing forward with the back legs until  all the ventr al body 

surface , includ ing the urogen ital reg ion , was flattened on the g round , 

and the back legs were spl ayed out either side  ( Fig . 2 . 2g) . The an imal 

would then sl ide further forwards by using wr iggl ing movements , and 

padd ling with the front legs . Because thi s action pressed the 

urogen i tal region onto the ground , and occurred in simil ar si tuations 

to abdomen wiping , data on belly crawl was combined wi th that of wiping 

for quanti tative  anal ysis . 

Males engaged in significantly more wiping and crawl ing than females 

( P�O . 0 1 ) . Mal es wiped/ crawled more  in spr ing than in any other season , 

while  wiping/crawl ing behav iour of femal es remained at  a low r ate in 

all seasons ( P�O . 004 ,  Fig . 2. 4a) . There  was no signi ficant d i fference 

in the frequency of these actions in the two reg ions of the enclosure , 

by males , femal es or al l an imal s combined , neither per total hours 

observed ( Fig . 2. 4b) , nor per t ime spent in  each reg ion ( Fi g . 2 . 4c) . 

Dominan t  mal es Snark and Ras d id more wiping and crawl ing than 

subord inate Han s and Chico ,  whi le Bi lbo d id more than Mall i  ( Table 

2 . 1 ) .  



F i g u r e  2 . 4 :  F r equenc i e s  o f  o b s e r v e d  wi pi n g s . D a t a  a r e  

u n t r a n s fo rm ed m e a n s + S E .  

( a ) Seaso n a l  chan g e s  i n  n umber pe r t o t a l  ho u r s  o f  

o b se r v a t i o n  o n  e a c h  a n imal ( n = 4  f o r  each s e x , 

e x cept fo r s pr i n g  whe r e  n = 3  f o r femal e s ) . 

C b ) Number o f  wi pi n g s  o b s e r v ed i n  t h e  two r e g i o n s  

p e r  t o t a l  hour s o f  o b se r v a t i o n  o n  e a c h  a n imal 

per ar e a  o f  each r e g i o n  ( n= 6  for e ac h  s e x ) . 

( c ) Number o f  w i pi n g s  ob serv ed i n  the t wo r e g i o n s  

per hou r s  i n  t h a t  r e g io n  p e r  a r e a  ( 0 = 6  f o r  e a c h  se x ).  
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TABLE 2 . 1 

Rates of scent marking per total hours of observation on each animal 

for each pair of neighbouring  males . 

SNARK  

HANS 

BILBO 

MALLI 

RAS 

CHICO 

( dominant )  

( subordinate ) 

( dominant )  
. * 

( subordlnate ) 

( dominant )  

( subord inate ) 

WIPING 

1 6 . 90 

8 . 50 

1 5 . 07 

1 2 . 44 

4 . 25 

1 . 42 

BODY RUBBING C HIN RUBBING 

1 4 . 1 1  3 . 70 

6 . 60 4 . 58 

1 . 7 1  0 . 57 

8 . 93 6 . 40 

0 . 00 1 . 03  

0 . 00 0 . 83 

* Malli was equally dominant to Bilbo early i n  the observation hours ,  

but lost encounters after he lost both his upper can ine  teeth . 

2 . 3 . 2 . 4  Body Rubbing 

26  

Thi s category includes neck  rubbing , s ide  rubbing and  rollin g . Neck 

rubbing involved the dorsal surface of  the n eck being rubbed backwards  

and  forwards usually on upright obj ects ( Fig . 2 . 2h ) . Dur in g  side  

rubbing the cheek , and then the flank was rubbed on the ground . Thi s 

often developed into rolling , i n  which the an imal rubbed first one side  

and  then the other on the ground , rolling from one to the other wi th 

the dorsal surface touching the substrate ( Fi g . 2 . 2i ) . There  was no 

significant  difference in mean rates of  body rubbing  between the two 

sexes . Some males frequently bod y  r ubbed , while others d id non e , and 

females seldom did any bod y  rubbing at all .  The males that  d i d  little 

or no bod y  rubbing wiped in si tua tions where the other males bod y  

rubbed , whereas females d id ne i ther . When body  r ubb ing and wi ping  data 

are combined , males marked signi ficantly more than females ( P�0 . 0 1 7 ) . 

As in  wiping , there was a signi ficant sex/season interaction in  rates 

of bod y  rubbing , with males doing much more in  spring than i n  other 

seasons , while females showed no peak in bod y  rubbing ( P�0 . 00 1 , 

Fig .  2 . 5a) . There was also a very significant d i fference i n  the 

frequency of body rubbing between the two reg ions , wi th bod y  r ubbing 

occ urr ing more frequently in B than in C ,  both i n  rate per total  hours 



Figure 2 . 5 :  Frequencies of  observed body r ubbings . Data are 

untransformed means +SE . 

( a ) Seasonal changes in number per total hours 

of observation on each an imal ( n=4  for each sex , 

except for spr ing where n = 3  for females ) . 

( b ) Number of  body  rubbings observed in the two regions 

per total hours of observation on each animal per 

area of each region ( n=6 for each sex ) . 

( c )  Number of  body rubbings observed in the two regions 

per hours in each r egion per area ( n= 6  for each sex � 
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observed ( P,O . 002 , Fig . 2 . 5b ) , and in rate per time spent i n  each 

region ( P,O . 00 1 , Fig .  2 . 5c ) . Dom inant male Snark d i d  more bod y  r ubbing 

than his subord inate neighbour Hans , whi le Malli  did more bod y  r ubbing 

than Bilbo ,  and neither Ras nor Chico ( observed only in summer and 

autumn)  d i d  any bod y  rubbing ( Table 2 . 1 ) .  

2 . 3 . 2 . 5  Chin Rubbing 
During chin rubbing , the chin was moved backward s  and forwards  on the 

substrate ( Fig . 2 . 2j ) . Thi s  sometimes developed into a bell y  ,crawl . 

Male and female frequencies of chin r ubbing d id not vary  sign i fi cantly , 

and ther e was a significant i ncrease in frequency of chin r ubbing in 

spring and summer ( P,O . 003 , Fig . 2 . 6a ) . Snark and Hans d i d  s imilar 

amounts o f  chin r ubbing , as d id Ras and Chico , whi l e  Mal l i  d id more 

than Bi lbo ( Table 2 . 1 ) .  Chin rubbing occurred more frequentl y i n  the 

central region than in the boundary region , both per t otal hours 

observed and per hours in each region ( P,O . 00 1 , Fi g .  2 . 6b , c ) . The 

ferrets were usually fed i n  C ,  and a large proport ion of chin  r ubbing 

events occurred at feed ing s ites , or at  nest box entrances a fter food 

had been stored inside ( 232 a t  food sites out of  a total of 364 

observed chin rubs ) . Thi s can be compared to belly crawl , the next 

most common scent marking action at food si tes , whi ch occurred at  food 

si tes onl y  32 times out of a total observed of 328 . There  was a 

significant l ack of independence between the type of  scent marking 

( chin rubbing or belly crawl ) and site ( food si te or non-food si te , 

X2:2 1 3 . 1 ,  P(O . 00 1 ) .  Chin r ubbing usually occurred when the scent 

marker was leaving a fresh feed ing si te , or had j ust  d eposi ted food in 

a nest box and was leaving i t . 

2 . 3 . 3  Avoidance Exper iment 

Over the 22 days that nest box occupancy was noted when all four 

an imal s had access to the whole encl osur e ,  males Ras and Chi co  were 

found together only twice , both times near the end of the sampling 

period ( Table 2 . 2 ) . The an imals were usually in  male/ female pa i r s  but 

three times the females were  t ogether with one male . In b oth tr ials 

with Ras removed and his fresh anal gland odour at one of the latr ines , 

Chico entered the nearby nest box , but on both occasions he d id not 

first sni f f  the latrine . Both times he later sni ffed at the l a tr ine , 

then sn i f fed in  the nest box entrance but d id not enter it . The day 

after the first trial , however , Chico was in  that n est  box . 



Figure 2 . 6 :  F r equen c i e s  o f  obser v ed c h i n  r ubb i n g s . Da t a  a r e  

untr ansfo rmed m e a n s  +SE . 

( a ) Seaso n a l  chang es in n umber per total hours 

of o b serv ation on each a n imal ( n= 4  for each se x ,  

e x cept for spr i n g  whe r e  n = 3  for fem al e s ) . 

C b )  Number o f  c h i n  r ub b i n g s  observ ed in t he two reg ions 

per total  hours o f  o bse r v ation on e a c h  an imal p e r  

area o f  e a c h  r eg ion ( n= 6  for e ac h  sex ) . 

( c ) Number of c hi n  r ubb i n g s  obser v ed in the two r eg io ns 

per hours in tha t r e g io n  per area ( n = 6  for each sex ). 
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TABLE 2 . 2  

Nest box occupancy when all four ferrets had access 

to all four nest boxes during the avoidance  experimen t .  

DAY RAS CHICO SWUZZLE TIT! 

1 2 1 3 
2 2 2 3 

3 4 2 2 4 

4 1 2 2 3 

5 2 4 2 2 

6 2 4 2 1 

7 2 4 2 

8 4 2 2 1 

9 4 2 2 4 

1 0  4 2 ? 

1 1  4 4 

1 2  3 3 

1 3  1 2 1 

1 4  4 4 

1 5  1 2 2 1 

1 6  1 2 2 

1 7  2 2 2 1 

1 8  1 2 2 1 

1 9  1 2 4 

20 1 2 2 1 

2 1  2 2 2 

22 1 2 1 
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2 . 4  DISCUSSION 

Thi s  study of wild ferrets in  semi-natural cond itions , involving  

observations of fine details  o f  scent  marking behav iour over a long 

time span , has allowed the description of a repertoire of scen t marking 

actions and associated behaviour. The anal sn i ffing  behaviour  on  

meeting may  allow ferrets to  identi fy each other , and  may allow them to  

match the odour of  the an imal with those o f  nearby anal d rag scent 

marks . This anal sn iffing has al so been observed in ferreb5 and 

polecats by Poole ( 1 967 ) ,  prior to fighting , e specially in the 

non-breed ing season when males engaged mainly in r itual aggression . He 

noted that it  was the ferret residen t  in  an exper imental arena which  

initiated anal sn iffing and al so " neck nuzzl ing" of an intruder . 

The placing of faeces , urine and anal gland secretion as latrines 

prod uces strong ol factory beacons . Ferret latrines have been found in 

the wild ( Gibb et al . 1 978 , R . J .  Pierce pers .  comm . ) , o ften near den 

entrances . They do not ,  therefore , appear to be an artefact o f  thi s 

captive si tuation . 

The anal d rag action described here  appears to be the action that 

Goethe ( 1 940 ) referred to as wiping in the polecat . It i s  ver y  s imilar 

to the anal drag of the stoat ( Erlinge et �. 1 982 ) , but in the ferret 

it only occurred at latr ines , not on other obj ects in the env ironment . 

Wemmer ( 1 97 1 ) described the anal d rag of mammals a s  an " ubiqu i tous . 

cleaning movement" from which has d eveloped ano-genital scent marking 

actions . It has never been demonstrated in any mustel id species that 

anal gland secretion is in fact left on faeces or on the substrate b y  

the anal d rag action . By marking the contents o f  anal sac s with 

coloured d yes and rad io-active material that could be located when laid  

down in  the env ironment , Asa et al . ( 1 985 ) showed that wolves l eave 

anal gland secretion at defaecation sites .  In minute amounts mustelid  

anal gland secretion is  invisible , but 

sn i ff at anal drag si tes suggests 

present .  

the 

that 

fact 

some 

that other fer rets 

odorous substanc e  i s  

The wiping action described b y  Eibl-Eibesfeldt ( 1 95 6 )  was also seen i n  

this stud y ,  but close observations have revealed that i n  mal es  a t  

least , the anal region does n o t  touch the substrate d uring wiping , 
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whi l e  the urogen ital reg ion does . Anal g land odour may be placed on 

the skin by grooming actions and thus l aid  down by  wiping and body 
appear to 

rubbing , but ferrets) have a general body odour that i s  d i fferent  from 

the ir anal gland  odour ( pers . obs . ) .  The possib i l ity  o f  the ferret 

hav ing other odour-producing g l ands in the urogen i tal reg ion  is  

investigated in  Chapter 3 .  It i s  i n teresting that no similar wiping 

behav iour was described for the stoat ( Erl inge et al . 1 982 ) , but the 

stoat was thought to anal drag in si tuations where  the ferret wiped . 

No glands  i n  the urogen ital region o f  the stoat have been r eported . 

Belly  crawl has been previously described by Poole ( 1 967 ) ,  who observed 

it in  dominan t  male polecats and ferrets a fter fighting in  an 

experimental ar ena . He d id not suggest a scent marking function for 

thi s  action . Poole ( 1 967 ) also observed bod y rubbing actions o f  

ferrets , a ssociated wi th aggressive  interac tions a n d  per formed by 

dominant males as was the case in this stud y .  Chi n  r ubbing a t  food 

si tes has been noticed before ( MacDonald 1 985 ) ,  and has been stud ied in 

more deta i l  by Wi ldhaber ( 1 984 ) .  

The use of  neck and dorso-lateral regions in  scent marking during 

agonistic encounter s and in the boundary regions of the enclosure , 

compared to wiping and belly crawl throughout the enclosur e ,  and chin 

rubbing ' s  assoc iation with food sites , brings up the question of what 

odours are being laid down by the se actions . Hi stological studies , 

( see Chapter 3 )  and chemical studies may prov ide some information to 

hel p  determine whether d i fferent i n formation is  conveyed by the various 

bod y rubbing and wiping actions . 

The quantitative analysis  of scent marking behaviour has provided 

support for some o f  the communicative hypotheses out l in ed in  Chapter 1 .  

The fact that anal drags were not concentrated at the bound ary o f  the 

enclosure suggests that anal gland secretion is not used simply  as a 

keep-out signal to deter intrud er s .  The fact  that anal d rags were 

.' oer formed bv both males and 
on l y  i n  the b r e e d i n g  s e a son 

A suggests that they function 

of anal d rags at latr ines 

females at similar frequency  all year round 

not only  in  sex attr action . The location 

that were si ted at conspicuous places 

supports both the terr itorial defence and sex attraction hypotheses .  

The sn iffing o f  the anus of conspec ifi c s  i s  also supportive o f  the sex 

attractant hypothesis and of the scent matching mechan i sm for 

territorial defence . The frequent visits  to latr ines , with or  without 
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scent marking , suggests that these sites act a s  i n formation c e n tres , 

may enhance the territorial confidence of  a resi d en t ,  and i n form a 

resident o f  the presence of  the opposite sex and neighbours i n  that 

region o f  its terri tory ( i . e .  s upports the sex attrac tion hypothesis 

and the neighbour-neighbour recognition system) . 

The fact that wiping ( includ ing belly  crawl ) and/or body r ubbing was 

done more by  males than b y  females suggests a d ifferent function  for 

these types of  scent mar king  from the anal d rag . The occurren c e  of  

body rubbing , by males dur ing close contact interac tions sugge sts an 

active role in terr itorial d efence for these scent marking ac t ions . 

Both body rubbing and wiping peaked in spr ing , the season when  males 

are most aggressive ( pers . obs . ) , and when results for body  rubbing  and 

wiping are combined dominants d i d  more marking than subord i n ates .  

Rubbing during agonistic encounters would reinforce the ir bod y odour , 

and may act as a threat signal to intimidate an opponen t .  

The association o f  chin rubbing wi th food sites suggests that odours 

from the chin could be used as  a bookkeeping system as outl ined in 

Hypothesi s 3. The fact that chin rubbing occurred when food was 

present , and most often when leaving stored food , s uggests that chin 

odour could increase the odour out put from a food si te , allowi ng  its 

rapid location during l ater searching . Such an hypothesi s requires , 

however , that odour laid down by c hin rubbing i s  d ifferent from that 

used in all other types o f  scen t marking . Hi stological and chemical 

studies are necessary to resolve this question . Marking of fresh food 

stores was seen in the stoat , which  used body rubbing , the same action 

that was suggested to hav e  a threat significance ( Erl inge et al . 1 982 ) . 

Chin rubbing may be just a convenient way of leaving body odour a t  food 

si tes , which  are  sites of particul ar importance in the environment .  

The avoidance experiment d i d  not suppo rt pred iction ( e ) o f  the 

neighbour-neighbour avoidance mechan ism of terr itorial defence ( Table 

1 . 1 ) .  It g ave l ittle support for anal gland odour , on i t s  own , 

preventing a ferret from entering a nest box . Thi s  may have been  due , 

however , to the fact that the exper iment was run i n  the non-br e ed ing 

season , when , in these confined cond itions , the males became tol erant 

of each other ' s  presence ( as ind icated by the males ' shar ing a n e st box 

twice in the l a st week of  the sampl ing per iod ) .  
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The l imitation s  o f  this study in  terms o f  n umbers o f  ferrets observed 

and the area in which they l ived makes i t  d ifficult to draw conclusions 

concerning the d istr ibution and frequency o f  scent marking  by 

free-ranging ferrets � The area of the enclosure was m inute compared to 

the normal home r ange of a ferret ( see section 1 . 2 ) , but the fact  that 

there wer e  a number of d ifferent types o f  scent marking behav iours 

observed , with d iffering spatial and temporal patterns ,  suggests some 

reliability  to the results . As c aptivity  may affect the rates o f  scent 

marking ( RaI l s  1 97 1 ) ,  no weight should be placed on the absolute rates 

of  scent marking observed in this stud y .  The fact that mal es adapted 

better to captiv ity ( became tamer and more doc ile ) than d id females 

means that the sexual d ifferences in  scent marking behaviour may be an 

artefact of the study cond itions . Seasonal changes in rates of scent 

marking are not so likely  to be affected by confinement ,  and are l ikel y  

to be a reflection o f  ferret behav iour i n  the wild . 
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Chapter 3 

STRUCTURE OF ODOUR-PRODUCING GLANDS 

" All exudative processes have been implicated in odour 

production , and ur ine and faeces , laced with preput ial  

and  anal gland  secretions , may  be the most important 

odour vehicles for man y species . "  - Stodd art  1 980b 

INTRODUCTION 
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Before ascribing any mean ing to observed scent marking behaviour , i t  i s  

essential to have a clear understand ing of  the appar atus an animal has 

for produc ing scent .  In add ition to ur ine and faeces , mammal s possess 

scent-prod ucing glands i n  v ar ious reg ions of the bod y .  These are 

usually  i ntegumentary structures , classi fied into sebaceous ( al veolar ) 

gland s and tubular ( sudoriferous or  sweat ) glands .  Seb aceous g lands 

have a holocr ine method of elaboration , with the entire g l andular 

epi thelial cell s  becoming the secretory product ( Quay 1 977 , Banks 

1 98 1 ) .  Tubular gland s can be atr ichial ( eccrine ) ,  their  ducts o pening 

d irectly onto the skin surface , or epi tr ichi al , the ir  d ucts opening 

into hair foll icles ( Jenkinson et al . 1 97 9 ) .  They have a merocrine 

secretory process , with only secretory products of the c ells emptying 

into the g land lumen . Epi tr ichial glands are often termed apoc r in e ,  a s  

it  was once thought that apical cell buds added t o  the secretio n , but 

thi s is  an arte fact due to hi stological processing ( Jenki n son 1 96 7 ) . 

Most carnivores possess paired anal  sacs ,  descr ibed by  Ewer ( 1 97 3 )  as 

"vesicular cutaneous invagin ations open ing by a short  can al or d uct one 

on either side of  the anus or just  internal to it . "  These sacs act as 

reservoirs for secretions produced by aggregations o f  sebaceous and 

tubular gland s .  Anal sacs of the Mustel idae have been desc r ibed in  

detail  by Stubbe ( 1 969 , 1 970 , 1 972 ) . There are  few publ ished 

references to other odour-produc ing organs  in mustel id s .  Most are 

l isted by Macdonald ( 1 985 ) .  The badger has a subcaudal scent pouch 

that has been studied by  Gorman et al . ( 1 984 ) .  Abdominal skin glands  

have been found in  the American badger , Taxid ea taxus , ( Pocock 1 920 , 

1 925 ) and marten species ( Hall 1 926 ,  Herman and Ful l er 1 974 ) . Such a 

gland is also present in the wolver ine , but was not r ecorded fol lowing 

examination of dried skins of Mustela v i son , M.  longicaud a  and M .  
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ar i zonensi s ( Hall  1 926 ) . Krott ( 1 95 9 )  suggested that for Mar te s  sp . 

it  was not anal but pregenital gland odour which  was used for scent 

mar king . Frank ( 1 962 ) assumed that the weasel had gland s in the 

gen ital region , but none has been d escr ibed . 

Dur ing observations on scent marking behaviour in ferrets ( see  Chapter 

2 ) , it became ev ident that it was not the anal reg ion but the v en tr al 

abdomen that was touching the subst rate while  per forming wipi n g . It 

was not l ikel y  to be secretions from the anal sac s  being l a i d  down by 

thi s action as reported by Eibl-Eibesfeldt ( 1 95 6 )  for polecats . 

Anatomical and hi stological stud ies were needed to find out i f  the 

ferret has an y form of gland on the ven tral abdomen that could be the 

source of odour laid down by wipi n g . 

Stubbe ( 1 969 )  thought that all  mustel i d s  probably had glan d s  o n  the 

sole  of the foot that were used as marking organs , b ut g ave  no 

description  of these . Most carnivores have atrichial  sweat g land s  in  

the footpad s ,  but these have not  been impl icated in odour production 

( Banks 1 98 1 ) .  Hi stolog ical invest i gation o f  the ferret ' s  foot may 

reveal whether or not thi s spec ies has odour-produc ing foot g l and s .  

Skin  gland s are well  developed in nocturnal species 

are of particular importance i n  communication 

Muller-Schwar ze 1 983 ) .  Yamaj i et a l . ( 1 98 1 ) hav e  

for whi c h  

( Mykytowy c z  

d escr ibed 

odours 

1 970 , 

the 

hi stochemical character istics o f  dermal sebaceous and sweat glands  of  

the Siber ian weasel ( Mustela s ibiric a ) . Erl inge et a l . ( 1 982 ) 

described body rubbing behaviour of  the stoat and assumed this  was a 

form of marking with scen t .  Ferrets  show similar r ubbing behav iour but 

use d ifferent parts of the body for rubbing in d ifferent contexts  ( see 

Chapter 2 ) . The question therefore  ar i ses as to whether the ferret  has 

spec ialised skin glands where odours may be produced . Thi s could allow 

d ifferent information to be conveyed by d ifferent rubbing actions . To 

answer thi s  question , the regions o f  the body used in  rubbing should be 

examined . 

In thi s chapter the structure of potential odour-producing organ s o f  

the ferret are identi fied and d escr ibed . Thi s  i n formation wil l  help 

with the interpretation of the observed scent marking behaviour o f  this 

spec ies . 
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3 . 2  METHODS 

The external skin o f  numerous male and female ferrets was examined for 

any sign o f  glandular structures , particularly in  the abdomen . Fi fteen 

male and 1 3  female specimens were weighed , their anal sacs removed , 

cleared of fat material and weighed . General d issections were  made o f  

fi ve male and four female ferrets . Some were  frozen specimens ,  c aught 

and killed by N . Z .  Wildl i fe Service per sonnel at Pukepuke Lagoon or  in 

the Macken zie Basin ,  or fresh road-kill  an imals , and others wer e  c aught 

at Pukepuke Lagoon and killed j ust prior to examination . Samples o f  

tissues from the anus and prepuce o r  v ulva of  five males a n d  four 

females and skin tissues from the chin , dorsal neck , c heek , ventral and 

lateral thorax of three o f  each sex wer e  examined histological l y .  They 

were d issected from the an imal s and long ha irs  shaved as close to the 

skin as possible . The ti ssues were  fi xed in Bouin ' s  fluid for 24 

hours , dehydrated in ethanol , cleared in xylene , and v acuum-embedd ed in 

paraffin wax . Sections were c ut on a Leitz  base sledge microtome at 

6�m in thickness and stained in haemoto�in and eosin . Sections from 

one male and one female were stained in Van Gieson and alc i an blue . 

The front feet of one male and two females were d ecal c i fied in De Cal 

for 12 hours before vaccuum-embedd ing , sectioning and sta ining . 

A random sample of  thirty cel l s  was taken from the tubular gland tissue 

of  each of the anal and urogenital sections . Cell he ight s  were 

measured using a micrometer eyepiece at 400x magni fication , and mean 

male and female cell he ights calculated . 

3 . 3 R ESULTS 

3 . 3 . 1 Anal Gland s and Sacs 

In both mal es and females , there uorp  l �r�e paired subcutaneous sac s , 
relative 

one on either side of the anus . Thej weights of the paired ana l  sacs o f  

males and femal es were similar , with those o f  females accounting for 

the same or a slightly l arger proportion o f  bod y weight than those o f  

males ( Fig . 3 . 1 ) .  These ovoid sac s  consi sted o f  a large lumen bordered 

by a strati fied squamous , keratini sing epi thel ium , and were fi l led with 

secretions from the anal gland complexes . These gland complexes 

consisted of both tubular and sebaceous gland s ( Pl ate 3 . 1 ) .  
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Plate 3 . 1 :  Anal sac and glands .  D:duct o f  anal sac , 

L:lumen of anal sac , S: sebaceous gland s ,  

T:tubular glands .  
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The tubular glands were very extensive and highly coi led , w ith high 

epithelial cells  ( mean cell height : male= 1 7 . 4  �m , SE= 1 . 1 a ,  n=5 ; 

female= 1 9 . 2  pm , SE=4 . 66 ,  n =2 ) . The glands were clumped around the neck 

of each sac . The duct of the sac , with a sphincter of skeletal muscle ,  

opened into the anal ori fice . 

3 . 3 . 2  Abdominal Glands 

No glandular regions were obvious from examination o f  the external 

abdomen . The preputi al skin was covered in  dark  guard hairs , 

continuous with the dark mid-ventral l ine of  hair . The male prepuce 

was slightly raised and was a d arker purplish-pink colour compared to 

the surrounding ski n .  Gentle palpation of the prepuce in l i v e  males 

caused droplets o f  a clear , sweet-smel ling , oily secretion to form on 

the skin surface . Dissection of the males revealed in each two closely 

associated areas of pinkish-brown glandular ti ssue , on average 1 3 . 0  mm 

long ( SE=0 . 1 47 ,  n =5 ) by 8 . 5  mm wide ( SE=0 . 87 ) .  They were subcutaneous , 

lying either side of the urogenital opening ( Plate 3 . 2a , b ) . Females 

had two similar glandular regions around the vulva , but they were 

smaller ( mean length=7 . 4  mm , SE=0 . 63 ;  width=4 . 4  mm , SE=0 . 35 , n = 4 ) than 

in males ( Plate 3 . 2c ) . 

Male ti ssues conta ined enlarged compound tubular glands , consi st i ng of  

low columnar epi thel ial cells (mean cell height= 1 8 . 0 �m ,  SE= 1 . 02 ,  n=5 ) 

( Plate 3 . 3a ) . The glands  appeared to be epitrichial , opening i n to the 

upper part of hair foll icles of the preputial skin . The lumen contents 

stained pale pink with eosin , and contained cell debr is . Some cells 

were alcian blue-positive . Much of  the female glandular ti ssue 

consisted of cuboidal rather than low columnar epithelium ( Plate 3 . 3b ) , 

with a mean cell height of ' 1 . 9 �m ( SE= ' . 30 ,  n= 4 ) . In the two females 

that were i n  oestrus , the glandular ti ssue did not extend i nto the 

swollen vulva . 

3 . 3 . 3  Skin Glands 

No complex glands were found in any of  the other tissues examined , but 

all of them contained numerous dermal sebaceous glands and a few 

tubular glands ( Plate 3 . 4a , b ) . The sebaceous glands varied 

qual itatively between the sexes and between the various parts o f  the 

body .  The secretory cells of male sebaceous glands were more  highly 

vacuolated than i n  the female glands . Within each sex , the sebaceous 



Plate 3 . 2 : Abdominal gland s .  S:sebaceous glands ,  

T:tubular g land s ,  U:urogenital open ing . 

( a ) Mal e ,  l ongitud inal section . 

( b ) Male , c ross section . 

( c )  Female ,  longitudin al section . 
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Plate 3 . 3 :  Epitr ichial tubular gland ti ssue of 

abdominal glands ( x200 ) . 

( a )  male .  ( b )  female . 
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Plate 3 � 4 :  Ski n  glands . 

( a ) Sebaceous gland ( x300 ) . 

( b )  Epitr ichial tubular gland ( x700 ) . 



(a) 



Plate 3 . 4 ( cont ' d ) : Skin  glands ( x200 ) . 

( c ) Male dorsal neck .  

( d ) Female dorsal neck .  



(c ) . 

(d ) 



Plate 3 . 4  ( cont ' d ) : Skin  g lands  ( x200 ) . 

( e )  Male lateral rib cage . 

( f ) Female lateral rib cage . 



(e ) 

(f ) 



Plate 3 . 4  ( cont ' d ) : Skin  glands ( x200 ) . 

( g ) Male ventral rib cage . 

( h )  Female ventral r ib cag e .  
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Plate 3 . 4  ( cont ' d ) : Skin glands ( x200 ) . 

0 )  Male  cheek . 

( j )  Female cheek . 



( i )  



Figure 3 . 4  ( cont ' d ) : Ski n  glands ( x200 ) . 

( k )  Male chi n . 

( 1 )  Female chin . 



(k) 

( l )  
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gland s i n  the dorsal neck and lateral r ib cage sections were most 

highly vacuol ated and those o f  the cheek and chin showed the least 

vacuolation ( Plate 3 . 4 ) . Tubular g lands  were s imple coils and were 

sparsely-distributed , often deep in  the d ermis . Some were alcian 

blue-posi tive . 

3 . 3 . 4  Foot Glands 

Sections through the d igits , front foot and antebrachial region 

revealed both sebaceous and tubular gland s in  each  region . In the 

hairless d igital pads and plantar regions there were simple coils o f  

atr ichial glands , the ir ducts o pening directly through the thick , 

cornified ventral epithelium ( Plate 3 . 5a ) . The lumen contents were not 

active wi th alcian blue . In the areas covered in hair there were 

highly coiled epitr ichial tubular g land s that were alcian 

blue-posi tive . They opened into hair follicles at the same level as 

the sebaceous glands ( Plate 3 . 5b ) . The latter were similar to those in  

other skin regions , with med ium to high level s o f  vacuolation . Tubular 

gland s were most highly developed in  the interd i gital regions , while on  

the dorsal sur face they were s imilar to those found in other skin 

regions ( Plates 3 . 5c ) . They became less developed prox imally on the 

foot and antebrachial region . 

3 . 4  DISCUSSION 

The structure of the anal sacs and glands of the ferret conform to the 

typical Mustela form ( Stubbe 1 969 ) and in particular to that described 

for the polecat ( Stubbe 1 972 ) . Creed and Kainer ( 1 98 1 )  al so gave a 

brief histological descr iption o f  ferret anal sacs and g lands , and the 

present study confirms their find i ngs . 

The gross structure of  abdominal g land s of male and female ferrets has 

been described above . Their great enlargement and mod i fication 

compared to tubular glands found elsewhere in  the skin may ind icate an 

odour-prod uction function . Thi s  is in  l i ne  with the suggestion o f  

Stoddart ( 1 980 b) that most scent-producing g land s are hypertrophied 

normal skin g land s .  Eosinophi l i c  reactions and positive  alcian blue 

staining ind icate the presence o f  odour-producing basic glycoproteins , 

as has been found in other species , for example the rabbit ' s  

submandibular gland ( Mykytowycz 1 965 ) . The l arger s i ze of g lands i n  



Plate 3 . 5 :  Foot glands .  A:atr ichial gland s ,  E:epitrichial  g lands . 

( a )  Digital pad ( x300 ) . 

( b )  Interd ig ital reg ion ( x200 ) . 

( c )  Dorsal foot region ( x300 ) . 



( c )  
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the male together with the fact  that mal e  abdominal g l ands consi st of  

low columnar epithel ial cells compared to  the females ' cuboidal cells  

suggests a capac ity  for larger o utput o f  odorous secretions from males 

than from females . Thi s is in contrast to the anal sac s ,  which were  as 

large in the females as i n  the males ( with respect to body we ight ) . 

The ducts of abdominal glands appeared to open into hai r  follicles , not 

into the urogenital tract . Consequently the secretory pathway may not 

necessar ily  directly  combine abdominal g land secretion with urine . 

Urine may still be tainted with the odour , but the secretion could also 

be deposited onto the substrate separately from the act of  ur ination . 

The male abdominal gland s are similar i n  general form to the abdominal 

gland of the marten , as described by Hall ( 1 926 ) , which  i s  also 

positioned around and anterior to the urogen i tal tract . In the same 

way that ferret abdominal glands  appear to have the typical ferret 

smell , Hall noted for the marten ' s  abdominal gland : "when crushed the 

substance of the gland produces an o ily  fluid possessing the 

character i stic marten odour" . The abdominal glands o f  the American 

badger are in a similar position ( Pocock 1 925 ) , but unl ike the ferret 

each gland has a duct opening into the abdominal skin . 

The d iscovery of abdominal glands  i n  the ferret prov ides 

source of  odour that could be l aid down as scent marks . 

a potential 

The position 

and odour-produc ing char acteri stic s  of  these glands make them good 

cand idates for scent marking organs used in wiping , and the fact that 

they are more developed in males , the sex that does most wiping , also 

supports this idea ( see Chapter 2 ) . 

Hi stological examination of the r egions o f  the skin used i n  body 

rubbing revealed no other major gland complexes , but all skin samples 

contained numerous sebaceous and some tubular gland s .  I t  is  not clear 

as to whether or not any of these glands are the source of odour laid 

down by  body rubbing . Epitr ichial glands may produce small amounts of 

secretion which give the skin a d istinctive  odour ( Ham 1 974 ) , s imilar 

to abdominal gland odour . It remains unclear , however , whether these 

odours are identical , and whether or not wiping and body rubbing lay 

down the same odour . Quay ( 1 977 ) and Adams ( 1 980 ) noted that it i s  

questionable whether the generally-di stributed sebaceous glands  o f  
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mammal s are significant  in ol fac tory communication . The d ermal 

sebaceous gland s may produce wax y  secretions ( Stoddart 1 976 ) that act 

to b ind odorous secretions from other sources to the body fur , and thus 

abdom in al odour could be set down b y  body rubbing . No matter what  i s  

the source of  the secretion , b acterial action could b e  involved in 

making the secretion odorous ( Quay 1 977 ) ,  as in  the fox ( Albone et 

al . 1 977 ) . Such microbial fermentation activities could thus c reate 
dist inct odour s  from various parts of the bod y .  It is possible that , 

as in  the Siber ian weasel (Yamaji  et al . 1 98 1 ) ,  the histochemical 

characteristics  of the skin gland s vary with location on the bod y ,  thus 

al lowing subtle d ifferences in  odours to occur . 

Before we know what functions sebaceous gland s have , the varying degree 

of vac uolation in these gland s  cannot be explained . It should be 

noted , however , that high vacuolation of  secretory cells i s  assoc iated 

with high l ipid production ( M . J . Birtles per s .  comm . )  , and the most 

highly vac uolated glands  occurred in the skin of the neck , where 

ferrets often sn iff at each other . Male  sebaceous glands were more 

highl y vac uol ated than those of the females . Mal es do much more body 

rubbing than do females ( see Chapter 2 ) , and male ferrets h a v e  a 

s t r o n g e r  odour than females ( pers .  obs . ) .  

Gland s found in the footpads of  the ferret were  o f  the t ypical 

carnivore atrichial form . There was no indication that these were  

odour-producing gland s .  In 

interd igital gland s ,  produc ing 

addition , there were 

g lycoproteins ,  suggesting 

epi tr ichial 

an odorous 

nature . As onl y one male and two female samples were used , sexual 

d ifferences in foot gland s were not examined . 

The results and their interpretatio n  presented in thi s chapter have 

attempted to elucidate the odour production capab i l ity of the ferret , 

and in particular has suggested a source of  odour l aid  down by  wiping 

behaviour . It has , however , l e ft unanswered many questions on the 

roles of skin g lands in communication that could be answered by more 

extensive hi stochemical studies . 
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Chapter 4 

CHEMICAL ANALYSIS OF ANAL SAC EXTRACTS 

" It seems that the only method to d etermine accurately  

the chemical messages i nvolved i n  social behaviour • • •  

would be to determine the exact chemical nature of  

these olfactory substances . "  -Ropartz 1 977 

INTRODUCTION 
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Studies of the chemistry of odorous secretions have b een undertaken in 

a variety of mammalian spec ies over the last fi fteen year s .  The 

composition of  anal gland secretions of  var ious members o f  the 

Mustel idae have  been the subject  of c lose c hemical scrutiny . 

et al . ( 1 975 , 1 980 ) and Br inck et al . ( 1 978 )  stud ied mink anal 

Sokolov 

gland 

odours , and Schildknecht et al . ( 1 976 ) identi fied mustelan as the major 

component of m ink  anal gland odour . Many sulphur-conta ining compounds 

have been identi fied from the anal sacs of  the stoat , ( Crump 1 980a , 

Br inck et al . 1 983 ) , from those of weasel , polecat , pine marten and 

beech marten ( Martes foina )  ( Schildknecht and Birkner 1 983 ) . Eleven 

components of  the anal gland secretions o f  New Zealand ferrets were 

identi fied by Crump ( 1 980b ) , and in add i tion 2-isopropylthietane 

( D . R .  Crump pers .  comm . ) . 

These studies have provided the basel ine data about anal gland  odour 

composition on which further studies can build . Stud ies on the 

var iation in composition between ind iv idual s and through t ime wi ll 

provide v ital information for determin ing the messages carr ied by these 

odours . In Chapter four  communicative functions for odours were 

hypothesi sed . Any hypothesi s that requires ferrets to be able to 

d i scriminate between their own and other odours ( e . g .  for territorial 

defence by  either scent matching or neighbour-neighbour recognition)  

makes the assumption that there is  var iation in the odour composi tion 

of  d ifferent individuals . Another hypothesis  was that anal gland 

odours act as sex attractants . For this to be true , the odours of  

males and femal es must be chemically  d i stinc t ,  at  least dur ing the 

breed ing season , while var iation throughout the year could provide 

information on the breed ing state of the animals .  An investigation of  

the sex ual , individual and seasonal var iation i n  ferret anal g land 



44  

secretions  i s  the subject o f  this chapter . 

4 . 2  M ETHODS 

Samples o f  anal sac extracts wer e  collected at five to s i x  week 

intervals from five male and five female adult ferrets between October 

1 982 and Apr il 1 984 , with the exceptions that one female ,  Furo , d ied in 

September 1 983 , and male Hob d ied in December 1 98 3 ; sampling o f  female 

Satha began in Ju ly 1 98 3 ,  and of male Coon ie in January  1 984 . 

Secretions were collected from the unanaesthetised an imal by pressing 

the anal sac s using thumb and forefinger pressure around the anus . The 

sec retion was collected in a pasteur pipette and transferred to a 1 ml 

capac ity glass vial , sluicing  it  out of the pipette with an 

approx imately  equal quantity of  d iethyl ether . These ether/anal gland 

secretion mixtures were stored at - 1 0· C unti l analysed ( usuall y  within 

one or two days of  collection ) .  Colour and v iscosity  o f  the extracts 

were observed by eye . After 30  seconds stirring on a "Vortex Genie" 

mixer , four microl itre al iquots were run through a pye 1 04 or Varian 

aerograph series 2700 gas chromatogram ,  using a 1 /4 inch b y  6 foot 

glass column fi lled wi th 3% SE30 on 1 00/ 1 20 Gas Chrom Q . The oven 

temperature was kept at 40· C for e ight minutes then increased at 

1 0· /min to 1 80· C .  Results were recorded on  a chart recorder r unn ing at  

1 cm per m inute . Peaks were identified by compar i son with r ecord ings 

of synthetic thietanes and d ithiolanes prov ided by  D . R .  Crump ( see 

Crump 1 980a  for preparation deta i l s )  , and standard quinol ine and indole . 

Identi fication of  trans- and ci s-2 , 3-d imethylthietane was confirmed by 

mass spectroscopy . 

Samples with peaks large enough to measure were quanti fied . The area 

under the" peaks formed by each compound was cal culated using a 

compensating plan imeter . Only  peaks that were  rel iably  identi fied were 

used in further anal ysis .  These peaks were :  tran s- and cis--

2 , 3-dimethylthietane ( compound s 2 and 3 of Crump 1 980b) ; 2-propyl-

thietane ( compound 

and 

4 ) ;  

7 ) ;  

tran s- and 

2-pentylthietane 

cis-3 , 4-dimethyl- 1 , 2d ithiolane 

( compound 8 ) ; and indole ( compounds 6 

( compound 1 1 ) .  The peak areas o f  the i somers 2 and 3 ,  and 6 and 7 were 

combined i n  the statist ical anal yses . The proportion that the area 

under each peak represented of  the total area of  the peaks analysed 

were used as a measure of  relative concentration of the$e c ompounds .  
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These d ata were arc sine transformed and analysed using mUltivar iate and 

uni var i ate ana l ysis of var iance ( MANOVA and ANOVA ) and d iscrim inant 

function anal ysi s  ( DFA) . Data and deta ils  of the analyses are g iven in  

Append i x  2 .  

4 . 3  RESULTS 

4 . 3 . 1 Sexual Differences 

Female extracts generally had higher concentrations of the more 

vol ati le ( shorter retention period ) compound s ,  espec ially compound s 2+3 

and 6+7 , than those of males . In the males indole ( compound 1 1 )  was 

usually  ( in 33 out of 43 samples)  the highest peak on the GC traces . 

In the femal es , either compound 2 ,  4 ,  or  6 was the highest peak , with 

the exception o f  Swuzzle for whom compound 1 1  was the highest i n  five 

samples . Examples of GC traces of  three males and three females are 

given in Figs . 4 . 1 ,  4 . 2 .  There were significant d ifferences i n  the 

relative  concentrations o f  the various compound s between the male and 

female extracts  ( P�O . 0 1 6 ,  Table 4 . 1 ) .  These d ifferences are d isplayed 

graphical l y  in Fig . 4 . 3 ,  with males and females being well  separated on 

the first d isc r iminant function . Var iables 2+3 and 6+7 were  strongly 

positively correlated with the females , while  4 and 1 1  were correlated 

with the m ales . Compound s 2+3 and 6+7 var ied significantly between the 

sexes ( P�O . 005 , P,O . 0 1 6  respectivel y ,  Table 4 . 1 ) .  

4 . 3 . 2  Ind ividual Di fferences 

The ten subj ect ferrets had ind ividually  d i stinct anal sac ex tract 

profiles ( Figs .  4 . 1 ,  4 . 2 ) . Separately ,  both males and females showed 

significant inter-ind ividual variation in combinations o f  the v ar ious 

compounds ( P�O . 001  for both males and females , Table  4 . 1 ) .  When the 

compound s were  analysed separately ,  females showed signi ficant 

var iation in  all five compound s ,  e spec ially compound s 4 ,  8 ,  and 1 1  

( Table 4 . 1 ) .  All the compounds al so var ied significantly  amongst the 

ind ivid ual males , with compounds  4 and 8 showing the most consi stent 

d ifferences ( Table 4 . 1 ) .  Compound 8 appears not to be an important 

d i scriminator amongst ind ividuals in the DFA ( Fi g . 4 . 3 ) , but thi s 

anal ysis  did not d ifferentiate between sexual and ind i v idual 

d ifferences . 



Fi g u r e  � . 1 :  GC pro fi l es of t wo samp l es o f  e ac h  of 

three m al es '  anal sac e x tr ac ts .  The 

peaks used in quant i t a t i v e  an a l ys i s  a r e  

n umber ed a s  i n  the tex t .  

( a ) Ban d i t  C b )  Hob ( c ) Mal l i  
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(a)  

( b )  

( c ) 4 1 1  
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S 10 1S 20 S 10 1S 20 

T I M E  (m i n )  



Fi gure 4 . 2 :  GC pro fi l e s  o f  two sampl e s  o f  each o f  

three femal e s ' an al sac extr ac t s . The 

pe aks used  in qu a n t i t a t i v e  a n al ysi s are 

n umber ed a s  i n  the tex t . 

( a ) J i ll C b )  Pug ( c ) Swu zz l e  
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(c) 2 
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TABLE 4 . 1 

Untransformed mean ( SD) peak proportions for males and females , and  for 

each  ind i v idual separately .  Stat istical comparisons are un ivar i ate and 

multivariate analyses of  variance done on arc sine transformed d ata . 

2+3 4 6+7 8 1 1  

SEX ( n )  

MALE ( 42 ) 0 . 1 5 ( 0 . 07 )  0 . 24 ( 0 . 1 5 )  0 . 1 1 ( 0 . 1 0 )  0 . 03 ( 0 . 04 )  0 . 48 ( 0 . 1 5 )  

FEMALE ( 53  ) 0 . 35 ( 0 . 1 2 )  0 . 1 7 ( 0 . 1 1 )  0 . 28 ( 0 . 1 6 ) 0 . 03 ( 0 . 03 )  0 . 1 7 ( 0 . 1 2 ) 

F val ue 1 5 . 08 0 . 02 9 . 22 0 . 2 1 2 . 22 

Significance P",0 . 005 N . S .  P",0 . 0 1 6  N . S . N . S . 

MANOVA P,0 . 0 1 6  

INDIVIDUAL MALES 

BANDIT (7 ) 0 . 1 4 ( 0 . 08 )  0 . 27 ( 0 . 07 )  0 . 08 ( 0 . 07 )  0 . 02 ( 0 . 02 )  0 . 49 ( 0 . 1 1 )  

COONIE (4 ) 0 . 25 ( 0 . 02 )  0 . 28 ( 0 . 08 )  0 . 1 4 ( 0 . 1 2 )  0 . 04 ( 0 . 03 )  0 . 29 ( 0 . 1 1 )  

HOB ( 8 )  0 . 1 4 ( 0 . 1 0 )  0 . 1 5  ( 0 . 07 )  0 . 07 ( 0 . 04 )  , 0 . 0 1 ( 0 . 02 )  0 . 6 1 ( 0 . 1 0 )  

MALLI ( 1 3  ) 0 . 1 5 ( 5 . 1 )  0 . 39 ( 0 . 1 0 )  0 . 05 ( 0 . 03 )  0 . 02 ( 0 . 0 1 ) 0 . 39 ( 0 . 1 0 )  

SNARK ( 1 0 )  0 . 1 1 ( 0 . 06 )  0 . 05 ( 0 . 02 )  0 . 22 ( 0 . 1 1 )  0 . 08 ( 0 . 04 )  0 . 55 ( 0 . 1 2 )  

F value 2 . 66 1 2 . 43 4 . 1 9 5 . 76 4 . 38 

Significance P",0 . 04 1  P,O . OO l  P,0 . 005 P�0 . 00 1  P,0 . 004 

MANOVA P,0 . 00 1  

INDIVI DUAL FEMALES 

FURO (7 ) 0 . 40 ( 0 . 1 8 )  0 . 2 1 ( 0 . 1 3 )  0 . 26 ( 0 . 1 4 )  0 . 00 ( 0 . 00 )  o .  1 7  ( 0 . 07 )  

JILL ( 1 3  ) 0 . 25 ( 0 . 08 )  0 . 25 ( 0 . 1 5 )  0 . 32 ( 0 . 1 8 ) 0 . 05 ( 0 . 04 )  0 . 1 2 ( 0 . 1 2 )  

PUG ( 1 1 )  0 . 38 ( 0 . 1 4 )  0 . 1 2 ( 0 . 0 6 )  0 . 34 ( 0 . 1 0 )  0 . 02 ( 0 . 02 )  0 . 1 4 ( 0 . 1 2 )  

SATHA ( 9 )  0 . 33 ( 0 . 1 0 )  0 . 08 ( 0 . 02 )  0 . 40 ( 0 . 09 )  0 . 02 ( 0 . 04 )  0 . 1 6 ( 0 . 1 2 )  

SWUZZLE ( 1 3 )  0 . 40 ( 0 . 08 )  0 . 1 6 ( 0 . 07 )  o .  1 1 (  0 . 05 )  0 . 03 ( 0 . 03 )  0 . 28 ( 0 . 1 3 )  

F value 3 . 06 6 . 1 7  4 . 1 3  8 . 09 5 . 38 

Signi ficance P,0 . 023 P",O . OO l  P,0 . 005 P'O . OO l  P(0 . 00 1  

MANOVA P'O . OO l  
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Ind ivid ual s showed not only quantitative but 

qualitative d i fferences in  their anal sac extracts .  

produced a dar k  brown , v i scous secretion which yielded 

vol atile compounds ,  and had a weak odour to the 

50 

a l so consistent 

Male Snark always 

low levels of 

human nose . In 

contrast , male Mal l i  and female Swuzzle had pale yellow secretions , 

with little insoluble mater ial . These two ind ividuals  always gave  the 

"best quality" GC traces . The other ferrets were intermed iate between 

these extremes . 

Seasonal Di fferences 

Concentrations of volatiles showed no consistent seasonal trends i n  

either males or females . In Fig . 4 . 4  the concentrations of  the 

compounds as percentage of total concentration of the five compound s 

are plotted against time for male Mall i  and female Swuzzle . Although 

these two individuals showed similar trends in changes in concentration 

of compound 4 over the fi rst year of sampling , other ind ividuals  d id 

not show the same trend . Other measures were also calculated 

concentration o f  each compound as a percentage of  the largest peak , 

ratio of  various pairs o f  compound peak areas . None o f  these measures 

elucidated any form of seasonal ity . When compar ing  the changes i n  

concentrations of  compounds with the oestrous c ycle o f  the ind i v idual 

females , no consistent patterns emerged . Some var i ation in  odour and 

viscosi ty of the extracts were noted , but again these d id not conform 

to any seasonal pattern . 

4 . 4  DISCUSSION 

The analys is  o f  variation in  composition of  anal sac extracts has 

prov ided support for some communicative functions of  anal gland odours . 

The fact that ferrets have ind ividually d istinct anal sac extract 

profiles means i t  would be possible for a ferret to r ecognise i ts own 

odour as d i fferent from others ,  and thus allow i t  to enhance 

terr itor ial confidence .  It would al low an intruder to match the odour 

left by scent marking with those on animals it meets ,  so that it wi ll  

recognise the residen t .  A recognition system between neighbours  could 

also operate . The consi stent d ifferences in  relative amounts o f  

volatiles in  male and female ferrets provides the bas i s  for anal gland 

odours to act as sex attractants , and interestingl y ,  female secretions 

had higher relative concentrations of  the more  volat i le  components than 



Fi gure 4 . 4 : Seasonal v ar i ati o n  i n  r e l a t i v e  concentr atio n s  o f  

anal g l and s e c r e t i o n  c ompo un d s ( pe aks ) . Pe ak a r e a s  

ar e expr e s se d  a s  percen tage o f  t he to tal p e a k  area . 
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d id the male secretions . Indole was usually  a very important component 

of male secretions . It is a commonly  encountered microbial product , 

found in  the anal g land secretion o f  the red fox ,  and i n  v aginal 

secretions and sal iva of  humans ( Albone 1 984 ) .  Thus i t  may not  have 

much communicative value i tself ,  but is  important in  thi s  s t udy as 

indicating the relative concentrations of 

compounds i n  males and females . 

the sulphur-cont aining 

Another pred iction from the sex attractant hypothesi s  is that odours 

may show var iation through the year , depend ing upon the breed ing  state 

o f  the animal . Crump ( 1 980b ) fou nd that at least one female ferr et had 

low levels of volatiles in an anal  sac extract taken at the onset o f  

oestrus . This  secretion was muddy brown and l acked odour . Lack of  

abi l ity to  identify an imals being  sampled in  that study made it  

impossibl e  to be sure if  the secretion from that particular female  had 

changed from other times of the year ( D . R .  Crump per s .  comm . ) . I n  the 

present study no such changes i n  secretions were assoc iated w i th the 

onset of oestrus ( and ind ividuals d id have d ifferent coloured 

secretions ) .  No seasonal trends were found in the changes of r el ative 

concentrations of  the major components of  the anal gland secreti o ns of  

either male or female  ferrets . Some variation d id occur , but  not  in  

any  regular pattern . Thi s  does not mean that the relative 

concentrations of  these compound s  cannot act as sex attractants , only 

that they cannot i ndicate when the animals are sexually  active . Any 

seasonal changes in these compounds would conflict with the 

ind i v idual ity o f  the odours . It seems l ikely then , that seasonality 

would , if present , be  ind icated by factors other than the r elative 

concentration of  the major volati les . One possib i l ity  i s  that minor 

volatile components , not measured in this stud y ,  vary with season . 

Another possibil ity i s  that the total · amount o f  volatiles i n  the 

secretion changes over time . There was some i nd ication that this  may 

have been happening over the sampl ing period , with low GC profiles 

occurr ing in the non-breed ing season . A detailed quantitative study of 

the relative amount of volati l e  to non-volatile  components would be 

necessary to confirm thi s .  

The compounds used in the analys i s  to test for these d ifferences may 

not be the only cues the ferrets themselves could use to d i scr iminate 

sex and ind ividual identi ty .  As Preti et al . ( 1 977 ) pointed out , 
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minor components of  odorous secretions may be o f  critical importance to 

an imal s '  perception  of odours . The c i s  and trans i somers of two o f  the 

compounds were combined in the analysi s .  Although there appeared to be 

no consi stent pattern to the relative concentrations of  these i somer s ,  

i t  should be noted that some an imal s can  d i scriminate between geometr ic 

i somers of the same compound ( Muller-Schwarze et a l . 1 976 ) . 

There have been no detailed , long-term stud ies on the anal  gland 

secretions from known i nd ividual males and females of any other Mustela  

spec ies . Erl inge et a l . ( 1 982 ) mentioned that in the stoat they found 

quantitative and qual itative d ifferences amongst GC traces of d i fferent 

ind ividual s ,  and that these patterns were stable through time . However 

they  analysed two extracts from each o f  only two mal es , and g av e  no 

quantitative d ata . Crump ( 1 980a)  found that one component o f  male 

stoat secretions ( a  non-sulphur compound )  was missing from the female 

secretions , whi le 2-ethylthietane and 3-ethyl- 1 , 2-d ithiolane occurred 

in the femal e samples onl y .  Br inck et al . ( 1 97 8 ) , u s ing ten i n d i v id ual 

mink ,  ( five  of each sex )  found ind ivid ual patterns in  anal sac e xtracts 

that were stable  through time , and found no spec ific sex d i fferences , 

but they gave no quantitative analysi s  o f  these patterns . More in 

depth stud ies have been done on other mustel ids . Gorman et a l . ( 1 97 8 )  

fa i led to demonstrate any sexual d ifferences i n  the anal secretions o f  

otter , and found that ind ividual d i fferences were too labile  with  t ime 

to be of use in recognising individ uals .  The most comprehensive 

published account of  odorous secretions from any mustelid  spec ies  to 

date is that of Gorman et al . ( 1 98 4 ) on the sub-caudal  pouch secretions 

of the badger , where they found ind ividual but no sexual d i fferencs in 

the secretions . 

In a few other mammal spec ies , 

have been demonstrated . For 

sexual and/or ind i v idual d i fferences 

example ,  Good rich and Mykytowyc z ( 1 972 ) 

showed that for each of three t ypes o f  g lands  anal , ch in  and 

inguinal , in the European rabb i t ,  secretions v ar ied in composition 

depend ing upon both sex a'nd individual identi ty . Gorman ( 1 976 ) showed 

that there was sufficient inter-ind i v idual  variation in the anal 

secretions of the Ind ian mongoose ( Herpestes auropunctatus ) to allow 

them to be used as an ind ivid ual recognition system . 



Although only ten ferrets were used in  the present 

sampling allowed ver y  sign i fi cant male/ female 

stud y , 

and 
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suffic ient 

ind i v id ual 

d ifferences  to be demonstrated . It  must now be  d etermined whether or 

not ferrets can make use o f  these chemical cues for sex ual  and 

individual recognition . 



5 .  1 

Chapter 5 

ODOUR PREFERENCE TESTS 

"The recognition of an ind i v idual • • •  and spec ies  

i s  possible in many vertebrates b y  v irtue o f  

odour alone . "  -Stoddart 1 980b 

I NTRODUCTION 
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For scent marks and body odours to play any role in  communication , not 

onl y must some information be encoded wi thin them , but the animal s must 

al so be able to decode thi s i n formation .  A basic piece of information  

that could be  derived from odour is  species recognition . Anima l s  must 

fi rst be able to identi fy conspec ifics  for an y o f  the c omplex i ties o f  

soc ial behaviour to operate . Compar isons within and amongst the 

studies o f  Crump ( 1 980a , b )  and Br inck et al . ( 1 983 ) show that there 

are spec ies-specific components to the anal gland secretions of ferrets 

and other Mustela species . Mustel id anal gland odours do therefore 

possess the chemical basi s for a spec ies recognition system . It  must 

now be shown that ferrets can d isc r iminate between anal gland odour o f  

their own spec ies and that of  a s ympatr ic spec ies . 

Odours may convey not only information on spec ies identi t y ,  b ut also 

sex and individual identity .  The hypotheses put forward in Chapter 1 

to explain roles of odour in  communication require  that ferrets be  able 

to discriminate amongst d ifferent  categories o f  odours . A pred iction 

of the scent matching mechan i sm by which scent marks g ive  an 

assoc iation between a resident and its terr itory  r equires  that ferrets 

intrud ing into occupied space be able to recognize the odour o f  a scent 

mark as b eing the same as that on an animal it meets , and that the 

resident b e  able  to recognise hi s own odour . If anal g l and odours  act 

as a neighbour-neighbour recognition system , ferrets must be  able to 

discriminate their own odour from that of  their neighbours ,  and their  

neighbours ' odours from those of  strangers .  The y  c ould d o  thi s by  

either recognising each neighbour as  a separate ind ividua l , or j us t  by  

being able to d iscriminate between famil iar and strange odours . I t  has 

alread y been shown ( Chapter 4 )  that there are individual  d i fferences i n  

ferret anal  gland odours , and there are also sexual d ifferences . For 

anal gland odours to act as sex attractants , males and/or femal es must 
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be able to d iscern these d i fferences , and must be more attracted by the 

odour of  the opposite sex , a t  least during  the breed ing season . 

As Johnston and Schmidt ( 1 97 9 )  po inted out : " the qual ity of the odour 

of  most mammal ian scent marks changes in  a pred ictable man ner with 

time , as the concentration of h ighly volatile components d ecreases 

relative to the concentration of  l ess volatile  component s . "  If 

ferrets ' anal drag scent marks play some role in territorial defence or 

in  bring ing the sexes together , then the abil ity to determine the age 

of  scent marks would be advan tageous as it would allow a ferret to 

determine the l ikel ihood of meeting a conspec ific , and thus mod i fy i ts 

behav iour appropriatel y .  

The proced ures used in determin ing the abil ity  o f  an imal s to 

d iscriminate between odours fall into two categories ( Brown 1 97 9 ) . The 

preference test method measures the spontaneous r esponses of the an imal 

to d i fferent odour s .  The responses used as measures of attrac t iveness 

are usuall y  the time spent investi gating the odours , t ime taken to 

approach the odour s ,  the choice o f  odour fi rst invest igated and the 

amount of scent marking at the odour sources . The second procedure is 

the reinforcement-training method in which the subj ect is taught using 

rein forcement or punishment cond itioning to respond to one or o ther of  

the odours . In both method s the odours can be  presented simultaneously 

or suc·pessi vel y .  

Both procedures have advantages and d i sadvan tages . A criticism o f  the 

preference test method i s  that a lack o f  d i fference in  response to two 

odours does not necessar ily  ind icate an inab ility to d i scriminate the 

two , but simpl y a lack of motivation to choose between them . That i s  

to say ,  the odours may be perceived a s  d ifferent but evoke the same 

response in the subj ect animal . A problem with the 

reinforcement-train ing method is that i t  does not reveal the an imal ' s  

natural responses to and preferences for the odours . 

The same type o f  test apparatus can be used for e ither o f  these 

procedures . The simplest are Y- and T-mazes which  consi st of a 

starting arm and two goal arms with odours at the ir  end s ,  between which 

the animal must choose . Such a maze was used by Bowers and Alexander 

( 1 967 ) in thei r  classic study o f  ind i v idual odour recognition in  mice 
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( Mus musculus ) , and by Hughes ( 1 964 , 1 965 ) i n  his  stud ies  on  

spontaneous alternation in  the ferret . Di scrimination  boxes and arenas 

of var ying complex ity have also been used ( Steven s  1 975 ) .  

No matter what  the design , an ol factometer must incorporate the 

following general features ( and see Salmon and Mar sh 1 977 ) :  

1 .  The apparatus must prov ide enough space to allow the animal to 

move about normal l y .  

2 .  I f  odours are presented simultaneously , they must not be  allowed 

to m ix as this could produce a confusing signal . 

3 .  Measures o f  response must b e  specific enough t o  assure accurate 

interpretation . 

4 .  The an imal s should not be aware o f  the sensing  method . 

The exact d esign of  the apparatus and the experiment wi ll  depend upon 

the an imal used and the a im of the study .  The a im o f  this study was to 

find out i f  ferrets have the sensory ab ility to d i scriminate amongst 

a n a l  gl and o d ou r s  of d i f f e r e n t  f e r r e t s , and to see i f  they showed any 

preferences for investigating odours from d ifferent categories  of  

animal s ,  a s  required for the hypothesi sed functions of  odour in 

communication . 

5 . 2  METHODS 

5 . 2 . 1 Subj ects 

Six  male and nine female ferrets were used in var io us combinations as 

subj ects for odour d iscrimination test s .  Four o f  each s e x  were 

wild-caught an imal s that had lived in captivity  for at least seven 

months pr ior to testing . The remainder were captive-bred , and  were 

used onl y in  exper iment 7 ,  when they were thir teen months old . The 

ferrets wer e  housed in two areas ( more than one km apar t ) , a l lowing 

each to hab ituate to the odours of some ind ividual s b ut not others .  

5 . 2 . 2  Odour Mater ials and Collection 

For T-maze exper iments and 2 the extracts of anal sacs o f  dead 

spec imens o f  male ferret� and male weasels , all caught at the same time 
1 9 8 0  

of year ( September/Octobe�) ,  were used . These an imals wer e  stored 

whole at - 1 0' C until used . The anal sac s were d i ssected out and  the ir 



secretion smeared onto a 2 cm diameter c ircle o n  

filterpaper . These fi l terpaper/odour samples were 

5 8  

a piece  of  

kept i n  a irtight 

plastic containers . Any one odour sample was used the same n ig ht as  

col l ection , and on the next two night s .  In exper iment 2 the ferrets 

were tested against either fresh ferret and fresh weasel , or o ne-day 

old samples of both , or two-day old  samples of both . 

In prel iminary Y-maze tests and T-maze experiments 3 to 7 ,  anal  gland 

secretions from l ive ferrets were used . Samples were  col lected by 

hold ing the donor animal around the back of the neck wi th one  hand , 

supporting the pelvic reg ion with the palm of the other hand and using 

thumb and forefinger to express the secretio n  from the anal sac s .  

Filterpaper was blotted onto the secretion , which usua l ly  formed a blob 

over the anus . The sacs were squeezed until the 2 cm area was cover ed 

thinly  with secretion . Care was taken to avoid  rubbing the filterpaper 

across the urogenital reg ion and against the fur e xcept around the 

anus . Samples were used within 24 hours of collection .  

5 . 2 . 3  Y-Maze Test 

Prel iminary odour discrimination tr ials  were carr ied out in a grey PVC 

Y-maze ( Fi g . 5 . 1 a )  with perspex v iewing ports set into the top .  A 

plywood start-box was attached onto the stem , with a gui l lotine d oor at 

the joint . An exhaust fan drew air through the maze and start-box , and 

hel ped to mask extraneous noises . The odour samples were  placed in  PVC 

containers that fi tted onto the end of  each arm of  the maze . A nylon 

mesh prevented sight and access to the odour samples . 

At the beginning of each tr ial the fan was started and an odour placed 

in the container at one or other end of the maze . A ,bl ank p i ece o f  

fi lterpaper was placed in  the other conta iner . The subj ect was placed 

in the start-box with the door shut for two minutes , allowing t ime for 

the odour to be drawn through the apparatus . The door was then raised 

and timing began , using a d igital stopwatch . Time the an imal took to 

reach the Y junction was measured ( Time 1 ) ,  along with the time spent 

at the j unction (Time 2)  before entering an arm . The arm chosen was 

also noted . The animal was then removed and the apparatus thoroughl y 

cleaned with water and chlorine bleach ( Janola )  before the next tr ial . 

All an imal s were run on the same or subsequent morning . The animal s 

were not tested again until four d ays had elapsed . Each an imal was 
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Figure 5 ·1 :  Apparatus used in  preference tests. 
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tested against strange and famil iar odours of both males and females , 

i n  a design balanced to avoid con founding  effects due to order o f  

presentation of  odours . The data ( Time 1 plus Time 2 )  were converted 

into normalised ranks and analysed using a 3-way analysi s  of v ar i ance . 

Missing v alues were estimated to m in imise the residual sums of  squares . 

Data and analysi s  are g iven in  Append ix 3 .  

5 . 2 . 4 T-Maze Tests 

Preference tests were run in a T-maze apparatus ( Fig . 5 . 1 b ) made o f  two 

particleboard arenas and a connecting tunnel , v arnished i ns i de  to 

fac i l itate clean ing . A gui l lotine door made of a plywood frame and 

wire mesh fitted the opening from the start-box to the maze . The 

exhaust fan drew air from both arenas back through the start-box , 

preventing mix ing of odours at their sources . The odour containers 

used in the Y-maze attached onto the end of each arena with wir e  mesh 

prov iding a v i sual and mechanical barrier between the odour samples  and 

the subj ect an imal s .  Above the entrance to each arena from the 

connecting tunnel , the wall · consi sted o f  a sheet o f  t inted g l ass , 

al lowing v isib il ity  into the arenas  for the observer , who sat above and 

j ust behind the start-box , without the ferret being able to see out . 

Each arena was l it by a 25-watt red l ight , attached to the centre o f  

the roof .o f the arena ,  t o  prov ide d im lighting . 

All the preference tests were run d uring the breed ing season ( September 

to March ) .  For experiments 1 to 3 all tr ials were  run in the evening 

( 9pm- 1 1 pm ) , whi l e  those for exper iments  4 onwards were run during  the 

d ay ( 8am- 1 1 am ,  and 3pm-5pm) . Pr ior to exper iment 1 ,  each subj ect spent 

all of one day in  the T-maze , with free access to both arenas . This 

allowed them time for famil iar i sation wi th the apparatus . 

At the beginn ing of each trial newspaper was laid  on the floor o f  the 

maze , and straw from the home cage o f  the subject  was placed i n  the 

start-box . The l ights and fan wer e  turn ed on and the gui llotine  door 

shut . The subj ect was then placed in the start-box and left for five 

minutes before the odour samples were placed in  the ir  conta iner s .  One 

minute then elapsed , giv ing time for the odours to be drawn through the 

apparatus before the door was raised and timing began . When the 

animal ' s  head appeared in either arena the time was noted and its 

initial choice response left or r i ght was recorded . Measurement s  were 
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then made o f  the total time spent sn i ffing a t  the odour ports  ( nose 

less than 1 0  cm from the port ) . 

Tr ials  lasted fi ve minutes for exper iment 1 ,  30 minutes for exper iment 

2, while  1 5  minute tr ials were used for all subsequent exper iments . At 

the end o f  the tr ial the an imal was removed along with the straw and 

newspaper . The whole maze was cleaned and left to d ry for nearl y  24 

hours before the next tr ial . No subject was used more than once every 

four d ays . Information o f  the gen eral behav iour o f  the subjects  i n  the 

T-maze is g iven in Append ix  4 .  

Pairs o f  odours were tested simultaneousl y .  The r i ght/left posi tion o f  

the two odours tested i n  any trial was randomised to avoid biases  of 

possible subj ects ' preferences for turning right or l eft .  Time d ata 

were analysed using the Wilcoxon matched-pairs  s igned-rank test 

( assuming independence between tr ial s when the subj ects wer e  tested 

more than once ) , and ANOVA in exper iment 5 .  The b inomial test was used 

for the analys i s  of choice d ata . Data and anal ys i s  of subj ects ' 

responses are given in Append ices 5 and 6 .  

5 . 3  RESULTS 

5 . 3 . 1  Y-Maze Test 

Preliminary trials in the Y-maze apparatus were designed to test for 

d iscrimination between strange and famil iar , and mal e and female ferret 

anal gland odours . The speed with which the subj ects responded to the 

odour ( time taken from start-box to choosing right or l eft arm) varied 

depend ing upon the combination of sex of  the subj ect and sex e f  the 

odour . Nei ther of  these factors  explained a s ignifi cant par t  o f  the 

v ariation by  itsel f ,  but the interaction term was a s ignificant factor 

( P�0 . 0 1 , Table 5 . 1 ) .  Males responded quicker to femal e odour s , while  

the reverse was true for the female subjec ts . There was a 

non-signi ficant trend to respond quicker to strange odours than to 

famil iar ones ( see Table 5 . 1 ) .  Four times ( twice by  male Mal l i  and 

once each by females Furo and Pug )  the subjects gave  no response ( i . e .  

r emainded i n  the start-box or d id not reach the Y junction ) . Each of  

these were dur ing a test of responses to a famil iar odour . Out of  the 

28 tr ials in which the subj ects d id respond , 21 t imes the sub j ects 

chose the arm with the odour ( P�0 . 006 Binomial ) .  Five  out o f  the seven 
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times when the blank arm was chosen the odour in the o ther arm was that 

of  a stranger ( N . S . Binomial ) .  

TABLE 5 . 1 

Mean values and significance level s ( ANOVA ) of subj ects ' speed of  

response ( Time + Time 2 )  to  odours in  the prel iminar y  Y-maze 

exper iment .  Data are normal ised ranks ; n=8  ( 4  males , 4 femal es ) . 

FACTOR 

SEX OF SUBJECT 

SEX OF ODOUR 

INTERACTION 

ODOUR MALE 

FEMALE 

FAM ILIARITY 

MEAN VALUES 

MALE FEMALE 

-0 . 04 0 . 3 1 

0 . 24 0 . 03 

SUBJECT 

MALE FEMALE 

0 . 43 0 . 06 

-0 . 50 0 . 51 

FAMILIAR STRANGE 

0 . 30 -0 . 02 

5 . 3 . 2  T-Maze Preference Tests 

F 

0 . 379 

0 . 896 

1 0 . 1 69 

2 . 0 1 0  

5 . 3 . 2 . 1 E xper iment 1 .  Male Ferret Odour vs Blank 

SIGNIFICANCE 

N . S . 

N . S . 

P (0 . 0 1 

N . S . 

All the subjects that responded ( seven out of  eight ) spent more time 

sn i ffing the ferret odour port than the blank ( P�0 . 0 1 , Table 5 . 2 ) . Six 

out of the seven went in itially  to the odour ( P�0 . 062 , Table 5 . 2 ) . 

5 . 3 . 2 . 2  E xper iment 2 .  Male Ferret vs Male Weasel 

The d ifferences in time spent at the two odour ports was not 

significan t  - all four male subj ects spent more time investigating the 

ferret odour , but three o f  the females spent more time at the weasel 

odour port . Seven out of e ight of the subj ects , however , cho se to 

investigate the ferret odour first ( P<0 . 03 1 , Table  5 . 2 ) . The e xception 

was female Swuzzle who went i n itially to the weasel odour . 
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TABLE 5 . 2  

Mean time spent sniffing a t  the two odour ports ( statistical 

compar isons are Wilcoxon matched-pairs  signed-rank tests ) ,  and i n itial  

cho ice of  odour port  ( statistical compar i sons are b inomial test s )  as a 
function o f  odour treatment .  

EXPT SUBJECTS 

x TRIALS 

8 x 1  

2 8x 1 

3 8x3 

4 4x3  

5 1 0x2 

6 1 0x 1  

7 ( a )  8 x 1  

7 ( b)  8 x 1  

TIME SPENT AT 

ODOUR PORT ( s )  

FERRET BLANK 

59 . 3  1 2 . 0  

P,0 . 0 1 

FERRET WEASEL 

55 . 9  40 . 7  

N . S . 

SAME SEX OPPOSITE 

20 . 2  22 . 4  

N . S . 

SEX 

OESTROUS ANOESTROUS 

43 . 0  4 9 . 2  

N . S . 

STRANGE FAM ILIAR 

38 . 7  27 . 8  

P,0 . 05 

FAMILIAR OWN 

4 1 . 7  4 1  • 1 

N .  S .  

FRESH 2 HOUR 

47 . 9  50 . 1  

N .  S .  

FRESH 1 DAY 

72 . 0  5 1 . 0  

P,0 . 039 

NO . CHOOSING EACH 

ODOUR PORT 

F ERRET BLANK 

6 

P,0 . 062 

F ERRET WEASEL 

7 1 

P,0 . 03 1  

SAME SEX OPPOSITE 

6 1 5  

P,0 . 03 9  

SEX 

OESTROUS ANOESTROUS 

8 4 

N . S . 

STRANGE FAMILIAR 

1 4  4 

P'O . 0 1 5  

FAMILIAR OWN 

5 5 

N . S . 

FRESH 2 HOUR 

3 5 

N . S . 

FRESH 1 DAY 

4 4 

N . S . 
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5 . 3 . 2 . 3  E xperiment 3 .  Male vs Female Ferret Odour 

There were  no significant d ifferences between the time spent a t  male 

and female odour ports nor at ports with odours of the same and 

opposite sex to the sub jects . But again there was a significant trend 

to first invest igate one odour port over the other - in this c ase that 

of the opposite sex from the subjec t  was the chosen odour ( P,0 . 03 9 ,  

Table  5 . 2 ) , a result that was d ue mainly  to the responses o f  t he male 

subj ects . On the first run al l four males approached the female odour 

first , and over three r un s  the males showed a signi ficant preference 

for the female odours ( P,O . 0 1 9 ) . In contrast , five times the females 

chose the male odour port , and four times the female odour , whi l e  in 

the other three runs there was no response . 

5 . 3 . 2 . 4  Exper iment 4 .  Oestrous v s  Anoestrous Female Odour 

The four male ferrets showed no d iscrimination between the odours of  

oestrous and  anoestrous females , e i ther in  time spent in  invest igation 

or in initial choice ( Table 5 . 2 ) . 

5 . 3 . 2 . 5  Exper iment 5 .  Strange vs Famil iar Odour 

Subj ects were tested twice - once with strange and famil iar odours o f  

the same sex a s  themselves , and once with those o f  the opposite sex . 

The subj ects  showed significant preferences for both spend ing longer 

investi gating the strange odour ( P�O . 05 ,  Table 5 . 2 ;  P,O . 0 1 , A NOVA ) and 

for in itially  approaching the strange odour ( P,O . 0 1 5 ,  Table 5 . 2 ) . The 

four ( out of eighteen ) times that the famil iar odour was chosen ( twice  

by males and  twice by females ) were al l responses to  odours of  the  same 

sex as the subj ects . 

5 . 3 . 2 . 6  Exper iment 6 .  Familiar vs Own Odour 

The subj ects d id not spend signi ficantly d ifferent lengths o f  t ime 

investigating their own and famil iar ( same sex )  odours ( Table 5 . 2 ) , nor 

did they show a preference for initially approaching one or other o f  

the odours (Table 5 . 2 ) . But for the first t ime throughout these 

experiments , the subj ects responded to an odour by  per forming an anal 

drag ( see Chapter 2 ) . Six out of ten of  the subj ects anal d r agged , 

always in  the arena containing their own odour . 
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5 . 3 . 2. 7 Exper iment 7 .  Fresh vs Stal e  Odour 

E ight ferrets were tested first to see if they would discriminate 

between fresh ( collected within 1 0  minutes of the start of the trial ) 

and two-hour old anal gland odour . Both samples came from the same 

female donor an imal . They showed no d i scrimination between these  two 

odours , neither in l ength of investigation nor initial  choice ,  n or in  

scent mar king . By  contrast , when they were  
old odour , a l l  eight subjects  spent l onger 

( P�0 . 004 Table 5 . 2 ) . Four out o f  e ight 

tested on fresh vs o n e-day 

sn iffing at the fresh odour 

chose each side to first 

investigate . For seven out of eight of the subj ects , however thi s last 

experiment ( fresh vs one-day o l d )  was carried out in a d i fferent 

build ing from all  the prev ious tests and six out of seven went  to the 

right-hand arena first , giving a r ight side preference not seen i n  any 

prev ious exper iments . 

5 . 4  DISCUSSION 

The odour d iscr imination ab i l ities  of  ferrets , and the ir prefe r ences 

for some odours over others demonstrated here support the ter r iorial  

defence and  sex attraction functions o f  anal gland odours , and  a r e  in  

accord with the results of  the c hemical analys i s  of  anal sac e x tracts 

( Chapter 4 ) .  

The fact that ferrets chose to investigate ferret odour fir st i n  

preference to that o f  a closely  rel ated sympatr ic spec ies ind i cates  a n  

abil ity to d istingui sh the odour o f  conspec ifics from other muste l id s .  

Sokolov and Rozhnov ( 1 98 3 )  found that polecats d i scriminated b etween 

the ur ine of conspec ifics and that of  Mustela lutreola ,  but not b etween 

ur ine of  polecats and ferrets . They  a lso invest i gated the ab i l i t y  o f  

polecats to d i scriminate between conspec ific and other s pecies  

" excrement" .  They reported that there was no  significant d i fference  in  

time spent sn i ffing the two odours and  concluded that i t  was impos sible 

to demonstr ate any spec ies i nformation value in anal gland secr etions 

and faeces . The present study similarl y produced no d ifference i n  time 

spent sn i ffing odours of thi s spec ies and another spec i e s  ( M . 

nival i s ) , but the additional response var iable o f  i n itial cho i c e  o f  

odour to approach gave a significant response criter ion . Ana l  g land 

odour may thus form par t  of  the pol ecat/ferret spec ies recogn i tion  

system . 
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The d i scrimination between male and female anal g land odours , i n  both 

the Y- and T-maze exper iments ,  and the fact that males preferred female 

odour supports the sex attractant hypothesis . The important v ar iables 

for d i scrimination were the speed of approach ( in Y-maze tests ) and 

choice of odour ( in T-maze tests ) .  Again there was no d i fference in  

length of time spent sniffing  the d i fferent odours as was also found to 

be the case for polecats ' responses to male and female excrement by  

Sokolov and . Rozhnov ( 1 983 ) . They d i d  find a d i fference in  sn i ffing 

time o f  male pol ecats at male and female urine , there being a 

preference for 

that both anal 

female odour ( c . f .  Wheeler 1 978 ) . It seems l ikel y then 

gland secretions and urine ( or abdominal gland 

secretions? ) convey information on  the sex of  the animal . 

There wer e  no significant d ifferences i n  the responses of  male subj ec ts 

to the anal gland odour of  oestrous and anoestrous females . Thi s  i s  

not surpr i sing , consider ing that no consistent d i fferences were found 

in the major volatile components of oestrous and anoestrous anal gland 

secretions ( Chapter 4 ) .  Sokolov and Rozhnov ( 1 98 3 )  similarly  found no 

d ifference  in the time males spent sniffing ur ine or faeces from 

oestrous and anoestrous females . In the outside enclosure ( see Chapter 

2) the males , who come into breeding cond i tion before females 

( Fitzgerald 1 964 , pers . obs . )  attempted to mate with females before_ 

they were fully  i n  oestrous . Thus males �� not use any 

signal from the females to determine their recept i v ity . ( see Emendation 3 )  

The results  o f  experiments 5 and 6 support the terr itorial defence 

hypothesi s .  The fact that the ferrets d iscriminated not only on 

initial choice of odour but also on  length of  time spent sniffing the 

strange and familiar odours indicates that the d iscrimination between 

neighbours  and intruders may be an important function of anal gland 

odour . In the famil iar versus own odour test s , neither of these 

responses proved useful d iscriminating cr iter ia . This may be due to a 

lack of motivation to investigate either of these famil iar  odours more 

than the other . The fact that the subjects anal  dragged only i n  

response to their own odour does , however , suggest some ab i l ity to 

recognise one ' s  own odour . 

reinforcement-training tests . 

It 

Sokolov 

could be  confirmed by 

and Rozhnov ( 1 983 ) found that 

male polecats d i scr iminate between famil iar and strange ur ine , spending 

more time sni ffing the strange ur ine . They  d id not test polecats ' 
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abilities to d iscriminate between famil iar  and strange excrement .  

Stoddart ( 1 98� expressed 

ind ividua l s  through scent 

the opin ion that 

probably occurs in  

d i sc r imination  o f  

all  macros· �atic  

vertebrate species . Man y  spec ies , however , produce more than one  type 

of scent , and not all of them may carry i n formation on ind i v idual 

identi ty . For example the Afr ican Dwar f Mongoose , Hetogale undulata , 

can d istinguish between anal gland odour from d i fferen t  i nd ividuals  but 

not between d ifferent cheek odours ( Rasa 1 973 ) . In  the ferret , anal 

gland odour appears to carry thi s i nformation , but odour derived from 

the chin region  may not (Wildhaber 1 984 ) .  

The famil i ar/strange preference tests carried out on  ferrets  are 

equivalen t  to the habituation-preference tests used by  other workers 

( Halpin 1 97 4 , Harr ington 1 976 ) . In these tests Mongol ian g erbils  

( Meriones unguic ulatus ) ,  and lemurs ( Lemur fulvus ) were  habituated to 

one strang e  odour for a certain t ime per iod and then presented with 

that odour and/ or a second strange odour . A preference to sn i ff  at the 

second odour i nd icated an ab i l ity  to d i scriminate between the two . In  

the ferret tests the subj ects had been habituated to  the ' fami l iar ' 

odour by l ivin g  in adj acent cages ( or the same cage)  for a n umber o f  

months , and  the y  had never been exposed to the ' strange ' odour . None 

of these tests  can tell us i f  an imal s can recogn i se other s  a s  

ind ividual s b y  odour , only that they can c l assi fy familiar  

( neighbouring )  animals as d ifferent from strange ( in tr ud ing ) an imal s .  

Reinforcement tests , using an imals trained to d iscriminate between a 

number o f  odours of equal famil iar ity would be necessary to r esolve  

this  quest ion . Such exper iments have shown abilities  to  d iscr im inate 

amongst familiar odours in  the Dwarf Mongoose ( Rasa 1 973 ) ,  the Ind ian 

Mongoose ( Gorman 1 976 ) , the badger ( Gorman et al . 1 984 ) and the 

European otter ( Trowbridge 1 983 ) . 

Ferrets possess the abil ity to d i scriminate between fresh and one-day 

old anal g land odour ( exper iment 7 ) . The fact  that they showed no 

difference in time spent sn i ffing the fresh and two-hour old odours , 

nor in i n i tial choice of these odours does not n egate the possib i l ity  

that they c an d i scriminate between them , it  only  shows that  they d o  not 

show d ifferent reactions to them . Determination of the i r  l im its  o f  

d iscrimination between odours of closer ages would r equire  



68  

reinforcement-train ing tests .  Thi s  procedure was used by  Rasa ( 1 973 ) 

to show that a Dwarf  Mongoose could d iscriminate between ' fr esh ' , 

one-hour old and two-hour old anal gland  odour s .  

In the ferret preference test s ,  the initial  choice o f  odour proved to 

be the more useful measure of preference . Ferrets may be able  to 

assimilate rapidly  the information content o f  scent marks , thus a s  
Halpin  ( 1 97 4 ) suggested , their  r esponses to odours may happen rapi d l y , 

and fur ther r esponses would be super fluous . Thi s  possibi l i t y  i s  

supported by  observations  of  the ferrets i n  the outside enclosure ( see 

Chapter 2 ) , where they would approach and briefly sn i ff a t  defaecation 

and anal d rag sites ( and  other scent marks ) , and then immed i atel y  

either mov e away or scent mark over the exist ing mark .  

The preference test method using Y- or T-mazes has  i t s  l imitations . As 

alread y d i scussed , it  does not allow the demonstration of  

d i scrimination between odours to which an imal s naturall y  show no 

preference .  The Y-maze used in the prel iminary trial s proved 

unsatisfactory in  that i t  was too cramped for the animals ( espec ially  

the mal es )  to move around normall y .  I t  was also l imited i n  the 

response v ariables that could be measured . The T-maze allowed free 

movements b y  the subj ects , and both length o f  time spent sn i ffing at 

the odours and scent marking behaviour could be observed and 

quantified . The main problem with the T-maze was that although a 

stream of air was being sucked through the apparatus , thi s a ir 

orig inated from opposite sides of  the exper iment room , and impurities  

may have been introduced with one or other of  the odours .  Thi s  seems 

to have been a real possibil ity in  exper iment 7 ,  where the l ast seven 

tr ial s were carried out in  a d i fferent experiment room and s i x  out of  

seven of  the subjects chose the r ight hand arena to  investigate first . 

I t  should also be noted that the experiments were run with the observer 

aware of  which  odour was on each sid e .  Although this may have b iased 

how the observer recorded the data it could not have b iased how the 

animals  responded they could not pave been using any cues from the 

observer as to right and wrong responses because they were not b eing 

reinforced for their responses . The use of an automatic  recorder such 

as photoelectr ic  cells or mechan ical tr ip dev ices ( Doty 1 975 , Salmon 

and Marsh 1 977 ) would have removed any potential b iases in d ata 

collection , however if an observer had not been present the scent 
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marking behav iour in exper iment 6 would have gone unnoticed . 

A problem common to both exper imental set-ups was i n  the concentr ation 

of  odours used . These were not accurately quan ti fied ; a smear of  a 

certain si ze on a piece o f  filterpaper was the standard odour sample .  

Thi s  produced an odour j ust perceptible to the human nose , but may  have 

been stronger than that normal l y  set . d own by  anal dragging . Thi s  

probl em of  accurate repeatable  presentation of  a n  appropr iate odour 

concentration is  a fault common to man y  publ i shed preference test 

stud ies . 

A critic ism of any highly controlled laboratory exper iment on odour 

d iscr imination was given by Johnston ( 1 977 ) , who pointed out that such 

exper iments  can tell us only what e ffects  a signal can have in these 

prescr ibed situations , not what effects i t  does have within the c ontext  

of  the species ' total behav ioural repertoire . The testing o f  what 

effects odours do have on ferrets i n  more complex si tuations i s  the 

subj ect of the next chapter . 



6 .  1 

Chapter 6 

CONFIDENCE ASSESSMENT TESTS 

" It i s  o ften not appreciated that for each chemical 

secretion suspected of having communication functions 

a great d eal of  behavioural work needs to be  done in  

order to  understand these functions . "  -Johnston 1 977 

I NTRODUCTION 
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The results of  observational , hi stological , chemical and exper imental 

studies presented in the prev ious chapters suppor t  the ter r i tory  

defence hypothesis  put forward in Chapter 1 .  Anal g l and scent marks 

and bod y odours may enhance the confidence of  terr itory-holders , 

intimid ate intruders and med iate spac ing systems by  n e ighbour-neighbour 

recognition .  The results so far are al so consi stent with the scent 

matching mechanism .  These roles for scent marks can now b e  tested 

further by manipulation exper iments  in controlled cond itions . 

One of the pred ictions from Hypothesi s ( scent marks prov i de  an 

ol factory assoc iation between a resident and its defended area )  i s  that 

an an imal should be more " confident" when in the presence of i t s  own 

scent marks than when in the presence o f  those of other animal s . Thi s  

concept of  territorial confidence could be quanti fied a s  the l i kel ihood 

of an an imal escalating an encounter to actual combat , but could also 

take the form of  more subtle behav ioural traits . The pred isposit ion  o f  

a n  animal o n  i t s  home ground to win an agonistic encounter i s  well 

known . Poole ( 1 973 ) found that when ferrets or ferret/polecat h ybrids  

were introd uced into a neutral area , those first introd uced where  more 

likel y to win subsequent fights . Erl inge ( 1 977 ) similarly  found that 

" establ ished " stoats dominated " introduced" ones . Eibl-Eibesfeldt 

( 1 950 ) showed experimentally that badgers were c almed in un famil iar 

terrain by their own fresh scent marks . To test the e ffect scent marks 

have on thi s territorial confidence , Mykytowycz  et al . ( 1 976 ) p laced 

pa irs of  European wild rabbits in a neutral area in the presence  of  

various odours . They found that the rabbits were most confiden t  in  the 

presence o f  the ir own chin odour , and to a l esser ex tent anal odour , 

than in the presence of  odours from other rabbits . 
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I f  scent matching i s  the mechanism by which terr i torial 

confidence/intimidation is  determined , one would  expect not onl y that 

an an imal would be most confident i n  the presence o f  its own scent 

mar ks , but also that an an imal would show l east confi dence ( or least 

likel ihood to fight ) when the scent marks encountered match the body 

odour of his opponen t .  I f ,  o n  the other hand , scent marks a r e  used to 

recognise neighbours , then an an imal ' s  confidence will  d epend on the 

relative d ominance status of the var ious ind ividual odour donors . If  

the opponent i s  a subordinate an imal and the odour donor a d ominant  

animal then the predictions from the two mechan isms  will  be quite 

di fferent . If scent matching occurs , the subj ect will b e  l east 

confident in the presence of scent marks o f  the opponent , but i f  the 

sub ject recognises scent marks as belonging to particular , known 

ind ividual s ,  it will  be least confident in the presence of t he third 

an imal ' s  scent marks . 

Exper iments such as those conducted by Mykytowycz et  al . ( 1 976 ) can be 

used to investigate these various hypothesised functions of  ferret anal 

gland scent marks and body odours .  Quanti fying an imal s '  responses to 

odours requires the use of some measurable forms of behav iour , and 

famil iar ity with details of behaviour of the species  ( Mykytowycz  et 

al . 1 976 ) . Such detailed information on  ferr et b ehav iour is g iven by 

Poole ( 1 912a , 1 973 , 1 914 ) .  When allowed to interact d ur ing  the 

breed ing season , male ferrets wi l l  fight and d ev elop a hierarchical 

ranking .  Poole ( 1 973 , 1 914 ) used c ine film record ings o f  fighting 

behav iour to observe and describe  all the actions and postures used by 

ferrets o f  var ious status whil e  interacting with e ach other . In 

add ition to these active behaviours , the general d eportment o f  ferrets 

can be easily  observed in controlled laboratory cond itions . The a im of 

thi s chapter i s ,  using the available knowledge of ferret behav iour , to 

investigate the spontaneous responses of ferrets to scent marks , in  

order to test pred icti�ns from the hypothesi sed terr i torial d efence 

function of  ferret anal gland odour s .  

6 . 2  METHODS 

6 . 2 . 1 Subj ects and Apparatus 

Five adult male  ferrets were the subj ects  o f  the se confi d ence 

assessment test s .  With the exception o f  Snark and Hans , they had  never 
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i ndoors 

before come into physical contact . The exper iments were carried  out) in  

an open arena made of part icleboard ( Fi g .  6 . 1 )  and l i t  from above by  

fluorescent l ight s .  Two start-boxes wer e  attached to  one  side o f  the 

arena , and were closed by e ither wire mesh or solid  doors ( see below) . 

A fan blew air from the far side o f  the arena towards the start-boxes . 

The observer sat on a chair between the two start-box es . 

6 . 2 . 2  Dominance Assessment Tests 

Subj ects were tested in pairs , with all ten pair combinations b eing 

used to determine dominance r anks without any odour being present .  Two 

tr ial s were  cond ucted per day , and three or four d ays elapsed between 

ex per imental days . A subj ect was placed in each start-box wi th  the 

wire mesh door in  place , and left for one  minute . The doors were  then 

opened simultaneously ,  allowing the ferrets free access to the arena  

and to each other . The ferrets were observed for the next  ten m i nutes , 

and record s were  made of  the number o f  times one ferret a pproached 

another , the number of chases , attacks ( either lunge or obl ique 

attacks , see Poole 1 974 ) and the n umber of defensive actions , that 

incl uded ward off , back away , and extricate , as defined by  Poole 

( 1 974 ) , and runn ing away . Length of t ime spent fighting , intensi t y  of 

fi ghting , the instigator and winner of  fight s  were also noted . R ecords 

were made on a cassette tape recorder , a no i se that the ferrets 

ignored . At the end of the ten minute trial , ( unless  the ferrets  had 

to be separated prematurely to prevent severe i n jury to one  o r  the 

other ) , the subj ects were removed and the floor and wall s  o f  t he arena 

cl eaned with water and chlorine bleac h .  The tape was transc ribed and 

the ferrets assigned an aggression score as devised by Poole ( 1 972 ) .  

Thi s consi sted of scoring either two for a high i ntensity attac k , one 

for a low intensity attack ,  or zero for not being the instigator , two 

for high intensity fighting , one for low intens ity fighting , o r  zero 

for no fighting , and one for not being intimidated at the end o f  the 

tr ial , or zero for being intimidated . Thus the scores could r ange  from 

zero to five . General levels of aggression during the trial were also 

noted - an imal s could be classi fied as showing high  or low i n te n si ty 

aggression , no aggression , aversive defen sive o r  fearful d efensive 

behaviour . Dominance relationships between the pairs were  thus 

determined . In any one tr ial a ferret could be dominan t , equal , 

intimid ated submissive or fearful submissive , and a r ank order for the 

fi ve ferrets was formed . 
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6 . 2 . 3  Odour Tests 

Odour samples wer� collected by expressing anal g land secretion as 

described in Chapter 5,  and smear ing  a j ust visible amount onto two 

pieces o f  filterpaper . These odour samples were placed into the aren a ,  

one about 25 cm in front o f  each start-box . The fan was started and 

the two subjects placed in the start-boxes , with the wire mesh doors in  

place . After one m inute the sol id doors were put i n  place  to seal off 
the start-boxes and the two ferrets placed manua l l y  i n  the arena 

simultaneously . Thi s  avoided the problem of one ferret not emerging 

from the start-box . The same observations were  mad e as  i n  the 

dominance assessment tr ial s .  In add ition , the general d eportmen t ,  

including postures and level o f  activity , was noted . Later these 

observations were used to calculate a confidence score for each an imal , 

using a scale from one to ten , as shown in Table 6 . 1 .  

TABLE 6 . 1 

Scale of  " confidence" used in the odour tr ial s . The behavioural 

terms are those defined by Pool e ( 1 972 ) .  

1 .  Fearful defensive and releasing anal gland odour . 

2 .  Fearful defensive , no odour rel ease . 

3 .  Aversive defensive and trying to escape from aren a .  

4 .  Aversive defensive and evad ing opponent .  

5 .  Deterrent defensi ve ,  evasi ve , watchful , uneas y .  

6 .  Evasive but moving confidentl y .  

7 .  Mov ing confidently  or l ying relaxed , not evasive .  

8 .  Mov ing confidentl y ,  brie f ,  low intensity aggression . 

9 .  Mov ing confidentl y ,  delayed , high intensi ty  aggression . 

1 0 .  Confident , immed iate high inten sity aggression .  

Each ferret was tested three times with each of  the o ther sub j ects , 

once in the presence o f  his  own anal gland odour , once wi th hi s 

opponent ' s  odour , and once with odour from the most dominant o f  the 

subjects not involved in the test . For hal f  the replicates the odour 

of the more dominant of  the pair was used in the first tr ial , and  for 

the other hal f the odour of the subord inate was the first odour t ested . 
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Six pairs were then tested in the presence of the odour o f  the other 

member of the pair and four with t he dominant "other" odour , and v ice 

versa in  tr ial 3 .  Data were anal ysed using the Wilcoxon ' s  

matched-pairs signed-rank test , assuming independence amongst pa irs . 

6 . 3  RESULTS 

6 . 3 . 1 Dominance Assessment Tests 

In  the prel iminary trials without odour , high levels of aggression 

often occ urred . 

Ind ividual Hans was clearly  the most dominan t ,  always 

showing aggressive behav iour , and i nd iv idual Kupe never won an 

encoun ter . Bandit  was never an aggressor , but was n ever intimidated . 

Although there was no dominant/submissive relationship  between Band it 

and Snark or between Snark and Ayya , the rank  order amongst t hese three 

was determined because Band it dominated Ayya ( Table 6 . 2 ) . 

6 . 3 . 2  Odour Tests 

The ferrets were  signi ficantly less confident in the presence of the ir 

opponent ' s  odour than in  the presence o f  the ir  own odour ( P�O . 005 , 

Table 6 . 3 ) , but there was no significant d ifference  between their 

level s  of confidence in the presence of  their  own and the other 

( dominant indiv id ual ' s ) odour ( Table 6 . 3 ) . When compar ing the ir level s  

of  confidence in  the presence of  the opponent ' s  odour and the other 

odour , the subjects were less confident in the presence o f  the 

opponent ' s  odour ( P(O . 02 1 , Table 6 . 3 ) . When only the responses o f  

subj ects t o  subord inate opponent odour and dominant other odour are 

compared , the trend remains but the sample si ze becomes too small to 

show any sign i ficant result ( Table 6 . 3 ) . Overal l then , it was the 

presence o f  the opponent ' s  odour that made  the subjects  less confident , 

rather than the presence of their own odour making  them more confiden t .  

The level s  o f  a ggression were lower i n  all the odour tr ials t han i n  the 

prel iminary tr ial s .  There was a similar trend as i n  the confidence 

scores , with t he subj ects showing more aggression in  the presence o f  

their  own odour than in the presence o f  their opponen t ' s  odour ( P�O . 05 ,  
� 

Table  6 . 4 ) . There was no significant d ifference between their  

aggression scores in  the other comparisons ( opponen t  vs  other , own v s  

other , Table  6 . 4 ) . 

1. T h i s  r e s u l t  was d u e  ma i n l y  to t h e  r e s po n s e s  o f  H a n s  a n d  Ban d i t . 



TABLE 6 . 2  

Results o f  dominant assessment test s ,  with no odour . 

HIA:hi gh intensity  aggression 

LIA:low i ntensity aggression 

NA:non-aggressive 
AD:aver sive defensive 

FD:fear ful defensive 

D:dominant  

E:equal 

IS: intimidated submissive 

FS:fearful submissive 

SUBJECT OPPONENT AGONISTIC AGGRESSION DOMINANCE ANAL ODOUR 

BEHAVIOUR SCORE RANK R ELEASE 

HANS BANDIT HIA 5 D X 

SNARK  HIA 5 D X 

AYYA LIA 2 D X 

KUPE HIA 5 D X 

BANDIT HANS FD F S  .J 
SNARK  NA E X 

AYYA LIA D X 

KUPE NA E X 

SNARK  HANS FD FS X 

BANDIT NA E X 

AYYA NA E X 

KUPE HIA 5 D X 

AYYA HANS AD 2 I S  X 

BANDIT FD 0 FS .j 
SNARK  NA E X 

KUPE HIA 5 D X 

KUPE HANS HIA/ AD 2 I S  X 

BANDIT NA E X 

SNARK  AD IS  X 

AYYA FD FS .j 
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TABLE 

Confidence scores o f  subj ects 

SUBJECT OPPONENT 

HANS BANDIT 
SNARK 

AYYA 

KUPE 

BANDIT HANS 

SNARK 

AYYA 

KUPE 

SNA RK HANS 

BANDIT 

AYYA 

KUPE 

AYYA HANS 

BANDIT 

SNARK 

KUPE 

KUPE HANS 

BANDIT 

SNARK 

AYYA 

COMPARISON 

OWN/OPPONENT 

OWN/OTHER 

OPPONENT/OTHER 

SUBORDINATE OPP/ 

DOMINANT OTHER 

OWN ODOUR 

8 
1 0  

7 
8 

1 

6 
6 

7 

3 

7 
7 
8 

4 

7 
7 
7 

5 

5 

4 

5 

n 

1 3  

1 4  

1 1  

6 

6 . 3  

i n  the three odour trial s .  

OPPONENT ODOUR 

1 
9 
1 
8 

3 

6 
5 

6 

2 

5 

1 
8 

5 

6 
5 

5 

4 

5 

2 

5 

Ts 

4 . 5  

3 1 . 0  

1 0 . 0  

3 . 5  

OTHER ODOUR 

1 
9 
7 
1 

5 

1 
6 
1 

2 

5 

1 
9 

6 
6 
5 

6 

5 

5 

7 

SIGNIFICANCE 

P�0 . 005 

N . S . 

P(O . 02 1  

N . S . 

11 
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TABLE 6 . 4  

Aggression scores of  subj ects i n  the three odour tr ial s .  

SUBJECT OPPONENT OWN ODOUR OPPONENT ODOUR OTHER ODOUR 

HANS BANDIT 3 1 1 
SNARK 5 4 5 

AYYA 

KUPE 4 2 

BANDIT HANS 1 0 

SNARK 0 

AYYA 4 

KUPE 

SNARK HANS 0 0 0 

BANDIT 

AYYA 1 

KUPE 4 5 3 

AYYA HANS 0 

BANDIT 

SNARK 0 

KUPE 

KUPE HANS 0 0 0 

BANDIT 

SNARK 0 0 1 

AYYA 

COMPARISON n Ts SIGN IFICANCE 

OWN/OPPONENT 9 8 P"O . 05 

OWN/OTHER 6 4 N . S . 

OPPONENT/OTHER 6 9 N . S . 

SUBORDINATE OPP/ 4 4 N . S . 

DOMINANT OTHER 
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6 . 4  DISCUSSION  

The prel iminar y tr ials without odour allowed the subj ec ts to establ i sh 

dom inance  relationships , and identi fied the odour donor for the 

dom inan t  " other"  odour in the odour trials . They a lso ensured that  the 

subj ects had had physical contact with each o f  the ir  opponents  b e fore 

the first odour tr ial was run . Without these prel iminary tr i a l s ,  much 

higher l evels  o f  aggression may have occurred in the first odour tr ial , 

confo�nd ing the effect o f  order of  the trial s wi th t he e ffect o f  the 

odours . 

The results  of  the odour tr ials reinforce the find ings of  Cha pter  5 

concerning the ab ilities o f  ferrets to d iscriminate between anal  g l and 

odours of d ifferent ind ivid ual s ,  includ ing the ab i l ity  to recognise 

the ir own and another odour . The fact that they were  more confi d en t  i n  

the presence  o f  their own odour than their opponent ' s  odour supports 

the hypothesis  that odours act as  an ol factory a ssoc iation between a 

resident and i ts defended area , enhancing terri torial confid en ce  or 

intimidating intruders . The scent matching mechan i sm by whi c h  thi s 

system could operate is al so supported by  the resul ts  o f  the compar i son 

of responses to opponent and other odours , w ith the pred ict ion  that 

animal s would be intimidated when scent marks match the body odours  o f  

the an imal s they meet . The pred iction from the neighbour-ne ighbour 

recognition system was the opposite , that ferrets would recog n i se the 

odour of the other , dominant an imal , and be l ess confident when  thi s 

was present than when the odour o f  a subord inate opponent was present , 

and thi s was not supported . The fact that the subjects wer e  n o  l ess 

confident i n  the presence of  the other odour than i n  the presenc e  of 

the ir  own odour suggests that they were  not recog nising the odours  o f  

known ind i v idual s .  It i nd irectly supports the scent matchin g  idea , 

which  pred icts that an imal s wi l l  not be intimid ated when the  scent 

marks do not match their opponent ' s  bod y odour . 

The scent matching and neighbour-neighbour recognition mechan i sms  are 

not mutua l ly  excl usive ;  

system overrid ing the 

both may be operating , with  the scent matching 

recognition system when an opponent i s  i n  c lose 

prox imity , as in  these tr ial s .  A further test of the 

neighbour-neighbour recognition s ystem would be  to present  s i n gle 

subj ects , without opponents , with the ir own , a subordinate and  a 
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dominant  odour from known ind ividual s ,  and examine their d i ffe r ences in  

confiden�e level s .  Thi s  alternative approach would also rule out one  

possible b iasing factor in  the pa ired tests , that of  the subj ects ' 

responding to the changed behav iour o f  their  opponents r ather than to 

the odour d irectl y .  Thi s  possibl e bias does not negate the fact that 

odours are responsible for the changes i n  behav iour , but makes i t  

impossible to say whether their effects are to increase the c on fidence 

of  the odour donor , or to d ecrease the confidence of  t he opponent .  

Another possibl e methodolog ical problem i s  that the tr ials  wer e  not run 

bl ind , that i s , the observer was aware o f  the identi ty of  both t he 

ferrets and the source of  the odour . However the confidence scores and 

aggression scores of the subj ect s  in earl ier tr ial s were not known , so 

it  is unl ikely that there were any biases in record ing of  the d ata . 

The result s  of these exper iments thus support the suggestion that anal 

gland odours are important in med iating soc ial organ isation . The 

ol factory assoc iation hypothesis and scent matchi n g  mechan i sm are  

supported , whi l e  the neighbour-neighbour recognition mechanism should 

not be d i smissed without further testing . 
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Chapter 7 

BIOASSAY OF COMPONENTS OF ANAL GLAND SEC RETIONS 

"The best possible outcome o f  a b ioassay i s  the 

e l ic itation o f  a spec i fic behav ior pat tern by 

a defined chemical stimulus . "-MUller-Schwarze 1 977 

INTRODUCTION 

8 1  

One o f  the main aims o f  thi s  research was to determine how ferret  anal 

gland odours could be incorporated into mustel id control method s .  The 

prev ious chapters have shown that ferrets do investigate anal gland 

odours and that these odours are important in  intraspecific 

communication . This  suggests that they could be used as attractants to 

br ing ferr ets to control dev ices . If some components o f  anal g land 

secretions are strong enough attractants on the ir own , then a synthetic 

trap lure could be a v iable al ternative to ed ible  bait for t r apping 

mustelid s .  

A bioassay proced ure i s  r equired to show which components o f  anal  g land 

odours act to attract ferrets . The bioassay was d e fined by O ' C onnell 

( 1 977 ) as "a test procedure which endeavours to use the occurren c e  o f  a 

un ique behavioural or physiological response to evaluate the v ar ious 

steps involved in the chemical fractionation , i solation ,  and 

identi fication of the active  c ompound s which occur in an an imal ' s  

chemical communication system . "  Initially  developed by entomolo g i sts , 

the proced ure has been successfully  used to isol ate sex pheromones i n  

insects , which have been used i n  b iological control programmes a gainst 

damage to crops ( e .g . Beroza 1 976 ) . Recently ,  mammalogists  have 

adopted the technique for investigating the concept of pheromones in 

mammal s .  They quickly found that mammal s ,  unl ike insects , d o  not 

respond in a stereotyped manner to specific chemical stimul i ( see 

O ' Connell 1 977 , Muller-Schwar ze 1 977 , Shumake 1 977 ) . Factors  s uch a s  

the exact env ironment and behavioural si tuation i n  which the b i o assay 

is  per formed , previous experience , hormonal l evels , and soc ial 

dominance of  the an imal can all affect i ts responses to the c hemical 

stimulus . 
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Despi te all these c onfusing factors , r esearchers have demonstrated the 

biological activity  of par ticular c hemic als in a var iety o f  s pe c ies ,  

for example the attractiveness to males o f  d imethyl sulphide i n  the 

vag in al secretion of the golden hamster ( Singer et al . 1 916 ) , a c idic 

fractions of oestrous coyote ( Canis  l atrans )  ur ine , ( Murphy et 

al . 1 91 8 ) , and isovaleric acid in the pronghorn , Antilocapra amer icana , 

( Mul1er-Schwar ze et al . 1 914 ) .  Preti et  al . ( 1 911 ) and MUller-Schwar ze 

( 1 911 ) give further examples . 

O ' Connell ( 1 911 ) sta ted : " it i s  a x iomatic that there should fi r st be 

some certi tude about the fact that c hemical signal s are involv ed in 

modulating an an imal ' s  behaviour" . The detailed background i nfo rmation 

on behavioural responses o f  ferrets to anal gland odours needed to  g ive 

thi s certi tude has been described in previous chapters . Also av a i l able  

( from Crump 1 980b and Chapter 4 )  i s  the information on the chemical 

composition of  anal gland odours necessary for a b ioassay procedu r e  to 

be developed . 

O ' Conne1 1 ( 1 911 ) suggested three basic d icta to be followed when 

designing a bioassa y :  

1 .  Care must b e  taken to mainta in the chemical stimul i i n  

the ir pr istine form . 

2 .  The del ivery of these signal s should mimic as c losel y a s  

possible the natural route o f  application . 

3 .  The most specific biolog ical response appropr iate to the 

chemical signals should be used as a response c riterio n . 

Ideal ly  a b ioassay would be carried out in the field , but th i s i s  

seldom practical ( see Mull er-Schwarze 1 911 ) , espec ially  for  a 

nocturnal , wide-rang ing an imal of fossorial habit such as  the ferret . 

In add ition , i t  i s  impossible to c ontrol many var iables such a s  c hanges  

in  env ironmental cond itions in  such field exper iments .  A l tho ugh 

results of  laboratory exper iments are l imited in the ir appl ication  to 

wi ld  an imal s ,  they  can provide prelimin ary i nformation collected under 

well-controlled cond itions that can be used as a basi s for further 

studies in the field . The aim of  thi s chapter then , i s  t o  g ive 

information on the relative attractiveness to ferrets o f  v ar io us 

compound s in  their anal gland secretions , using a well-controll ed 

bioassay procedure . 
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7 . 2  METHODS 

7 . 2 . 1 Subjects  and Apparatus 

Ten or twelve subj ect ferrets wer e  used in each b ioassa y  exper iment . 

These exper iments used the T-maze ( see Chapter 5 ) , set ' up i n  the same 

way as for the preference tests . 

7 . 2 . 2  Odour Compound s 

The sulphur-containing compounds were synthesi sed by D . R .  C r ump , 

accord ing to the procedure d escribed by him ( 1 980a ) , and sto r ed in 

sealed glass ampules . Quinol ine and indole were  obtained " off  the 

shel f" from the Chemistry Stores of Massey Un ivers ity ,  and App l ied 

Biochemistr y Div ision , D . S . I . R . All these pure compounds  were  d i l uted 

with hex an e1 to a ratio of one part odour compound to fi ve parts  hex ane . 

For the combinations o f  two odour compounds t he r atio was 1 : 1 : 1 0 .  

These made-up solutions were kept in  1 ml capac ity te flon-seal ed g lass 

v ial s ,  and stored at -1 0· C .  

7 . 2 . 3  Experimental Procedure 

Bioassay exper iments were all conducted between 8 am and 5pm .  Only  

three tr ials  ( two a .m . , o ne  p .m . )  were  done on any one d ay ,  and each 

an imal was tested no more than once every four d ays . The gen eral 

exper imental procedure was the same as for the odour preference t e sts  

o f  Chapter 5 .  The subject was g iven five minutes in  the start-box 

while  five pI of the odour solution was mixed wi th two d rops o f  

d iethylene glycol succ inate ( DEGS ) to prevent too r apid evaporation , 

and spread on a piece of fi lterpaper . Thi s  odour sample was then 

placed in one of the odour conta iner s ,  chosen at random , and a b l ank 

( filterpaper pl us DEGS and hex ane )  in the other conta iner . Thirty 

second s el apsed before the door was raised and timing began . The time 

the subj ect took  to approach and sniff at the odour , and the total time 

spent sn i ffing the odour and the blank during the 1 5-minute trial were 

recorded , along with the an imal ' s  i n itial cho ice of odour port . At the 

end of the tr ial the an imal was removed and the apparatus cleaned using  

chlorine bleach and water . At least four hours separated one t r ial 

from the next , allowing time for the apparatus to d ry out completel y .  

1 .  H e x a n e  w a s  a s o l v e n t  o f  a p p r o p r i a t e v o l a t i l i t y . 



84 

7 . 2 . 4  E xper imental Design 

The odours were  b ioassayed in the ord er in which they b ecame available  

( Table 7 . 1 ) .  Each an imal was tested against all  the odour 

combinations . Experiments to 3 were Latin square designs , fully  

balanced to avoid residual effects  of  order of presentation o f  the 
I 

odours and odour/blank positions were randomised to account for 

right/left preferences . In exper iment 4 only three odour comb i nations 
were tested , not allowing a fully balanced design . 

The time data were ranked , then normal ised and subjected to a 3-way 

analysi s  o f  variance ( see Appendix  7 )  to explain the e ffects  on 

responses of the sex of the subj ects , the odour that they were tested 

against and the order in which  they were tested . A covar i ate was 

included in the subject stratum o f  the analysis to account for the 

d i fferences in tameness/age of the var ious subjects . Tukey ' s  multiple 

range tests were used to determine which odour responses d i ffered 

significantly from each other . 

7 . 3  R ESULTS 

7 . 3 . 1 Experiment 

I n  exper iment 1 ,  which compared the attractiveness of  compounds 2 and 

3 ,  compound 4 and compound 9 ,  and combinations of these , there were 

significant d i fferences amongst the time spent sni ffing at the v ar ious 

odours ( P�O . 0005 , Fig . 7 . 1 a ) . Males and females d id not r espond 

d i fferently ,  nor was the interaction between odour and sex a 

significant factor , but the covariate for tameness explained a 

significant amount of the var iation in the subj ects ' responses 

( P,O . 0 1 ) .  The combination of  compounds 2+3 and 4 was the most 

attractive overall and to both males and females separately . It  was 

signi ficantly more attractive than al l the other odours except for 

compound 4 on its own , while  compound 4 was signi ficantly d i fferent 

from compound 9 only ( P,O . 005 , Fig . 7 . 1 a ) . There was no tendency to 

first investigate one side ( right or left ) over the other ( Table 7 . 2 ) . 

Comparing the time spent investigating the odour port  and the b lank 

port , with 2+3+4 , 4 and 2+3 the subj ects spent signifi cantl y longer at 

the odour port ( P,O . 01 , P,O . 05 ,  P,O . 0 1 4 respectivel y ,  Wilcoxon ) ,  showed 

no preference for odour or blank with 2+3+9 and 4+9 , and spent longer 

at the blank than with compound 9 ( P,O . 024 , Wilcoxon , Fig .  7 . 1 a ) . 
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TABLE 7 . 1 

Combinations o f  synthetic compounds used in the b ioassay exper iments. 

EXPT COMBINATIONS OF CHEMICAL NAMES 

COMPOUNDS 

2+3 tr ans- and cis-2 , 3-d imethylthietane 

4 2-propylthietane 

9 3-propyl- 1 , 2-dithiolane 

2+3+4 

2+3+9 

4+9 

2 2+3+4 

I indole 

Q quinol ine 

B blank 

2+3+4+1 

2+3+4+Q 

3 2+3+4 

2 , 2-dimethyl thietane 

6+7 trans- and cis-3 , 4-dimethyl- 1 , 2-d ithiolane  

1 +2+3+4 

2+3+4+6+7 

1 +6+7 

4 2+3+4 

8 2-pentylthietane 

2+3+4+8 



Fi gur e 7 . 1 :  Sub j ec t s ' r e s po n se s  t o  od our s in b io a s s a y  

ex per iment 1 .  Data a r e  u n t r an s fo rm ed m ea n s  ( +3 E ) . 
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TABLE 7 . 2  

I nitial r ight/left preferences shown b y  the subj ects i n  the b ioassay  

exper iments . Statistical compar i sons are the X2 goodness-of-fit test . 

EXPT 

1 

2 

3 

4 

NO . CHOOSING LEFT 

ODOUR PORT 

28 

11 

1 9  

1 1  

NO . CHOOSING RIGHT SIGNIFICANCE 

ODOUR PORT 

28  

36 
38  

1 6  

N . S . 

P<O . 00 1  

P<O . 025 

N . S . 

There were also significant d ifferences amongst the subjects ' speed s o f  

approach to the var ious odours ( P<O . 005 , Fig .  7 . 1 b ) . Males and femal es 

d id not , overall ,  show d ifferences in  speed of  responses , even when the 

d ifferences in tameness/age were accounted for , but r es ponded 

d i fferently to different odours ( P<O . 0025 ) .  Overall , it was again  2+3 

and 4 combined that prov ided the most attractive odour , although the 

speed of  response to thi s combination d iffered s igni ficantly only  to 

that of compound 9 ( P<O. 025 ) and 4 +9 ( P<O . 05 ) .  Responses were  al so 

significantly faster to 4 than to 9 ( P<O . 05 ) . Males  and females  

d iffered in  that males responded relatively faster to  compound 9 and 

slower to 2+3+9 than did the females . The order of  presentation d id 

not affect the relative attractiveness o f  the odours on either o f  t he 

response criter ia ( Appendix  7 ) .  

Experiment 2 

The second bioassay exper iment tested the attractiveness of  Q and I ,  

the add i tion o f  these to the combination of  2+3+4 , and the sub j ects ' 

responses when there was no odour at e ither end ( B ) . No simple pattern 
. , 

of reponses emerged . There was a s ignificant d i fference in  the t ime 

spent sn i ffing the different odours ( P<O . 005 ) ,  with 2+3+4 and I being  

significantly more attractive than B ( P�O . 0 1 ) and 2+3+4+1 ( P<O . 02 5 ,  

Fig . 7 . 2a ) . Males and females found d ifferent odours more attractive 

( P�O . 00 1 ) .  For the females , the add ition o f  Q to 2+3+4 reduced i t s  

attractiveness to less than that o f  the blank . f ilterpaper ( but  not 
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sign i ficantl y so )  and Q on its o wn was  less attr active stil l , however 

the addition o f  I d id not cause this d rop in  attractivenes . In  the 

males , 2+3+4+1 was no more attractive than the blank , and these two 

were signi ficantly less attractive than I ( P<O . 0 0 1 ) ,  2+3+4 ( P�O . 0 1 ) and 

Q ( P<O . 025 ) .  There was no d i ffer ence in  the time spent at the odour 

and blank ports for any of the odours tested ( Fi g .  7 . 2a ) . 

In terms of  speed of  response , females r esponded significantly faster 

than males ( P(O. 025 ) and there was no signi ficant effect o f  

tameness/age of  the subjects . Overall , there were significant  

d ifferences i n  the subjects ' speeds o f  response to  the various odours 

( P<O . 005 ) ,  due mainly to a r apid r esponse to I compared to 2+3+4+1 

( P<O . 0 1 ) and the blank ( P�O . 025 , Fig . 7 . 2b ) . Males and females 

responded at d ifferent speed s depending upon the odour being tested 

( P<O . 05 ) , with the males responding relatively faster to Q than d id the 

females . Order of odour presentation was not an important factor 

determining either the time spent sniffing the odours or s peed of 

response , but the subj ects showed a tendency to  first investi gate the 

right odour port  ( P<O . 00 1 , Table 7 . 2 ) .  

Exper iment 3 

Experiment 3 tested the attractiv eness o f  compound s  and 6+7 ( see 

Table 7 . 1 )  compared to 2+3+4 and the various combinations of these . 

The subjects spent signi ficantly d i fferent lengths o f  time sniffing the 

di fferent odours ( P<O . 025 ) .  The sexes d id not d iffer signi ficantl y ,  

nor was there a significant sex/odour interaction , but the young tame 

an imals spent significantly longer at the odours than d i d  the adults 

( P (O . 0 1 ) .  The most attractive odour was again 2+3+4 , but this was 

signi ficantly greater than compound 1 only ( P<O . 02 5 , Fig . 7 . 3a ) , and 

none of the other compounds varied significantl y  from each other . The 

subj ects showed no preferences for sni ffing longer at the odour or the 

blank ports  ( Fig .  7 . 3a ) . There were no significant  d ifferences in the 

subj ects ' speed s of response in e xperiment 3 ( Fig . 7 . 3b ) . Order o f  

presentation d id not affect the subjects ' responses t o  the odour s ,  but 

as in experiment 2,  the subjects preferred to fir st investigate the 

right odour port  ( P�O. 025 , Table 7 . 2 ) . 



Fi gure 1 . 3 : Subj ec t s '  r e spo n s e s  t o  o d ours  i n  b io a ssay 

e x perimen t  3 .  Da ta a r e  untran s fo rmed means C + S E ) . 
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7 . 3 . 4  Experiment 4 

9 1  

I n  experiment 4 ,  only three odours were  compar ed 2+3+4 , 8 and 2 +3+4+8 , 

( Table 7 . 1 ) .  With the results o f  the males ' and females ' r esponses 

combined , no significant d ifferences in  attractiveness were found , 

either in  the time spent sni ffing the odours , or  in  speed of r esponse 

( Fi g .  7 . 4a , b ) . Looking at the male and femal e  d ata separate l y ,  

d ifferences in responses to the odours were still not significan t ,  but 

there was a tendency for the subjects to be less attracted to c ompound 

8 than compound 2+3+4 . There were no right/left preferences 

demonstrated ( Table 7 . 2 ) . The 

odour port  with 2+3+4 compared to 

subjects spent longer sniffin g  at the 

the blank ( P�0 . 0 1 , Wi lcoxon )  but 

showed no preferences for odour/blank ports when the test odour was 8 

or 2+3+4+8 ( Fi g .  7 . 4a ) . 

7 . 4  DISCUSSION 

In all four bioassay experiments , it was the combination of  compounds  

2+3 ( trans- and cis-L J3-dimethyl thietane) and compound 4 ( 2-propyl­

thietane ) that was the most attractive ,  based on time spent 

investigating the odours .  Although the results o f  the e xperiments 

based on speed of response are not so unequivocal , the odour o f  2+3+4 

was sti l l  at least as attractive as the most attractive 

compounds .  Compounds 2+3 and 4 were the most volatile  o f  the compound s  

tested , and were  usually a t  high concentrations i n  female anal sac 

extracts ( see Chapter 4 ) .  In e xper iment 2,  indole proved to be  very 

attractive . This is the least volatile of  the compound s tested , and 

has been descr ibed as being long-lasting , with a " floral" odour ( Anon 

1 980 ) . The combination of 2+3+4 and i ndole was not as  attr active as 

either 2+3+4 or I on their own . Perhaps the fact that 2+3 or 4 is 

strong in  female odours and I is  strong in male odours ( see Chapter 4 )  

means that their combination at e qual concentrations produced a 

confusing signal to the sub j ects . Similarly , combining Q , c ompound 1 

and compound 8 ,  all of which are  normally minor components o f  ferret 

anal gland odour s ,  with 2+3+4 at  equal concentrations may not have been 

the appropriate way of testing these combinations . 

In running  these bioassay experiments attempts were  made to fol l ow the 

advice  of O ' Connell ( 1 977 ) as outlined earl ier . The purity  of the 

chemical stimuli  was ensured by the storage methods .  



Fi g u r e  7 . 4 : Subj ec t s '  r espo n s e s  t o  odour s i n  b io as s a y  

e x periment 4 .  Da ta a r e  un tran s form ed mean s ( +S E ) . 
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This is  important , because as Bedoukien ( 1 97 0 )  noted , s light impurities  

are often the cause of response to  an  odour , r ather than the actual 

odour itself .  There are advantages in using synthesised pure c ompounds  

as  test stimuli , rather than fracti ons of  the natural products , as  

contamination can easily be introduced into samples d ur ing collection  

of natural an imal prod ucts ( see  Mur phy et  al . 1 978 ) . Contamination 

could have  occurred , however , later in the b ioassay proced ur e . One 

problem with the d esign o f  the T-maze apparatus was that the air sucked 

through the maze originated from ei ther side o f  the e xper iment room , 

thus contamination may have entered one side o f  the maze but not the 

other . This was accounted for in the experimental d e s ign by 

randomising the right/left location of the odour for each tr i a l . The 

fact that no consi stent r ight/left preference was shown by the subjec ts 

in experiments and 4 suggest s  that no such contamination was 

occurring , but it  may have been a probl em in exper iments 2 and 3 ,  when 

there was a significant trend to invest igate the r ight arena fi rst , and 

there was no d ifference in the time spent at the odour and blank ports . 

This may have increased the unexplained variation in the results , 
1 

making it  harder to demonstrate d ifferences in  responses to the odour s .  

Thorough cleaning of the T-maze between trials ensured that the 

subjects themselves d id not leave behind odours that would a ffect the 

outcome o f  the next tr ial . 

The delivery  o f  stimuli in a natural manner poses problems in  a 

laboratory  experiment . The anal gland odours o f  ferrets are normally 

delivered in two different  ways , actively by the anal d rag scent 

marking action after defaecation , and passively by being  present on the 

ferret ' s  anus , where other ferr ets sniff ( see Chapter 2 ) . Mykytowycz 

et al . ( 1 976 ) presented rabbit an al gland odours on faeces to s imulate 

the normal method of deliver y ,  but this technique , or  placing the odour 

on live or model ferrets , runs the r i sk of  introducing other odours to 

which the ferrets may also respond . Al so , such modes o f  deliver y  could 

not be e fficiently incorporated into a trap l ur e ,  making such 

exper iments  o f  l imited appl ication to the d evelopment of mustel id 

control methods .  

The use o f  the pure chemical compounds d iluted by hexane provided an 

odour at a known , but arbitrar ily determined concentration , and DEGS 

prov ided a matrix  that would control the speed o f  r elea se o f  the odour 

1 .  The n o n -s i gn i f i c a n t  r e s u l t s  i n  e x pe r i m e n t s  2 and 3 may t h u s  
be m i s l e a d i n g . 



94  

compounds .  Little or  no odour is  d etectable to the human nose  from 

anal drag scent marks , and only a slight anal g land odour i s  n ormally  

noticeable  on  a ferret ' s  anal region . Five ul  odour samples were used , 

as they appeared to simulate thi s  unquanti fied ferret anal  smell . 

Prel iminary tr ials with 1 00 �l , 5 pl and 0 . 5  pl o f  the odour/ hexane  

mixture indicated that ferrets would not closely approach the  highest 

quan tity , and they showed no preference for the lowest quanti t y  over 

the blank port . 

The speed of  approach and time spent sni ffing the odours were u s ed as 

the response var iables , as  approach and sni ffing are the n atural 

responses to both anal d rag scent marks and the presence of  anal  gland 

odour on another ferret . In addition , approach and invest igat ion o f  

odours are the responses required i f  a n  odour i s  t o  b e  used a s  a trap 

lure . The fact that both the response criteria are very general i sed 

behav iour patterns means , however , that i t  is  d i fficult to show 

d ifferences in responses to d i fferent stimul i . The y  are prone to being 

affected by  extraneous stimul i  ( e . g .  odours or noi ses ) and such e ffects 

will increase the random var iation in the d ata . The sub j ects ' 

responses will also be affected by factors intrinsic  to the an imal s .  

The d ifferences i n  responses o f  males and females were accounted for in  

the analys i s ,  as were effects of  the age/tameness o f  the sub j ects . 

Thi s  tameness factor proved to be very signi ficant , as was al so found 

by Muller-Schwarze ( 1 977 ) for the r esponses o f  black-tai l ed deer , 

Odocoileus hemionus columbianus , to " al arm pheromones" . 

Each sub ject was tested at the same time of day  throughout  each 

experiment ,  and all tr ials of  any one exper iment were r un in the same 

season to avoid var iation in  responses due to d iurnal and s easonal 

factors . Thi s  meant there had to be a trade-off  between runn i ng the 

tr ials  as close together as possible to keep all the tr ials within a 

short per iod , and spacing them out to allow the apparatus to b e  c leaned 

and dried , and to avoid habituation to the odour stimuli . Repeated 

exposure meant the subjects possibly habituated to the odour o f  2+3+4 , 

making them show relatively h igh responses to the " novel" odours  i n  the 

later exper iments . Such a tendency in ferrets to investi gate novel 

stimuli has been demonstrated ( Hughes 1 964 ) .  Even so , 2+3+4 was a lways 

as attractive as the other odours tested . This  problem of hab i t uation 

was noted by Muller-Schwarze ( 1 977 ) ,  who d escribed hab ituation a s  the 
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most common change in responsiveness  in  " pheromone exper iments" . 

The d iffic ulties of  showing significant d ifferences in  responses when 

using small sample si zes are al so evident in  these exper iments , 

espec ially  exper imen ts 3 and 4 ,  when only ten subjects wer e  ava i l able . 

Thi s  i s  a common problem in b ioassay experiments on  mammalian spec ie s . 

Similar investigations on 
golden hamsters ( Singer 

prongho rns ' ( MGller-Schwarze e t  al . 1 974 ) , 

et al . 1 976 ) , coyotes ( Murphy et al . 1 978 ) , 

beagles , Can is  famil iar is , ( Kruse and Howard 1 983 ) , black-tailed deer 
( Crump et al . 1 984 ) ,  and river o tters , Lutra canad iensi s ,  ( Robson and 

Humphrey unpubl i shed data ) used onl y 2-1 2 subj ects . 

Even considering al l the possible sources  of error and reduction  i n  

power of  t he analysis , the fact r emains that some components o f  ferret 

anal gland odours elic ited more responsi veness than others .  Results  o f  

these exper iments have suggested which o f  the compound s found i n  ferret 
n�s 

anal gland secretions shou l d  be t e s t e d  for effective�  in attracting 

ferrets to control dev ices . The r eal test of  their attractiveness  must 

come from field exper iments using trappabil ity of ferrets as a r esponse 

measure . This  i s  the subject  of  the nex t chapter . 
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Chapter 8 

FIELD TRIALS OF SCENT LURES 

"Although attractants have been employed for many 

years to draw predators to control d ev ices such 

as tr aps • • •  few of these lures have b een evaluated 

stati stically for efficacy or species  spec i ficity . 

Thus , there is a need for standard ised method s for 

evaluating the attractiveness o f  lures • • •  " 

-Turkowski et �. 1 979  

INTRODUCTION 
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If an odorous substance is to act as  a trap lure it must have 

sufficient attractiveness to draw the target species to  the tr a p  from 

some d istance in the face of competing st imul i .  Final testing o f  odour 

attractants must therefore be done in the field under normal t r apping 

conditions . Although commercial trappers of fur-bear ing and other 

economically important animal s have used various lure and bait f ormulae 

as attractants , l i ttle work has b een done to evaluate the effec t i veness 

of  these substances . An exception to this is  the major research e ffort 

devoted to coyote control in the United States ,  where e x tensive  tr ials 

of arti fic ial trap lures have been undertaken ( Shumake 1 977 , Tur kowski 

et al . 1 979 , 1 983 ) .  The effects odours have on trapping succe s s  have 

also been stud ied by ecologists concerned with the problem o f  their 

effects on determin ing rodent population estimates ( Boo nstra  and Krebs 

1 976 , Mazder et al . 1 976 , Daly  et al . 1 97 8 ,  1 980 , Stoddart  1 982a ,b , 

Stodd art  and Smith 1984 ) . 

The laboratory bioassay descr ibed in the previous chapter ind icated 

which components of ferret anal gland secretions are most l ikely to be  

of use as  trap lures . The attrac tiveness of  these synthetic compound s 

must now be tested in  the field , and compared with that o f  n atural 

ferret anal sac extracts ,  and baiting procedures currently u se d  in 

trapping ferrets . Appropriate exper imental design and analys i s  are 

essential to allow the full i nterpretation o f  such field  exper iments . 

For mustelids  that use regular runways for moving around the home range 

( King 1 973 , and see Chapter 2) the siting of  a trap c an be  one of the 

most important factors d etermining its catch r ate , and a t rapping  

programme must account for such spatial var iation i n  trap e ff icac y .  
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Any study that involves trapping mustel ids  must be long term , because 

of low population densi ties and the low trappabil ity of  these small 

carnivores ( e . g .  King 1 980 ) .  In add ition , the study  o f  odour 

attractants should continue for at least one full  year , to account for 

possible seasonal variation in  the e fficacy  o f  the l ures . 

Handl ing of l ive ferrets also gives the opportun i ty to collect 

information on whether or not ferrets use anal gland odour as  an 

antipred ator defence system ( Hypothesis  4 ,  Table  1 . 1 ) .  

8 . 2  

8 . 2 . 1 Live-trapping Exper iments 

METHODS 

Trapping exper iments were carried out at Pukepuke Lagoon between 

Februar y 1 984 and June 1 985 to test ferrets ' preferences for var ious 

trap l ures and bait in  a field situation . 

8 . 2 . 1 . 1  Study Area 

Pukepuke Lagoon Wi ldl i fe Management Reserve ( Plate 8 . 1 a )  is set i n  the 

dune country o f  Manawatu ( 4 0' 20 ' S ,  1 75 · 1 6 ' E ) . It is managed b y  the 

N . Z .  Wild l i fe Serv ice , pr imar i ly  for waterfowl . Ferrets and feral cats 

are the main ground predators ,  whi le stoats and weasels are also 

present .  The reserve consi sts o f  one l arge l agoon and a number of  

smaller pond s surrounded by 89 ha  o f  swamp . The vegetation consi sts  of  

raupo ( Typha oriental i s ) , n iggerheads ( Carex secta ) , flax  ( Phormium 

tenax ) ,  cabbage trees ( Cordyl ine austral i s )  and associated plants 

( Ogden and Caithness 1 982 ) . Grassy paths run through the fi rmer parts 

of the swamp , with wood en walkways constructed through the d amper 

regions . Farmland surrounds the reserve ,  consi sting of estab l ished 

pasture to the east , but elsewhere the ground is very  sandy ,  and there 

are large areas of  lupins ( Lupinus arboreus ) .  There are stand s of 

cut-over pine forest ( Pinus sp . ) ,  espec ially  to the west of the 

reserve . 

8 . 2 . 1 . 2 Mater ials  

Forty-two Edgar l ive-traps ( 650 mm long by 1 50 mm wide by  1 60 mm high)  

were used . They were given one coat o f  polyurethane v arnish inside  for 

ease of clean ing to remove odours . Synthetic l ures consi sted o f  one 

part odour compound to five parts hexane or pentane by volume . The 



Plate 8 . 1 :  Trapping exper iment study areas . 

C a ) Pukepuke Lagoon , Manawatu 

C b )  Cass River , South Canterbury 



( a )  

( b ) 
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d i luted odour compounds were combined with whi te petroleum j el l y  which  

made up  93S  of the lure  by  weight . The odour compounds  used in  the 

various lures were as follows . Lure was half trans- and 

cis-2 , 3-dimethylthietane ( compounds 2+3 in  Chapters 4 and 7 )  and hal f  

2-propylthietane ( compound 4 ) ;  lure 2 conta ined only 2-propyl thietane ; 

and lure 3 only indole .  Lure 4 was a n atural product ferret l ure : 

female anal sac extract s  ( from either dead s pec imens prov ided by 

R . J .  Pierce , or  live ferrets ) , were mixed with whi te petroleum jelly  to 

produce a l ure of  approximately  the same strength as  the synthetic 

l ures . The blank contro l  lure consisted of 93� white petrol eum jel ly  

and 7� hexane . The made-up l ures were stored at - 1 0· C i n  airtight 

containers . A smelly bait  was made  from dead , cut open l aboratory 

mice . 

8 . 2 . 1 . 3  Experimental Procedure 

I n  the l ate afternoon , bait was placed d irectly i nto the traps and the 

l ures were  smeared onto 40x40 mm galvanised iron plates that were  then 

put in the traps . Care was taken to avoid contaminating the next trap 

with the prev ious treatment . The traps were checked the next morning , 

cleaned with water and chlorine bleach and closed . Captured ferrets 

were ear-tagged , sexed and weighed . Their age ( adult or juvenile , see 

Moors and Lavers 1 98 1 ) and breed ing cond i tion were  noted , along with 

the trap posi tion and treatment .  The release of anal g land 

secretion/odour during hand l ing was also noted . Non-target spec ies 

were released and recorded on the data sheets . 

8 . 2 . 1 . 4 Experimental Design 

In a prel iminary trial i n  February 1 984 , forty traps were set out 

singly throughout the reserve  ( Appendix  8 ) . The traps were sited on 

animal runways , to max imise the l ikel ihood of catching ferr ets at ever y 

site . The traps were o perated for eight consecutive night s . On each 

of  the first four n ights one quarter of the traps had each of the 

following treatments - bait plus l ure 1 ,  bait  only ,  l ure onl y ,  and 

clean . The traps wer e  d iv ided into groups of  four , and treatments 

assigned accord ing to a Latin square design . At the end of four nights 

all the traps were moved to new si tes and the exper iment r epeated . 
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In al l subsequent tr ials twenty-one trap sites were used , with two 

traps set side  b y  side at each s ite . Trap sites were not c hanged 

within a tr ial . A trial consisted of  s ix  consecutive n ights of 

trapping . The trap sites were  d iv ided into groups of three and the 

treatment pairs rotated amongst them . Each pair of treatments had 

equal exposure at each site , and the experimental d esign was balanced 

for order of presentation . From March to May 1 984 treatments were 

renewed every day , whi le in subsequent trials treatments were r enewed 

every second day ,  with the treatments being swapped between the traps 

at each site for the second night . The treatment pa irs used in each 

trial and number of trap nights for each treatment pair are given in  

Table  8 . 1 .  After March 1 984 , a trap s i te was c losed for one n ight if  

i t  had caught a ferret the night before . The d ata were analysed using 

chi-square goodness-of-fit and independence tests to determine the 

effect  on capture success of treatment , sex of the captured ferrets , 

time of year and freshness of  treatment , and interactions o f  these 

factors . 

8 . 2 . 2  Kil l-trapping Exper iment 

The synthetic lure was incorporated into the regular trapping 

programme of  the N . Z . Wild l ife Service in the Mackenzie Basin , South 

Canterbury ,  from 4 September to 1 0  October 1 984 . 

8 . 2 . 2 . 1 Study Area 

Scented tr aps were operated in a 6 . 5  km stretch of the Cass Ri ver bank 

( Plate ' 8 . 1 b ) , and the outside per imeter o f  the " Mai lbox Predator 

Exclosure" ( Pierce 1 982b ) and adj acent tussock grassland on the edge o f  

Lake tekapo . The glacial river i s  surrounded b y  steep mounta ins . The 

shingle r iver banks are stabil i sed by Raoul i sp . and Muehlenbeckia 

ax illar i s , and adjoin tussock grasslands that cover the edges of  the 

valley floor and the lower hi l l sides . Cover is prov ided by matagour i 

( Discar ia toumatou ) ,  Olear ia sp . ,  willows ( Sal i x  sp . )  

stand s of  Pinus sp . ( Pi erce 1 982a ) . 

8 . 2 . 2 . 2  Experimental Procedure 

and occasional  

Ninety-one leghold Gin traps wer e  set singly i n  an irregular pattern . 

The sets were typically enclosed spaces amongst matagouri bushes , 

between rocks or near rabbit burrows , or surrounded by a pal i sade o f  

sticks . The tr ap was camouflaged , and a narrow entranceway constructed 
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TABLE 8 . 1 

Treatment pa ir s , the tr ials  in which  they were  tested and the number of  

trap nights for which t hey wer e operated in the  l ive-trapping 

experiments . 

TREATMENT NON-BREEDING SEASON BREEDING S EASON TOTAL 

PAIRS TR IALS NIGHTS TRIALS NIGHTS NIGHTS 

BAIT VS MAR 84 , APR 84 , 1 14 OCT 84 , NOV 84 , 1 5 1  325 

LURE MAY 84 ,  JUN 84 , DEC 84 , JAN 85a 

JUL 84 

BAIT VS MAR 85 , APR 85 , 1 03 JAN 85b , FEB 85 79 1 82 

LURE 4 JUN 85 

LURE VS MAR 85 37  JAN 85a , b , FEB 85 1 1 6  1 53 

LURE 4 

LURE 1 VS MAR 85 37  JAN 85a , b ,  FEB 85  1 1 7  1 54 

BLANK 

LURE 1 VS MAY 84 , JUN 84 , 1 65 OCT 84 , NOV 84 , 1 2 1  286 

LURE 2 J UL 84 , APR 85 , DEC 84 

JUN 85 

LURE 1 VS MAY 84 , JUN 84 , 1 67 OCT 84 , NOV 84 , 1 1 8 285 

LURE 3 JUL 84 , APR 85 , DEC 84 

JUN 85 

BAIT VS MAR 84 , APR 84 8 1  8 1  

BAIT/LURE 

LURE 1 VS MAR 84 , APR 84  78 7 8  

BAIT/LURE 
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to ensure that the animals stepped on the trigger plate . Bai t  ( fresh 

r abbit or occasionally hare or fi sh ) was hung on a hook and lure put on  

a metal plate beyond the trap in  blind sets , and the plate camouflaged 

to preven t removal by magpies ( Gymnorhina tibicen ) and to avoi d  d irect 

sun . In walk-through sets the ba it  or l ure plate was hidden underneath 

the trigger plate . Traps were checked each morning or early  in the 

afternoon .  Ferrets , stoats , cats and harriers )  were  shot with a . 22 

r i fle , and other species ( hedgehogs , Er inaceus europaeus , and v ar ious 

bird spec ies )  removed and the traps reset . If  the bait  had been taken 

it was replaced either by fresh bait  or a piece from another trap to 

maintain the appropriate " freshness" of treatments ( see exper imental 

design ) . Ferrets were sexed and weighed . 

8 . 2 . 2 . 3  Experimental Design 

Hal f the traps ( every alternate one  the trapper checked ) were treated 

with lure ' and the others with bait . Treatments were renewed ever y 

third day , and swapped between traps every third or si xth day  to 

counterbalance location b ias . The v ariation in  numbers of animals 

caught relating to treatment , freshness of treatment , spec ies and sex 

of  captured animals were  analysed using chi-square goodness-of-fit and 

independence tests . 

8 . 3  

8 . 3 . 1 Li ve-trapping Experiments 

In the preliminary live-trapping 

February 1 984 , 25 ferrets were 

RESULTS 

exper iment at Pukepuke Lagoon in  

caught over the e ight n ight s , s i x  on 

bait/lure traps , 9 on bait only traps , seven on lure only and three on  

clean traps . These d ifferences i n  success rates are  not  significan t .  

The paired-trap design exper iments yielded capture rates of  four to 2 0  

ferrets per s i x  nights of  trapping , and the same ind ividuals wer e  

regularly caught . On average , two to three male and five female 

ferrets were resident in  the trapping region at 

residents being defined as ind ividuals caught i n  more 

any  time , w ith 

than one  trial 

( Append ix  8 ) .  A slightly higher catch r ate was achieved in  late 

summer/early autumn than at other times of the year , with a flush o f  

j uven iles being caught i n  late summer , and also an increased catch  rate 

of  adults . Full trapping data are  given in Append i x  �. 
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Over the 325 trap n ights in  which bait vs lure trap pairs  were 

operated , s ignificantly more ferrets were caught on bait  than on  l ure 1 

( P<0 . 005 ) , whi le  there was no significant d i fference between the c hoice 

o f  treatment i n  the breed ing and non-breeding seasons or between the 

sexes . The first night 

successful than second 

X2=2 . 1 5 ) , and choice o f  

treatment ( Table 8 . 2 ) .  

treatments were not signifi cantly  more 

night treatments ( for bait X2=0 . 1 7 ,  for lure 

treatment was independent of freshness of 

The d ifference in the numbers of c aptures on bait and lure 4 were not 

significant ( Table 8 . 2 ) . However , when compar ing these results with 

bait vs lure 1 , the trend to catching more ferrets on bait  than on  lure 

was independent of the type of l ure 2 (X = 1 . 60 ) . Only  females were 

caught on lure 4 ,  giv ing a signi ficant d i fference between the male and 

female choices ( P�0 . 05 ) .  Captures on these two treatments d id  not  vary 

with season nor with freshness of  treatment ( Table  8 . 2 ) . 

Lure 4 was preferred over lure 1 ( P�0 . 05 ) , and choice was i ndependent 

of  season , sex and freshness ( Table 8 . 2 ) . Signi ficantly more ferrets 

were caught on lure 1 than on the blank treatment ( P<0 . 025 ) ,  and again 

males and females had similar l ikel ihoods of  being caught on the two 

treatments . All four ferret captures on the blank occurred on  the 

second night o f  treatment , giv ing a significant lac k  o f  independence 

between choice and freshness of treatment ( P�0 . 025 ) . Lure 1 was 

preferred over the blank in both t he non-breed ing and breed ing seasons . 

Both lure 2 and lure 3 were a s  attractive as lure 1 ,  and in  ne ither 

case was the success of the d i fferent lures dependent upon season , sex 

or freshness of treatment ( Tabl e  8 . 2 ) . With the results of all  four 

scent lures combined , the number o f  ferrets caught on the first night 

was not significantly higher than  on the second night (X2= 2 . 22 ) . The 

small samples obtained for the lure 1 +bait vs  bait  and l ure 1 +bait  vs 

lure 1 pairs ( 6  vs 4 and vs 4 respectiv ely ) ind icate that the 

combination of lure 1 and bait would be no more attractive  than either 

of the treatments on their own . 

Compar isons of the captures amongst treatment pairs rev eals that the 

trap sites having two lure traps were j ust as successful as those with 

one bait and one lure trap , and trap s ite success was i ndependent of 

sex ( Table 8 . 3 ) . 
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TABLE 8 . 2  

Number o f  ferrets caught o n  the v ar ious treatments  in  the l ive-trappi ng  

exper imen ts .  Stati stical compa r i sons are -X2 goodness-of-fi t and 

independence test s wi th correction factor for small ( n( 1 0 )  expected 

val ues ( Pirie and Hamden 1 972 ) .  ? =sex unknown 

TREATMENT TOTAL NONBREEDING BREEDING MALE FEMALE 1 st 2nd 

PAIRS SEASON S EASON NIGHT N IGHT 

BAIT VS 1 7  6 1 1  5 1 2  1 2  5 

LURE 4 2 2 3 4 0 

X2 8 . 05 0 . 22 0 . 02 1 . 62 

P<0 . 005 N . S . N . S .  N . S .  

BAIT VS 1 6  9 7 6 1 0  8 8 

LUR E  4 9 6 3 0 9 6 3 

-x.2 1 .  96 0 . 28 4 . 36 0 . 68 

N . S . N . S .  P<0 . 05 N . S . 

LURE  VS  4 0 4 3 3 

LURE 4 1 3  4 9 5 7+ 1 ?  9 4 

-y.2 4 . 76 0 . 35 0 . 40 2 . 58 

P",0 . 05 N . S . N . S . N . S . 

LURE 1 VS 1 4  5 9 5 7+2? 1 1  3 

BLANK 4 3 3 0 4 

-X2 5 . 55 0 . 1 4  1 . 42 7 . 90 

P(0 . 025 N . S .  N . S . P<0 . 025 

LURE VS 1 3  1 1  2 6 7 8 5 

LURE 2 9 6 3 3 5+ 1 ?  5 4 

-x.2 0 . 73 0 . 93 0 . 1 2  0 . 07 

N . S . N . S .  N .  S .  N . S . 

LURE VS 1 4  7 7 6 7+ 1 ?  5 9 

LURE 3 1 0  4 6 2 8 5 5 

X2 0 . 67 0 . 22 1 .  65 0 . 5 1 

N . S . N . S .  N .  S .  N . S . 
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TABLE 8 . 3  

Number o f  c aptures on bait v s  lure 1 and bait vs l ure 4 combined ( 50 1  

trap nights ) ,  compared to those on all  the l ure v s  l ure  and l ure 1 vs 

blank pai r s  ( 87 8  trap n ights ) .  Stati stical comparisons as i n  Table  

8 . 2 .  

TREATMENTS TOTAL MALE FEMALE 

BAIT VS LURE 46 1 2  3 4  

LURE VS LURE 76 3 1  4 5  

X2 0 . 06 1 . 40 1 . 4 1  

N . S .  N . S . N . S . 

-X2 2 x2 2 . 7 1  

N . S . 

TREATMENTS MALE FEMALE 

NONBREEDING BREEDING NONBREEDING BREEDING 

BAIT VS LURE 8 4 1 6  1 8  

LURE VS LURE 1 2  1 9  22 23 

X2 2x2 4 . 76 0 . 03 

P<0 . 05 N . S . 

"'/...2 2 x2x2 5 . 1 7  

N . S . 

Overall , trap site success was also independent o f  season (X2:O . 64 ) , 

but males were caught more often at lure vs l ure s ites i n  the breed ing 

season than expected ( P<0 . 05 ,  Tabl e  8 . 3 ) . 

Seven non-target spec ies were caught ( Table 8 . 4 ) . The most common was 

the hedgehog , which was caught in traps independ ent of treatment type . 

Seven weasels were caught , all but one on scent lures , and the two 

stoats caught were both on scent lures . Five rats  ( Rattus norvegicus ) 
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were caught on the arti fic ia l  l ures , none on the natural product l ure 

( lure 4 ) . 

TABLE 8 . 4  

Number o f  captures o f  non-target spec ies on the v ar ious treatments 

in  the l ive-trapping exper iments . 

TREATMENTS WEASEL STOAT RAT HEDGEHOG POSSUM CAT MOUSE 

BAIT VS 4 
LURE 1 3 8 1 

BAIT VS 2 1 

LURE 4 7 

LURE 1 VS 5 

LURE 4 7 

LURE 1 VS 3 9 

BLANK 5 4 

LURE VS 4 

LURE 2 4 2 

LURE VS 6 

LURE 3 9 

Of the 1 69 times ferrets wer e  hand led during l ive-trapping , 1 1 4 ( 67 . 5� )  

released anal gland secretion/odour . There was no s ignificant 

d i fference in  the rel ease rates of  males and females ( 7 1 . 2� and 65 . 4� 

respectively ) , nor between adults and juv en iles ( 70 . 5� and 57 . 5� 

respectivel y) . Ferrets were  j ust as l ikely to rel ease odour on 

subsequent captures ( 66 . 4� )  as on their initial capture ( 75 . 6� ,  Tabl e  

8 . 5 ,  Append ix 9 ) .  
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TABLE 8 . 5  

Number o f  times ferrets released anal g land secretion/odour dur ing  

handling after capture in the l ive-trapping exper iments .  

TOTAL MALE FEMALE AD�LT JUVENILE INITIAL SUBSEQUENT 

CAPTURE CAPTURE  

CAPTURES 1 69 59 1 1 0 1 29 4 0  4 4  1 25 

ODOUR 1 1 4 42 72 9 1  23 3 1  83 

RELEASES 

X2 0 . 1 9  0 . 74 0 . 08 

N . S .  N . S . N . S . 

8 . 3 . 2  K i l l-trapping Experiment 

Gin traps in the Cass River study area treated with art i fi c ial  scent 

lure ( lure 1 )  were as successful i n  trapping ferrets as those baited 

with meat ( Table 8 . 6 ) . The catch rate per 1 00 trap nights on lure  was 

2 . 1 1 ,  compared to 1 . 79 on bai t .  

More males than females were caught on l ure , d ue t o  a n  overall  higher 

catch of  males ( 4 1  males to 24 females ) ,  but treatment success was 

independent of  sex ( Table 8 . 6 ) . The n umber of fer rets caught on lure 

var ied with freshness of treatment ,  with most ferr ets being caught when 

the l ure was fresh , and only five being caught on three-day  old 

treatment ( P�0 . 025 ) . The catch r ate on  bait d id not drop signi ficantly 

over the n ights , but the rate of d rop i n  catch rate was i ndependent o f  

treatment ( Table 8 . 6 ) . 

The captures o f  important non-target spec ies are summar i sed i n  Tabl e  

8 . 7 .  Sixteen cats were caught , only three o f  t hem o n  l ure ( P�0 . 025 ) , 

while  none of the 29 harr iers caught were on l ure ( P�0 . 00 1 ) .  Hedg ehogs 

were caught equally often on bait and lure ( 1 . 27 and 0 . 87 per 1 00 trap 

nights respectively) . Only  two other muste1 ids were  caught , both 

stoats , and both on l ure . 
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TABLE 8 . 6  

Compar i son o f  the n umber o f  ferr et captures o n  the two 

treatments , bait ( 1 727 trap nights )  and art i fi c i al scent 

lure ( 1 605 trap n ight s )  in  the kill-trapping  exper iment . 

BAIT LURE 

TOTAL 3 1  34 

""'/..2 0 . 44 

N . S . 

MALE 1 8  23 

FEMALE 1 3  1 1  

-X2 2x2 0 . 64 

N . S . 

1 st NIGHT 1 1  1 9  

2nd NIGHT 1 2  1 0  

3rd NIGHT 8 5 

-x.2 0 . 84 6 . 67 

N . S .  P(0 . 025 

-y.2 2x2 2 . 64 

N . S . 

DISCUSSION 

Results o f  both the long term live-trapping and the 
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i n tensive 

ki ll-trapping exper iments d emonstrate the v i ability of scent lures for 

attracting both male and female ferrets to control devices . Although 

ferrets preferred to enter bait traps when given a choice , trap s ites 

with lure only were just as successful as those with bait i n  both 

exper iments . Neither treatment was tested against  no treatment in a 

single trap design exper iment .  However , previous workers ' find ings 



TABLE 8 . 7  

Comparisons of  number of  captures of  non-target spec ies 

on the two treatments , bait and arti fic ial  scent l ur e ,  

i n  the kil l-trapping exper iment . 

SPECIES BAIT LURE 

CAT 1 3  3 

�2 5 . 55 

P'0 . 025 

HARRIER 29 ° 

� 26 . 95 

P�0 . 00 1  

HEDGEHOG 22 1 4  

X2 1 . 24 

N . S .  

STOAT ° 2 
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that mustel id traps were more successful when baited than not baited 

( King 1 973 , Lavers  1 973b , King and Edg ar 1 977 ) suggest that i t  was the 

treatments not some other feature o f  the traps that accounted for their  

success . Thi s i s  also ind icated by  the sign i ficant d rop in  catch  r ate 

on scent l ure in the kil l-trapping experiment ( and a similar trend on 

bait )  as the treatments became sta l e .  The n atural  product l ur e  was 

preferred over the arti fi c ial l ure , but as in the bait  ver sus l ure 

situation , compar isons of  their effectiveness in i solation would  be 

necessary before concluding that one would be more effective in  a real 

trapping programme . 

These trapping exper iments have al so provided general i n formation on 

the trappability  of  ferrets , responses of fer rets and non-target 

spec ies to scent l ures , and ferret s '  use of  anal g land odour in d e fence 

against predators . The higher catch r ates of females t han males  at 

Pukepuke Lagoon and v ice versa in the Cass River may have b een a 

product o f  the spac ing of traps . At Pukepuke Lagoon only a small area 

was trapped relative to male ferr et home ranges ( see sec tion 1 . 2 ) ,  but 

thi s encompassed a number of  female home ranges ( Append i x  8 ) . King 

( 1 975 , 1 980 ) found similar effects of spac ing o f  traps on  the capture 

of weasels  and stoats . The l arger catch r ate i n  summer and early 
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autumn was probably  due to both the presenc e  o f  j uven iles d ispersing 

from thei r  natal territories , and the increased movements  of  adult at 

that time of year ( Moors and Lavers 1 98 1 ) .  King ( 1 980 ) r eported a 

similar peak in  the catch rate of  stoat s  in summer . 

It i s  surpr ising that more female s  than males were  caught o n  t he 

natural product l ure . The reverse would be pred icted on the b asis  o f  

the preference tests ( Chapter 5 ) , whi c h  ind icated that anal gland 

odours of  females attract males . However , the small sample si ze s , t he 

prevalence of females ,  and the fact  that no trapping was done at 

Pukepuke early in  the breed ing season when the females were i n  oestrus 

( �p nt ember ) should al l be noted . Examining the between-trap s i te 
it  i s  evident that 

ClII CI .l. Y ::U. S  'J... maLes ln the breed ing season were more l ikely  to be c aught at 

sites where there were  two lures  rather than bait  and l ure . The 

synthetic lure was also successful in attracting males i n  the breed ing 

season in the Cass River tr ial s .  

The capture o f  the other mustel ids  on the art i ficial  ferret scen t lures 

is  not surprising , consider ing that one o f  the components , 

2-propy� thietane is an important component o f  stoat anal gland 

secretions ( Crump 1 980a ) , and that weasel anal  gland sec retions conta in 

2 , 3-dimethylthietane ( Br inck et al . 1 983 ) .  Cats were  not attracted by 

the lures , and harr iers were not expected to be caught on the l ure as 

they are v i sual rather than o lfactory hunters ( Brown 1 97 6 ) .  

It i s  not clear why the choice experiments yield ed d i fferent r esults 

from the between-trap site analysis and no-choice  exper iments . The se 

results do , however , have impl ications for the d esign of  exper iments 

for testing the effects of odours on trappabi l ity . If onl y c hoice  

exper iments  had been used , thi s may  have l ed to  the i ncorrect 

conclusion that the scent lures would not be as e ffective as  bait  in 

attracting ferrets . Recent i nvest igations on  rodents have used choice 

exper iments , with two or three traps with d i fferent treatments  at  each 

si te , to l ook at the effects o f  d i fferent odours on  trappab i l i ty and , 

ultimatel y ,  their effects on population estimates ( Da ly  et a l . 1 980 , 

Stoddart 1 980a ,  Wuensch 1 982 , Stoddart and Smith 1 984 ) . However , t he 

demonstration of a choice does not imply that , g iven only  one  trap to 

enter , odours wil l  be suffic ient to attract animal s or d eter them from 

entr y .  Given sufficient replication and an exper imental d es i gn that 
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does not allow b iases from si ting o f  traps to be  a confound ing  factor , 

s uch information i s  obtainable  from no-choice exper iments ( e . g .  Gorman 

1 984b , Van der Berk  and Muller-Schwarze 1 984 ) .  Choice exper iment s  c an , 

however give information on the complex soc ial interactions found i n  

communities of small mammals ( Stoddart  and Smi th 1 984 ) .  An 

exper imental design that includes analysi s  of both within and b etween 

trap site d ifferences in  trap success rate provides more i n formation 

than either approach on its own ( e . g .  Stoddart 1 982a , this stud y ) . 

Suitable exper imental procedure i s  also essential . The traps u s ed i n  

the l ive-trapping exper iments were designed especially  for the c apture 

of  ferrets . They were modified Edgar 

Edgar 1 977 ) ,  increased in  s i ze 

mustel id  live-traps ( Ki n g  and 

on  the advice of  Mr . R .  Edg ar 

( per s . comm . ) ,  and following the report o f  Jensen ( 1 97 8 )  that s l i ghtl y  

larger than normal traps yielded better catches of  mustel ids .  

Repeated l ive-trapping o f  the same ind i viduals opens up the pos s i b ility  

o f  the animals habi tuating to  the smell o f  the lures , caus ing a d rop  in  

their  effectiveness over time . There was no  i nd ication that thi s was 

happening , and there was no sudden increased catch rate whe n  l ure  

treatments were changed between months ( see Append i x  9 ) . It i s  a lso 

possible that some ind ividuals  became " trap-happy" , and were  not making 

any choice based on treatment i n  the traps . The fact that s igni f ic ant  

d ifferences occurred between captures on  some pairs  o f  treatments 

suggests that this was not an important probl em .  

The effects o f  the odour of previously-captured animals on  the c atch 

rate ( see Lavers 1 973b )  are a possible  source of  b ias in  thi s t ype o f  

exper iment . It became evident i n  the first few trials  that c leaning  

the traps with water and a c leansing agent was  not sufficient to r emove 

the ferret smell from traps . The removal and thorough soak ing  and 

cleansing possible with small , l ight rodent traps ( Oaly et a l . 1 980 , 

Wuensch 1 982 )  was not practicable with the ferret traps . In subsequent 

tr ials the closure of a successful trap site for one night avo i d ed the 

problem of ferrets being caught in traps that had held a ferret  the 

night before .  The rotation of treatments amongst the traps pre v ented 

any effects  of capture odours being added to any one treatment . 
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It was d ifficult to standar d ise the amount of  lure placed in each trap , 

and this may have added extra var i ance to the results . A smear o f  the 

lure  was placed on a standard-si zed metal plate , b ut this smear was not 

a quanti fied amount . Thi s  is a c ommon problem in stud ies  o f  the 

effects o f  odours on trap capture rates . Many workers g ive no 

ind ication at all that any attempt was made to standard ise odour 

concentrations ( e . g .  Daly et al . 1 97 8 ,  1 980 , Wuensch 1 982 , Gorman 

1 984b , Stoddart and Smith 1 984 ) .  Sample si zes obtained were small , as 

is " inevi table in  field exper iments with c arnivores" ( Ki ng 1 980 ) , b ut 

sufficient to show that some treatment s  were preferred over o ther s . 

The release o f  anal gland secretion/odour by  67 . 5� o f  the captured 

ferrets supports the v iew that anal gland odours i n  l arge quantities 

are a form of defence against pred ators .  The fact  that the perc entage 

was not higher may relate to the history of  domestication of the ferret 

( Corbet and Southern 1 977 ) .  Feral fer rets behave d i fferently from wild 

polecats ( Eibl-Eibesfeldt 1 95 6 ,  Poole  1 972b ) . Many would s i t  quietly 

in the trap when the l id was removed ( Plate . 1 . 1 b ) , requiring no effort 

to restrain  them , and were thus unlikely to release anal gland odour . 
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Chapter 9 

SYNTHESIS AND DISCUSSION 

"With the l ittle knowledge that we already 

have it i s  possible to begin to apprec iate 

our ignorance . "  - John ston 1 977 

FERRET OLFACTORY COMMUNICATION 

1 1 2 

Four hypotheses to explain the use o f  odours in  communication  were 

suggested in Chapter 1 ,  that were  compatible with our knowledg e  o f  the 

ferret ' s  b iology and soc ial organ i satio n . The testing o f  pred i ctions 

from these hypotheses and detail ing of  relevant background information 

on ferret behaviour , gland structure and chemi stry were carr ied  out . 

The results can now be brought together to determine the suppor t  for 

the hypotheses and to explain the roles odours play i n  the l i fe o f  the 

ferret . Compar isons c an be drawn b etween the use o f  odours  b y  the 

ferret and other mustel id species . 

9 . 1 . 1  Territorial Defence Hypothesis 

The results  of  thi s study support the suggestion of Moors  and Lavers 

( 1 98 1 ) that scent marking is  one of  the pr incipal  mechan i sms by which  

ferrets maintain their spac ing system . It was  hypothesi sed that scent 

mar ks prov ide an olfactory assoc iation between the residen t  a n d  its 

defended area , which allows intrud er s ,  includ ing neighbours ,  to avoid 

escalating encounters with residents to actual combat . Ther e  i s  

support for both mechanisms that were outlined ; r esiden ts memo r i sing 

and recognising the odour of  the ir neighbours ,  and intruder s m atching 

the odour o f  scent marks with those of  an imal s it meets . Anal  d rag 

scent marks ( Chapter 2 )  could inform other an imals o f  the sex  and 

ind ividual identity of the marker . Thi s  i s  ind icated by the sexual  and 

ind ividual di fferences in  anal sac extracts  ( Chapter 4 ) , and the 

ab il ity o f  ferrets to d i scern these d ifferences ( Chapter 5 ) .  Anal 

gland scent marks could thus act as o l factory  s ignatures  for 

neighbour-neighbour recognition . The freshness o f  the scent marks i n  

an area wi ll  allow a subord inate an imal to assess the l ikel ihood  o f  

meeting a dominant neighbour . Scent marks could thus act a s  r a ilway  
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signal s , a l lowing neighbours who l ive i n  overlapping home ranges , to  

maintai n  their  spatiotemporal separatio n  by mutual avoid ance . 

When an intruder enters a territory ,  the presence o f  fresh anal  drag  

scent marks at  l atrines near dens and  other conspicuous places  wil l  

soon info rm i t  that the area i s  a lready occupied ( Chapter 2 ) . If , a s  

is  suggested by  this stud y ,  they leave anal g land scent marks not  only  

at  terr itory boundar ies but  throughout the  home r ange all year roun d , 

then ferrets are using a "hinterland marking system . In a s pecies 

with a l arge home range per imeter this is  an effective way of marking 

( Gorman and Mil ls  1 984 , see section 1 . 3 ) .  I f  an intruder meets  another 

ferret , it could match the odour of  nearby anal d rags with the odour o f  

the animal b y  anus sni ffing ( Chapter 2 ) , allowing  i t  to recogn i se the 

territory-holder and take the appropriate action ( usually  escape ) . The 

scent marker i tsel f wi ll  also smell the anal drags , making it aware 

that i t  is on home ground and thus more confident and prepared to 

fight , as ind i cated by the results o f  confidence assessment tests 

( Chapter 6 ) . 

Latr ines thus act as information centres , conveying chemical messages 

that modi fy the behaviour of  animal s encountering them . It has been 

assumed that anal gland odour i s  laid down at latrines . Even if thi s 

is not true , latrines are strong 

odour of faeces and urine that have 

olfactory beacons , contain ing  the 

their own information content 

(Wheeler 1 978 , Sokolov and Rohznov 1 983 ) , possibly includ ing secretions 

from proctodael glands ( Stubbe 1 970 ) and abdominal g land s ( Chapter 3 ) . 

They probably  also assist a r esident to orientate itsel f in  its 

env ironment ,  but such an idea i s  not d irectly testable  ( Gosl ing  1 982 ) . 

Further support for the territorial defence role o f  anal gland odours 

comes from the live�trapping experiments ( Chapter 8 ) ,  where not j ust 

males but also females were attracted to the natural product l ure , that 

was made  from the secretions of  female ferrets . In  both the 

live-trapping and the ki ll-trapping experiments ( Chapter 8 ) ,  females 

were  also attracted to the arti ficial  l ure , with active ingred ients 

that were  synthetic analogues of two compounds usually at  high 

concentrations in female anal sac extracts ( Chapter 4 ) .  
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The use o f  abdominal gland and/or general body odour s  in  scent m ar king 

appears to be of  importance in encounters  with i ntruders , espe c ially  

encounters between males in  the breed ing season ( Chapter 2 ) . Neck 

sniffing may be a way of determining an ind ividual ' s  bod y odour . Neck 

rubbing and roll ing by dominant  males could act to intimid ate the 

opponent by  provid ing a fresh source o f  odour matching that o f  n earby 

wiping or body rubbing scent marks . Thi s  is in l ine  with our knowledge 

of ferrets ' increased aggressive behav iour in the breed ing season 

( Moors and Lavers 1 98 1 , per s .  obs . ) . However , it i s  not known i f  body 

odours are ind ividually  d istinct . Anal gland and abdominal  g land 

odours could act together in these situations , the former prov id i n g  the 

information on ind ivid ual identi ty ,  and the l atter acting as a threat 

signal . Chin  rubbing  could be a conven ient way of l aying down these 

threat signal s at food stores ( Chapter 2 ) . 

9 . 1 . 2  Sex Attraction Hypothesis 

Olfactory recognition of sex is widespread , not only within mammal ian 

taxa , but throughout the vertebrates ( Stoddar t  1 980b ) . It is general l y  

assumed that scents play a n  important role i n  sex attr act ion  in 

sol itary-dwell ing carnivores , and Stoddart ( 1 980b )  comments  on the 

adaptive significance o f  the use o f  strong scents in  such s pec ies .  

However , supportive  evidence from field stud ies  i s  scarce . I n  the 

ferret , the location of anal d rag scent marks in conspicuous places  and 

particular l y  at l atr ines near den sites is consi stent with the sex 

attraction hypothesis , allowing a male to easily  l ocate a femal e  in her 

home range . Neither the frequency o f  scent marking with anal  g land 

odour nor the chemical composi tion of anal sac extracts var ied d ur ing  

the year , and  males d id not d iscriminate between oestrous  and 

anoestrous female anal gland odours .  It has alread y ,  however , been 

suggested that anal gland odours play roles in  i ntra sexual 

communication throughout the year ( Hypothesi s 1 ) ,  not j ust i nte rsexual 

communication . Seasonality in  anal gland odour use i s  not e ssential  

for a sex attraction hypothesi s .  Male ferrets are sexuall y  acti v e  only  

for part of  the year and are  thus l ikel y  to use  scent marks as  a means 

of find ing females for reproductive purposes onl y during thi s per iod . 

Also , because all females come into oestrus at  the same time o f  year , 

there is l ittle need for an o lfactory mechan i sm for d istingu i shing 

between oestrous and anoestrous females . The 

regard s to the sex attraction hypothesi s 

important 

were  that 

find i n g s  i n  

the r e l ative  
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concentrations of  components o f  the anal sac extracts o f  mal e s  and 

females d iffered ( Chapter 4 ) , and that not only could ferrets 

d i scriminate these d i fferences but a lso that males were  more attracted 

to the female anal gland odour s ,  in tests that wer e  run dur in g  the 

breed ing season ( Chapter 5 ) . The attraction of males to the scent 

l ures , espec ially  in  the b reed ing season ( Chapter 8 ) al so supports a 

sex attraction role . 

9 . 1 . 3  Bookkeeping Hypothesi s 

Hypothesi s 3 was that scent marks act as  a bookkeeping system to a ssi st 

in effi c ient  food searching . The l ack of assoc iation between the anal 

drag action and the presence of food ( Chapter 2 )  allowed thi s 

hypothesi s to be rejected for anal g land odours . The fact that ferrets 

regular l y  showed chin rubbing behav iour whi le storing food ( Chapter  2 )  

suggested that odours from the chin may well  increase the odour o utput 

from food stores , lead ing to more effic ient food recover y .  The peak i n  

frequency  o f  male chin rubbing i n  spr ing however , suggests , another 

rol e  of d efence of food stores from other ferrets . Wi1dhaber ( 1 984 ) 

found that her subj ect ferrets spent  less time feed ing at a food site 

where an un famil iar ferr et ' s  chin odour was present than when no  odour 

was present . She could not ,  however , show that ferrets could 

d iscriminate between the ir own and other ferrets ' chin odours .  A 

further unknown factor is  whether chin odour d i ffers from the odour 

deposi ted by  other body rubbing and wiping actions . The hi stological  

investi gation of  Chapter 3 showed that there was no  d i screte glandular 

reg ion in the chin , but the possibil ity of hi stochemical or bac ter ial 

d ifferences  affecting odours cannot be r uled out . The exact  rol e o f  

chin rubbing behaviour in food searching o r  food defence r emains 

unclear . 

9 .  1 . 4 Antipredator Defence Hypothesi s 

Results from Chapter 8 support the suggestion that ferret anal g land 

odours are important in defence  against predators . In the 

live-trapping experiments , a l arge proportion o f  the ferrets r e leased 

anal gland  odour while  being hand led . Another occasion in whi ch  anal 

gland odour was released in l arge concentr ations was during  the 

prel iminary  dominance assessment tests of Chapter 6 .  It was alwa ys the 

subord inate ind ividual which released the odour , i n  tests when  i ts 

opponent showed high intensity aggression . Thi s  intraspec i fic use  o f  
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odour does not detract  from the antipred ator defence hypothesi s ; the 

I se to a dominan t , aggressive opponent is the same as to a predator in this 

situation . Females occasionally released anal gland odour in  l arge 

amounts when trying to escape from a male ' s  sexual advances , when they 

were not rec eptive ( e . g .  early  in the breeding  season when they were  

not  fully  i n  oestrus ) . 

The ferret anal gland odour is  not , however , as  well developed for 

antipredator defence as  in some other mustel id s .  Species with a very 

well  developed anal gland odour d i splay aposematic colouring that acts 

to warn away potential predators ( Halonen and Denny  1 919 ) . The se take 

the form of  contrasting black and whi te stripes or  spots , di splayed by 

special threat postures , such as t he " hand stand" posture of the s potted 

skunk ,  Spi logale sp . ,  ( Howell 1 920 , Johnson 1 92 1 ) .  No such str iking 

colour ing or postures are found in the ferret . 

There is l ittle known about the effects mustel id anal gland odours have 

on potential predators . Regarding the odour of s kunks , Matthews ( 1 97 1 ) 

commented that " their scent i s  so powerful and unpleasant that  other 

an imal s quickly learn not to molest them • • •  the stink is so overpower ing 

that it  almost chokes the victim , for it temporar ily i n hibits 

breathing . "  Goethe ( unpubl ished , cited in Goethe 1 964 ) found that dogs 

retreated with a gesture of  d i sgust from the caudal end of 

freshly-killed polecats . When a young ferret fir st met a dog i t  let 

off anal g land odour , at  which point the dog backed off ( pers . obs . ) . 

Casual observations on people ' s  responses to ferret anal g land odours 

indicate that they find them dista steful , and even n auseous . Thus  the 

prod uction of an obnox ious odour by  the ferret could act as an 

important part of an antipredator d efence system . 

9 .  1 . 5  Comparisons wi th Other Mustel ids 

The same anal d rag has been seen in  the stoat , whose anal sac e x tracts  

also d i ffered between individual s ( Erl inge et al . 1 982 ) . Unl ike the 

ferret , the stoat anal d ragged not only at l atr ines but a l so in 

si tuations where ferrets wiped . Dominant stoats 

frequenc y of  anal d rags than subordinate s ,  and 

increased rate of  performing anal drags in spring . 

showed a higher 

males showed an 

These were  not the 

case for anal d rag in the ferret , but were true for wiping . Without 

knowing whether or not stoats possess abdominal gland s ,  nor being  sure 



1 1 7 

whether or not anal gland odour i s  present at  ferret wiping s i te s , i t  

i s  not possible to expl ain the d ifferences i n  scent marking  between 

these two species . The same conc l usions about the use of anal d rags  to 

place the ind ividual ' s  odo�r in the environment for terr itorial d e fence 

are drawn in  both studies , .while  Erl inge et al . ( 1 982 ) emphasise the 

role of stoat anal gland odour in allowing the assessment o f  the 

asymmetry o f  a conflict , and do  not suggest a role in 

neighbour-neighbour avoidance . Crump ( 1 980a )  found d ifferences i n  the 

chemical composition of male and female stoat anal sac extr acts , but 

neither he nor Erl inge et al . ( 1 982 ) commented on possible signa l l ing 

roles for these odours in reproduction .  

Bod y rubbing occurred in similar si tuations in both spec ies , and the 

conclusions  of Erl inge et al . ( 1 982 ) that it i s  assoc iated with 

agonistic encounters ,  and seems to have a threat significance  could 

equal ly  be appl ied to the ferret . Their suggestion that bod y r ubbing 

increases sel f-confidence was not tested in the ferret . Erl in g e  et 

al . ( 1 982 ) noted that bod y  rubbing was done by both sexes throughout 

the year , b ut gave no quanti tative support for these comments . If  

there was no d ifference in  rates o f  body rubbing between the sex e s  and 

in  d ifferent seasons then these d ifferences in body rubbing between the 

stoat and the ferret are not easily  explained , wi thout a fuller 

understand ing of both spec ies ' soc ial behaviour . 

Erlinge et �. ( 1 982)  al so observed body rubbing immed iately a fter  food 

had been stored , but did not comment on the significance of thi s .  A 

comparison of rubbing behaviour at food sites b y  stoats and ferrets 

would be merel y speculative without further in formation from both 

spec ies . 

European badger s ,  with their communal l i festyle ( Kruuk 1 97 8 )  and 

subcaudal as well as anal gland s ( Gorman et a l . 1 984 ) ,  have a more 

complex ol factory communication · system . They use odours for 

territorial defence , but rather than the simple individual i den ti ty 

message conveyed by ferret and stoat anal drags , badger squat mar ks act 

as a group signature ( Kruuk et  al . 1 984 ) .  These scent marks have an 

add itional rol e  in communication amongst clan members not found i n  the 

sol itary ferret . 
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Gorman et al . ( 1 984 ) did not find any consi stent d i fferences i n  the 

chemical composi tion of  male and female subcaudal g l and secretions . 

Thi s  info rmation may be carr ied i n  the anal gland secretion , b ut t he 

fact  that males and femal es l ive  in c lose-knit  family  groups suggests 

that the role of odour in location of the opposite sex would not be 

necessary .  

The European otter does not show any  scent marking actions , but leaves 

droppings in conspicuous spraint pi les ( Trowbridge 1 983 ) . Although the 

otter is  probably not terr itorial , spraint  piles play t he same role  as 

information centres as do ferret l atr ines . They are  d i str ibuted such 

that they are most l ikel y  to be encountered by otters ,  and spr a ints 

contain the necesssary information on ind ividual iden tity ( possibly 

from anal gland secretion )  for them to affect the movements  o f  

ind ividua l s  o f  d ifferent dominance  status , thus maintain ing the spec ies 

spac ing system ( Trowbridge 1 983 ) .  Unl ike the ferret or pol ecat 

( Sokolov and Rohznov 1 983 ) , spr aint piles  a lso convey information on 

female otter sexual receptivity , c arried in urine ( Trowbridge 1 983 ) .  

Female otters are per iod ically i n  oestrus throughout the year , whi le  

ferrets have  a definite breed ing season and thus l ittle n eed to 

advertise sex ual receptivity .  

The scent marking behav iour o f  the ferret i s  thus s imi lar to that o f  

other mustelid s ,  and similar roles for odours i n  mediating spac ing 

systems have been suggested for the var ious spec ie s . Di fferences occur 

in the roles of odours as  sex attr actants where there are d i fferences 

in soc ial organisation ( ferret vs  badger ) or reproductive physiology 

( ferret vs otter ) . 

9 . 1 . 6  Priorities for Future Research 

Before any firm conclusions can be  made on the communicative roles  o f  

anal drag scent marks , i t  must b e  confirmed that anal gland secretion 

is  indeed deposited by this action and not el sewhere . Thi s  could be 

done by testing for minute amounts of  odorous secretions at l atr ines , 

or by  marking the anal sac contents  with a d ye or rad ioactive material , 

so they could be detected in the environmen t .  A s tudy o f  the l oc ation 

of  anal d rag sites ( latr ines ) in the wild  rel ative  to ind ividual s '  home 

ranges and to den si tes would be valuabl e  i n  relating the r esults o f  

thi s capt i ve study to free-living ferrets . A further test o f  a 
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neighbour-neighbour avoidance system could involve testing  a 

subordinate an imal ' s  avoidance o f  an area ( e . g .  a d en site ) scent 

mar ked by a dominant neighbour , as attempted in Chapter 2 .  Such  an 

experim�nt  would best be done in the breed ing season , when males are  

very aggressive , and if  possibl e ,  i n  the wild to  avoid probl ems 

assoc iated with confinement a ffecting the an imal s '  behav iour . 

Reinforcement-train ing exper iments to test ferrets ' ab il ities  to 

d iscriminate between anal gland odours o f  d ifferent freshness and the ir 

ab il ities to memorise odours could prov ide information on the d etails  

of how ferrets use odours to avoid each other . 

In the study o f  the roles  o f  abdominal gland and bod y odour s  in 

commun ication , the greatest pr iority must be g iven to the determination 

of whether or not the same odour is  involved in wiping , bod y r ubbing 

and chin rubbing . This would require a chemical study of the o d ours 

from different  parts of the bod y ,  and may also require an invest i gation 

of bacterial activity in the various regions o f  the body s k i n , as  

discussed in Chapter 3 .  

9 . 2  P RACTICAL APPLICATION IN WILDLIFE MANAGEMENT 

9 . 2 .  1 Develoement of  Scent Lures 

The first step in the development of  a trap lure for ferrets was to 

find out how ferrets responded to anal gland odours .  The resu l ts of  

Chapters 2 and 5 ind icated that these odours were attrac ti v e  to 

ferrets . The find ings that anal gland odours are important in  both 

inter- and intra-sexual communication and that mal es were  par tic u l ar l y  

attracted to femal e odours ( Chapter 5 )  suggested that a l ure b ased on 

the major components of female anal gland odours would be an effe c tive  

lure for both males and females . The bioassay  experiments  o f  Chapter  7 

showed that the odours of some combinations of compoun d s  were 

significantly  more attractive than others .  The combination o f  t r an s­

and cis-2 , 3-dimethylthietane ( compound s 2+3 ) and 2-propylthietane ( 4 )  

was always ver y  attractive .  The nex t  step was to look a t  the e fficac y  

o f  a synthetic lure containing these components , in compar i so n  t o  no 

odour , and to a standard ised bait . For these field exper iments , using  

trappability o f  wi ld ferrets as  a response criterion was essenti a l . As 

Stoddart ( 1 980a )  pointed out : " field studies are potentiall y  abl e  to 

yield different  sorts of results from laboratory stud ies because the 
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test subj ects , l iv ing 

from the unquantifiable 

the ir lives under natural cond itions , a r e  free 

influences created by c aptiv i ty . "  But o f  

course field  exper iments have the ir 

Chapter 8 .  Thus the combination of 

own problems , as d i scussed in 

laboratory and field studies  

represents the most comprehensive  way o f  assessing the responses  o f  

animal s to odours . These studies showed that scent lures could be 

v iable alternatives to ed ible bait as attractants for ferrets . 

9 . 2 . 2  Ferret Odours and the Pheromone Concept 

Ear l y  stud ies on mammal ian olfaction used theories  and techniques 

der ived from insect sex pheromone studies . They a ttempted to i solate 

releaser and pr imer "pheromones" ,  chemicals that are " secreted to the 

out side  b y  an ind ividual and received by a second individual o f  the 

same spec ies , in which they release a spec i fic reaction , for e x ample a 

defin ite b ehaviour or developmental process" ( Karlson  and LUscher 

1 95 9 ) . 

Few releaser pheromones have , to my 

mammal s .  An o ften quoted example 

knowledge , been identi fied in 

of a mammal ian pheromone i s  the 

sal i var y steroid in the domestic boar ( Sus scrofa ) , i solated by Claus 

(1 975 ) ,  that releases the mating stance in oestrous sows . Other authors 

have used the term pheromone to describe compounds  that  do not a ppear 

to fi t the usual criteria impl ied when designating a semiochemical as a 

rel easer pheromone ( Beauchamp et al . 1 976 , see al so Katz  and Shorey 

1 97 9 ,  Beauchamp et al . 1 979 ) . Muller-Schwarze ( 1 96 9 )  found that not 

just one b ut all four substances of  the male black-tailed deer ' s  tarsal  

scent released response s quantitatively identical to  the total tarsal 

scen t .  Although Singer et al . ( 1 976 ) describe d imethyl sulph ide  as an 

attractant pheromone in oestrous hamster vaginal secretions , they  noted 

that there may be other compounds that contr ibute to the activ i ty o f  

the secretion . 

The results of the b ioassay exper iments ( Chapter 7 )  ind icated that no 

simple releaser pheromone would be identi fied for the behav ioural 

responses of ferrets to anal gland odours .  The term pheromon e  for 

describing ferret attractants i s  unjust i fiable on at least two ground s .  

First , the responses to anal gland odours are generalised responses 

that are not un ique to these chemicals .  Second , i t  was not j ust  one  o r  

a few o f  the components o f  anal g land odours that proved attr ac tiv e . 
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I t  i s  the complexity of chemical composition o f  anal gland odours that 

is  of particular si gnificance in communication ( e . g . d i fferences i n  

relative concentrations of compounds as  i ndicators of  identity ) r ather 

than the separate elements . Ferret anal gland odours would  f i t  the 

definition of " informer" pheromone ( MUller-Schwar ze 1 917 ) , but s o  would 

any other odour that plays some role i n  communication . Thus the term 

seems synonymous with " social  odour" ( Stoddart 1 916 ) . As d i scussed by 

Beauchamp et al . ( 1 979 ) ,  the broadeni ng of the term pheromone to 

inc lude all  i ntraspeci fic odours would imply a misleading s im i l ar ity 

between social  odours as found in  the ferret and odours that p roduce 

very spec i fic  responses . 

9 . 2 . 3  The Value of Mustelid Scent Lures 

So long as there is a need for predator control i n  New Zealand  ( see 

section 1 . 1 ) there is a benefit in using the most effecti v e  and 

efficient means of control . Fitzgerald et al . ( 1 984 ) l i sted the  study 

of  scent marking behaviour and the development of scent lures as  two of 

their major priorities for research in mustelids and cats i n  New 

Zealand . Crawley ( 1 982 ) suggested that we could adopt a "game warden" 

approach to conservation , whi ch could well prove to be an effec t i ve way 

of controlling ferret populations ( King and Moors 1 919 ) . The u s e  of  

scent lures could lead to  savings in  time and money i n  such control 

programmes , and in  damage control programmes on all the mustel i d s , with 

edible bait not having to be acqui red . This could lead not o n l y  to 

more effic iency in  trapping , but also more effective trapp i n g . For 

example , the time saved by not having to acquire fresh meat bai t s  could 

be used i n  checking an extended trap l i ne , allowing a larger proportion 

of a ferret population to be trapped at any one time . Using  odour 

lures in  con j unction with other baits may be another way of i nc reasing  

the efficacy of  trapping . Changing from one  type of  attractant  to 

another may increase the catch rate by al lowing the capture of t rap-shy 

indi vidual s ,  who have habituated to one type of attractant 

( N . Z .  Wildl i fe Service personnel pers . comm . ) .  

The synthetic lure may have the additional advantage o f  being 

producable in  a long-lasting form . Thi s  could i ncrease t rapping 

efficiency by reducing the amount of  time spent in  deal ing  with  every 

trap , with lures being renewed every few weeks i nstead of every  few 

days . In trapping programmes where traps are checked infrequent l y  i t  
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would increase the number of n ights traps are attractant to the 

target species . Synthetic mustelid  anal gland compounds have been used 

in thei r pure form in capi l lary tubes as repellants to prevent browsing  

by herbivores , and Sullivan and  Crump ( 1 98 4 ) found them to be effective  

for at  least five weeks without renewal . 

There i s  also a possible advantage to the natural product ferret lure . 
With the development of ferret ( fitch ) farming in  New Zealand , there 

should be a ready supply of ferret anal sacs whi ch could prov ide  a 

cheap means of produci ng an effective ferret lure . 

The artificial scent l ures developed here have potential value in  

control programmes for other mustelids as well  as ferrets . The 

successful synthetic  ferret lure contained compounds which are found i n  

stoat and weasel anal sac extracts and both species were caught o n  the 

lures ( Chapter 8 ) .  

Both the natural and artificial l ures were to . some extent s pecies 

specific , a feature which could improve trapping e fficiency by reducing  

the number of traps made unproductive by the capture of non-target 

species . In Chapter 8 it  was shown that cats and harri ers were not 

attracted to the synthetic  ferret lure , however it did not deter 

hedgehogs , nor did the natural product lure . Speci es specifi c i ty  i s  

also a valuable feature i f  the lure is  to b e  used i n  eco logical  

research , such as  estimating population densities by monitoring n umbers 

of visits to scent stations . The use of  synthetic  lures i s  a lso 

valuable in  such work because of their consistent chemical properties . 

Another advantage of inedible lures is  in  studies where the s tomach 

contents or faeces of the captured animals are to be examined , and 

edible baits can be confused with prey items . 

9 . 2 . 4 Priorities for Future Research 

The highest priorities for future research i nto mustelid  trap lures  are 

to test the synthetic lures in a long-lasting form in the field , and to 

try them and natural product lures out on a stoat population . 

Costing out the production of  a natural ferret lure could begin  by  

discussion with fitch farmers , and  consideration should be gi ven t o  the 

best way of  di spensing such a lure . 
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Further field stud i es could i nclude the comparison of syntheti c  lures 

containing  d ifferent concentrations of the active components , and the 

relati ve attracti veness of the natural product lure made from mal e  and 

female donor animal s .  However these are just some o f  the l i n es the 

work could take , as "research is  a Gord i an knot whose loose ends trai l 

off in  so many d irections that no one project can hope to untie  i t "  

( Schaller 1 973 ) .  
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SUMMARY 

1 .  The ferret is a mustelid that has a predatory role in  the New 

Zeal and ecosystem . Thi s  means that we n eed e ffective means o f  

controlling  the d amage i t  does to native fauna at c er tain  times and  in  

certain l ocal i ties  ( 1 . 1 ) .  To develop e ffective control techn iques we 

must have sound knowledge o f  the spec ies behav iour . The fer ret ' s  

sol i tary  and terr i torial way o f  l i fe suggests that odours are imp ortant 

means of  communication . One aim of thi s study was to determi ne  what 

roles odours play in ferret ol factory communication ( 1 . 2 , 1 . 3 ) .  

2 .  Four hypothesi sed communicative  functions of  odours were proposed , 

each with testable pred ictions ( 1 . 3 ) . The fir st hypothesis  was that 

scent marks and bod y odours a id in territorial defence , by  prov id ing  an 

ol factory assoc iation between a resident  and i ts d e fended area . There 

are two possible  mechan isms : scent matching and neighbour-ne i g hbour 

recognition . Hypothesi s 2 was that anal gland odours  are involv ed in  

sex attrac tion . Hypothesis  3 was that scent marks act  as a bookkeeping 

system for effic ient food searching . Hypothesi s 4 was that anal g l and 

odours in l arge quanti ties serve a s  an antipredator d e fence syst e m . 

3 .  The use of scent lures to attract ferrets ( and other mustel i d s )  to 

control dev ices was seen as a means by which d amage done by m u s telid  

pred ation could potentially  be  reduced . The second a im o f  thi s study 

was to develop a scent l ure for ferrets based on the contents o f  t heir  

anal gland secretions ( 1 . 4 ) .  A proced ure for determin i n g  the 

effectiveness of odours as trap lures was outl ined . This  inc l ud ed a 

l aboratory bioassay of the components o f  anal g l and  secretio n s  and 

field tr ials  of  scent l ures contain ing attractant c omponents . 

4 .  Testing some of  the pred ictions of  the four odour commun i cation 

hypotheses required d irect observations of ferret  behav iour . Twelve  

ferrets observed over two years in an outside encl osure used regular 

pathways and latr ine sites . On meeting , ferrets o ften sn iffed a t  each 

other ' s  anal region , and at the back o f  the n ec k  ( 2 . 3 . 1 ) .  The ir 

repertoire of scent  marking actions comprised of t he anal drag , t ho ught 

to be a way of  l aying down anal g land odour ; wiping and bel l y  c rawl , 

where the the urogenital reg ion touched the substrate and the anal 

region did not ;  roll ing and body rubbing ; and chin  rubbing ( 2 . 3 . 2 ) .  
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5 .  The frequency of performing anal d rags d id  not vary  seasonal� y  nor 

between the sexes . Anal drags usually fol lowed defaecatio ns at 

l atr ines , which were concentrated on conspicuous obj ects and in the 

central regions of the enclosure , where the ferrets s pent most o f  their 

time . Wi ping was done throughout t he enclosure ,  mostly  by  m ales  in  

spring . Body rubbing showed the same seasonal pattern ,  but only some 

males bod y rubbed , and there was no sexual d ifference in frequency .  

Some males  wiped in situations wher e  others d i d  body r ubbing , 

e . g .  during close contact male-male encounters , whi ch usually  occurred 

in  the boundar y regions o f  the enclosure . Chin rubbing also showed a 

peak frequency in  spring and was done by  both sexes . It occurred 

frequently  at food storage sites ( 2 . 3 . 2 ) . 

6 .  The presence o f  fresh anal gland secretion o f  a known dominant  male 

at a latr ine did not prevent a subordinate male from entering a nearby 

nest box . However , the observations were made during the non-breed ing 

season , when captive males were tolerant of  each other ( 2 . 3 . 3 ) . 

7 .  An anatomical and histological examination o f  v ar ious regions o f  

the skin confi rmed the structure o f  anal glands and sacs a s  the s ame as 

in the published literature ( 3 . 3 . 1 ) .  It revealed the presence of 

abdominal glands  in both sexes around the urogeni tal  opening . These 

gland s consisted of large complexes of epitr ichial tubular g l ands  

producing glycoprotein s ,  suggesting that they function in  the 

production of odorous secretions .  They were l arger i n  males than in  

females ( 3 . 3 . 2 ) . Regions of  the skin used in bod y and chin r ubbing 

conta ined numerous sebaceous glands and a few a lcian blue-positive  

tubular g lands ( 3 . 3 . 3 ) . The foot contained both atr ichial g lands  i n  

the pads and highly coiled , alcian blue-posi tive epi trichial g l ands  i n  

the interd igital regions ( 3 . 3 . 4 ) . 

8 .  Hypotheses 1 and 2 require that there are i nd i v idual and sexual 

Gas chromatography of anal sac d ifferences in 

extracts from 

anal gland secretions . 

ten 

concentrations o f  

ferrets 

vol atile 

revealed 

compounds .  

such d ifferences i n  r el ative  

Consistent d ifferences  i n  the 

colour and viscosity o f  individuals ' anal sac extracts  were a lso noted 

( 4 . 3 . 1 ,  4 . 3 . 2 ) . The anal sac extracts had no regular seasonal changes 

in their GC profiles or  visual appearance ( 4 . 3 . 3 ) . 
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9 .  Further predictions from hypotheses 1 and 2 are  that ferre t s  can 

d i scriminate between d ifferent odours . Simultaneous preferenc e  tests 

in Y- and T-mazes showed that ferrets preferred to investigate ferret 

anal gland odour rather than no odour , and ferret rather than weasel 

odour . Both sexes , but males especiall y ,  d i scriminated between male 

and female odours , preferring to investigate the odour o f  the o p po site 

sex . Males d id not show any abil ity to d iscriminate between the o d ours 

of  oestrous and anoestrous females in tests run during the b reeding 

season . Subj ec ts d iscriminated between famil iar  and strange o dours . 

Initially they preferred to approach the strange odour and to s pent 

longer sn iffing at it than at the famil iar odour . They spent a s  much 

time investigating their own odour and that of a familiar ferret  o f  the 

same sex , but , for the fi rst time during the preference tests s i x o f  

the subj ects per formed anal d rags , always i n  front o f  the odour  port 

containing the ir own anal gland odour . They could d i scriminate b etween 

fresh and one-day old odours from the same female donor , b ut not 

between fresh and two-hour old odours ( 5 . 3 . 1 ,  5 . 3 . 2 ) .  

1 0 .  The scent matching mechanism of hypothesis  1 pred icts that fer rets 

wi l l  be confident  in the presence of  their own odour , and intim i dated 

when the odour of scen t marks matches that o f  a nearby an imal . To 

determine how anal gland odours affect  the confidence of  ferr ets , 

level s of  male confidence and aggression were measured dur ing  p a ired 

tests in the presence of  odours from var ious d onors . Mal e s  were  

significantly less confident in the presence o f  their opponen t ' s  odour 

than in the presence of  e ither the ir own odour or that of  a known 

dominant individual . They were  no less confident  in  the presence  o f  

thi s third dominant odour than with their own odour . This  i s  a lso 

supporti ve of  the scent matching mechan ism . Aggression scores s howed 

similar trends ( 6 . 3 ) . 

1 1 .  A bioassay of  synthetic anal 

successive tr ials in the T-maze 

g land compounds  

apparatus . Some 

was r un using 

combination s  o f  

compound s  were more attractive than others . In the first bioaassay  

exper iment the combination of c is- and tran s-2 , 3-dimethylthie ta n e and 

2-propylthietane was more attractive ( as judged by  time spent sn i ffing 

at the odour port and speed of approaching the odour ) than the o ther 

combinations tested ( 7 . 3 . 1 ) .  This  successful combination was then used 

as the basi s of comparison for further combinations of  compounds 
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( 7 . 3 . 2 , 7 . 3 . 3 , 7 . 3 . 4 ) .  It remained at least as a ttractive as a l l  other 

combinations of  compounds - tested . Compounds cis- and trans-

3 , 4-dimethyl-1 , 2-dithiolane and indole were  also highly attractiv e .  

1 2 .  Cis- and trans-2 , 3-dimethylthietane and 2-propylthietane were used 

as the active ingredients of a scent l ure tested in field tr ial s . The 

attractiveness of  this scent l ure was tested against var ious other 

treatments  in live-trapping , paired-trap choice exper iments at Pukepuke 

Lagoon , Manawatu ( 8 . 3 . 1 ) .  Ferrets preferred edible bait to the 

artificial  lure and chose the lure over no odour . There were no 

preferences amongst various arti ficial lures . Lure  containing n atural 

female anal gland secretion was as  attractive as bait and was pre ferred 

to artifi c ial lure . The combination o f  bait and arti ficial  lure  was 

not more attractive than either treatment on its own . In  bait v ersus 

natural product l ure pair s ,  success was dependent upon sex o f  the 

captured ferrets , with all  the ferrets caught on the lure being female . 

The success  of  treatments in all the pairs was i ndependent o f  season 

( breed ing/non-breeding ) ,  and one-day old treatments were as successful 

as fresh treatments . 

1 3 .  Trap sites containing two l ure traps were as successful as those 

with one l ure trap and one bait trap ( 8 . 3 . 1 ) .  Treatment pair s uccess 

was independent of  sex . 

1 4 .  Ferrets o ften released anal gland secretion/odour whi le  being 

handled d uring live-trapping . Males and females , and juven i l es and 

adults were  equally  likely to release odour . Ferrets were no more 

likely to release odour on their initial capture than on subs equent 

captures ( 8 . 3 . 1 ) .  

1 5 .  The arti ficial  scent lure was as successful as edible b a i t  at 

attracting ferrets during a k il l-trapping experiment in the Mackenzie 

Basin , South Canterbury ( 8 . 3 . 2 ) . Catch rates were i ndependent o f  sex , 

but the success of  the scent lure var ied with  freshness , w ith  most 

ferrets being caught when the lure was freshest . 

1 6 .  In both l ive- and ki ll-trapping experiments various non-target 

species were caught . Hedgehogs showed no preference between b a i t  and 

scent lure , whi le cats and harriers preferred b ait . Both stoats and 
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weasel s were caught on the scent lure , as were  rodents and  possums 

( 8 . 3 . 1 ,  8 . 3 . 2 ) . 

1 7 .  The hypothesi sed terr i torial defence role for anal g land odours i s  

supported . Anal d rag scent marks were d i str ibuted in a way t hat they 

were most l ikel y  to be encountered by  both the scent marker and other 

ferrets . Anal gland odours were found to c arry the n ec essar y 

information on ind iv idual iden tity for them to med iate 

neighbour-neighbour spac ing systems , and ferrets could d isc ern  thi s 

information . The presence o f  anal gland odour in the env ironment i n  

the form of  anal drag scent  marks , and on the an imals themselves , and 

the fac t  that ferrets sniffed at each other ' s  anal reg io n  d uring  

encounters support the scent  matching mechan ism .  The fact  that ferrets 

were intimid ated in the presence o f  an  odour that matched that o f  an 

opponent i n  a confl ict situation al so supports thi s mechan i sm ( 9 . 1 . 1 ) .  

1 8 .  Latr ines appear to act as information centres . Whether or  not 

anal gland odour is  present , latr ines will  sti ll be strong olfa ctory  

beacons contain ing the odours of  faeces and urine  ( 9 . 1 . 1 ) .  

1 9 .  The sex attraction hypothesis is  supported by the fact that there 

were d ifferences .in  anal gland secretions between the sexes , that 

ferrets wer e  able to d i sc riminate these d ifferences and that they wer e  

attrac ted to the odour o f  the opposite sex ( 9 . 1 . 2 ) . 

20 . Anal g land odours released in large quantities could act  a s  an 

antipred ator defence system . Thi s  i s  suggested by the read iness o f  

captured ferrets to release odour while  being handled , and b y  the 

release of  anal gland odour by intimidated ferrets being attacked by  

aggressive , dominant opponents ( 9 . 1 . 4 ) . 

21 . Neck sni ffing behav iour and the use o f  abdominal and/or bod y 

odours in scent marking the territory and in close contact encounters 

could provide an olfactory association between a resident  and its  

defended area . It  is  not . known , however if  these odours c onvey 

information identi fying the scent marker . It i s  possible that they are 

j ust used as a threat signal ( 9 . 1 . 1 ) .  
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22 . Chin  r ubbing behaviour may set  down an odour at food stores which  

aids  in  the i r  relocation ,  or may be a way of  laying down bod y  odour to 

defend food stores against conspec i fics ( 9 . 1 . 3 ) . 

23 . Compared to other mustel id s ,  scent  marking behaviour o f  the ferret 

shows some similar ities and some d ifferences , which  are related to 

similarities  and differences i n  their  soc ial  organ isation and 
reproductive  physiology ( 9 . 1 . 5 ) .  

24 . The presence of  anal gland odour at latr ines should be confirmed 

and the r esults o f  this captive study compared to the wild si tuation 

before an y strong conclusions are drawn on  the roles these odours play 

in  the soc ial  organisation of the ferret . Deta i led chemical  and 

hi stological studies of other skin gland s and the ir secretions  are  

necessary before details  of  the ferret ' s  olfactory communication s ystem 

can be  ful l y  und erstood ( 9 . 1 . 6 ) . 

25 . 

and 

The c ombination of  b ioassay exper iments in  controlled 

fiel d  tr ials  in natural cond itions was seen as  

cond i tions 

the most 

comprehensive  way of assessing the responses of ferrets to odour s .  It 

allowed the development of arti fic ial and natural product scen t lures  

that were effective in attracting ferrets ( and other mustel ids ) to  

traps ( 9 . 2 . 1 ) .  

26 . The responses of ferrets to anal gland odours were  not compatible  

with the d efin ition of  a releaser pheromone . Anal g land odours could 

be defined as i n former pheromones , but it is  argued that thi s n ame  i s  

mislead ing i n  implying a similar ity i n  action between these soc ial  

odours and spec i fic pheromones ( 9 . 2 . 2 ) . 

21 . The arti ficial and natural product scent lures could prove 

val uable in improving the efficacy  of current  pred ator control 

operations ,  due to their attractiveness to both male and female ferrets 

throughout the year , and to other mustel id s .  Effic iency of  t rapping 

could be improved by producing lures in a long-lasting form . The 

spec ies-spec ific  and non-ed ible character istic s  o f  scent lures  make 

them useful also in ecological research ( 9 . 2 . 3 ) . 
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28 . Further stud ies are needed to maximise the efficacy and e ffic iency 

of the scent  l ures . In particular , t he artific ial  lure should be 

tested in a long-lasting form , and its  efficacy in  attr acting  stoats 

could also be tested more r i gorousl y  ( 9 . 2 . 4 ) .  
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APPENDIX 

Untransformed data and analyses o f  var i ance for the scent marking 

results of  Chapter 2.  Data from the ear l y ,  mid and l ate watches are 

given consecutivel y  for each season . N . S . = P )O . 05 .  

DATA 

SUBJECT SEASON REGION TIME ANAL WIPING BODY C HIN 

(mins )  DRAG R UBBING R UBBING 

MALES 

SNARK WINTER C 1 84 6 1 06 25 29  

B 329 8 5 1  1 23 1 8  

c 9 0 5 1 2 

B 30 1 1  0 

C 34 2 1 3  4 6 

B 41 2 1 1  2 1  1 

SPRING C 18 2 6 1  1 8  1 6  

B 1 9 1  1 3 9  1 1 1  1 9  

C 39 0 33  6 5 

B 40  3 1 1  3 8  1 1  

c 1 9  3 1 5  0 4 

B 29 0 5 2 4  

SUMMER · C 1 25 66 9 9 

B 1 13 3 3 6  4 8  

c 41 3 1  4 2 

B 31 3 1 0  9 

c 39 0 1 1  4 0 

B 6 1  4 1 2  1 1  0 
• 

AUTUMN C 1 22 2 39 2 

B 268 0 1 1  1 9  

c 21  5 1 0 

B 93 2 1 1 2  2 

C 30 5 0 0 

B 1 1 4 1 4  8 3 

HANS WINTER · C 221 20 23  3 25 

B 90 2 2 1  1 1  6 

C 1 5  4 3 2 

B 1 1  0 4 4 2 

C 42 4 5 1 1 
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B 1 1  0 2 2 

SPRING� C 60 6 21 1 0  1 1  

B 55  0 1 1  33  8 

c 66 1 0  1 5  2 5 

B 4 5  0 8 26 6 

C 50 1 1 0  1 3 

B 2 1  1 6 1 3  2 
SUMMER C 1 01 1 2  9 9 1 

B 39 3 4 4 2 

C 34  5 0 2 

B 1 4  0 0 0 0 

C 42 2 3 0 0 

B 1 9  1 0 

AUTUMN C 73 3 4 2 0 

B 46  0 9 2 

C 26 5 2 0 0 

B 1 8  0 2 0 0 

c 45 3 0 0 0 

B 3 1  0 0 0 0 

BILBO WINTER C 77 1 1  0 0 

B 28 8 0 0 

c 43 2 0 

B 9 0 0 

c 35 1 5 0 0 

B 1 9  0 3 0 0 

SPRING C 53 0 22 3 

B 64 0 30 9 0 

c 30 1 3 0 0 

B 1 0  0 7 0 

C 1 1  0 0 

B 43 0 1 3  1 0 

MALLI WINTER C 1 1 9 1 3  1 6  

B 64 6 4 2 0 

c 65 4 9 0 4 

B 27 0 0 0 

C 74 5 9 2 

B 30 0 0 

SPRING C 45 3 22 1 4  25  

B 34  0 2 1  25 4 
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C 1 9  2 1 3  4 5 

B 1 7  0 5 1 0  0 

C 25 9 3 

B 25 0 7 20 0 

RAS SUMMER C 87 2 2 0 7 

B 64 4 1 5  0 0 

C 5 1  2 2 0 2 
B 1 1  2 2 0 0 

C 29 3 0 0 

B 27 1 0  0 0 
AUTUMN C 72 0 0 

B 36 0 0 0 

C 53 2 0 0 0 

B 1 6  0 0 0 0 

C 50 0 0 

B 26 0 0 0 

CHICO SUMMER C 1 26 0 6 0 6 

B 1 6  0 0 0 0 

c 48  0 0 0 

B 9 0 0 0 0 

C 56 0 5 0 0 

B 5 0 0 0 0 

AUTUMN C 1 04 0 0 

B 25 0 0 0 0 

C 67 0 0 0 

B 1 1  0 0 0 0 

C 55 0 0 0 0 

B 28 0 0 0 0 

FEMALES 

JOLIE WINTER C 221 9 20 1 1  1 2  

B 1 36 3 1 1  2 1  2 

C 33  4 0 0 

B 1 2  0 0 0 0 

c 1 3  0 0 0 

B 1 1  0 2 0 0 

S PRING C 75 8 0 

B 27 0 0 

c 33  4 0 0 

B 6 0 0 0 0 
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C 5 1  2 0 0 0 

B 9 1 1 0 0 

SUMMER· C 96 1 0  0 1 5 

B 24 2 1 0 

C 38 6 0 0 2 

B 1 2  3 0 0 

C 22 4 1 0 1 
B 7 0 0 0 0 

AUTUMN· C 98 2 0 2 

B 62 2 2 0 0 

C 44 3 0 0 0 

B 48 2 0 0 

C 52 4 0 O .  

B 28 0 0 

ULLA WINTER 
• 

C 83 2 0 0 

B 8 0 0 0 

c 29 0 0 0 0 

B 1 0  0 0 0 0 

c 29 0 0 0 0 

B 5 0 0 0 0 

S PRING 
* 

C 

B 

C 

B 

C 

B 

SUMMER C 89 2 3 0 2 

B 55 2 0 0 0 

c 23 0 0 0 

B 3 0 0 0 0 

C 1 5  2 0 0 0 

B 1 0  0 0 0 0 

AUTUMN C 1 1 6 2 0 0 

B 44 0 0 0 

c 43 0 0 0 0 

B 7 0 0 0 0 

C 24 0 0 0 0 

B 3 0 0 0 0 

PUG WINTER C 74 4 2 0 1 
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B 24 0 0 0 

c 50 2 0 0 0 

B 6 0 0 0 0 

C 56 2 0 

B 1 4  0 0 0 0 

SPRING C 95 0 5 

B 25 0 0 0 
c 33 3 0 0 
B 7 0 0 0 0 

C 40 2 0 0 0 
B 1 2  0 0 0 0 

SATHA WINTER C 1 1 3 0 

B 22 4 0 0 0 

C 75 0 0 0 

B 1 2  4 0 0 

C 35 2 0 0 0 

B 1 5  0 0 0 0 

S PRING C 59  3 0 1 

B 37 1 2 0 0 

C 29 2 0 0 0 

B 1 1  1 0 0 0 

c 23 4 2 0 0 

B 26 0 0 0 

TITI SUMMER C 57 0 6 

B 34 2 2 2 

c 28 0 0 

B 1 7  2 0 0 0 

C 22 3 2 0 0 

B 1 3  0 0 0 0 

AUTUMN C 55 0 0 0 

B 57 4 0 0 0 

C 40 2 0 0 

B 32 2 0 0 

c 37 0 0 0 0 

B 4 8  2 0 0 0 

SWUZZLE SUMMER C 1 34 0 0 0 1 

B 1 0  0 0 0 

c 72 2 0 0 3 

B 1 8  0 0 0 
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' REFE '  

' UN IT ' 

' NAME ' 

' FACT ' 

C 69 0 0 

B 0 0 

AUTUMN C 1 07 0 0 

B 1 1  0 0 

C 68 1 0 

B 1 3  0 0 

C 62 0 0 

B 1 9  2 0 

Data not used in the stati stical analyses . 

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

ENCL 

$ 1 44 

TI=EARLY , MID , LATE 

SX=MALE , FEMALE 

ID=SNARK , HANS , BILBO, MALLI , RAS , CHICO , JOLIE ,  

ULLA , PUG , SATHA , TITI , SWUZZLE 

SE=WINTER , SPRING , SUMMER , AUTUMN 

RE=C , B  

SEX $SX=72 ( 1 , 2 ) 

INDI V $ID= 1 2 ( 1  • • •  1 2 )  

PERIOD $TI=2 ( 1 , 2 , 3 ) 24  

SEASON $SE= (6 ( 1  • • •  4 ) , 6 ( 1 , 2 ) 2 , 6 ( 3 , 4 ) 2 ) 2  

REGION $RE= ( 1 , 2 ) 12 

' SET ' S 1 =AD ,WI P , BR , CR 

S2=AD% , WIP% , BR% , CR% 

S3=NAD, NWIP , NBR , NCR 

' READ/P ' TIME , S 1 

' CALC ' S2=S 1 /TIME/ ( O . 000302* C REGION . EQ 1 ) + 

' FOR ' 

' GROU ' 

' CALC ' 

' REPE ' 

' BLOC ' 

O . 000223*C REGION . EQ 2 )  

A=S2 ; B=S3; D=FLEV ( 1  • • •  4 ) ; E=F C 1  • • •  4 )  

E=RANK C A j D )  ) 
B=NED C C VARFAC ( E )-O . 5�1 44 )  

SEX/INDIV 

1 36 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 



' TR EA ' SEX*SEASON*REGION 

' ANOV/PROB=Y '  

P R IN/P ' 

' RUN '  

SEX , INDIV , SEASON , REGION , TIME , S 1 , S2 , S3 

$5 ( 7 . 0 ) , 5 ( 5 . 0 ) , � ( 7 . 1 ) , 4 ( 7 . 3 )  

NOTE : PARTIAL CONFOUNDING OF SEASON , SEX . SEASON I N  SEX. INDIV STRATUM 

ANOVA - ANAL DRAG PER TOTAL HOUR S  

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDI V STRATUM 

SEX 0 . 3 1 8 0 . 3 1 79 0 . 063 N . S . 

SEASON 3 2 . 6 1 2  0 . 8708 0 . 1 73 N . S . 

SEX . SEASON 3 1 . 1 59 0 . 3864 0 . 077 N . S . 

RESIDUAL 4 20 . 1 45 5 . 0363 

SEX. INDIV . *UN ITS* STRATUM 

SEASON 3 2 . 347 0 . 782 1 . 4 89  N . S . 
0 

REGION 1 1 . 002 1 1 . 002 20 . 944  P< . 00 1  
,A 

SEX. SEASON 3 0 . 8 1 4  0 . 27 1  0 . 5 1 7  N . S . 

SEX . REGION 0 . 0 1 6 0 . 0 1 6  0 . 03 1  N . S . 

SEASON . REGION 3 3 . 3 1 3 1 . 1 04 2 . 1 02 N . S . 

SEX . SEASON . REGION 3 7 . 029 2 . 343 4 . 460 P",0 . 005 

RESIDUAL 1 1 8 6 1 . 987 0 . 525 

1 37 
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ANOVA - ANAL DRAG PER HOURS IN  EACH R EGION 

FACTOR OF SS MS F SIGNIFICANCE 

SEX. INDI V .  STRATUM 

SEX 0 . 483 0 . 483 0 . 093 N . S . 

SEASON 3 2 . 0 1 0  0 . 670 0 . 1 29 N .  S .  

SEX.  SEASON 3 0 . 457 0 . 1 52 0 . 029  N . S . 

RESIDUAL 4 20 . 7 1 7  5 . 1 79 

SEX. INDIV . *UNITS* STRATUM 

SEASON 3 3 . 523 1 . 1 74 1 . 92 7  N . S . 

REGION 2 . 093 2 . 093 0 . 4 3 4  N . S . 

SEX.  SEASON 3 0 . 653 0 . 2 1 8  0 . 357 N . S . 

SEX. REGION 0 . 374 0 . 374 0 . 6 1 3 N . S . 

SEASON . REGION 3 4 . 636 1 . 545  2 . 53 5  N . S . 

SEX. SEASON . REGION 3 3 . 762 1 . 254 2 . 058  N . S . 

RESIDUAL 1 1 8 7 1 . 9 1 2  0 . 609 

ANOVA - WIPING PER TOTAL HOURS 

FACTOR OF SS MS F S IGNIFICANCE 

SEX. INDIV STRATUM 

SEX 34 . 574 3 4 . 574 2 1 . 6 1 2  P",0 . 0 1 0  

SEASON 3 1 8 . 7 1 7  6 . 239 3 . 900 N . S . 

SEX. SEASON 3 6 . 229 2 . 076 1 . 298 N . S . 

RESIDUAL 4 6 . 399 1 . 600 

SEX. INDI V . * UN ITS* STRATUM 

SEASON 3 3 . 83 4  1 . 278 4 . 392 P.(0 . 006  

REGION 0 . 93 3  0 . 933 3 . 205  N . S .  

SEX. SEASON 3 4 . 1 7 3  1 . 39 1  4 . 7 80 P.(0 . 004 

SEX. REGION  0 . 04 0  0 . 040 0 . 1 38 N .  S .  

SEASON . REGION 3 0 . 20 5  0 . 068 0 . 235 N . S . 

SEX. SEASON . REGION 3 0 . 72 3  0 . 24 1  0 . 828  N . S .  

RESIDUAL 1 1 8 34 . 339  0 . 29 1  
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ANOVA - WIPING PER HOURS IN EACH REGION 

FACTOR OF SS MS F SIGNIFICANCE 

SEX.  INDI V .  STRATUM 

SEX 1 32 . 894 32 . 894 1 8 . 675 P<0 . 0 1 2  

SEASON 3 1 9 . 627 6 . 542 3 . 7 1 4 N . S .  

SEX. SEASON 3 6 . 1 73 2 . 058 1 . 1 68 N . S . 

RESIDUAL 4 7 . 045  1 . 76 1 

SEX . INOI V . *UN ITS* STRATUM 

SEASON 3 3 . 060 1 . 020 3 . 269 P<0 . 024  

REGION 0 . 1 5 6  0 . 1 56  0 . 500 N . S . 

SEX. SEASON 3 3 . 574 1 • 1 9 1  3 . 8 1 8  P<0 . 0 1 2  

SEX. REGION 0 . 03 1  0 . 03 1  0 . 098 N . S . 

SEASON . REGION 3 0 . 05 8  0 . 0 1 9 0 . 062 N . S . 

SEX . SEASON. REGION 3 0 . 72 4  0 . 24 1  0 . 773 N . S . 

RESIDUAL 1 1 8  36 . 8 1 9 0 . 3 1 2 

ANOVA - BODY RUBBING PER TOTAL HOURS 

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDI V STRATUM 

SEX 1 3 . 400  1 3 . 400 3 . 895 N . S . 

SEASON 3 1 0 . 500 3 . 500 1 . 0 1 7  N . S . 

SEX. SEASON 3 7 . 577 2 . 526 0 . 734  N . S . 

RESIDUAL 4 1 3 . 760 3 . 440  

SEX . INOIV . *UN ITS* STRATUM 

SEASON 3 2 . 04 0  0 . 680 4 . 397 P<0 . 00 6  

REGION 1 . 573 1 . 573 1 0 . 1 73 P<0 . 002 

SEX. SEASON 3 3 . 372 1 . 1 24 7 . 267 P<0 . 00 1  

SEX. REGION  0 . 67 0 . 675 4 . 364 P<0 . 03 9  

SEASON . R EGION 3 1 . 8 1 6 0 . 605  3 . 9 1 3  P<0 . 0 1 1 

SEX. SEASON . REGION 3 1 . 34 6  0 . 449 2 . 900 P<0 . 03 8  

RESIDUAL 1 1 8 1 8 . 250 0 . 1 55 



1 40 

ANOVA - BODY RUBBING PER HOURS IN EACH REGION 

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDI V .  STRATUM 

SEX 1 3 . 38 1  1 3 . 38 1  3 . 898 N . S . 

SEASON 3 1 0 . 582 3 . 527 1 . 028 N . S .  

SEX . SEASON 3 7 . 586 2 . 529  0 . 737 N . S .  

RESIDUAL 4 1 3 . 73 1  3 . 433 

SEX. INDI V . *UN ITS* STRATUM 

SEASON 3 2 . 1 04 0 . 70 1  4 . 5 1 6  P<0 . 005 

REGION 1 .  7 1 5 1 .  7 1 5 1 1 . 040  P<0 . 00 1  

SEX. SEASON 3 3 . 222 1 . 074 6 . 9 1 4  P<0 . 00 1  

SEX. REGION 0 . 700 0 . 700 4 . 505 P<0 . 03 6  

SEASON . REGION 3 1 . 766 0 . 589 3 . 789 P<0 . 0 1 2  

SEX. SEASON . REGION 3 1 .  1 93 0 . 398 2 . 5 60 P<0 . 058  

RESIDUAL 1 1 8 1 8 . 329 0 . 1 5 5  

ANOVA - WIPING + BODY RUBBING PER TOTAL HOURS 

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDIV STRATUM 

SEX 34 . 484 3 4 . 484 1 5 . 380 P<O . 0 1 7 

SEASON 3 2 1 . 797 7 . 266 3 . 24 1  N . S . 

SEX . SEASON 3 6 . 459 2 . 1 53 0 . 960 N . S . 

RESIDUAL 4 8 . 968 2 . 242 

SEX. INDI V . *UN ITS* STRATUM 

SEASON 3 3 . 447 1 . 1 49 4 . 720 P<0 . 004 

REGION 0 . 000 0 . 000 0 . 000 N . S . 

SEX . SEASON 3 3 . 086 1 . 029 4 . 225 P<0 . 007 

SEX. REGION 0 . 1 8 1  0 . 1 8 1  0 . 74 4  N . S .  

SEASON . R EGION 3 1 . 1 99 0 . 400 1 . 642 N . S . 

SEX . SEASON .  REGION 3 1 . 8 1 5 0 . 605 2 . 485 P(0 . 064 -

RESIDUAL 1 1 8 28 . 728 0 . 244 
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ANOVA - . WIPING + BODY RUBBING PER HOURS  IN EACH REGION 

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDI V STRATUM 

SEX 1 34 . 442 3 4 . 442 1 8 . 665 P<0 . 0 1 2 

SEASON 3 22 . 78 1  7 . 594 4 . 1 1 5 N . S .  

SEX. SEASON 3 6 . 1 87 2 . 062 1 .  1 1 8 N .  S • . 

RESIDUAL 4 7 . 38 1  1 . 84 5  

SEX. INDI V . *UNITS* STRATUM 

SEASON 3 3 . 653 1 . 21 8 5 . 1 1 6  P<0 . 002 

REGION 1 0 . 435 0 . 435 1 . 827 N . S .  

SEX . SEASON 3 3 . 1 84 1 . 06 1  · 4 . 460 P",0 . 005  

SEX . REGION  0 . 223 0 . 223 0 . 937 N . S .  

SEASON . R EGION 3 1 . 1 72 0 . 39 1  1 . 64 1 N . S . 

SEX. SEASON . REGION 3 0 . 868 0 . 289 1 . 2 1 6 N . S .  

RESIDUAL 1 1 8  2 8 . 084 0 . 238 

ANOVA - CHIN RUBBING PER TOTAL HOURS 

FACTOR DF SS MS F SIGN IFICANCE 

SEX. INDIV STRATUM 

SEX 6 . 459 6 . 459 1 . 6 1 7 N . S . 

SEASON 3 4 . 695 1 . 564 0 . 392 N . S . 

SEX. SEASON 3 5 . 055 1 . 685 0 . 422 N . S . 

RESIDUAL 4 1 5 . 983 3 . 995 

SEX. INDIV . *UNITS* STRATUM 

SEASON 3 4 . 472 1 . 49 1  4 . 893 P<0 . 003 

REGION 8 . 757 8 . 757 28 . 74 0  P<0 . 00 1  

SEX. SEASON 3 0 . 790 0 . 263 0 . 864  N . S . 

SEX. REGION 0 . 435 0 . 435 1 . 427 N . S . 

SEASON . R EGION 3 2 . 979 0 . 993 3 . 259  P<0 . 02 4  

SEX. SEASON . REGION 3 0 . 5 1 8 0 . 1 73 0 . 567 N . S . 

RESIDUAL 1 1 8 35 . 952 0 . 305 
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ANOVA - CHIN RUBBING PER HOURS IN EACH R EGION 

FACTOR DF SS MS F SIGNIFICANCE 

SEX. INDIV STRATUM 

SEX 6 . 639  6 . 639 1 . 568  N . S . 

SEASON 3 4 . 950 1 . 650 0 . 390 N . S . 

SEX .  SEASON 3 5 . 035 1 . 678 0 . 397 N . S .  

RESIDUAL 4 1 6 . 932 4 . 233 

SEX. INDI V . *UNITS· STRATUM 

SEASON 3 4 . 1 32 1 . 378 4 . 477 P(0 . 005 

REGION 7 . 121 1 . 121 25 . 1 1 5 P(0 . 00 1  

SEX. SEASON 3 0 . 694 0 . 23 1  0 . 152  N . S .  

SEX . R EGION 0 . 593 0 . 593 1 . 926  N . S . 

SEASON . REGION 3 2 . 361 0 . 189 2 . 5 64 P(0 . 058 

SEX. SEASON .  REGION 3 0 . 722 0 . 24 1  0 . 1 82 N . S .  

RESIDUAL 1 1 8  3 6 . 305 0 . 308 
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APPENDIX 2 

Data , analyses  of var iance and d i scrim inan t  function analys i s  for peak 

proportion  anal ys i s  of anal sac extrac ts ( Chapter 4 ) . ·=missing  v alue . 

N . S . =  P>0 . 05 .  Accuracy o f  the raw data was to the 1 %  level . 

DATA ( un tran s formed ) 

SUBJECT SAMPLE PEAKS 

DATE 2+3 4 6+7 8 1 1  

MALES 

BANDIT OCT 82 0 . 1 76 0 . 272 0 . 045  0 . 0 1 5 0 . 492 

NOV 0 . 1 58  0 . 299 0 . 033  0 . 025 0 . 483 

JAN 83 0 . 2 1 1 0 . 354 0 . 009 0 . 023 0 . 402 

MAY • • • • • 

JUL • • • • • 

AUG 0 . 2 1 5  0 . 21 5  0 . 000 0 . 000 0 . 568 

SEP 0 . 1 72 0 . 345 0 . 1 37 0 . 000 0 . 345 

OCT • • • • • 

DEC 0 . 01 3  0 . 1 5 1  0 . 1 5 1  0 . 009 0 . 677 

JAN 84 0 . 067 0 . 238 0 . 1 83 0 . 057 0 . 452 

FEB • • • • • 

MAR • • • • • 
/ 

APR • • • • • 

COONIE OCT 82 • • • • • 

NOV • • • • • 

JAN 83 • • • • • 

MAY • • • • • 

JUL • • * • • 

AUG • • * • • 

SEP • * • • * 

OCT • • * • * 

DEC • • * * * 

JAN 84 0 . 244  0 . 369 0 . 098 0 . 04 9  0 . 24 4  

FEB 0 . 2 1 8  0 . 320 0 . 000 0 . 000 0 . 46 1  

MAR 0 . 276 0 . 1 95 0 . 263 0 . 04 8  0 . 2 1 8  

APR 0 . 250 0 . 237 0 . 2 1 4  0 . 064 0 . 232 

HOB OCT 82 0 . 049  0 . 070 0 . 09 1  0 . 02 1  0 . 76 8  

NOV 0 . 069 0 . 223 0 . 043  0 . 023  0 . 642 

JAN 83 0 . 04 6  0 . 23 1  0 . 037 0 . 003 0 . 683 

MAY 0 . 222 O .  1 1 1  0 . 1 48 0 . 000 0 . 5 1 8 

JUL 0 . 323  0 . 1 6 1  0 . 000 0 . 000 0 . 484  
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AUG 0 . 2 1 1 0 . 1 5� 0 . 068 0 . 000 0 . 567  

SEP 0 . 072 0 . 060 0 . 096 0 . 048 0 . 722 

OCT 0 . 1 5 1  0 . 247 0 . 075 0 . 000 0 . 527 

DEC * * * * • 

JAN 8� * * * • • 

FEB * • * • * 

MAR • • • • * 

APR * • • • • 

MALL! OCT 82 0 . 253 0 . 1 88 0 . 068 0 . 0 1 3 0 . �78 

NOV 0 . 1 46 0 . 365 0 . 032 0 . 0 1 2  0 . ��4  

JAN 83 0 . 1 04 0 . 305 0 . 0 1 2  0 . 04 1  0 . 5 1 8  

MAY 0. 1 95 0 . 302 0 . 027 0 . 007 0 . �70 

JUL 0. 227 0 . 477 0 . 068 0 . 000 0 . 227 

AUG 0 . 1 56 0 . 550 0 . 000 0 . 000 0 . 293 

SEP 0. 1 1 5 0 . 339 0 . 0�5 0 . 027 0 . �74 

OCT 0 . 1 27 0 . 422 0 . 063 0 . 00 1  0 . 386 

DEC 0 . 1 85 0 . 339 0 . 040  0 . 04 0  0 . 396 

JAN 84 0. 089 0 . 556  0 . 1 26 0 . 027 0 . 202 

FEB O .  125 0 . 392 0 . 089 0 . 01 9 0 . 364 

MAR 0 . 1 05 0 . 447 0 . 055 0 . 002 0 . 389 

APR O. 1 1 6 0 . 408 0 . 030  0 . 027 0 . 4 1 8  

SNARK OC,T 82 0. 1 05 0 . 027 0 . 1 56 0 . 062 0 . 650 

NOV 0 . 075 0 . 030  0 . 077 0 . 049  0 . 769  

JAN 83 0 . 177  0 . 032 0 . 026 0 . 080 0 . 685 

MAY • • * • • 

JUL • • * • • 

AUG • • • • • 

SEP 0 . 10� 0 . 080 0 . 224 0 . 1 1 2 0 . � 80 

OCT 0 . 053 0 . 04 1  0 . 342 0 . 000 0 . 563 

DEC 0 . 105  0 . 06� 0 . 1 66 0 . 060 0 . 60 5  

JAN 84 0 . 000 0 . 082 0 . 365 0 . 1 46 0 . 4 07 

FEB 0 . 1 25 0 . 067 0 . 290 0 . 067 0 . 4 4 6  

MAR 0 . 1 33  0 . 06� 0 . 242 0 . 1 03 0 . 4 57 

APR 0 . 1 88 0 . 068 0 . 286 0 . 1 2 1 0 . 438 

FEMALES 

FURO OCT 82 0 . 1 40  0 . 346  0 . 403 0 . 007 0 . 1 04 

NOV 0 . 472 0 . 1 89 0 . 220 0 . 009 0 . 1 1 0 

JAN 83 0 . 269 0 . 078 0 . 46 1  0 . 000 0 . 1 92 

MAY 0 . 527 0 . 1 36  0 . 209 0 . 000 0 . 1 28 

JUL 0 . 332 0 . 204 0 . 1 78 0 . 005 0 . 28 1  
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AUG • • • • • 

SEP 0 . 683 0 . 083 0 . 1 00 0 . 000 0 . 1 33 

OCT 0 . 366 0 . 4 1 1  • 0 . 000 0 . 223 

DEC • • • • • 

JAN 84 • • • • • 

FEB • • • • • 

MAR • • • • • 

APR • • • • • 

JILL OCT 82 0 . 283 0 . 304 0 . 1 45 0 . 05 1  0 . 1 52 

NOV 0 . 309 0 . 567 0 . 0 1 0  0 . 0 1 0  0 . 1 03 

JAN 83 0 . 237 0 . 382 0 . 252 0 . 0 1 0  0 . 1 1 9 

MAY 0 . 4 1 7  0 . 206 0 . 222 0 . 005 0 . 1 55 

JUL 0 . 304 0 . 304 0 . 26 1  0 . 022 0 . 1 09 

AUG 0 . 297 0 . 28 1  0 . 1 57 0 . 000 0 . 266 

SEP 0 . 1 70 0 . 440 0 . 240 0 . 080 0 . 1 00 

OCT 0 . 1 78 0 . 1 1 8 0 . 526 0 . 03 9  0 . 1 38 

DEC 0 . 1 74 0 . 1 53 0 . 485 0 . 083 0 . 1 04 

JAN 84 0 . 21 3  0 . 224 0 . 4 1 9  0 . 1 0 9  0 . 03 4  

FEB 0 . 307 0 . 1 66 0 . 337 0 . 1 47 0 . 04 7  

MAR 0 . 1 04 0 . 065 0 . 597 0 . 057 0 . 1 78 

APR 0 . 283 0 . 026 0 . 576 0 . 052 0 . 062 

PUG OCT 82 0 . 538  0 . 1 39 0 . 1 72 0 . 0 1 0  0 . 1 39 

NOV 0 . 495 0 . 1 76 0 . 2 1 5  0 . 0 1 7 0 . 1 02 

JAN 83 0 . 546  0 . 1 03 0 . 283 0 . 0 1 5 0 . 055  

MAY 0 . 545  0 . 045 0 . 383 0 . 000 0 . 04 5  

JUL 0 . 294 0 . 2 1 6  0 . 392 0 . 03 9  0 . 059  

AUG • • • • • 

SEP • • • • • 

OCT 0 . 35 1  0 . 1 56  0 . 458 0 . 00 1  0 . 03 4  

DEC 0 . 4 1 6  0 . 1 24 0 . 385 0 . 062 0 . 0 1 2  

JAN 84 0 . 256 0 . 047 0 . 4 1 3  0 . 03 9  0 . 24 4  

FEB 0 . 298 0 . 063 0 . 46 1  0 . 022 0 . 1 57 

MAR 0 . 242 0 . 204 0 . 2 1 3 0 . 03 1  0 . 309 

APR 0 . 1 56 0 . 086 0 . 403 0 . 00 1  0 . 3 49  

SATHA OCT 82 • • • • • 

NOV • • • • • 

JAN 83 • • • • • 

MAY • • • • • 

JUL 0 . 303 0 . 1 1 4 0 . 542 0 . 004 0 . 03 8  

AUG 0 . 329 ' 0 . 069 0 . 288 0 . 000 0 . 3 1 3  
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SEP 0 . 380 0 . 086 0 . 239 0 . 0 1 4  0 . 288 

OCT 0 . 1 79 0 . 078  0 . 429 0 . 000 0 . 3 1 3  

DEC 0 . 2 1 1 0 . 095 0 . 453 0 . 03 1  0 . 209 

JAN 84 0 . 36 1  0 . 082 0 . 470 0 . 000 0 . 087 

FEB 0 . 344  0 . 070 0 . 409 0 . 1 1 7 0 . 058  

MAR 0 . 525 0 . 058 0 . 374 0 . 03 1  0 . 0 1 1 

APR 0 . 3 44  0 . 06 1  0 . 444  0 . 032 0 . 1 1 9 

SWUZZLE OCT 82 0 . 335 0 . 04 8  0 . 1 21 0 . 002 0 . 494  

NOV 0 . 50 8  0 . 1 7 1  0 . 0 1 8  0 . 009 0 . 293 

JAN 83 0 . 384 0 . 1 59 0 . 1 1 4 0 . 0 1 0  0 . 330 

MAY 0 . 398 0 . 072 0 . 072 0 . 024 0 . 385 

JUL 0 . 558  0 . 28 1  0 . 046  0 . 0 1 1 0 . 1 02 

AUG 0 . 354 0 . 1 39 0 . 045 0 . 0 1 4 0 . 1 39 

SEP 0 . 374  0 . 1 52 0 . 088 0 . 0 1 2  0 . 374 

OCT 0 . 458  0 . 272 0 . 1 9 1 0 . 025 0 . 054 

DEC 0 . 345 0 . 1 97 0 . 099 0 . 042 0 . 3 1 7  

JAN 84 0 . 478  0 . 1 35 0 . 1 65 0 . 09 1  0 . 1 32 

FEB 0 . 363 0 . 089 0 . 1 45 0 . 040  0 . 363 

MAR 0 . 36 1  0 . 1 1 8 0 . 1 1 4 0 . 033 0 . 369  

APR 0 . 309 0 . 1 93 0 . 1 66 0 . 097 0 . 235  

ANALYSIS OF VARIANCE - SPSS COMMANDS 

RUN NAME ALL or MALE o r  FEMALE o r  OF A 

VARIABLE LIST SEX INDIV REPL V2 V4  V6 V8 V l l 

INPUT FORMAT FREEF IELD 

MISSING DATA V2 TO V l l ( - 1 ) 

COMPUTE V2T=ATAN ( SQR « V2/ 1 0 0 ) / ( 1 - ( V2/ 1 00 » » * 1 80 /4ATAN ( 1 ) 

COMPUTE V4T=ATAN ( SQR « V4/1 0 0 ) / ( 1 - (V4/ 1 00 » » * 1 80/4ATAN ( 1 ) 

COMPUTE V6T=ATAN ( SQR « V6/ 1 0 0 ) / ( 1 - ( V6/ 1 00 » » * 1 80/4ATAN ( 1 )  

COMPUTE V8T=ATAN ( SQR « V8/1 00 ) / ( 1 - ( V8/ 1 00 » ) ) ) * 1 80/4ATAN ( 1 )  

COMPUTE V l l T=ATAN (SQR « V l l / 1 00 ) / ( 1 - ( V l l / 1 00 ) ) ) * 1 80/4ATAN ( 1 )  

MANOVA V2T TO V l l T  BY SEX ( 1 , 2 ) INDI V  ( 1 , 1 0 ) 1  

DESIGN=SEX VS 1 ,  INDIV  VS WITHIN= l  VS WITHIN 

o r  V2T TO V l l T  BY I NDIV ( 1 , 5 ) 1  

or V2T TO V l l T  BY I NDIV ( 6 ,  1 0 ) 1  

DISCRIMINANT GROUPS=INDIV ( 1 , 1 0 ) 1  

VARIABLE=V2T TO V l 1 T/ 

ANALYSIS=V2T TO V l 1 T  ( 1 ) / 

OPTIONS 6 
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ANALYSIS OF VARIANCE - 2+3 

FACTOR DF SS MS F SIGNIFICANCE 

SEX 75 1 3 . 9  75 1 3 . 9  1 5 . 08 P<0 . 005  

R ES IDUAL 8 3986 . 0  1I 98 . 2  

INDI VIDUAL MALE 1I 1 339 . 1 3311 . 8  2 . 66 P<0 . 01l 1  

R ESIDUAL 60 7553 . 1I  1 25 . 9  

INDI VIDUAL F EMALE 1I 26116 . 9  66 1 . 7 3 . 06 P",0 . 023  

RESIDUAL 60 1 2962 . 2  2 1 6 . 0  

ANALYSIS OF VARIANCE - 1I 

FACTOR OF SS MS F SIGNIFICANCE 

SEX 25 . 5  25 . 5  0 . 02 N . S .  

RESIDUAL 8 995 1 . 7  1 2113 . 9  

INDIVIDUAL MALE 1I 73811 . 3  1 811 6 . 1 1 2 . 1I3 P<0 . 0005 

RESIDUAL 60 89 1 3 . 0  1 118 . 5  

INDI VIDUAL FEMALE 1I 2567 . 4  611 1 . 8  6 . 1 7  P",0 . 0005 

RESIDUAL 60 62112 . 9  1 04 . 0  

ANALYSIS OF VARIANCE - 6 +7 

FACTOR OF SS MS F SIGN IFICANCE  

SEX 6 1 1 6 . 1 6 1 1 6 . 1 9 . 22 P�0 . 0 1 6 

RESIDUAL 8 5301l . 7  663 . 1 

INDIVIDUAL MALE 1I 1 787 . 1 1I116 . 8  1I .  1 9  P�0 . 005  

RESIDUAL 60 6389 . 2  1 06 . 5  

INDIVIDUAL FEMALE 1I 35 1 7 . 6  879 . 1I  4 . 1 3 P�0 . 005 

RESIDUAL 60 1 2759 . 4  2 1 2 . 7  
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ANALYSIS OF VARIANCE - 8 

FACTOR DF SS MS F SIGNIFICANCE 

SEX 42 . 4  42 . 4  0 . 2 1 N . S . 

RESIDUAL 8 1 639 . 8  204 . 9  

INDIVIDUAL MALE 4 778 . 2  1 94 . 6  5 . 76 P�0 . 00 1  

RESIDUAL 60 2028 . 1 3 3 . 8  

INDIVIDUAL FEMALE 4 86 1 . 6  2 1 5 . 4  8 . 09 P�0 . 0005  

RESIDUAL 60 1 598 . 0  2 6 . 6  

ANALYSIS OF VARIANCE - 1 1  

FACTOR DF SS MS F SIGN IFICANCE 

SEX 2688 . 9  2688 . 9  2 . 22 N .  S .  

RESIDUAL 8 9700 . 0  1 2 1 2 . 5  

INDI VIDUAL MALE 4 7 1 07 . 3  1 776 . 8  4 . 38 P'(0 . 004  

RESIDUAL 60 24348 . 5  405 . 8  

INDI VIDUAL FEMALE 4 2592 . 7  648 . 2  5 . 38 P<0 . 00 1  

RESIDUAL 60 7223 . 7  1 20 . 4  

ANALYSIS OF VARIANCE - MANOVA 

FACTOR DF PILLAIS APPROX F SIGNIFICANCE 

SEX 5 0 . 98 1  1 2 . 00 P'0 . 0 1 6  

RESIDUAL 4 

INDIVIDUAL MALE 20 1 • 1 9  4 . 98 P�0 . 0005 

RESIDUAL 236 

INDIVIDUAL FEMALE 20 1 .  21 5 . 1 2  P�0 . 0005 

RESIDUAL 236 
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DISCRIMINANT F UNCTION ANALYSIS 

DISCRIMINANT E IGENVALUES PERCENT OF CUMULATIVE CANONICAL 

FUNCTIONS VARIANCE PERCENT CORRELATION 

1 .  581 43 . 60 4 3 . 60 0 . 783 

2 1 . 0 1 5 27 . 98 7 1 . 58 0 . 7 1 0  

3 0 . 468 1 2 . 92 84 . 50 0 . 565 

4 0 . 444  1 2 . 25 96 . 75 0 . 555 

5 0 . 1 1 8 3 . 25 1 00 . 00 0 . 325 

STANDARDISED COEFFICIENTS 

VARIABLES DF 1 DF2 DF3 DF4 DF5 

2+3 0 . 94 -0 . 36 0 . 54 - 1 . 1 7 -0 . 0 1 

4 -0 . 54 1 .  5 1  -0 . 1 0 0 . 24 -0 . 04 

6+7 0 . 63 0 . 20 -0 . 48 0 . 96 0 . 63 

8 -0 . 04 -0 . 1 5 0 . 88 0 . 27 -0 . 76 

1 1  -0 . 85 -0 . 90 0 . 24 -0 . 02 0 . 73 

CENTROID VALUES 

INDI VIDUALS DF 1 DF2 DF3 DF4 DF5 

BANDIT -1 . 1 5 -0 . 04 -0 . 43 -0 . 04 -0 . 1 3 

COONIE -0 . 34 -0 . 1 4 -0 . 65 -0 . 1 1  -0 . 77 

HOB - 1 . 27 -0 . 84 -0 . 40 -0 . 20 0 . 4 1  

MALLI - 1 . 97 1 .  77 0 . 33 -0 . 1 0 0 . 28 

SNARK -0 . 77 - 1 . 72 0 . 77 1 . 03 -0 . 04 

FURO 0 . 56 0 . 1 3 -0 . 78 -0 . 56 0 . 0 1  

J ILL 1 . 04 1 . 49 0 . 48 0 . 97 -0 . 20 

PUG 1 .  76 0 . 1 0 -0 . 1 1  0 . 02 0 . 29 

SATHA 1 . 45 -0 . 36 -0 . 52 0 . 29 0 . 29 

SWUZZLE 0 . 69 -0 . 38 1 .  3 1  - 1 . 28 -0 . 1 3 
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APPENDIX 3 

Data and analys i s  o f  variance for prel iminary Y-maze tests ( Chapter 5 ) .  

F:faml1iar U:unfamiliar * :missing val ue . N . S . :  P )0 . 05 .  

DATA 

SUBJECT TRIAL ODOUR TIME ( s) NORMALISED RANK 

BANDIT F FEMALE 1 4 . 8  -0 . 1 1 

2 F MALE 20 . 8  0 . 1 3  

3 U FEMALE 1 8 . 6  -0 . 04 

4 U MALE 1 58 . 5 1 . 09 

HOB F MALE 1 9 . 4 0 . 04 

2 F FEMALE 8 . 2  -0 . 82 

3 U MALE 1 2 . 2  -0 . 49 

4 U FEMALE 1 4 . 8  -0 . 1 7 

MALL! U FEMALE 4 . 8  - 1 . 48 

2 U MALE 92 . 3  0 . 82 

3 F FEMALE • * 

4 F MALE * • 

SNARK U MALE 1 2 . 7  -0 . 40 

2 U FEMALE 7 . 7  -0 . 94 

3 F MALE 1 69 . 4 1 . 26 

4 F FEMALE 1 0 . 5  -0 . 59 

FURO u MALE 1 4 . 0 -0 . 3 1 

2 U FEMALE 1 96 . 9  1 .  48  

3 F MALE 86 . 5  0 . 70 

4 F FEMALE * * 

JILL U FEMALE 47 . 0  0 . 40 

2 U MALE 66 . 8  0 . 59 

3 F FEMALE 42 . 1  0 . 3 1 

4 F MALE 4 1 . 7  0 . 22 

PUG F MALE 286 . 7  1 . 82 

2 F FEMALE • * 

3 U MALE 66 . 4  0 . 49 

4 U FEMALE 1 45 . 8  0 . 94 

SWUZZLE F FEMALE 9 . 3  -0 . 70 

2 F MALE 3 . 7  - 1 . 82 

3 U FEMALE 6 . 6  -1 . 09 

4 U MALE 5 . 3  -1 . 26 



' REFE '  

' UN IT ' 

' NAME ' 

' FACT ' 

' READ/P ' 

' GROU ' 

' CALC ' 

' PRIN/P ' 

' BLOC ' 

' TREA ' 

' ANOV '  

' RUN ' 

FACTOR 

SEX OF 

SUBJECT 

RESIDUAL 

SEX OF 

ODOUR 

RESIDUAL 

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

YMAZE 

$32 

F =FAMILIAR , UNFAMILIAR  

I =HOB , JILL , BANDIT , FURO , SNA RK , SWUZZLE , MALLI , PUG 

S=MALE , FEMALE 

R ESPONDENT $I= ( 3  • • •  6 ) 2 , ( 1 , 2 , 7 , 8 ) � , ( 3  • • •  6 ) 2  

ODOUR $I =� ( 1  • • •  8 ) 

o SEX $S=4 ( 1 , 2 ) 4  

R SEX $S= ( 1 , 2 ) 1 6  

FAMILIARITY $F=2 ( 1 , 2 ) 4 , 2 ( 2 , 1 ) 4 

R UN $4 =2 , 3 , 1 , 4 , ( 1 , � , 2 , 3 ) 2 , 2 , 3 , 1 , 4 , 3 , 2 , 4 , 1 ,  

( 4 , 1 , 3 , 2 ) 2 , 3 , 2 , 4 , 1 

T 

R NK=RANK ( T ;FLFV )  

R KS=VARFAC ( RNK )  

NRKS=NED ( RKS/29 ) 

ODOUR , O_SEX , RESPONDENT ,  R_SEX , FAMILIARITY , 

RUN , T ,  RKS , NRKS $ ( 8 , 7 ) 2 , 1 1 , 4 , ( 6 . 1 ) 2 , 8 , 4  

R SEX/RESPONDENT+O S EX/ODOUR 

R SEX*O SEX+FAMILIARITY 

T ,  NRKS 

ANALYSIS OF VARIANCE - NRKS 

OF SS 

0 . 97 

6 1 5 . 33 

1 0 . 36 

6 2 . 40 

MS 

0 . 97 

2 . 55 

0 . 36 

0 . 40 

F SIGNIFICANCE 

0 . 38 N . S .  

0 . 90 N . S .  

SEX SUBJECT! 

SEX ODOUR 4 . 2 1 

FAMILIARITY 1 0 . 83 

RESIDUAL 1 1  4 . 56 

4 . 2 1 

0 . 83 

0 . � 1 

1 0 . 1 7  P,0 . 0 1 

2 . 1 0 N . S .  

1 5 1 
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APPENDIX 4 

General Behaviour o f  Ferrets in  the T-maze . 

The various i nd iv id uals used as subj ects behaved d i fferently  i n  the 

T-maze . Wild-caught adults t ypically had a long latency to response , 

and mov ed slowly and del iberately ,  i n  straight l ines to and from the 

odour ports , keeping close to the walls  o f  the arenas . The y  d id not 

spend long in the arenas , o ften invest igating each arena once only  and 

then returning to the star t-box . In contrast , the one year-old , 

captive-bred an imal s moved quickly out of  the start-box and spent the 

whole tr i al explor ing the arenas , includ ing the odour ports . They 

often eng aged in play behaviour , j umping hi gh in the air off all  four 

feet , batting at the l ight bulbs and scratching at the n ewspaper . 

These activities where interspersed wi th per iod s o f  odour 

invest igation . All the animal s sometimes raised themselves up on their 

bac k  legs when investigating an odour port , and then slid down wi th 

their abdomen and chest touching the wall . Mal e  Snark o ften scent 

marked by bod y rubbing ( see Chapter 2 ) , and all the males frequently 

urinated in the arenas , and would then turn round , sn i ff and l ick  the 

ur ine . Per iod s of grooming also occurred . 
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APPENDIX 5 

Data for T-maze preference tests ( ex periments 1 -1 , Chapter 5 ) . 

EXPERIMENT 1 

SUBJECT TIME SPENT SNIFFING INITIAL CHOICE 

MALES FERRET BLANK 

BANDIT 34 0 F 

HOB 1 03 1 6  F 

MALL! * • • 

SNARK 1 01 58  B 

FEMALES 

FURO 3 0 F 

JILL 95 0 F 

PUG 1 22 2 1  F 

SWUZZLE 1 0  0 F 

EXPERIMENT 2 

SUBJECT TIME SPENT SNIFFING INITIAL CHOICE 

MALES FERRET WEASEL 

BANDIT 51 1 0  F 

HOB 96  2 1  F 

MALL! 1 3  3 F 

SNARK 29 28 F 

FEMALES 

FURO 1 5 3  41 F 

JILL 3 3  75 F 

PUG 58  83 F 

SWUZZLE 8 59 W 
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EXPERIMENT 3 

SUBJECT TIME SPENT SNIFFING INITIAL CHOICE 

MALES SAME SEX OPPOSITE SEX 

BANDIT 30 96 0 

20 1 5  0 

1 4  1 5  0 

HOB 99 84 0 

6 1 4  0 

6 1 4  S 

MALL! 1 0  1 1  0 

0 8 0 

0 9 0 

SNARK 61 49 0 

1 0  1 4  S 

30 96 0 

FEMALES 

FURO 55  47 0 

1 2  0 S 

37 35 0 

JILL 1 7  33 S 
* * * 

* * - • 

PUG * * • 

1 8  8 S 

9 22 0 

SWUZZLE 0 1 5  0 

9 1 7  0 

1 7  0 S 
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EXPER IMENT 4 

SUBJECT TIME SPENT SNIFFING INITIAL C HOICE 

MALES OESTROUS ANOESTROUS 

BANDIT 1 6  24  0 

7 1 1  0 

6 30 0 

HOB 1 73 1 23 A 

22 59  0 

7 1 3  0 

MALLI 1 1  1 8  A 

1 1 5  0 

10  1 5  0 

SNARK 1 45 1 87 A 

24 9 1  0 

4 5 A 

EXPERIMENT 5 

SUBJECT SEX OF TIME SPENT SNIFFING INITIAL CHOICE 

MALES ODOUR FAMILIAR STRANGE 

AYYA MALE 40 79 S 

FEMALE 1 6  32 S 

BANDIT MALE 40 1 6  S 

FEMALE 58 36  S 

COONIE MALE 30 64 S 

F EMALE 25 4 1  S 

HOB MALE 7 2 1  F 

FEMALE 1 8  2 1  s 

MALLI MALE 6 9 F 

FEMALE 5 1  23 S 

FEMALES 

BESTIE MALE 73 1 22 S 

F EMALE 1 1 8 1 39 F 

FURO MALE * * * 

FEMALES 3 1 9  S 

SATHA MALE 9 20 S 
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FEMALE • • • 

SWUZZLE MALE 4 S 

FEMALE 0 1 9  S 

TITI MALE 34  86 S 

FEMALE 28 24 F 

EXP ERIMENT 6 

SUBJECT TIME SPENT S NIFFING INITIAL CHOICE 

MALES OWN FAMILIAR 

AYYA 1 2  62 F 

BANDIT 60 3 1  F 

COON lE 42 33  F 

HOB 1 3  39 0 

MALL! 0 1 9  F 

ANNIE 45  55  F 

BESTIE 1 03 43 0 

DAWN 36 52 0 

RAE 37 58 0 

TITI 63 25 0 
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EXPERIMENT 7 

SUBJECT STALENESS TIME SPENT SNIFFING INITIAL C HOICE 

MALES F RESH STALE 

AYYA 2HOUR 39 27 F 

1 DAY 57 47 S 
BANDIT 2HOUR 57 40 S 

1 DAY 1 23 1 00 F 

COONIE 2HOUR 42 37 S 

1 DAY 1 0 5  75 S 

MALLI 2HOUR 1 1  23 S 

1 DAY 1 7  1 3  S 

FEMALES 

ANNIE 2HOUR 3 1  35 F 

1 DAY 3 6  3 3  F 

BESTIE 2HOUR 81 91 S 

1 DAY 1 07 63 S 

DAWN 2HOUR 5 3  69 S 

1 DAY 64 52 F 

TITI 2HOUR 63  13 F 

1 DAY 61 25 F 
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A PPENDIX 6 

Analysi s of  var iance of normal ised rank time spent sni ffing d ata o f  

preference test experiment 5 ( Chapter 5 ) . N . S . = P )0 . 05 .  

' REFE '  

' UN IT '  

' NAME ' 

' FACT ' 

' READ/P ' 

' GROU ' 

' CALC ' 

' PRIN/P ' 

' BLOC ' 

'TREA ' 

, ANOV '  

' R UN '  

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

ANOVA 

$40 

IN =COONIE , MALLI , AYYA , HOB , BANDIT , 

BESTIE , SWUZZLE , SATHA , TITI , FURO 

FA=FAMIL ,  UNFAMIL 

OS=MALE_ODR , FEMALE_ODR 

RS=MALE_RES , FEMALE_RES 

RESPONDT $IN=4 ( 1  • • •  1 0 )  

ODOUR_SEX $OS=2 ( 1 , 2 ) 1 0 

RESP_SEX $RS=20 ( 1 , 2 ) 

FAMILITY $FA= ( 1 , 2 ) 20 

TRIAL $2=2 ( 1 , 2 ) 1 0  

TIME 

DI =RANK (TIME ;FLEV)  

NRTIME=NED « VARFAC ( D 1 )-0 . 5 ) / 

( NVAL ( TIME )-NMV (TIME » ) 

RESP_SEX, RESPONDT , ODOUR_SEX , TRIAL , FAMILITY , 

TIME , NRTIME$5 ( 9 . 0 ) , 1 ( 6 . 0 ) , 1 ( 8 . 3 )  

RESPONDT/TRIAL 

FAMILITY'RESP SEX'ODOUR SEX 

TIME , NRTIME 
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ANALYSIS OF VARIANCE - NRTIME 

FACTOR OF SS MS F SIGNIFICANCE 

SEX OF SUBJECT 0 . 47 0 . 47 0 . 1 4  N .  S .  

RESIDUAL 8 26 . 27 3 . 28 

SEX OF ODOUR 0 . 06 0 . 06 0 . 1 0  N .  S .  

SEX OF ODOUR/ 

SEX OF SUBJECT 0 . 1 3  0 . 1 3  0 . 20 N .  S .  

RESIDUAL 6 4 . 04 0 . 67 

FAMILIARITY 2 . 27 2 . 27 9 . 1 5  P",0 . 0 1 

FAMILIARITY/ 

SEX OF SUBJECT 0 . 8 1 0 . 8 1 3 . 27 N .  S .  
(P � O .1) 

FAMILIARITY/ 

SEX OF ODOUR 0 . 00 0 . 00 0 . 0 1 N .  S.  

FAMILIARITY/ 

SEX OF ODOUR/ 

SEX OF SUBJECT 1 0 . 06 0 . 06 0 . 26 N . S . 

RESIDUAL 1 4  3 . 45 0 . 25 
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A PPENDIX 7 
Data and anal yses of var iance for bioassay experiments  ( Chapter 7 > . 

Odours a r e  l i sted in the ord er of testing for each subj ect .  COV= 

covar iate for age/tameness . *=missing v alue . N . S . = P )0 . 05 .  

BIOASSAY EXPERIMENT 1 

DATA 

SUBJECT COV ODOUR TIME SPENT NORMALISED SPEED OF NORMALISED 

SNIFFING ( s )  RANK TIME RESPONSE ( s ) RANK SPEED  

MALES 

AYYA 234 36 0 . 08 1 07 0 . 53 

23  27 -0 . 22 23 -0 . 30 

4 9  3 1  -0 . 06 1 1  -0 . 98 

239 1 7  -0 . 53 1 0 1 0 . 38 

4 72 0 . 72 9 - 1 . 1 9 

9 3 1 -0 . 06 9 - 1 . 1 9 

BANDIT 0 9 0 - 1 . 76 1 22 0 . 72 

4 22 -0 . 34 79  0 . 28 

239 1 7  -0 . 53 1 70 0 . 95 

4 9  1 2  -0 . 70 1 29 0 . 78 

23  1 2  -0 . 70 1 0 1 0 . 38 

234 36 0 . 08 3 5  -0 . 02 

COONIE 1 49  67 0 . 53 1 4  -0 . 67 

9 58 0 . 44 1 6  -0 . 58 

23  96 1 . 23 3 4  -0 . 1 0 

4 9 1  1 . 08 1 5  -0 . 63 

234 89 0 . 98 1 1 5  0 . 65 

239 92 1 • 1 5  5 1  0 . 20 

HOB 0 239 0 - 1 . 76 900 1 . 42 

234  1 3  -0 . 63 1 1 5 0 . 65 

4 9 - 1 . 08 4 2  0 . 1 0  

2 3  5 - 1 . 42 37  0 . 04 

9 7 - 1 . 27 246  1 . 08 

4 9  0 - 1 . 76 900 1 . 42 

MALLI 0 2 3  1 0  -0 . 95 1 80 1 . 0 1 

239 1 0  -0 . 95 686 1 . 23 

9 1 0  -0 . 95 270 1 • 1 5  

234  1 7  -0 . 53 3 5  -0 . 02 
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49 0 - 1 . 76 900 1 . 42 

4 1 1  -0 . 80 1 03 0 . 44 

SNARK 0 4 5 1  0 . 32 1 1  -0 . 98 

4 9  1 9  -0 . 44 1 3  -0 . 78 

234 40 0 . 1 8  8 -1 . 53 

9 7 - 1 . 27 9 -1 . 1 9 

239 1 1  -0 . 80 1 9  -0 . 40 

23  8 - 1 . 1 5 67 0 . 24 

FEMALES 

BESTIE 1 4 1 1 9  1 . 53 1 3  -0 . 78 

9 60 0 . 49 4 6  0 . 1 6  

4 9  6 9  0 . 67 1 3  -0 . 78 

234  68  0 . 60 4 -2 . 1 5 

2 39 68 0 . 60 9 -1 . 1 9 

23  97 1 .  32 8 - 1 . 53 

DAWN 1 239 89 0 . 98 1 7  -0 . 49 

49  82 0 . 83 3 4  -0 . 1 0 

4 44 0 . 24 25  -0 . 24 

23  30 -0 . 1 2 42 0 . 1 0  

234 54 0 . 40 2 8  -0 . 1 8  

9 21  -0 . 40 1 54 0 . 90 

PUG 0 9 • • • * 

234 • • • • 

239 • • • * 

4 • • * * 

23 • * * * 

49 • * * * 

RAE 1 49  22 -0 . 34 1 4 1 0 . 83 

23  40 0 . 1 8 1 7  -0 . 49 

9 27 -0 . 22 85 0 . 32 

239 25 -0 . 28 2 3  -0 . 30 

4 28 -0 . 1 6 2 1  -0 . 36 

234  84 0 . 89 8 - 1 . 53 

SWUZZLE 0 234  * it * * 

4 * * * * 

23 * * * * 

9 * * * * 

49 * it * * 

239 * it * • 

TIT! 23 79 0 . 78 7 - 1 . 86 



' REFE '  

' UN IT ' 

' NAME ' 

' FACT ' 

' EQUA '  

' READ/S ' 

' GROU ' 

' CALC ' 

' PRINT/P ' 

' BLOC ' 

' TREA ' 

' COVAR ' 

239 5 1  0 . 32 28  

234  98 1 .  42 1 7  

4 9  33 0 . 00 1 05 

9 36  0 . 08 1 1 2 

4 5 1  0 . 32 1 2  

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

E XPT 

$72 

SX= MALE , FEMALE 

00= 2+3 , 2+3+4 , 2+3+9 , 4 ,  4+9 , 9 

-0 . 1 8 

-0 . 49 

0 . 49 

0 . 58 

-0 . 89 

RE= BANDIT , SNARK,  HOB , MALLI , AYYA , COONI E , 

BESTIE , TIT I ,  RAE ,  DAWN ,  SWUZZLE , PUG 

RESPONDT $RE= 6 ( 1  • • •  1 2 )  

ODOUR $00= ( 1  • • •  6 ) 1 2  

SEX $SX= 3 6 ( 1 , 2 )  

ORDER $6= 5 , 6 , 3 , 2 , 4 , 1 , 6 , 3 , 5 , 1 , 2 , 4 ,  

4 , 2 , 1 , 3 , 6 , 5 , 1 , 4 , 2 , 6 , 5 , 3 , 

2 , 1 , 4 , 5 , 3 , 6 , 3 , 5 , 6 , 4 , 1 , 2 , 

6 , 4 , 5 , 1 , 3 , 2 , 1 , 3 , 2 , 6 , 4 , 5 ,  

2 , 6 , 4 , 5 , 1 , 3 , 4 , 5 , 1 , 3 , 2 , 6 ,  

3 , 1 , 6 , 2 , 5 , 4 , 5 , 2 , 3 , 4 , 6 , 1 

COVAR= 24 ( 0 ) , 36 ( 1 ) ,  1 2  ( 0 )  

TIME , SPEED 

RT= RANK (TIME ; FLR )  

RS= RANK (SPEED ; FLL ) 

NRT= NED (VARFAC ( R T ) /64 ) 

NRS= NED (VARFAC ( RS ) /64 ) 

SEX,  COVAR ,  RESPONDT , ODOUR , ORDER , 

TIME ,  NRT , SPEED ,  NRS , $ 7 . 0 ,  7 . 0 ,  

9 . 0 ,  6 . 0 ,  9 . 0 ,  5 . 0 ,  7 . 3 ,  8 . 0 ,  7 . 3  

OR DER* RESPONDT 

SEX*ODOUR+POL ( ORDER , 2 ) 

COVAR 

' ANOV/PYRU = 1 3 '  TIME , NRT ,  SPEED, NRS 

' R UN '  

1 62 



1 63 

TABLE OF MEANS - NRT 

GRAND MEAN -0 . 006 

SEX MALE FEMALE 

0 . 006 -0 . 0 1 8  

ODOUR 2+3 2+3+4 2 +3+9 4 4 +9 9 

0 . 0 1 5  0 . 443 -0 . 053 0 . 2 1 2  -0 . 2 1 2  -0 . 443  

SEX/ODOUR 2+3 2+3+4 2+3+9 4 4 +9 9 

MALE -0 . 094 0 . 465 -0 . 1 3 1  0 . 42 3  -0 . 259  -0 . 31 1  

FEMALE 0 . 1 23 0 . 42 1  0 . 025 0 . 00 1  -0 . 1 64 -0 . 5 1 5  

ORDER 1 2 3 4 5 6 

0 . 020 0 . 1 00 0 . 1 94 -0 . 219 -0 . 1 05  0 . 03 3  

ANALYSIS OF VARIANCE - NRT 

FACTOR DF SS MS F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 0 . 0 1 0 . 0 1 0 . 0 1  N . S . 

COVARIATE 1 3 . 94 1 3 . 94 1 3 . 82 P�0 . 0 1  

RESIDUAL 1 7 . 06 1 . 0 1  

ORDER . RESPONDT STRATUM 

ODOUR 5 5 . 82 1 .  1 6  7 . 33 P�0 . 0005 

SEX/ODOUR 5 0 . 83 0 . 1 7  1 . 05 N . S . 

ORDER 5 1 . 65 0 . 33 2 . 09 N . S . 

RESIDUAL 35 5 . 56 0 . 1 6  



1 64 

TABLE OF MEANS - NRS 

GRAND MEAN -0 . 1 4 9  

SEX MALE FEMALE 

-0 . 099 -0 . 1 99 

ODOUR 2+3 2+3+4 2+3+9 4 4 +9 9 

-0 . 362 -0 . 5 1 0  0 . 02 1  -0 . 456 0 . 1 69 0 . 245 

SEX/ODOUR 2+3 2+3+4 2+3+9 4 4 +9 9 

MALE -0 . 0 1 2  -0 . 1 80 0 . 405 -0 . 553 -0 . 021 -0 . 225 

FEMALE -0 . 1 1 1 -0 . 839 -0 . 363 -0 . 360 0 . 365 0 . 11 4 

ORDER 2 3 4 5 6 

-0 . 054  -0 . 1 44 -0 . 282 -0 . 230 0 . 030  -0 . 2 1 3  

ANALYSIS OF VARIANCE - NRS 

FACTOR DF SS MS F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 1 0 . 09 0 . 09 0 . 04 N . S . 

COVARIATE 3 . 6 1 3 . 6 1 1 . 11 N .  S .  

RESIDUAL 1 1 4 . 28 2 . 04 

ORDER . RESPONDT STRATUM 

ODOUR 5 6 . 66 1 .  33 4 . 22 P�0 . 005 

SEX/ODOUR 5 1 . 51 1 . 5 1  4 . 19 P�0 . 0025 

ORDER 5 0 . 83 0 . 1 1  0 . 53 N .  S .  

RESIDUAL 35 1 1 . 05 0 . 32 



1 65 

BIOASSAY EXPERIMENT 2 

DATA 

SUBJECT COY ODOUR TIME SPENT NORMALISED SPEED OF NORMALISED  

SNIFFING ( s ) RANK TIME RESPONSE(  s )  RANK SPEED 

MALES 

AYYA 234 4 8  0 . 76 67 0 . 5 1 
B 1 5  -0 . 1 0 37 0 . 1 5  

234Q 36  0 . 57 1 3  - 1 . 07 

2341 1 2  -0 . 28 2 1 9  1 . 27 

I 35  0 . 48 20 -0 . 37 

Q 38  0 . 70 1 5  -0 . 90 

BANDIT 0 Q 22 0 . 23 29 -0 . 03 

I 20 0 . 1 8  52 0 . 3 4  

2341 1 4  -0 . 1 8 90 0 . 83 

234Q 6 -0 . 66 1 1 9 1 • 1 6  

B 2 -1 . 1 3 763 1 .  74 

234 1 1  -0 . 37 28 -0 . 08 

COONIE 234Q 1 1 1  2 . 04 1 05 0 . 98 

Q 57 1 . 1 6 1 7  -0 . 69 

B 25 0 . 28 78  0 . 63 

I 53 1 . 023 27 -0 . 1 54 

234 59  1 . 394 80 0 . 69 1  

2341 27 0 . 339 225 1 . 394 

HOB 0 2341 • • • • 

234 • • • • 

I • • • • 

B • * • * 

Q * * * * 

234Q * * * • 

MALLI 0 B * * • * 

2341 * * * * 

Q * * * * 

234 * * * * 

234Q * * • • 

I • * * * 

SNARK 0 I 35 0 . 48 1 6  -0 . 76 

234Q 2 · -1 . 33 45  0 . 28 

234 1 9  0 . 1 0  55  0 . 39 

Q 5 -0 . 76 97 0 . 90 



1 66 

234I 0 -2 . 04 900 2 . 04 

B 3 -0 . 98 3 6 1  1 . 54 

FEMALES 

BESTIE 1 I 5 1  0 . 90 6 -1 . 74 

0 1 9  0 . 1 0 65 0 . 45 

2340 58 1 . 27 7 - 1 . 54 

234  66 1 . 74 3 -2 . 04 
234I 61  1 . 54 1 8  -0 . 57 

B 53 1 . 02 74 0 . 57 
FURO 0 2341 * * * * 

2340 * * * * 

I * * * * 

B * * * * 

234 * * * * 

0 * * * * 

PUG 0 Q * * * * 

234 * * * * 

B * * * * 

1 * • * * 

2340 * • * * 

234I * • * * 

SATHA 0 234Q 3 -0 . 98 1 5  -0 . 90 

B 1 0  -0 . 45 4 3  0 . 23 

Q 8 -0 . 57 2 3  -0 . 28 

234I 9 -0 . 5 1 20 -0 . 37 

1 1 3  -0 . 23 8 - 1 . 39 

234  1 5  -0 . 1 0 1 8  -0 . 57 

SWUZZLE 0 2 34 6 -0 . 66 1 5  -0 . 90 

I 4 -0 . 83 27  -0 . 1 5 

2341  3 -0 . 98 1 0  - 1 . 1 7 

Q - 1 . 74 2 4  -0 . 23 

B 2 - 1 . 33 1 9  -0 . 45 

234Q 2 - 1 . 33 9 - 1 . 27 

TITl B 1 6  -0 . 03 1 8  -0 . 57 

2341  28 0 . 39 1 1 0 1 . 07 

234  49 0 . 83 87 0 . 76 

2340 1 8  0 . 03 3 7  0 . 1 5 

Q 1 1  -0 . 37 3 1  0 . 03 

I 37 0 . 63 3 3  0 . 08 



' REFE '  

' UN IT '  

' NAME ' 

' FACT ' 

' EQUA ' 

' READ/S '  

' GROU ' 

' CALC ' 

' PRINT/P ' 

' BLOC ' 

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

EXPT 2 

$72 

SX= MALE , FEMALE 

OD= 2+3+4 , 2+3+4+Q , 2+3+4+1 , Q , I ,  B 

RE= BANDIT , SNARK ,  HOB , MALLI , AYYA , COONIE , 

SWUZZ LE , SATHA , FURO , PUG ,  BESTIE , TITI 

RESPONDT $RE= 6 ( 1  • • •  1 2 )  

ODOUR $OD= ( 1  • • •  6 ) 1 2  

SEX $SX= 3 6 ( 1 , 2 ) 

ORDER $6= 6 , 4 , 3 , 1 , 2 , 5 , 3 , 2 , 5 , 4 , 1 , 6 ,  

2 , 6 , 1 , 5 , 3 , 4 , 4 , 5 , 2 , 3 , 6 , 1 ,  

1 , 3 , 4 , 6 , 5 , 2 , 5 , 1 , 6 , 2 , 4 , 3 , 

1 , 6 , 3 , 4 , 2 , 5 , 6 , 1 , 4 , 3 , 5 , 2 , 

5 , 2 , 1 , 6 , 3 , 4 , 2 , 5 , 6 , 1 , 4 , 3 , 

4 , 3 , 5 , 2 , 1 , 6 , 3 , 4 , 1 , 5 , 6 , 1 

COVAR= 24 ( 0 ) , 1 2  ( 1 ) ,  24 ( 0 ) , 1 2  ( 1 ) 

TIME , SPEED 

RT= RANK (TIME ;FLR )  

RS= RANK (SPEE D ; FLL )  

NRT= NED ( VARFAC ( RT ) /64 ) 

NRS= NED ( VARFAC ( RS ) /64 ) 

SEX, COVAR ,  RESPONDT , ODOUR , ORDER , 

TIME , NRT , SPEED , NRS ,  $ 7 . 0 ,  7 . 0 ,  

9 . 0 ,  6 . 0 ,  9 . 0 ,  5 . 0 ,  7 . 3 , 8 . 0 ,  7 . 3  

ORDER* RESPONDT 

' TREA ' SEX*ODOUR+POL ( ORDER , 2 ) 

' COVAR ' COVAR 

' ANOV/PYRU= 1 3 '  TIME , NRT , SPEED, NRS 

' RUN ' 

1 67 



1 68 

TABLE OF MEANS - NRT 

GRAND MEA N  0 . 00 1  

SEX MALE FEMALE 

0 . 07 1  -0 . 068 

ODOU R  2+3+4 2+3+4+Q 2+3+4+1 Q I B 

0 . 389  -0 . 1 04 -0 . 1 89 -0 . 1 1 9 0 . 38 1  -0 . 35 1  

SEX/ODOUR 2+3+4 2+3+4+Q 2+3+4+1 Q I B 

MALE 0 . 400  0 . 1 1 8  -0 . 535 0 . 360 0 . 6 1 6  -0 . 53 5  

FEMALE 0 . 379  -0 . 327 0 . 1 57 -0 . 599  0 . 1 47 -0 . 1 6 6  

ORDER 2 3 4 5 6 

0 . 1 54 -0 . 1 20 0 . 284 -0 . 1 65 -0 . 1 70 0 . 02 3  

ANALYSIS OF VARIANCE - NRT 

FACTOR OF SS MS F SIGNIFICANCE 

RES PONDT STRATUM 

SEX 1 0 . 35 0 . 35 0 . 3 1 N . S .  

COVARIATE 22 . 38 22 . 38 20 . 00 P�O . O l 

RESIDUAL 5 5 . 60 1 .  1 2  

ORDER . RESPONDT STRATUM 

ODOUR 5 5 . 77 1 .  1 5  6 . 94 P�O . 005  

SEX/ODOUR 5 5 . 5 1 1 .  1 0  6 . 62 P�O . OO l  

ORDER 5 2 . 1 0  0 . 42 2 . 53 N . S .  

RESIDUAL 25 4 . 1 6  0 . 1 7 



1 69 

TABLE OF MEANS - NRS 

GRAND MEA N  0 . 000 

SEX MALE FEMALE 

0 . 45 1  -0 . 450 

ODOUR 2+3+4 2+3+4+Q 2+3+4+1 Q I B 

-0 . 063 -0 . 22 1  0 . 564 -0 . 1 47  -0 . 585 0 . 4 52 

SEX/ODOUR 2+3+4 2+3+4+Q 2+3+4+1 Q I B 

MALE 0. 484 0 . 369 1 . 4 1 0 -0 . 260 -0 . 3 1 2  1 . 0 1 4  

FEMALE -0 . 609  -0 . 8 1 0  -0 . 28 1  -0 . 035  -0 . 85 8  -0 . 1 09 

ORDER 1 2 3 4 5 6 

-0 . 1 64 0 . 269 -0 . 314 0 . 1 52 0 . 053 0 . 063 

ANALYSIS OF VARIANCE - NRS 

FACTOR DF SS MS F SIGNIFICANCE  

RESPONDT STRATUM 

SEX 1 1 4 . 62 1 4 . 62 1 1 .  3 1  P�0 . 025  

COVARIATE 0 . 01 0 . 07 0 . 06 N . S . 

RESIDUAL 5 6 . 41 1 . 29 

ORDER . RES PONDT STRATUM 

ODOUR 5 1 1 . 28 2 . 26 4 . 73 P�0 . 005 

SEX/ODOUR 5 6 . 54 1 .  3 1  2 . 74 P�0 . 05 

ORDER 5 3 . 23 0 . 64 1 . 35 N . S . 

RESIDUAL 25 1 1  . 93 0 . 48 



1 70 

B IOASSAY EXPERIMENT 3 

DATA 

SUBJECT COV ODOUR TIME S PENT NORMALISED SPEED OF NORMALISED 

SNIFFING ( s ) RANK TIME RESPONSE (  s )  RANK SPEED 

MALES 

AYYA 38  0 . 063 1 2  - 1 . 036  

1 234 43 0 . 363 3 8  0 . 1 26 

67 4 9  0 . 50 1  27 -0 . 363 

1 67 1 06 1 . 83 4  6 - 1 . 83 4  

23467 57  0 . 728 29 -0 . 2 1 0  

234 1 02 1 . 50 1  80 0 . 842 

BANDIT 0 234  1 7  -0 . 573 35 0 . 02 1  

23467 42 0 . 253 30  -0 . 1 47  

1 67 2 - 1 . 440 84 0 . 967 

67  7 - 1 . 1 1 1  30 -0 . 1 47 

1 234 1 2  -0 . 967 55 0 . 477 

1 3  -0 . 872 35 0 . 02 1  

COONIE 1 67 53 0 . 674 3 9  0 . 1 68 

234 68 0 . 903 1 2 1 1 . 1 92 

1 234 62 0 . 7 84 50 0 . 363 

23467 80 1 . 036  1 8  -0 . 64 8  

3 8  0 . 063 27 -0 . 363 

1 67 75 0 . 967 1 95 1 . 383  

HOB 0 1 234 36 -0 . 02 1  737 1 . 64 5  

1 67 0 - 1 . 834  900 2 . 1 28 

234 30 -0 . 1 68 69  0 . 674 

0 - 1 . 834  900 2 . 1 28 

67 0 - 1 . 834  900 2 . 1 28 

23467 2 - 1 . 440  1 55 1 . 282 

MALLI 0 1 67 1 7  -0 . 573 35  0 . 02 1  

5 - 1 . 1 92 4 4  0 . 253 

23467 23 -0 . 43 1  9 1  1 . 036  

1 234 8 - 1 . 036 65 0 . 598 

234 26 -0 . 3 1 9  82 0 . 903  

67 3 - 1 . 2 82 77  0 . 755 

FEMALES 

ANNIE 234 1 44 4 . 957 1 4  -0 . 784 

67 1 7  -0 . 573 4 1  0 . 2 1 0  



1 7 1  

23467 43  0 . 363 1 8  -0 . 648 

1 67 50  0 . 573 26  -0 . 454 

1 234 1 8  -0 . 477 28  -0 . 275 

1 4  -0 . 755 200 1 . 50 1  

BESTIE 1 1 67 82 1 • 1 1 1  4 -2 . 1 28 

234 1 1 6  2 . 1 28 24  -0 . 524 

1 234 97 1 . 383 1 2  - 1 . 036 

67 95 1 . 282 1 5  -0 . 728 

4 1  0 . 1 47 1 2  - 1 . 036 

23467 84 1 . 1 92 1 1  - 1 . 383 

DAWN 1 36 -0 . 02 1  4 6  0 . 297 

1 234 67 0 . 842 26  -0 . 454 

1 67 52 0 . 623 53 0 . 43 1  

23467 1 05 1 . 645 8 - 1 . 645  

67  49  0 . 50 1  35 0 . 02 1  

234 42 0 . 253 92 1 .  1 1 1  

RAE 1 234 29 -0 . 2 1 0  50 0 . 363 

23467 48 0 . 43 1  1 3  -0 . 842 

234 1 3  -0 . 872 1 2  - 1 . 036  

1 4  -0 . 755 28  -0 . 275 

1 67 26  -0 . 3 1 9 2 3  -0 . 573 

67 1 6  -0 . 674 77 0 . 755 

TITI 1 234 26  -0 . 31 9  1 2  - 1 . 03 6  

34  -0 . 1 26 3 4  -0 . 084 

67 42 0 . 253 1 1  - 1 . 383 

1 234 35 -0 . 084 65 0 . 598 

234  4 1  0 . 1 47 5 6  0 . 52 4  

1 67 26  -0 . 3 1 9  , 1 - 1 . 383 



' REFE ' 

' UNIT ' 

' NAME ' 

' FACT ' 

' EQUA ' 

' READ/S ' 

' GROU ' 

' CALC ' 

' PRINT/P ' 

' BLOC ' 

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

EXPT 3 

$60 

SX= MALE , FEMALE 

OD= 2+3+4 , 1 ,  6+7 , 1 +2+3+4 , 1 +6+7 , 2+3+4+6+7 

RE= AYYA, COONIE , BANDIT , HOB , MALLI , 

BESTIE , DAWN , RAE ,  TIT I , ANNIE 

RESPONDT $RE= 6 ( 1  • • •  1 0 )  

ODOUR $OD= ( 1  • • •  6 ) 1 0  

SEX $SX= 3 0 ( 1 , 2 )  

ORDER $6= 6 , 1 , 3 , 2 , 4 , 5 , 2 , 5 , 1 , 3 , 6 , 4 ,  

1 , 6 , 4 , 5 , 3 , 2 , 3 , 4 , 5 , 1 , 2 , 6 ,  

5 , 2 , 6 , 4 , 1 , 3 , 2 , 5 , 4 , 3 , 1 , 6 , 

6 , 1 , 5 , 2 , 3 , 4 , 3 , 4 , 6 , 1 , 5 , 2 , 

5 , 2 , 3 , 4 , 6 , 1 , 1 , 6 , 2 , 5 , 4 , 3  

COVAR= 1 2  ( 0 ) ,  1 8  ( 1 ) ,  30 ( 0 )  

TIME , SPEED 

RT= RANK ( TIME ;FLR )  

RS= RANK (SPEED ; FLL )  

NRT= NED ( VARFAC ( RT ) /60 ) 

NRS= NED ( VARFAC ( RS ) /60 ) 

SEX , COVAR ,  RESPONDT , ODOUR , ORDER , 

TIME,  NRT , SPEED ,  NRS ,  $ 7 . 0 ,  7 . 0 ,  

9 . 0 ,  6 . 0 ,  9 . 0 ,  5 . 0 ,  7 . 3 , 8 . 0 , 1 . 3  

ORDER* RESPONDT 

' TREA ' SEX*ODOUR+POL ( ORDER , 2 ) 

' COVAR ' COVAR 

' ANOV/PYRU= 1 3 '  TIME ,  NRT , SPEED,  NRS 

' R UN '  

1 72 



1 73 

TABLE OF MEANS - NRT 

GRAND MEAN  0 . 08 

SEX MALE FEMALE 

0 . 27 -0 . 1 0 

ODOUR 2+3+4 6+7 1 +2+3+4 1 +6+7 2+3+4+6+7 

0 . 80 -0 . 53 -0 . 23 0 . 06 0 . 06 0 . 35 

SEX/ODOUR 2+3+4 1 6+7 1 +2+3+4 1 +6 +7 2+3+4+6+7 

MALE 0 . 18 -0 . 24 -0 . 1 0 0 . 34 0 . 30 0 . 54 

FEMALE 0 . 8 1 -0 . 82 -0 . 36 -0 . 22 -0 . 1 8 0 . 1 5 

ORDER 2 3 4 5 6 

0 . 53 0 . 01 -0 . 03 0 . 3 1 -0 . 22 -0 . 1 6 

ANALYSIS OF VARIANCE - NRT 

FACTOR DF SS MS  F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 1 . 20 1 . 20 0 . 79 N . S . 

COVARIATE 1 21 . 01 2 1 . 01 1 3 . 91 P,0 . 0 1 

RESIDUAl 1 1 0 . 56 1 .  5 1  

ORDER . RESPONDT STRATUM 

ODOUR 5 1 0 . 41 2 . 1 0  3 . 23 P,0 . 025 

SEX.  ODOUR 5 0 . 65 0 . 1 3  0 . 20 N . S . 

ORDER 5 3 . 92 0 . 18 1 . 2 1  N . S . 

RESIDUAL 35 22 . 72 0 . 65 



1 74 

TABLE OF MEANS - NRS 

GRAND MEAN 0 . 04 1  

SEX  MALE FEMALE 

0 . 223 -0 . 1 4 1  

ODOUR 2+3+4 6+7 1 +2+3+4 1 +6+7 2+3+4+6+7 

0 . 292 0 . 1 4 1 0 . 1 42 0 . 240  -0 . 1 44 -0 . 424  

SEX/ODOUR 2+3+4 6+7 1 +2+3+4 1 +6+7 2+3+4+6+7 

MALE 0 . 47 1  -0 . 055 0 . 253 0 . 386 0 . 278 0 . 007 

FEMALE 0 . 1 1 3 0 . 336 0 . 030  0 . 094 -0 . 566 -0 . 85 6  

ORDER 2 3 4 5 6 

-0 . 264 0 . 1 5 1  -0 . 085 -0 . 200 0 . 096 0 . 549  

ANALYSIS OF VARIANCE - NRS 

FACTOR OF SS MS F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 1 . 1 4 1 . 1 4 0 . 59 N . S .  

COVARIATE 5 . 2 1 5 . 2 1 2 . 7 1 N . S . 

RESIDUAL 7 1 3 . 46 1 .  92 

ORDER . RESPONDT STRATUM 

ODOUR 5 3 . 74 0 . 75 1 . 56 N . S . 

SEX/ODOUR 5 2 . 68 0 . 54 1 .  1 2  N . S .  

ORDER 5 4 . 22 0 . 84 1 .  76 N . S . 

RESIDUAL 35 1 6 . 8 1  0 . 4 8 



1 75 

B IOASSAY EXPERIMENT 4' 

DATA 

SUBJECT COY ODOUR TIME SPENT NORMALISED SPEED OF NORMALISED 

SNIFFING ( s )  RANK  TIME RESPONSE ( s )  RANK SPEED 

MALES 

AYYA 1 2348 28 -0 . 04Q 28 -0 . 282 
234 45  0 . 380 55 0 . 70 4  

8 1 0  -0 . 896 1 07 1 . 593 

BANDIT 0 8 2 1  -0 . 380 23 -0 . 482 

2348 1 1  -0 . 704 29 -0 . 1 40  

234 1 9  -0 . 589 92 1 . 32 5  

COONIE 234 75 1 . 325 1 7  -0 . 967 

8 30 0 . 1 87 204 2 . 085 

2348 64 1 .  1 28 3 1  0 . 000 

MALLI 0 2348 5 - 1 . 446 32 0 . 093 

8 1 0  -0 . 896 58  0 . 828  

234 50 0 . 590 86 1 . 1 28 

SNARK 0 234 7 - 1 . 1 28 36 0 . 1 87 

2348 5 - 1 . 446 29 -0 . 1 40  

8 -2 . 085 1 9  -0 . 70 4  

FEMALES 

ANNIE 1 2348 28  -0 . 046 1 7  -0 . 967  

8 25 -0 . 234 1 0  - 1 . 593 

234 20 -0 . 482 22 -0 . 590 

BESTIE 2348 88 2 . 085 1 5  - 1 . 32 5  

234 84 1 . 593 48 0 . 380 

8 49  0 . 482 8 -2 . 085 

DAWN 8 52 0 . 704 1 7  -0 , 967 

2348 25 -0 . 234 53 0 . 590 

234 59 0 . 828 25 -0 . 380 

RAE 234 • • • • 

2348 • • • • 

8 • • • • 

TITI 1 234 43 0 . 282 40 0 . 282 

8 29 0 . 093 66 0 . 967  

2348 62 0 . 967 50 0 . 482 



' REFE '  

' UNIT '  

' NAME '  

' FACT ' 

' EQUA '  

' READ ' 

' HEAD ' 

' FOR ' 

' GROU ' 

' REPE ' 

' FOR ' 

' CALC ' 

' REPE ' 

' SET ' 

' PRIN/P ' 

' DESC ' 

' BLOC ' 

' TREA ' 

' COVAR ' 

' ANOV ' 

' RUN '  

ANALYSIS OF VARIANCE - GENSTAT COMMANDS 

E XPT 4 

$30  

I N =  COONIE , AYYA , BANDIT , MALLI , SNARK , 

BESTIE , TITI , DAWN ,  RAE ,  ANNIE 

OD= 2+3+4 , 8, 2+3+4+8 

I NDIV $IN: 3 ( 1  • • •  1 0 )  

ODOUR $OD= ( 1  • • •  3 ) 1 0  

SEX $SX= 1 5 ( 1  • • •  2 )  

COVAR= 6 ( 1 )  9 ( 0 ) , 1 5  ( 1 )  
TIME , SPEED 

H 1 =  " IN SECONDS " 

H2= " AS NORMALISED RANKS " 

AA= TIME , SPEED ; AB= FL ( 1 , 2 ) ; AC= ( 1 , 2 ) 

AB=RANK ( AA ; AC )  

AA=  FL( 1 , 2 ) ; AB= NTIME ; NSPEED 

AB=NED« VARFAC ( AA )-0 . 5 ) /27 ) 

S 1 =  TIME , NTIME , SPEED , NSPEED 

SEX,  INDIV ,  ODOUR , S 1  $3 ( 7 . 0 ) ; ( 8 . 0 ,  9 . 4 ) 2 

S 1 $2 ; H 1 ,  H2 

INDIV/ODOUR 

SEX·ODOUR 

COVAR 

S 1  

1 76 



1 77 

TABLE OF MEANS - NRT 

GRAND MEA N  0 . 05 

SEX MALE FEMALE 

-0 . 03 0 . 1 3  

ODOUR 2+3+4 8 2+3+4+8 

0 . 34 -0 . 28 0 . 1 0 

SEX/ODOUR 2+3+4 8 2+3+4+8 

MALE 0 . 49 -0 . 44 -0 . 1 3 

FEMALE 0 . 1 8  -0 . 1 1  0 . 32 

ANALYSIS OF VARIANCE - NRT 

FACTOR DF SS MS F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 0 . 1 0  0 . 1 0 0 . 08 N . S . 

COVARIATE 5 . 58 5 . 58 4 . 33 N . S . 

RESIDUAL 6 7 . 73 1 . 29 

ORDER . RESPONDT STRATUM 

ODOUR 2 1 . 9 1 0 . 95 3 . 1 4  N . S . 

SEX/ODOUR 2 0 . 82 0 . 4 1 1 . 36 N . S . 

RESIDUAL 1 4  4 . 25 0 . 30 



1 78 

TABLE OF MEANS - NRS 

GRAND MEAN -0 . 04 

SEX MALE FEMALE 

0 . 44 -0 . 52 

ODOUR 2+3+4 8 2+3 +4+8 

0 . 20 -0 . 1 3 -0 . 20 

SEX/ODOUR 2+3+4 8 2+3+4+8 

MALE 0 . 56 0 . 15 -0 . 0 1  

FEMALE -0 . 1 6 - 1 . 0 1 -0 . 39 

ANALYSIS OF VARIANCE - NRS 

FACTOR DF SS MS F SIGNIFICANCE 

RESPONDT STRATUM 

SEX 3 . 92 3 . 92 3 . 53 N . S .  

COVARIATE 0 . 30 0 . 30 0 . 21 N . S . 

RESIDUAL 6 6 . 66 1 .  1 1  

ORDER . RESPONDT STRATUM 

ODOUR 2 0 . 9 1 0 . 46 0 . 55 N . S . 

SEX/ODOUR 2 2 . 51 1 . 28 1 . 5 6  N . S .  

RESIDUAL 1 4  1 1 . 56 0 . 82 
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capture s i t e s  of res ident ea r- tagged ferrets caught d u r i n g  

l i ve - t rapping e xpe rimen t s  at Pukepuke Lagoon ( Chapter 8 ) .  
Supe r s c r i p t s  r e f er to numbe r o f  captur e s  at any trap s i t e . 

MALES ---

M l . 6288 
2 .  6 297 
3 .  6 1 3 8  
4 .  6 1 4 2  
5 .  6 1 4 2  
6 .  6 1 4 4  
7 .  6 104 
8 .  6 1 0 1  
9 .  6 1 0 7  

1 0 . 6 1 10  
1 l . 6 1 1 3  

0 water 

:" - ": ' .. ",-, 
swamp 
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4 .  6 1 3 1  
5 .  6 1 3 4  
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7 .  6 1 0 3  
8 .  6 1 1 2  
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APPENDIX 9 

Data from live-trapping exper iments at Pukepuke Lagoon sex , 

age ( ad ult/ juvenile ) , we ight , choice o f  trap treatment and 

release of anal gland secretion during hand l ing for each 

i d enti fied ferret . 

TRAPPING DATA 

EARTAG CAPTURE SEX AGE WEIGHT CHOICE OF ANAL ODOUR 

NO . DATE ( g )  TRAP RELEASE 

6 1 0 1  JAN 85 M A LURE .j 
JAN 85 1 1 20 LURE .j 

6 1 02 JAN 85 M J LURE 4 X 

6 1 03 JAN 85 F J 400  LURE .j 
FEB 85 4 4 0  LURE 4 .j 
FEB 85 500 LURE .j 
APR 85 600 LURE .j 
APR 85 600 LURE X 

JUN 85 750 LURE 3 .j 
6 1 04 JAN 85 M A 980 LURE 4 .j 
( 6 1 47 )  JAN 85 850 BAIT .j 

JAN 85 900 LURE .j 
JAN 85 880 LURE X 

6 1 05  FEB 85 F J 4 80 BAIT .j 
6 1 07 FEB 85 M A? 500 BAIT .j 

FEB 85 650 BLANK .j 
MAR 85 880 BAIT .j 
MAR 85 900 LURE 4 X 

MAR 85 900 BLANK .j 
MAR 85 880 LURE .j 
APR 85 920 LURE ./ 
APR 85 900 BAIT X 

JUN 85 1 250 BAIT X 

6 1 0 8  FEB 85 M A 800 BLANK ./ 
6 1 09 FEB 85 F A 550 LURE 4 .j 
6 1 1 0  FEB 85 M A 950 BAIT ..; 

MAR 85 1 000 LURE 4 ..; 
MAR 85 950 LURE ..; 
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6 1 1 1  FEB 85 F J 480 LURE .j 
6 1 1 2  MAR 85 F J 420 LURE 4 .j 

MAR 85 500 LURE .j 
MAR 85 480 LURE 4 .j 
MAR 85 LURE 1 X 

APR 85 550 LURE 3 .j 
APR 85 520 BAIT .j 
APR 85 500 LURE 1 X 

JUN 85 550 LURE 1 X 

JUN 85 550 LURE 4 X 

JUN 85 550 LURE 1 X 

JUN 85 550 LURE 2 X 

JUN 85 LURE 2 X 

6 1 1 3  MAR 85 M A 1 1 50 LURE 1 X 

MAR 85 1 200 LURE 4 X 

APR 85 1 500 BAIT ../ 
6 1 30 MAR 84 M A 1 1 20 BAIT/LURE ../ 
6 1 3 1  MAR 84 F A 550 BAIT/LURE 1 ../ 

( 6 1 39 )  APR 84 4 90 BAIT/LUTE 1 ../ 

MAY 84 800 BAIT X 

aCT 84 600 BAIT X 

aCT 84 5 80 BAIT X 

aCT 84 BAIT X 

NOV 84 650 LURE 1 ../ 
JAN 85 4 50 LURE 4 .j 
APR 85 600 LURE .j 

6 1 32 MAR 84 F A 650 BAIT X 

6 1 3 3  APR 84 F A 5 1 0  BAIT/LURE 1 X 

61 34  APR 4 F A 800 BAIT .j 
JUN 84 LURE 3 X 

JAN 85 600 LURE 1 .j 
JAN 85 600 LURE 1 X 

MAR 85 700 BAIT .; 
MAR 85 700 LURE 1 .j 
MAR 85 840 LURE 4 X 

6 1 35  MAY 84  M A 1 280 LURE .; 
6 1 36 MAY 84 F J 670 BAIT ../ 

MAY 84 LURE 3 ../ 
JUN 84 680 LURE 2 X 

JUN 84 LURE 1 X 
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JUN 84 LURE 2 .J 

OCT 84 A 730 BAIT .J 

NOV 84 500 BAIT .J 

NOV 84 500 LURE .J 

NOV 84 400 LURE .J 

DEC 84 550 LURE 3 .; 
JAN 85 500 BAIT .; 
JAN 85 500 BAIT .; 
JAN 85 480 LURE .; 
JAN 85 4 80 BAIT X 

JAN 85 LURE 4 .; 
JAN 85 500 LURE 4 .; 
FEB 85 500 LURE 4 .; 
FEB 85 4 70 LURE 1 .; 
FEB 85 4 80 LURE 1 .; 
MAR 85 500 LURE 4 .; 
MAR 85 500 LURE 1 X 

MAR 85 550 LURE 4 .J 

MAR 85 500 BAIT .; 
MAR 85 500 BAIT ,; 
MAR 85 500 BAIT ,; 
MAR 85 500 LURE 4 X 

APR 85 570 LURE 1 .J 

APR 85 550 LURE 4 X 

APR 85 570 LURE 4 X 

APR 85 550 LURE 2 .J 

JUN 85 650 BAIT .J 

6 1 37 MAY 84 F A 680 LURE  .; 
6 1 3 8 MAY 84 M A 1 1 00 BAIT .; 

MAY 84 LURE 3 X 

JUN 84 1 1 00 LURE 1 X 

JUN 84 BAIT .J 

JUN 84 LURE 1 .J 

6 1 39 - SEE 6 1 3 1  

6 1 40  JUN 84 M A 1 030 BAIT .; 
6 1 4 1  JUN 84 M A 1 280 LURE 1 X 

6 1 42 JUL 84 M A 1 1 50 LURE 1 .; 
OCT 84 1 1 00 LURE 2 X 

OCT 84 1 080 LURE 2 .; 
OCT 84 LURE X 
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NOV 84 980 LURE ../ 
NOV 84 1 000 BAIT ../ 
NOV 84 1 080 LURE 2 ../ 
DEC 84 1 200 LURE 3 ../ 

6 1 43 OCT 84 M A 1 1 50 LURE 1 ../ 
NOV 84 1 200 LURE 1 ../ 
DEC 84 1 000? LURE 1 ../ 

6 1 44  OCT 84 M A 1 050 LURE 3 ../ 
NOV 84 720 LURE 1 X 

6 1 41  - SEE 6 1 04 

6 1 48 JAN 85 M A 1 1 50 LURE 4 ..; 
6 1 49 JAN 85 M J 750 LURE ./ 
6 1 50 JAN 85 M J 500 LURE 1 ../ 
628 1  FEB 84 F J 650 BAIT ../ 

FEB 84 BAIT/LURE 1 X 

FEB 84 BAIT ..; 
FEB 84 BAIT X 

6282 FEB 84 M A 980 BAIT X 

FEB 84 LURE 1 X 

FEB 84 LURE 1 X 

6284 FEB 84 F A 620 BAIT ..; 
( 6293 ) FEB 84 510 BAIT ../ 

MAR 84 630 LURE X 

6285 FEB 84 F J 5 50 LURE 1 ../ 
FEB 84 BAIT/LURE 1 X 

6286 FEB 84 F A 610 BAIT/LURE 1 ..; 
FEB 84 BAIT ..; 
MAR 84 620 BAIT/LURE 1 ..; 
APR 84 5 50 BAIT/LURE 1 ../ 
APR 84 BAIT ../ 
MAY 84 830 LURE 3 ..; 
JUN 84 800 LURE 3 X 

JUN 84 LURE 3 X 

6281 FEB 84 F J 500 BLANK X 

FEB 84 LURE  1 ..; 
6288 FEB 84 M A 880 BAIT X 

FEB 84 LURE 1 ..; 
FEB 84 BLANK X 

6289 FEB 84 M J 740  BAIT X 

62 90 FEB 84 F J 520 BLANK X 
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6 2 9 1 F EB 84 F J 370 BAIT/LURE  ..; 
FEB 84 LURE ..; 

6292 MAR 84 F A 620 BAIT ..; 
MAR 84 BAIT/LURE 1 ..; 

6293 - SEE 6284 

6295 MAR 84 F A 590 LURE 1 X 

MAR 84 LURE 1 X 

MAY 84 830 LURE 2 X 

JUN 84 LURE ./ 

aCT 84 680 BAIT ./ 
aCT 84 680 BAIT ./ 

aCT 84 LURE 3 ./ 

DEC 84 490 LURE 3 .j 
DEC 84 500 LURE 3 ./ 

DEC 84 BAIT ..; 
JAN 85 600 LURE 1 ..; 
JAN 85 4 80 BAIT X 

MAR 85 5 80 BAIT .j 
MAR 85 670 LURE 4 X 

APR 85 700 BAIT X 

6297 MAR 84 M A 1 1 20 LURE 1 ./ 

( 6298 ) MAY 84 1 300 LURE 1 .j 
JUN 84 1 200 LURE 3 .j 
JUL 84 1 850 LURE ..; 

6298 - SEE 6297 

6299 MAR 84 F A 590 BAIT 
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E M E NDAT I O N  

Thi s  c o n c e p t  o f  " te r r i t o r i a l  c on f i d e n c e "  ( o f t e n  r e fe r r ed t o  s i m p l y  a s  

con f i d e n c e ) i s  an abs t r a c t  o n e . I t  i s  r e f l ec t ed i n  a n  a n i ma l ' s  

beh a v i o u r . A d e t a i l e d  knowl edge o f  the b eh a v i ou r  o f  a s p e c i e s  a l l o w s  

the q u a n t i f i c a t i on o f  r e s p o n s e s  i n  v a r i o u s  s t i mu l u s  s i tu a t i o n s . T h e  

e f f e c t s  s t i mu l i  h a v e  on t h e  an i m a l ' s  i n n e r  s t a t e  c a n  t h u s  b e  d e t e r m i n e d  

( Mykyt owy c z  e t  a l . 1 97 6 ) . S i m i l a r  t e r m s  l i k e  " s e l f-a s s u r a n c e " ( vo n  

R i ch t e r  1 97 2 ) and " s ense o f  own e r sh i p  o r  p o s s es s i on "  ( J o u b e r t  1 9 7 2 ) 

e x p r e s s  t h e  s ame concept . The r e l a t e d  c o n c e p t  o f  " i n t i m i d a t i o n "  c a n  

a l s o  b e  v i e we d  i n  t h i s  l i gh t , a n d  i s  d e mo n s t r a t e d  b y  s u bm i s s i ve 

b e h a v i o u r  i n  the a n i ma l . These c o n c e p t s  g a i n  i n tu i t i v e s u p p o r t  f r om 

the r e v e r s a l  o f  d o m i n a n c e  a s  a p a i r  o f  r e s i d e n t s  i n  a d j o i n i n g  

te r r i t o r i e s  a r e  e x per i me n t a l l y  s h i f t e d  b a c k  a n d  f o r t h  a c r o s s  a c ommo n  

bound a r y  ( T i n b e r gen 1 95 3 ) .  The r e l a t i o n sh i p  b e t w e e n  s c e n t  m a r k i n g  a n d  

te r r i t o r i a l  c o n f i d e n c e  h a s  a l r e a d y b e e n  r e c o g n i s e d  i n  mus t e l i d s . 

E r l i n g e  e t  a 1 . ( 1 9 8 2 )  s t a t e d  t h a t : " m a r k i n g  fr e q u e n c y  w a s  i n f l u e n c e d  

b y  t h e  [ s t o a t ' s ]  s e l f-co n f i d e n c e  • • .  The r e  s e e med to b e  a f e e d b a c k  

between m a r k i n g  a n d  s e l f-c o n f i d ence . "  They s aw t h i s  a s  b e i n g  i mp o r t a n t  

i n  t h e  s e t t l e ment o f  a s ymm etr i c  c o n t e s t s  b e tween r e s i d e n t  a n d  i n t r u d e r . 

Joube r t , S . C . J . 1 972 . Ter r i t o r i a l  b e h a v i o u r  o f  the t s e s s e b e  

( Dama l i scus l u n a t u s  Bu r ch e l l ) i n  the K r u g e r  

N a t i o n a l  Park . Z o o l . A f r . 7 : 1 4 1 - 1 5 6 ;  n o t  s e e n , 

c i t e d  i n  Go s l i n g  1 9 82 . 

R i c h t e r , W.  von . 1 972 . Te r r i to r i a l  b e h a v i o u r  o f  the b l a c k  

wi l d ebeest . Zool . Afr . 7 : 207-23 1 ;  n o t  s e e n , c i t e d  

i n  Gos l i n g  1 9 82 . 

T i n b e r gen , N .  1 9 53 . Soc i a l  beh a v i o u r  i n  an i ma l s . M e t hu e n , L o n d o n . 
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EMENDATION 2 

The hypotheses yield a number of spec i fic  pred ict ions about the 

behaviour of the animal that are testable by e xper iment or c r i tical 

field observation ( Gos ling  1 9 82 ) . Some of these predict ions are  eas ily  

quantified and fal sification comes down to  a stat i stically  s i gn i ficant 

criter ion . Other s  are  of an  empi r i cal nature and  are not as  strong 

tests of the hypotheses . 

non-supportive information . 

They provide 

EMENDATION 3 

valuable supportive  or  

The lack of d i fferentiat ion by  males between odours of oestrous and 

anoestrous females can be explained in terms of  the biolog y  o f  the 

fer ret , and evolut ionary  str ategies of mal es and females . As d i s cussed 

in  section 9 . 1 . 2 ,  the breed ing system of the fer ret , with femal es  all � 

in  oestrus at the same time ,  requi res little need for ol facto r y  

r ecogni tion o f  oestrus . The solitary way o f  l i fe of the ferret 

suggests that a successful  stategy for the male would be to mate with 

any female he encounters during the breeding season . I f  this  i s  t rue 

then there is no selective advantage to the female to s i gn a l  her 

oestrous state . 
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