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Abstract
Th e  social organiz ations of anim al socie tie s h ave  im portant im plications for se ve ral 
fie lds of b iology, from  m anaging w ild populations to de ve loping ne w  e cological and 
e volutionary th e ory. Alth ough  m uch  atte ntion h as b e e n  give n to th e  form ation and 
m ainte nance  of socie tie s of group living individuals, le ss is k now n about h ow  
socie tie s of solitary individuals h ave  be e n  sh ape d and m aintaine d. Traditionally, th e  
e volution of social organiz ations in  th e  m am m alian orde r Carnivora h as b e e n  
re garde d as a dire ctional se le ction proce ss from  a solitary ance stry into progre ssive ly 
m ore  advance d form s of sociality. In th is th e sis, I te ste d th is m ode l against an 
alte rnative  m ode l, assum ing radiation from  a socially fle xible  ance stry. I furth e r 
e xplore d sociality, re source  use  and dispe rsal of a solitary carnivore , th e  w olve rine  
(Gulo gulo), in  th e  ligh t of th e se  tw o e volutionary m ode ls. Ph yloge ne tic 
re construction ge ne rally supporte d th at carnivore  social organiz ations e volve d 
th rough  dire ctional se le ction from  a solitary ance stor. H ow e ve r, re sults from  captive  
w olve rine  fe m ale s indicate d th at th e y m ay h ave  rudim e ntary social te nde ncie s, 
w h ich  rath e r support th at sociality in  carnivore s radiate d from  a socially fle xible  
ance stry. W ild w olve rine s in  north w e ste rn Brook s Range , Alask a, adh e re d to th e  
com m only found e cological nich e  as a large ly ungulate  de pe nde nt ge ne ralist 
carnivore . Lack  of se xual asym m e try in  dispe rsal te nde ncie s indicate d th at re source  
com pe tition am ong w olve rine  fe m ale s probably w as h igh . I sugge st th at w olve rine s 
h ave  late nt abilitie s to aggre gate , but th at th e ir ph yloge ne tic le gacy in  te rm s of 
m orph ology h as constraine d th e m  into an e cological nich e  w h e re  re source  abundance  
and distribution ge ne rally inh ib it aggre gations.  Due  to contradictory re sults, I 
sugge st furth e r re se arch  to te st e volutionary th e ory re garding carnivore  social 
e volution, and particularly to e xplore  ne w  ave nue s into social e volution th at be tte r 
e xplain intra-spe cific variation in  sociality, as w e ll as form ation and m ainte nance  of 
solitary social syste m s.
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Introduction

Th e  social organiz ations of anim al socie tie s h ave  im portant im plications for th e  
distributions of individual fitne ss. Know le dge  of th e  e cological and e volutionary 
m e ch anism s th at unde rlie  and m aintain varying form s of social organiz ations is th us 
one  of th e  k e y com pone nts for a com pre h e nsive  unde rstanding of h ow  e volutionary 
and e cological proce sse s sh ape , m aintain and re strict anim al populations (Clutton-
Brock  19 88). Th is, in  turn, is fundam e ntal for se ve ral fie lds of b iology, from  adaptive  
m anage m e nt of w ild populations (Frank  and W oodroffe  2001) to de ve loping ne w  
th e ory e xplaining e cological and e volutionary proce sse s (Piank a 19 88).

Carnivora is an intriguing m am m alian orde r, w ith  a w ide  varie ty of e cological, 
be h avioral and ph ysiological ch aracte ristics. Carnivore s h ave  a h igh  position in  th e  
troph ic h ie rarch y and ofte n a gre at influe nce  on large  scale  e cosyste m  proce sse s 
(Ew e r 19 73; Mclare n and Pe te rson 19 9 4; Noss e t al. 19 9 6). Th e y are  also ofte n in  
conflict w ith  h um an inte re sts (Ke lle rt e t al. 19 9 6; W oodroffe  2000; Cardillo e t al. 
2004). Conse que ntly, re se arch  on carnivore  e cology h as b e e n  in  th e  focus for 
z oologists for de cade s. 

H ow e ve r, re se arch  on e volution and m ainte nance  of carnivore  social 
organiz ations h as b e e n  h e avily b iase d tow ards populations living in  stable  social 
groups. Th is is re fle cte d both  in  de ve lope d th e ory (e .g. Joh nstone  e t al. 19 9 9 ; Clutton-
Brock  2002; Ste ph e ns e t al. 2005) and in  an ove rw h e lm ing body of re se arch  on group 
living carnivore s in  th e  w ild (e .g. Me ch  19 70; Kruuk  19 72; Pack e r e t al. 19 88; Cre e l 
19 9 6; Cre e l and Cre e l 2002). Th is is quite  unde rstandable , since  m ost solitary spe cie s 
are  e lusive  and difficult to study. None th e le ss, th is b ias h am pe rs our unde rstanding 
of h ow  e cological and e volutionary proce sse s sh ape  spatial structure s and th e  le ve l of 
sociality in  carnivore  populations.

In th is th e sis, I h ave  e xplore d th e  e volution and m e ch anism s b e h ind carnivore  
sociality, conce ntrating on a re lative ly little  studie d solitary spe cie s, th e  w olve rine  
(Gulo gulo). My focus h as b e e n  th re e fold. First, using com parative  analyse s, I te ste d a 
ge ne rally assum e d m ode l of th e  e volution of carnivore  sociality, nam e ly th at carnivore  
social organiz ations de ve lope d trough  dire ctional se le ction from  a solitary ance stor 
into progre ssive ly m ore  advance d form s of sociality (pape r I). Se cond, using 
w olve rine s h ouse d in  an artificial captive  e nvironm e nt, I te ste d if de nse  social 
aggre gations of fe m ale  w olve rine s follow e d pre dictions from  th e  dire ctional se le ction 
m ode l, or if th e y sh ow e d late nt social te nde ncie s and adopte d to th is, for th e  spe cie s 
nove l, social e nvironm e nt (pape r II). Th ird, I studie d re source  utiliz ation and 
dispe rsal patte rns in  a population of w ild w olve rine s in  north w e st Alask a, to te st if 
th e  dispe rsal patte rns in  th is w olve rine  population adh e re  to th e  ge ne ral pre dictions 
re garding se x-b iase s in  dispe rsal unde r re lative ly h om oge nous re source  distributions 
for polygynous spe cie s, i.e . a m ale  b iase d dispe rsal (pape r III-V). 

Th e  W olve rine

Th e  w olve rine  is a te rre strial m uste lid w ith  a circum polar distribution, w h ich  
prim arily inh abits tundra and taiga of north e rn latitude s (W ilson 19 82). Our 
k now le dge  of e cology, b e h aviour and social organiz ation of w olve rine s is still scant in  
re lation to oth e r large  carnivore s in  arctic and bore al are as, alth ough  sm all and 
fragm e nte d populations, both  in  th e  continuous Unite d State s and in  Scandinavia, 
re ce ntly h ave  ge ne rate d incre ase d atte ntion to m anage m e nt and re se arch  on th e  
spe cie s (W e ave r e t al. 19 9 6; Landa e t al. 2000; Row land e t al. 2003; Flagstad e t al. 
2004). 
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Th e  w olve rine  is th e  large st te rre strial m e m be r of th e  fam ily m uste lidae . 
W olve rine s range  in  siz e  from  10-20 k g, w ith  m ale s approxim ate ly 30% h e avie r th an 
fe m ale s (Pasitsch niak -Arts and Larivie re  19 9 5). It is com pactly built, w ith  pow e rful 
lim bs and a broad h e ad. Colour range s from  brow n to black , w ith  a typical pale  
late ral stripe . 

Ecologically, th e  w olve rine  h as b e e n  ch aracte riz e d as an ungulate -de pe nde nt 
carnivore , sim ilar in  its e cological role  to large r pre dators such  as brow n be ars (Ursus 
arctos) (Banci 19 9 4). Se ve ral studie s h ave  e m ph asiz e d th e  im portance  of large  
ungulate s for w olve rine  populations, particularly as food during w inte r (H aglund 
19 65; Rausch  and Pe arson 19 72; Gardne r 19 85; Magoun 19 87; Pe rsson 2003). 
H ow e ve r, alth ough  w olve rine s h ave  b e e n  sh ow n to k ill large  ungulate s (H aglund 
19 65; Pulliaine n 19 68; Magoun 19 85), th e y probably m ostly fe e d on th e m  as 
scave nge rs (Banci 19 9 4). Th e  die t of w olve rine s during sum m e r is le ss w e ll 
unde rstood, but th e re  are  indications th at oth e r pre y such  as m icrotine  rode nts m ay 
be  im portant (Landa e t al. 19 9 7; Pape r IV). 

Th e  w olve rine  can be  re garde d as a typical e xam ple  of a solitary carnivore . In 
th e  w ild, it h as a social syste m  com m on am ong te rre strial m uste lids. Th e  te rritorie s 
of m ale s ge ne rally ove rlap te rritorie s of both  oth e r m ale s and se ve ral fe m ale s, w h ile  
th e  te rritorie s of re productive  fe m ale s are  e xclusive  and only ove rlap w ith  te rritorie s 
of m ale s (Pow e ll, 19 79 ; H ornock e r and H ash  19 81; Magoun 19 85; Banci and H are stad 
19 9 0). Social groupings, e xce pt for m ating pairs and m oth e r and infants, are  
e xtre m e ly rare ly obse rve d. Th e  m ating syste m  is probably polygam ous or 
prom iscuous (Banci 19 9 4).

Th e  e volutionary h istory of sociality in Carnivora (Pape r I)

A conse nsus m ode l of carnivore  social organiz ations assum e s dire ctional se le ction 
from  a solitary base line  into progre ssive ly m ore  advance d form s of sociality (e .g. 
Pack e r 19 86; Gittle m an 19 89 ; Cre e l and Macdonald 19 9 5) (Fig 1a; h e re afte r re fe rre d 
to as “th e  dire ctional se le ction m ode l”). H ow e ve r, th e  m ain assum ption of th is m ode l, 
i.e . a solitary ance stral state , h as ne ve r b e e n  te ste d. Furth e r, th is conce ptual m ode l 
h as b e e n  adopte d w ith  spe cific atte ntion to th e  e volution of group living socie tie s. 
Evolutionary corre late s to solitary socie tie s, as w e ll as spe cie s w h ich  e xh ib it a large  
variation in  te rm s of sociality, are  difficult to fit into th is fram e w ork .  

An alte rnative  m ode l w ould be  to assum e  a socially fle xible  ance stor to 
Carnivora (i.e . an ance stor w ith  rudim e ntary abilitie s to live  in  a varie ty of social 
organiz ations), and th at pre se nt social structure s h ave  e volve d th rough  radiation 
from  th is fle xible  base line  (Fig. 1b; h e re afte r re fe rre d to as “th e  radiation m ode l”). 
Th is approach  m ay be  advantage ous for tw o m ain re asons. First, th e  dire ctional 
se le ction m ode l assum e s dire ctional social e volution from  a solitary ance stral state . 
H e nce , it doe s not w e ll account for e volutionary force s th at m ay act in  sh aping and 
m aintaining solitary social structure s. Se cond, th e  radiation m ode l assum e s th at 
spe cie s are  capable  of living unde r a varie ty of social situations. Since  th e re  is no 
sim ilar inh e re nt assum ption of intraspe cific variation in  th e  dire ctional se le ction 
m ode l, it is le ss suite d to e xplain spe cie s th at e xh ib it large  variation in  te rm s of 
sociality, both  w ith in  and be tw e e n  populations. 

Th e se  tw o m ode ls offe r te stable  pre dictions since  th e y assum e  com pe ting state s 
of sociality as ance stral for Carnivora. During th e  past tw o de cade s, ch aracte r traits 
of e xtinct ance stors h ave  com m only be e n  re constructe d using data from  conte m porary 
spe cie s and ph yloge ne tic tre e s of th e ir re lationsh ips (Sch ultz  e t al. 19 9 6). Th e se  
m e th ods h ave  be e n  use d to de rive  th e  ance stral state s of a w ide  varie ty of traits; som e  
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of th e  m ore  innovative  use s h ave  include d th e  ph ysiological e volution of e nz ym e s 
(Je rm ann e t al. 19 9 5) and th e  e volution of calling be h avior in  frogs (Ryan and Rand 
19 9 5). Tw o m ain analytical m e th ods, one  base d on m axim um  parsim ony crite ria and 
th e  oth e r on m axim um  lik e lih ood e stim ate s, h ave  b e e n  sugge ste d for ph yloge ne tic 
re constructions. Earlie r studie s typically use d m axim um  parsim ony crite ria to 
e valuate  th e  m ost lik e ly ance stor state  at spe cific node s (Sw offord and Maddison 
19 87; Maddison 19 9 4). Th e se  algorith m s sim ply try to m inim iz e  e volutionary ch ange  
ove r tim e , i.e . th e y find th e  ance stral state s th at m inim iz e  ch aracte r transitions 
th rough out th e  ph yloge ny. H ow e ve r, alth ough  m axim um  parsim ony m ay be  re liable  in  
case s th at m e e t th e  assum ption of e qual probability of gains and losse s, and in  case s 
th at h ave  close ly re late d spe cie s, it appe ars to be  unre liable  w h e n  th e  rate  of 
ch aracte r ch ange  is h igh  or w h e n  th e re  h as b e e n  m uch  tim e  for e volutionary ch ange  
(Maddison 19 9 4; Yang e t al. 19 9 5; Z h ang and Ne i 19 9 7). Re ce ntly de ve lope d 
m axim um -lik e lih ood approach e s h ave  b e e n  sugge ste d to ove rcom e  th e se  
sh ortcom ings, and furth e r offe r possib ilitie s to quantify th e  unce rtainty of trace d 
ance stral state s (Cunningh am  e t al. 19 9 8). Th e se  te ch nique s use  rate s of e volutionary 
ch ange  (e ith e r e stim ate d from  th e  data or fixe d b e fore  analyse s) as param e te rs in  
e volutionary m ode ls th at calculate  m axim um  lik e lih ood e stim ate s for th e  m ode l give n 
spe cific ch aracte r state s at e ach  node  of th e  tre e  (Sch lute r e t al. 19 9 7).

In pape r I, I te ste d th e  com pe ting pre dictions of a solitary vs. a fle xible  social 
ance stor to Carnivora using ph yloge ne tic re construction of publish e d data on 
carnivore  social organiz ations and a pre viously re solve d ph yloge ny of Carnivora 
(Bininda-Edm onds e t al. 19 9 9 ). I use d tw o se parate  m axim um  lik e lih ood 
re constructions; one  e stim ating e volutionary rate s of gains and losse s of traits to be  
e qual, and one  allow ing se parate  rate s of ch ange , h e nce  fitting one  rate  of ch ange  for 
gains of traits (forw ard rate ) and one  rate  for losse s of traits (back w ard rate ). I 
applie d th e  m ode ls to tw o discre te  classifications of social organiz ations; one  b inary, 
in  w h ich  spe cie s w e re  re garde d as e ith e r solitary or non-solitary, and one  m ultistate . 
In th e  b inary classification, I classe d a spe cie s as solitary if only th e  m oth e r is 
pre se nt at th e  tim e  of pare ntal care , and as non-solitary if any e vide nce  th at any 

Figure  1. Sch e m atic picture  of (A) th e  traditional m ode l of social e volution in  carnivore s, base d on 
dire ctional se le ction from  a solitary base line  and (B) an alte rnative  m ode l, base d on radiation from  a 
fle xible  base line .
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form s of groupings h as occurre d. In th e  m ultistate  classification, I use d th e  
pre viously de scribe d de fin ition for solitary spe cie s, but classe d spe cie s as pair living 
if both  pare nts are  pre se nt and as group living if m ore  th an one  adult fe m ale  or if 
m ore  th an tw o adults are  pre se nt. I furth e r incorporate d social fle xib ility as a 
spe cific trait by classing spe cie s th at e xh ib it m ore  th an one  of th e  pre vious classe s as 
fle xible .

Tw o-rate  m axim um  lik e lih ood m ode ls provide d significantly be tte r fit th an 
one -rate  m ode ls. One -rate  m ode ls faile d to provide  support for ance stral state s for 
e ith e r th e  b inary or th e  m ultistate  classification. H ow e ve r, a tw o-rate  m ode l provide d 
firm  support for a solitary ance stor if a b inary classification w as use d (Fig 2a), 
alth ough  it faile d to provide  support for any ance stral state  using th e  m ultistate  
classification (Fig 2b). Furth e r, tw o-rate  m ode ls e stim ate d forw ard rate  of ch ange  to 
be  substantially h igh e r th at back w ards. H e nce , ph yloge ne tic re construction ge ne rally 
supporte d th e  pre diction of dire ctional se le ction.

Social crow ding and its conse que nce s for re productive  succe ss 
am ong captive  w olve rine s (Pape r II)

Unde r th e  dire ctional se le ction m ode l, socially re late d traits can be  pre dicte d to be  
fixe d, so th at anim als sh ow  fe w  te nde ncie s to adapt to nove l social e nvironm e nts. In 
solitary spe cie s, th is could include  h igh  le ve ls of aggre ssion and stre ss w h e n  
subordinate s are  unable  to e scape  dire ct pre se nce  of dom inant individuals. Th e  
radiation m ode l, on th e  oth e r h and, assum e s social te nde ncie s in  m ost spe cie s. Many 
of th e  b e h avioral and ph ysiological traits found in  com ple x social socie tie s m igh t th e n  
b e  pre se nt in  le ss w e ll-de ve lope d form s e ve n in  solitary spe cie s. Th e se  traits can, in  
th at case , b e  re garde d as re action norm s th at m ay be  m odulate d by th e  social 
e nvironm e nt. 

Figure  2. Ph yloge ne tic tre e s of Carnivora, collapse d to fam ily le ve l, w ith  th e  ance stral state  of social 
organisations trace d w ith  a tw o-rate  m axim um  lik e lih ood m ode l and a b inary classification of social 
organiz ations (A), and a m ultistate  classification of social organiz ations (B). Each  node  in  th e  tre e s is 
re pre se nte d by a bar graph  sh ow ing th e  proportion of total lik e lih ood for e ach  class of social 
organisations. A h igh e r proportional lik e lih ood for a class indicate s a h igh e r probability th at th at class 
w as ance stral at th at node . A lik e lih ood ratio of 7.4:1 approxim ate s a 9 5 % confide nce  support for a 
re constructe d state . Th e  re construction using a b inary classification and a tw o-rate  m ode l (A) provide d 
statistical support for th e  ance stral state  of social organisations (1011:1).

(A) (B)
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Re productive  suppre ssion of socially subordinate  individuals is com m only 
found am ong group living m am m als (W asse r and Barash  19 83; Je nnions and 
Macdonald 19 9 4), and is ge ne rally cause d by ph ysiological m e ch anism s th at disrupt 
th e  e ndocrine  e ve nts th at control ovulation, im plantation, or e stablish e d pre gnancie s 
(Cre e l 19 9 6; Faulk e s and Abbott 19 9 7; H ack lände r e t al. 2003). Re productive  
suppre ssion is rare ly obse rve d in  solitary socie tie s and is in  som e  case s assum e d to be  
abse nt (e .g. Cre e l and Macdonald 19 9 2). H ow e ve r, in  de nse  aggre gations th e  
possib ility for dom inant individuals to inte rrupt subordinate  bre e ding incre ase s. If a 
social rank  h ie rarch y is e stablish e d, one  could th e re fore  pre dict th at th is w ill be  
re fle cte d in  re productive  succe ss of individual fe m ale s. From  th e  standpoint of 
subordinate  re productive  failure , one  of tw o sce narios can th e n  b e  pre dicte d. If th e  
anim als sh ow  no pre -adaptations to live  in  close  proxim ity to dom inant individuals, 
one  w ould e xpe ct an e le vate d stre ss re sponse  th at inh ib its re productive  function. If, 
on th e  oth e r h and, th e  ph ysiological m e ch anism s th at m e diate  suppre ssion involve s 
b e h avioral or ph ysiological traits th at can be  m odulate d by th e  social e nvironm e nt, 
one  w ould e xpe ct m e ch anism s of re productive  failure  to be  sim ilar in  both  solitary 
and group living spe cie s. 

In pape r II w e  use d b e h avioral and e ndocrine  data from  captive  fe m ale  
w olve rine s to e xplore  corre late s to re productive  failure  am ong fe m ale s e xpe rie ncing a 
crow de d social e nvironm e nt. W e  te ste d th re e  spe cific pre dictions ge ne rate d by th e  
dire ctional se le ction m ode l: (i) anim als w ill be  badly e quippe d b e h aviorally to social 
aggre gations and w ill sh ow  h igh  aggre ssion rate s, (ii) fe m ale s w ill e ith e r sh ow  a 

Figure  3: Profile s of fe cal proge ste rone  (µg / g dry fe ce s) and fe cal e stroge ns (ng / g dry fe ce s) during 
th e  pe riod of true  ge station for succe ssful (A, B) and unsucce ssful (C, D) bre e ding atte m pts of captive  
w olve rine  fe m ale s, as w e ll as one  unsucce ssful bre e ding atte m pt (E, F) th at sh ow e d no signs of ovarian 
activity at tim e  of e xpe cte d im plantation.
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strong rank  h ie rarch y w ith  one  fe m ale  m onopoliz ing re production, or th e re  w ill be  no 
socially re late d diffe re nce  in  re production am ong fe m ale s at all, (iii) if socially 
induce d re productive  failure  occurs, it w ill be  cause d by e le vate d le ve ls of stre ss 
h orm one s in  subordinate  fe m ale s th at suppre ss re productive  function. 

Be h aviorally, th e  e nclose d w olve rine  fe m ale s sh ow e d low  le ve ls of aggre ssion 
and inte rm e diate  le ve ls of social be h avior, and re productive  failure  se e m e d to h ave  
be e n  re late d to low  social rank . H ow e ve r, none  of th e  fe m ale s m anage d to totally 
m onopoliz e  re production. Se x h orm one s ge ne rally did not distinguish  b e tw e e n  
succe ssful and unsucce ssful bre e ding, w ith  one  e xce ption (Fig. 3a-f). W e  conclude d 
th at re productive  failure  se e m e d to h ave  occure d b e tw e e n  ovulation and 
im plantation. Re productive  failure  w as not de te ctably re late d to an incre ase  in  
glucocorticoid stre ss h orm one s. Rath e r, e le vate d glucocorticoid le ve ls during th e  
m ating se ason w e re  associate d w ith  succe ssful re production (Fig. 4). Re sults from  
th e se  captive  aggre gations th us indicate  th at w olve rine  fe m ale s m ay h ave  late nt 
social te nde ncie s, and th at th e y m ay posse ss b e h avioral and ph ysiological traits th at 
can be  m odulate d by th e  social e nvironm e nt. Th is concurs w ith  th e  radiation m ode l of 
carnivore  social e volution, rath e r th an w ith  dire ctional se le ction.

Figure  4: Fe cal corticoste rone  le ve ls during m ating, e m bryonic diapause  and ge station in  succe ssful 
and unsucce ssful bre e ding atte m pts by captive  fe m ale  w olve rine s. Th e  diffe re nce  b e tw e e n  succe ssful 
and unsucce ssful bre e de rs is statistically significant during th e  m ating se ason (p = 0.048), but not 
during e ith e r th e  diapause  or ge station (diapause : p = 0.47; ge station: p = 0.48).  

R e source  utiliz ation and dispe rsal of w olve rine s in north w e st 
Alask a 

Re source  utilization (Pape r III an IV)

Macdonald (19 83) argue d th at re source  distribution is th e  ce ntral factor de te rm ining 
carnivore  spatial organiz ation. Inde e d, th e  spatio-te m poral distribution of prim arily 
food re source s se e m s to be  one  of th e  m ost im portant factors for spacing patte rns in  
carnivore s (Sande ll 19 89 ), alth ough  oth e r factors such  as body siz e  and e cological 
com ple xity m ay also be  im portant (Be k off e t al. 19 84; Gittle m an 19 89 ). H e nce , a firm  
unde rstanding of utiliz ation, availability and distribution of critical re source s m ust 
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be  th e  basis for any re se arch  on spatial distribution and sociality in  carnivore s. 
Traditional m e th ods of analyz ing carnivore  die ts, i.e . analyse s of conte nt in  

stom ach s and fe ce s, m ay be  prone  to sh ortcom ings associate d w ith  non-random  
sam ple s w ith  in h e re nt pse udore plication (Re ynolds and Ae b ish e r 19 9 1; De b  19 9 7; 
Darim ont and Re im ch e n  2002).  Furth e r, obse rvation on pre dation e ve nts (e ith e r 
dire ct or th rough  snow -track ing), carcasse s for stom ach  conte nts or fe cal droppings 
are  ofte n difficult to obtain ye ar round for large  carnivore s in  bore al or arctic are as. 
For carnivore s fe e ding on pre y w ith  se asonal variation in  availability, th e re  is 
h ow e ve r a ne e d to unde rstand die tary patte rns for all se asons, not only th e  one s for 
w h ich  data is e asy to colle ct (w h ich  norm ally is during th e  w inte r).

In re ce nt ye ars, analyse s of stable  isotope s h ave  sh ow n to be  a pow e rful 
com ple m e nt to traditional die t analyse s (H obson 19 9 9 ; Ke lly 2000).  Particularly, 
since  stable  isotope s re fle ct th e  accum ulate d die t ove r tim e  w indow s spe cific to th e  
m e asure d tissue s m e tabolic rate s, th e y can be  use d to addre ss que stions re late d to 
diffe re nt tim e  scale s th an w h at is possible  using traditional analyse s. In pape r III w e  
sugge ste d th re e  diffe re nt w ays to utiliz e  inform ation in  stable  isotope s to re solve  
te m poral variation in  die ts. Th e  m ost straigh tforw ard approach  is to com pare  sam ple s 
from  th e  sam e  type  of tissue  th at h as b e e n  colle cte d ove r tim e  (Fig 5a). Th is approach  
is suite d to addre ss e ith e r long or sh ort-te rm  die tary variation, de pe nding on sam ple  
re gim e  and w h ich  tissue  th at is sam ple d. Se cond, one  can com pare  tissue s w ith  
diffe re nt m e tabolic rate s. Since  th e  e le m e nts in  a give n tissue  re fle ct die t during tim e  
spans spe cific to its m e tabolic rate , tissue s w ith  diffe re nt m e tabolic rate s w ill re fle ct 
die tary re cords ove r diffe re nt pe riods (Fig 5b). Th ird, com parisons of se ctions from  
tissue s w ith  progre ssive  grow th , such  as h air, fe ath e rs, claw s and te e th , w ill re ve al 
te m poral variation since  th e se  tissue s w ill re tain isotopic value s in  a ch ronological 
orde r (Fig 5c). 

Figure  5. Th re e  diffe re nt w ays of utiliz ing stable  isotope s in  anim al tissue s to re solve  te m poral die t 
variation (black  boxe s re fle ct m e asure d tissue ); (A) com paring sam ple s of th e  sam e  type  of tissue s 
colle cte d re pe ate dly ove r tim e , (B) com paring tissue s w ith  diffe re nt m e tabolic rate s, w h ich  m e ans th at 
th e y w ill re fle ct source  isotope s ove r diffe re nt tim e  spans, and (C) com paring se gm e nts of tissue s w ith  
progre ssive  grow th , such  as h air, claw s or te e th .
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Figure  6. Die tary im portance  of caribou (A, B) and m oose  (C, D), e xpre sse d as pe rce nt of dry stom ach  
conte nt, in  re lation to annual pre se nce  and m ortality of caribou from  19 9 6-2000. None  of th e  
re lationsh ips are  significant, but th e re  w e re  tre nds for ne gative  line ar re lationsh ips b e tw e e n  die tary 
im portance  of m oose  and both  caribou pre se nce  (p = 0.107) and m ortality (p = 0.178).

In pape r IV w e  com bine d analysis of stom ach  conte nt w ith  analyse s of th e  
stable  isotope s 13C and 15N in w olve rine  m uscle  and collage n to inve stigate  annual 
and se asonal variation in  w olve rine  die ts w ith in  th e  m igratory range  of th e  W e ste rn 
Arctic Caribou H e rd in  north w e ste rn Alask a. W e  com pare d 13C and 15N  value s in  
sk e le tal m uscle s colle cte d re pe ate dly ove r se ve ral w inte rs in  com bination w ith  
analyse s of stom ach  conte nt to inve stigate  annual variation in  die t, and com pare d 
13C and  15N value s in  m uscle  and collage n colle cte d from  th e  sam e  anim als to 
inve stigate  se asonal die t patte rns. W e  de rive d th e  sam ple s from  w olve rine s le gally 
h arve ste d in  th e  drainage s of Kobuk  and Noatak  rive rs.  

As pre dicte d from  pre vious studie s on fe e ding e cology of w olve rine s, large  
ungulate s dom inate d th e  die t during w inte r. W olve rine s appe are d to be h ave  lik e  
spe cialist forage rs on caribou, w h ich  com pe nsate d for a de cre ase d intak e  of caribou 
w ith  an incre ase d intak e  of m oose  (Fig 6a-d). H ow e ve r, stable  isotope  analyse s of 
m uscle  and collage n indicate d a se asonal die t sh ift be tw e e n  w inte r and sum m e r. Th is 
sh ift se e m e d to be  from  a die t dom inate d by caribou in  w inte r to an incre ase d 
utiliz ation of oth e r te rre strial h e rb ivore s, such  as m oose , m icrotine  rode nts, or arctic 
ground squirre ls, during sum m e r (Fig 7). H e nce , th e  w olve rine s in  Noatak  and 
Kobuk  drainage s se e m e d to follow  th e  ge ne ral patte rn am ong studie d w olve rine  
populations, and live  as large ly ungulate -de pe nde nt scave nge rs, albe it se asonally 
probably de pe nding on sm alle r pre y.
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Figure  7. Nine ty-five  % confide nce  lim its for e stim ate s of δ13C and δ15N for w olve rine  sum m e r and 
w inte r die ts and ave rage  value s for pote ntial pre y spe cie s. Moose  and caribou value s re fle ct m uscle  
sam ple s from  anim als h arve ste d w ith in  th e  study are a, w h ile  value s for oth e r pote ntial pre y spe cie s 
are  tak e n  from  lite rature  (se e  pape r III). Estim ate s of w olve rine  w inte r die ts are  base d on w olve rine  
m uscle  sam ple s corre cte d for isotopic fractionation and e stim ate s of w olve rine  sum m e r die ts are  
calculate d from  w olve rine  collage n, corre cte d for isotopic fractionation, w h e re  th e  signature s for w inte r 
die ts h ave  be e n  e xtracte d. 

Sex-specific d ispe rsal patte rns (Pape r V)

Patte rns of natal dispe rsal, and particularly of se xual asym m e try in  dispe rsal, are  
intrinsically link e d to th e  spatial structure s and social organiz ations of anim al 
socie tie s, as w e ll as to local re source  distribution and re source  utiliz ation (Ch e pk o-
Sade  and H alpin 19 87; Clobe rt e t al. 2001).  In polygynous m am m als, dispe rsal is 
pre dicte d to be  m ale -b iase d due  to b iase s in  re source  com pe tition be tw e e n  m ale s and 
fe m ale s (Gre e nw ood 19 80).  If m ale  fitne ss is de te rm ine d by m ating succe ss and 
fe m ale  fitne ss by re source  availability (w h ich  h as b e e n  sh ow n in  e m pirical studie s of 
polygynous m am m als, e .g. Clutton-Brock  19 88), th e  am plitude  of se xual asym m e try 
in  dispe rsal can be  pre dicte d to incre ase  w ith  an incre asing le ve l of m ate  com pe tition 
in  re lation to re source  com pe tition (Pe rrin  and Maz alov 19 9 9 ). Alth ough  ne ith e r 
re source  com pe tition nor m ate  com pe tition dire ctly h as b e e n  quantifie d for w ild 
w olve rine  populations, re ce nt data sugge sting h igh  rate s of m ale  infanticide  (Pe rsson 
e t al. 2003) indicate  th at m ale  m ating com pe tition m igh t be  conside rable . H e nce , w e  
could pre dict th at dispe rsal am ong w olve rine s sh ould be  m ale  b iase d.

H ow e ve r, re ce nt studie s h ave  provide d uncle ar re sults re garding se x b iase s in  
w olve rine  dispe rsal patte rns. Using dire ct obse rvations on radio tagge d anim als in  
Scandinavia, Vange n e t al. (2001) sugge ste d th at m ale s m ay dispe rse  m ore  fre que ntly 
th an fe m ale s and th at fe m ale s m ay de lay th e ir dispe rsal re lative  to m ale s. Th e y did 
not, h ow e ve r, find any se x diffe re nce s in  te rm s of dispe rsal distance s. Using 
population ge ne tic m e th ods, Ce ge lsk i e t al. (2003) found inconsiste nt re sults re late d 
to se x-b iase d dispe rsal in w olve rine s from  Montana, USA.  Th e y found th at tw o 
se parate  m e asure s of population diffe re ntiation diffe re d for m ale s and fe m ale s, both  
supporting m ale  b ias in  dispe rsal, but th at a th ird approach  faile d to provide  support 
for any se x diffe re nce s in  dispe rsal patte rns. Furth e r, both  W ilson e t al. (2000) and 
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Tom asik  and Cook  (2005) found re lative ly strong e vide nce  for ge ne tic population 
diffe re ntiation using m ate rnally inh e rite d m tDNA. Th e se  re sults h ave , h ow e ve r, b e e n  
contradicte d by analyse s of b ipare ntally inh e rite d m icrosate llite  m ark e rs (Kyle  and 
Strobe ck  2001). One  possible  e xplanation for th is contradiction could be  fe m ale  
ph ilopatry, w h ich  w ould re sult in  stronge r population diffe re ntiation for m ate rnally 
inh e rite d m ark e rs (Avise  2004). Ch appe ll e t al. (2004) supporte d th is vie w  by 
analyz ing both  m itocondrial and nucle ar m ark e rs sim ultane ously for Canadian 
w olve rine s.

Alth ough  m ale  b iase d dispe rsal and fe m ale  ph ilopatry is com m on in  group-
living carnivore s, such  as African lions (Path e ra leo; Pack e r and Puse y 19 9 3), gre y 
w olve s (Canis lupus; Pe te rson e t al. 19 84), and m e e rk ats (Suricata suricatta; Doolan and 
Macdonald 19 9 6), e m pirical e vide nce  for its occurre nce  in  solitary spe cie s is re lative ly 
sparse . Long-te rm  m onitoring program s h ave  found dire ct e vide nce  for fe m ale  
ph ilopatry in  Be ngal tige rs (Panth e ra tigris) (Sm ith  and Macdougal 19 9 1), 
Scandinavian brow n be ars (Sw e nson e t al. 19 9 8) and Am e rican black  b e ars (Ursus 
am e ricanus) (Roge rs 19 87). H ow e ve r, studie s lik e  th e se  are  e xpe nsive  and h ave  to be  
m aintaine d ove r se ve ral ye ars or e ve n de ce nnia (Sm ith  and Macdougal 19 9 1). 
Furth e r, dire ct obse rvations of dispe rsal e ve nts are  prone  to m e th odological proble m s 
(Koe nig e t al. 19 9 6), w h ich  is acce ntuate d in  spe cie s th at dispe rse  ove r large  
distance s such  as m ost solitary carnivore s. Th e  re ce nt e xplosion in  th e  acce ssib ility of 
h igh -re solution ge ne tic data offe rs a pote ntially pow e rful and se ductive  alte rnative  
(Mossm an and W ase r 19 9 9 ; Goude t e t al. 2002).  

Th is far, th re e  type s of analyse s h ave  be e n  use d to infe r se x b iase s in  dispe rsal 
from  ge ne tic data. First, m e asure s of population diffe re ntiation, such  as Fst value s, 
h ave  b e e n  com pare d b e tw e e n  m ale s and fe m ale s (Goude t e t al. 2002). If one  se x sh ow s 
gre ate r dispe rsal te nde ncie s, indice s of population diffe re ntiation sh ould be  low e r for 
th is se x th an th e  ph ilopatric se x. Se cond, Favre  e t al. (19 9 7) sugge ste d th at if one  se x 
dispe rse s m ore  th an th e  oth e r, individuals of th is se x sh ould, on ave rage , h ave  rare r 
alle le s in  th e  population in  w h ich  th e y are  found th an th e  ph ilopatric se x (providing 
individuals h ave  be e n  sam ple d post dispe rsal). Th e y provide d a m e th od to quantify 
th is by calculating an assignm e nt inde x (AIc) th at re fle cts th e  probability th at a 
spe cific ge notype  h as originate d in  th e  population in  w h ich  it w as sam ple d. In th e  

Figure  8. Re sults from  tw o m e th ods of te sting se x b iase d dispe rsal in Alask a w olve rine s using 
ge ne tic data. Th e re  w e re  no diffe re nce s in  assignm e nt indice s b e tw e e n  m ale s and fe m ale s, ne ith e r in  
te rm s of m e an inde x value s nor in  te rm s of variance  (A). Furth e r, th e re  w e re  no re lationsh ip b e tw e e n  
ge ne tic re late dne ss and ph ysical distance  b e tw e e n  h arve ste d individuals, ne ith e r for subadult fe m ale s, 
subadult m ale s, adult fe m ale s nor adult m ale s (B).

(A) (B)
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case  of se x b iase d dispe rsal, th e  AIc value s of th e  dispe rsing se x sh ould be  ne gative ly 
sk e w e d com pare d to th e  AIc value s of th e  ph ilopatric se x. Furth e r, since  individuals 
of th e  dispe rsing se x w ill include  both  re side nts and im m igrants, th e  variance  of 
assignm e nt indice s sh ould be  h igh e r for th e  dispe rsing th an th e  ph ilopatric se x 
(Mossm an and W ase r 19 9 9 ). Th ird, th e re  sh ould be  a stronge r corre lation be tw e e n  
th e  ge ne tic and ph ysical distance  b e tw e e n  pairs of individuals from  th e  ph ilopatric 
se x com pare d to th e  dispe rsing se x (Prugnolle  and de  Me e us 2002). 

In pape r V, w e  utiliz e d th e  AIc base d m e th od as w e ll as th e  approach  re lating 
ge ne tic and ph ysical distance  to te st th e  pre diction of m ale  b iase d dispe rsal in 
w olve rine s from  th e  sam e  population in  Brook s Range  th at I pre viously h ave  
de scribe d die t use  for. Ne ith e r of th e  tw o ge ne tic m e th ods provide d support for se xual 
asym m e try in  dispe rsal te nde ncie s, ne ith e r in  te rm s of age  of dispe rsal, fre que ncy of 
dispe rsal, nor dispe rsal distance s (Fig 8a-b).  Th is study th us adds to th e  inconsiste nt 
picture  re garding se x-b iase d dispe rsal in w olve rine s, w e re  som e  studie s h ave  
supporte d m ale  b iase d dispe rsal w h ile  oth e rs h ave  not. 

Discussion

Ph ylogenetic h istory and evolution of sociality in Carnivora

Th e  ph yloge ne tic re construction pre se nte d in  pape r I supporte d a dire ctional 
se le ction from  a solitary ance stry, if a tw o-rate  m ode l and a b inary classification of 
social organiz ations w as use d. Th e  failure  of providing support for an ance stor using 
th e  m ultistate  classification could be  cause d by a de cre ase d pow e r by a large r num be r 
of e stim ate d param e te rs. H ow e ve r, for both  th e  b inary and th e  m ultistate  
classification, th e  tw o-param e te r m ode ls pe rform e d b e tte r th an th e  one -param e te r 
one s. Furth e r, th e  tw o-rate  m ode l e stim ate d a faste r forw ard rate  of ch ange  th an 
back w ard, both  for th e  b inary and m ultistate  classifications. Th is agre e s w ith  a 
dire ctional se le ction approach , w h e re  re ve rsal of e volve d traits can be  e xpe cte d to be  
rare  (Futuym a 19 9 8).

Th e  dire ctional se le ction m ode l re gard a solitary life  as a ph yloge ne tic le gacy 
th at pe rsists in  spe cie s th at h as not be e n  e xpose d to se le ction pre ssure s to de ve lop 
pair or group living. H ow e ve r, th e re  is e vide nce  th at a solitary life  m ay ge ne rate  
spe cific adaptations, such  as induce d ovulation (Larie vie re  and Fe rguson 2003), 
indicating th at m ainte nance  of solitary social structure s m ay h ave  be e n  unde r active  
se le ction. Furth e r, alth ough  it is ge ne rally assum e d th at re source  distribution 
dictate s th e  le ve l of sociality for m ost carnivore  spe cie s (Joh nson e t al. 2002), studie s 
spe cifically te sting w h e th e r th e  le ve l of sociality is constraine d by re source s are  rare . 

In pape r II, th e  study of captive  w olve rine  fe m ale s contradicte d th e  pre dictions 
give n by th e  dire ctional se le ction m ode l. Am ong th e se  fe m ale s, re productive  failure  
w as not re late d to an e ndocrine  stre ss re sponse , fe m ale s did not sh ow  h igh  le ve ls of 
aggre ssion, and alth ough  re productive  succe ss appe are d to be  re late d to social rank  
none  of th e  fe m ale s m anage d to m onopoliz e  bre e ding e ntire ly. H e nce , w h e n  e cological 
constraints to aggre gate  w e re  re le ase d, th e se  fe m ale s sh ow e d rudim e ntary abilitie s to 
live  in  com ple x social groups.

Th e se  tw o fundam e ntally diffe re nt approach e s to te st pre dictions re garding th e  
e volutionary back ground of carnivore  sociality th us provide d contradicting re sults. 
Alth ough  a large  body of re se arch  h as focuse d on social e volution w ith in  Carnivora, 
little  or no atte ntion h as b e e n  give n to th e  unde rlying e volutionary th e ory th at h as 
b e e n  use d. Th e  contradicting re sults give n by th e se  studie s e m ph asiz e  th at w e  still 
h ave  no cle ar unde rstanding of h ow  diffe re nt social structure s de ve lope d, and from  
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w h at le ve l of sociality pre se nt carnivore s h ave  e volve d. I th us e ncourage  future  
re se arch  to te st e volutionary th e ory re garding carnivore  social e volution, and also to 
e xplore  ne w  ave nue s in  w h ich  pre se nt social organisations m igh t h ave  e volve d.

W h y are  w olverine s solitary?

Many carnivore  b iologists h ave  ask e d w h y anim als live  in  stable  social groups, and 
h ow  th e se  social units are  m aintaine d (se e  re vie w s in  Ew e r 19 73; Eise nbe rg 19 83; 
Gittle m an 19 89 ; Macdonald and Cre e l 19 9 2). H ow e ve r, th e re  is not an e qual am ount 
of studie s addre ssing w h y solitary spe cie s doe s not live  in  social groups. In th e  
studie s th at h ave  be e n  done , e xplanations can be  ge ne raliz e d into tw o cate gorie s; (i) 
anim als h as m aintaine d a solitary social organisation in  th e  lack  of se le ction 
pre ssure  to e volve  m ore  e laborate  social structure s, and (ii) re source  distribution 
ge ne rally pre ve nt anim als from  aggre gating. W h ile  th e  first e xplanation only is 
possible  unde r th e  dire ction se le ction m ode l, th e  se cond is possible  unde r th e  
radiation m ode l as w e ll. Th e  re sults in  th e  pape rs pre se nte d h e re  provide  at le ast 
crude  ab ilitie s to diffe re ntiate  b e tw e e n  th e se  tw o alte rnative s for w olve rine s.

Tw o m ain h ypoth e sis h ave  b e e n  provide d to e xplain h ow  critical re source s m ay 
induce  form ations of social groups; (i) coope rative  h unting ofte n incre ase s h unting 
succe ss of group living individuals (Cre e l and Cre e l 2002), and (ii) th e  de fe ndability 
of patch y re source s incre ase s if anim als aggre gate  and coope rate  in  de fe nding th e m  
(Macdonald 19 83). W olve rine s appe ar to de pe nd on large  ungulate s th rough out its 
range , including th e  population studie d in  pape r IV and V. In m any carnivore s 
fe e ding on large  ungulate s, coope rative  h unting groups h as b e e n  sugge ste d to 
incre ase  h unting succe ss ove r solitary h unte rs (se e  re vie w  in  Cre e l and Cre e l 2002). 
Th e re fore , it w ould be  re asonable  to postulate  th at w olve rine s could be ne fit from  
coope rative  h unting as w e ll. From  th e  basis of a fundam e ntal re source , it's m ain pre y, 
w olve rine s m ay th us live  unde r e cological conditions th at could favour form ation of 
social groups to incre ase  h unting succe ss.

H ow e ve r, w olve rine s m ainly se e m  to scave nge  carcasse s from  large  ungulate s, 
rath e r th an h unt th e m  dow n as pre y. Th is scave nging is lik e ly cause d by 
m orph ological constraints to h unt e fficie ntly. Since  m orph ological traits are  m ore  
h e ritable  th an be h avioral (Stirling e t al. 2002), it is lik e ly th at w olve rine s' 
e volutionary past constrain th e m  m orph ologically into an e cological nich e  as a 
scave nging ge ne ralist pre dator. In th is n ich e , th e  spatial distribution of re source s is 
not patch y e nough  to favour aggre gation to de fe nd th e m . W olve rine s also appe ar to 
cach e  food rath e r th an to stay and de fe nd a carcass, w h ich  w ould furth e r de cre ase  th e  
ne e d to aggre gate  to de fe nd food re source s. Th is w ould support th at w olve rine s 
m ainly live  a solitary life  due  to e cological constraints to aggre gate .

Th e ory pre dicts th at m ale  b iase d dispe rsal w ill de ve lop w h e n  th e  inte nsity of 
m ate  com pe tition (am ong m ale s) e xce e ds th e  inte nsity of local re source  com pe tition 
(am ong fe m ale s) (Dobson 19 82). Alth ough  diffe re nt studie s (sum m ariz e d in  pape r V) 
h ave  provide d som e w h at diffe re nt re sults re garding se x b ias in  dispe rsal am ong 
w olve rine s, none  h as provide d cle ar e vide nce  for a strong se xual asym m e try in  
dispe rsal te nde ncie s. Th e re fore , it can be  assum e d th at m ale  m ate  com pe tition is low  
or local re source  com pe tition am ong fe m ale s h igh . Studie s in  Scandinavia h ave  sh ow n 
th at fe m ale s appe ar to be  food lim ite d and th at m ale  infanticide , w h ich  usually 
occurs in  syste m s w ith  strong m ate  com pe tition (se e  Ebe nsbe rge r 19 9 8), is com m on 
(Pe rsson 2003; Pe rsson e t al. 2003). Both  of th e se  re sults indicate s th at th e  low  le ve l 
of se xual asym m e try in  w olve rine  dispe rsal probably is due  to a strong com pe tition 
for re source s am ong fe m ale s, rath e r th an by w e ak  m ate  com pe tition am ong m ale s. 

12
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Th is furth e r acce ntuate s th at re source s and e cological factors lik e ly dictate s th e  
social structure s am ong w olve rine s.

W h e n  e cological constraints to aggre gate  w e re  re le ase d, as in  pape r II, both  
b e h avioural and ph ysiological m e ch anism s in  w olve rine  fe m ale s appe are d to h ave  
be e n  m odulate d by th e  social e nvironm e nt. Alth ough  m any of th e  social te nde ncie s 
sh ow n during th e  study w as rudim e ntary com pare d to group living spe cie s, 
w olve rine s m ay carry both  b e h avioral and ph ysiological pre -adaptations to form  
diffe re nt social structure s in  w ild populations. Such  social fle xib ility is re lative ly 
com m on am ong carnivore s, for instance  in  badge rs (M ele s m ele s) (Re villa and 
Palom are s 2002) and se ve ral spe cie s of canids (Moe h lm an 19 89 ). H ow e ve r, m any of 
th e se  spe cie s are  m uch  m ore  ge ne ralistic in  th e ir fe e ding h ab its th an w olve rine s, and 
it is lik e ly th at th e  e cological nich e  as an ungulate  de pe nde nt scave nge r, in  
com bination w ith  low  re source  availability in  arctic and bore al are as, in h ib it social 
aggre gations of w olve rine s in  th e  w ild.

Conclusions

Ph yloge ne tic analyse s ge ne rally supporte d th at carnivore  social organiz ations e volve d 
th rough  dire ctional se le ction from  a solitary ance stor. H ow e ve r, re sults from  captive  
w olve rine  fe m ale s indicate  th at th e y h ave  rudim e ntary social te nde ncie s, w h ich  
rath e r support th at sociality in  carnivore s radiate d from  a socially fle xible  ance stry. 
W ild w olve rine s in  north w e st Alask a adh e re d to th e  com m only found e cological nich e  
as an ungulate  de pe nde nt ge ne ralist carnivore , and lack  of se x b ias in  dispe rsal 
te nde ncie s indicate s th at re source  com pe tition am ong w olve rine  fe m ale s w as h igh . I 
sugge st th at w olve rine s h ave  late nt abilitie s to aggre gate , but th at th e ir ph yloge ne tic 
le gacy in  te rm s of m orph ology h as constraine d th e m  into an e cological nich e  w h e re  
re source  abundance  and distribution ge ne rally inh ib its aggre gations. Due  to 
contradictory re sults, I sugge st furth e r re se arch  to te st e volutionary th e ory re garding 
carnivore  social e volution, and particularly to e xplore  ne w  ave nue s into social 
e volution th at be tte r e xplain intra-spe cific variation in  sociality, as w e ll as form ation 
and m ainte nance  of solitary social syste m s.
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Dale rum  2005

Ack now le dgm e nts

W h at you now  h old in  your h and is th e  e nd re sult of w h at undoubte dly be e n  th e  w orst 
m istak e  of m y life  th is far, m y de cision to go back  to Stock h olm  for th is Ph D. Quite  
se lfish ly, I h ave  be e n  rath e r th orn be tw e e n  b e ing e te rnally grate ful to all of you w h o 
e ncourage d m e  to start th is in  th e  first place , and w h o continue d to h e lp th rough  to 
th e  e nd, and outrigh t furious w ith  you for not trying to talk  m e  out of it inste ad. 
H ow e ve r, I re aliz e  th at you probably th ough t you acte d in  th e  b e st of inte re sts, so I 
h ave  to forgive  you. It’s b e e n  an inte re sting journe y, to say th e  le ast.

Mina (första) rum sk om pisar på z ootis, Je ppe , Ande rs, Lisa och  pinnarna 
h ar varit ovärde liga i att göra m ina pe riode r i Stock h olm  drägliga. De t h ar vart k ul 
h örrni; bolle n är rund, gubbar och  tant! Stjärnping på e r alla! Jag h ar tyvärr inte  
k am pe rat så länge  m e d vark e n  Carlos e lle r M arianne  (och  inte  alls m e d M arine ). 
Ni h ar e n  tung tradition att h ålla vid liv, m e n jag är säk e r på att ni b e m ästrar 
uppgifte n. H åll ge ttot le vande ! Ande rs Ange rbjörn försök te  få m ig att inse  att de t 
k ansk e  sk ulle  vara m indre  slitsam t att satsa på att bli forsk are  i ställe t för 
sk idåk are . H an h ade  fe l. Ande rs h ar unde r åre ns lopp visat e tt stoisk t tålam od för 
m ina alle h anda irrfärde r. Äve n om  vi h ar h aft (ibland grova) m e ningssk iljak ligh e te r 
så h ar h an alltid varit e tt stark t pe rsonligt stöd och  fullständigt förvirrat, m e n 
m e stade ls k re ativt, ide m ässigt bollplank . M agnus Tanne rfe ldt h ar pe riodvis varit 
e n  annan vik tig stötte pe lare , äve n om  vi inte  se tts så m yck e t. H an h ar dock  alltid 
funnits i bak grunde n och  läst m anus, ställt k onstiga frågor om  logistik  och  e rbjudit 
e n  de l m yck e t tre vliga och  tank e värda stunde r öve r dive rse  ölse jdlar (oftast till Stinas 
stora be låte nh e t, vad gör ni där i Gam la Stan e ge ntlige n?). Crille  W ik lund, 
förm odlige n h e lt ove tande  om  vad jag e ge ntlige n h ållit på m e d (h an är nog inte  de n  
e nda, in k lusive  m ig själv), h ar alltid stått m e d e n  nyutk om m e n CD i h ögsta h ugg när 
jag k om m it "h e m ". Birgitta Tullbe rg h ar glade lige n läst m anus och  se tt allm änt 
förundrad ut när jag k om m it dragande  på dive rse  bollar, k lätte rprylar och  
ryggsäck ar. De t är allde le s för lite  rosa trik åe r inom  forsk n inge n (för att inte  tala om  
le opardm önstrade  k alsonge r)! Uffe  Norbe rg var ovärde lig m e d te k n isk  h jälp i m ina 
första fum liga försök  att k om m a igång m e d Linux, och  h ar de ssutom  h aft m ode t 
(e lle r de n stora dum h e te n, it's a th in  line ) att k nyta in  sig i andra ändan av  våra 
k lätte rre p. Vid sidan av Uffe  h ar äve n Jonas Be rgström  vart e n  h ögt värde rad 
k lätte rk om pis, både  vid inne väggar och  på ute k lippor. H e nrik  Lange  h ar b istått 
m e d k ulinarisk a m iddagar, gulliga tim m e rstugor, fullständigt b indgalna h undar, 
trivsam m a jak tture r sam t tänk värda disk ussione r om  allt från k vinnors osannolik a 
obe räk ne rlige t till vilk e t tält som  bäst läm par sig för e xtre m a vinte re xpe ditione r 
(m e d e lle r utan h und). Je ns Pe rson h ar jag e ge ntlige n inte  se tt så m yck e t av unde r 
dom  h är åre n, m e n h an h ar stått som  e n  vik tigt e xe m pe l på att  b iologe r fak tisk t får 
h a glim te n k var i ögat, och  att de t går att bli fram gångsrik  som  forsk are  trots att 
m an h ar inse tt att sport re sultat är avse värt vik tigare  än all världe ns forsk n ing.

Jock e  Ah lgre n och  Jock e  Jacobson m e d re spe k tive  fam ilje r h ar se tt till de t 
funnits folk  utanfor forsk n inge n att k om m a tilbak a till, och  att de t i alla fall bitvis 
h ar funnits pe rspe k tiv på tillvaron. Ni h ar ock så blivit varnande   e xe m pe l på 
fam ilje live ts b e k väm ligh e te r (?) och  nöje n. M aj, Ke nne th , Joh anna och  M agnus 
h ar varit fasta h ållpunk te r i Falun, och  ock så b istått m e d prak tisk  bagage  förvaring, 
tvättinrättning och  logi.

Kyran Kunk e l h as acte d as m y assistant advisor and be e n  e xtre m e ly h e lpful, 
inspiring and supportive . Brad Sh ults and all th e  pe ople  at th e  National Park  
Se rvice  in  Kotz e bue , Alask a, de se rve  a b ig th ank s for le tting m e  do a m ajor part of 
th is w ork  th e re , and for actually fund m ost of th at re se arch . In addition to Brad, I am  
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e spe cially inde bte d to Dan Ste ve nson and Alfre n W e yw ana (re ally sorry 'bout th e  
spe lling Alfre d) for assistance  in  th e  fie ld, and to M ik e  Sch norr and M arle ne  W olf 
for h e lp w ith  logistics and all k inds of e ve ryday proble m s. Jim  R ood  provide d safe  
flying during long, and ve ry sle e p provok ing, radio-track ing h ours. Sorry, I just can't 
stay aw ak e .  Scott Cre e l ope nh e arte dly le t a com ple te  strange r com e  and le arn h ow  
to run e ndocrine  assays in  h is lab in  Boz e m an. Good luck  w ith  th e  sk iing! Audre y 
M agoun prove d to be  an unrivale d source  of inform ation about w olve rine  b iology. 
Dale  Pe de rse n, th ank s for le tting a m ad scie ntist-to-be  com e  and play w ith  your 
sw e e th e arts. Sarah  H all ge ne rously provide d m e  w ith  som e  h ard-e arne d data 
originally planne d for h e r m aste r’s th e sis. Particularly appre ciate d w h e n  all m y 
inte nde d fie ld re se arch  fe ll apart. Jane t Loxte rm an sk illfully did all th e  
m icrosate llite  w ork . Ple ase  fe e l h onore d, you are  th e  only one  m e ntione d h e re  th at I 
h ave n't actually m e t. Gill Te lford  de se rve s cre dit for, w e ll, just be ing th e re  for a 
little  w h ile . I also h ave  to th ank  Pe te r Jordan. Alth ough  not active ly involve d in  any 
of th is w ork , Pe te r h as during m y e ntire  profe ssional carrie r (sh ort as m ay be ) b e e n  
an e xce ptional frie nd and som e w h at of a m e ntor (and ve ry pe rsiste nt supplie r of 
dubious e -m ails, m ainly of m ore  or le ss X-rate d nature  –  ple ase  don't stop!). W ith out 
Pe te r, th is th e sis w ould m ost ce rtainly ne ve r h ave  be e n  w ritte n (w h ich  m ay or m ay 
not be  a good th ing, I le t you de cide ......)

I h ad m y final stint of w riting th is up unde r th e  bliste ring sun in  th e  Kalah ari 
De se rt of South  Africa. I m ust apologiz e  to all th e  m e e rk ats, e lands (you too w ill find 
a re al frie nd som e  day Eland!), squirre ls, tortoise s (bye , bye  De re k !), volunte e rs, 
profe ssors, crick e ts (I h ope  w e  m e e t again Frie nd! I'm  still h e artbrok e n), and 
stude nts at th e  Kalah ari Me e rk at proje ct. It w asn't fair to drop an ove r-stre sse d and 
disillusione d Scandinavian in  th e  m iddle  of you all. I am  truly sorry. 

I am  also in  de bt to Dr M ik e  Scantle bury and profe ssor Nige l Be nne t, both  
at th e  Mam m al Re se arch  Institute  in  Pre toria, South  Africa, for giving m e  an office  
de sk  (and a ve ry com fortable  m attre ss –  ch e e rs Mik e ) to e scape  to w h e ne ve r th e  
turm oil of th e  m e e rk at proje ct be cam e  to inte nse .

It costs m one y to do re se arch  on w olve rine s (e ve n if it large ly turn out to be  
unsucce ssful). Th rough  th e  ye ars, I h ave  re ce ive d financial support from  th e  US 
National Park  Se rvice , JA Ah lstrands m inne sfond, Stifte lse n Mary Franck e -
Gustafssons fond, Lars H ie rta's Minne , Stifte lse n Roland Nilssons stipe ndie fond and 
Sile ns fond. I ow e  you gre at gratitude .

Anyone  w h o fe e ls forgotte n, you sh ouldn't h ave  be e n . My m e m ory is not m y 
gre ate st asse t, ple ase  acce pt m y apologie s......

Fre ddy
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