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Abs t rac t :  The w idespread  c la im tha t  w o l f  p o p u l a t i o n s  can w i t h s t a n d  2 5 - 5 0 %  or  grea ter  a n n u a l  reduc t ions  
w i t h o u t  m a j o r  biological  consequences  is based  p r i m a r i l y  on  the observa t ion  t ha t  p o p u l a t i o n s  of ten main -  
ta in  their  s ize  f r o m  y e a r  to y e a r  as harves t  or  control  con t inues  or  recover  w i t h i n  a f e w  y e a r s  a f terward.  This 
emphas i s  on  n u m e r i c a l  s ta tus  over looks  the l i ke l ihood  o f  major ,  l inger ing impac t s  on  the size, number ,  stabil- 
ity, a n d  pers is tence  o f  f a m i l y - g r o u p  social  units,  on  reproductive,  hunt ing ,  a n d  terr i torial  behavior ,  on  the 
role o f  l earn ing  a n d  related tradit ions,  on  wi th in-  a n d  be tween-group  p a t t e r n s  o f  gene t ic  var ia t ion ,  a n d  on  
overal l  mor ta l i t y  rates. The t endency  o f  biologists a n d  agencies  in nor thern  Nor th  A m e r i c a  to p r o m o t e  u ,o l f  
harves ts  tha t  are  f o u r  to e ight  t imes  greater  t han  ungu la t e  harvests,  in accord w i th  the w o l f  versus  ungu la t e  
d i f ference in reproduct ive  rates b u t  contradic tory  to a b r o a d  a r r a y  o f  di f ferences  in  social  o r g a n i z a t i o n  a n d  
related behavior ,  is reason e n o u g h  to ques t ion  the logic o f  this p r e v a i l i n g  m a n a g e m e n t  view. True sus tained-  
y i e l d  m a n a g e m e n t  requires  more  emphas i s  on  qua l i ta t i ve  biological  f e a t u r e s  to d e t e r m i n e  the ex ten t  to 

wh ich  wolves  a n d  o ther  species w i th  evo lu t ionary  histories  as  p reda tor s  rather  t han  as p r e y  s h o u l d  be har-  
vested. Mos t  recent  gover nm en t - s pons or ed  w o l f  control  p r o g r a m s  a n d  proposals,  inc lud ing  s teri l izat ion,  relo- 
cation, a n d  "redirected" killing, h a v e  been based  on  ques t i onab le  c la ims  a b o u t  u n g u l a t e  or  Hvestock prob-  
lems  a n d  h a v e  no t  a d e q u a t e l y  cons idered  p o t e n t i a l  biological  costs (especially to the target  w o l f  popu la t ions ) ,  
benefits,  or  m a n a g e m e n t  al ternatives.  The high sent ience  o f  wolves  jus t i f i e s  over lapp ing  biological-ethical 
concerns  a b o u t  such  p r o g r a m s  a n d  especially a b o u t  the heavy,  ind iscr iminate ,  decept ively  repor ted  public" 

h u n t i n g  a n d  t rapp ing  o f  wolves  tha t  is current ly  p e r m i t t e d  t h r o u g h o u t  m o s t  o f  A laska  (U .S .A . ) - - i ndud ing  in 

n a t i o n a l  p a r k s - - a n d  elsewhere. 

Implicaciones Biologicas, Conservacionistas y Eticas de la Explotaci6n y Control de Labos 

R e s u m e n :  La a f i r m a c i 6 n  de que  las pob lac iones  de  lobos p u e d e n  sopor tar  reducciones  de 2 5 - 5 0 %  o m S s  sin 
consecuencias  biol6gicas m a y o r e s  se basa p r i n c i p a l m e n t e  en  la observaci  n de  que  las pob lac iones  ba jo  ex- 
p lo tac i6n  o control  a m e n u d o  m a n t i e n e n  su  t a m a ~ o  a g o  o se recuperan  pocos  a~os  despu~s. E1 ~nfasis en el 
es ta tus  num~r ico  p a s a  p o r  alto la pos ib i l i dad  de impac tos  m a y o r e s  sobre el t ama~o ,  el n ~ m e r o  y la estabil- 
i d a d  de  u n i d a d e s  sociales; sobre  la conduc ta  reproduct iva,  de  caceria y territorial; sobre  el p a p e l  del  apren-  
d i za je  y t radic iones  re lacionadas;  sobre  los p a t r o n e s  de  var iac i6n  gendt ica  in ter  e in tra  grupa les  y sobre las 
tasas de m o r t a l i d a d  en general.  La t endenc ia  de bi61ogos y agencias  en el norte  de Norte  Amdr i ca  de pro-  
m o v e r  sacrif icios de  Iobos 4-8 veces m ~s  al tas  que  de ungulados ,  de acuerdo  con las d i ferenc ias  de tasa repro- 
duc t ivas  pe ro  en  con trad icc i6n  con la al ta  g a m a  de d i ferencias  en  o rgan i zac i6n  social  y conduc ta  rela- 
c ionada,  es m o t i v o  suf ic iente  p a r a  cues t ionar  la lckqica de dsta v is i6n preva lec ien te  de manejo ,  el verdadero  
m a n e j o  sus ten tab le  requiere  de  m a y o r  ~nfasis en caracterist icas biol6gicas p a r a  d e t e r m i n a r  el grad() en  q u e  
el lobo y otras especies, con his tor ias  evo lu t i vas  como  depredadores  y no  presas,  deben  ser cosechados. Los 
p r o g r a m a s  y p r o p u e s t a s  g u b e r n a m e n t a l e s  m ~ s  recientes p a r a  el control  del lobo, i nc luyendo  esteri l izaci6n,  
relocaci6n y m u e r t e  "redirigida" se b a n  basado  en a f i rmac iones  cues t ionables  acerca de p r o b l e m a s  con un- 
gu lados  o g a n a d o  y no  h a n  cons iderado  a d e c u a d a m e n t e  los po tenc ia les  costos biol6gicos (espec ia lmente  
p a r a  las pob lac iones  de  lobos), n i  los benef ic ios  o a l t e rna t i vas  de mana jo .  La g r a n  sens ib i l ldad  de los lobos 
ju s t i f i ca  el t rans lape  de p reocupac iones  biol6gico-dticas acerca de tales p r o g r a m a s  espec ia lmente  acerca de la 
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intensa, indiscrimiinada y enga~osamente reportada caceria y trampeo de lobos que actualmente se permite 
en casi todo Alaska (EUA), incluyendo parques nacionales y otras regiones. 

Introduction 

Wildl i fe  scient is ts  and  managers  are fond  of  cal l ing Aldo 
Leopo ld  (1949) the  fa ther  o f  wildl ife  managemen t .  How- 
ever,  many  profess iona ls  ove r look  o r  ignore  one  of  his 
cent ra l  messages ,  as e m b o d i e d  in one  of  his mos t  fa- 
mous  quota t ions :  "A th ing  is r ight  w h e n  it t ends  to  pre- 
serve the  integri ty,  stability, and  beau ty  of  the  b io t ic  
commun i ty .  It is w r o n g  w h e n  it t ends  o therwise . "  I sug- 
gest  Leopo ld  saw a d is t inc t ion  b e t w e e n  t rue  sustained-  
y ie ld  managemen t ,  in w h i c h  wildl i fe  sys tems are har- 
ves t ed  on ly  se lec t ive ly  in a w a y  that  t r ies  to ensure  the i r  
under ly ing  s t ructura l  and  func t iona l  integri ty,  and  w h a t  
I w o u l d  refer  to as "farming" of  these  systems.  

T w o  basic  tene ts  of  the  prevai l ing  farming a p p r o a c h  
are that  (1) vir tual ly all ma jo r  wildl i fe  popu la t i ons / spe -  
cies  can  and  should  be  harves ted ,  and  (2) many  of  t h e m  
can  be  ha rves t ed  to the i r  full r ep roduc t i ve  po ten t i a l  ( to 
the  l imit  of  ne t  annual  i nc r emen t s  for  ungula tes  and  cer- 
tain o thers )  on  a more  or  less con t inu ing  basis. 

In this  paper ,  I examine  one  app l i ca t ion  of  this  think- 
ing w i th  regard  to the  m a n a g e m e n t  of  wo lves  (Canis lu- 
pus) .  I ques t ion  the  preva i l ing  w a y  impac t s  of  harves t ing  
( hun t i ng / t r app ing )  and con t ro l  r educ t ions  are evalua ted  
and  suggest  that  m u c h  more  emphas i s  shou ld  be  given 
to the  qual i ta t ive fea tures  of  wo l f  biology.  I t hen  pro-  
pose  a genera l  f r a m e w o r k  for  de t e rmin ing  the  relat ive 
ex t en t  to w h i c h  wo lves  and o t h e r  spec ies  should  be  har- 
ves ted ,  ba sed  on  the i r  evo lu t ionary  h is tor ies  and social- 
ity, and  for  adap t ing  harves t  pol ic ies  to o the r  natura l  pat- 
terns  and processes .  I end  wi th  some  though t s  abou t  the  
direct ion of  wol f  conservat ion ~md the ethics of  wolf  killing. 

Biological Impacts and Wolf Social Organization 

W o l f  biologis ts  and  wildl i fe  agencies  regular ly  assume 
n o r t h e r n  w o l f  p o p u l a t i o n s  can be  ha rves ted  at ongo ing  
annum rates  o f  up  to 25-50%; o r  can  w i th s t and  shorter-  
t e rm con t ro l  p r o g r a m s  of  u p  to  80-90% w i t h o u t  signifi- 
cant  b io logica l  impac t  (Elliot 1982; Kei th  1983; Pe te r son  
et  al. 1984; Ballard et  al. 1987, 1991; Alaska D e p a r t m e n t  
o f  Fish and Game  1989, 1991a,  1991b, 1992a,  1992b, 
1992c, 1995c; Mech  1970, 1991, 1994; Gasaway  et  al. 
1992; Boert je  et  al. 1995; J. Morehead  le t te r  10 January  
1992 to D. Kel leyhouse ,  Nat ional  Park Service files, An- 
chorage) .  

"Biological impac t"  is typica l ly  de f ined  solely in t e rms  
of  numer ica l  status: The  impac t  is c o n s i d e r e d  negl igible  
if the  w o l f  p o p u l a t i o n  e i the r  mainta ins  o r  soon  r ecove r s  

to  abou t  the  same size. Much  the  same s tandard  is ap- 
p l ied  u n d e r  the  Endangered  Species  Act in judging  
w h e t h e r  o r  no t  wo lves  and o t h e r  spec ies  are biological ly  
t h r e a t e ne d  or  endangered .  Little more  than  the  n u m b e r  
of  animals  is cons ide red ,  and  some t imes  no t  even  this 
s tandard  is ma in ta ined  (Tear  et  al. 1993). 

R e c o m m e n d e d  harves t  levels for  wo lves  are com- 
mon ly  four  to e ight  t imes  h igher  than  for  mos t  ungula te  
and o t h e r  popu la t i ons  s imply  because  wo lves  have a 
h igher  r e p roduc t i ve  capabi l i ty .  An app l i ca t ion  o f  this 
th inking,  w i th  regard  to the  a l leged  relat ive b io logica l  
cos ts  of  wo l f  con t ro l  versus  bea r  control ,  is i l lustrated in 
a r ecen t  w o l f  con t ro l  p r o p o s a l  f rom Alaska (Alaska De- 
p a r t m e n t  o f  Fish and Game  1995a: 2, 1995b: 8): 

• . . unlike wolves ,  bears  have  very  low r ep roduc t ive  
rates, mak ing  t h e m  vulnerable  to ove rha rves t  and m u c h  
s lower  to recover•  Thus,  w e  should  r e d u c e  bea r  preda-  
t ion only if decreas ing  p reda t ion  by wo lves  does  not  in- 
c rease  calf survival. 

In Alaska (U.S.A.), wo lves  can  be  h u n t e d  and t r a p p e d  
for a lmost  9 mon ths  a y e a r - - 1 0  Augus t -30  Apri l  in mos t  
areas, inc luding  wi th in  mos t  o f  the  nat ional  pa rk  areas 
and nat ional  wildl i fe  refuges  (Alaska Board of  Game  
1995; Federa l  Subsis tence  Board 1995; Haber  1992, 
1995a).  Wol f  pe l t s  are c ons ide r e d  a lmost  wor th l e s s  unti l  
late fall or  winter ,  and  f ew  if any hun te r s  eat  w o l f  meat;  
never the less  bo th  the  spor t  and "subsis tence"  wo l f  hunt-  
ing seasons  beg in  on  10 August  to co inc ide  w i th  the  
o p e n i n g  of  the  ca r ibou  and s h e e p  hun t ing  seasons  to 
max imize  the  po ten t ia l  kill o f  wo lves  via inc identa l  en- 
counters .  Annual  hun t ing  limits genera l ly  range f rom 5 
to  15 wo lves  p e r  hunter .  Some areas, inc luding  abou t  
half  of  the  Arct ic  Nat ional  Wildl i fe  Refuge, have no  hunt-  
ing limit. The  t r app ing  season e x t e nds  f rom 15 O c t o b e r  
or  1 N o v e m b e r  t h rough  March or  April.  There  is no  l imit  
to the  n u m b e r  of  wo lves  that  may  be  taken  w i th  a trap- 
p ing  l icense,  w h i c h  a l lows many  m e t h o d s  o f  kill ing (ac- 
tual t r app ing  is no t  r equ i r ed  e x c e p t  in pa rk  areas),  in- 
c lud ing  wi th  the  use  of  semi-automat ic  assault  rifles, 
airplanes,  and  snowmach ines .  Saturat ion snar ing is a 
c o m m o n  t r app ing  me thod :  wi re  snares  are set vir tual ly 
in walls,  by  the  dozens  p e r  site, at n u m e r o u s  brushy,  
ba i ted  si tes a long wel l -used t ravel  routes .  

There  are  no res t r ic t ions ,  inc luding  in most  of  the  na- 
t ional  pa rk  areas, against  kil l ing adul t  wo lves  w i th  de- 
p e n d e n t  y o u n g  o r  the  y o u n g  themselves .  At these  lati- 
tudes  w o l f  p u p s  ar c usual ly c o m p l e t e l y  d e p e n d e n t  on  
the  care  p r o v i d e d  b ,  adul ts  t h rough  at least  late Septem- 
b e r  or  early O c t o b e r  ( the  end  of  the  homes i t e  per iod) ,  
and  typical ly  for  at least  several  mon ths  after that  (Haber  
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1977). Young are not allowed to hunt or travel regularly 
with the adults until the end of the homesite period. 
Thus, when adults are killed--especially from a small 
family group or a pair with a relatively large litter--the 
result can be much the same as if the pups were killed 
directly. 

More than 1600 wolves, equal to nearly all of the wolves 
in Minnesota, were killed in Alaska during the 1993- 
1994 reporting period. The annual kill typically ranges 
from at least 800 to 1200 and averages about 1000 
(Alaska Department of Fish and Game 1995c). The state- 
wide population of wolves has been variously estimated 
by the Alaska Department of Fish and Game at 5000- 
10,000 since 1992 (Peterson 1995; Alaska Department 
of Fish and Game 1995c) but I estimate that it is 15-40% 
lower based on my aerial surveys in several of the Alaska 
Department of Fish and Game's highest priority count- 
ing areas (Game Management Units 13, 20A, 20B, 20C, 
20D, 20E; Haber 1993b, 1994, 1995b, Haber letter 26 
October 1995 to S. Martin, Denali National Park files, 
Haber letters 23 January and 28 February 1996 to F. Rue, 
Alaska Dept. of Fish and Game files; and unpublished 
data). Included in my counts were large regions where it 
has been possible since 1993 for the Maska Department 
of Fish and Game or a cooperating agency and me to 
monitor most of the same resident wolf groups via aerial 
radio tracking (in 20D, 20E, and the southern half of 20C). 

To understand the impact of heavy, ongoing public 
killing and shorter-term government control on wolf 
populations and why, in general, this makes little biolog- 
ical sense, requires an understanding of wolf social orga- 
nization. Social behavior is strongly influenced by inher- 
itance (Plomin 1990; Bouchard et al. 1990; Kelner and 
Benditt 1994) and is therefore very much within the 
realm of biology. 

I have spent more than 11,000 hours observing wolves 
during 30 years of field research in Alaska. This research 
(e.g., Haber 1977, 1992, 1993b, 1994, 1995b) includes 
14 established groups of wolves observed via ground 
and aerial observation in Denali National Park since 
1966. I have observed 11 of these groups with aerial and 
ground radio tracking. I have observed 37 groups, 31 of 
these via aerial radio tracking, in other regions extending 
eastward from Denali to the Yukon border since 1993. I 
have also undertaken woff research and reviewed wolf 
management programs in northern British Columbia and 
the Yukon Territory (Habcr 1979, 1988, 1993a). 

All the groups I have studied intensively (with the ex- 
ception of one or two non-reproducing pairs) were, or 
soon became, family groups, in most cases extended 
families. Murie (1944), Peterson (1977), Mlen (1979), 
Packard (1980), Harrington and Mech (1982), and Mess- 
ier (1985) similarly concluded that the groups they stud- 
ied were primarily families, especially extended families. 
These families were characterized by year-round integra- 
tion between the sexes and among adult age classes, be- 

havior that is unusual even for social mammals. Commu- 
nal nonparental and parental provisioning of the young 
in multiple as well as single litters at the same and differ- 
ent homesites is common. There are complex divisions 
of labor and other sophisticated forms of cooperation, 
including extraordinary cooperation during hunting, with 
elaborate spatial coordination between individuals some- 
times located (in visual contact) miles apart from each 
other (Haber 1977). Between well-established groups there 
is extreme hostility, and intense inbreeding appears to 
be routine under natural conditions, resulting in healthy, 
sometimes exceptionally large litters of young with high 
survival rates (Haber 1977; Peterson 1977; Allen 1979). 

For long intervals, when my primary Denali study 
groups did not suffer any significant hunting/trapping 
losses, there was impressive social stability and continu- 
ity. For example, in one group (Toklat/East Fork) the 
same female maintained her position as alpha-female for 
13-14 years, until she died naturally at about 18 years 
old. Murie (1944 and personal communication) ob- 
served similar indications of social stability and continu- 
ity in this group from 1939 to 1966. Our intensive 
ground and aerial observations of identifiable individuals 
indicate that this same family lineage has persisted for at 
least 56 years, and Murie (personal communication) felt 
it probably extended to at least 8-10 years earlier. 

The adjacent Savage family (Haber 1977, 1987, 1992) 
was well established when I began observing it inten- 
sively in 1966. It persisted with relatively little social 
change until the winter of 1982/1983, when (based on 
strong circumstantial evidence) it was eliminated by 
hunting/trapping. The Headquarters family colonized 
this territorial vacancy in 1984. It persisted until May 
1995, when the last wolf, the alpha-female, was snared. 
Hunting and trapping began taking a major toll on this 
group in the winter of 1993/1994 (Haber letter 30 May 
1995 to Barbee/Martin, Denali National Park files). The 
Headquarters alpha-female had maintained her alpha sta- 
tus for at least 6-7 years, and remained mated to the 
same (alpha) male until hc was killed during National 
Park Service helicopter darting activities in November 
1993. A new ("Sanctuary") family--two adults and two 
of three pups they produced in May 1995--has now col- 
onized this area. 

Likewise, the Cottonwood family group of Yukon- 
Charley Rivers National Preserve has maintained a late 
winter size of 12-14 wolves (6-7 new pups annually), 
stable social relations among high ranking, radio col- 
lared and other identifiable individuals, the same large 
territory and natal sites, and the same basic pattern of 
coat colors since at least 1992, when this group was first 
radio-collared (Haber 1994, 1995b, unreported 1995- 
1996 data). 

Unlike most other eusocial species, wolves feature 
one of the hallmarks of advanced vertebrate societies: 
prolonged dependency of the young, for up to 25-30% 
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of  the i r  no rma l  l i fespan (Haber  1977). This is l onge r  
than  in h u m a n  societ ies .  T o g e t h e r  w i th  the i r  sophist i -  
ca ted  learn ing  abilit ies,  p r o l o n g e d  d e p e n d e n c y  p rov ides  
the  basis for  ma jo r  social  as we l l  as gene t i c  t ransfer  o f  in- 
fo rmat ion  b e t w e e n  genera t ions .  [Eusocial spec ies  fea- 
ture  g roups  or  co lon ies  in w h i c h  at least  t w o  genera-  
t ions  live toge ther ,  r e p r o d u c t i o n  is r e s t r i c t ed  to a f ew  
individuals,  and  n o n b r e e d e r s  c o o p e r a t e  to care  for  the  
offspr ing o f  b r e e d e r s  (Sherman  et  al. 1991, 1992)]. In 
short ,  wolves ,  a long w i th  only  a f ew  o t h e r  species ,  dis- 
p lay  a rare fo rm of  social i ty  that  r ep re sen t s  a p innac le  of  
ve r t eb ra t e  social  d e v e l o p m e n t .  

It is difficult  to d issect  the  impac t s  of  wo l f  exploi ta-  
t ion because  de ta i led  compara t ive  in format ion  on  be- 
havior  f rom b o t h  e x p l o i t e d  and p r o t e c t e d  w o l f  popu la -  
t ions  is scarce.  Never the less ,  some  o f  the  k n o w n  or  
l ikely effects  of  r emov ing  15-20% or  more  of  a popula-  
t ion annual ly  are  summar i zed  as fo l lows (see  also Appen-  
d ix  1). Compar i sons  are res t r i c t ed  p r imar i ly  to similar  
sys tems in Alaska and n o r t h w e s t e r n  Canada  in w h i c h  
m o o s e  are available as prey ,  to min imize  the  inf luence  o f  
o t h e r  var iables  (e.g.,  ma jo r  d i f fe rences  in p r e y  types  can  
great ly  in f luence  the  degree  of  social i ty  [Bowen 1981 ]): 

(1)  Average  la te-winter  g roup  sizes dec rease  and the  
n u m b e r  o f  res iden t  singles and g roups  c o m b i n e d  
in the  p o p u l a t i o n  increases  o r  remains  re la t ively 
h igh  even  at r e d u c e d  area-wide  p o p u l a t i o n  densi-  
t ies (i.e., m o r e  p o p u l a t i o n  f ragmenta t ion)  at least  
unti l  the  h ighes t  harves t  o r  con t ro l  in tens i t ies  are 
reached .  

(2) Mating is less select ive.  The re  are m o r e  l i t ters p e r  
p o p u l a t i o n  ( m o r e  a lpha  pai rs  c rea ted)  and  h igher  
mid- to la te -winter  p u p  ratios,  fo l lowed  by  a sharp  
dec rease  at the  h ighes t  harves t  o r  con t ro l  intensi- 
t ies in par t  because  of  pa i r  b o n d i n g  difficulties. 

(3)  Moose  kill rates are more  variable,  some t imes  in- 
c reas ing  as a func t ion  o f  g r o u p  size ove r  a m u c h  
h ighe r  ( two  to th ree  t imes)  range  of  g r o u p  sizes, 
and  b e c o m i n g  m o r e  er ra t ic  at the  smallest  sizes 
(e.g.,  wo l f  pairs  s o m e t i m e s  kill as of ten  as g roups  
o f  six or  seven) .  

(4) Terr i tor ies  and  h o m e s i t e  pa t t e rn s  of  use  are  m o r e  
variable,  w i th  r e p l a c e m e n t  by  substant ia l ly  differ- 
en t  ter r i tor ia l  mosa ics  at the  h ighes t  harves t  o r  
con t ro l  intensi t ies .  

(5) There  is a m o r e  d i rec t  re la t ionsh ip  b e t w e e n  terri- 
to ry  size and res iden t  w o l f  g r o u p  size (versus  terri- 
tory  size and p r e y  availabili ty),  some t imes  wi th  an 
inverse  re la t ionsh ip  dur ing  initial co lon iza t ion  of  
large vacancies .  

(6) Overal l  annual ,  na tura l  mor ta l i ty  rates  ( exc lud ing  
the  wo lves  ki l led via harves t  or  con t ro l )  increase.  

The  first t w o  impac t s  are no t  surpris ing;  heavy  indis- 
c r imina te  harves t  or  con t ro l  o f  a h ighly  social  spec ies  

cou ld  hard ly  be  e x p e c t e d  no t  to  r e d u c e  and  f ragment  its 
social i ty  and eventua l ly  p r o d u c e  less select ivi ty  in o t h e r  
impor t an t  a spec t s  o f  behavior ,  as Pe te r son  et  al. (1984) 
also conc luded .  Similarly, it is difficult  to  imagine  that  
such  kil l ing w o u l d  no t  add  great ly  to  the  natural  varia- 
t ions in t e r r i to ry  bounda r i e s  and  overal l  terr i tor ial  mosa-  
ics and  that  it w o u l d  no t  s implify homes i t e  t radi t ions  
wi th in  these  terr i tor ies .  

Grea te r  variabi l i ty  in m o o s e  kill rates and  te r r i to ry  
s i z e - g r o u p  size re la t ionships  is p r o b a b l y  also exp l a ined  
in large measure  by  social  changes  and by  the  inc reased  
availabil i ty o f  t e m p o r a r y  vacancies  wi th in  terr i tor ia l  mo- 
saics, w h i c h  al lows for  m o r e  e x p a n s i o n  of  b o t h  surviv- 
ing and  n e w  terr i tor ies .  Unde r  natura l  cond i t ions  at 
g roup  sizes of  seven to n ine  o r  m o r e  in Denali  Nat ional  
Park (Haber  1977), the  h ighest - ranking family m e m b e r s  
w e r e  genera l ly  the  mos t  assert ive and a p p e a r e d  to  eat  
the  most  o r  at least  s h o w e d  the  least var ia t ion in con- 
sumpt ion  f rom one  m o o s e  kill to  the  next ,  even  t h o u g h  
the  ent i re  g roup  typical ly  c r o w d e d  a round  each  kill to- 
gether .  O the r  family m e m b e r s  usually fo l lowed  w h e n  
the  high-ranking wolves  began  a n e w  hunt .  There  was  
relat ively litt le var ia t ion in the  re f rac tory  p e r i o d  of  the  
high-ranking wolves .  Therefore ,  success ive  hunts  began  
after  re la t ively cons tan t  intervals  for each  p r ey  type,  and  
kill ra tes  r e m a i n e d  fairly cons tan t  regardless  o f  var ia t ions 
in ( large) g r o u p  sizes at the  same p r e y  densi t ies .  

Unde r  cond i t ions  of  m o d e r a t e  to heavy  explo i ta t ion ,  
w i th  f r equen t  r e p l a c e m e n t  o f  key  individuals,  it w o u l d  
be  difficult  for  wo lves  to mainta in  stable,  wel l -def ined  
d o m i n a n c e  re la t ionships  such  as I o b s e r v e d  in well-  
es tab l i shed  Denali  family groups .  There  w o u l d  l ikely be  
more  overal l  var ia t ion in mos t  re la t ionships ,  d o m i n a n c e  
and o therwise .  Terr i tor ia l  behav io r  and  hun t ing  w o u l d  
be  d e t e r m i n e d  m o r e  by  in te rac t ions  o f  var ious  wo lves  
than  by  the  behav io r  o f  the  same co re  o f  h igh-ranking 
g r o u p  m e m b e r s .  C o m p e t i t i o n  w o u l d  be  less res t ra ined,  
and  w h e n  g roup  size c o n t i n u e d  to increase  the re  w o u l d  
p r o b a b l y  be  less o f  a d i f ference  in c o n s u m p t i o n  rates  
a m o n g  adults,  l o w e r  average per-adul t  rates of  consump-  
t ion p e r  m o o s e  kill, and  shor t e r  re f rac tory  pe r iods  lead- 
ing to m o r e  t ime spen t  hunt ing,  a con t inu ing  increase  in 
kill rates,  and  p r o b a b l y  m o r e  o f  a t e n d e n c y  for the  g roup  
to try to e x p a n d  its terr i tory.  

Addi t ional  kill rate  d i f ferences  r e p o r t e d  for  e x p l o i t e d  
popu la t ions  might  involve m o r e  subt le  social  o r  o t h e r  
types  of  dis tor t ions .  Hayes et  al. (1991) sugges ted  that  
the  sharp  increase  in kill rates they  o b s e r v e d  for  g roups  
r e d u c e d  to pairs  fo l lowing heavy  con t ro l  was  due  to t w o  
factors:  (1) The  unusual ly  large ter r i tor ies  that  coloniz-  
ing pai rs  w e r e  able  t o o c c u p y  initially p r o v i d e d  t h e m  
wi th  an inc reased  se lec t ion  of  po ten t ia l ly  vu lnerab le  
moose .  (2) Higher  per-kill  losses to scavengers ,  espe-  
cial ly ravens,  p r o m p t e ~  t h e m  to s p e n d  m o r e  t ime hunt-  
ing. Heavy b roadcas t  h~rvest  o r  con t ro l  impl ies  a g rea te r  
l ike l ihood  that  pairs  can set t le  into an area  and hunt  siz- 
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able territories with less risk of attack from nearby, 
much larger, established groups. 

Other likely impacts of harvest and control include 
disruption of learning, increased population-wide mix- 
ing, and different within- and between-group genetic 
pattems, all of which would be difficult to identify with 
the sketchy comparative information available. How- 
ever, these impacts might be among the most important. 
Disruption in the flow of learning from generation to 
generation would result in fewer, simpler learned behav- 
ioral traditions and in general a diminished role of these 
behaviors (Haber 1977, 1979, unpublished data) that 
help adapt individual family groups to the specific re- 
sources and other unique features of each area. 

Wolves commonly live 7-10 years or more in well- 
established family groups subjected to little or no hunting 
and trapping in Denali National Park. As indicated, one 
alpha-female lived to about 18 years old. In contrast, few 
wolves live more than 5-7 years in exploited populations 
(Stephenson & Sexton 1974; Hayes et al. 1991). Hayes et al. 
for example, found that 77% of all adults were only 2-4 
years old, only 9% were />5 years old, and only 3% were 
/>7 years old. With such a high rate of turnover and 
young age structure, there is much less opportunity for 
wolves in these populations to accrue and transfer informa- 
tion from one generation to the next via the prolonged de- 
pendency period and complex learning sequences impor- 
tant to wolves under natural conditions (Haber 1977). 

Fewer large, well-established family groups implies 
less intergroup hostility and more population-wide mixing 
and thus, almost certainly, some fundamental changes in 
genetic patterns. Under natural conditions, at least 
where moose are important prey for mainland wolf pop- 
ulations, the available behavioral evidence points to 
more overall genetic variation between groups and less 
within groups than some researchers have suggested is 
present based on blood and tissue samples taken primar- 
ily from exploited populations (Brewster and Fritts 
1992) or from populations, including Denali, where un- 
derlying genetic patterns may not have hilly recovered 
from earlier years and decades of exploitation in certain 
areas (Lehman et al. 1992; Meier et al. 1995). Observa- 
tions in Denali (Murie 1944; Haber 1977) of eusocial be- 
havior - in tense  inbreeding without obvious problems, 
extreme intergroup hostility, low rates of alien accep- 
tance, and histories of distinct coat color differences for 
well established groups during long intervals of minimal 
human disruption--strongly suggest that normally the 
wolves of these groups share a high proportion of their 
genes, that there are major between-group genetic dif- 
ferences, and that kin selection plays an important role 
in the development of adaptive traits in such popula- 
tions. These observations are consistent with Meier et 
al.'s (1995) observation from this population that be- 
tween-group genetic relatedness was lowest among 
"longer-established" groups. 

Even under natural conditions there is significant dis- 
ruption of family groups, new group formation, and 
much dispersal usually ending in mortality (Haber 1977; 
Mech 1977). However, the natural area-wide pattern is 
likely to be one of larger, well-established, genetically 
distinct family groups in prime prey areas with smaller, 
less-stable groups in surrounding or nearby marginal 
areas, rather than of almost exclusively stable or unsta- 
ble groups, as Meier et al. (1995) have portrayed the 
choices. Evidence for this kind of mixed mosaic of estab- 
lished and satellite or other unstable groups, in which 
many of the latter colonize nearby areas by "budding" 
from the former and continue to reassociate with them 
periodically at least for the short term, can be seen in 
both Meier et al.'s (1995) and my (Haber 1977; unpub- 
lished) data for Denali and for the upper Tanana-For- 
tymile-Yukon-Charley region of Alaska (Haber 1994, 
1995b, unpublished). 

The problem comes in separating out the effects of re- 
cent exploitation from the effects of natural instability 
and turnover, such as could b e  anticipated for newly 
formed groups in marginal prey areas (e.g., Wonder 
Lake family of Denali; Haber 1977). With heavy exploita- 
tion, especially ongoing harvest, there is bound to be 
much less opportunity for well-established groups to 
persist in relative isolation from each other. It is this dis- 
tinction that sets the stage for most of the other behav- 
ioral and genetic changes I discuss here. 

Sometimes it is claimed that heavy killing leads to the 
renewal of wolf populations, with the implication that 
this constitutes positive biological change. Such claims 
are questionable enough when applied to short-term con- 
trol programs, but they are almost meaningless when ap- 
plied to the heavy, much more widespread ongoing 
forms of exploitation via public hunting and trapping 
that predominate in the north, especially in Alaska. For 
example, of the more than 1600 wolves killed in Alaska 
during the August 1993-April 1994 reporting period, 
only 98 were killed via government control. It is impor- 
tant to understand how frequent the "renewals" and 
how short-lived the intervening "recoveries" of wolf 
populations subject to heavy, ongoing exploitation are 
likely to be. In Alaska it is only from the 30 April closing 
of one hunting/trapping season to the 10 August open- 
ing of the next that most populations are protected. Bi- 
ologists and managers who dismiss concerns about the 
impacts of heavy killing on the qualitative aspects of 
wolf biology have not addressed this critical difference 
between formal control and ongoing exploitation, with 
regard to the duration and extent of these impacts. 

Note the indications (Appendix 1) of lingering higher 
overall natural mortality rates for wolves that survive 
harvest and control, when compared to populations 
where there has been little or no recent harvest or con- 
trol. This would appear to be a predictable result of the 
increased fragmentation, higher turnover, and greater 
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overall social disruption that accompanies heavy killing. 
This by itself provides a warning that the biological im- 
portance of a sophisticated, natural social structure is 
being greatly underrated. It may represent a simple 
quantitative indication of the impact of human killing on 
a range of qualitative features of wolf biology. 

Sterilization and other forms Of fertility control, "redi- 
rected killing," and relocation of juveniles are emerging 
as new approaches to wolf control in Alaska and the 
Yukon Territory. Control advocates are again arguing 
that there will be little more than temporary numerical 
reductions without significant biological costs. A cur- 
rent wolf sterilization-trapping-relocation proposal for 
the Fortymile region of Alaska (Alaska Department of 
Fish and Game 1995a; 1995b) is illustrative. At least 13 
family groups of wolves (Alaska Department of Fish and 
Game 1995b: 8,13) would be reduced to alpha pairs if 
possible, via trapping, snaring, and relocation. The alpha 
pairs would be spared to maintain existing territories in 
order to prevent other wolves from moving into the re- 
gion. Then, up to 30 males and/or 15 females would be 
sterilized. Potential biological impacts are described as 
follows: 

Ster i l izat ion is a m i n o r  surg ica l  p r o c e d u r e  c a u s i n g  lim- 
i ted  t r auma .  C u r r e n t  r e s e a r c h  ind ica tes  t h e r e  is n o  
c h a n g e  in w o l f  b e h a v i o r  . . . .  W i t h i n  10 years ,  t h e  w o l f  
p o p u l a t i o n  s h o u l d  b e  b a c k  to  c u r r e n t  levels a n d  s h o u l d  
c o n t i n u e  to  i n c r e a s e  . . . .  Local  tr~appers c o u l d  assist  th is  
p l a n  b y  sh i f t ing  t h e i r  e f for t s  to  w o l v e s  w h o s e  t e r r i to r i es  
e n c o m p a s s  the  [ ca r ibou]  ca lv ing  a n d  s u m m e r  range ,  
w h e r e  little o r  n o  t r a p p i n g  c u r r e n t l y  o c c u r s .  The  area-  
w i d e  [wolf]  ha rve s t  in t h e  For tymi le  is n o t  e x p e c t e d  to  
i n c r e a s e  s ince  t r a p p e r s  will  b e  sh i f t ing  t h e i r  e f for t s  
[ f rom p e r i p h e r a l  areas] ,  n o t  i n c r e a s i n g  t h e m  . . . .  Dis- 
pe r sa l  o f  y o u n g  w o l v e s  is c o m m o n  a n d  r e l o c a t i o n s  
w o u l d  m i m i c  th is  behav io r .  (Alaska D e p a r t m e n t  o f  Fish 
a n d  G a m e  1995a :  1,4; 1995b:  7, 8). 

Given the unusual fanlily-based social structure of 
wolves, it is simplistic to imply that reducing these com- 
plex societies to sterile pairs will not have significant be- 
havioral or other biological consequences. The 5- to lO- 
year distortion in age structures and disruption in the 
flow of genetic and cultural information alone imply a 
likelihood of important changes. 

The claim that there would be no increased trapping 
impacts because trappers would shift their efforts from 
the wolves they are already exploiting in peripheral 
areas to lightly or untrapped wolves again illustrates the 
assumption that little more than area-wide numbers are 
important biologically. Similarly, relocation of juvenile 
wolves might mimic natural dispersal to some extent, in- 
cluding in its most common outcome for the dispersers, 
mortality. However, many juveniles of this and nearby 
regions do not disperse. They remain in their family 
groups through adulthood and ultimately contribute in 
important ways (Haber 1977, 1994, 1995b, unreported 
1995-1996 data). It is unavoidable that significant num- 
bers of these juveniles, especially pups of the year (short 

yearlings), would be relocated, which implies both indi- 
vidual and group impacts. 

An Evolutionary Perspective 

Wolf social behavior is remarkably adaptable, but the 
adaptations are primarily for cooperative hunting, not 
defense against sustained, heavy predation. It does not 
follow that wolves will be able to survive heavy exploita- 
tion and control just because they have held their own 
numerically against heavy killing for the past 40-50 
years in places like Alaska. A few decades of heavy kill- 
ing amount to the blink of an eye compared with the far 
longer period of evolutionary time over which wolves 
have evolved in response to the opposite pressures. 
Modern wolves have been present for at least 1-2 mil- 
lion years (Mech 1970) and for at least 500,000 years in 
Alaska. 

The relationship between total population size (i.e., 
numerical status) and the integrity of component  social 
systems appears to be subtle and nonlinear, just as we 
are now finding to be the case for many natural relation- 
ships. For example, a social breakdown can lead in the 
short term to more successful matings in the population 
and thus relatively stable or even higher total numbers 
(Appendix 1). Nevertheless, it is foolish to ignore the 
possibility that after some further lag, and lags are common 
in nature, there will finally come a dramatic collapse in 
total ntLmbers. Serious problems with social organization 
and other important qualitative biological features must 
ultimately translate into a major, long-term decline in 
numbers, but the linkages are likely too indirect to rely on 
the numerical signal for a warning before the underlying 
qualitative problems become impossible to reverse. 

In population viability simulations based on informa- 
tion from the Isle Royale wolf population, including so- 
cial structure, Vucetich and Peterson (1995, personal 
communication) found that mean time to extinction was 
independent of population size for all populations above 
a threshold of only eight wolves. The number of social 
units was of much greater importance than total num- 
bers in predicting the population's viability. 

It is questionable as to whether  a normally Ultra-social 
species "survives" if its social organization is continually 
shredded by heavy exploitation. Heavy, ongoing exploi- 
tation implies a high potential for eventually reducing 
these complex societies to much simpler, more primi- 
tive forms, particularly when it is so likely to scramble 
their unusual genetic and cultural information transfer 
processes. Nonlethal forms of control, such as steriliza- 
tion and relocation, could easily end up producing the 
same or similar results. 

Natural selection leading to further speciation or the 
maintenance of a particular adaptive state probably op- 
erates on only a tiny portion of a species' genome in 
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most cases. This means many of the important natural 
forces of selection that distinguish one species from an- 
other are inherently small and subtle. For the wolf natu- 
ral forces are likely to be swamped by the artifical, ran- 
dom forces associated with heavy annual killing, forces 
to which this species has not had time to adapt. 

Those who ti T to defend heavy, ongoing killing and 
even some more limited forms of control, including ster- 
ilization, seem to view natural forms of wolf social orga- 
nization as lacking intrinsic value. But, as with the basic 
organizational state of any well-established species, 
the sophisticated, highly developed sociality of wolves is 
the product of past selection forces and thus represents the 
level of organization most environmentally fit for this 
species. 

A related biological view could help guide our exploi- 
tation of wild vertebrates in general and could sharpen 
the thinking that underlies the U.S. Endangered Species 
Act and similar legislation. This view emphasizes the dif- 
ferences among species in their adaptations for exploit- 
ing versus being exploited. Eusocial cooperative hunt- 
ers, such as wolves and African wild dogs, represent one 
extreme, for which there is no biological rationale for 
harvesting and no way to undertake most control pro- 
grams without major biological costs. Herbivores such 
as the ungulates represent virtually the opposite ex- 
treme. For ungulates, the interactions among individuals 
and generations are simple enough so that the survivors 
can quickly reorganize and carry on in about the same 
way when many others are removed. 

Species of this kind are well adapted to exploitation 
within carefully def'med limits (Haber 1977, 1980; Haber & 
Waiters 1980; Waiters et al. 1981), having persisted as prey 
throughout their long evolutionary histories. There are 
familiar scenes from the East African plains and elsewhere 
of hoofed grazers either ignoring kills by predators in 
their midst or resuming feeding activity within minutes. 

Between the cooperative hunter and ungulate/herbi- 
vore prey extremes there is a "gradient of sociality" that 
might suggest differences in the way we exploit other 
species as well. This approach and more emphasis on 
protecting the integrity of underlying natural system, 
population, and group patterns and processes in general 
(Haber 1992:15-24)  when harvesting is biologically jus- 
tiffed (e.g., for ungulates) represents the kind of selectiv- 
ity that true sustained-yield management implies. This 
merely acknowledges that there are some key differ- 
ences among species and that harvestable populations 
are components of dynamic systems rather than sepa- 
rate crops. 

Implications for Conservation and Management 

Although, in my view, there is no biological rationale for 
routine harvesting of wolf populations, short-term, re- 

medial wolf control programs for ungulate population 
management may be warranted biologically in excep- 
tional cases, for example, when  natural patterns and 
processes have been seriously disrupted in unnatural 
ways at much larger scales and wolf predation is pre- 
venting recovery. A determination as to what "natural," 
"unnatural" and other such criteria mean in these situa- 
tions will always be difficult and will require some sub- 
jectivity but in general should be possible. I predict that 
only rarely will such biological justification for control 
be found, even for major ungulate declines. 

Haber (1977) and Haber & Waiters (1980) provide an 
example of a set of circumstances where wolf control 
for ungulate management purposes was warranted. 
Overharvesting had triggered a premature major decline 
in the Western Arctic caribou herd- - the  primary center 
of abundance in the then depressed Alaska-Yukon cari- 
bou populat ion--and wolf predation appeared to be a 
critical variable preventing a timely recovery. This was 
not merely a major decline of caribou in the western 
Arctic, which by itself would not necessarily be a matter 
of concern. It was a decline that created what appeared 
to be a premature, unnatural condition of low syn- 
chrony in the Alaska-Yukon system of caribou herds as a 
whole, quite unlike the present condition of high sys- 
tem-wide abundance and asynchrony. 

Biologists, agencies, legislators, and others have subse- 
quently proposed wolf control programs in response to 
much less obvious ungulate problems, where there are 
no problems, or where there is little prospect of resolv- 
ing such problems with wolf control (especially with re- 
gard to caribou). There has been minimal consideration 
of the potential biological costs, especially for the target 
wolf populations. Most of the recent ungulate-related 
Alaska and northwestern Canada wolf control proposals 
and programs have been frivolous from these and other 
standpoints (Haber 1987, 1988, 1992, 1993a). My initial 
review of several new (October 1995) Alaska wolf con- 
trol proposals, including Alaska Department of Fish and 
Game (1995a, 1995b), indicates the same for them 
(Haber letter 28 September 1995 to S. Todd, Alaska De- 
partment of Fish and Game files, Fairbanks). 

Ungulate-related wolf (and bear) control proposals 
should be evaluated on a case-by-case basis and sub- 
jected to rigorous scientific review. Decision-makers and 
the public should be provided with more information 
on the potential biological (and other) costs, benefits, 
and alternatives for each proposal. There should be an a 
priori assumption that control is not warranted. This 
would help to ensure a more scientifically defensible ap- 
proach, as demonstrated in hypothesis testing. The em- 
phasis would shift from trying to find support for pro- 
posals to "falsifying" them. Proponents--agency and 
otherwise--should not oversee the review process. 

Thus, I disagree with Mech's (1995) view that some 
form of wolf control will generally be necessary. Mech 
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falls to allow that there is disagreement as to what is nec- 
essary. His view as to the inevitability of control seems 
to reflect his belief that wolves do not socially limit their 
own population. On the contrary, social limitation ap- 
pears to be of major importance under natural condi- 
tions. This is indicated by the relative stability in size of 
established, vigorously reproducing family groups even 
during periods of minimal hunting and trapping losses 
and ample prey (Murie 1944; Haber 1977, 1992, 1994, 
1995b; Peterson 1977; Allen 1979) and by related annual 
variations in patterns of temporary group splitting and 
the dispersal or mortality of juveniles (Haber 1977). Al- 
though wolf social organization probably represents an 
adaptation for self regulation, human exploitation proba- 
bly selects against self-regulating traits. 

Mech dismisses opposition to ungulate-related wolf 
control as "politically" motivated and the result of misin- 
formation by "animal-rights groups," despite negative 
evaluations by other professionals that focus exclusively 
on the biology of  recent control proposals, to which he 
has not responded. He similarly dismisses opposition to 
wolf control for livestock depredation, without noting 
that in at least some major cases protest about this kind 
of control arises because it appears to be much less se- 
lective than is necessary and the law requires (Friends of 
Animals Inc. v. Babbitt et al., U.S. District Court, District 
of Connecticut, 7/10/95). In Minnesota (U.S.A.) for ex- 
ample, a suspected wolf kill of a livestock animal now 
often prompts federal officials to try to kill all or most of 
the wolves that subsequently visit the original carcass or 
supplemental baits a half mile or more from the original 
site for up to 30 days afterward, even though wolves 
scavenge dead ungulates (Haber 1977) and only one 
wolf may have been involved in the livestock kill. 

Mech (1995) suggests that there is less protest about 
the much heavier kill of wolves in Alaska via public 
hunting and trapping than by government control be- 
cause there is more political advantage to be gained in 
stirring up opposition to the government. He ignores 
the fact that leading opponents  have long attempted to 
call attention to the public kill as being of at least as 
much biological impact as government control (Haber 
1985, 1993b, 1993c, 1995a; Haber versus Mech debate: 
"Biological Impacts on Wolves of Exploitation and Con- 
trol," at First Annual Conference of The Wildlife Society, 
9/24/94). He seems unaware of the deceptive way in 
which the public kill is reported (Haber 1985, 1993b, 
1995a). For example, mos t  of this kill is reported as due 
to trapping. But as noted earlier, state and federal regula- 
tions define trapping to include direct hunting with fire- 
arms in most areas (semi-automatic weapons are com- 
monly used for wolves, legally), without requiring any 
actual trapping, to permit the virtually direct use of air- 
planes and snowmachines, and to allow saturation snaring. 

Mech (1995) recommends that control programs 
should be carried out by public hunting and trapping in- 

stead of government agencies, in the interest of promot- 
ing more widespread recovery of wolves to areas of 
former range. He argues that agencies have become in- 
creasingly reluctant to promote recovery because of the 
controversy they fear in later trying to control the same 
wolves. 

Mech's argument again assumes that control is gener- 
ally necessary, which I believe more rigorous review 
would reveal not to be the case. I suggest that wolf advo- 
cates would be much more willing to accept control if it 
were proposed only when actually needed and carried 
out much more selectively. For ungulate-related wolf 
control, a more rigorous process would do much to pre- 
vent unrealistic user expectations about potential re- 
turns (Haber 1992: 43-44). In this sense, I agree with 
Mech (1995) that there are serious misconceptions, ex- 
cept that I attribute a large share of these to a failure by 
management agencies to provide adequate professional 
guidance for users. 

Mech (1995: 272-273) portrays wolves as "inherently 
adaptable," such that, "In Spain wolves live like coyotes 
in wheat and sunflower fields" and (in Italy, Spain, and 
Portugal) obtain much of their food by scavenging gar- 
bage and livestock remains in and near rural villages. I 
agree that wolves are highly adaptable and that there are 
varying degrees of  sociality, depending, for example, on 
the type of  prey animals hunted (e.g., moose generally 
require more cooperation to kill than caribou; Haber 
1977). And I agree that scavenging of dead ungulates is 
an important supplemental foraging activity for wolves. 
Nevertheless, Mech (1995) seems willing to accept al- 
most any behavioral variation as "inherent." Should Mech's 
garbage-eating, largely solitary, sunflower-field canids re- 
ally be regarded as wolves? Or are they the product of a 
lengthy, subtle process of "unwolfmg" via human perse- 
cution and habitat/prey displacement? Far from support- 
ing his position, the examples he provides of "adaptabil- 
ity" may instead serve as a warning about the pitfalls of 
watching for numerical signals of endangerment while 
ignoring virtually all else about a creature's biology. 

More detailed comparisons between exploited and un- 
exploited wolf  populations are needed. There is little 
problem in obtaining information about currently or re- 
cently exploited populations, where most of the re- 
search effort lies. However, opportunities to do research 
in areas that have remained free of harvest and control 
for a long period are rare. Even in such world-renowned 
wolf  research areas as Algonquin Provincial Park, On- 
tario, and Denali National Park, Alaska, established resi- 
dent family groups of wolves are still exploited to some 
extent via legal hunting and trapping, inside park bound- 
aries as well as outside (J. Theberge, personal communi- 
cation; Haber 1995a; Federal Subsistence Board 1995; 
Alaska Board of Game 1995). 

For Denali the responsible agency biologists and man- 
agers continue to defend current policies that allow non- 
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selective 8- to %month annum harvests of up to 10 
wolves per hunter and no-limit trapping, and to actively 
oppose creation of a protective buffer on state lands 
along critical boundary areas, with arguments about the 
health of total numbers ("numbers generally range be- 
tween 100 and 130") and their view that "not many" 
wolves are likely to be taken (National Park Service 
1995; S. Martin, testimony to Alaska Board of Game, 
March 1996). This is despite aerial radio-tracking surveys 
by the National Park Service and me that consistently 
yielded total counts of only 55-77 wolves in 9-11 family 
groups from November 1995 through April 1996, and 
despite the complete hunting/trapping loss of the Head- 
quarters family group as of May 1995, the trapping loss 
of the alpha-male and at least three other wolves from 
the Toklat family group in November 1992, the likely 
hunting/trapping loss of the heavily viewed, intensively 
studied Savage family group (Haber 1977, 1987) in win- 
ter 1982/1983, and other such hunting/trapping losses 
through recent years. Nor are wolf hunters and trappers 
even required to report their kills until well after the 
factmhunters not until 30 days afterward, trappers not 
until 30 May. In contrast, the 2000-3000 caribou of the 
Denali herd are off limits to all hunting. There are about 
2000 moose in Denali, with a harvest limit of one bull 
per hunter, a season of only 60 days, a ban against hunt- 
ing in the most accessible areas, and no hunting of 
white-phased or albinos (Federal Substance Board 1995; 
Alaska Board of Game 1995). 

Ethical Considerations 

High intelligence, expressiveness, and unusual emo- 
tional depth enable wolves to maintain sophisticated so- 
cial bonds, to work together as highly skilled coopera- 
tive hunters (Haber 1977). This same extraordinary 
sentience that is so integral to their basic biology also 
provides an ethical reason for not allowing them to be 
harvested and for considering remedial short-term con- 
trol only in the rarest of circumstances, when there are 
solid, irrefutable biological and cost-benefit arguments 
and no other reasonable alternatives. To treat them oth- 
erwise is wrong. Such higher standing is now generally 
accorded to other creatures of obvious high sentience, 
including whales, dolphins, gorillas, and chimpanzees, 
and it is time to extend it fully to wolves. 

I have described some of the details of the heavy, in- 
discriminate killing of wolves that is still permitted in 
Alaska. Consider an additional problem for the wolves of 
Denali National Park: Although the Denali wolves still 
hunt and seem to behave socially and individually as 
they did when I first began studying them in 1966, over 
recent years they have become strongly habituated to 
people because of numerous close, friendly contacts 
with park visitors each summer. Based on my 10,000+ 

hours of wolf observations in Denali since 1966, I am 
convinced that most of this habituation involves a form of 
trust by the wolves. For the most part, they seem now to 
view people in a friendly, sometimes playful way. I have 
yet to see or hear of any obvious aggressive behavior. 

As of 10 August each year whenever the same wolves 
step across the park boundary or enter the 1980 park ad- 
ditions they become legal quarry for hunters and as of 1 
November they become legal quarry for trappers. We allow 
them to trust us inside the park and then look the other 
way when they become easier hunter-trapper fodder be- 
cause of this diminished wariness. This was the predica- 
ment of the Headquarters family and of the alpha-male 
and others of the Toklat family who were shot, snared, and 
trapped recently. I knew these wolves well. They had al- 
most no fear of people. They were an easy mark for the 
few hunters and trappers who were allowed to kill them. 

In her 1958 classic, Arctic Wild, Lois Crisler wrote 
with great sensitivity about the wolves she knew during 
the early 1950s in northern Alaska. This is always one of 
the first publications I recommend to aspiring biologists 
and laypeople who are interested in wolves because it 
portrays them as the marvelously intelligent, expressive, 
emotional creatures they are. This was the account that 
first stirred my interest in wolves. Almost 40 years later I 
am obliged to also read the sterile National Park Service 
summaries (e.g., Adams & Stephenson 1986, 1988; Ad- 
ams et al. 1989) of the 15-20% annual wolf harvests that 
are currently allowed within the same area- -now Gates 
of the Arctic National Park--by native "subsistence" 
hunters with high-speed snowmachines. 

I recognize that my strong opposition to the way 
wolves are managed in Alaska and elsewhere involves 
more than pure biology. I receive frequent criticism for 
this position from my peers. Nevertheless, Aldo Leopold 
did not hesitate to venture into such areas of overlap be- 
tween biology and ethics, to distinguish between right 
and wrong in advocating improved management of natu- 
ral systems. Other wildlife scientists who regard his 
ideals as a guiding light for the profession should not 
hesitate to do the same. 

Acknowledgments 

I thank Friends of Animals, Wolf Haven International, 
The Alaska Wildlife Alliance, and the Conservation Soci- 
ety for Wolves and Whales for their support, and Paul 
Joslin, John Theberge, Jeff Augustine, Bill Clark, and three 
anonymous reviewers for their helpful comments on ear- 
lier drafts and symposia presentations leading to this paper. 

Literature Cited 

Adams, L. G. and R. O. Stephenson. 1986. Wolf survey, Gates of the 
Arctic National Park and Preserve--1986. Natural resources survey 

Conservation Biology 
Volume 10, No. 4, August 1996 



Haber Implications of Killing Wolves 1077 

and inventory report  AR-86/04. National Park Service, Alaska Re- 
gional Office, Anchorage. 

Adams, L. G. and  R. O. Stephenson. 1988. Population ecology of 
wolves in Gates of  the  Arctic National Park and Preserve, Alaska-- 
1987. Natural resources progress  report  AR-88/07. National Park 
Service, Alaska Regional Office, Anchorage. 

Adams, L. G., R. O. Stephenson,  B. W. Dale, and B. Shults. 1989. Popu- 
lation ecology of wolves in Gates of  the  Arctic National Park and 
Preserve, Alaska--1988. Natural resources progress report AR-89/ 
15. National Park Service, ALaska Regional Office, Anchorage. 

Alaska Board of  Game. 1995. Alaska state hunt ing and trapping regula- 
tions (no. 36), effective July 1, 1995-June 30, 1996. Alaska Depart- 
ment  of  Fish and Game, Juneau. 

Alaska Department  of  Fish and Game. 1989. Wolf. Federal aid in wild- 
life restoration, annual  report  of  survey-inventory activities, 1 July 
1987-30 June  1988. Volume XIX, part XV, project W-23-1, study 
14.0. Alaska Depar tment  of  Fish and Game, Juneau. 

Alaska Department  of  Fish and Game. 199 la .  Wolf. Federal aid in wild- 
life restoration, survey-inventory management  report, 1 July 1989- 
30 June  1991. Project w-23-3,4, s tudy 14.0. Alaska Department  of  
Fish and Game, Juneau. 

Alaska Depar tment  of  Fish and Game. 1991b. Wolf. Federal aid in wild- 
life restoration, annual  report  of  survey-inventory activities, 1 July 
1990-30 June  1991. Volume XXII, part XV, project W-23-4, s tudy 
14.0. Alaska Depar tment  of  Fish and Game, Juneau. 

Alaska Depar tment  of  Fish and Game. 1992a. Alaska's wolves. Alaska's 
wildlife magazine (supplement) ,  January-February, 1992. Alaska 
Department  of  Fish and Game, Juneau. 

Alaska Depar tment  of  Fish and Game. 1992b. Area-specific wolf  man- 
agement  plan, game management  units 12, 20, and 25C (second 
draft--March 1992). Alaska D e ~ e n t  o f f i sh  and Game, Fairbanks. 

Alaska Department  of  Fish and Game. 1992c. Area-specific wolf  man- 
agement  plan for south  central/interior Alaska (final draf t - -August  
1992). Alaska Department  of  Fish and Game, Fairbangs. 

Alaska Department  of  Fish and Game. 1995a. Draft Fortymile caribou 
herd recovery plan (September 1995). Alaska Department  of  Fish 
and Game, Fairbanks. 

Alaska Department  of  Fish and Game. 1995b. Fortymile caribou herd 
management  plan (October  1995). Alaska Department  of  Fish and 
Game, Fairbanks. 

Alaska Department  of  Fish and Game. 1995c. Wolf management  in 
Alaska is not  simple. Alaska Department  of  Fish and Game, Fair- 
banks (media release). 

Allen, D. L. 1979. The wolves of  Minong: their vital role in a wild com- 
munity. Houghton-Mifflin, Boston. 

Ballard, W. B., J. s. Whitman, and C. L. Gardner. 1987. Ecology of an 
exploited wolf  populat ion in south-central Alaska. Wildlife Mono- 
graphs 98. 

Bailard, W. B., J. s. Whitman, and D. L. Reed. 1991. Population dynam- 
ics of  moose in south-central Alaska. Wildlife Monographs 114. 

Boertje, R. D., C. L. Gardner, and P. Valkenburg. 1995. Factors limiting 
the  Fortymile caribou herd. Federal aid in wildlife restoration, re- 
search progress report  1 July 1994-30 June  1995. Study 3.38, grant 
W-24-3. Alaska Depar tment  of  Fish and Game, Juneau. 

Bouchard, T. J., D. T. Lykken, M. McGue, N. L. Segal, and A. Tellegen. 
1990. Sources of  human  psychological differences: The Minnesota 
study of  twins reared apart. Science 250:223-228. 

Bowen, W. D. 1981. Variation in coyote social organization: the influ- 
ence  of  prey size. Canadian Journal of  Zoology 59:639-652. 

Brewster, W. G. and S. H. Fritts. 1992. Taxonomy,  genetics, and status 
of  the gray wolf, Canis lupus, in western  North America: a review. 
Pages 3-33-3-93 in Wolves for Yellowstone? A report  to the  Ulaited 
States Congress,  volume IV, research and analysis. National Park 
Service, Yellowstone National Park, Wyoming.  

Elliot, J. P. 1982. Muskwa project: draft problem analysis/working 
plan. Report. British Columbia Ministry of  Environment and Parks, 
Fort St. John. 

Federal Subsistence Board. 1995. Subsistence management  regulations 
for the harvest of f i sh  and wildlife on  federal public lands in Alaska, 
effective July 1, 1995-June 30, 1996. U.S. Fish and Wildlife Service, 
Federal Subsistence Board, Anchorage. 

Gasaway, W. C., R. O. Stephenson,  J. L. Davis, P. E. K. Shepherd, and 
O. E. Burris. 1983. Interrelationships of  wolves, prey, and man  in 
Interior Alaska. Wildlife Monographs 84. 

Gasaway, W. C., R. D. Boertje, D. V. Grangaard, D. G. KeUeyhouse, 
R. O. Stephenson, and D. G. Larsen. 1992. The role of  predation in 
limiting moose  at low densities in Alaska and Yukon and implica- 
tions for conservation. Wildlife Monographs 120. 

Haber, G. C. 1977. Socio-ecological dynamics of  wolves and prey in a 
subarctic ecosystem. Ph.D. dissertation. University of  British Co- 
lumbia, Vancouver. 

Haber, G. C. 1979. The upper  Stikine-Spatsizi wolf-ungulate system, 
nor thwestern  British Columbia--a  field reconnaissance and prelim- 
inary evaluation, 1978. Report number  1. Spatsizi Association for 
Biological Research, Smithers, British Columbia. (Also available 
from Arctic Environmental Information and Data Canter, University 
of  Alaska, Anchorage.) 

Haber, G. C. 1980. The balancing act of  moose  and wolves. Natural 
History 89: 38-51. 

Haber, G. C. 1985. Aerial wolf  hunt ing in Alaska. Three-part series: part 
I--Aerial wolf  hunt ing in Alaska: still underway in force; part I I - -  
"Landand shoot" hunters  take heavy toll of  wolves; part HI--Am- 
biguous laws let wolf  hunters  do almost anything. Anchorage Daily 
News, March 13 (c-11), 18 (c-9), 19 (c-13). 

Haber, G. C. 1987. Exploitation of  wolf-moose sys tems- - lessons  from 
Interior Alaska. The Alaska Wildlife Alliance, Anchorage. (Also 
available from Arctic Environmental Information and Data Center, 
University of  Alaska, Anchorage.) 

Haber, G. C. 1988. Wildlife management  in nor thern  British Columbia: 
Kechika-Muskwa wolf  control and related issues. Wolf Haven Inter- 
national, Tenino, Washington. (Also available from Arctic Environmen- 
tal Information and Data Center, University of  Alaska, Anchorage.) 

Haber, G. C. 1992. Wildlife management  in Alaska: Southcentral-inte- 
rior wolf  control and related issues. Wolf Haven International, 
Tenino, Washington. (Also available from Arctic Environmental In- 
formation and Data Center, University of  Alaska, Anchorage.) 

Haber, G. C. 1993a. Wildlife management  in the  Yukon Territory: Aish- 
ihik wolf  control and related issues. Wolf Haven International, 
Tenino, Washington. (Also available from Arctic Environmental In- 
formation and Data Center, University of  Alaska, Anchorage.) 

Haber, G. C. 1993b. Wolves and wolf-prey-human interactions, interior 
and southcentral  Alaska. Research report 1. The Alaska Wildlife Al- 
liance, Anchorage; Friends of Animals, Darien, Connecticut; Wolf 
Haven International, Tenino, Washington. (Also available from Arc- 
tic Environmental Information and Data Center, University of  
Alaska, Anchorage.) 

Haber, G. C. 1993c. The great Alaska wolf  kill. The New York Times. 
2 October. 

Haber, G. C. 1994. Wolves and wolf-prey-human interactions, interior 
and southcentral  Alaska. Summary of research activities, June -  
December  1993 (Alaska Department  of  Fish and Game scientific 
permit  no. 93-117). Alaska Department  of  Fish and Game, Juneau. 

Haber, G. C. 1995a. Park wolves need protection. Fairbanks Daily 
News-Miner. 11 September. 

Haber, G. C. 1995b. Wolves and wolf-prey-human interactions, interior 
and sonthcentral  Alaska. Summary of research activities, January- 
December1994 (Alaska Department  of  Fish and Game scientific re- 
search permit  no. 94-25). Alaska Department  ofFish  and Game, Ju- 
neau. 

Haber, G. C., and C. J. Waiters. 1980. Dynamics of the  Alaska-Yukon 
caribou herds and management  implications. Pages 645-663 in E. 
Reimers, E. Gaare, and S. Skjenneberg, editors. Proceedings of  the 
2nd international reindeer/caribou symposium, Roros, Norway, 
1979. Direktoratet for vilt og ferskvannsfisk, Trondheim. (Also 

Conservation Biology 
Volume 10, No. 4, August 1996 



1078  Implications of KiUing Wolves Haber 

available from Arctic Environmental Information and Data Center, 
University of  Alaska, Anchorage.) 

Harrington, F. H. and L. D. Mech. 1982. Patterns of  homesi te  atten- 
dance in two Minnesota wolf  packs. Pages 81-105 in F. H. Har- 
rington and P. C. Paquet, editors. Wolves of the  world: perspec- 
tives of  behavior, ecology, and conservation. Noyes Publications, 
Park Ridge, New Jersey. 

Hayes, R. D., A. M. Baer, and D. G. Larsen. 1991. Population dynamics 
and prey relationships of  an exploited and recovering wolf  popula- 
tion in the  southern Yukon. Final report TR-91-1, Yukon Fish and 
Wildlife Branch, Whitehorse,  Yukon Territory. 

Keith, L. B. 1983. Population dynamics of  wolves. Pages 66-77 in L. N. 
Carbyn editor. Wolves in Canada and Alaska: their status, biology, 
and management .  Canadian Wildlife Service Report Series 45. 

Kelner, K. andJ .  Benditt, editors. 1994. Genes and behavior. A special 
report. Science 264:1685-1739. 

Lehman, N., P. Ciarkson, L. D. Mech, T. J. Meier, and R. K. Wayne. 
1992. A study of the genetic relationships within and among wolf  
packs using DNA finger-printing and mitochondrial DNA. Behav- 
ioral Ecology and Sociobiology 30:83-94. 

Leopold, S. A. 1949. A Sand County almanac and sketches here and 
there. Oxford University Press, New York. 

McNay, M. E. 1993. Development  and testing of a general predator- 
prey computer  model  for use in making management  decisions 
(Fig. 7). Federal aid in wildlife restoration, research progress re- 
port, project W-24-1, study 1.46. Alaska Department  of  Fish and 
Game, Juneau. 

Mech, L. D. 1970. The wolf: the ecology and behavior of an endan- 
gered species. Natural History Press, Doubleday, New York. 

Mech, L. D. 1977. Population trend and winter  deer consumpt ion in a 
Minnesota wolf  pack. Pages 55-83 in R. L. Phillips, and C. Jonkel, 
editors. Proceedings of the 1975 predator symposium. University of 
Montana, Forest Conservation Experiment Station Bulletin, Missoula. 

Mech, L. D. 1991. Comments  to Alaska wolf  management  planning 
team. In Alaska wolf  management  planning team, meeting sum- 
mary, March 21-23, 1991. Alaska Department  of  Fish and Game, 
Anchorage. 

Mech, L. D. 1995. The challenge and opportunity of  recovering wolf  
populations. Conservation Biology 9: 270-278. 

Mech, L. D., T.J. Meier, J. W. Burch, and L. G. Adams. 1991. Demogra- 
phy and distribution of wolves, Denali National Park and Preserve, 
Alaska--1986-1990.  Natural resources progress report AR-91/O1. 
National Park Service, Alaska Regional Office, Anchorage. 

Meier, T., J. Butch, L. D. Mech, and L. Adams. 1995. Pack structure and 
genetic relatedness among wolf  packs in a naturally regulated pop- 

ulation. Pages 293-302 in L. D. Carbyn, S. H. Fritts, and D. R. Seip, 
editors. Ecology and conservation of wolves in a changing world. 
Canadian Circumpolar Institute, Occasional Papers 35, Edmonton, 
Alberta. 

Messier, F. 1985. Social organization, spatial distribution, and popula- 
tion density of  wolves in relation to moose density. Canadian Jour- 
nal of  Zoology 63: 1068-1077. 

Murie, A. 1944. The wolves of  Mount McKinley. U.S. National Park Ser- 
vice Fauna Series 5. 

National Park Service. 1995. Fact sheet: Wolf protection and manage- 
ment  at Denali National Park and Preserve. National Park Service, 
Denali National Park. 

Packard, J. M. 1980. Deferred reproduction in wolves. Ph.D. disserta- 
tion. University of  Minnesota, Minneapolis. 

Peterson, R. O. 1977. Wolf ecology and prey relationships on Isle Roy- 
ale. U.S. National Park Service Scientific Monograph Series 11. 

Peterson, R. O., J. D. Woolington, and T. N. Bailey. 1984. Wolves of the 
Kenai Peninsula, Alaska. Wildlife Monographs 88. 

Peterson, S. 1995. Estimated statewide wolf  population status (1994- 
95). Memorandum (12 June). Alaska Department  of  Fish and Game, 
Juneau. 

Plomin, R. 1990. The role of  inheritance in behavior. Science 248: 
183-188. 

Rausch, R. A. 1967. Some aspects of  the population ecology of wolves, 
Alaska. American Zoologist 7: 253-265. 

Sherman, P. W., J. U. M. Jarvis, and R. D. Alexander. 1991. The biology 
of the naked mole rat. Princeton University Press, Princeton, New 
Jersey. 

Sherman, P. W., J. U. M. Jarvis, and S. H. Braude. 1992. Naked mole 
rats. Scientific American 267: 72-78. 

Stephenson, R. O. and J. J. Sexton. 1974. Wolf report. Federal aid in 
wildlife restoration progress report, projects W-17-5, W-17-6. 
Alaska Department  of  Fish and Game, Juneau. 

Tear, T. H., J. M. Scott, P. H. Hayward, and B. Griffith. 1993. Status and 
prospects  for success of  the  Endangered Species Act: a look at re- 
covery plans. Science 262: 976-977. 

Vucetich, J. A., and R. O. Peterson. 1995. Population viability analysis 
of  Isle Royale wolves incorporating species interactions and social 
structure. Paper (and abstract) presented at, Wolves and humans  
2000, Duluth, Minnesota, March 1995. International Wolf Center, 
Ely, Minnesota. 

Waiters, C. J., M. Stocker, and G. C. Haber. 1981. Simulation and opti- 
mization models  for a wolf-ungulate system. Pages 317-337 in 
C. W. Fowler, and T. D. Smith, editors. Dynamics of large mammal  
populations. John Wiley & Sons, New York. 

I i 

Conservation Biology 
Volume 10, No. 4, August 1996 



Haber Implications o f  KiUing Wolves 1079 

Appendix 1 
Known or likely impacts of heavy ( 15-20 + % annual) exploitation and control on wolves. 

Impact  Area Source 

1. Smaller late winter average group sizes; more population fragmentation. 

Wolves/group Groups/ l  O00 k m  2 Wolves/ l  O00 k m  2 

No known heavy killing immediately before 
or during observation. 
7-14 
6.2-10.9 

4.7-8.7 
5-8 

No known heavy killing immediately before 
observation; heavy killing during observation. 
11.3 to 5.6 

(annual exploitation: 7-18% to 25-31%) a 
8.6 to 3.6 to 5.5 

(annual control rates: 38=39% to 66% to 23-29%) e 
12.0 to 4.5-7.0 to 7.6 

(annual control rates: 61% to 85-86% to 0):  
Heavy killing during observation; known or likely heavy 

killing immediately before. 
2.9-4.7 

5.1 
2.0-3.5 

3.5-4.7 

0.77 5.4-10.8 
0.82 4.0-11.2 

1.0-1.1 4.1-8.1 
0.85 4.2-6.8 

Denali N.P., Alaska Haber 1977, 1992 a 
Denali N.P., Alaska NPS, unpublished; Mech et 

al. 1991 ° 
Denali N.P., Alaska Meier et al., 1995 b 
Denali N.P., Alaska Haber, NPS, 1993-1995, 

unpublished" 

0.79 to 2.20 9.0 to 12.31 Kenai Pen., Alaska Peterson et al. 1984 

1.3 to 1.4to 1.6 12.4 to 3.6 to 10.8 SW Yukon Hayes et al. 1991 

0.83 to 1.03-1.15 10.0 to 5.19-7.12 Horseranch area, Haber 1988 
to 1.92 to 14.62 northern B.C. 

2.0-5.1 
4.5-5.7 

6.2 to 3.4-4.1 to 3.6 
(annual control rates: 79% to 73-83% to 65%) ° 

5.32 to 3.16-3.69 to 4.03 
(annual control rates: 60% to 77 + 0% to 60%) l 

Probably some heavy killing immediately before and/or 
during observation. 
7.7-8.4 

0.75-1.52 2.6-7.1 
(X = 1.14) 

1.50-3.07 15.67 
1.10-1.61 2-5 

0.86 3-4 

0.84-1.44 1.68-7.31 
0.65-0.85 3.7-3.9 

2.53 to 3.65 15.73 to 12.50- 
to 3.11 15.02 to 11.13 

7.38 to 3.5-6.0 39.30 to 12.93- 
to 4.52 18.95 to 18.25 

1.85-2.01 15.44-15.60 j 

2. Mating less selective; more litters per  population and generally higher mid-late winter pup  ratios, 
except at highest exploitation intensities. 

No known heavy killing immediately before or during observation. 
Typically one litter per  group; 0-15% of groups produced 2-4 litters annually (simultaneously). 

Fewer than 25-50% of adult females produce young. X = 37% pups (18-60'%). 

Nelchina Basin, Ballard et al. 1987 
Alaska 

GMU 20A, Alaska Gasaway et al. 1983 
Fortymile region, Gassaway et al. 1992 

Alaska g 
Fortymile/upper Haber 1994/1995 b, 

Tanana/Charley unpublished 1995 data 
region, Alaska g 

Minto area, Alaska McNay 1993 
Gates of the Arctic Adams & Stephenson 1986, 

N.P., Alaska 1988; Adams et al. 1989 
Kechika area, Haber 1988 

northern B.C. 
Muskwa area, Haber 1988 

northern B.C. 

Blue-Jenningsarea, Haber 1988 
northern B.C. 

Denali N.P., Alaska Haber 1977a; Haber, NPS 
unpublished 1978- 
1995c; Mech et al. 1991~; 
Meier et al., 1995 ~ 

No known heavy killing immediately before observation; heavy killing during observation. 
One litter per  group (two in one group). 67% of adult females in estrus or previously pregnant. 

Percentage pups in population increased 26 to 54% as hunting and trapping increased 7- 
18% to 25-31%. ° 

No more than one litter per group. 82% of adult females (from before and during control SW Yukon 
samples combined) in estrus or previously pregnant. Percentage pups in population 
increased 36 to 45% (78%+ of groups reproduced annually) during two years of 38-39% 
control; percentage pups decreased to 16% the next year (39% of groups reproduced) 
following 66% controL* 

Heavy killing during observation; known or likely heavy killing immediately before. 
89% of adult females in estrus or previously pregnant. X = 45% pups in population (39-60%). Interior Alaska 
Typically one litter per  group; 7-10% of groups produced two litters annually. X = 57% pups Neichina Basin, 

in population (42-74%). * Alaska 
71% of adult females in estrus or previously pregnant. X = 30% pups in population (25-33%). GMU 2OA, Alaska 
One litter per  group. X = 32% pups in population (31-33%). Fortymile/upper 

Tanana/Charley 
region, Alasl~ 

Typically one litter per group. Approximately 41% pups in population. Gates of the 
Arctic, N.P., 
Alaska 

Kenai Pen, Alaska Peterson et al. 1984 

Hayes et al. 1991 

Rausch 1967 
Ballard et al. 1987 

Gasaway et al. 1983 
Haber 1994, 1995 b, 

unpublished 1995 data 

Adams & Stephenson 1988 
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Appendix 1 
Continued. 

Impact Area Source 

3. More variable (moose) kill rates. 
No known heavy killing immediately before or during observation. 

Kill rates increased with increased group size over a range of 2 to 7-9 wolves, then leveled off 
through a group size of at least 19. a 

No known heavy killing immediately before observation; heavy killing during observation. 
Kill rates of pairs often the same as for groups of 6-7 wolves. No significant correlation between 
kill rate and group size through a group size of at least 7 wolves, even when pairs are excluded, e 

Heavy killing during observation; known or likely heavy killing immediately before. 
Kill rates increased with increased group size over a range of 2-9 wolves, then apparently 

continued increasing more slowly through a group size of at least 20. 

Denali N.P., Alaska Haber 1977 

SW Yukon Hayes et al. 1991 

Nelchina Basin, 
Kenai Pen, 
Alaska 

4. More variable territories 
No known heavy killing immediately before or during observation. 

At least 3 of 15 territories in 1987-1988 were still occupied by the same groups in 1995, in 
approx, the same areas or (for one) in the core of the same area; 1-2 of these 3 territories/ 
groups extend back to at least 1966-1974. Of the remaining 12 territories at least 6 were 
approx, the same in 1995 as in 1987-1988 but were apparently occupied by new groups; 2 
of these turnovers were probably caused by hunting and trapping. The other 6 territories 
were not monitored adequately through 1995, although as of 1991-1992 at least one was 
occupied by the same group in aprox, the same area, another was occupied by 2 
neighboring groups via expansion of their territories (the previous group disappeared 
naturally), and a third was occupied by 3 smaller groups. A group occupying another, stable 
territory for 16+ years was eliminated in 1983, probably due to hunting/trapping. Most of 
this vacancy was occupied by another group for 11 years, until it was eliminated by hunting 
and trapping in 1993-1995. A new group began occupying essentially the same area in 1995. 

No known heavy killing immediately before observation; heavy killing during observation. 
2 of the 3 territories covering most of the study area in 1976-1977 were occupied by the same Kenai Pen, Alaska 

groups in 1980-1981. One of the 3 territories was approx, the same size in 1980-1981, and 
another was centered in approx, the same location. There were 4 additional, occupied 
territories within the overall 1976-1977 area in 1980-1981. a 

None of 3 closely monitored "sample" territories was occupied by the same group in 1986- SW Yukon 
1987 as in 1982-1984. One of the 3 territories was of approx, the same size and location in 
1986-1987. Within the overall wolf control area, "suspected" territory boundaries ( ~  18- 20 
territories) suggested a substantially different mosaic in 1987-1988 versus 1982-1984. 
Control increased from 38-39% in 1982-1984 to 66% in 1984-1985, then decreased to 23- 
29% in 1986-1987. e 

Heavy killing during observation; known or likely heavy killing immediately before. 
3-4 of 15 territories in 1975-1976 were occupied by the same groups in 1980-1982.0-2 of Nelchina Basin, 

these territories and 3-7 of the other 11-12 were of approx, the same size and location in Alaska 
1980-1982. There were 2-4 additional, occupied territories within the overall 1975-1976 
area in 1980-1982. 

5. Less use of established dens. 
No known heavy killing immediately before observation; heavy killing during observation. 

76% and 64% of known 1966-1982 and 1966-1993 within-summer homesite moves (following 
abandonment of the natal den; n = 17,59) by 2 family groups occupying approx, the same 
adjacent territories for 16+ and 50+ years, respectively, were to various established dens 
(versus rendezvous sites). 33% of known moves (n = 12) by wolves that colonized the "76%" 
territory in 1984, after the 16+ year residents were eliminated (probably by hunting/ 
trapping) were to a den, in each case to the same established den. This group was eliminated 
by hunting/trapping in 1993-1995. 

6. Territory size varies more directly with resident group size, sometimes with disproportionately 
much larger initial territories for colonizers. 
No known heavy killing immediately before or during observation. 

No significant relationship between territory size and group size over a range of at least 5-20 
wolves/group. Territory size varied inversely with moose density. 

No known heavy killing immediately before observation; heavy killing during observation. 
Territory size varied significantly with group size (i.e., larger groups-larger territories) over a 

range of at lease 5-20 wolves/group. Smaller, recolonizing groups, especiallypairs, initially 
occupied disproportionately much larger territories (3-4 × area/wolD than were occupied 
by larger groupsfl 

Smaller, recoionizing groups, especially 2-3 wolves, initially occupied disproportionately SW Yukon 
much larger territories (5 × area/wolD than were occupied by larger groupsY 

Heavy kilting during observation; known or likely heavy killing immediately before. 
Territory size varied significantly with group size over a range of at least 2-15 wolves/group, Nelchina Basin, 

and inversely with moose density. Alaska 

Ballard et al. 1987 (includes 
one data point from 
Peterson et ai. 1984). 

Denali N.P., Alaska Haber 1977a; Mech et al. 
1991b; Meier et al., 
19950; Haber, NPS 
unpublished 
1978-1995 c 

Peterson et al. 1984 

Hayes et al. 1991 

Ballard et al. 1987 

Denali N.P., Alaska Haber 1977a; Haber, NPS, 
unpublished 
1978-1995 c 

Denali N.P., Alaska 

Kenai Pen, Alaska 

Haber 1977a; Mech et al. 
19910 

Peterson et al. 1984 

Hayes et al. 1991 

Ballard et al. 1987 
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Appendix 1 
Continued. 

Impac t  Area Source 

7. Higher overall natural mortality rates. 
No known heavy killing immediately before or during observation 

16-31% annual "losses'--i.e., natural mortality and dispersal combined; closely related to early 
winter group size for at least one established family group-- this  was the primary means by 
which the size of this group was limited. 
= 13% (7-18%) annual natural mortality. 
= 20% annual natural mortality. 

No known heavy killing immediately before observation; heavy killing during observation. 
= 25% annual natural mortality; increased from 14-21% to 25-38% as hunting and trapping 
increased from 7-18% to 25-31%. Population limited primarily by exploitation, a 

= 60% annual natural mortality; increased from 32-36% to 79% as control increased from 38- 
39% to 66%; decreased to 49% the next year as control decreased to 29%, then increased to 
78-84% for at least the next 2 years as control decreased to ~23%. e 

Heavy killing during observation; known or likely heavy killing immediately before. 
= 29% annual natural mortality. Population limited primarily by exploitation and control. 

Denali N.P., Alaska Haber 1977 a 

Denali N.P., Alaska Mech et al. 19910 
Denali N.P., Alaska Meier et al., 19950 

Kenai Pen, Alaska Peterson et al. 1984 

SW Yukon Hayes et al. 1991 

Nelchina Basin, Ballard et al. 1987 
Alaska 

a 1966-1992  f o r  group  sizes, groups/area,  a n d  w o l f  densities; 1966-1974  f o r  reproductive info, kill rates, territory size versus group  size, a n d  
mortal i ty  rates. Data  f o r  up to f i v e  established f a m i l y  groups  pr imar i l y  f r o m  periods  w h e n  these groups  suf fered f e w  i f  any  hunting~trapping 
losses. 
b 1986-1992.  Data  f o r  up to 16 groups, including some  in areas o f  the park~preserve where  there were moderate  to heavy  hun t ing  a n d  trapping 
losses over  earlier years  a n d  decades a n d  sporadic light to moderate  losses dur ing the per iod  o f  observation. 
c1978_1992 or 1993-1995.  Data  f o r  up to 3 (1978-1992)  or  11 (1993-1995)  groups, including some  in areas o f  the park /preserve  where  there 
were moderate  to heavy  hun t ing  a n d  trapping losses over  earlier years  a n d  decades a n d  sporadic light to moderate  losses dur ing the per iod  o f  
observation. 
a 1976-1982.  Cont inuing heavy  exploitat ion (hun t ing  a n d  trapping) applied to an  initially lightly exploited populat ion-- i .e . ,  exploitation in- 
creased f r o m  7-18% to 25-31%. Data  show  changes in each variable dur ing the per iod  o f  observation. 
eHeavy g o v e r n m e n t  control applied to an  initially lightly exploited populat ion-- i .e . ,  control increased f r o m  38-39% in 1982-1984  to 66% in 
1984-1985  then decreased to 23-29% in 1986-1987.  Data  s h o w  changes in each variable dur ing  this per iod  o f  observation. The f i r s t  values 
s h o w n  f o r  group  sizes, groups /area  a n d  w o l f  densities are  f r o m  1982-1983,  j u s t  before the init ial  (38-39%) control was  applied; the other two 
values shown  f o r  group sizes, groups~area, and  w o l f  densities are f r o m  the subsequent  heavy (66%) and  then decreased (23-29%) ~ontrol periods. 
f Heavy  g o v e r n m e n t  control applied to an  initially lightly exploited population--i .e . ,  control  increased f r o m  61% in 1978 to 85-86% in 1979- 
1980. There was  no f u r t h e r  control af ter 1980. Data  s h o w  changes in each variable f r o m  1978 j u s t  before the initial (61%) control to 85-86% 
control  in 1979-1980  to 1982 ( 2 y e a r s  af ter control  had  ended). 
g Gasaway  et al. 1992 data  are  f o r  1982-1989.  Haber  data  are f o r  1993-1995  f r o m  Gasaway 's  area p lus  adjoining regions. 
bHeavy g o v e r n m e n t  control  applied to a popu la t ion  probab ly  subject  to some  illegal, nongovernmen t  control. Governmen t  control was  applied 
at  rates o f  79% in 1982, 73-83% in 1983-1984,  a n d  65% in 1985. Data  show  changes in each variable f r o m  1 9 8 2 j u s t  before the initial (79%) 
control, to 73-83% control  in 1983-1984,  to 1985 j u s t  before the 65% control. Data f o r  an  addi t ional  y e a r  (1986) canno t  be compared  directly 
because the survey/control  area was  a lmost  doubled. 
i Heavy  g o v e r n m e n t  control applied to a popu la t ion  probably  subject  to some  illegal, nongovernmen t  control. Governmen t  control  increased 

f r o m  60% in 1984 to 77% in 1985, then decreased to no control in 1986  a n d  60% in 1987. Data  s h o w  changes in each variable f r o m  1984 j a s t  
before the init ial  (60%) control, to 77 + 0% control in 1985-1986,  to 1 9 8 7 j u s t  before the 60% control. No f u r t h e r  data  available. 
J 1 9 8 5 - 1 9 8 6  No g o v e r n m e n t  control bu t  probably  some  illegal non-government  control. 
kThis p u p  ratio est imate w as  derived in p a r t  f r o m  g r o u n d  trapping data. Ground  trapping (wi th  traps a n d  snares versus airpiane-assisted 
shoot ing/" trapping ") is usually  biased to catching pups,  thus  the actual  p u p  ratio m a y  he s o m e w h a t  lower  than shown  here. 
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