
A C T A  T H E R IO LO G IC A  
Vol. 21, 31: 425— 468, 1976

Arvícola richardsoni: Ecology and Biochemical Polymorphism 
in the Front Ranges of Southern Alberta

Paul K. ANDERSON, Paul H. W HITNEY & Jean-P ierre  HUANG

A n d erso n  P. K., W hitney  P . H. & H u an g  J . -P ., 1976: A rv ico la  r ichard-  
soni: ecology an d  biochem ical p o lym orph ism  in  th e  f ro n t ran g es  of 
so u th e rn  A lberta . A cta  the rio l., 21, 31: 425— 468 {W ith 10 T ab les  & 7 Figs.],

In  A lb e rta  A rm co la  r ichardson i ( D e K a y ,  1842) a re  g en e ra lly  
re s tr ic te d  to  m esic h a b ita ts  w ith in  a few  m e te rs  of sp r in g -fe d  s tream s 
a t  e lev a tio n s  of 2000 to  2200 m e te rs  in  th e  R ocky M o u n ta in  f ro n t 
ran g es . This h a b ita t  specia liza tion  defines th e  d is tr ib u tio n  an d  size 
of local popu la tions , a n d  d ispersion  w ith in  those  p o p u la tions . A t tw o  
sites w h e re  pop u la tio n s w ere  s tu d ie d  six  o th e r  sm a ll ro d e n t species 
(fou r of th em  m icro tines) a lso  occur. A ll h a v e  w id e r g eog raph ic  a n d  
ecological d is trib u tio n s  th a n  does A rv ico la  richardsoni. Ecological a n d  
geog raph ica l d is trib u tio n s  of A . te rre s tr is  an d  A . richardson i a re  com ­
p a re d  an d  poss ib le  ex p lan a tio n s  fo r th e  re s tr ic te d  d is tr ib u tio n  of
A . richardson i a re  considered . E x am in a tio n  of p la n ts  c u t  a n d  b a th e re d  
by  A . richardson i suggested  th a t  fo rbs w e re  m ore  im p o rta n t th a n  
g rasses  in  th e  su m m er diet. In  1972, b reed in g  o ccu rred  fro m  Ju n e  
th ro u g h  A ugust, p ro b ab ly  te rm in a tin g  in  e a r ly  S ep tem b er. O v er­
w in te re d  a d u lt fem ales p ro d u ced  th re e  litte rs . In  th e  sam p le  s tu d ied  
a ll m em bers of th e  f i r s t  l i t te r  of th e  season  w ere  fem ale . F em ales 
of th e  f irs t  l i t te r  of th e  19.72 season  w ere  p re g n a n t in  A u g u st of th a t 
year. C atch  p e r  tr a p -h o u r  w as u sed  as an  in d ex  of re la tiv e  d en sity  
an d  in c reased  200 to  300“/» be tw een  e a rly  Ju ly  an d  la te  A ugust. 
A u g u st densities w ere  17.6 an d  32.5 in d iv id u a ls /h ec ta re . A n im als  w ere  
ac tiv e  th ro u g h o u t th e  diel cycle. A c tiv ity  w as low est b e tw een  d aw n  and  
m id -d ay  an d  h ig h es t d u rin g  th e  ho u rs  o f dark n ess . R o u tin e  m ove­
m en ts  w ere  g re a te r  in  a d u lt m ales th a n  in a d u lt  fem ales. In  th e  A ugust 
p o p u la tio n  recen tly  w eaned  young  show ed th e  leas t vag ility . C om po­
s ition  of A u g u st p o p u la tio n s is described  a n d  suggestions a re  m ade 
w ith  re sp ec t to  social o rgan iza tion  an d  in teg ra tio n . T h e  p o p u la tions 
s tu d ied  w ere  po lym orph ic  a t  loci co n tro llin g  leucine  am inopep tidase , 
p la sm a  es te ra ses  an d  red -c e ll es te ra ses . No v a riab ility  w as d e tec ted  
in  tra n s fe r r in s , hem oglobins, o r g lu co sep h o sp h a te  isom erases. T he level 
of in trap o p u la tio n  v a riab ility  a p p e a rs  to  be  re la tiv e ly  h igh, com pared  
w ith  th a t  in o th e r ro d e n t species, d esp ite  subd iv ision  of th e  p o p u ­
la tion  in to  sm a ll g roups iso la ted  in  sm a ll is lan d s  o f fav o ra b le  h ab ita t.
I t  is suggested  th a t  th is  m ay  b e  a  consequence  of a d a p tiv e  re q u ire ­
m en ts, im posed  by a  seasona lly  v a r ia b le  en v iro n m en t, w h ich  o v e r­
r id e  an y  tendenc ies  to w a rd  red u ced  v a ria b ility  a rising  th ro u g h  p o ­
p u la tio n  s tru c tu r in g .

[Dept. Biol., U niv . of C algary , C anada]

1. IN T R O D U C TIO N

Theories about the dynamics and evolutionary strategies of small 
m am m al populations have been developed prim arily on the  basis of
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data collected on widely d istribu ted  species, abundant in easily accessible 
local communities. It is generally  assum ed th a t these populations are 
representative, but this assum ption cannot yet be validated. R ichard­
son’s vole, Arvicola richardsoni, is one of the less well known rodent 
species of th e  m ountains of w estern N orth America. The hab ita t and 
distribution of this species suggest th a t its population a ttr ib u tes  may 
be distinctive, and it is this possibility which has m otivated our study.

We report here a sum m ary of exploratory trapping betw een 1963 and 
1971, and the  resu lts of two periods of intensive study  (July 4—8 and 
August 21— 29, 1972) a t Highwood Pass and P lateau M ountain in the 
Canadian Rockies (Fig. 1).

2. M ETH O D S

In  th e  ex p lo ra to ry  tr a p p in g  bo th  sn a p  tr a p s  (M useum  S pecia l a n d  V ic to r 
m ouse trap s) an d  live tra p s  (S h erm an  a n d  L ongw orth ) w e re  used . In  1972 
w e evo lved  an d  stan d a rd iz ed  our m eth o d s as follow s. A n im als w e re  liv e - 
tra p p e d  in  26 cm  long  S h e rm an  fo ld in g  tr a p s , su p p lied  w ith  co tton  b a tt in g  an d  
ro lled  oats. In itia lly  t r a p s  w e re  se t a p p ro x im a te ly  f iv e  m e te rs  a p a r t  beside, o r u p  
to  20 m e te rs  aw ay  from , m o u n ta in  s tre am s . W ith fu r th e r  expe rien ce  w e  decided 
th e  b es t p ro c e d u re  w as to  w ork  a long  th e  s tre a m  banks, sy s tem atica lly  sea rch in g  
fo r signs of m icro tine  ac tiv ity . T rap s  w e re  se t w h e re v e r ch a rac te ris tic  a n d  a p p a r ­
en tly  ac tiv e  ru n w ay s , fre sh ly  cu t v eg e ta tio n , o r fre sh  feces w ere  observed . W e 
found  th a t  such  signs w ere  ag g reg a ted  an d  in te rm itte n t. W e th e re fo re  s ta n d a rd iz e d  
a t  se ts  of five  tra p s  on or w ith in  one  m e te r of th e  s tre a m  b an k  in each  zone of 
ac tiv ity . W hen  trap s  had  been set, lin e a r  d is tances be tw een  tra p s  a long  th e  
s tream  w ere  m easu red  an d  reco rded , bo th  w ith in  an d  be tw een  zones of activ ity . 
T his p ro ced u re  w as developed  d u rin g  th e  J u ly  tr a p p in g  period  an d  w as used 
con sis ten tly  in  th e  A ugust, 3972 trap p in g . In  ad d itio n  to  tra p s  so p laced , w e se t 
occasional tra n se c t lines, p e rp e n d ic u la r  to  th e  s tre am , to  ev a lu a te  th e  d is tance  to  
w hich  th e  voles w e re  ac tiv e  aw ay  fro m  th e  s tre a m  m arg in . T he m ic ro topog raphy , 
ev idences of v o le  ac tiv ity , an d  v eg e ta tio n  w ere  reco rded  fo r each t r a p  sta tion . 
V egeta tion  w as  ch a rac te rized  in te rm s  of th e  p resence , heigh t, an d  d ensity  of each 
of th e  su b jec tiv e ly  m ore  com m on p la n t species. V egeta tion  clipped  by th e  vo les 
an d  piled in  b u rro w  e n tran ces  o r sc a tte re d  a long  ru n w ay s  w as co llec ted  fo r  
id en tif ica tio n  an d  th e  c u t segm en ts a ss ig n ab le  to  each  p la n t species w e re  counted . 
A t P la te a u  M ou n ta in  th e  fre sh  w e ig h t of such  cu ttin g s  w as a lso  taken .

T rap s  w ere  checked a t  in te rv a ls  of a p p ro x im a te ly  six  hou rs , d ay  a n d  n ight. 
C a p tu re d  an im a ls  w ere  ea r- tag g ed . B ody le n g th  fro m  th e  tip  of th e  sn o u t to 
th e  base  of th e  ta il w as m easu red  by s tre tc h in g  th e  an im a l a long  a  30 cm  ru le r . 
W here  an  a n im a l w as m easu red  re p e a te d ly  th e  m ax im u m  len g th  m e a su re d  w as 
u sed  in an a ly s is  of d a ta . W eight w as ta k e n  b y  hang ing  th e  an im a l by its  ta il from  
a sp rin g  c lip  on a P esso la  sp rin g  scale. E x te rn a l ind ica tions of re p ro d u c tiv e  s ta tu s  
w ere  noted. B lood w as co llected  fro m  an  o rb ita l sinus in  h ep a rin ized  tu b e s  (1.1— 
1.2 m m  I. D.). T he  blood sam ples w e re  k e p t re f r ig e ra te d  in  th e rm o s fla sk s , sto red  
in sn o w b an k s (Ju ly ) o r  in  ice -filled  s ty ro fo am  coolers (A ugust) fo r one to  th r e e  
days befo re  cen trifug ing . C ap illa ry  tu b es  w e re  cen tr ifu g ed  fo r  20 m in u tes  a t  
a p p ro x im a te ly  400 g to  se p a ra te  p lasm a fro m  e ry th ro cy te s . E ry th ro cy te s  w e re
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w ash ed  th re e  tim es in  a sod ium  c itra te  so lu tion , a n d  ly sed  w ith  tw o  d rops of 
d is tilled  w a te r . P r io r  to  e lec tro p h o resis  fo r  tr a n s fe r r in  an d  este rases , sam p les  w ere  
s to re d  in  th e  la b o ra to ry  a t  — 20°C fo r one to  th re e  m on ths. S am p les  ru n  fo r 
leu c in e  am in o p ep tid ase , hem oglobin , an d  g lucosep iio spha te  isom erase  w e re  h e ld  
fo r  ap p ro x im a te ly  six  m o n th s p r io r  to  e lec trophoresis .

In  e lec tro p h o resis  th e  h o rizo n ta l s ta rc h  gel sy s tem , m odified  a f te r  K  r  i s t -

N

Fig. 1. Fig. 1A show s th e  locations of M arm o t C reek , H ighw ood P ass, an d  P la te a u  
M o u n ta in  w ith  re fe re n c e  to  th e  C ity  of C algary . Fig. IB  locates tra p p in g  a reas  
a long  P o c a te r ra  C reek  an d  S to rm  C reek  a t  H ighw ood P ass. Fig. 1C locate? 
tra p p in g  a rea s  a t  P la te a u  M oun ta in . D o tted  lines in d ica te  e x te n t of successfu l 
tr a p  lines. A ste risk s  in d ica te  sites w h ere  tra p s  w ere  set, b u t w h e re  no A. r tcho rdson i 

w ere  c a p tu re d  a n d  no c h a rac te ris tic  sign  w as found.

j a n s s o n  (1963) w as used . G els w ere  p re p a re d  tw o  a t a  tim e  by su sp en d in g  60 g 
of hyd ro lyzed  s ta rc h  (C o n n au g h t M edical L ab o ra to rie s  S ta rc h  L ot 281-2) in 500 cc 
o f th e  ap p ro p r ia te  b u ffe r  (see T ab le  1). A fte r pouring , th e  gels w ere  a llow ed  to 
cool u n d e r re f rig e ra tio n  a t  4°C fo r ap p ro x im a te ly  30 m inu tes . S am ples in  W h atm an  
No. 3 f i lte r  p a p e r  s tr ip s  (1 cm  X 0.5 cm) w ere  in se rte d  in to  p re -c u t slo ts  e ith e r

1



Table 1
P ro te in  system s, b u ffe rs , an d  sta ins.

P ro te in  system Source G el b u ffe r E lec tro ly te  b u ffe r

In se rt lin e  
(d istance  

from  
cathode)

D irec tion
of

m ig ra tio n
S ta in

T ra n sfe rr in P lasm a T ris -c itra te  pH  7.2 S odium  b o ra te  pH  8.7 4 cm A node B uffa lo  b lack
P lasm a es te rases P la sm a T ris -c itra te  pH  7.2 S odium  b o ra te  pH  8.7 4 cm A node u -n a p h th y l-a c e ta te
R ed  cell 
este rases RBC T ris -c itra te  pH  7.6 S od ium  b o ra te  pH  8.7 4 cm A node a -n a p h th y l-a c e ta te

L eucine  am ino  
p ep tid a se  (LAP) P la sm a T ris -c itra te  pH  7.6 S odium  b o ra te  pH  8.7 4 cm A node

& a -n a p h th y l- t ju ty ra te  

L A P  specific
H em oglobin RBC T ris -c it ra te  pH  6.2 T ris -c it ra te  pH  6.2 10 cm C athode B u ffa lo  b lack
G lucosephospha te  
iso m erase  (GPI) RBC T ris -c it ra te  pH  6.2 T ris -c it ra te  pH  6.2 10 cm C athode G P I specific
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4 o r 10 cm from  th e  ca thodic  end  of th e  ge]. G els w e re  th e n  covered  w ith  S a ra n  
w ra p  to  p re v e n t desiccation  an d  w e re  ru n  a t  a p p ro x im a te ly  4°C in  re fr ig e ra to rs  
e q u ip p ed  w ith  in te rn a l c ircu la tin g  fan s  to  d iss ip a te  h ea t. F o r  tra n s fe rr in s , este rases , 
a n d  leu c in e  am i nop ep tid ase  (LAP) a v o ltag e  g rad ien t o f 8 v o lts /cm  (MA 22+2) 
w as ap p lied  fo r 30 m inu tes . T he f i lte r  p ap e r in serts  w e re  th e n  rem oved  a n d  a 
v o ltag e  g ra d ie n t of 15 vo lts/cm  (MA 32+2) w as app lied  u n ti l  th e  b o ra te  lin e  had  
m ig ra ted  10.6 cm from  th e  in se rt line. T o ta l ru n n in g  tim e  fo r  th e se  system s w as 
fo u r  to  five  hours. F o r hem oglobin  a n d  g lucosephospha te  isom erase  (G PI) a vo l­
tag e  g ra d ie n t of 6.5 vo lts/cm  (MA 15+2) w as ap p lied  fo r 16 to  17 hours.

In  p re lim in a ry  te s ts  of techn ique , sev e ra l sam ples w ere  sc reen ed  fo r po ly ­
m o rp h ism  o ver a series of pH  v a lu es from  7.2 to  8.5. S am p les  w ere  th e n  ru n  a t 
th e  v a lu e s  p ro d u c in g  th e  best reso lu tion .

A fte r  e lec trophoresis , gels w ere  sliced  h o rizon ta lly  a n d  sta ined . F o llow ing  
s ta in in g  a ll gels w ere  w ashed  an d  fixed  o v e rn ig h t in  a 1 : 5 : 5  so lu tion  of acetic  
acid , m e thano l, a n d  d is tilled  w a te r. T ra n s fe rr in  bands w e re  id en tif ied  using  th e  
C analco  m ethod  as m odified  by R a s m u s s e n  & K o e h n  (1966) and  
R a s m u s s e n  (pers. com m .). P re p a ra tio n  of b u ffe rs  a n d  s ta in s  fo r a ll system s 
is su m m arized  in  th e  ap p en d ix  to  th is  report.

3. R ESU L TS

3.1. E x p lo ra to ry  T rapp ing

In trapping a num ber of localities in and near the  drainages of the 
K ananaskis, Elbow, and Highwood Rivers betw een 1963 and 1971, A rví­
cola richardsoni was encountered only in two areas in the  K ananaskis 
drainage. In the  upper basin of M armot Creek, which enters the K ana­
naskis River approxim ately 20 km south of the junction w ith the  Bow 
River at Seebe, A lberta, A. richardsoni was found in spring-fed stream - 
side moss beds a t tim berline (2195 m elevation), but appeared to be 
absent a t lower {1402— 1982 m) and higher (2287—2744 m) elevations. 
At Highwood Pass (elevation 2122 to 2207 m), 68 km S. of Seebe, A. 
richardsoni were taken along Focaterra Creek and along spring-fed 
stream lets em erging from  benches and hillsides nearby. At lower ele­
vations (1220 to 1830 m) in  the K ananaskis and Jum ping  Pound valleys 
the large runw ays characteristic of A. richardsoni were not observed. In 
over 12,000 trap-n igh ts in the Jum ping Pound area no specimens of 
this species were captured. We also failed to find sign, or capture spe­
cimens of A. richardsoni in frost-polygon form ations a t a higher elevation 
(2843 m) on P lateau M ountain (126 km south of Seebe, and east of the 
Kananaskis-Coleman Forestry Road, in the Highwood River drainage) 
(Fig. 1).

We have done most of our trapping for this species betw een m id-June 
and m id-Septem ber since at the  appropriate elevations deep snow is 
present throughout the rest of the  year. Our only w inter trapping 
occurred in 1971, when ten traps were set, unsuccessfully, in known A.
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richardsoni hab ita t on Marmot Creek at 2200 m elevation on the night 
of 23 October. Snow depth  a t the tim e was 40 to 60 cm.

The conclusions draw n from this exploratory trapping w ere th a t in 
the  fron t ranges w est of Calgary, Arvícola richardsoni could be expected 
to occur only at or near tim berline (elevations of 2000—2200 m) in close 
association w ith w ater (generally small spring-fed streams), and w here 
the predom inant vegetation was low alpine willow, mosses, forbs, and 
grasses. As the  m ajority  of these stream s are  spring-fed, the flow is 
rela tively  constant and the banks are not subject to a great deal of 
flooding or erosion during the snow-free months. Because of the  lim ited 
distribution of th is habitat, it appears that the general d istribu tion  
pa tte rn  of A. richardsoni is highly discontinuous, and th a t th e  local 
distribution is linear and dendritic, following the pa tte rn  of favourable 
riparian  habitat for short distances along headw ater stream s.

3.2. G en e ra l D escription of H a b ita t in  A reas S tu d ied  in 1972

At Highwood Pass, stream s flow northw ards (headw aters of Pocaterra 
Creek) and southw ards (headwaters of Storm  Creek). The basin at the  
source of Pocaterra  Creek slopes gently northw ards and is rich in springs. 
From  these, stream lets flow through beds of deep moss to join in a 
growing stream . As the basin drains northw ard it leads into a narrow  
and steeply sloping valley through which the stream  becomes increas­
ingly more boisterous as the gradient increases. The vegetation in the 
upper basin (Fig. 2B) consists of scattered small spruce, Picea engel- 
manni, larch, Larix lyalli and fir, Abies lasiocarpa, growing on mossy 
hummocks among semi-continuous stands of dw arf willow, Salix arctica, 
and Salix barratiana, 20 to 150 cm high. T r  o 11 i e r  (1972) refers to this 
com m unity as the  Salix  barratiana association. Fir, spruce, and larch 
form  closed canopies on the higher and drier slopes surrounding the 
basin except w here repeated snow avalanches have inhibited grow th of 
woody vegetation. .

The slope southw ard from Highwood Pass is dirier, w ith  few er springs, 
less moss, and m ore grass. There was little sign of Arvícola richardsoni 
along the main course of Storm Creek in this area bu t well-developed 
runw ay system s w ere found along spring-fed stream lets em erging be­
side the main stream .

On P lateau  M ountain, Arvícola richardsoni was found in two spring- 
fed southw ard-sloping valleys at the headw aters of W ilkinson Creek 
(2163 to 2204 m), and in a spring-fed northw ard-sloping valley tribu tary  
to W ilkinson Creek a fte r  its course tu rns northw estw ards a t W ilkinson 
Sum m it (elevation 2003 m). At the higher sites, the stream s ru n  through



narrow , twisting, grassy gulleys, entering fu lly  developed tim ber along 
the  low er reaches of the study  area. Dw arf willow ranged from  40 to 
200 cm in height along the stream  banks (Fig. 2A). There was little  
moss a t  the two higher sites.
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Fig. 2. H a b ita t occupied  by A rv ico la  richardsoni,

A —  V iew  to th e  N o rth  a lo n g  P o c a te r ra  C reek  a t  H ighw ood P ass . B — W ilkinson 
C reek  h e a d w a te rs  w ith  p o ten tia l w in te r in g  h a b ita t in  le f t fo reg round . C — R u n w ay  
w ith  fre sh  cu ttin g s of Senecio  tr iangu la ris  (arrow ). D —  R esting  p la tfo rm  on

s tre a m  bank .

The lower elevation site  was trapped  only in August and for one 
n ight to  confirm  evidence (runways and cuttings) of the presence of 
Arvicola richardsoni. Willow and moss w ere abundant, and at this ele­
vation, willow reached 250 cm in height.
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In each location, the  presence of A. richardsoni was indicated by well 
developed runw ay  systems, resting  sites, and burrow  openings along the  
streams. These w ere typically  found w here dw arf willow provided some 
overhead cover. Runw ays a re  read ily  assignable to this species on th e  
basis of size (width five to seven cm, depth two to five cm). Active 
runw ays are w ell w orn (soil is often exposed on the runw ay floor) and 
free of litte r  and growing vegetation (Fig. 2C). In  a typical runw ay 
system  in the  Pocatenra Creek headw aters at Highwood Pass, runw ays 
paralleled the  stream  for 32 m eters and were well defined for th ree  to 
four m eters from  the  stream  m argin. Fain ter runw ays and some freshly  
cut vegetation, apparen tly  the  w ork of Arvícola, w ere found as fa r as 
11 m eters from  stream side. R unw ay system s had frequent openings 1o 
the m argins of pools or rap id ly  running  w ater. Along the stream  banks 
^resting platform s« unconnected w ith  runw ays w ere observed. These 
are small, w ell-packed clearings, often T or Y  shaped (Fig. 2D), Large 
droppings (up to 3X 6 mm) a re  occasionally found along th e  runways, 
bu t these a re  usually  solitary. No large accum ulations of feces are  seen. 
W e have observed th a t in captivity much defecation takes place in or 
near w ater (see also S k i r r o w ,  1969) and suspect th a t in n a tu re  the  
m ajority  of defecation and urination takes place in the  stream s. Burrow  
openings and runw ays frequently  contain clusters of fresh ly  cut forbs, 
w illow twigs, or grasses (Fig. 2C).

The stream s w here signs of Arvícola richardsoni activity  w ere found 
were generally quite small. A typical inhabited section of Pocaterra 
Creek a t Highwood Pass (Fig. 2A) had a m ean depth  of 11 cm, a m ean 
w idth  of 160 cm, and a ra te  of flow 35 cm/second. The bottom  was made 
up of angular rocks 10-100 cm in greatest dimension, w ith a m ix ture  
of coarse sand and fine gravels in the  interstices.

O ther sm all m am m al species caught in our traps in 1972 in these 
habitats w ere Clethrionom ys gapperi, Phenacomys intermedin#, Micro- 
tus longicaudus, Zapus princeps, Peromyscus m aniculatus, and S o re r 
palustris. M icrotus pennsylvanicus  was also caught in these habitats, in 
association w ith  Arvícola richardsoni, on P lateau M ountain in the  sum­
m er of 1973.1

3.3. T rap p in g  E ffo r t and  C atch

The first 1972 expedition to Highwood Pass and P lateau  Mountain 
took place in the  first week in Ju ly . A t this tim e grow th of herbaceous 
vegetation was w ell underw ay, except in heavily shaded areas and on

1 A d d it io n a l s t u d ie s  n o t  t r e a te d  in  d e ta i l  in  th is  T eport.
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north-facing slopes w here snow still rem ained. A large p a rt of our 
effort was initially  devoted to exploratory trapping, in order to define 
the habitats of the  species more precisely. A t Highwood Pass, 75 traps 
w ere set in areas which subsequently produced Aruicola richardson i 
These traps w ere available to  the voles for a total of 2100 trap-hours 
(we have used »trap-hours« in preference to the less precise, bu t 
frequently  used, »trap-night«. A trap-hour represents one trap  available 
for one hour). The total catch was five individuals (0.0024 voles/trap­
hour). A t P la teau  M ountain 122 traps were set in occupied hab ita t and  
2 800 trap -hours produced five individuals (0.0018 voles/trap-hour).

In August, carefully  controlled trapping sequences w ere undertaken  
a t each locality. In these sequences trap  sites w ere selected along 
subjectively com parable stretches of stream  at each locality, utilizing 
the  sam e criteria , by the senior author. These traps w ere initially  set 
a t the sam e tim e of day in each locality, and w ere checked a t intervals 
of approxim ately  6 hours for 44 hours. At Highwood Pass 14 sets of 
five traps accum ulated 3 049 trap-hours. Fourteen  individuals w ere 
captured (0.0046 voles/trap-hour). At P lateau M ountain, 19 sets of five 
traps accum ulated 4221 hours and produced 28 individuals (0.0066 
voles/trap-hour). These figures suggest th a t population density  had 
approxim ately  doubled at Highwood Pass and trip led  at Plateau 
M ountain betw een the firs t week in Ju ly  and the  last w eek in August. 
The W ilkinson Sum m it site (2003 m eters) a t P lateau  M ountain was 
trapped on th e  n ight of August 24 (25 traps in groups of five). Two 
w ater voles w ere captured (0.0055 voles/trap-hour).

The resu lt of these standardized site-selection procedures indicated 
that identification of active runw ay system s was a reliable index of the 
presence of Arvicola richardsoni. The species was captured  at 11 of 14 
five-trap  sets a t Highwood Pass and 15 of the 19 sets a t P lateau 
M ountain during  the August study.

3,4. Food

Piles of fresh ly  cut vegetation found in burrow  entrances, and  freshly 
cut p lants an d  p lan t fragm ents found along runw ays a re  presum ed to 
resu lt from  food gathering activity. Vegetation piles often include the 
entire  above-ground parts of plants, suggesting th a t they  represent 
collections of food gathered for subsequent consum ption (Fig. 2C). F rag­

m e n ts  found along runw ays m ay represent either discarded m aterial, 
or food item s dropped accidentally. As a first approxim ation of the diet 
we have included all of this p lant m aterial in  our analysis, im plying 
the belief th a t discarded plant parts m ay at least be residues left after 
preferred  p a rts  of the same plants have been consumed.
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In Ju ly  1972 six plant species w ere identified among such cu ttings 
collected, at P lateau M ountain [Trollius albiflorus (A. Gray) Rydb., 
Pedicularis groenlandica Retz., Castilleja miniata  Dougl., Lonicera in - 
volucrata  (Richards) Banks, Erigeron sp., and Thalictrum  venulosum  
Trel.j-

In August 1972, collections of cuttings w are made along the  Storm  
Creek section of our trap  line a t Highwood Pass and along the  m ain 
trap  line a t P lateau M ountain (Fig. 1). Cuttings were sorted as to species, 
and counted. Fresh weight was taken for cuttings of each species in

T ab le  2
P la n ts  cu t by A . r ichardson i a long 

S to rm  C reek, H ighw ood P ass .

Species Segm ents P e r  cen t

U n iden tified  grasses (2) 71 58.2
S a lix  sp. 34 27.8
A ste r fo liaceus 9 7.4
U n iden tified  fo rb s  (2) 6 4.9
P edicularis groenlandica 2 1.7

T ab le  3
P la n ts  c u t by  A . r ic h a rd so n i a long  W ilk inson  C reek , P la te a u  Mt.

Species Segm ents P e r  cen t G ram s P e r cen t

Senecio  tr iangu laris 118 41.5 154 67.0
A ste r  fo liaceus 74 26.0 21 9.1
U n iden tified  grass 19 6.7 2 0.9
S a lix  sp. 18 6.3 20 8.7
T h a lic tru m  occidentale 12 4.2 2 0.9
A ll iu m  sc hoenprasum 10 3.5 13 5.7
P ed icu laris g roenlandica 10 3.5 4 1.7
R a n u n cu lu s  sp. 8 2.8 5 2.2
V toia orbiculata 6 2.1 2 0.9
A ngelica  daw son i 4 1.4 4 1.7
P h leu m  a lp inum 1 0,4 1 0.4
C astille ja  occidentalis 1 0,4 1 0.4
U n iden tified 4 1.4 1 0.4

the  P lateau  M ountain sample. The results of th is exam ination are  shown 
in Tables 2 and 3. In eacb collection a single species appears to account 
for approxim ately 50°/o of the cuttings by  num ber and/or by weight, 
and the  four most common species account for 85°/o of the total. The 
species which are m ost common are not the  same in the tw o collections. 
This suggests tha t although Arvieola richardsoni may feed on a variety  
of food plants, both herbaceous and woody, there  is a tendency to
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concentrate  on a few species, which need not the same in d ifferent 
localities or at different times. Grasses w ere  num erically predom inant 
in the  sample of cuttings from  Storm  Creek, yet they accounted for 
only  a small portion of the total weight of cuttings in the P lateau 
M ountain sample and it is our impression th a t grasses play a m inor 
ro le  in the norm al diet of the w ater vole.

The occurrence of the  plants identified as food items is not restricted  
to riparian  biotopes in our study areas b u t extends into meadow and, 
in the  case of some species, forest associations w here no sign of A rví­
cola richardsoni activity was found and no specim ens w ere captured. It 
thus appears that th e  restriction of A, richardsoni to stream side habitats 
is not a consequence of the  distribution of food plants.

T ab le  4

R esu lts  of 2X 2 con tingency  ta b le  te s t o f a ssoc ia tion  b e tw een  successfu l tra p  se ts
a n d  h a b ita t  fe a tu re s .

H a b ita t  fe a tu re  tes ted  A ssociation  w ith  c a p tu re  o f  A . r ich a rd so n i
H ighw ood P ass  P la te a u  M o u n ta in

X1 Xs
P resen ce /A b sen ce  o f b u rro w  0.864 0.008
R u n w ay  se t/N o n -R u n w ay  se t 0.494 10.850*
P resen ce /A b sen ce  of m oss 5.980* 0,049
P resence /A bsence  of w illow  1.070 1,208
W illow  o v er 50 cm /W illow  u n d e r  50 cm  0.854 0.410
P resence /A bsence  of g rass  0.003 0.937
P resence/A bsence  of g rass  cu ttin g s  0.034 3.627
P resence /A bsence  of fo rbs 2.270 1.270
P resence /A bsence  of fo rb  c u ttin g s  0.661 0.020

* p < 0 .0 5

In an  effort to fu rther clarify habitat requirem ents, comparisons were 
made between those trap  sets where w ater voles w ere captured and 
those w here traps w ere unsuccessful. Such an evaluation is based on 
the assum ption th a t anim als are  m ore likely to be trapped  in preferred 
habita t (Table 4).

The tests for association indicate that trap s a re  likely to be most 
successful if set in a runw ay. They also suggest th a t  w ithin the  habitat 
there  is no significant association betw een the probability  of capture of 
Arvicola richardsoni and most of the habita t features which we noted.

3.5. Categorization of Animals

W e have assigned individual w ater voles to  categories believed to 
represent distinct com ponents of th e  population. A t this stage in our



436 P. K. Anderson e t al.

study  of A. richardsoni these assignm ents a re  unavoidably tentative, 
bu t still useful. Our procedure has been to indicate the apparen t level 
of sexual activity on a plot of body weight against body length {Fig. 4). 
M ales w ere classified as active (testes scrotal) o r inactive (testes abdo­
minal). Fem ales w ere classified as inactive (nipples small, pubic 
sym physis closed, vagina im perforate or perforate), possibly active 
(nipples m oderate and vagina perforate or im perforate, or, if the  nipples 
w ere small, the  pubic symphysis open and the vagina perforate), and 
active (nipples large, o r if m oderate, showing a hair-free  area  around
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them , pubic symphysis open or closed, vagina perforate). The two 
fem ales which appeared to  be pregnant w ere included in the  active 
category on the basis of the c riteria  listed.

A ll individuals captured in  Ju ly  are  assumed to have overw intered. 
Excepting one fem ale and one male, all Ju ly  anim als w ere categorized 
as sexually active.

On the basis of Fig. 3, A ugust anim als were assigned to four cate­
gories: overw intered adults weighing 110 gram s or m ore w ith body 
lengths of 162 mm or greater; anim als of the first litte r  of the  1972
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breeding season weighing 80 to 96 g, w ith body lengths of 140 to 160 
mm (all w ere females, th ree  classified as sexually active and five pos­
sibly active); anim als of the second litte r  of the 1972 season, weighing 
from  42 to  75 g, w ith body lengths from  114 to 145 mm (seven of nine 
males had abdominal testes, and three fem ales w ere sexually inactive 
and one was possibly active by our criteria); and anim als of the  th ird  
litte r, weighing from  19 to 35 g w ith body lengths of 90 to 112 mm 
(14 individuals, none sexually active),

3.6. Activity Rhythms

The 44 hour trapping sequences conducted in August provide a basis 
for analysis of the tem poral d istribution of captures. These data  (Fig. 4)
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Fig. 4. Diel a c tiv ity  rh y th m  of A rv ico la  r ichardson i as reco rded  in  44 -hour tra p p in g  
sequences in  A u g u st 1972. V alues a re  p lo tted  a t  m id points o f ca tch  p e rio d s of

a p p ro x im a te ly  six  hou rs du ra tio n .

suggest th a t activity is lowest betw een dawn and m id-day, rising during  
the afternoon, and reaching a peak during  the hours of darkness, p ro ­
bably a fte r midnight. As we moved through the  hab ita t setting  trap s 
or recording habitat data during the afternoon hours, we occasionally 
saw animals travelling along runw ays.

DARK DARK
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3.7. B ehav iou r

Released anim als frequen tly  leaped into the w ater ra th e r than  choos­
ing to escape on land. They w ere good swim m ers and could m ove 
upstream  against the curren t. Most swimming was on the  surface, bu t 
in quiet pools we occasionally saw anim als swimm ing under -water.

O ur August data perm it a prelim inary analysis of m ovem ent patterns, 
based on the m axim um  in tercap ture  distance (MID). E ighteen indivi­
duals w ere captured  two or more times, and data  for 17 of these in ­
dividuals were suitable for tabulation (Table 5). Each of the 17 indi­
viduals were recorded in a t least two five-trap  clusters. Since the five 
traps in each cluster had been d istribu ted  to cover the  ex ten t of an  
apparently  discrete runw ay  system, this indicates th a t each anim al uses 
m ore than one set of stream side runways.

T ab le  5
M ax im um  in te rc a p tu re  d is tance  *.

C a teg o ry  2 Sex No. ind iv iduals D istance, X R ange, m

OA M 2 167.0 123— 211
OA F 5 38.1 21— 51
72— 1 F 4 22.1 3—56
72—2 M 1 (284.0) —
72—3 M 3 8.3 5— 15
72—3 F 2 17.5 17— 18

i M ax im u m  in te rc a p tu re  d is tan ce  is d e fin ed  as th e  g re a te s t 
d is tance  s e p a ra tin g  a n y  p a ir  of c ap tu re s  of a n  in d iv id u a l.

1 O A “ O v e rw in te red  a d u lt, 72— l= F i r s t  1972 l i t te r ,  72—2 = S e -  
cond 1972 li tte r , 72—3 = T h ird  1972 litte r .

W hen the m ovem ent data  a re  exam ined w ith respect to the  population 
category to which the  individual was assigned, it appears th a t in August 
new ly weaned anim als (the th ird  litte r  of the  season) show ed the lowest 
vagility. O verw intered adult males appeared to move g rea ter distances 
than  did overw intered adu lt females. The m ost vagile of the  two adu lt 
m ales had scrotal testes in Ju ly , but had abdom inal testes in August. 
The individual moving the  greatest distance was a m ale assigned to the 
second litte r of the season, w ith abdominal testes.

3.8. D ispersion , D ensity , an d  P o pu la tion  C om position

O ur impression was that burrow s, runw ay systems, and other signs 
of w ater vole activ ity  indicated an aggregated p a tte rn  of occurrence 
w ithin occupied hab ita t along the stream s (Fig. 5). A t each locality 
there  appeared to be only a single overw intered adult m ale present in
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th e  study area. Two overw intered adult females were recorded along 
P ocaterra  Creek and th ree w ere caught along W ilkinson Creek. There 
was overlap betw een the observed ranges of the m ale and one of the 
fem ales in each case, bu t no overlap betw een the  ranges of overw intered
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D istan ce  a long  t r a p  lines is in d ica ted  on th e  c e n te r  scale. H a tch ed  a rea s  in d ica te  

th e  e x te n t o f liv e - tra p  c lu s te rs , each  se t a lo n g  th e  e x te n t o f a  d isc re te  ru n w a y  
co n cen tra tion . D o m in an t v eg e ta tio n  a n d  a ssoc ia ted  h a b ita t  fe a tu re s  a re  in d ica ted  
fo r each  c lu s te r  o f trap s . V oles a re  ca teg o rized  as o v e rw in te red  a d u lt (OA), or 
m em b ers  of th e  f i r s t  (1), second  (2), o r th ird  (3), l i t te r s  o f th e  1972 season. S ex, 
c a p tu re  sites, an d  e x te n t an d  d irec tio n  of ob se rv ed  m o v em en t a re  ind ica ted .

adult females. On Pocaterra Creek there  was no overlap between 
observed ranges of sexually active or probably active females. On 
W ilkinson Creek the  range of one probably active fem ale assigned to 
the first 1972 litte r was included w ithin the range of a definitely active
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fem ale, and both were caught a t the  same station. These data  suggest 
that established breeding males have large ranges, exclusive of o ther 
overw intered adult males, and th a t established breeding fem ales have 
sm aller ranges, exclusive of other oveirwintered adult fem ales but 
overlapped by the range of an established adu lt male.

In calculating density we have concentrated on the areas system ati­
cally trapped  in August, and m ade the assum ption that activ ity  was 
restric ted  to  a zone extending five m eters on either side of the  stream . 
Estim ates of num bers of individuals, and of biomass, reflect the num ber 
of anim als actually  captured and are  thus m inim al figures (Table 6). 
Estim ates of the num ber and densities of overw intering adults include

T ab le  6 1
E stim a tes  of den sity  an d  b iom ass of A rv ico la  r ichardsoh i 

on m a in  trap lin es .

' H ighw ood  P ass , 
P o e a te r ra  C reek  ■* :

P la te a u  M oun ta in , 
W ilk inson  C reek

A rea  sam p led , h ec ta res -  0.6235 1 0.9620
T o ta l in d iv id u a ls  c a p tu re d  in  A ugust 11 28
In d iv ./h e c ta re  in  A ugust __ ‘ 17.64 32.48
A d u lts  p re s e n t in A ugust 3 4
A ugust, A d u lts /h e c ta re  “ , 9.6 8.1
Y oung  of th e  y ea r p re se n t in  A u g u st 8 24
A u g u st, Y o u n g /h ec ta re  * A ~ 12.8 27,8
T o ta l, A u g u st b iom ass, gm 747 1780
T o ta l, A u g u st b iom ass/hec ta re , gm ' 1198 2065
A d u lt, A u g u st b iom ass/hec ta re , gm  --« 574 604
Y oung, A u g u st b iom ass/hectare , gm 624 1461
O v e rw in te r in g  A du lts , J u ly + A u g u s t 6 7
Av. w t. of o v e rw in te rin g  ad u lts , gm 128 133
O v e rw in te r in g  a d u lts  b iom ass/hec ta re , gm  1167 1075
No. of o v e rw in te rin g  a d u lts /h e c ta re 9.6 3,1

all anim als of the appropriate size captured in either the  Ju ly  and/or 
A ugust censuses. 0

D istribution of our Ju ly  and August anim als by  sex and body length 
is shown in Fig. 6. Among overw intered adults it appears th a t the sex 
ratio  is close to equality. As m entioned previously all anim als assumed 
to belong to the first litte r of the 1972 breeding season a re  females. The 
probability  of draw ing a sam ple of eight fem ales from  a population in 
w hich the sex ratio is equal is only 0.004. It therefore  appears that 
unless our classification has been affected by  differential grow th rates, 
a biased sex ratio exists among the m em bers of the  firs t litte r  present 
a t the  tim e of our study. Among adults and anim als assum ed to belong 
to the second and th ird  litters there  w ere no significant departu res from 
a 1 : 1 sex ratio.
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The Ju ly  sam ple appears to  consist exclusively of adults that have 
survived a t least one w inter. In August, at Highwood Pass, the anim als 
categorized as young of th e  year m ade up 66%  (10/15) of the  total, 
w hile a t P la teau  M ountain they accounted for 83% (25/30). A 2X2 
contingency test for hom ogeneity gives a non-significant chi-squared 
value for a comparison of the to tal samples from  th e  two areas and 
therefore  the  apparent difference in the reproductive ra te  cannot be 
considered to be significant. The ratios of the num ber of young per
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adult, and of young per overw intered female observed for the s tan ­
dardized trap  lines a re  3/1 and 4.5/1 on Pocaterra Creek and considerably 
h igher (5.5/1 and 7.3/1) on W ilkinson Creek, b u t in neither, ratio  does 
th ere  appear to  be a statistically  significant difference betw een the two 
areas.

3.9. R eproduction

Our Ju ly  sam ple shows no evidence of recru itm ent or reproductive 
activ ity  during the w inter of 1971— 72. In the  first week in Ju ly  no



442 P. K. Anderson et ol.

litters had emerged, but most m em bers of the populations w ere in 
reproductive condition. Testes were descended in five of the six m ales 
caught. One fem ale was visibly pregnant and two others showed hair- 
free areas around the  nipples.

Of four overw intered males captured in August, th ree  w ere active 
and one (which had been caught in Ju ly  and recorded as active) had 
abdom inal testes. Five overw intered adult fem ales were active in 
August, while one was categorized as possibly active.

There is strong evidence that fem ales belonging to  the first litte r  of 
the sum m er w ere coming into reproductive condition in August of the 
same year. Four of nine females in the  70— 100 g body weight group 
w ere classified as « p ro d u ctiv e ly  active, and the  o ther five w ere clas­
sified as probably active, as was one fem ale weighing only 64 g. All 
fem ales with a body length  of over 139 mm w ere active or probably 
active as defined above. An 80 g, 130 m m  fem ale which died in a trap  
on W ilkinson Creek on August 4th, 1973 was dissected. The righ t horn 
of the  u terus showed no scars or im plantation sites and there  w ere no 
corpora lutea in the rig h t ovary. Four 19 mm embryos and one sm aller 
(resorbing) embryo w ere found in the  left u terine  horn and there  w ere 
five large corpora lutea in the  left ovary. In the previous y ear’s sam ple 
th is fem ale would have been assigned to the first litte r  of the season.

A 104 g, 163 mm female, which also died in a trap  a t W ilkinson Creek 
in the  first week of August 1973, was p regnant (seven 9 mm embryos) 
and the u terus showed seven scars from  an earlier pregnancy. There 
w ere seven active corpora lutea  and seven corpora albicantia in the 
ovaries.

An overw intered adu lt female accidentally killed a t Highwood Pass 
in the August 1972 census was also dissected. The vagina was perforate, 
the nipples w ere enlarged with a hair-free  area, and the sym physis was 
partly  open. Each ovary contained th ree  corpora lutea. The u terine  
horns were swollen and two scars w ere present in each. This condition 
suggests the beginning of a post-lactational estrus afte r having produced 
a single litte r w ithout a post-partum  m ating. This individual had pre­
viously been caught in Ju ly  and had then  been classified as sexually 
inactive.

3.10. B iochem ical V aria tion

In th e  absence of progeny data, our in terp reta tion  of observed starch 
gel pa tterns is inferred  on the basis of observations on o ther microtines, 
Peromyscus polionotus, and Mus m usculus (e.g., G a i n e s  & K r e b s ,  
1971; S e l a n d  e x  et al. 1971; R o d e r i c k  et al. 1971) and m ust be 
considered provisional.
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Typical patterns produced by electrophoresis of plasm a and red cell 
lysates, and the  designations we have applied, a re  illustrated  in Fig. 7 
an d  nom enclature is indicated in Table 7. In the descriptions which fol­
low, m igration is anodal unless otherwise specified and m igration 
distances a re  m easured from the origin to the trailing edge of the band 
described.

T ransferrin  preparations were read for 49 individuals. In each, ap­
propriately  staining bands occurred at distances of 47 and 52 mm from  
the origin. Thirty-eight individuals were scored for hemoglobin and 
for glucosephosphate isomerase. A single band 7 mm wide was ob-
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Fig. 7. P a tte rn s  observed  in  s ta rc h  gel e lec tropho resis of A rvico la  richardsoni
p lasm a an d  hem olysates.

T he p a tte rn s  show n  a re  gen era liza tio n s an d  d o  no t n ece ssa rily  re p re se n t an y  
in d iv id u a l sam ple . O nly  in v a r ia n t zones a re  re p re se n te d  fo r  re d  ce ll e s te rases . 
T he in te rm e d ia te  (lighter) b an d  show n fo r  leuc ine  am ino  p ep tid a se  w as observed

on ly  in  young  an im a ls  (see tex t).

served 35 mm cathodal to the origin in  all hemoglobin preparations. In 
all glucosephosphate isomerase preparations cathodally m igrating bands 
w ere located at 17 mm, 21 mm, and 25 mm. We assum e that transferrin , 
hemoglobin and glucosephosphate isomerase patterns are each controlled 
by one locus. Since our preparations did not reveal any variation at 
these three loci it is assum ed that all are monomorphic in the  pop­
ulations studied.
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Seven other invariant loci appear to be identifiable in our m aterial. 
In all plasma esterase preparations (49 individuals represented) a heav­
ily staining band 2— 3 m m  wide occurred a t 24 mm. The rem aining 
six invariant loci were identified in hem olysate preparations (49 in­
dividuals represented). In both a-naph thy l acetate and a -naph thy l bu- 
ty ra te  preparations single bands were universally  present betw een 29 
and 31 mm, betw een 73 and 81 mm, and betw een 77 and 86 mm. On 
a-naphthyl acetate only, a  single band was visible for all sam ples at 
43 m m  and another betw een 68 and 76 mm (where there is overlap  in

T a b le  7

N o m en c la tu re  a n d  d esc rip tio n s  fo r fo u r  p o lym orph ic  loci.

Locus
P resu m ed

alle les
P h en o ty p es  

H om ozygotes H ete ro zy g o tes

L eucine  am ino  p ep tid a se L a p - la  
L a p - lb

sin g le  b an d  a t  30 m m  
sin g le  b an d  a t  40 m m

both  b an d s  p re s e n t

P lasm a este ra se  2 P E s-2a 
P E s-2*>

sin g le  band  a t  15 m m  
sing le  b an d  a t  21 m m

b o th  b an d s  p re s e n t

P lasm a este ra se  4 P E s-4a 

P E s-4b

b a n d s  a t  30 m m  a n d  
46 m m , b u t  th e  
30 m m  b a n d  m ore 
in ten se
b a n d s  a t  30 m m  a n d  

46 m m , b u t th e  
46 m m  b a n d  m ore  
in ten se

b o th  b an d s  equa lly  
in ten se

P lasm a este ra se  5 P E s-5a 
P E s  -5b

single b an d  a t  52 m m  
sing le  b an d  a t  60 m m both  b an d s p re se n t

. . . . . . .  !

the m easured distances indicated, variation in m igration and/or shrinkage 
betw een gels is reflected). Also, on a -naph thy l acetate only, an in­
varian t zone w ith paired bands, 1 mm apart, was present betw een 63 
and 70 mm. In total, therefore, we have inferred  that a m inim um  of 
ten  invarian t loci can be recognized.

V ariation was observed in leucine amino peptidase (LAP) p repara­
tions, and in several regions in plasm a and red-cell esterase m aterial. 
In the  m ajority  of cases we were unable to score a ll individuals, and 
in terp reta tion  of esterase variation was generally difficult.

Leucine amino peptidase preparation  w ere classified for 48 indivi­
duals. Bands w ere observed at 30, 37 and 40 mm. V ariant pa tterns 
initially recognized w ere (1) a single band a t 30 mm, (2) a single band 
at 40 mm, (3) bands at both 30 mm and 40 mm, and (4) the  30 mm 
band and a second, less intense band, a t 37 mm. In eight of the  10 
cases where (4) occurred, the  individual was a  non-adult male. The



Ecology and biochemical polymorphism of A rv íco la  r ichardson i 445

rem aining two individuals w ere very  small and had been identified as 
fem ales (third litte r of 1972). On the  postulate th a t these m ay possibly 
have been m isidentified as to sex, and th a t the expression of the  
double-banded (presumably heterozygous) phenotype m ay be modified 
in some way in young anim als (presum ably males according to  this 
hypothesis), variants (3) and (4) are  considered identical and the sys­
tem  is assum ed to represent a pair of co-dom inant alleles.

Six of the seven zones defined in plasm a esterase preparations showed 
variation. Proxim ally (0— 15 mm) and distally  (70—85 mm) definition 
deteriorated , and although variation was apparent, no attem pt a t ana­
lysis was made. In each of zones II, IV , V  and V i (see Fig. 7) it appeared 
th a t a pair of alleles was segregating at a single locus. V ariants observed 
w ere as follows:
Z one I I  (15— 23 m m ); a  sin g le  b a n d  a t  15 m m , a  sin g le  b a n d  a t  21 m m , or bands 

a t  b o th  15 m m  a n d  21 m m .
Z one IV  (30— 50 m m ); tw o  b an d s  (40 a n d  46 m m ) p re se n t in  a il cases b u t  e ith e r 

bo th  bands of eq u a l in te n s ity , th e  40 m m  band  m ore  in tense , o r th e  
46 m m  b an d  m ore  in tense .

Zone V (50—62 m m ); a  sing le  b an d  a t  52 m m , a sin g le  b an d  a t  60 m m , .o r  b o th  
bands p resen t. W hen only  th e  52 m m  b an d  w as p re se n t th e re  w as com ­
m only  a tra ilin g  b lu r  beh in d  it.

Z one VI (64—70 m m ); bands a t  64 m m , 66 m m , or both . T he 64 m m  b an d  w as 
often  d iffuse  a n d  w e  fo u n d  it d ifficu lt to  ty p e  ind iv id u a ls  a t  th is  p re ­
sum ed locus.

A nalysis of variants in the  esterases in hem olysate preparations 
proved particularly  difficult. I t  appeared that some bands stained w ith 
both a-naphthyl acetate and a-naphthyl bu ty rate, while others did not. 
Those which were at a given distance from  the  origin and stained w ith 
both preparations w ere assumed to be homologous.

A variant zone was identified on a -naph thy l gels in the region be­
tw een 60 and 66 mm, located proxim al to the  paired invariant bands ob­
served in the 63—70 m m  region on a-naphthyl acetate. On both acetate 
and bu ty ra te  gels th e te  was a variable region betw een 15 and 25 mm. 
A great deal of effort was devoted to th e  in terpreta tion  of these two 
variable zones, but we were unable to  arrive a t a satisfactory conclusion 
for e ither in the absence of progeny testing.

Our best estim ate a t this point is tha t nine polymorphic loci and ten 
monomorphic loci have been identified. For the  four polymorphic loci 
w here w e felt sufficiently confident of our in terp reta tion  we have 
ascribed genetic term inology as shown in Table 7, and we have sum­
marized variation in Tables 8 and 9. Among these four loci the  pro­
portion of individuals heterozygous ranged from  15,5 to 67.4B/« in the 
pooled sample. It appears th a t the  Highwood Pass population m ay be



T ab le  8
A llelic  an d  he terozygo te  freq u en c ies  in  A rv íco la  richardsoni.

Pooled  S am ple________  H igh w ood P ass________   P la te a u  Mt.

L ocus
N

allelic  
frequenc ies 
a b

& h e te ro ­
zygo tes N

freq u en cy  of 
m o re  com m on 

a lle le
% h e te ro ­
zygotes N

freq u en cy  of 
m o re  com m on 

a lle le
% h e te ro ­

zygotes

L eucine am ino  p ep tidase 48 0.666 0.333 58.3 15 0.733 40.0 33 0.836 66.6
P la sm a este ra se  2 39 0.077 0.923 15.5 16 1.00 — 23 0.869 26.0
P la sm a es te ra se  4 43 0.453 0.547 67.4 12 0.583 83.3 31 0.533 61.3
P lasm a e s te ra se  5 34 0.765 0.235 35.2 15 0.734 53.4 19 0.779 21.0

T ab le  9
C onfo rm ity  of geno typ ic  freq u en c ies  to  H ard y -W ein b erg  eq u ilib riu m  p ro p o rtio n s in  A rv ico la  richardson i

a t P la te a u  M ounta in .

L ocus
Pooled d a ta O bserved

in o v e rw in te red  a d u lts 1972 gen era tio n

aa ab bb f t fb X* aa ab bb f t fb aa ab bb X*

L A P -l 10/13.3 22/15.3 1/4.4 0.636 0.364 1.37 3 6 ___ 0.667 0.333 7/10.7 16/10.7 1/2.7 2.25
P Es-2 0/0.4 6/5.2 17/17.4 0.130 0.870 0.04 — 3 3 0.250 0.750 0/1.1 3/6.4 14/9.6
PEs~ 4 5/6.8 19/15.4 7/8.8 0.468 0.532 1.69 3 2 1 0.667 0.333 2/11.1 17/11.1 6/2.8 4.12*
PEs-5 13/11.8 4/6.3 2/0.8 0.789 0.211 0.29 3 — — 1.0 0.0 10/16 4/0 2/0

* p = < 0 .0 5  obse rv ed /ex p ec ted  y?
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fixed for the  2b allele a t the plasm a esterase 2 locus. The sam e allele 
had a frequency of 87% in our P lateau M ountain sample. The frequency 
of heterozygotes was, however, g rea ter at Highwood Pass than  a t 
P lateau  M ountain a t two of the rem aining three loci. At both localities 

'  it was the same allele which predom inated at a given locus.
On the  basis of the  four loci a t which we feel reasonably confident 

of our scoring, and the fourteen individuals from  both areas on which 
we w ere able to score all of these loci, th e  average proportion of loci 
heterozygous per individual is 0.122. Rogers (as cited in J o h n s o n  
& S e l a n d e r ,  1971) has developed an index of sim ilarity  (S):
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L ¿ i
1 Ai
~z~ X
L j=i

where L  is the  num ber of loci, Aj is the num ber of alleles a t  the  1th 
locus, and Ptjx and Pijv are the frequencies of the jth allele a t the ith 
locus in populations x  and y  respectively. Despite the  very sm all nu m ­
ber of loci (14) and of individuals for which all loci were secured (eleven 
from  P lateau M ountain and th ree  from  Highwood Pass), we have cal­
culated this index for the two populations. The value obtained (S =  
0,9716) is sim ilar to values obtained for paired conspecific populations 
in the genus Dipodomys by J o h n s o n  & S e l a n d e r  (1971).

4. D ISC U SSIO N

Our in ten t in this study was comparison of Arvicola richardsoni w ith 
be tte r known species as regards population stru c tu re  and adaptive 
strategy. Ideally a comparison should be made w ith one or m ore widely 
d istributed species which each occupy a sim ilar niche, are ecologically 
and biochemically well studied, and co-occuir w ith A. richardsoni. Un­
fortunately no such comparison is possible a t present. We shall con­
cen trate  on (1) the w ater vole of Europe, Arvicola terrestris, (2) N orth 
Am erican rodents which co-occur w ith A. richardsoni in the riparian  
habitats at tim berline in our region (Microtus longicaudus, M icrotus 
penns yivanicus, Clethrionomys gapperi, and Peromyscus maniculatus), 
and (3) species for which patterns of biochemical variation aire relatively  
well dem onstrated (Mus m usculus, Peromyscus polionotus, D ipodomys 
sp. and the Thom om ys talpoides complex).

4.1. H a b ita t Specia liza tion  an d  G eog raph ic  D is tribu tion

In the  light of the sim ilarities betw een Arvicola terrestris and A rví­
cola richardsoni in size and behaviour the  contrasts in geographic d i-



sfcribution and habita t specialization in the  two w ater voles are especial­
ly striking. The geographic range of A. richardsoni is quite restricted . 
Our study was done in the Rocky M ountain front ranges, a t the eastern 
lim its of thff Canadian distribution. The species has been recorded to 
the no rth  in the Rockies only to M ount Robson (approxim ately 53° 
N orth latitude). In British Columbia, it occurs in the Selkirk, Cascade, 
and coast ranges, bu t only to about 51° N orth in the la tte r ( C o w a n  
& G u i g e t, 1960), Southw ards in the Rockies it is found through 
M ontana and W yoming to south central U tah ( R a s m u s s e n  & 
C h a m b e r l a i n ,  1959), bu t is not known from  Colorado. According 
to H o f f m a n  & J o n e s  (1970) A. richardsoni has been able to co­
lonize only two of the several isolated ranges in the  no rthern  great 
plains (Bighorn and Big Belt Mountains). Southw ards in the Cascades 
it reaches C rater Lake in Oregon ( B a i l e y ,  1936). There is riparian  
tim berline habitat in abundance both north and south of the A. ri­
chardsoni range. On the basis of its distribution, this species appears 
unable to readily  transgress lowland barriers to reach suitable subalpine 
habitat.

In contrast to the  lim ited geographical and altitudinal distribution of 
A. richardsoni, A. terrestris ranks w ith the most widely d istribu ted  of 
rodent species. It occurs from  the British Isles eastw ard to the drainage 
of the easternm ost tribu taries of the Lena River in Siberia, and from 
the  Arctic Ocean to Israel, the shores of the Black Sea," G reece and 
Spain ( O g n e v ,  1950; E l l e r m a n  & M o r  r  i s o n-S c 0 11, 1951 and 
W a l k e r ,  1964).

The geographical ranges of the  North American rodents we have 
found co-occurring in the habitat w ith A. richardsoni in our study area 
are  all very  extensive. Peromyscus maniculatus has the greatest range 
of any N orth Am erican rodent. The ranges of iWicrotus p ennsylvanicus 
and Clelhrionom ys gapperi are also exceptionally large. M icrolus lon- 
gicaudus occurs only in the  m ountainous regions of the west but occupies 
a m uch more extensive geographic area than does Arvicola richardsoni.

All of the above species, including Arvicola terrestris, also occupy a 
much m ore extensive altitudinal range than does A. richardsoni. Al­
though much of the area where A. tererstris occurs is lowland, O g n e v  
(1950) m entions its presence along stream sides and lake m argins in sub­
alpine meadows, and Z e j d a  & Z a p l e t a l  (1969) refre to descrip­
tions of its d istribution along stream s in »submontane and m ontane 
regions«. We can assume, therefore, that A. richardsoni occupies a 
habitat, and an ecological niche, which is in some sense a subdivision 
of the broader hab ita t and niche am plitudes of the  above m entioned 
species. The most logical components of the environm ent for exam ina-
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tion in attem pting to define the lim iting factors for A. richardsoni are 
m icroclim ate and food. m

M ean annual tem peratures at the  sum m it of Highwood Pass range 
near ^ 2 ° C  (B a i g, 1972). M onthly mean tem peratures are above 1°C 
only from  June through August (4.2, 9.7, 7.1, and 4.2°C for these 
T r  o 11 i e r (1972). In our experience w in ter snow cover is usually  
established by m id-Septem ber and lasts un til m id-June.

^ h e r e  is a high degree of consistency in descriptions of A. richardsoni 
hab ita t. C o w a n  & G u i g e t  (1960) note the association of the  species 
w ith  tim berline throughout British Columbia, and S o p e r  (1964) noted 
a sim ilar relationship in A lberta. Most w riters m ention swift, clear, 
spring-fed or glacial stream s with gravelly bottoms, spring seeps in 
moss beds, and grow th of shrubby alpine willow (see our Figure 2) 
H o f f m a n  & P a t t i e  (1968) give the lower a ltitud inal lim it of the  
species in M ontana as 5000 ft. (1525 m). However H o o v e n  (1973) and 
M a s e r  & H o o v e n  (1970) record the species along stream sides in the 
Oregon Cascades in regenerating logged areas a t 2250 ft. (686 m) ele­
vation, and R a c e y  (1960) reports that during population eruptions in 
the  Cascades in British Columbia it may be found in the  valleys to only 
600 ft. (183 m) above sea level. Racey implies that when population 
density  increases, occupied habitat may extend to steep grassy slopes, 
and m entions invasions of cultivated fields (alfalfa and potatoes). 
F i n d l e y  (1951) also rem arks on unusual occurrences of A. richardsoni 
in »relatively dry alpine meadows«.

The hab ita t descriptions available for Arvicola terrestris, in compa­
rison w ith those available for A. richardsoni, show both sim ilarities and 
differences. W hile both species are  m arkedly amphibious, and A, ter­
restres, like A. richardsoni, prefers stream s w ith little  fluctuation in 
w ater level ( Z e j d a  & Z a p l e t a l ,  1969), the form er also occupies th e  
banks of lowland stream s and lakes, and populates w et meadows, 
m arshes and reed beds ( O g n e v ,  1950). Traps set in w et meadows at 
P lateau  M ountain did not cap ture  any A. richardsoni, even along the  
m argins of pools of standing water. Z e j d a  & Z a p l e t a l  (1969) also 
note tha t A. terrestris prefers stream s w ith m uddy bottom s and tu rb id  
w ater, and suggest a general avoidance of those stream s w ith rocky or 
sandy bottoms and dense shrubby grow th along the  banks.

On the  basis of our observations, and the literature , it appears th a t 
A. richardsoni is specific to the ecotone betw een m ontane forest and 
alpine tundra  under normal conditions. The association w ith cold stream s 
has been noted repeatedly H o  l i s t e r ,  1912; B a i l e y ,  1936 and 
A n d e r s o n ,  1959) and low w ater tem pera tu re  may be of particu lar 
significance. We have noted the  soil in the runw ays frequently  appears



to be saturated. W ater content of soil, atm osphere, and vegetation may 
a ll be im portant to the  species.

The riparian  habitat a t tim berline may have a combination of highly 
specific characteristics, such as high hum idity  and high soil m oisture 
in  sum m er and prolonged annual w inter snow cover associated, in 
particu lar, w ith low and rela tively  constant sum m er tem peratures. Low 
sum m er nocturnal tem peratures would resu lt from  the flow of cool a ir 
from  adjacent m ountain slopes downwards along stream  gulleys. In 
association w ith the cold stream  flow, this air m ovem ent would produce 
a microclimate of consistently low tem perature. Under these conditions 
the  season of plant grow th is very  short. During the brief sum m er period 
vegetation becomes lush in comparison w ith  th a t on adjacent slopes. A 
sim ila r association of m icroclim ate, soil m oisture, and vegetation grow th 
m ay have provided an extended pariglacial habitat for A . richardsoni 
during glacial intervals. At present it m ay characterize a set of niche 
dim ensions w ithin which the species competes successfully w ith  more 
w idely d istributed forms.

Most observers have reported  a predom inance of forbs in the diet 
o f A. richardsoni (e.g. H o l l i s t e r ,  1912; C o w a n  & M u n r o ,  1945). 
C o w a n  & G u i g e t  (1960) specifically com m ent that little  grass or 
sedge is consumed. Our data  suggest th a t in -summer forbs are  supple­
m ented w ith 'g rasses and term inal branches of alpine willow. Although 
tw o grasses m ade up the m ajor num erical component of cuttings collected 
a t Highwood Pass (Table 2), grasses and sedges contributed -Tittle by 
w eight in analysis of cuttings collected at P lateau M ountain (Table 3).

H a n  s s o n (1971) has shown that w ater needs and m icronutrient 
requirem ents for small vegetation-eating mammals may be quite  spe­
cific. If A. richardsoni is relatively  specialized, concentration on forbs 
m ay strongly influence population size and distribution. In contrast, 
A. terrestris  consumes prim arily  grasses, rushes, and sedges ( Z e j d a  & 
Z a p l e t a l ,  1969; H o l i s o v a ,  1970; S t o d d a r t ,  1970) as do Microtus 
pennsylvanicus  and M icrotus longicaudus ( Z i m m e r m a n ,  1965; A n ­
d e r s o n ,  1959). M icrotus pennsylvanicus  shows a preference for in­
troduced grasses ( T h o m p s o n ,  1965). M embers of the genus Microtus, 
of course, do show d ietary  flexibility. For exam ple M. califom icus  m ay 
reso rt to a seed diet during dry  periods ( B a t z l i  & P i t e l k a ,  1971).

The m ajority  of plant species appearing in our collections of cuttings 
a t Highwood Pass and P lateau M ountain are not restric ted  to the 
riparian  biotope, although they  m ay grow m ore densely and produce 
m ore vegetative grow th near the  stream s. These observations do not, 
how ever elim inate the possibility that, in combination, food plant species, 
p lan t grow th patterns, and m icroclim ate may not provide a unique set 
of hab ita t conditions.
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Interspecific competition is often suspected as a factor in lim ited ecolo­
gical and geographic distribution. It is clear th a t a num ber of w idely 
d istribu ted  species are not excluded from  the habita t of A. richardsoni 
by trophic or microclim atic factors. Several of these species (M icrotus 
longicaudus, M. pennsylvanicus, Phenacomys interm edins  and Clethrio- 
nom ys gappen ) probably have some food-niche overlap with. A. richard­
soni and a potential for com petitive exclusion can therefore be assum ed.

P a n t e l e y e v  (1968) and P a n t e l e y e v  & T e r  j e c h i r a  (1968) 
have discussed the relationship betw een body size, habitat, and association 
w ith w ater in A. terrestris. They note th a t populations a t low elevations 
(flood plains) are m ost aquatic and have the largest average body length, 
w hile  those from  subalpine habitats are  least aquatic and have the  
sm allest average body length. They recognize .subalpine populations as. 
a separate subspecies. A. terrestris scherman. The proposal is advanced 
th a t as a general principle, body size is positively correlated w ith the  
degree of adaptation to aquatic activity. If a large body size gives 
A. richardsoni a com petitive advantage in the  im m ediate riparian  
environm ent (low tem peratures, high hum idity, m ovem ent in and 
through swift-flowing cold w ater, heavy and prolonged w inter snow 
cover) the species m ay be able to hold its own against com petition under 
these specific conditions. Elsewhere, however, it may be excluded by 
com petitive interactions w ith one or several of the  m ore broadly adapted  
forms.

I f  th e  above in terprétation is correct, w hy has not a sim ilar restric tion  
occurred in the case of Arvicola terrestris? One .possibility is th a t th e  
presently  g reater ecological am plitude and adaptive m odalities of the 
la tte r  species reflect the  different ecological and biogeographic histories 
of N orth America and Eurasia during th e  la te r p a rt of the Pleistocene. 
In Eurasia the com bination of the East-W est barrier of the M editer­
ranean, th e  East-W est cordillera, and the  continental glaciation advanc­
ing from  the North, m ay have created  a region from  which sm aller, 
less w ater and cold-adapted, m icrotines w ere excluded, or w ithin which 
they  were a t a competitive disadvantage for significant periods. Such 
a situation would have provided ancestral populations of Arvicola  w ith 
the  freedom  to  evolve a larger ecological am plitude during a tim e w hen 
they  were not subject to intense competition. Given this »evolutionary 
space« A. terrestris m ight subsequently  have been able to retain  a w ider 
ecological and geographic distribution, and even expand into new areas 
and habitats in the face of renew ed com petition from  the varied sm aller 
vole species. In  N orth Am erica the  N orth-South  trending cordillera 
would not have created an opportunity  for a sim ilar adaptive history  
for Arvicola. Instead, although th ere  may have been a periglacially
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g rea ter ex ten t of the  biotope than we now see, there was less oppo rtu ­
n ity  for expansion and  consolidation of the ecological niche. This could 
have resu lted  in the present restric tion  of A. richardsoni to a very  
specific set of habitat conditions w here large body size provides a 
significant com petitive advantage.

4.2. R eproduction , D ispersion , Social R e la tionsh ip s an d  D ispersa l

The habitats to whidh Arvicola richardsoni is restric ted  a t m ost tim es 
axe small in area, and discontinuous. Each is linear and dendritic, 
following the courses of favourable stretches of stream . It appears tha t 
local populations a re  generally likely to be small, a conclusion supported 
by most trapping records- (e, g. H o l l i s t e r ,  1912; R a c e y  & C o w a n ,  
1936; H o o v e n ,  1973). During the  short snow -free season when the  
food situation is presum ably favourable, these habitats are separated  
by expanses of inhospitable forest, d ry  meadow, scree, rock, or lowland. 
D uring the w inter m onths they  a re  separated  by a snow -buried 
landscape. Sm all population size inevitably increases vulnerability  to 
extinction at the local level. Production and dispersal of young in the 
short snow-free period a re  crucial adaptive problems under these 
conditions.

On the basis of our data from  1972, the  breeding season in A. richard- 
soni is relatively short. Young had not ye t entered th e  trappable  pop­
ulation at either Highwood Pass or P la teau  M ountain in the firs t week 
in Ju ly  1972, although they m ust have appeared shortly  thereafter. The 
length of gestation has not been determ ined for A. richardsoni, bu t it 
is 20—22 days in A. terrestris (S t  o d d  a r t ,  1971). Assuming a sim ilar 
gestation in A. richardsoni, and allowing 14 days for weaning of young 
( S k i r r o w ,  1969), breeding would have begun in the first week in 
Ju n e  when habitats a t both  sites were still snow covered. Since one 
m ale and one female in th e  overw intered-adult class w ere m arginally  
active in August, the breeding season m ay have been draw ing to a 
close. Breeding would thus have lasted betw een two and one-half and 
th ree  months. This approxim ates th e  pattern  reported  by S toddart for 
Arvicola  in Scotland, w here b irths w ere aggregated into th ree  main 
groups in a fashion sim ilar to that which w e have observed ( S t o d d a r t ,  
1970; 1971), A. richardsoni may, however, have a higher reproductive 
potential than  the Scottish A. terrestris, since in Scotland young of the  ' 
y ear do no t reproduce in th e  year of their birth. In our study females 
of the  first litte r of the season w ere pregnant in  August. A t lower 
elevations, the  breeding seasons of th e  N orth Am erican species which 
we have fblind co-occurring w ith  A. richardsoni a re  generally  consid-
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erably  longer. In the Kananaskis area, however, S l o a n  {1967) found 
tha t while Peromysciis m aniculatus fem ales w ere pregnant in early 
M ay a t elevations of 4— 5000 ft. (1200— 1500 m), pregnant fem ales did 
not appear until m id-June a t the elevations w here A. richardsoni occurs. 
At the  higher elevation, the  Peromyscus breeding season was thus at 
least as  restric ted  as th a t of A. richardsoni w hen subject to  the  sam e 
clim atic regime, and Peromyscus young of th e  year did not become 
pregnant.

L itte r  size, as determ ined by foetal counts, has been reported  for 
A. richardsoni by a num ber of authors ( C o w a n  & G u i g e t ,  1960; 
S o p e r ,  1964; R a c e y ,  1960; R a c e v  & C o w a n ,  1963; C o w a n  ¿k 
M u n r o ,  1945). W hen our own observations a re  averaged w ith those 
obtained from  the above publications the  average litte r  size for A. 
richardsoni (6.0) falls w ithin the  range reported for A. terrestris  
(S t  o d  d a r t ,  1971).

To this point the respect in which the  reproductive biology of 
A  richardsoni is striking is the apparent absence of males in the 
first litte r  produced by the  overw intering females. A lthough there  
appears to be statistical justification for considering th is to be due to 
som ething other than  sam pling error, i ts  basis cannot be evaluated at 
th is tim e. Two in teresting possibilities occur to  us. The m ore probable 
is that, on reaching sexual m aturity , the  m ales of th is earliest litte r 
disperse. An- a lternative possibility is th a t all young in the  first litte r 
are  in fact females. This possibility is raised by the peculiar sex ratios 
observed in the wood lemming, M yopus schisticolor ( K a l e l a  & O k s a -  
1 a, 1966; F r a n k ,  1966). In the case of A. richardsoni the production 
of a high proportion of fem ales early  in the  breeding season, followed 
by a reproductive contribution from  these sam e females, could be of 
considerable adaptive value since the tim e available for reproduction 
and dispersal of young is severely  restricted.

The home range of A. richardsoni m ay be considerably sm aller than 
* that of A. terrestris. Only the  in ter-cap ture  distance of adult males 

approxim ates the  average linear ex ten t of trap-revealed  home range in 
A. terrestris  (x=119 m) reported  by S t o d d a r t  (1970).

Our observations suggest the  following .pattern of dispersion and 
social organization in A. richardsoni during th e  sum m er months. It 

- appears tha t each overw intered individual has a linear home range 
along the stream . No overlap was observed among the  home ranges of 
overw intered females or am ong those of overw intered males. 'Within 
each sex therefore it appears th a t overw intered individuals are  territorial. 
The hom e ranges of overw intered m ales are  larger, and each observed 
male home range overlapped the  range of one of the overw intered
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fem ales. There was overlap betw een the occurrence of young of th e  
year and the ranges of overw intered individuals of both sexes. Sexually  
active females of the first litte r  of the season co-existed w ith  sexually  
active overw intered females. Young of the  second and th ird  litters of 
the season occurred in clusters in late  August, presum ably re ta in ing  
their na ta l association and co-existing w ith overw intered individuals 
of either sex. This provides an indication of the  social relationships 
and organization along a typical headw aters stream . Two to th ree  
overw intered fem ales occupy m utually  exclusive home ranges. In each 
area we observed th a t the  range of the single overw intered m ale 
overlapped th a t of an overw intered female. Two to th ree  fem ales from  
the  first litte r of the season, and th e  young of two subsequent litte rs  
w ere also present. It can be speculated th a t the movements of the  
overw intered male along the stream  course provide social integration of 
th is group. Such a pattern  of social organization cannot be fitted  precisely 
into either the classification provided by E i s e n b e r g  (1965) or th a t 
of F i s l e r  (1969). In Eisenberg’s term inology, the social pa tte rn  in 
A. richardsoni best conforms to the description of a polygamous fam ily 
band type of communal social system  (forced into a linear configuration 
by the  restrictive habitat requirem ents). In the Fisler scheme, the  
pattern  would be classified as a hierarchical spatial territo ry , assum ing 
th a t the  overw intered m ale is socially dom inant over those individuals 
w ith overlapping ranges.

In conjunction with the linear pa tte rn  of organization,’ there are 
suggestions th a t the m ovem ent of w ater in th e  stream  m ay play an 
im portant role in social integration. S k i r r o  w (1969) observed that 
in large experim ental pens, w here anim als w ere able to  establish runw ay  
system s, A. richardsoni was m arkedly  less aggressive tow ards both 
conspeclfic neighbours and unfam iliar conspecifics than  was th e  case 
w ith  M icrotus pennsylvanicus, M. longicaudus, or Clethrionom ys gapperi 
in the same situation. In the case of. A. richardsoni, encounters generally 
resu lted  in avoidance behaviour, following which the  resident indivi- 
dual(s) would go to  a  w ater bowl and u rina te  i i \  the w ater. In both 
A. richardsoni and A. terrestris th ere  is an ex trem e developm ent of flank 
glands ( Q u a y ,  1968; S t o d d a r t ,  1972). B a i l e y  (1900) refers to  a 
m usk producing anal gland in addition to the  flank gland in A. richard­
soni. S toddart, in his 1972 review  of the  use of th e  scent organs in 
A. terrestris, cites V r  t  i s (1930a) to  the  effect th a t secretion of the 
lateral scent organs in that species is oily, and floats on the surface of 
w ater. V rtis apparently  proposed tha t this scent m ight a ttrac t females 
to males for breeding purposes (the gland is m ore highly developed in 
males, and according to S t o d d a r t  (1972) is responsive to male hor­
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mones). V r t i s  (1930b) also appears to have suggested (vide Stoddart) 
tha t the flank gland m ight have a territo ria l function.

A. terrestris  establishes well developed la trine  sites ( S t o d d a r t ,  
1970). S t o d d a r t  (1972) cites the observation by F r a n k  (1957) that 
the secretion of the flank glands is »transferred to the  range boundary 
at latrine  sites and during defecation by a scratching action of the hind 
feet«. Chemical communication appears to take a d ifferent form  in 
A. richardsoni. We have found no evidence of la trine  sites of A. richard- 
soni in the ' field. On the contrary, fecal pellets are  only rare ly  
encountered, and when found appear generally to be solitary. A captive 
male, kept in a terrarium  in our laboratory, defecated and urinated  in 
the pan of w ater supplied. S k i r r o w  (1969) has noted a similar tendency. 
The implications of these observations is th a t dow nstream  tran sfe r of 
pherom ones released from  flank or anal glands, or associated with 
excretory products, could serve to transm it inform ation (e. c/. sexual 
receptiv ity  of upstream  females, or presence of territo ria l adu lt males). 
S tream  flow could thus play a significant role in in tegration of 
groupings and governance of dispersal in A. richardsoni.

It is appropriate  to emphasize here tha t we have no firm  inform ation 
on habitat or social relationships during the »winter« m onths when 
our study areas a re  buried in deep snows. W inter flooding and freezing, 
w ith a build up of ice on the ground surface, is common along small 
stream s like those w here A. richardsoni occurs. Such ice form ation 
would unavoidably cause dislocation of the anim als from  sum m er home 
range. Seasonal changes in habitat have been reported  for m any vole 
species, including A. terrestris {e.g. M y l l y m a k i ,  1969). In each of 
our study areas we have observed one or tw o w ell drained banks a few 
m eters from  the stream s which showed evidence of heavy w inter grazing 
by voles. Associated w ith th e  heavy grazing are extensive system s of 
large, unused burrow s and runw ays. This m ay evidence a w inter change 
of habitat, and the possibility of w in ter aggregations.

The existence of snow cover (eight to ten  m onths of the year in our 
study  areas) is likely to h inder dispersal m ovem ents. Assuming young 
animals a re  m ore likely to disperse th an  adults, th e  tim e available for 
dispersal and establishm ent of new  home ranges unhindered by snow 
would be only two m onths (m id-July through early Septem ber). In 
August, the second and th ird  litte rs  of the  season appeared to be in 
residence near their na ta l sites. The rem aining tim e available fo r snow- 
free dispersal for these individuals was one m onth or less.

1.3. P o p u la tio n  D ensity

The population densities which we have observed fall close to the
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average values for the sm aller m icrotines, and are  somewhat h igher 
than  m ight be expected for ecological generalists (e. g., Perom yscus) in 
N orth America. W e have been unable to find in the  lite ra tu re  any 
figures for the density of Arvícola terrestris in situations closely 
com parable to our study areas. In comparison w ith w hat appeared to 
be routine A. terrestris populations of 50 to 250/hectare ( M y l l y m á  ki .
1969), the  A. richardsoni densities are  rela tively  low. There appear to 
be no data in the litera tu re  for densities of A. richardsoni during »po­
pulation explosions«. R a c e y  (1960), in referring  to such outbreaks, 
does not give figures.

4.4. Biochemical Variation

The high levels of variability  and heterozygosity revealed by bio­
chemical techniques have recently  been -the center of a great deal of 
in terest and controversy. Theoretical form ulations (e. g., L e v i n s ,  1968; 
G i l l e s p i e ,  1974) and accum ulating data  ( S e l a n d e r  & K a u f -  
m a n n, 1973) have led to emphasis on the role of environm ental 
heterogeneity. These authors postulate th a t in species in which the size 
of the individual is small, and the environm ent is experienced as 
tem porally and/or spatially patchy, sm all size and lowered m obility 
should be associated w ith  g rea ter genic variability. Among the points 
m ade by S e l a n d e r  & K a u f m a n n  (1973), th e  following are  
pertinent to the  A. richardsoni case. (1) Gene flow does not appear to 
be a requirem ent for the m aintenance of variability  since bigh levels of 
polymorphism  and heterozygosity can be m aintained in its absence. 
(2) Excluding small insular populations, and those having recen tly  
experienced severe reductions in  num bers, there  is no apparent re la ­
tionship betw een the level of genic variab ility  and the to tal num ber of 
individuals in the species, or the geographic range of the  species.

The available evidence suggests th a t A. richardsoni inhabits islands 
of favourable hab ita t which a re  isolated (in term s of the apparent 
obstacles to dispersal). It also suggests that, although densities are  
equivalent to those commonly observed in m icrotines, the num ber of 
individuals in each habitat »island« is rela tively  small. These factors, 
in accord w ith slightly larger size, suggest that A. richardsoni m ight 
be expected to show som ew hat less variation than  sm aller, more 
uniform ly d istribu ted  congeners. On the o ther hand, extrem es of tem ­
poral variation in the  conditions of the habita t betw een the  short and 
verdan t alpine sum m er and the. long w in ter (the seasonal aspect of 
environm ental heterogeneity) m ight m ake a strong contribution to 
variability. In a  previous paper ( A n d e r s o n ,  1970) the senior au thor 
has explored some of th e  implications and apparent consequences of
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seasonal heterogeneity in the environm ent with respect to rodent 
populations. The English language lite ra tu re  on seasonal phenom ena in  
m icrotines has recently  been expanded significantly by B r o w n  (1973), 
and B e r r y  & M u r p h y  (1970) have dem onstrated effective seasonal 
sh ifts  in selection w ith  respect to biochemical polym orphism  in the  house 
mouse on Skokholm Island. Thus, w hile small num bers and apparent 
isolation in A. richardsoni populations should indicate a reduction of 
variab ility  and heterozygosity, the ex trem e variation in the seasonal 
environm ent m ight be expected to increase it.

W hile the prelim inary natu re  of our data on biochemical variation in 
A. richardsoni lim its its com parative value, we have presented, in Table 
*10, a comparison betw een our data and that available for several m ore 
well known species and we com m ent below on the com parative aspects 
of s tru c tu re  and variation in each.

House mice (Mus m usculus) may form  behaviourally isolated fam ily 
groups which m aintain genetic individuality in either spatially  hetero­
geneous or spatially homogeneous environm ents ( A n d e r s o n ,  1964, 
1965, 1970; P e t r a s ,  1967a, 1967b; S e l a n d e r ,  1970). This local he­
terogeneity co-exists w ith regional patterns of geographic variation, 
showing clines suggestive of the operation of selection and gene flow 
in the classic sense ( S e l a n d e r  & Y a n g ,  1969, S e l a n d e r ,  1970). 
The house mouse is an opportunistic and colonizing species. It appears 
to  exhibit considerable plasticity in social s truc tu re  ( A n d e r s o n ,  1961). 
W here habitats are discrete, a demic or »Grossfamilie« structu re  may 
develop (E i b I-E i b e s f e 1 d t, 1950). This may m aintain  a high degree 
of genetic individuality for each group, and  m ay have significant 
effects on the distribution, frequency, and dynam ics of some alleles 
( L e w o n t i n  & D u n n ,  1960; L e  w o n  t i n ,  1962, A n d e r s o n ,  1965, 
1970; P e t r a s ,  1967a, 1967b), Founder effects m ay also be significant 
as new  habitats are  discovered and exploited by a few colonists carrying 
a non-representative component of the parental gene pool ( S e l a n d e r ,
1970). It appears, however, that the opportunity  for reorganization of 
gene pools under the  sm all-population, founding group structu re  m ay be 
lim ited if genes are  packaged in со-adapted blocks (as suggested by 
S e l a n d e r ,  H u n t  & Y a n g ,  1969). In  continuous habitats there  is 
evidence th a t behavioural structuring  m ay still im pede gene flow and 
lead to genetic s truc tu ring  ( A n d e r s o n ,  D u n n  & B e a s l e y ,  1964; 
S e l a n d e r ,  1970) although M y e r s  (1973) failed to find evidence of 
genetically effective structu ring  in a salt m arsh population and disputes 
the structu ring  concept.

The genus Peromyscus has been w idely studied, both ecologically and 
genetically and its biology has been reviewed, in book form  (K i ng,
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T ab le  10
P a tte rn s  of b iochem ical v a ria tio n .

Species S ource N u m b er of 
pop u la tio n s

N u m ber 
of loci

Loci
po lym orph ic  
p e r  po p u la tio n

heterozygous 
p e r  in d iv id u a l

A rv ico la  richardson i p re sen t stu d y 2 19 0.45 0.122
M us m u scu lu s S e lan d er , 1970b 41 0.261 0.085
P erom yscus po liono tu s  

m ain lan d
S e la n d e r  e t al 1971

2 32(25) 0.20—-0.29 0.0496—0,086
is lan d  an d  p en in su la 6 32(25) 0.06—0.10 0.020—0.032

D ipodom ys m err ia m i Johnson  & S e lan d er, 1971 11 17 0.16 0.051
D ipodam ys d eser ti Jo h n so n  & S e lan d er , 1971 4 17 0.06 0.010
T h o m o m ys  ta lpo ides N evo e t al. 1974 10 31 0.24 0.037—0.047
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1968). M embers of th e  genus are prim arily  granivors and acre found 
throughout almost a ll of N orth and Middle America. Peromyscus  
m aniculatus, th e  species which co-occurs w ith Arvícola richardsoni in 
our study area, is the  most widely d istribu ted  of Peromyscus species 
and  has an extrem ely broad ecological am plitude, occupying hab ita ts 
ranging from  desert through grassland to eastern deciduous forest, boreal 
forest, and west-coast rain  forests, to alpine tundra. The ex ten t of the  
range  of Peromyscus maniculatus, and the  ex trem e degree of m orpholo­
gical variation,' have so far precluded any definitive evaluation of its 
biochemical variation. We have therefore turned  to the study  of 
S e l a n d e r  et al. (1971) on variation in the old-field mouse, Peromyscus 
polionotus, for com parative purposes. In this specie^, breeding s tru c tu re  
seem s to be based on a m ore nearly  monogamous relationship than  is 
th e  case w ith P. maniculatus, bu t in o ther respects there  is considerable 
sim ilarity.

In  their analysis of 32 scorable loci, S e l a n d e r  et al. found 53%  to 
be polymorphic in one or m ore populations, but the proportion of loci 
polym orphic was as low as 6°/o in island isolates and reached a m axim um  
of 29%  in any one sample. There was a significant geographical variation  

,  in  average heterozygosity, which was lowest on an isolated island w here 
the population was thought to pass through occasional bottlenecks due 
to  hurricane-induced m ortality. Variation was interm ediate on peninsulas, 
highest In m ainland populations. There was a regional cline in m ean 
heterozygosity (ft) and it was suggested that this m ight rela te  to the 
d iversity  of habitat subtypes occupied. Peromyscus polionotus seem s to 
provide strong evidence for the role of spatial heterogeneity (1) in in­
ducing genetic diversity  (through heterogeneity, in the quality  of occupied 
habitats) and (2) in lim iting "genetic diversity (through barriers to gene 
flow or the lim iting and drift-inducing effects of lim itation on popu­
lation size in small areas of habitat). A lthough com parable in size and 
food habits to house mice, m em bers of the genus Peromyscus do not 
show the sam e colonizing ability.

Like m ebers of the  genus Peromyscus, kangaroo rats (Dipodomys) do 
not show a high degree of colonizing potential. They do however have 
a  considerable potential for long distance dispersal. Most significantly, 
they a re  notable among the species discussed here in th a t they  m ay 
h ibernate  and/or estivate. Seasonal inactivity may thus lim it the  tem ­
poral diversity  of the environm ent which they experience.

The social behaviour of heterom yids has been extensively studied by 
E i s e n b e r g  (1963) who assigns all m em bers of the genus to a »closed 
dispersed social system« in which adults are  solitary, and aggressive 
tow ards conspecifics except when m ating or in m other-young associations.



J o h n s o n  & S e l a n d e r  (1971) have done an extensive survey of 
biochemical variation in the genus, finding tha t Dipodomys a re  among 
the less variable of the rodent groups so far studied. Not only is th e  
proportion of loci which are  polymorphic relatively  low, but for m ost 
of the polymorphic loci the same allele predom inates throughout the  
species range. Relative allelic frequencies estim ated on the  basis of one 
or two samples anyw here in the species range appear to be valid in 
general for a particular species a t most loci.

Some differences observed among Dipodomys species are  pertinen t to 
the present discussion. Dipodomys merriami, a species w ith broad habita t 
tolerances, and Dipodomys deserti, a habita t specialist w ith a geographic 
range sim ilar in size to th a t of A. richardsoni, illustra te  these trends. 
W hile there  is no relationship betw een genetic variability  and the  ex ten t 
of geographic range, it appears there m ay be a positive correlation 
betw een variability  and ecological am plitude. J o h n s o n  & S e l a n d e r  
(1971) suggest that variations in soil quality  may be the most significant 
indicator of am plitude in habitat. In the more specialized Dipodomys 
deserti the proportion of loci polymorphic per population, and the pro­
portion of loci heterozygous per individual, a re  considerably lower than 
in the generalist Dipodomys merriami.

Despite the evidence for a dispersed and solitary type of social 
organization, J o h n s o n  & S e l a n d e r  (I.e.) note tha t in Dipodomys 
merriam i »some degree of genetic structu ring  apparently  exists« because 
mosaic pattern ing  w ith respect to biochemical variants can be seen in 
local areas. They suggest tha t this m ay indicate inbreeding, perhaps 
caused by a tendency for dispersing young to settle  near the point of 
birth.

N e v o  e ta l. (1974) havfe recently  published a study of genetic varia­
tion in the Thom om ys talpoides complex of pocket gophers in the  
southern Rocky M ountains. These highly fossorial anim als are widely 
distributed over a great geographic and a ltitud inal range, and through 
a g rea t varie ty  of plant communities. Most evidence indicates tha t 
adult pocket gophers are solitary and territo rial, conforming to the 
closed dispersed social system  of E i s e n b e r g  (1963). Because of the 
ex trem e,adaptation  for burrow ing, vagility is low. Large stream s, rocky 
ranges, and areas w ith unfavourable soil may fcrm  effective barriers 
to dispersal. However, the  subterranean environm ent m ay be less variable 
in respect to diel and seasonal cycles, and latitudinal and altitudinal 
change, than that above the ground surface.

There are no direct m easurem ents of effective population size in 
Thom om ys, but N e v o  et al. believe it is »-either m edium  or large invol­
ving hundreds to thousands of individuals judging from  the num ber of

460 P. K. Anderson e t al.



Ecology and biochemical polymorphism of Arvicola richardsoni

fresh mounds, digging activity, and trapping sucess«. Although these 
a re  poor m easures of the num ber of individuals in panmictic populations, 
the conclusion of large effective population size seems to be supported 
genetically.

In the Thom om ys talpoides complex, eight of 31 loci examined were 
monomorphic in all populations, and all populations w ere fixed for the 
sam e allele in seven of the eight cases. Polym orphism  was weak in 21 of 
the 23 polymorphic loci and there was a tendency for the same allele 
to be predom inant or fixed in- most populations. W hat heterozygosity 
existed was contributed by a few loci. A rem arkable point is that this 
relatively  low biochemical variability  was expressed in a group which 
has been considered highly variable morphologically, and within which 
eight distinct karyotypes, each tending to karyotypic homozygosity over 
broad geographic areas, can be recognized. This is in contrast w ith 
Dipodomys, where karyotypic and biochemical variability  are positively 
correlated. In Thom omys, as in Dipodomys, however, rare alleles tend 
to show mosaic patterns in local distribution and this may be indicative 
of some social involvement in pattern ing  of gene flow.

N e v o et al. favor the conclusion that the relatively low level of genic 
variability  in the  Thom om ys talpoides complex is related  to »selection 
for homozygosity in the narrow -niche and relatively  constant subter­
ranean environm ent«. A num ber of argum ents are advanced against 
explanations based on founder effects, drift, or genic neutrality . In effect, 
the  evidence gathered and the  argum ents presented support the  view 
that local structuring  of populations by either behavioural or extrinsic 
factors has little  evolutionary significance.

Our data on variation in Arvicola richardsoni a re  fragm entary, and 
the loci with which we have been able to work to date should not be 
considered a random  sample, but Table 10 indicates that Arvicola 
richardsoni is relatively variable despite the small size of local popu­
lations and the seemingly considerable obstacles to dispersal. The m ajor 
difference in the environm ental factors w ith which A, richardsoni m ust 
contend, and those faced by the o ther species reviewed in the tex t and 
in Table 10 is the extrem e seasonal heterogeneity  which is experienced.

J o h n s o n  & S e l a n d e r  (1971) suggest four categories of factors 
which m ight influence the relationship betw een the  genetic variability 
of a species and its habitat diversity.

1. Specialized species m ight have smaller effective population size.
2. Specialized species m ight be more likely to pass through bottlenecks 

and thus lose diversity.
3. Higher diversity m ight be selected for as an adaptation to envi­

ronm ental heterogenity.



4. D ifferential selection in dhiferse types of habitat, combined with 
gene flow among these populations, m ight prom ote heterozygosity in 
local populations.

Arvicola richardsoni is not a »colonizing« species, nor is it fossorial 
or hibernating, and it shows patterns of dispersion and local d istribu­
tion distinct in several respects from  any of the forms just discussed. 
Although A. richardsoni populations m ight tend to lose d iversity  as the 
resu lt of small effective population size (1) or bottlenecks (2) and seem 
to be specialized w ith respect to habitat (4), our conclusion to this point 
m ust be tha t the  tem poral d iversity  of habita t (3) is overriding any 
combined effects of the other factors.

Most discussion of the  relationship betw een environm ental hetero­
geneity and genetic variability  has emphasized the spatial, ra ther than 
the  tem poral, aspects of environm ental variation. The theoretical for­
m ulations {e.g., L e v i n s ,  1968; B r y a n t ,  1974), however, can be 
readily  applied to tem poral heterogeneity as experienced by rodent 
populations. If seasonally varying selective pressures are  m ore signi­
ficant than population subdivision in determ ining variability  in A rvi­
cola richardsoni, a species may have considerable flexibility in adapting 
population s tru c tu re  to environm ental dem ands w ithout having to face 
any m ajor dislocations in the  evolutionary process.
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A ccep ted , D ecem ber 31, 1975,

P au l K. ANDERSON, P a u l H. W H IT N E Y  i J e a n -P ie r r e  H U A N G

A R V IC O L A  R IC H A R D SO N 1: E K O L O G IA  I B IO CH EM IC ZN Y  PO L IM O R FIZ M
w  Śr o d o w i s k a c h  s k r a j n y c h

S treszczen ie

W A lbercie  (K anada) A rvico la  rickardso tii (D eK  a y, 1842) zam ieszku je  ty lk o  
środow iska  u m ia rk o w an ie  w ilgo tne  położone w zdłuż okresow o czynnych  cieków  na  
w ysokości 2000 do 2200 m  npm  w  R ocky M ou n ta in  (Ryc. 1, 2). T aka śc isła  sp e ­
c ja lizac ja  środow iskow a o k reś la  zarów no  rozm ieszczen ie  ja k  i w ielkość po p u lac ji 
m iejscow ych a  tak że  d y sp e rs ję  w  ty ch  p o p u lac jach . W  d w u  m iejscach , w  k tó ry ch  
p o p u lac je  by ły  badane , złow iono tak że  6 in n y ch  g a tu n k ó w  gryzoni, p rzy  czym 
w szystk ie  z nich m a ją  znaczn ie  szerszy  zasięg  geograficzny  niż A . rtchardsoni. 
P o ró w n an o  także  zasięgi A . te rrestr is  i A , richardson i szu k a jąc  p rzy  ty m  przyczyn , 
k tó re  tłum aczy ły  by ogran iczony  zasięg tego drug iego  g a tu n k u  (T abele 4, 5). 
D okonano  tak że  p ró b y  o k reś len ia  s to sunków  p o k arm ow ych  (T abela 2, 3). W 1972 
ro k u  rozród  trw a ł od czerw ca do s ie rp n ia , choć p rzypuszcza ln ie  zakończył się 
dop iero  w' połow ie w rześn ia . S am ice-p rzez im k i d a ły  trzy  m ioty. W b ad an e j p rób ie  
w szystk ie  m łode z p ierw szego  m io tu  by ły  sam icam i i by ły  c iężarne  w sie rp n iu  
tego  sam ego ro k u  (Rye. 3). W skaźnik  łow ności w z ra s ta ł od 200 do 300% pom iędzy 
początk iem  Iipca a końcem  sierpn ia . Z agęszczen ie  w  s ie rp n iu  w ynosiło  17,6 i 32,5 
osobników  n a  ha. Z w ierzę ta  były aktyw m e w ciągu ca łe j doby, p rzy  czym  n a jn iż ­
szą ak ty w n o ść  no tow ano pom iędzy św item  a  g odz inam i po łudniow ym i, zaś n a j­
w yższą w nocy (Ryc. 4). R uchliw ość dorosłych  sam ców  by ła  w yższa niż sam ic 
(Ryc. 5). O pisano  też d o k ład n ie j sk ład  p o p u la c ji s ie rp n io w ej: je j o rgan izac ję  
i w ięzy socja lne  (Ryc. 6, T abela  6).

B adane p o p u lac je  by ły  po lim orficzne  pod  w zg lędem  loci k o n tro lu jący ch  am i- 
n o p ep ty d azę  leucynow ą, e s te razy  p lazm y i k rw in e k  czerw onych  (Ryc. 7, T ab e le  
7, 8). N ie s tw ierdzono  n a to m ia s t zm ienności w  tra n s fe ry n a c h , hem oglobin ie  i izo- 
m erazach  g lukofosfa tazow ych . Poziom  zm ienności w ew n ą trzp o p u lacy jn e j okazał 
s ię  w zględnie  w ysoki, p o ró w n y w aln y  z innym i g a tu n k a m i gryzoni, n a  p rzek ó r p o ­
działow i popu lac ji na m ałe, izo low ane g ru p y  (T abe le  9, 10). A u to rzy  sugeru ją , .żo 
m oże być to  w yn ik iem  dużych  w ah ań  sezonow ych  czynn ików  środow iskow ych , co 
n a k ła d a  konieczność u trzy m y w an ia  się  w ysok iej zm ien n o śc i
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A P P E N D IX

P re p a ra tio n  of b u ffe rs  an d  s ta in s

B uffers

1. T r is -c it ra te  pH  7.2 
S tock  so lu tions:
A. 0.19 M T ris (Sigm a) 23.0 g /L  d is tilled  w a te r
B. 0.05 M  c itr ic  ac id  10.5 g/L  d is tilled  w a te r
M ix  38.0 m l T ris , 44.4 m l citric  ac id  and  417.6 m l d is tilled  w ate r. T itra te  w ith  
T ris  to  pH  7.2.

2. T r is -c it ra te  pH  7.6
S tock  so lu tions: S am e as in 1.
M ix 38.0 m l T ris , 40.4 m l c itric  acid  and  421.6 m l d is tilled  w a te r. T itra te  w ith  
T ris  to  pH  7.6.

3. S od ium  B o ra te  pH  8.7 
S tock  so lu tions:
A. 0.6 M boric acid  37.1 g /L  d is tilled  w a te r
B. 0.2 M sod ium  hyd ro x id e  8.0 g /L  d is tilled  w a te r
M ix eq u a l am o u n ts  of bo ric  acid  and  sodium  hy d ro x id e . W e use 250 m l of 
e le c tro ly te  b u ffe r  p e r  tray .

4. T r is -c it ra te  pH  6.2 ( R u d d l e  & N i c h o l s ,  1971)
S tock  so lu tions:
0.223 M T ris 27.0 g
0.086 M c itric  acid  18.1 g
in  1 li te r  d is tilled  w a te r  ---------

A d ju s t to  pH  6.2 w ith  sod ium  hyd rox ide .
G el b u ffe r: 17.5 m l stock  so lu tion  an d  482.5 m l d is tilled  w a te r.
E lec tro ly te  b u ffe r: U se stock  so lu tion  as p rep a red .

S tains

N ote: A il s ta in s  should  be p re p a re d  im m ed ia te ly  befo re  use  w ith  th e  excep tion
of B u ffa lo  B lack w hich m ay be sto red  in d efin ite ly .

1. B u ffa lo  B lack
S ta in : l0/« so lu tion  of B u ffa lo  B lack  NBR (A llied C hem ical) in fix in g  so lu tion  
(acetic  ac id , m e th an o l an d  d is tilled  w a te r  in a  1 : 5 : 5  ra tio  by volum e). S ta in  
m ay  be m ad e  as a stock so lu tion  a n d  s to red  in  a  covered  flask .
A pp lica tion : C over su rface  of gel sta in . L e t s ta n d  fo r 15 to  20 m in u tes  a t  21°C.
W ash sev e ra l tim es in fix in g  so lu tion  to  c lea r back g ro u n d .

2. a -n a p h th y l-a c e ta te
S tock  so lu tion  of 0,4 M T ris-H C I:
48.4 g T ris , 600 m l d is tilled  w a te r and  365 m l IN  HC1. T itra te  w ith  HC1 to 
p H  7.0—7.2.
S ta in : 200 m g F ast B lue RR S a lt (Sigm a), 20 m l stock  so lu tion  a n d  180 m l 
d is tilled  w a te r. F il te r  so lu tion  th ro u g h  W h a tm an  # 1  f i lte r  paper. A dd 4 m l 
of a  l®/o so lu tion  of re -n ap h th y l-ace ta te  (Sigm a) in  acetone .
A pp lica tion : Im m erse  gel in  s ta in  fo r one to  tw o  h o u rs  a t  21°C.

3. a -n a p h th y l-b u ty ra te
S ta in : S am e a s  in  2 ex c e p t su b s titu te  a 1“/» so lu tio n  of o -n a p h th y l-b u ty ra te  
(Sigm a) in ace to n e  fo r u -n a p h th y l-a c e ta te .
A p p lica tion : S am e as in  2.

4. L A P  s ta in  (S e 1 a  n d e r  et a l, 1973)
S tock  so lu tion  of 0.1 M p o tass iu m  p h o sp h a te  b u ffe r  pH  7.0:
3 3.6 g m onobasic  p o tassium  phospha te , 59 m l 1.0 M sodium  h y d ro x id e  and  
941 m l d is tilled  w ate r.
S ta in : 100 m l stock  so lu tion , 2 m l 0.1 M m ag n esiu m  ch lo ride  a n d  20 m g 
L - le u c y ï-0 -n a p h th y la m id e  HC1 (Sigma).
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A pplica tion : Im m erse  gel in s ta in  fo r 30 to  60 m inu tes a t 37°C. P ip e tte  s ta in  
in to  fla sk  a n d  add  40 m g F a s t B lack  K  S a lt (Dajac). R esta in  gel fo r 30 to  60 
m inu tes a t  37°C.
N ote: B ands fad e  a f te r  s e v e ra l w eeks.

5. G P I s ta in  ( C a r t e r  & P a r r ,  1967)
S tock  so lu tions:
A. 0.3 M T ris pH  8.0 3.6 g/100 m l d is tilled  w a te r

T itra te  w ith  c o n c e n tra te d  H Cl to  pH  8.0.
B. 18 mM  D -fru c to se -6 -p h o sp h a te  54.7 mg/10 m l d is tilled  w a te r

d isod ium  sa lt (Sigm a)
C. 6 mM  N A D P (S igm al 49.1 mg/10 m l d is tilled  w a te r
D. g lu co se -6 -p h o sp h a te  d eh yd rogenase  10 un its /m l d is tilled  w a te r

(G lu co se -6 -P 0 4 is av a ila b le  fro m
S igm a in v ials of 250 un its .
D issolve co n ten ts  of v ia l in  25 m l 
of d is tilled  w ater).

S ta in : 3 m l T ris  b u ffe r, 1 m l 0.1 M m agnesium  chloride,
0.4 m l fru c to se-6 -P O j, 0.2 m l N A D P, 0.4 m l g lu c o se -6 -P 0 4,
2 mg M TT (Sigma) a n d  1 m g PM S (Sigma).
A pp lication : P ip e tte  s ta in  (abou t 5 ml) on to  gel su rface . U se a b ru sh  to sp read
sta in  even ly  o v e r e n ti re  su rface . In c u b a te  gel a t 37°C. in th e  d a rk  fo r one
hour. T h e  s ta in in g  d ish  sh o u ld  be  covered  to  p re v e n t ev ap o ra tio n  of th e  s ta in  
N ote: G els sh o u ld  b e  ty p ed  a n d /o r  p h o to g rap h ed  d irec tly  a f te r  s ta in in g  as 
bands begin to  fad e  im m ed ia te ly .
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