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S tu d ie s  m ad e  o v e r a  period  of th re e  y ea rs  w ere  u sed  as a  basis fo r 
assessing  th e  b io en erg e tic  ind ices an d  food re la tio n s  of A iicrofus oeco- 
nom us ( P a l l a s ,  1776). In  ad d itio n  an  e s tim a te  w as m ad e  of th e  energy  
flow  th ro u g h  a ro o t vole p o p u la tio n  in  th e  lig h t of th e  n e t p roduc tion  
o f th e  p ea t-b o g  in  w h ich  th is po p u la tio n  lived . T he  d a ily  energy  b u d g e t 
in  su m m er is 0.581 kcal/g , an d  in  w in te r  co rrespond ing ly  0.510. T h u s  in 
th e  s tu d y  p o p u la tio n  one roo t vo le  consum es an  av e rag e  of 14.06 kcal 
on a  su m m er day , an d  11.37 in  w in te r . T he v a lu e  of th e  d iges tib ility  
coeffic ien t o f food in  sp r in g  an d  su m m er is a p rro x im a te ly  69%, and  in 
a u tu m n  73.9%. V alue of food ass im ila tio n  d iffe rs  fro m  th is  coeffic ien t 
by 1.5 to  2.5%. In  sum m er, th e re fo re , food co nsum ption  is 20.92 kca l/d ay  
w h ich  is eq u a l to  ab o u t 4.9 g of d ry  p la n t m ass. In  w in te r  th is  v a lu e  is 
15.92 k ca l/d ay , th a t  is 3.B g of d ry  m ass. O n accoun t o f th e  h igh  po
p u la tio n  n u m b ers  th e  v a lu e  of en e rg y  flow  o v er th e  course  of th e  y ear 
is considerab le , and  is abou t 375,000 k ca l/h ec ta re . N everthe less th is 
c o n stitu te s  on ly  a neg lig ib le  p a r t  (abou t 3.1%) of n e t  p ro d u c tio n  assess
ed a s  11,929,864.7 k ca l/h a /y ea r. T he g re a t m a jo rity  of p la n t b iom ass is 
fo rm ed  by species p re fe rre d  an d  consum ed  by  Ai. oeconom us. T h u s th e  
ab u n d an ce  of th e  food supply  fo r th is vo le  g rea tly  exceeds its  req u i
rem en ts  o v e r th e  w hole year. D esp ite  th e  fa c t th a t  species does no t 
cause  v is ib le  d am age  in  an  assoc ia tion  of an n u a l p lan ts , i t  is a serious 
p e s t o f young  tre e s , a lth o u g h  g naw ed  b a rk  fo rm s on ly  a  su p p lem en t to  
its  basic  diet.
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1. IN TRO D U C TIO N

The root vole, Microtus oeconomus  ( P a l l a s ,  1776), is a species less  
num erous in Poland than other rodents, since the southern lim it of its 
range passes through Poland ( K o w a l s k i ,  1964). It has, how ever, 
a very w ide geopraphical range, and inhabits vast areas of the northern  
part of the Euro-Asiatic continent ( F e t i s o v ,  1958), w here it p lays an 
important role as a pest of field  and forest cultures and of m eadows 
( S n i g i r e v s k a y a ,  1961; T a s t ,  1964; 1966; 1968).

This vole is a typical herbivore, and the green parts of plants form  
its basic diet. It eats seeds, roots of herbs and grasses and also the bark 
of trees only in late autumn or w inter. Even at these tim es of the year, 
how ever, green parts of plants constitute the basic com ponent of the food 
of this species ( B a r a b a s h - N i k i f o r o v ,  1946; K a r a s e v a ,  N a r- 
s k a y a  & B e r n s t e i n ,  1957; L a v r o v a ,  P r o k h o r o v a  & L i s t ,  
1960; S n i g i r e v s k a y a ,  1961; T a s t ,  1966).

In investigations of the energy flow  through a herbivores population  
it is most convenient to refer the amount of energy intake by this popu
lation to the energy contained in the plant production which forms the  
food supply of this species. For this purpose it is necessary not only to 
determ ine the m etabolism  rate and bioenergetics of the herbivore, but 
also its food relations and population numbers. It is also essential to 
assess the prim ary production of the plant association forming the food 
supply.

Data on the m etabolism  rate of M. oeconomus are scanty, and lim ited  
to the results obtained during the arctic summer period in Alaska (G r o
d z i h s k i, 1966) and the approxim ate values given  by B a s h e n i n a  
(1967; 1968). It was therefore necessary to estim ate the energy require
m ents of this species and at different tim es of the year. The average 
daily m etabolism  rate (AD M R ) and experim ents on intensivity of heat 
production for m aintenance of body temperature and social tem perature 
regulation formed the basis for calculating the daily energy budget 
(DEB) of the root vole.

M easurements of the amount of plant mass perm itted of sim plifying  
assessm ent of net primary production. It was thus possible to estim ate
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the amount of food available for the rodents, that is, food easy to find, 
and also preferred and consumed.

It can be assum ed that in a study area covered by grass vegetation  
alm ost all species of plants w ere easy to find, although, as shown by the  
cafeteria test, not all of them w ere equally readily chosen and con
sumed by the root voles. In order to determ ine the degree to which food  
is utilized by this species assessm ent w as made in further experim ents 
of its d igestibility  coefficient and assim ilation level.

Observations and experim ents w ere carried out on a population of root 
voles living in an area which was to a certain exten t naturally isolated. 
Studies w ere sim ultaneously made there on the num bers and succession  
of small m am m als (B u c h a 1 c z y  k, 1967; B u c h a l c z y k  & P u c e k ,  
1968), which gave an accurate picture of this »island« population. This 
m ade it possible to calculate the energy balance of the w hole root vole  
population.

The aim of the present study was therefore not only to ascertain the
energy requirem ents of the root vole but also its food relations. A fter
assessing the food supply and knowing the num bers of the study popu
lation it becam e possible not only to determ ine the bioenergetics of the 
population but also to evaluate the role w hich this population plays in 
the study area.

2. STUD Y  AREA

T he in v es tig a tio n s  w e re  ca rr ied  o u t in  a d ra in ed  p ea t-b o g  s itu a te d  in  th e  in te r io r  
Of a  tre e  s tan d . I t  lies a t  an  a lt itu d e  of 120 m  a.s.l in  th e  A ugustów  F o re s t 
(ę? =  53°22' N; 2 =  23°22' E). T his a rea  is su rro u n d ed  on a ll s ides by w oods — on 
th e  n o rth  an d  e a s t by p in e  w oods, on th e  so u th  and  w est by a n a rro w  b e lt o f 
g rass lan d  beyond  w h ich  th e re  is also a  p ine  w ood (Fig. 1). T h e  w ho le  a rea  of th e  
p ea t-b o g  is ab o u t 34 ha , an d  i t  is s itu a te d  in  a  local dep ression  co llec ting  th e  e x 
cess ra in w a te r  fro m  th e  fo rests  w h ich  su rro u n d  it.

In  1961 an  e x p e r t g rass lan d  su rv ey  w as m ad e  w hich  show ed, on th e  b asis  of 
th e  species o f p la n ts  o ccu rring  th e re , th a t  th is  a re a  belongs to  ty p ica l m a rsh lan d . 
T his w as a lso  co n firm ed  by d rillin g  an d  soil exposu res  ‘). T he g re a t m a jo rity  a re  
soils o f o rgan ic  o rig in  belonging  to  th e  h y d ro m o rp h ic  soil group . T he soils o ccu rr in g  
th e re  a re  m a in ly  p e a t soils, p e a t m ud  an d  hum us. T h e re  a re  a lso  sm all am o u n ts  
of p e a t soils o f m in e ra l o rig in . D ep th  o f th e  p e a t v a rie s  fro m  0.3 to  1.6 m.

T he a re a  w as  d ra in e d  in  1962 and  in te rsec ted  b y  d ikes. B efo re  th is  w as done 
the  p lace  w as ex tre m e ly  boggy on acco u n t o f th e  s iltin g  u p  of th e  m ain  d ra in . 
A fte r d ra in in g , p lough ing  and  c u ltiv a tin g  th e  g lad e  g rass  w as sow n a lo n g  th e  p a th s  
and  ro ad s w h ich  w ere  construc ted . T h e  h a b ita t s til l fo rm s, how ever, a  p ea t-b o g

*) D a ta  on th e  species com position  of th e  v eg e ta tio n  in  th is  lo ca lity  in  1961, an d  
also  on th e  o rig in  an d  com position  of th e  soils, w e re  ta k e n  fro m  th e  e x p e r t  su rv ey  
m ade by th e  D ep a rtm en t o f M eadow  an d  P a s tu re  C u ltiv a tio n  of th e  H igher School 
of A g ricu ltu re  in  O lsztyn, com m issioned by  th e  D is tr ic t S ta te  F o re s t B oard  in  B ia 
łystok.
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assoc ia tion  w ith  th e  add ition  of g rass  sow n th e re  and  c e rta in  species of p la n ts  
a cc id en ta lly  ca rr ied  there .

S ince  1963 th e  cen tra l p a r t  of th e  g lade, m easu rin g  15.75 h a  in a rea , h a s  been  
u sed  fo r e x p e rim e n ta l cu ltu res  of d if fe re n t species o f trees: b irch , a ld e r , ash , m ap le , 
p o p la r , oak  and  o sie r and  also  p in e  and  sp ruce . T hese c u ltu re s  a re  p la n te d  in

Fig. 1. M ap of th e  s tu d y  a rea .
T he  ex ten d  of the  stu d y  a re a  is show n by th e  th ick  line. 1 — c u ltiv a te d  fields.

2 — m eadow s, 3 — fo re s t cu ltu res , 4 — lim it of fo rest, 5 — b o rd e r  o f e x p e rim en ta l
a rea , 6 — d ra in ag e  ditches.

Fig, 2. G en era l v iew  of th e  s tu d y  a re a  in  ea rly  sp ring . 
Y oung p in e  an d  sp ruce  tre e s  am ong  g rass — .Aprostis vulgaris.
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sing le-species o r m ix ed  be lts , in  v a rio u s com binations of species a n d  n u m b ers  
(Fig. 2). W h en ev er an y  of th e  species is k illed  by  fro s t i t  is im m ed ia te ly  re p la c e d  
by  a  d if fe re n t species, e. g. p o p la r in  th e  e a s t p a r t  of th e  a re a  w as  rep laced  by 
sp ru ce  trees  s e v e ra l y e a rs  old. T h e  b e lts  v a ry  in  w id th  fro m  8 to  20 m . T he v a rio u s  
p a r ts  of th e  c u ltu re s  a re  se p a ra te d  fro m  each  o th e r  by  roads. T he w h o le  e x p e ri
m e n ta l a re a  is  th u s  covered  by h e rb  v eg e ta tio n  an d  th e  sow n g rasses an d  sedges, 
an d  is w eeded  on ly  in  th e  im m ed ia te  v ic in ity  of th e  young  trees.

3. M ATERIAL,

T he s tu d y  a re a  w as in h a b ite d  a lm o st exc lu s ive ly  by ro o t voles. O n ly  sm a ll n u m 
bers  o f o th e r sm a ll m am m als  — m ain ly  Soricidae  — w e re  cau g h t ( B u c h a l c z y k  
& P u c e k ,  1968).

T ab le  1.

N u m b er o f ro o t voles u sed  in  ex p e rim e n ts  in  d if fe re n t season.

. E k sp e rim en ts S p rin g S u m m er A u tum n W in ter T o ta l

M easu rem en ts  of 
oxygen  consum ption : 
A D M R 20 20 16 19 75
R M R 36 35 36 41 148

M easu rem en ts  of 
food con su m p tio n : 
C a fe te ria  te s t 23 17 21 61
D ig estib ility  an d  
a ss im ila tio n  of food 20 18 28 — 66

T o ta l 99 90 101 60 350

A to ta l n u m b e r of 350 roo t voles, cau g h t from  1966— 1968 a t d if fe re n t seasons 
of th e  y e a r , w e re  u sed  fo r  la b o ra to ry  in v es tig a tio n s  (T ab le  1).

4. M ETHO DS

4.1. In v es tig a tio n  of A m oun t of P la n t B iom ass

T he h a rv e s t m ethod  w as u sed  fo r inv es tig a tio n s of th e  s ta te  o f p la n t b iom ass 
fo rm in g  th e  p o te n tia l food of th e  roo t vole. I t consists in  d irec t m easu rem en ts  of 
p la n t b iom ass on e x a c tly  defin ed  a rea s  a t  es tab lish ed  periods of th e  y e a r  (T r  a 
c z y  k, 1968). T he in v es tig a tio n s  w e re  m ad e  in  fo u r seasons: in  sp ring , h igh  su m 
m er, a u tu m n  an d  a t  the end  of w in te r , im m ed ia te ly  a f te r  th e  snow  h a d  p a r t ly  
d isap p ea red , b u t b efo re  th e  soil h ad  th a w e d  out. T h is w as th e  only  possib le  w ay  
of m a k in g  m easu rem en ts  ch a ra c te ris in g  th e  w in te r  period . In  th e  dep th  of w in te r  
th e  th ick  snow  cover m ade i t  im possib le  to  ta k e  sam ples of p lan ts . T he tim e  
chosen  w as a lso  co n v en ien t on accoun t of th e  fa c t th a t  i t  is a  period  in  w h ich  the  
am o u n t of g reen  p a r ts  of p la n ts  is sm a lle s t an d  th e  ro o t vo le’s food su p p ly  is 
co n seq u en tly  sm allest.
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T h ir ty  sam ples w ere  ta k e n  in  each  of these  seasons w ith in  th e  s tu d y  h ab ita t. 
E ach of th e  sam p les, fro m  a c irc u la r  a rea  eq u a l to 1000 cm !, w as chosen  a t  random . 
W ith in  these  c ircu la r a reas  th e  w hole p la n t m ass w as cu t w ith  sc isso rs  as close 
as poss ib le  to  th e  soil and  th e  c u t p a r ts  o f p la n ts  an d  also  dead  m a te r ia l ca re fu lly  
collected . M ate ria l from  th e  sam p les w as sep a ra ted  in to  tw o ca tego ries : g reen  b io 
m ass, .an d  dead  p a rts . T he sam ples seg reg a ted  in  th is  w ay  w e re  p laced  in p a p e r  
b ags an d  d ried  in  a d r ie r  a t  a  te m p e ra tu re  o f 85°C to  a n  a ir -d ry  s ta te , w h ich  took  
from  48 to  72 hours . T hey w ere  n e x t w eighed  w ith  accu racy  to  0.1 g.

T h e  p a r ts  below  groud  w ere  no t ex am in ed  on accoun t of th e  d ifficu lty  as to  
m ethods. T his w as n o t of any  re a l sign ificance, how ever, in  d e te rm in in g  th e  
ab u n d an ce  of th e  ro o t vo le’s food su pp ly , as on ly  th e  roo t of th e  dan d e lio n  (T a 
raxacum . o ffic ina le)  is of an y  im p o rtan ce  d u rin g  th e  w in te r  as an  ad d itio n  to  th e  
g reen  p a r ts  o f p la n ts  w hich  fo rm  th e  basic  food d u rin g  th is  period . O n th is  accoun t 
a q u an tita tiv e , e s tim a te  of dande lion  ro o ts  w as m ad e  in  w in te r .

C a lcu la tio n  w as n e x t m ade from  all sam ples of th e  av e rag e  v a lu e  p e r  1000 cm 2 
and  th e  re su lts  co n v erted  to  th e  va lu e  p e r h ec ta re .

A d d itio n a l ca lcu la tio n  w as m ad e  fo r sp rin g  and  th e  end of w in te r  of th e  p e r 
cen tag es of th e  v a rio u s species fo rm in g  th e  g iven  association .

4.2. M easu rem en ts  of O xygen  C onsum ption

T he  oxygen  consum ption  ra te  co n stitu ted  th e  m easu re  of m e tab o lism  in th ese  
ex p erim en ts . M easu rem en ts  of th is  v a lu e  w ere  m ade  in  th e  fo u r m a in  seasons of 
th e  y e a r  (T able 1). T h e  ca p tu re d  roo t voles w ere  ta k e n  to  th e  la b o ra to ry  a t  B ia ło 
w ieża (about 230 km  aw ay). P rev io u s  to each  ex p e rim e n t th e  an im a ls  w e re  accli
m atized  to  lab o ra to ry  conditions fo r 2 to  4 days. T he te m p e ra tu re  in  th e  la b o ra to ry  
room s w as fa ir ly  c o n stan t o v e r th e  y ea r and  v a ried  from  16 to  2Q°C. L ig h t co n d i
tions w e re  s im ila r to  those  of th e  n a tu ra l rh y th m , th a t  is, in  a u tu m n  an d  sp rin g  
th e  len g th  of day w as  abou t 11— 12 hou rs , w in te r  8— 9 hou rs , an d  su m m er 16— 17 
hours. B oth  d u rin g  th e  an im a ls’ acc lim atiza tio n  period  in  th e  la b o ra to ry  and  d u rin g  
th e  24 -hour ex p e rim en ts  th e  ro o t voles w ere  fed  on a m ix tu re  of m o istened  o a t 
g ra in s  an d  red  beet su p p lied  ad lib itum .

In  a ll seasons m e a su re m e n ts  w ere  m ade  bo th  of th e  av e rag e  da ily  m etabo lism  
ra te  (ADMR) and  re s tin g  m etabo lism  ra te  (RMR), T he f i rs t o f these  va lues w as 
o b ta ined  fro m  24-hour m easu rem en ts  of oxygen  co nsum ption  in  la rg e  14.4 1 m e ta l 
cham bers in  a re sp ira tio n  a p p a ra tu s  of th e  K a la b u k h o v -S k v o rtzo v  ty p e  (K a  1 a -  
b u k h o v ,  1951; S k v o r t z o v ,  1957). T he re sp ira tio n  ch am b e rs  h a d  a n e s tin g  com 
p a r tm e n t an d  a  ru n , se p a ra te d  by a p a r tit io n  w ith  tw o  holes in  its lo w er p a rt. 
M a te ria l fo r th e  n e s t (cottonw ool), an  ex e rc ise  d ru m  an d  feed in g  box  w ere  a ll 
accessib le  ( G ę b c z y ń s k i ,  1963). T he roo t voles, how ever, on ly  sp o rad ica lly  m ade 
use o f th e  ex erc ise  d ru m , an d  even  th en  th e ir  a tte m p ts  w ere  v e ry  sh o rtlived . T he 
24 -hour ex p e rim en ts  w ere  m ade a t  a  c o n stan t te m p e ra tu re  of 20 °C, w h ich  is r e 
com m ended  as th e  s ta n d a rd  te m p e ra tu re  fo r m easu rem en ts  of A D M R  of roden ts 
( G r o d z i ń s k i ,  1965) 2).

R estin g  m e tab o lism  r a te  w as also  m easu red  in  a K a lab u k h o v -S k v o rtzo v  type  
re sp iro m e te r  in sm a ll glass cham bers, in  w h ich  th e  an im als  w e re  p laced  in 
w ire n e ttin g  cages m easu rin g  4 X 4 X 8  cm , w hich  g rea tly  re s tr ic te d  th e i r  ac tiv ity . 
D u rin g  these  ex p e rim en ts , w h ich  la s ted  one h ou r, th e  ro o t vo les w e re  k e p t w ith 

2) G r o d z i n s k i  W., 1965: P ro g ram  of b ioenerge tic  s tu d ies  co ncern ing  th e  p ro 
d u c tiv ity  of sm all ro d en ts . U npubl.
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ou t food. In  a ll seasons RiWR w as m easu red  a t  d if fe re n t te m p e ra tu re s  fo r 148 in 
d iv id u a ls  (T able 1), T he  voles w e re  w eighed  befo re  an d  a f te r  each  re sp ira tio n  
ex p e rim en t, an d  th e  m ean  w e ig h t ob ta ined  from  these  m easu rem en ts  u sed  for 
c a lcu la tions.

4.3. Evaluation of Food P references

Food p re fe ren ces  w ere  ev a lu a ted  by  m eans of th e  »ca fe te ria  test«. T he ro o t voles 
w ere  p laced  sing ly  in  m e ta l cages m easu rin g  45 X 25 X  15 cm , w ith o u t li t te r , w hich  
m ade  it  po ss ib le  to c lea r aw ay  a ll the u n ea te n  p a rts  of p lan ts . C o ttonw ool w as 
p rov ided  fo r th e  nest.

T he e x p e rim e n ta l voles w ere  fed  da ily  on m ix tu re s  consisting  of 5— 7 species of 
h e rb  p lan ts , g rasses  an d  b ran ch es  of young  tre e s , in d if fe re n t com binations. T he 
degree  of consum ption  w as n e x t de te rm in ed , using  a  4 -degree  scale  fo r  th is 
pu rpose, in  w hich  0 — in d ica ted  th a t a c e r ta in  p la n t w as no t e a te n ; 1 — con
sum ption  up  to  ab o u t 20°/o of th e  w hole (not read ily  ea ten ); 2 — 20— 50Vo (read ily  
eaten) an d  3 — 50—90°/o (very  read ily  ea ten ) ( G ó r e c k i  & G ę b c z y ń s k a ,  1962). 
The h ig h e r v a lu es in th e  ran g es o f th e  degrees w ere  ta k e n  fo r ca lcu la tion . T he 
averages ob ta in ed  w e re  rounded  u p  to  w hole ten s in  o rd e r to  avoid suggesting  e x 
cessive q u a n ti ta tiv e  accu racy  of th e  re su lts  of th is  m ethod , th e  aim  of w h ich  is 
m ain ly  a  q u a li ta t iv e  ev a lu a tio n  of th e  tes ted  foods. E ach se t of p la n t food w as fed 
to  the an im als  fo r a period  of 4— 6 days. T he p la n ts  used fo r th e  ex p e rim e n ts  w ere 
co llected  fro m  th e  a re a  in  w h ich  th e  stu d y  po p u la tio n  of M. oeconom us  lived. The 
an im als  w ere  no t g iven  w a te r  in  these  e x p e rim en ts  on accoun t o f th e  h igh  n a tu ra l 
m o is tu re  co n ten t of th e  food g iven  them , w hich  fu lly  sa tis f ied  th e ir  w a te r  re q u ire 
m ents.

In  th is  w ay  a lis t w as ob ta in ed  of he rb s , g rasses an d  young tre e s  e a te n  by the 
roo t vo le  in  th re e  seasons: sp r in g  (M ay), su m m er (Ju ly ) and  a u tu m n  (O ctober), 
(Table 1). A to ta l of 94 ex p e rim en ts  w e re  m ade, 42 in sp ring , 34 in su m m er an d  18 
In a u tu m n , on 61 an im als .

4.4. Investigation of D igestibility  and A ssim ilation of Food

T he inv es tig a tio n s w ere  m ade using  th e  b a lan ce  m ethod , w h ich  consists in 
supp ly ing  th e  an im a ls  da ily  w ith  a  k now n  am o u n t o f food an d  co llec ting  th e  w hole 
of th e ir  faeces and  u rin e  ( D r o ż d ż ,  1966; 1968a). The e x p e rim en ts  w e re  ca rried  
ou t in  th re e  seasons on 66 a d u lt voles of bo th  sexes (T able 1). O n accoun t of th e  
large vo lum e of th e  food used it w as p u t in to  th e  cage tw ice  d a ily  — m o rn in g  and  
evening . T he food p u t in to  th e  cages consisted  o f those  species of p la n ts  w hich  
occu rred  in  th e  a re a  in h a b ite d  by  th e  roo t vo le  an d  w hich  th ey  read ily  a te  in  th e  
p re fe ren ce  te s ts  m ade.

T h e  an im als  w ere  cau g h t im m ed ia te ly  befo re  th e  s ta r t  of th e  ex p e rim en ts , and 
w ere  th en  p laced  fo r 4— 6 days in m e ta l cages w ith o u t li tte r . T hey  w ere  fed  on the 
sam e food d u rin g  th is  p e rio d  as th e y  rec ived  la te r  d u rin g  the  p ro p e r ex p e rim en t. 
D uring  th is  tim e th e  an im als  accustom ed  them selves to  th e ir  new  feed in g  condi
tions, and  th e  w hole of th e ir  a lim e n ta ry  t r a c t  becam e com plete ly  filled  w ith  th e  
tes t food. T h is assum ption  w as based  on th e  fin d in g  th a t  in  re la ted  h e rb iv o ro u s 
roden ts  th e  average  p e rio d  fo r w h ich  co n ten ts  rem a in ed  in th e  a lim e n ta ry  tra c t 
w as no t m ore  th a n  17.5 hou rs ( K o s t e l e c k a - M y r c h a  & M y r c h a ,  1964).

T he a c tu a l e x p e rim e n ta l p e rio d  la s ted  7 days. T he an im als  w e re  th e n  p laced  
singly in  m e tabo lic  cages ( D r o ż d ż ,  1968b).
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T he voles w e re  w eighed  befo re  th e  p re lim in a ry  period  and  befo re  an d  a f te r  th e  
ex p erim en ts , w h ich  w ere  c a rr ie d  ou t a t  a  te m p e ra tu re  of 18° ±  2°C an d  w ith  
a n a tu ra l lig h t rh y th m .

Faeces an d  u rin e  w as co llected  daily  a t  a  u n ifo rm  tim e  an d  d ried  in a d r ie r  fo r 
3 days. T he ca lo ric  va lue  of food and  o f u r in e  an d  faeces w e re  d e te rm in ed  in 
a  B e rth e lo t system  ca lo rim e te r ( G ó r e c k i ,  1965).

5. R ESU L TS

5.1. T o ta l A m oun t of P la n t B iom ass

The total amount of plant biomass is subject to certain fluctuations  
over the course of the years (Table 2). Maximum values occurred in the 
spring of 1968 and w inter of 1969. In the summer of 1966 and 1967 a re
duction of about 19% was found in the amount of biom ass per hectare, 
its values being very similar in the tw o consecutive years. The greatest 
differences in amount of plant mass occurred betw een tw o successive  
winters —  1968 and 1969, when they are as much as 55% (Table 2).

T ab le  2.

A m oun t of a ir  d ry  g reen  b iom ass an d  dead  p a r ts  of p lan ts  a t  d if fe re n t seasons.

Season, m on th , y ear
G re e n  p a rts D ead p a rts T otal

kg/ha % kca l/ha kg /ha % kg /ha

Spring , M ay 1968 
S um m er, Ju ly  1966 
Sum m er, J u ly  1967 
A u tum n , O ctober 1966 
W in ter, M arch -A p ril 1968 
W in te r, M arch -A p ril 1969

2,940 0 
1,867.3 
1,996.1 

577.4 
106.0 
169.1

81.9
61.1
70.1
22.2

4.3
4.3

12,658,758.0
7,870,669.0
8.413.561.5
2.404.011.6

455.651.0
726.893.0

647.0
1,040.2

850.7
2,030.5
2.388.0
3.720.0

18.1
38.9
29.9 
77.8
95.7
95.7

3.587.0 
2,907.5
2.846.8
2.607.9
2.494.0
3.889.1

In comparison w ith variations in total amount of biomass the seasonal 
variations in green mass are far greater. W hile in spring the green parts 
form over */s of the whole, by summer this is only 2/3. In autumn when  
the mass of vegetation dies, living parts form only Vs of the entire plant 
mass. The amount of green plants determ ined im m ediately after snow  
disappears forms only 4.3 % of the w hole plant mass (Table 2). At the 
end of w inter in 1968, w hen the total amount of biomass was far sm aller 
than in 1969, the relative percentage of green plants was exactly  the 
same as in the w inter of 1969 (Fig. 3). The mass of green plants is alw ays 
greatest in spring, but undergoes considerable, but also gradual, decrease 
in successive seasons of the year. It is always sm allest during the final 
part of the winter, regardless of the year in which m easurem ents w ere  
made (Table 2).
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The participation of dead plants in the total amount of plant biomass 
is relatively great in all seasons, and both its percentage and absolute 
amount increases from spring to winter. In the spring of 1968 there was 
647 kg of dead mass per hectare, w hile at the end of w inter of the follow 
ing year this amount had increased by alm ost six  times as much. For 
purposes of comparison it may be added that the amount of green parts 
during this period decreased by more than 17 tim es (Fig. 3). The percen
tage of dead parts in the whole of plant biomass thus changes to an even  
greater degree. W hen in spring they form about 18 % of the whole, by 
the end of w inter they increase in amount to alm ost 96% (Table 2).

7to

to
Fig. 3. R e la tiv e  p ercen tag e  of g reen  m ass jg <§
in th e  to ta l am o u n t of b iom ass dep en d in g  on g  £

season  an d  year. a  s:J a. 3
*S~> CO

The caloric values of 1 g of dry green plant mass varies slightly  over 
the grow ing season and are as follows: in May —- 4.307 kcal, in Ju ly  —  
4.215 kcal, in October —  4.162 kcal and at the end of March and beginn
ing of April — 4.299 kcal. These data w ere used to estim ate the caloric 
values of green plant mass in these m onths. It is thus obvious that the 
slight variations in the caloric value of plant mass cause the energy re
serves of food mass to be directly correlated w ith its amount. Thus also 
the energy value of potentially available food is highest in spring, since 
during this period it is over 12.65 mln kcal/ha and is low est in winter, 
being in 1968 only 0.45 mln kcal/ha, and in 1969 slightly more, 0.73 mln  
kcal/ha (Table 2). The other periods of the year are characterized by in
term ediate caloric value of the food available for root voles.
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5.2, Participation of P lant Species in Form ation of G reen M ass 
in  Spring and W inter

Additional assessm ent was made of the percentage of d ifferent species 
of plants for the height of spring and the end part of the w inter, that is, 
seasons in which the green plant mass reaches extrem e values. This 
made it possible to trace which species dom inate quantitatively in 
creating biomass and w hether this phenomenon depends on the season. 
In turn this perm itted of assessing the number of species more or less 
readily eaten by the voles.

The above measurem ents w ere made in the spring of 1968 and the end  
of w inter 1969 (Table 3). In spring the plant association of the peat-bog 
exam ined consisted of 25 species of plants, of which only 9 are repres
ented in the winter aspect of this habitat. In winter, however, 7 further 
plants were added (Table 3), so that during this period the plant associa
tion of the peat-bog consisted of 16 species in all.

In spring the participation of 4 species of plants —  Agrestis  vulgaris, 
Stellaria palustris, Dactylis glomerata  and Senecio vernalis  — is greater 
than 5% and gives a combined figure over 73%. If a fifth  species —  
Stellaria uliginosa —  is added to this, although forming less than 5%, 
then taken together these species form alm ost 4/s of the biomass. The 
remaining 20 species form percentages varying betw een 3.75 and 0.04%. 
It m ust however be emphasised that Agrostis  vulgaris  occurs very nu
m erously (37.1 %) in the spring aspect of this association and thus differs 
considerably from the other species (Table 3). This species of grass forms 
an alm ost identical percentage (36.2%) in w inter and during this period 
also differs considerably from the species next in order to it in numbers
— Taraxacum officinale, although its amount expressed in kg/ha de
creased by exactly 18 times in comparison w ith  the spring period.

In w inter only one other species of grass —  D actylis  glomerata  — 
forms a similar percentage to that in spring (Table 3). The remaining 
species dominating in spring — Stellaria palustris  and Senecio vernalis
—  do not occur at all in winter, and Stellaria uliginosa  occurs to a lesser 
extent than in spring. The second w inter species in order of num bers is 
Taraxacum officinale. In summer it forms a negligible percentage, but 
as it w ithstands w inter w ell and its num bers decrease by only tw ice as 
much, it forms the second species in order of num bers during this period. 
As m entioned above, this is the only species, the roots of which play 
certain part in the food of the root vole during this period. The amount 
of roots, or strictly  speaking the parts below  ground, expressed in kg of 
dry mass, is larger than that of the parts above ground (leaves and 
upper part of root — Table 3). A root usually attaining over 15 cm in
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length is m ost certainly not eaten in its entirety, since root voles w ere  
not observed to dig away soil to this depth. If w e accept that only */3 of 
the root mass is available to them , even  so this makes it over 12 kg/ha.

The participation of Ranunculus repens  and Cerastium vu lgatum  also 
increases considerably in w inter in comparison w ith spring. In w inter, 
as in spring, 5 species of plants formed percentages less than 5% (Table

Table 3.
P a rtic ip a tio n  of d if fe re n t species in  th e  to ta l a m o u n t of g reen  p la n t m ass.

S pecies
S p ring 1968 W in te r 1969
kg/ha * k g /h %

1. A grostis  vu lgaris  W ith. 1091.0 37.11 61.2 36.19
2. S te lla r ia  p a lu s tr is  E hrh . 496.1 16.87 __ __
3. D acty lis  g lom era ta  L. 347,0 11.80 14.3 8.46
4. Senecio  vern a lis  W. K. 204.1 6.94 __ __
5. S te lla r ia  u lig inosa  M urr. 134.7 4.58 2.5 1.48
6. G n a p h a liu m  s ilv a tic u m  L. 110.1 3.75 __ __
7. C irs iu m  a rven se  L. 95.3 3.24 __ __
8. S te lla ria  m e d ia  L. 85.4 2.90 1.8 1.06
9. R a n u n cu lu s re pens  L. 57.4 1.95 10.0 5.92

10. C e ra s itu jn  v u lg a tu m  L. 54.5 1.85 12.4 7.33
11. T a ra xa cu m  o ffic in a le  W eb. 54.0 1.84 25.6 15.14

T. o ffic ina le  — roots — — 37.8 *) —
12. K n a u tia  arvensis  (L.) 48.0 1.63 __ __
13. U rtica dioica  L. 39.1 1.33 3.1 1.84
14. C ardam ine p ra ten sis  L, 39.1 1.33 — —
15. C apselia  bursa  p asto ris  (L.) 19.1 0.65 __ —
16, Ir is  p seudoacorus  L. 17.8 0.60 __ __
17. E ris im u m  cheiran tho ides  L. 13.8 0.47 __ __
18. R u m e x  acetosa  L. 8,1 0.27 __ __
19. V eronica  beccabunga  L. 7.6 0.26 __ .—.
20. M alach ium  a q u a ticu m  F r. 5.3 0.18 — __
21. K orippa  a m p h ib ia  (L.) 4.0 0.14 6.2 3.66
22. A ch illea  m ille fo liu m  L. 4.0 0.14 __ __
23. V eronica cham aedrys  L. 2.2 0.07 — __
24. C aliha pa lu s tr is  L. 1.7 0.06 — —
25. S ta ch ys  p a lu s tr is  L. 0.6 0.04 — —
26. G alium  p a lu s tre  L, — — 8.4 4.96
27. M oss __ __ 7.7 4.55
28. E rigeron  acer L. — __ 6.8 4.02
29. C rep is  sp. L. — — 6.0 3.55
30. A grostis  sto lon izans  Bess. — — 1.8 1.06
31, P ed icu laris  sp. L. — __ 0.7 0.42
32, Succ ise lla  in f le x a  (K luk) Beck — — 0.6 0.36

T o ta l 2940.0 100.0 169.1 100.0

*) A ssessed  am o u n t of roots.

3) and all these species occurred in spring, although only Agrostis vulgaris  
and D actylis  glomerata  dominated in both these seasons. In all the five  
species m entioned form 77% of green mass.

Species occurring only in the spring aspect of the peat-bog are rela
tively sm all in numbers, although the total amount of biomass during this 
period is several times low er than in spring. Only tw o of the eight species
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occurring in w inter each form less than 5% of the mass, w hile the  
percentage of the remaining species is even smaller.

The w inter aspect of the plant association differs considerably from  
the spring aspect in respect of com position and percentages of the  
various species. The decidedly dominating species of grass (Aprostis v u l
garis), despite the extrem ely great variations in quantity, is not subject 
to any changes in this respect.

5.3. A verage D aily  M etabo lism  R ate  (A D M R )

Oxygen consumption measured over whole 24-hour periods forms 
a good basis for calculating the energy requirem ents of these rodents 
( G ę b c z y ń s k i ,  1966; G r o d z i ń s k i ,  1966; G r o d z i ń s k i  & G ó 
r e c k i ,  1967; G ó r e c k i ,  1968). It is expressed as average daily m eta
bolism requirement both in ccm of oxygen per gram of body weight per 
hour, and in kcal/g/hour 3).

Average daily metabolism rate is low est in the root vole in  spring 
(Table 4). During this period the body w eight of the group of anim als

T ab le  4.

A verage  daily  m etabo lism  ra te  in  th e  ro o t vo le  a t d if fe re n t seasons.

Season n (c fc f + 9  9 ) B ody w eight, 
g ±  S.D.

ADMR M etabolic  
body  size, 

kg ’1'*

k ca l/k g '“ 
p e r  dayccm /g /h r+ S .D . C. v.

S p rin g 20 (1 1 +  9) 37.02 +  2.27 3.31 +  0.55 13.6 0.085 166.07
S um m er 20 (1 1 +  9) 22.13 4- 6.00 4.49 +  0.43 9.3 0.057 200.82
A utum n 16 (8 +  8) 26.01 +  7.84 4.31 +  0.89 20.6 0.064 201.78
W in ter 19 (9 +  10) 21.11 +  5.32 3,65 +  0.85 23.3 0.055 161.38

exam ined was highest. In spring, in May, only old adult animals, 
that is, the heaviest were caught. In the other periods of the year animals 
with different body w eights w ere taken for experim ents to ensure that 
all w eight groups of the study population w ere represented. It is for this 
reason that the standard deviation of body w eight in the spring group 
is far sm aller in comparison w ith  other seasons. Root voles are characte
rized by maximum oxygen consumption in summer. These values for 
autumn and winter come betw een values for spring and summer and do 
not greatly differ from each other (Table 4),

In order to determ ine exactly in which period of the year the voles’ 
metabolism is greatest the values obtained were expressed in kcal/kg1'1

3) In  ca lcu la tions of th is  k ind  it  w as  accep ted  th a t th e  re sp ira tio n  coeffic ien t 
RQ in ro d en ts  is 0.8, w ith  w hich  the ca lo ric  eq u iv a len t o f oxygen is 4,8 kcal/1.
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per day. Such conversion made it possible to compare the metabolism  of 
animals irrespective of their body w eight, freeing as it w ere data on 
energy m etabolism  from the relation which is present betw een the size 
of the anim al exam ined and m etabolism  calculated per unit of body 
weight. O xygen consumption values calculated in this w ay are suitable 
for both interspecific and intraspecific comparisons { K l e i b e r ,  1968). 
It thus also became possible to compare results obtained for different 
seasons. M inimum metabolism , expressed in kcal/kgJ\  characterized the 
root vole in w inter and spring {Table 4). Maximum energy metabolism  
rate is exhibited  by M. oeconomus in autumn and summer, both these

T ab le  5. „

O xygen co nsum ption  in  d if fe re n t seasons dep en d in g  on am b ien t tem p e ra tu re .

co Tem p.
B ody w eig h t RMR

%aQi
W

°C
g ±  S. D. kg '/l c cm /g /h r+ S .D . kcal/kg* \'h r

n

b £
c

*Sh

q ,
w

6
15
25

42.45 +  7.67 
47.30 +  8.40 
40.64 ±  7.75

0.094
0.102
0.091

6.74 +  1.18 
5.53 +  1.07 
4.63 ±  0.57

14.61
12.31

9.92

12
12
12

147.3
124.1
100.0

CDaaD
W

6
16
25

21.22 +  2.62 
20.17 +  2.51 
20.10 +  2.06

0.055
0.053
0.053

7.36 +  1.12 
5.56 +  0.95 
4.93 ±  1.37

13.63
10.16
8.97

9
12
12

151.9
113.3
100.0

A
ut

um
n

10
15
25

22.55 +  2.46 
25.91 +  7.10 
24.95 +  7.24

0.058
0.064
0.062

7.06 +  0.76 
5.75 +  0.78 
4.85 ±  1.66

13.18
11.17
9.37

12
12
12

140.7
119.2
100.0

W
in

te
r 0

8
15
25

19.92
31.17 +  5.14 
28.40 +  6.21 
39.60 +  6.17

0.053
0.075
0.069
0.090

9.48
5.72 +  0.43 
4.17 +■ 1.65 
2.38 +  0.35

17.10
11.41
8.24
5.03

2
12
15
12

340.0 
226.8 
163.8
100.0

values being alm ost equal, as it is the case w hen w inter is compared 
w ith spring. ADM R  in summer and autum n is about 11% higher than 
in w inter and spring, and this d ifference is statistically significant 
(P <  0.001; S tudent’s tests), whereas there are no statistically significant 
differences betw een values for sum m er and autumn, and spring and 
winter.

5.4. H ea t P ro d u c tio n  in  D iffe ren t A m bien t T em p era tu re s

M easurem ents of resting metabolism  rate {RM R ) at d ifferent tempera
tures w ere made in all seasons (Table 5). This perm itted of evaluating  
the relation between oxygen consumption rate and ambient temperature
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in different seasons and expressing it by both absolute and relative  
change depending on temperature. It was then possible to calculate ad
ditional energy losses at low  temperatures, that is, for periods spent out
side the nest.

As the body w eight of the voles exam ined, as in the case of m easure
m ents of ADMR, w as different, the results obtained w ere expressed not 
only in ccm 0 2/g per hour, but w ere also converted to kcal/kgVi per hour 
(Table 5). This conversion perm itted of establishing that the values of 
RMR  of voles in  w inter are lower than in other seasons and that these  
differences are statistically  significant (P <  0.001; Student’s test). The 
differences betw een the other seasons, on the other hand, are slight 
(Table 5; Fig. 4) and statistically non-significant.

Ambient temperature
Fig. 4. R esting  m etabo lism  ra te  of th e  roo t vole.

1 — sp rin g , 2 — sum m er, 3 — au tu m n , 4 — w in te r .

Voles exhibit m axim um  increased m etabolism  rate, depending on the 
ambient temperature, in winter, w ithin lim its of 0 to 8°C (Fig. 4). In this 
range of tem peratures change in metabolism  is 5.69 kcal/kgJ/* per hour, 
that is, 0.71 kcal/kg3/* per hour per 1°C. B etw een 8 and 15°C it is cor
respondingly only 0.45 kcal/kg3'* per 1°C, and an even low er rate of m e
tabolism changes takes place betw een 15 and 25°C, when it is only 0.32
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kcal/kg1/*. The rate of heat production in different am bient temperatures 
is slightly  low er in other seasons (Fig. 4). The most w eakly expressed  
m etabolic reaction to a change in ambient tem perature is observed in 
summer betw een 16 and 25°C, when it is only 0.13 kcal/kgI/f per hour 
per 1°C.

5.5. Social T em perature R egulation ' ‘

The effect of the size of the group of voles on the rate of heat loss was 
studied. Groups consisting of pairs, or three individuals of one sex, were 
kept in cages for at least one w eek before the experim ent, to enable the  
anim als to get accustom ed to each other. Attem pts at form ing groups of 
4 individuals of one sex w ere not successful, as the voles fought each 
other and as a rule bit each other to death.

O xygen consumption was measured in a K alabukhov-Skvortzov appa
ratus for an hour at a tem perature of 20°C. Groups of voles were kept 
in respiration chambers of 9 1 capacity, w ithout food or nesting material, 
that is, under conditions sim ilar to experim ents on heat production in

Table 6.

O xygen  co nsum ption  a t  a te m p e ra tu re  of 20*C in  sp ring  by ro o t vo les agg regated  
in  g ro u p s of d if fe re n t sizes, n —  n u m b e r o f m easu rem en ts .

G roup  size n M ean w eigh t 
of g roup , g ccm /g /h r kcal/kg'^' p e r  day

1 20 37.0 3,31 160.1
2 10 74-6 2.97 177.3
3 G 126.7 2.83 194.B

different am bient temperatures. It was im possible to restrict m ovem ents 
in such a group, because the voles, when placed in a narrow container 
behaved restively  and often bit each other, which increased general 
activity. O xygen consum ption was therefore calculated only during per
iods in which they kept together in a group and behaved quietly.

It was found that oxygen consum ption by anim als concentrated in 
a group is low er than in individuals kept singly. During spring this d if
ference was 10.3% in the case of tw o individuals kept together, and in
a group of three, 14.5% lower. A fter converting these values to metabolic 
size of body it turned out that a group of three individuals has higher 
heat losses than a pair of voles (Table 6).
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5.6. D aily A ctivity Rhythm

M easurem ents of oxygen consumption over full 24-hour cycles per
m itted of sim ultaneous evaluation of the daily activ ity  cycle  of M. oeco- 
nomus. The activ ity  model calculated in this way w as set out in tw o
-hour intervals (Fig. 5), although m easurem ents of oxygen consum ption  
w ere made every hour. By accepting two-hour intervals it was possible 
to determ ine the general activ ity  rhythm in the study population of root 
voles. .

E
u  tu  5

3

W IN TER

I 1

night

20 24
,hr

Fig. 5. D aily  rh y th m  of oxygen  con
su m p tio n  in  th e  ro o t vole. 

D o tted  line  in d ica te s  the m ean  va lu e  
of daily  m e tab o lism  in th e  g iven  
season. A rrow s in d ica te  th e  b eg in 

n in g  a n d  en d  of n ight.

5

These anim als are characterized by relatively small daily amplitude 
of the average m axim um  and minimum oxygen consumption. This rela
tion is low est in spring (1.18), and highest in summer (1.39). The values 
for autum n and w inter are interm ediate and sim ilar to each other (Table 
7). M. oeconomus  is a species active over the w hole day, almost regard
less of the season. It is only in summer that relative differences in activ
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ity are observed, when the m aximum occurs during afternoon and even
ing hours (Fig. 5).

The fact that the activ ity  of root voles has m any phases is also shown  
by the slight differences between mean m etabolism  during night hours

Table 7.

P a ra m e te rs  of d a ily  ac tiv ity  c a lc u la ted  fro m  Oa consum ption .

Season
ccrrs/g/hr 

m in  m ax
M ax : m in  

ra tio
ccm /g /h r 

D ay N ig h t
N igh t : day  

ra tio

S p rin g 3.02 3.56 1.18 3.19 3.43 1.07
S u m m er 3.72 5.16 1.39 4.46 4.56 1.02
A u tum n 3.76 4.85 1.29 4.42 4.22 0.95
W in te r 3.30 4.29 1.30 3.62 3.70 0.98

in comparison w ith daytim e hours. In spring and sum m er this index is 
very slightly higher than 1.0, whereas in autumn and w inter it is slightly  
lower than 1,0 (Table 7).

5.7. Food Preference

The degree of the root vo le’s food preferences for different species of 
plants was assessed in three seasons —  in spring, sum m er and autumn  
(Table 8).

In spring the animals w ere given 27 species of plants, 2 species of 
which w ere trees —  birch and poplar. The food consisted of the stalks 
and leaves of herb plants and blades of grass, and in the case of trees —  
the thin branches from which the voles bit the buds, leaves and to 
a slight exten t the bark. In this season, as in sum m er and autumn, the 
anim als exhibited a marked preference for Taraxacum officinale. This 
species was as a rule consumed alm ost in  its entirety, only sm all amounts 
of the thickened parts of leaf stalks and ligneous parts of roots being left. 
Degree of consumption was therefore evaluated as 3. The rodents began  
eating other species from the young and juicier parts of the plants.

There are other species in  spring which belong to very readily eaten  
plants, that is, more than 50% of which w ere consumed (Table 8). None  
of them  belong to Gramineae. A further eleven species are readily eaten, 
and it is only in this category that two species of grass are included, the 
remaining species being herb plants. The final 9 species used for these  
experim ents on food preferences in spring can be considered as not 
readily eaten, and they include the two species of trees. Not a single 
species was found at this tim e of the year which w as not eaten at all by 
the voles.
4 — A cta  T herio log ica
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In sum m er the list of tested plants was far longer and included 33 
species (Table 8). Only 6 species on this list, however, were considered  
as very readily eaten, that is, one species less than in spring. During 
summer only 3 species of those evaluated in spring as very readily eaten

T ab le  8.

Food p re fe ren ces  of ro o t voles in  d if fe re n t seasons *).

S p ring S u m m er A utum n
Species

n Avg. % n Avg. % n Avg. %

1. T a ra xa cu m  o ffic in a le  Web. 10 3.0 90 17 3.0 90 19 3.0 90
2. Senecio  vern a lis  W. K. 10 2.7 80 10 1.3 30 16 2.0 50
3. S i el [aria  p a lu s tris  E hrh . 20 2.5 70 13 1.7 40 21 2.4 60
4, S te lla r ia  m ed ia  L . 10 2.5 70 10 2.6 70 8 2.7 80
5. S te lla r ia  uliginosa  M urr. 10 2.3 60 10 2.3 60 — — —
6. U rtica dioica  L. 10 2.3 60 — — — — — —
7. R u m e x  acetosa  L, 10 2.2 60 — — — — — —
8. C e ra s tium  v u lg a tu m  L. 10 2.0 50 10 1.9 50 — — —
9. V eronica  beccabunga  L. 10 1.9 50 10 1.9 50 — — —

10. A fatachium  aq u a ticu m  F r. 10 1.6 40 14 2.0 50 — — —'
11. A prostis u u lp a ris  W ith. 10 1.7 40 10 1.0 20 24 2.2 60
12. C ardam ine pra tensis  L, 10 1.6 40 10 1.5 40 — — —
13. D actylis g lom era ta  L. 20 1.7 40 10 1.6 40 16 2.3 60
14. R anuncu lu s repens  L. 20 1.8 40 10 1.7 40 — --- —
15. R orippa  am phib ia  (L.) 10 1.7 40 — — — 20 1.4 30
16. A ch illea  m ille fo liu m  L. 10 1.3 30 10 1.9 50 — — —■
17. K n a u tia  arvensis  (L.) 10 1.5 30 10 1.5 30 13 2.4 70
18. C irs ium  arvense  (L..) 10 1.5 30 —
19. C apselia  b u rsa  pastoris  (L.) 10 1.0 20 — — — — —■ —
20. V eronica  cham aedrys  L. 10 1.1 20 10 1.1 20 — — —
21. E rysim u m  cheiran tho ide  s L. 10 0.9 20 10 0.8 20 — — —
22. C altha  pa lustris  L. 10 1.0 20 — — — — — —
23. G napha lium  silva ticu m  L. 10 0.9 20 10 0.9 20 — — —
24. S ta c h y s  pa lustris  L. 10 0.7 10 10 1.1 20 — — —
25. B etu la  verrucosa  E hrh . 10 0.6 10 10 0.7 10 — — —■
26. A in u s  g lu tinosa  (L.) 10 0.4 10 — — — — — —■
27. Ir is  pseudoacorus  L. 10 0,7 10 — — — — — —
28. V iola arvensis  M urr. — — — 11 2.9 90 — — —
29. V icia  cracca  L. — — — 10 2.1 60 — — —
30. T ussilapo  fa r fa ra  L. — — — 12 2.2 60 — — -—
31. V eron ica  longifo lia  L. — — — 10 1.9 50 13 2.3 70
32. A grostis  alba  L. — — — 10 1.3 30 — —- — ,
33. V erbascum  sp. L. — — — 10 1.4 30 — — —
34. M entha  arvensis  L. — — — 10 1.4 30 — — —
35. F es tu ca  rubra  L. — — — 10 1.4 30 — — —
36. C ham aenerion  a n g u stifo liu m  (L.) — — — 16 1.2 30 11 2.7 80
37. P h e lu m  pra tense  L. — — — 10 1.4 30 — — “
38. P o te n tilla  anserina  L. — — — 12 0.9 20 — — —
39. L inaria  vu lgaris  (L.) — — — 12 0.9 20 — — —
40. S c irp u s silva ticu s L. — — — 10 0.6 10 — — —
41. C alam agrostis epigeios (L.) — --- — 10 0 0 10 0 0

*) I t  w as  found  th a t  in  se v e ra l su p p lem en ta ry  ex p e rim e n ts  th e  fo llow ing  species 
of p la n ts  a re  v e ry  read ily  e a te n  in  w in te r : G alium  p a lus tre  L,., E rigeron acer L., 
C repis  sp. L.; read ily  ea ten : Succisella  in fle x a  (K luk) B eck.; no t re ad ily  eaten : 
A grostis  sto lon izans  Bess., P ed tcu la ris  sp. L.
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remainded in that category. Two — Senecio vernalis  and Stellaria pa
lustris  —  were estim ated only as readily eaten in summer, as opposed 
to the spring assessment. Additions to the species very readily eaten in  
sum m er were Viola arvensis,  Vicia cracca and Tussilago farfara.

The majority is formed by species which w ere shown by preference 
tests to be readily eaten by root voles. There are sixteen  species on this 
list, and 11 of them  are species which also occur in spring. A ll the plants 
readily eaten in summer w ere also readily or very readily eaten in spring. 
An exception to this is Stachys palustris, which was not very readily  
eaten in spring (10%), but proved to be a little  more readily eaten in 
sum m er (30%).

Eight species w ere considered as not readily eaten, and of these 4 w ere  
included in the spring experim ents, when only 3 were not readily eaten. 
Agrrostis alba  was readily eaten in spring, contrary to the summer, when  
the voles did not readily eat it. It was also found that Calamagrostis epi- 
gejos  is the only species which is not eaten at all by M. oecouoraits.

In autum n the voles w ere given only 11 species of plants to choose 
from (Table 8), all of which had already occurred in either spring or 
summer. Despite the fact that this list of plants used in the experim ents 
was the shortest, the number of very readily eaten species is greatest, 
i.e. 8 species. Of the remaining three two species are readily eaten, w hile  
Calamagrostis epigejos  is not eaten at all.

It is clear from the above that the number of species very readily 
eaten in all seasons is sim ilar, irrespective of the number of plants test
ed. There are more readily eaten plants in summer and autumn than 
very readily eaten species. T hese two groups in general form the m a
jority of the plant association in all seasons. In spring the list of plants 
very readily and readily eaten by root voles consists jointly of 18 species, 
which forms 66.6 % of the w hole plant association in this period. In sum
mer this percentage increases to 72.7%, and in autum n reaches as much  
as 90.9%. Thus species not readily eaten, or not eaten at all, by the voles, 
form only a sm all part of the plant association in the study area.

5.8. D igestib ility  and A ssim ilation  of Food

Determ ination of the d igestib ility  coefficient and assim ilation level was 
made in three seasons (Table 9). The food given  to the voles w as very 
sim ilar in all seasons and consisted of the green parts of grasses and 
herbs, m ainly the leaves of Taraxacum officinale, leaves and stalks of 
Stellaria media  and Stellaria palustris, and also blades of Agrostis  vu l
garis and Dactylis glomerata.  The experim ents w ere made in autumn
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using tw o diets: natural (Series I) and culture (Series II). The culture diet 
included red beet and the roots of parsnips and carrots.

The value of the digestibility coefficient varies from about 69% to 
over 91 % (Table 9). It exhibits the low est value in spring and summer, 
and differs by only 1 % in these periods. This difference is statistically  
non-significant (Student’s t test, P >  0.05). In autum n in the experim ent 
in which the animals w ere given similar food, but w ith  the addition of 
the root of Taraxacum officinale, the digestibility coefficient rose to 
74%. This difference betw een summer and autumn (I) is not significant 
(P >  0.6). On the other hand, during the autumn, when the voles were 
fed on a diet with lower cellulose content in the dry mass (series II), the 
difference in relation to the natural food (series I) is statistically  highly  
significant (P <  0.001).

Table 9.

D igestib ility  coeffic ien t and  a ss im ila tion  lev e l depend ing  on season  an d  k ind
of food.

R oots of T ara xa cu m  o ffic in a le  w ere  ad d ed  to th e  an im a ls  food in  e x p e rim e n t I 
in  au tu m n ; an d  ca rro t, b ee t and  p a rsn ip  w e re  g iven  in  e x p e rim e n t II.

Season n
D igestib ility  coeffi 

Avg. +  S. D.
üient

C.v.

A ssim ila ted  en erg y  
Avg. +  S. D.

S p rin g 20 69.7 +  5.4 7.7 67.5 +  9.5
S u m m er 18 68.7 +  9.2 13.3 67.2 +  8.2
A u tu m n

I 20 73.9 +  6.2 R.3 71.4 +10 .0
II 8 91.4 ±  4.1 4.5 90.4 ±  4.7

There can be no doubt that the lower value of the d igestib ility  coeffi
cient in spring and sum m er is connected w ith the high indigestible cel
lulose content in the food. Reduction in the amount of cellu lose causes 
sim ultaneous increase in assim ilation of food.

The value of food assimilation differs from the d igestibility coefficient 
by 1.5% to 2.5% (Table 9). This was the caloric value of the urine ex
creted by the voles.

6. D ISC U SSIO N

The results obtained for daily oxygen consumption, heat production  
in different ambient temperatures and social tem perature regulation, 
and also activity, made it possible to attempt to calculate the daily 
energy budget of the root vole. On the other hand calculation of the 
energy requirem ents of this population of voles had special features 
under the conditions described. A w ell-isolated habitat, relatively small
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in  area, covered by a homogenous plant association, was m ainly inhabit
ed by one species of rodent ( B u c h a l c z y k  & P u c e k ,  1968), The 
plant association of the peat-bog consisted of grasses and herb annuals, 
which enabled a sim ple conversion of determined biomass to net pro
duction to be made. It was next also possible to assess which part of this 
production is food available to rodents and to what exten t it can be 
utilized by them. Owing to these properties, which as it w ere created  
the conditions of the intended experim ent, it was possible accurately to 
trace the developm ent of the root vole population and its influence on 
the plant association of the peat-bog examined.

6.1. N et Prim ary Production

D espite the different attempts made at calculating primary production, 
it is the method of assessing the amount of organic substances produced 
by plants which is in most general use.

Prim ary production can be determined relatively easily, and certainly  
most accurately in aggregations composed of annual plants, since their 
structure and floristic com position are sim plest ( M e d w e c k a - K o r -  
n a s ,  1965). Lawn and meadow associations belong to such communities.

The peat-bog association consists of grasses and annual herbs and it was 
not therefore difficult to determ ine the amount of net production. As in 
the case of the grassland evaluation, the maximum amount of biomass 
les the amount recorded at the end of w inter w as taken as the net pro
duction value. In a grassland analysis it is sufficient to make a single 
finding during the year of the plant crop when there is the maximum  
amount of biomass, although these results are as a rule underestimated  
in relation to actual production ( O d u m ,  1960; S o c h a v a ,  L i p a t o v a  
& G o r s h k o v a ,  1962). T r a c z y k  (1968) calculated the net production 
of a m eadow and found that there are fairly considerable differences 
betw een results depending on the method used. Acceptance of peak 
amount of biomass gives a low er result than when other m ethods are 
used. This is connected w ith  the fact that growth and dying of d ifferent 
species of plants, and attainm ent by them of their m axim um  mass, does 
not take place at one and the same time. In this particular case it is not 
of course a question of the w hole biomass, since its dead parts m ay  
originate even from several recent years ( T r a c z y k ,  1968). N evertheless 
use is made of the method of calculating production from the amount 
and disappearance rate of dead parts ( W i e g e r t  & E v a n s ,  1964). In 
the present case only the amount of the green parts of the difference in 
biomass in spring and w inter was taken as net primary production. This 
value is 11,929,864.7 kcal/ha.
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The amount of production undoubtedly also depended on the year, as 
is shown by the differences betw een winter 1968 and the w inter of the 
follow ing year. D ifferences betw een the sum m er of 1966 and of 1967 
were how ever slight, O d u m  (1960) found in old-field  com m unities 
differences many tim es greater, depending both on the season and years, 
which is m ainly due to the different amount of rainfall in the study area. 
W i e g e r t  & E v a n s  (1964), on the other hand, on the basis of obser
vations made in this ecosystem  over a period of several years, found 
that variations in the total amount of biomass from year to year are re
latively  small. S im ilarly the m eadow associations exam ined by T r a 
c z y k  (1968) exhibited slight differences in successive years.

There are no data on variations in the biomass of the underground  
parts of plants and seeds which are necessary to fu ll evaluation of the net 
production of a peat-bog. In the study habitat an evaluation of this kind 
was made only in order to estim ate the amount of potential food of the 
root vole. On this account, of the underground parts of plants, m easure
m ent was made only of the amount of roots of Taraxacum  officinale, 
which are included in the root vo le’s diet in late autum n and winter.

Assessm ent of net primary production by the harvest m ethod also 
fails to take into consideration the amount of losses in biom ass due to the 
effect of herbivorous anim als. Thus it is necessary to add the amount of 
plants eaten by JVi. oeconomus to the results of net production of peat- 
-bog.

6.2. Food Resources of the Root Vole

A lthough root voles cannot use the w hole of plant mass as food no uni
form method has as y e t been established for estim ating the amount of 
food potentially of use to rodents. G o  1 l e y  (1960) assum ed that in old- 
-fields com m unity the w hole of the green mass above ground is available 
to Microtus  p ennsylvanicus  (O r d, 1815). O d u m ,  C o n e l l  & D a v e n 
p o r t  (1962) on the other hand took as the food supply of Perom yscus  
polionotus  (W a g n e r, 1843) in a sim ilar association only the seeds, 
w hich form slightly less then 7 % of the w hole above-ground production  
of live plants. Sim ilarly P e a r s o n  (1964) considered that only the seeds 
of m eadow plants constitute food potentially available to three species 
of rodents —  Microtus calif ornicus (P e a 1 e, 1848), Reithrodontomys  
megalotis  ( B a i r d ,  1858) and Mus musculus  L i n n a e u s ,  1758.

The food supply of m am mals can best be assessed after obtaining an 
accurate know ledge of their food habits, and then referring them  to 
net primary production. A vailable food means only those plants which  
are easy to find and are sim ultaneously preferred and eaten by animals 
( D r o ż d ż ,  1966; G r o d z i ń s k i ,  1968).
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Practically speaking all the species of plants in the peat-bog association  
are easy for M. oeconomus to find, but not all are equally preferred (Ta
ble 8). The amount of available food also varied depending on the season, 
chiefly  on account of the fact that over the yearly cycle the amount of 
live plant biomass varied enorm ously (Table 2). Calculation was 
therefore made of the amount of this food in periods extrem e in 
respect of supply of green biomass, that is, in spring and w inter. The 
percentage of the different species of plants in the total amount of live  
biom ass is known in these two seasons (Table 3). We know the preferen
ces for the different kinds of foods for spring, sum m er and autumn. In 
w inter it w as possible to make only an approxim ate test of preferences 
for several species of these plants which w ere not exam ined in other 
seasons. Therefore w hen calculating food available in w inter in principle 
it was the date obtained in other seasons which w ere used for this 
purpose.

In spring 7 species of plants w ere considered as very readily eaten  
(Table 8). Jointly they give 1,021.5 kg of dry green mass per hectare. If 
w e add to this 11 species of plants readily eaten during this period, then  
together w ith  the previously m entioned species they give alm ost 3 tons 
per hectare (Table 10). The remaining species of plants form slightly  
more than 5% of the dry mass and are also eaten, although not readily. 
Thus in spring the w hole green biomass may be considered as food 
available to the root vole.

On the basis of results obtained from experim ents on food pre
ference the amount of available food consumed was calculated. 
In spring, of the most readily chosen foods, the root voles ate 
on an average about 80% of the mass of these plant tissues, and 
thus there is as much as 700 kg/ha of the particularly preferred and 
fu lly  consum ed food. Root voles consume an average of 40 % of the mass 
of plants considered as readily eaten, w hich also gives a figure of 
approxim ately 700 kg/ha. Only 15% of mass is eaten in the third group 
of plants, that is, 25 kg may be used in this way. Jointly this gives 
a figure of over 1.4 tons/ha of plant mass which m ay actually be con
sumed. There remained about 1.5 tons of available plants per hectare, 
but is probably not eaten. This consists of the parts of plants which the 
voles did not eat during experim ents on food preferences. There is, how
ever, no doubt that part of the plant tissues w ere not eaten because food  
was supplied ad libitum  in  the experim ent, which reduces the estim ated  
value of the amount of food both available and consumed. The percentage 
of very readily eaten plants is far higher in winter than in spring, and 
constitutes 4/s of the total live biomass (Table 10). This, how ever, forms 
only 129.7 kg of dry mass per hectare and is alm ost 8 times sm aller than
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in spring. The percentage of readily eaten and not readily eaten plants, 
on the other hand, is far lower than in the period previously discussed  
(Table 10). In w inter moss, which is inedible, m ust be deducted from  
total mass. It w as assessed as forming 7.7 kg/ha during this period. 
Available food in w inter (1969) was thus 161.4 kg/ha, that is, nine time 
less than in spring.

If w e  attem pt, in  the sam e way as for spring, to calculate the amount 
of plant mass which is consumed, it is found that 90.6 kg/ha of the group 
of most readily eaten species m ay be consumed. This value is 11.7 kg/ha  
for readily eaten species, and for food not readily eaten 0.4 kg/ha. Jointly  
this g ives 112.9 kg of green biomass per hectare, that is 12 tim es less 
than in spring.

T ab le  10.

A m oun t o f food av a ilab le  to  th e  roo t vo le  in  sp rin g  an d  w in te r .

V ery  read ily  ea ten R ead ily  ea ten N ot re ad ily  ea ten T otal
Season

kg /ha % kg/ha % kg/ha O'10 kg/ha %

S p rin g 1021.5 34.8 1753.2 59.6 165.3 5.6 2940.0 100.0
W in te r 129.7 80.3 29.2 18.1 2.5 1.6 161.4 100.0

An even low er state of live biomass was recorded at the end of the 
w inter in 1968 (Table 2). Calculation for this period of the amount of food 
mass which can be eaten shows that it is only 67.2 kg/ha. During the 
winter there is the addition of 12 kg/ha of the roots of Taraxacum offi
cinale, a favourite and fu lly  available food.

The amount of food available and eaten by the root vo le is subject to 
considerable variations over the year and is closely correlated w ith  the 
amount of green biomass, which is alm ost the only source of this food. 
Tree bark forms a certain supplem ent to the anim als’ diet, especially in 
late autum n and w inter. In the peat-bog exam ined the voles gnawed 
bark and also occasionally the roots of young decidous trees (G q b- 
c z y n s k a ,  1969).

6.3. D aily Energy Budget of the Root Vole

In order to construct the daily energy budget (DEB) it is possible to 
use, in addition to average daily m etabolism rate (ADMft) other means 
of m easuring it, such as, for instance, basal m etabolism  rate (M c N a b, 
1963), or resting m etabolism  rate ( P e a r s o n ,  1960; G r o d z i n s k i ,  
1961; M c N a b, 1963; T r o j a n  & W o j c i e c h o w s k a ,  1967a). It is
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open to discussion which of these m easures of metabolism perm its of the 
m ost accurate calculation of the average daily energy requirements. 
Many ecologists and physiologists, however, are inclined to accept ADMR  
as the m ost convenient basis for these calculations ( G r o d z i ń s k i  & 
G ó r e c k i ,  1967). M easurement of RMR, usually lasting for the best 
part of an hour, in small chambers which lim it movem ent, give over
estim ated results ( G ę b c z y ń s k i ,  1963).

On this account ADM R  becam e the basis for calculating the daily 
energy budget of the root vole. Only the author’s own m easurem ents of 
daily oxygen consumption were taken as a basis in this case. Although  
G r o d z i ń s k i  (1966) measured ADMR in the root vole it w as a sub
species of the vole originating from Alaska, i. e. M. oeconomus m acfar
lani ( M e r r i a m ,  1900), whereas anim als taken from the north of Po
land are allocated to the subspecies M. oeconomus stimm ingi  (N e h- 
r i n g ,  1899) (cf. W a s i l e w s k i ,  1956). Comparison of results is also 
rendered d ifficu lt by the fact that G r o d z i ń s k i  (1966) measured daily 
oxygen consum ption at tem peratures of 10 and 15°C, under the condi
tions of the arctic summer. If, however, w e extrapolate his results to 
a tem perature of 20°C, at which the experim ents w ith  M. o. stimmingi 
w ere carried out, then M. o. macfarlani under such conditions would use 
4.241 ccm 0 2/g/hour. This figure is astonishingly close to the present 
results for sum m er and autumn (Table 4). In order to make even more 
exact comparison of the results of experim ents from Alaska and Poland, 
G r o d z i b s k i ’s data w ere converted to kcal/kg“*, which evens out the 
slight existing differences in the average weight of the groups examined. 
When the results from Alaska are extrapolated as before to a tem peratu
re of 20°C their agreem ent w ith data for summer and autum n is con
firmed. For M. o. macfarlani the caloric requirem ents per day are 197 
kcal/kg3''*, and for M. o. stimmingi —  200.8 (summer) and 201.8 (autumn).

This agreem ent m ay also be considered as largely fortuitous, since 
there can be no doubt that such great differences in physical and biotic 
habitat as there are betw een the Alaskan taiga and a peat-bog in northern 
Poland shape the bioenergetic relations in these two subspecies d iffe
rently. N evertheless this fact permits of the assum ption that the root 
vole has sim ilar physiological characteristics in  this respect over the 
whole of its range. A confirm ation of this would appear to be found in 
the data on the m etabolism  of M. oeconomus from the Moscow district, 
which w ere presented by B a s h e n i n a  (1967; 1968). Exact comparison  
of her results is not, however, possible as this author does not g ive details 
of all the experim ental conditions.

A lthough ADM R  gives a general idea of the value of the daily  energy  
requirem ents of the species exam ined, it is essential to set out certain
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corrections supplem enting this value. The first of them  is connected with  
the daily activity cycle. We know little  about the activ ity  of the root 
vole and the cycles of its daily activity w ere defined on the basis of the 
daily course taken by oxygen consumption ( G r o d z i n s k i ,  1966; own 
data). In Alaska the voles w ere slightly  more active at night than during 
the day, since the proportion of oxygen consumption in these two daily 
periods was 1.07 ( G r o d z i n s k i ,  1966). Under Polish conditions this 
proportion varied w ith  the season and it was only in spring that it was 
the same as for the Alaskan subspiecies (Table 7). In sum m er it fell to 
1.02 and in autumn and w inter was respectively 0.95 and 0.98. Another 
detail which w e do not know is average tim e the root vole spends outside

Table 11.

D aily en erg y  b u d g e t (DEB) fo r th e  roo t vole on a su m m er an d  a  w in te r  day.

S u m m er W in ter

ADM R (20°C) in  th e  nest, 
in c lud ing  g roup  effec t
( 1 2 .40/0)

20 h r  X  4.49 ccm /g /h r 
=  0.431 k ca l/g /day

21 h r  X  3.65 ccm /g/hr 
=  0.368 k ca l/g /day

M etabolic  r a te  d u rin g  
period  of o u t-o f- th e -n e s t 
ac tiv ity  (17.4 or 0°C)

4 h r  X  4.66 ccm /g /h r 
=  0.089 keal/g /day

3 h r  X  10.59 ccm /g/hr 
=  0.152 k ca l/g /day

C ost of rep ro d u c tio n I4.1°/o ADMR =  0,061 k ca l/g /day —

C orrec ted  A D M R  va lues 
X av e rag e  body w eigh t

0.581 kca l/g /day 0.510 kca l/g /d ay

D EB  in  kcal/vo les p e r  day 0.581 X 24.2g*) =  14.06 0.510 X  22.3g**) =  11.37

*) M ean w e ig h t of 790 ind iv id u a ls  c au g h t in  Ju ly  an d  A u g u st; **) M ean w eight 
of 51 in d iv id u a ls  cau g h t in  F e b ru a ry  an d  M arch.

the nest, but in the m ajority of rodents it is sim ilar and comes within  
lim its of 15— 25% of the day {e.g.  B a s h e n i n a, 1962; G ó r e c k i ,
1968). If w e accept the value characteristic of Microtus arvalis  ( B a s h e -  
n i n a, 1962) then w e obtain a result which shows that M. oeconomus 
spends from 20— 21 hours out of the 24 in the nest. Comparison of these 
two herbivorous species would seem  to be the m ore convenient in view  
of the fact that it is the quality of their food which determ ines the sum 
total of the rodents’ activ ity  ( G r o d z i n s k i ,  1962).

In order to construct DEB  it is also essential to know the temperature 
of the habitat in which the given species lives. It is necessary here to 
take into consideration other factors also (e. g. w ind velocity, humidity)



Bioenergetics of a root vole population 59

which affect the degree of cooling ( F e d y k  & O l s z e w s k i ,  1969) and 
the consequent rate of heat loss from the organism. We have hitherto  
not learnt how to make com plex m easurem ent of the extent of cooling, 
and therefore make use only of temperature.

The next correction which has to be taken into consideration in calcu
lations of DEB  results from the fact of increase in energy requirem ents 
in pregnant and nursing females. This phenom enon has been exam ined  
in respect of two species of sm all rodents —  Clethrionom ys glareolus 
(S c h r e b e r, 1780) and Microtus arvalis  ( P a l l a s ,  1788) —  ( K a c z 
m a r s k i ,  1966; T r o j a n  & W o j c i e c h o w s k a ,  1967b; M i g u  l a,
1969), In the case of C. glareolus  this increases to as much as 24 % during 
the pregnancy period ( K a c z m a r s k i ,  1966) and in M. arvalis  32 % 
( M i g u  l a,  1969). During lactation, however, the increase in energy re
quirem ents is far greater, being 92 % in the case of C. glareolus  ( K a c z 
m a r s k i ,  i.e.) and 133 % in M. arvalis  (M i g u 1 a, I.e.). The average 
increase in metabolism in fem ales during the reproductive period is, 
according to these authors, 58% in C. glareolus and 82.5% in M. arvalis. 
In the case of the root vole use was made of the values calculated for 
fem ales of M. arvalis.

Seasonal variations in ADMR, heat production in d ifferent ambient 
temperatures, climatic habitat factors and reproduction make it necessary  
to calculate DEB for at least the two most greatly differing periods of 
the year, i. e. summer and winter.

In summer ADMR  is 4.49 ccm Oz/g/hour, which after conversion gives 
0.517 kcal/g/day (Table 11). If w e assum e that the temperature in the 
nest in which the root vole spends about 20 hours in summer, is 17— 19°C, 
then the increase in oxygen consumption connected w ith this is com
pensated for by social tem perature regulation. Sim ilar results w ere ob
tained for C. glareolus by G ó r e c k i  (1968). It w ould seem  that social 
temperature regulation in the case of rodents is an effective protective 
m echanism against cooling. A t lower tem peratures the animals readily  
aggregate and form a compact group, and the effect of social tempera
ture regulation is higher than at tem peratures near the neutral tempera
ture zone ( G ę b c z y ń s k i ,  1969a, b).

During the reproductive season the average for all censuses made from  
May to the beginning of October during the period from 1966— 1968 
show ed that sexually  active fem ales (i.e. pregnant and lactating) formed  
34.3% of all fem ales. The sex  ratio was alm ost ideally equal, 1:1 (B u- 
c h a l c z y k  & P u c e k ,  in prep.). The appropriate correction was there
fore calculated and converted to the average for the w hole population. 
As pregnant and lactating fem ales increase energy consum ption by 82.5% 
the average value for the w hole population is thus 14.1% (Table 11).
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In w inter the average tem perature for January is — 8.0°, and for F e
bruary — 3.9° 4). The root voles do not, however, em erge on to the sur
face of the snow but remain all the tim e in the zone under the snow  
where they find their food. In this zone air temperature falls slightly  
below 0°C only in a few  cases, but is never low er than — I°C (C o u 1 i a
n o s  & J o h n e l s ,  1962). The w intering condions for the root vole at 
Biele are good, as the snow cover persists for a very long tim e in this 
area. For instance in the w inter of 1966/67 snow laid for 96 days (from  
December 5th to March 10th), and thickness w as up to 50 cm. In the  
winter of 1967/68 the duration of the snow cover was even  longer, i.e. 109 
days (December 5th —  March 23rd), w hile the thickness of the snow  
cover was 39 cm.

The tem perature of 0°C w as therefore taken as the basis for calcula
tion of the correction for the vo les’ heat production in different ambient 
tem peratures during the tim e they spent outside the nest. In w inter the  
sum total of the voles’ activity is alw ays low er than in sum m er (O s t e r
m a n, 1956; G r o d z i ń s k i ,  1962; G ę b c z y ń s k i ,  1964) and it was 
therefore taken that M. oeconomus  spend only 3 hours outside the nest. 
Reproduction was not observed in w inter and it w as therefore unne
cessary to calculate this correction (Table 11).

The voles’ daily energy budget is higher in sum m er than in w inter  
(Table 11). It m ust be m entioned here that this d ifference is alm ost ex 
clusively connected w ith  reproduction costs. If w e omit this correction, 
then requirem ents w ill be alm ost uniform, and be 0.520 kcal/g/day in 
summer and 0.510 kcal/g/day in winter. W hen calculating energy con
sumption for a w hole anim al use was made of the average w eight for 
the w hole of the m aterial caught during this period, although the w eight 
of animals used for the respiration experim ents is very  sim ilar to the 
average values for the population.

The above values relating to the daily energy budget of M, oeconomus 
are sim ilar to those for other species of rodents, w hether m ice or voles 
( G ę b c z y ń s k i ,  1966; D r o ż d ż ,  1968b; G ó r e c k i ,  1968; 1969). In all 
these species higher energy requirem ents w ere found in sum m er than 
in winter.

6.4, E nergy  F low  T h ro u g h  a  R oot Vole P o p u la tio n

In order to find a reply to the question as to w hat the energy require
m ents are of the population in the study area it was necessary to know

4) D a ta  on te m p e ra tu re  a n d  snow  cover fo r  th e  p ea t-b o g  s tu d ie d  w e re  ob ta ined  
from  th e  m eteoro log ical s ta tion , belong ing  to  th e  F o re s try  R esea rch  In s titu te .
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its numbers. The Standard Minimum captures made enabled this value 
to be estim ated ( B u c h a l c z y k  & P u c e k ,  1968). Population numbers 
w ere subject to ia irly  great fluctuations in the study area, depending on 
the season and year, and varied from 56 to 131 individuals per hectare.

The daily requirem ents of the root vole are 14.06 kcal/day in summer. 
The amount of food consumed is, however, greater than this value, as 
not all the food eaten is digested and assim ilated by the organism. After 
determ ining the lev e l of food assim ilation, which was 67.2% in summer, 
it is possible to calculate that the root vole m ust eat 20.93 kcal during 
the day in order to maintain its energy balance. This rodent therefore 
needs an average of 4.9 g of dry mass per 24 hours. If w e m ultiply this 
figure by the number of individuals per hectare w e can then ascertain  
how much food the root vole population eats over the 24-hour period, 
and in turn w e can calculate what part of the available food is eaten by 
rodents.

In May, w ith  relatively  low numbers (56 individuals/ha) they eat 
274.4 g of dry plant mass per 24-hours per hectare, which forms 0.009% 
of the available food and only 0.026% of the mass of readily eaten plants. 
In sum m er the amount of food is reduced and population numbers 
increase so that the anim als use 0.034% of the available food. In autumn  
this percentage increases even further, and is then 0.045%.

It was not possible to estim ate numbers in w inter in view  of the thick  
snow cover. It would, however, appear that despite the very great re
duction in the amount of live plant biomass at this tim e of the year, the 
root voles had a food supply in excess of their requirem ents, especially  
as the roots of Taraxacum officinale and tree bark are eaten as w ell dur
ing this period.

A ll the above data make it possible to calculate the yearly  balance of 
energy flow  through the root vole population and to compare it with the  
net production of the peat-bog. Using the formula given by G o 11 e y  (1962) 
it was found that the value of this energy flow  is 375,000 kcal/ha over 
the whole year. This forms 3.1 % of net production. The effect of the root 
vole on the vegetation of the peat-bog exam ined is therefore slight. In 
reality this effect is even less than that given, since as already mentioned, 
the method used to assess net production gives over-low  results. It is 
nevertheless large in comparison w ith the effect of rodents on other grass 
associations. On the mountain pastures in the Bieszczady Mountains, 
despite the lower net production, the rodents used only 1.03% of the 
food available ( G r o d z i n s k i  et al., 1966). This difference results from  
the very great density of the root vole population in the study area. P o
pulation num bers in the Bieszczady M ountains w ere 15 individuals/ha, 
whereas in the present case this figure was m any times higher.
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6.5. E ffec t o f R oot Voles on th e  V egetation

The above calculations show that the plant food eaten by root voles 
forms only a small part of the grasses and herbs growing in this area. 
The calculations thus confirm ed long-term  observations, which show that 
the root voles did not cause any visible damage to the annual plant asso
ciations. They are nevertheless pests in this area, as they formed a serious 
threat to forest cultures. A fter the peat-bog had been drained cultures of 
young deciduous trees w ere planted in the glade. In late autum n and 
w inter the root voles gnawed the bark of these young trees, in parti
cular round the root neck and the low er branches, and som etim es even  
gnawed the roots. The root voles com pletely destroyed 7% of the de
ciduous species of trees in  this way and damaged from 48— 67% of the 
young alders, maples, ash and osiers. They failed to b ite pine and spruce 
only ( G ę b c z y ń s k a ,  1969; B u c h a l c z y k ,  G ę b c z y ń s k a  & P u 
c e k ,  1970). In effect this results in considerable m aterial losses in forest 
cultivation in this area.
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Z ofia G ĘBCZY N SKA

B IO EN ER G ETY K A  P O P U L A C JI N O R N IK A  PÓ ŁN O C N EG O  

S treszczen ie

N a p o d staw ie  trzech le tn ich  bad ań  oszacow ano w sk aźn ik i b ioenerge tyczne  oraz 
s to su n k i pokarm ow e (T abela  1) n o rn ik a  północnego, M icro tu s oeconom us  ( P a l l a s ,  
1776). Poza tym  dokonano  oceny p rzep ływ u  energ ii p rzez  p o p u lac ję  tego n o rn ika , 
na tle  p ro d u k c ji n e tto  to rfow iska  n isk iego  (Ryc. I, 2).

O gólny s ta n  b iom asy ro ś lin n e j pod lega  w p raw d zie  n iew ie lk im  w ahan iom  w  c ią
gu ro k u  (T abela  2) jed n ak ż e  sezonow e zm iany  m asy  zie lonej są  znaczne (Ryc, 3). 
R ośliny  z ielone s tan o w ią  na  w iosnę około 80°/o b iom asy , la tem  ich u dz ia ł n ieco  się 
zm nie jsza , je s ien ią  w ynosi ju ż  ty lko  około 20%  a w  końcow ym  o k res ie  zim y spada 
do 4,3%. Sezonow o zm ien ia  się  ró w n ież  u d z ia ł poszczególnych roślin , tw orzących  
b iom asę  zieloną (Tabela 3). Z aw sze je d n a k  ilość p o k arm u  dostępnego  (T abela 10) 
pozosta je  w  dużym  n ad m ia rze  w  po ró w n an iu  do zapo trzeb o w an ia  p rzez  norn ik i.

D zięki pom iarom  średn iego  m etabo lizm u  dobow ego (T abela  4), m ożna było o k re 
ślić w zorzec ak tyw ności dobow ej n o rn ików  (Ryc. 5, T ab e la  7). O znaczono rów nież 
w ielkość m etabo lizm u  spoczynkow ego w  różnych  te m p e ra tu ra c h , w  poszczególnych 
sezonach  (Ryc. 4, T abe la  5) o raz  w ielkość te rm o re g u lac ji zespołow ej (T abela  6). 
W szystk ie  te  p a ra m e try  pozw oliły  n a  sk a lk u lo w an ie  dobow ego bu d że tu  en erge tycz
nego (T abe la  11). B udżet ten  w ynosi w  ciągu  d n ia  le tn ieg o  0,581 kcal/g  a zim ą od
pow iedn io  0,510. T ak  w ięc je d e n  n o rn ik  zużyw a la tem  w c iągu  doby, średn io  
14,06 kcal, w  zim ie n a to m ia s t ty lko  11,37 kcal.

5 — A cta T herio log lca
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O kreślona  zosta ła  rów n ież  w ybiórczość p o k arm o w a  b adanego  g a tu n k u  gryzon ia  
(T abela 8), a także  w arto ść  w spó łczynn ika  s traw n o śc i i poziom u asy m ilac ji (T abe
la 9). W artość w spó łczynn ika  s traw n o śc i p o k arm u  n a  w iosnę  i la tem  w a h a  się  oko
ło 690/o a  jes ien ią  je s t ró w n a  73,9°/o. W artość  a sy m ilac ji je s t  n iższa od tego  w spół
czynn ika  o 1,5 do 2,5°/o. L a tem  w ięc  k o n su m p c ja  p o k a rm u  osiąga  20,92 k c a l na  do 
bę, co ró w n a  się około 4,9 g suchej m asy  ro ś linne j. Z im ą w a rto ść  ta  w ynosi 15,92 
kcal/dobę, czyli 3,8 g suchej m asy. Z uw ag i n a  w ysoką  liczebność p o p u lac ji, w ie l
kość p rzep ły w u  en erg ii w  ciągu  ro k u  je s t duża i ró w n a  się  około 375.000 kcal/ha . 
T ym  n iem n ie j stanow i to  ty lk o  zn ikom ą część (około 3,l°/o) p ro d u k c ji n e tto  ocenio
nej n a  11.929,864,7 k ca l/h a  n a  rok.

M im o, iż n o rn ik  pó łnocny n ie  czynił w idocznych  szkód  w  zespole ro ś lin  je d n o 
rocznych  n a  bad an y m  te ren ie , to  je s t je d n a k  groźnym  szkodn ik iem  d rzew ek , choć 
ogryzana k o ra  stan o w iła  ty lk o  do d a tek  do jego  diety .


