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A bstract. A m ethod  estim ating the spring density  of G rey Partridge using m ale call counts w as tested. Vocal activity w as found 
to be  relatively constant betw een m id M arch and  m id April. In this period, the average num ber of m ales heard a t random ly- 
selected poin ts in an  area w as strongly correlated w ith Partridge population  density. C oun ts of calling m ales m ay be used to 
determ ine the spring density  of Partridges: in d iv ./k m ! = 3 .38x '11 o r p a irs /k m ’ = 1.45a:1 '6, w here x  -  m ean num ber of m ales 
heard  at selected points. The num ber of random ly-selected single listening points (betw een 1 poin t per km 1 and 1 point per 10 
krrf) shou ld  be  chosen in accordance w ith  the size of the area and  the aim  of determ in ing  the density.
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INTR OD U CTIO N

T he m a n y  m e th o d s  u sed  to estim ate densities of the 
G rey P artridge inc lude total census m ethods, as w ell as 
strip  censuses a n d  line transects (M endel & P eterson 
1980, P epin  & B irkan 1981, Ratti et al. 1983, Potts 1986, 
Schulz 1990, B irkan 1992). M ost o f these m ethods are 
expensive an d  tim e-consum ing  an d  m ay  only be a p 
p lied  in easily-accessible areas.

D irect counts a re  often  rep laced , especially in  the 
case of species th a t a re  d ifficult to observe, by  ind ica
tors, i.e. coun ts of the traces or voices of anim als. The 
presence of such  ind icato rs shou ld  be correla ted  w ith  
pop u la tio n  d ensity  (D avis & W instead  1980). In the 
case of the P artridge, th e  m e th o d s of this k ind  ap p lied  
include coun ts of calls, w hich  are p ro d u ce d  m ost in
tensively a t sunrise  an d  su n se t (M arch & C hurch  1980, 
W eigand 1980, Rotella & Ratti 1986, M oyles & Lester 
1987, B irkan 1992, N ovoa 1992). A ccord ing  to Rotella & 
Ratti (1986), the av e rag e  n u m b ers  of P artrid g es heard  
in  sp rin g  a n d  su m m e r a t  selected  po in ts in  an  area

w ere  correla ted  w ith  p o p u la tio n  density  an d  could be 
used  as  an  ind icato r of it. H ow ever, the au tho rs 
stressed  the necessity  of fu rth e r s tu d ies  on the reliabil
ity of th is ind icator, a n d  their m ethod  w as itself d is
pu te d  (G uthery  1989, Ratti & Rotella 1989).

The object o f the p resen t s tu d y  w as to develop  a 
m ethod  by w hich  to  d e term in e  the sp rin g  density  of 
P artridges on the basis of a call count. The questions to 
be an sw ered  concerned:

1) w h e th e r the b ird s  p ro d u ce d  calls of equal in ten 
sity in  the m orn ing  an d  in  the even ing  in spring, an d  if 
so for w hich  period;

2) w h e th e r an d  in w h a t w ay  the resu lts of call 
coun ts w ere  correla ted  w ith  pop u la tio n  density .

STUDY AREAS

The s tu d y  w as conducted  in  the years 1988-1994, in 
three areas of open  an d  flat agricultural landscape cover
ing ab o u t 100 km 2: C zem piń  (W estern Poland), Socha
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czew  (Central Poland) an d  Lublin (Eastern Poland). The 
crop fields w ere sm all, a t betw een  less than  1 ha an d  5 
ha. In early spring, 28-35%  of each s tu d y  plot had  w inter 
cereals, 3-7%  alfalfa clover o r grasses, and  1-3%  p erm a
nent spontaneous vegetation (as balks, ditches or ro ad 
sides). The rem aining parts  of fields w ere p low ed and 
typically sm oothly  harrow ed  du rin g  the tim e of the field 
study.

M ETHODS

Call counts of Partridges w ere m ad e  in the m o rn 
ing or evening, a t selected po in ts  in  each area. Places 
close to sources of noise (for exam ple  m ain  roads) w ere  
avoided . C o u n ts  w ere  no t m a d e  d u rin g  w in d y  or rainy 
w eather, as th is m igh t have affected vocal activity 
(Rotella & R ath  1988, P epin  & F ouquet 1992). All 
coun ts w ere  m ad e  at tem p era tu re s  > 0"C.

A s P a rtrid g es  m a in ly  p ro d u c e  the ir calls d u r in g  
30-45 m inu te  perio d s before sunrise  a n d  after sunset, 
w ith  percep tib le  peaks of activ ity  30-15 m inu tes before 
sunrise  an d  15-30 m inu tes afte r su n se t (Rotella & Ratti 
1986,1988), the researcher a rriv ed  at the selected po in t 
before the expected  p eriod  of m ost in tensive P artridge 
calls an d  s tayed  there to  the en d  of this period . A call 
coun t de term in ed  the n u m b e r of m ales hea rd  a t the 
selected point, b u t as the sam e ind iv id u al m igh t be 
heard  a t several places, the princip le  o f s im ultaneous 
identification w as ap p lied  to d istingu ish  betw een  
m ales, especially those heard  close to  one another. The 
researcher also reg istered  the flights w hich  w ere  som e
tim es seen o r heard .

A ccording to  Rotella & Ratti (1988), the "kee-uck ''o r 
"kerr-r-r-r-r-ik" call of the P artrid g e  d iffers in du ra tio n  
from  season to  season. D essi-Fulgheri et al. (1986) d e 
fined a longer territorial call p ro d u ce d  by m ales in 
sp ring  an d  sum m er, an d  a sho rte r "rally" call m ost 
often p ro d u ced  in a u tu m n  a n d  early  w in ter. It w as the 
territorial call tha t w as  m ain ly  h ea rd  d u rin g  o u r counts, 
an d  only th is type  of call w as taken  in to  account.

Changes in vocal activity d u ring  various periods of 
sp ring  w ere observed in one s tu d y  area (Czem piń, 
W estern Poland) in the tw o  years 1988 an d  1991. This 
area had  5 selected listening po in ts in  the first year an d  3 
in the second (after an  increase in P artridge density). 
Evening counts of calling m ales w ere m ade  a t all these

points once p er ten-day period  betw een  the beginning of 
M arch and  m id  M ay. The acquisition of data  began  fol
low ing dispersion of w in ter coveys an d  the form ation of 
pairs —  i.e. after abou t a m onth  in the first year an d  2 
w eeks in the second year. N o  data  w ere obtained for 2 
ten-day periods in 1988 because of bad  w eather condi
tions. M orning counts w ere also m ade  in som e ten-day 
periods. N um bers of m ales heard  at all points w ere 
sum m ed and  then com pared  betw een  ten-day periods.

The ratio b etw een  call count results and p opula
tion d en sity  w as s tu d ied  in the years 1988-1991 by 
sim ultaneously  d e term in in g  bo th  pa ram ete rs  in s tudy  
plo ts of betw een  2.7 an d  3.4 k m 2 situ a ted  in the three 
areas. O ne p lo t in  a g iven area w as selected  each year, 
g iv ing 12 d ifferen t p lo ts  d u rin g  the fou r years. A total 
census of P artridges w as perfo rm ed  on  these p lo ts in 
the second half of M arch  o r first half of A pril. All fields 
an d  struc tu res w ith  sp o n tan eo u s vegeta tion  w ere 
searched  thorough ly  w ith  a trained  dog. M oreover, 
P artridges on  the p low ed  a n d  sm ooth ly -harrow ed  
fields covering over 50% of an  area, could  easily be 
noticed th ro u g h  binoculars. The pen e tra tio n  of a n  area 
w as facilitated by the dense  m osaic of sm all fields and  
the p o o r vegeta tion  in the s tu d y  period . O n average, it 
took 5 ho u rs  to coun t all the b ird s  in a 1 km 2 area. Si
m ultaneously , b e tw een  m id M arch  a n d  m id  A pril, one 
evening  call coun t w as perfo rm ed  at each  of 3 points 
p er s tu d y  p lo t (i.e. ab o u t 1 po in t p er k m 2). Points w ere 
chosen a t random , b u t w ere  sep ara ted  by a t least 500 m 
from  the p lo t edge  an d  from  each  other. The average 
n u m b ers  of m ales heard  a t listening po in ts  w ere then 
com pared  w ith  densities d e te rm in ed  for plots.

The precision  o f estim ates of average num bers of 
m ales heard in  relation to the n u m b e r of listening 
p o in ts located on la rge p lo ts w as tested  in the years 
1992-1994 in the th ree c. 100 k m 2 s tu d y  areas. Fifteen 
po in ts  in each area w ere  selected ran d o m ly , an d  a call 
coun t perfo rm ed  a t each  betw een  m id  M arch an d  m id 
A pril each year. The ratio  of s ta n d a rd  erro r to m ean 
(S E /m ean) w as calculated  an d  co m p ared  for various 
nu m b ers  of listening points.

RESULTS

Vocal activity  w as  relatively  constan t betw een  m id 
M arch an d  m id  A pril (Fig. 1). The total num bers of
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Fig. 1. Total num bers of m ales (N) heard a t the sam e points in the field during  consecutive 
ten-day periods in tw o years, e —  evenings, m  —  m ornings.

[Rys. 1. Łączne liczby sam ców  (N) słyszanych w  tych sam ych punktach  terenu podczas 
kolejnych dekad , e —  w ieczorem , m  —  rano.)

m ales heard  a t the sam e po in ts  in the even ings b etw een  
11 M arch a n d  20 A pril ran g ed  from  15 to  16 (m ean  = 
15.5, SD = 0.6, n  = 4) w ith in  various ten -d ay  periods in 
the first yea r an d  from  21 to  23 (m ean  = 22.0, SD = 0.8, 
n = 4) in the second  year. E vening vocal activ ity  d e 
creased in  bo th  years b e tw een  11-20 A pril a n d  11-20 
M ay  (r = -0 .982, d f  = 1, p  = 0.1 a n d  r  = -0 .998, d f  = 2, 
p  = 0.002). The resu lts  of m o rn in g  an d  even ing  counts 
w ere sim ilar from  the beg inn ing  of M arch  to  10 A pril, 
b u t a fte rw ard s few er m ales w ere  hea rd  in the m orn ing  
than  in the even ing  (Fig. 1).

Spring  densities on  12 s tu d y  p lo ts in the th ree s tu d y  
areas ranged  from  1.7 to  22.0 pa irs  p e r  k m 2 (m ean  = 
10.3, SD = 6.0) o r from  4.2 to 47.7 ind iv id u als  p e r  k m 2 
(m ean = 21.8, SD = 12.9), w h ile  average n u m b ers  of 
m ales hea rd  ran g ed  from  1.0 to 9.3 (m ean  = 5.2, SD = 
2.5). The average n u m b e r  of m ales h ea rd  w as strong ly  
correlated  w ith  p o p u la tio n  density  (Fig. 2), though , the 
linear regression lines describ ing  th is rela tionsh ip  d id  
no t p ass th ro u g h  0. M oreover, the p ropo rtiona lity  be
tw een  the n u m b e r of m ales h ea rd  a n d  the density  of 
pairs  (rang ing  from  0.42 to 0.72 w ith  a m ean  of 0.54) 
decreased  slightly  w ith  increasing  density  (r = -0.799, 
d f = 10, p  = 0.002), such  tha t p o w er cu rve regressions 
w ere  ap p lied  (Fig. 2). P opu lation  dens ity  (y) m ay  be 
calculated on  the basis of the av erag e  n u m b e r of m ales 
heard  (x), in accordance w ith  inverse regressions, on 
the basis of the equations: j/( in d iv id u a ls /k m 2) = 3.38x‘"  
(SE,..,, = 0.14) o r y (p a ir s /k m 2) = 1.45x1"’ (SE|M = 0.13).

The average n u m b er of m ale P artridges hea rd  at the 
15 po in ts in  the th ree s tu d y  areas ran g ed  from  2.1 to 9.7 
in  the years 1992-1994, w ith  a m ean  of 6.0 (n = 9). The 
S E /m e a n  ratio  (an index  of the precision  of estim ated 
average n u m b ers  of m ales heard ) w as calculated for 
v arious n u m b ers  of po in ts  (from  2 to 15) a n d  next av 
e raged  for the th ree areas an d  years. A verage values 
for the ratio  decreased  w ith  an  increased nu m b er of 
po in ts  (d f = 12, r2 = 0.987, p  < 0.0001, y = 0.41 x**), bu t 
there w as  a tendency  to w ard s  stabilization  w ith  m ore 
than  ab o u t 10 po in ts (i.e. 1 po in t p e r  10 km 2). The ratio  
h ad  a value of 0.14 for 10 po in ts an d  0.12 for 15 points 
(rang ing  from  0.08 to 0.24 an d  from  0.07 to 0.18, re
spectively, for d ifferen t a reas an d  years).

DISCUSSION

If a coun t of calling m ales is to be an  ind icator of 
P artridge popu la tion  density , the in tensity  of vocal 
activity  m u st be constan t d u rin g  som e period. This 
req u irem en t a p p e a red  to  be fulfilled in bo th  the m orn 
ing an d  even ing  over a p eriod  of m ore than  one m onth. 
Rotella & Ratti (1986) also  found  no differences in 
m orn ing  a n d  even ing  activity  in spring , b u t d id  not 
s tu d y  w ith in-season  variability . W eigand  (1980) no
ticed a decrease in  vocal activity  from  the end  of A pril 
of the k ind  seen  in the p resen t s tu d y  an d  he a ttribu ted  
it to the beg inn ing  of the nesting  season. In Poland,
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Fig. 2. Relationships betw een average num ber of males (N) heard at count points and population density recorded in the sam e area: A. Linear regres
sion (In): df  = 10, r  = 0.959, p  < 0.0001, y = 0.41 x + 1.04. Pow er curve regression (pc): df  = 10, r2-  0.972, p  < 0.0001, y  = 0.76X084; B. Linear regression (In): 
d f = 1 0 , 0 . 9 6 0 ,  p  < 0.0001, y  = 0.19*+ 1.09. Pow er curve regression (pc): d f = 10,d =  0.963, p  <0.0001, y  = 0.37i°^7.

|Rys. 2. Relacje m iędzy średnią liczbą sam ców  (N) słyszanych w  punktach liczenia a zagęszczeniem populacji stw ierdzonym  w  tym  sam ym  terenie.]

P artridges begin  lay ing  in the second  half of A pril 
(Chlew ski 1980), so this aga in  coincides w ith  the 
p roven  decrease in  vocal activity.

Rotella & Ratti (1986) sug g ested  th a t only  m orn ing  
call counts could  be u sed  as an  index  of P artridge 
density . H ow ever, their coun ts w ere  p erfo rm ed  d u rin g  
sp ring  a n d  sum m er, a n d  calling frequency  d u rin g  
su m m er even ings w as no t directly  related  to  p o p u la 
tion density . In contrast, even ing  coun ts w ere  p referred  
in the w ork  described  here, because the resu lts of 
m orn ing  coun ts m igh t be d is tu rb ed  by  the intensive 
song of Skylark  Alauda arvensis, w h ich  sta rted  in the 
period  of P artridge  vocal activity. The detectability  of 
calling m ales p robab ly  d ecreased  in  the m orn ing  in 
areas of h igh  S kylark  density .

A verage n u m b ers  of m ale P artridges h ea rd  at se
lected po in ts in an  area  w ere  s trong ly  correla ted  w ith  
popu la tion  density . T hus, w h en  com bined  w ith  the 
quo ted  equations, call coun ts o f m ales m ay  be u sed  to 
estim ate the sp rin g  density  of Partridges. C oun ts by  
this m ethod  o u g h t to be m ad e  afte r the form ation  of 
pairs  an d  w ith in  a m o n th  of the s ta rt of the nesting 
season. In cond itions sim ilar to those in  Poland , an  
ap p ro p ria te  period  w o u ld  be b e tw een  m id  M arch an d  
m id April. A lthough  pa irs  of P artridges u sua lly  form  
before the m id d le  of M arch  in P o land  (M. P anek, un- 
publ. data), it w o u ld  n o t seem  usefu l to beg in  counts 
this early  in v iew  of the p re-b reed in g  m ortality .

The p ropo rtionality  betw een  n u m b e rs  of m ales 
h ea rd  a n d  pop u la tio n  density  d ecreased  slightly  w ith  
increasing density , suggesting  so m e w h a t low er d e 
tectability of m ales. H ow ever, the av erag e  n u m b ers  of 
calling m ales w ere  app rox im ate ly  half the figu re for the 
density  of P artridge  pairs  p e r  km 2. This suggests that 
reg istra tion  p erta in ed  to  m ales frequen ting  an  area of 
a t least 0.5 km 2, o r w ith in  a m in im u m  rad iu s  of 0.4 km. 
Thus, the d istance betw een  listening po in ts  shou ld  be 
a t least 1 km , if possib le w ith  regard  to the size of the 
s tu d y  area.

The n u m b e r of random ly-se lec ted  sing le listening 
po in ts  shou ld  be chosen in accordance w ith  the size of 
the area an d  the a im  of d e term in ing  density . In the case 
of a detailed  s tu d y  in a reas  of a few  k m 2, a t least 1 po in t 
p er km 2 is ap p ro p ria te  (but a m in im u m  of 3 points for 
p lo ts  < 3 k m 2). Estim ates o f P artrid g e  d en sity  in larger 
areas of say  10 to  100 k m 2 shou ld  have a recom m ended  
m in im um  of 10 listening points.
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STRESZCZENIE

[Liczenia odzyw ających się  sam ców  jako m etoda  
oceny w io sen n eg o  zagęszczen ia  kuropatw]

Badania zm ierzające d o  op racow an ia  m eto d y  oceny 
w iosennego  zagęszczenia k u ro p a tw  p o p rzez  liczenia 
odzyw ających  się sam ców  p ro w a d zo n o  w  latach 1988- 
1994 na trzech terenach  położonych  w  różnych  regio
nach  Polski. Liczenia, w y k o n y w an e  w  czasie 30-45 
m inutow ej in tensyw nej ak tyw ności głosow ej ku ro p atw
0 św icie lub  o zm ierzchu , po legały  na określeniu  liczby 
sam ców  słyszanych  w  w yb ran y ch  punk tach  terenu. 
Z m iany  ak tyw ności głosow ej k u ro p a tw  m iędzy  po 
czątkiem  m arca a po łow ą m aja były  oceniane na jed
nym  z te renów  w  ciągu 2 lat, p o p rze z  liczenia o d zy w a
jących się sam ców  w  tych sam ych  pu n k tach  w  kolej
nych dek ad ach  tego okresu . Relację m iędzy  w vnikam i 
liczeń odzyw ających  się sam ców  a zagęszczeniem  
k u ro p a tw  b ad a n o  na 12 pow ierzchn iach  (każda w iel
kości około 3 km 2), po łożonych  na trzech terenach. N a 
p o w ierzch n iach  tych, w  d ru g ie j p o ło w ie  m arca lub  
w  pierw szej po łow ie kw ietn ia, określono  zagęszczenie 
k u ro p a tw  m etodą szczegółow ego przeszuk iw an ia  
terenu  z psem , o raz  p rze p ro w ad z o n o  jednorazow e 
liczenia odzyw ających  się sam ców  z trzech losow o 
w ybranych  punk tów .

P om iędzy  po łow ą m arca i po łow ą kw ietnia ak tyw 
ność g łosow a k u ro p a tw  była w zg lędn ie  stała, ale 
zm niejszała się w  drugiej po łow ie kw ietn ia i w  p ie rw 
szej po łow ie maja. Ś redn ie liczby sam ców  słyszanych 
w  w ybranych  pu n k tach  były  silnie skorelow ane z za
gęszczeniem  ku ro p atw . Z agęszczenie k u ro p a tw  (y) 
m oże być w yliczone ze średniej liczby słyszanych sam 
ców  (x) p rzy  użyciu  rów nań : y (o so b ./k m 2) = 3 ,38x '" 
lub  y (p a ry /k m 2) = 1,45* ,6.

O ceny w iosennego  zagęszczenia k u ro p a tw  m etodą 
jedno razow ego  liczenia odzyw ających  się sam ców , 
słyszanych  z losow o w y branych  p u n k tó w  terenow ych, 
m ogą być p ro w a d zo n e  po  ro zp ad z ie  stadek  zim ow ych
1 u tw o rzen iu  się par, o raz  w  ciągu m iesiąca p rzed  roz
poczęciem  sezonu  g n iazd o w eg o  —  w  w aru n k ach  Pol
ski zw yk le  od  po łow y  m arca d o  po łow y kw ietnia. 
Liczenia p o w in n y  być p ro w a d zo n e  podczas dobrych  
w aru n k ó w  pogodow ych , p rze d e  w szystk im  bez silne
go w ia tru  i deszczu. R ekom endow ane są liczenia w ie
czorne, po n iew aż  o św icie słyszalność k u ro p a tw  m oże 
się zm niejszać w  zw iązk u  z in tensyw nym  jpiew em
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skow ronkow , rozpoczynającym  się w  czasie ak ty w n o 
ści głosow ej ku ropatw . Liczba p u n k tó w  słuchania 
pow inna być do b ran a  w  zależności od  w ielkości terenu 
i celu ocen zagęszczenia. W  p rzy p a d k u  szczegółow ych 
b ad a ń  na pow ierzchn iach  rzę d u  kilku k m 2, proponu je

się m in im u m  1 p u n k t na k m 2, n a to m iast dla oszaco
w an ia  zagęszczeń  tego  g a tu n k u  w  te ren ach  rzę d u  
kilkudziesięciu km 2, zalecanych jest co najmniej 10 loso
w ych p u n k tó w  słuchania.
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