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1. IN T R O D U C T IO N .

1 .1 . A im  o f the study.

The present paper is a part o f a com parative study o f ecological and 
ethological differences in three sym patric species o f harriers, M arsh 
H arrier (Circus aeruginosus, in this paper abbreviated to  C  .a.), Hen 
H arrier (Circus cyaneus, abbreviated to  C.c.) and M ontagu’s H arrier 
(Circus pygargus, abbreviated to  C.p.), in W estern  Europe. The species 
are relatively closely related and until now  their ecology has been consi­
dered to  be rather similar.

Species with the same ecological requirem ents cannot persist next 
to  each o ther under the same circum stances, and com petition  will 
ultim ately lead to  the exclusion o f all bu t one o f them . This postulate 
is often referred to  as the the G ausian principle, although au thors use 
various choice o f w ords in stating the hypothesis; see discussions in 
H a r d i n  (1960), M ayr (1963), L a c k  (1966) and Y a p p  (1970).
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C om petition  can be defined as a situa tion  w here tw o rivals cause 
prejudice to  each o ther because they  seek sim ultaneously an essential 
resource o f the env ironm ent. In non-specialized species like harriers 
interspecific com petition  fo r a restricted  num ber o f objects m ay occur 
w ithou t severe disadvantage to  the birds. The quality  and quantity  
o f  the  objects o f com petition  will be decisive o f w hether exclusion 
o f com peting species will eventually be realized. A pparently  the three 
species o f harriers are able to  persist side by side in the same breeding 
area, so tha t under that circum stance their interspecific relations can 
be described as follows:
(a) T he ecological requ irem ents o f all th ree  species are present.
(b ) Possible interspecific com petition  is restric ted  to  less im portan t 

objects.
(c) O th er com m on  sources are very abundan t, so th a t com petition  does 

n o t occur (L a c k , 1946 and 1966) o r they are exploited by each 
species in  d ifferen t specific ways, so th a t com petition  becom es 
restricted  to  a lim ited num ber o f occasions.

Changing circum stances how ever m ight enlarge com petition , w hen 
in  spite o f the  fact th a t the  ecological requirem ents o f the species are 
present, com petition  is forced to  m ore im portan t objects, e.g. when 
particu lar food  sources are restricted  in  num ber o r extent.

As specific ways o f ecological d ifferen tia tion  o f related species are 
prerequisites fo r dispersal and spéciation, o u r harrier studies have 
been focused on  the  ecological rela tionships o f the  th ree species. In 
this paper interspecific and intraspecific differences in food requirem ent 
and factors related  to  prey selection will be considered. Publications 
dealing w ith  o ther ecological requirem ents are in p repara tion  and will 
consider hun ting  habits and breeding biology.

Ecological p roperties are closely related  to  m orphological and struc­
tural characters. The latter have been studied in harriers b y  N i e b o e r  
(1973). Som e o f the  ecological data collected in the  course o f  ou r 
harrier study  are referred  to  by N i e b o e r  and myself, though o u r 
conclusions will n o t necessarily concur.

1 . 2 .  A cknow ledgem ents.
T he s tu d y  has b een  ach ieved  u n d e r  th e  su p erv is io n  o f  P rof. D r. K .H . V o o u s , to  

w hom  I acknow ledge m y in d eb tn ess  fo r  h is genial an d  stim u la ting  a tte n tio n  to  m y w ork . 
I am  ow ing g ra titu d e  to  D r. E. N i e b o e r , D r. T . d e  V r i e s , and  P. O p d a m  fo r m any 
useful d iscussions, to  R . M u r r a y  w ho read  and  co rrec ted  th e  E nglish  tex t o f  th is  paper, 
to  D r. L. H o f f m a n n  w ho very  k in d ly  g ran ted  ho sp ita lity  in  th e  b io logical s ta tio n  
«L a  T o u r  d u  V a la t»  in  th e  C am argue , in  1969 an d  1970, to  h is assisten ts H . K o w a l s k i , 
H. H a f n e r , A . J o h n s o n , J. W a l m s l a y  and  O . B e b e r  fo r th e ir  he lp  an d  fo r th e  very  
hearty  w ay th ey  to o k  m y  wife an d  m yse lf in to  th e ir  w alks o f  life, to  D r. J. B l o n d e l  
fo r  criticizing th e  w ork ing  u p  o f  som e data , to  D r. P. H e u r t e a u x  fo r m eteo ro log ical 
an d  geographical da ta  o f  th e  C am argue , to  L. K é r a u t r e t  w ho  in tro d u c e d  m e to  th e  
s tu d y  area in  N o rth e rn  F rance, to  th e  S taa tsb o sb eh ee r in L im burg , A m eland  and  
T erschelling  fo r k ind ly  allow ing access to  th e ir  d is tric ts , to  M .H . v a n  D e u r s e n  in  
G ro o te  Peel an d  H .J. T í m m e r  in  A m elan d  fo r  the  h ea rty  co o p era tio n , to  J .C . T a n i s  
and  W . D u b b e l d a m  fo r  criticizing p rey  density  data  in A m eland  and  T erschelling , 
to  th e  R ijk sd ien s t v o o r  de  IJsse lm eerpo lders fo r  th e ir  licences to  c o n d u c t investiga tion
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in F levoland and  fo r o th e r valuable assistance, particu larly  th ro u g h  D rs. H. d e  J o n g , 
to  D r. J . W a t t e l  and  C . R o c s e l a a r  (Zoological M useum , A m sterdam ) and  E. O s i e c k  
fo r very  obliging help  in  identify ing pelle t co n ten ts  an d  prey  rem nan ts. I  am  grateful 
to  G .W .H . v a n  d e n  B e r g , w ho p rep a red  th e  illu s tra tio n s  in  th is  study , an d  to  D r. J .  
J a g e r  fo r his statistical advices.

M y thanks to  all o f  th e  s tu d en ts  m en tio n ed  in C h ap te r 4.1. w ho collected  data 
and  p rov ided  d iscussion  and  critic ism  w hich  have b een  o f  very  great value.

T he study  was m ade possib le  by th e  financia l su p p o r t o f  the  R ijk sin s titu u t voo r 
N a tu u rb eh o u d  (for s tud ies  in A m eland , T erschelling , G ro o te  Peel) and  g ran ts by  th e  
N ederlandse  O rganisatie  v o o r Zuiver W eten sch ap p e lijk  O n d erzo ek  (all o th e r  study  
areas). T he Biological L ab o ra to ry  o f  th e  V rije  U n iv e rs ite it in  A m sterdam  gran ted  
hosp ita lity  and  o th e r facilities fo r  the  study.

T h ro u g h o u t th e  w hole stu d y  p e rio d  fro m  1969 on w ard s m y wife assisted m e w ith  
observa tions in  th e  fie ld , w ith  th e  co lla tion  o f  th e  data , by critic ism , th ro u g h  d iscussion  
and  also by her w arm  encouragem en t.

2. SPECIES STU D IED .

2 . 1 .  M orphology.

The m orphology of harriers has been thoroughly  studied b y  N ie b o e r  
(1973). Some general and striking m orphological and structural charac­
ters will be referred to.

Like the o ther harriers, the three species studied are long-winged, 
long-tailed and long-legged birds o f prey, living in open country . The 
three species all nest on the ground. The sexual d im orphism  is excep­
tional among birds o f prey, as the sexes show  differences in bo th  
structu re  and plumage.

There is a tendency for the larger harriers to  have a sm aller flight 
apparatus in relation to  body weight and a relatively larger prey catching 
apparatus (tarsus, sum  o f toes, sum  o f claws, and bill). In relation to  
body weight C .p. has the longest tail, C  .a. the shortest. However 
in relation to  wing length (wrist to  tip) C.c. has the  longest tail.

A ccording to  Brown and A m adon  (1968) the wing loading is highest 
in C a .,  lowest in C.p. The wing m easurem ents and structu re  o f C.p. 
are considered to  be advantageous for long distance flights in less 
favourable weather, e.g. during m igration ( N i e b o e r , 1973).

2 . 2 .  D istribution.

Data have been taken f r o m  V o o u s  (1960), D e m e n t i e v  (1951) and 
N i e b o e r  (1973). See Table 1.

All species concerned occur in boreal, tem perate, M editerranean, 
steppe and desert zones and overlap widely in the Palaearctic region. 
C.c. has the m ost extensive d istribu tion , in the Eastern Palaearctic 
and the Nearctic. The range o f C  .p. is least extensive o f all as it does 
n o t reach Eastern Asia.
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T a b le  1 : D is tr ib u tio n  d a ta .

Species D is tr ib u tio n  
(b reed ing  range)

L im its in  Palaearctic  
n ea res t Ju ly  iso th e rm

W in te r  range

n o r th e rn so u th e rn
o f  palaearctic  b ird s

C .a. Palaearctic 60° F 80» F tem p era te  to  tro p ica l

C .c. H olarc tic  an d  S o u th  
A m erica 50°-53° F 75" F tem p e ra te  and  

M ed ite rran ean

C .p. Palaearctic 62» F 78" F m ain ly  tro p ica l

3. M ET H O D S.

3 . 1 .  C hoice o f study  areas.

For the present study  those places were selected where tw o o r three 
species nest together in varying densities (A m eland, Terschelling, 
Flevoland, N o rth ern  France). Here the harriers have to  select their 
prey from  the sam e prey spectrum  under com parable circum stances. 
T o achieve this purpose m any breeding seasons were spent by students 
in A m eland and Terschelling. In form ation  from  the m ainland was 
also considered to  be indispensable as the lim ited variation in prey 
supply, the small dim ensions and the m orphology o f the islands 
possibly influence the general behaviour o f the harriers. In addition  
num bers o f C .a . were very low in the islands. Therefore C.a. was 
also studied  in Sou thern  France, where it was found to  nest no t far 
from  C.p. U nfo rtunately  in som e areas the breeding success o f one 
o r m ore species did n o t com e up to  expectations (G roote Peel, N orthern  
France).

3 . 2 .  C ollection  o f food data.

3 . 2 . 1 .  Nest observations.

N est observations were m ade from  a well cam ouflaged hide o f 
1 X 1 X 1 m, placed near a nest w ith  young at distances varying from  
2— 12 m. In C.c. and C.p. the distance to  the nest was generally no t 
closer than  5 m, bu t incidentally the s tructu re  o f the vegetation dictated 
a closer distance. In C .a ., which as a ru le is warier, a distance o f at 
least 8 m  was m aintained. D ependent on the suspected shyness ot 
the adults the hide was m oved tow ard its final position  on  successive 
days in one to  th ree  steps. The in terio r o f the hide had to  be kept 
as dark  as possible to  m ake the observer invisible from  outside. In 
particular, C .a. used to  gaze very keenly through the hide peep-hole, 
which had to  be kep t as narrow  as possible.
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Going to  and leaving the hide the observer was always accom panied 
by a second person.

W hen  observing in the hide an im m inent feeding o f the young was 
often heralded by the male calling the female on his approach with 
prey, and when passing the prey females and males usually called 
loudly. But this could n o t always be relied upon  as som e parent 
birds were very silent o r else the prey was passed at a considerable 
distance from  the nest site. As a consequence, under these circum stances 
the help o f a second field observer nearby was often necessary to  
ascertain which o f the parent birds was supplying the food.

3 . 2 . 2 .  Prey remnants from nest and field.

Prey rem nants were found on  and near the nests. Breeding females 
o f C.a. and C.p. often chose fixed stations in the vicinity o f their nests 
to  consum e the prey supplied by the male. O n  these plucking posts 
rem m ants o f prey that had been fed to  the young could also be collected. 
These posts m ostly were bundles o f flattened m arsh vegetation o r a 
small elevation in the terrain.

Prey rem nants were identified by direct com parison with material 
in  the collection o f the Zoological M useum  o f A m sterdam , by consulting 
descriptions and pictures in l o c h t e  (1 938 )  and b y  using the identification 
tables and descriptions in D ay (1966).

3 . 2 . 3 .  Pellets from nests, field and roosting sites.

Pellets o f young were collected at the nests. Pellets o f adults were 
collected at their regular perches, a t plucking stations near the nests 
(see 3 . 2 . 2 . )  and, in w inter, at their com m unal roosts.

Identification o f rem nants was m ade in the same way as for the 
prey rem nants. In the presentation  o f the data no  m ore than  one 
individual o f a prey species was credited to  any one pellet. This was 
done because F i t c h  et al. (in L uttich et al., 1970) found that on the 
average each pellet occurrence corresponded to  one individual prey 
item, and also fo r practical reasons.

3 . 2 . 4 .  Other field observations.

These include all observations o f b irds capturing and carrying prey, 
and passing prey from  the male to  the female during the breeding 
period. W henever possible the size o f the prey was estim ated and 
noted, but recognition o f the prey was generally im possible, except 
in the case o f snakes and eels. A lso, the sex o f the harrier and the habi­
tat in which the capture had taken place were noted.

3 . 3 .  W eather data.

W eather data were obtained from  the K oninklijk  N ederlands M ete­
orologisch Instituu t (KNM I), from  the S tation Biologique de la T our 
du Valat and from  our ow n m easurem ents. Since no wind velocity 
data was available from  A m eland and Terschelling data from  Vlieland 
w'as used.
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4. D E SC R IPT IO N  O F  ST U D Y  A R EA S A N D  O B SER V A T IO N  
PERIO DS.

The study  areas, years and studen ts are sum m arized in Tables 2 and 
3 and Figure 1. T he habitats and fauna o f each o f the study  areas 
will be briefly discussed, w ith particu lar reference to  the density  o f 
prey species in each d istinct habitat. M ost o f the  prey  density  data 
(Table 4) are estim ates, as tim e was seldom  available for m ore detailed

T a b le  2 :  F o o d  s tu d ie s  m a d e  d u rin g  th e  b reed in g  se a so n .

L ocality Y ear

Species s tu d ied

S tu d en ts
C .p. C.c. C .a.

A m eland 1964 + + + R. B ekius
1967 + + C . v .d . K raan, N .J. v. S trien
1970 + B.A .P .J. D aem en, T .P .J. L oorij

T erschelling 1959 + + + E. N ieb o er, J. v .d . T o o rn
1961 + + T . v . D ijk , T . de  V ries
1962 + + J.J. G euze, P .H . N ienhu is
1968 + + G . B oere, M . C heng, F. F e ldm ann

K. V eit
F levoland 1971 + + + W . S ch ip p er

1972 + W . S ch ipper, S. W iersem a
G ro o te  Peel 1965 + + J.H . Ie tsw aart, W . S ch ip p er
N o rth e rn  F rance 1970 4- + + W . S ch ip p er
S o u th e rn  F rance 1969 + + W . S ch ip p er

T a b le  3 :  F o o d  s tu d ie s  m a d e  in  w in te r .

Locality Y ear

Species stu d ied

S tu d en ts
C .c. C .a .

T erschelling 1969/70 + G. B oere, W . S ch ip p er
L auw erspo lder 1970'71 4- L. B uurm a
F levoland 1969/70 W . S ch ip p er

1970 71 + L. B uurm a
S o u th e rn  F rance 1970/71 + W . S ch ip p e r

census w ork. For estim ates o f  prey densities in Terschelling data 
from  T a n i s  (1963) and B i jl e v e l d  (1959) were used; in G roo te  Peel 
prey popu lation  densities were derived from  counts by M .H .v. D e u r s e n  
and the au th o r; for a bird  census in N o rth ern  France see S c h ip p e r  
(1^71); for S ou thern  France see H o f f m a n n  (1958) and v o n  F r it s c h  
(1965, 1968). C ritical com m ents on  density  data were kindly supplied 
by B.A.P.J. D a e m e n , T.P.J. L o o r i j  and J.v. D i jk  (for A m eland),
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J.J.C. T a n is  and W . D u b b e l d a m  (for Terschelling), M .H . v. D e u r s e n  
(for G roote Peel) and J. B l o n d e l , H .  H a f f n e r  and H .  K o w a l s k i  (for 
Southern  France).

Fig. 1. —  S tudy  areas. 1 : A m eland . 2 : T erschelling . 3 : F levoland. 4 : G ro o te  Peel.
5 : Zone hum ide  de P ie rrepon t-S issonne  and  M arais de St- G ond  (N o rth e rn  
France). 6 : C am argue and  C rau  (S o u th e rn  France).
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4 . 1 .  N etherlands.

4 . 1 . 1 .  Ameland.

The island o f A m eland is largely com posed o f tw o d istinct areas:

a. D unes (1800 acres) along the N orth  Sea coast; the following 
habitats were distinguished:

Land d u n e s-  m ore inland dunes and dikes, covered w ith Ammophila 
arenaria and o ther grasses, occasionally w ith a scanty vegetation of 
Salix repens and Hippophaë rhamnoides;

sea d u n es- coastal, growing sand dunes with an open vegetation of 
Ammophila arenaria;

m oist valleys- dune valleys w ith a low vegetation containing among 
others Schoenus nigricans, Salix repens, Hippophaë rhamnoides and o ther 
small shrubs;

dry  valleys- dune valleys covered w ith a tho rny  scrub  o f Hippophaë 
rhamnoides and Salix repens;

reed m arshes- reedbeds w ith old and fresh Phragmites communis and 
small patches o f open  water.

b. Cultivated areas (2600 acres), including grasslands. O ther 
habitats, like conifer p lan tations will n o t be considered here, as they 
were o f no im portance to  harriers.

The harriers nested in the dunes and hun ted  over dunes and culti­
vated land.

O f the d istinct prey categories, lizards were no t p resent in A m eland 
(present in Terschelling) bu t voles (M icrotus arvalis) occurred (not 
present in Terschelling). Pheasants appeared to  be m ore num erous 
in A m eland. A m ongst the larger m am m als rabbits were especially 
num erous.

4 - 1 . 2 .  Terschelling.

The island Terschelling, situate-! west o f A m eland, is largely com posed 
o f three d istinct areas ( T a n i s ,  1963):
(a) D unes (3200 acres): habitats as in A m eland.
(b) C ultivated areas (1800 acres) in the sou thern  part along theW adden- 

sea. In this part som e duck  decoys are situated.
(c) Boschplaat (1700 acres, G roede included), a vast plain in the eastern 
part o f the island with a low salt vegetation, intersected by salt-water 
creeks. Som e low sand dunes are present (see a).

All harrier studies were carried o u t on  the eastern part o f the island, 
where the harriers nested in the dunes, and hun ted  in the dunes, the 
grasslands in the sou th  and the Boschplaat.
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T ab le  4 : E stim a tes  o f  av e rag e  p rey  d en sitie s  (specim ens p e r  1 000 ac res  habita 
su rface ) in  M a y , J u n e  an d  Ju ly . U n less  sp ec ifie d  young  an d  adu lts  an  
in c lu d e d .
Legend : +  1 0 - 1 0 0  specim ens;

+  +  100- 1 000 specim ens;
+  +  +  1 000-10 000 specim ens;

+  -+- 4~ +  m ore  th a n  10 000.

In S o u th e rn  F rance one sho u ld  a ttr ib u te  relative values on ly  to  these sym b
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T ab le  4 : E stim a tes  o f  av e rag e  p rey  den sitie s  (spec im ens p e r  1 000 a c re s  h a b ita t 
su rface ) in  M a y , Ju n e  a n d  Ju ly . U n less  sp ec ified  yo u n g  a n d  a d u lts  a re  
in c lu d e d .
Legend : +  10- 100 specim ens;

-+  +  100- 1 000 specim ens;
+  +  +  1 000-10 000 specim ens;

~1—1—I—[- m ore  than  10 000.
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The prey species present resem bled those o f A m eland, w ith  som e 
notable differences, m entioned under ,A m eland’. O f  the small 
m am m als Apodemus sylvaticus was the m ost com m on species; rabbits 
were num erous, as in A m eland.

For details concerning the avifauna see T anis (1963).

4 . 1 . 3 .  Flevoland and Lauwerspolder.

The reclaim ed areas o f Flevoland are com posed  o f tw o parts:
O ostelijk  Flevoland (54000 acres), drained in 1957;
Zuidelijk Flevoland (43000 acres, drained in 1968.

A fter the reclam ation o f each o f these areas, reed  (Phragmites com- 
munis) was sown, and a gradual developm ent undertaken  by the state. 
In 1971 the main part o f O ostelijk  Flevoland had been leased to  farm ers 
and only the w estern th ird  was still managed by the state. Here som e 
reedbeds rem ained, including a ra ther large area o f abou t 190 acres, 
where three sandy plains are found. O u r field studies were m ainly 
perform ed in and around  this large reedbed, and in the adjoining parts 
o f Zuidelijk Flevoland.

In 1971 a large part o f Zuidelijk Flevoland was cultivated. The 
rem aining areas still consisted o f vast reedbeds o f Phragmites communis 
and Typha angustifolia, here and there w ith large o r small shallow  pools. 
Locally willow sh rub  appeared. A t the borders o f the pools com ­
m unities o f Senecio congestus developed.

M ost im portan t agricultural crops in the state-m anaged cultivated 
area were cole seed, wheat, barley and flax.

H arriers bred chiefly in the reedbeds and hun ted  over the reedbeds 
and crops.

A lthough fish were locally abundan t in the canals, this habitat was 
n o t considered as it d id  n o t appear to  be o f im portance to  any o f the 
harrier species. O f the o ther prey categories pheasants and rabbits 
were very abundant. In 1972 the density  o f pheasants appeared to  
be higher than in 1971. V oles (M icrotus arvalis) were num erous in 1971, 
bu t scarce in 1972.

For m ore details concerning the avifauna see C a v é  (1961) and v a n  
E l b u r g  (1969).

A t the tim e that pellets were collected in w inter, num erous ducks, 
rails, pheasants and songbirds inhabited  the reed m arshes and wetlands. 
In this habita t Micromys minutus was also com m on. In the barren 
agricultural plains o f O ostelijk  Flevoland, voles (M icrotus arvalis) were 
abundan t in w inter 1969/70, bu t less num erous in w inter 1970/71. 
In this habitat w andering groups o f songbirds were present.

Som e pellets were collected in the Lauw erspolder, a recently reclaim ed 
area near the D utch  W addensea, in w inter 1970/71. T he density  o f 
M  icrotus arvalis was high, and flocks o f songbirds were present.
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4 - 1 . 4 .  Qroote Peel.

The G roo te  Peel is a small rem nant o f abou t 1000 acres, o f the  vast 
area o f m oors and m arshes that once covered part o f the south  o f the 
N etherlands. M ost o f these areas have been cultivated and as a result 
the G roo te  Peel is now  su rrounded  by m eadows and agricultural land.

The G roo te  Peel itself is com posed o f sendy riolges w ith  a vegetation 
dom inated  by Callima vulgaris, alternated by large peat-bogs, where 
M olinia caerulea form s the m ost no tab le vegetation.

In  m any places o ligotrophic lakes and pools have arisen, caused 
by peat-exploitation. In add ition  there is one ra ther large eu trophic 
lake, w ith reeds and shrub . Locally in  the m oors and peat-bogs small 
trees were present, particularly  birch.

H arriers were breeding in the G roo te  Peel and hun ted  over the area 
and its su rroundings. The densities o f several prey species were n o t 
very high, bu t som e categories, no tab ly  A natidae, Larus ridibundus and 
Passeriform es were well represented.

4- 2 .  France.

4 . 2 . 1 .  Northern France

H arriers were studied in tw o d istinct areas:
(a) ,Zone humide de Pierre pont- S issonne ’ (4600 acres);
(b) ,M arais de St-Qond' (4000 acres).

Both are ra ther b roken  up m arshy areas, the form er situated  along 
the canalized river Souche, the latter, slightly drier, along the equally 
canalized river Petit M orin . Both m arshes are enclosed by sloped 
o r hilly agricultural land.

The Zone humide de Pierrepont-Sissonne consists o f several w ooded 
regions leaving open  areas covered by a m arsh vegetation o f Phragmites 
communis, Thypha angustifolia and Cladium mariscus. For m ore details 
abou t the vegetation see F r o m e n t  (1953). Locally fish-ponds have been 
excavated.

In the M arais de St-Qond fewer w oods and fish-ponds are found. 
A  scattered  sh rub  vegetation was p resent in  the reedbeds o f b o th  areas.

In Table 4 estim ates o f prey densities in  the Zone humide de Pierre- 
pont-Sissonne are given. They are p robably  com parable to  those in 
the M arais de St-Qond. T he num bers o f larger m am m als, especially 
rabbits, and young pheasants, were very low. Young A natidae and 
small m am m als (voles, mice) were n o t num erous. C onversely the 
density  o f Rallus aquaticus and Qallinula chloropus was high.

4 . 2 . 2 .  Southern France.

C.a. has been studied  at the  biological sta tion  ,La T o u r du  V alat’ 
and its im m ediate su rroundings in the C am argue; C.p. has been studied
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east o f the G rand Rhone, near and in the plains o f La C rau. A  descrip­
tion o f the habitats in these areas is found in H o f f m a n  (1958) and v o n  
F r i s c h  (1965, 1968).

(a) In La T o u r du V alat (ca. 1600 acres) the follow ing d istinct habitats 
are present :

sansouire- com posed of
1. Salicornietum fruticosae. Extensive plains covered particularly  by 

Salicornia fruticosa;
2. Sea-lavender sw ard. Its vegetation is denser and richer in  species. 

The m ost notable p lant species are Statice limonium  and S. virgatum, 
Obione portulacoides and Sueda fruticosa. The higher parts are covered 
by shrubs of Phillyrea angustifolia;

open m arshes- overgrow n partially  w ith  Scirpus species in  sum m er and 
su rrounded  by a belt o f Juncus;

m arshes under reedbeds-m ainly com posed  o f Phragmites communis 
and Typha angustifolia;

edges- sides o f dikes, ditches, etc., o ften  w ith  sh rub  vegetation;

d ry  agricultural land- grains, vineyards, grasslands, etc.;

wet agricultural land- rice fields.

Extensive agricultural land is situated  to  the east and southeast o f 
La T o u r du  Valat.

(.b) A  few kilom etres east o f the  G rand  R hone a gradual slope form s 
the zone o f transition  betw een the m arshes o f the C am argue and the 
stony  plains o f La C rau. From  the m arshes, dom inated  by Scirpus 
and Phragmites there is a gradual increase o f Cladium, until the  dam p 
grasslands o f M olinia m ingled w ith Isoëtus and Holoschoenus are reached. 
These grade in to  the d ry  grasslands o f Brachypodium which in tu rn  
give way to  evergreen oak w ood w ith Quercus ilex. Passing th rough  
the oak forest we reach the stony  plains w ithou t w oody vegetation, 
called the .C oussous’, the genuine C rau. H ere the vegetation is sparse, 
bu t florally rich in species. Asphodelus fistulosus and Stipa capillata are 
the m ost characteristic plants. Som e agricultural land borders the 
m arshes.

T h roughou t the Cam argue and La C rau  the prey fauna was rich  in 
bo th  species and num bers. In La T o u r du  V alat aquatic snakes were 
found in Scirpus m arshes, reed m arshes and rice fields; am ongst the 
larger m am m als rabbits were num erous.

A t the tim e w hen pellets were collected in w inter, ducks and o ther 
w ater birds, especially Anas crecca, were very num erous in the open 
w etlands, where they  were intensively h u n ted  by m an. M any passerines 
inhabited  the agricultural fields, especially the d ry  rice fields. Roadsides 
were frequented  by small b irds particularly  after snowfall.
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5. E V A L U A T IO N  O F  M E T H O D S APPLIED.
In  th is  e x p lan a tio n  th e  u tility  o f  th e  m e th o d s  (C h ap te r 3) w ill be d iscussed . Som e 

a u th o rs  (e.g. R o o t h , 1963 an d  T h i o l l a y , 1968 an d  1970) u sed  a m ix tu re  o f  data  o f  
p e lle t analysis, analysis o f  p rey  rem n an ts  an d  o th e r  f ie ld  o b se rv a tio n s to  co n stitu te  
a p ic tu re  o f  th e  p re d a tio n  o f  a species in  a p a rticu la r area. T h is  m e th o d  can be u sed  
fo r  a q u a lita tiv e  s tu d y  on ly , an d  n o t fo r  a q u an tita tiv e  s tudy , as w ill be o u tlin ed  below .

N e s t o b se rv a tio n s .

By observ ing  th e  n es t fro m  a h ide , o n e  gets a g o o d  p ic tu re  o f  th e  prey  item s b ro u g h t 
in  by  th e  a d u lts  fo r  th e ir  yo u n g  an d  m o s t o f  th e  p rey  species can usually  be  recognized. 
H ow ever p a rticu la r p rey  ca tegories w ill n ev er o r  se ldom  be reco rd ed  in  th is  way, 
e.g. eggs, w h ich  a re  d ev o u red  o n  th e  sp o t, an d  ca rr io n  w h ich  can be to  heavy  to o  carry  
to  th e  nest.

P re y  re m n a n ts .
C o llec ting  p rey  re m n a n ts  o n  th e  nests leads to  th e  sam e inco m p le te  p ic tu re  as th e  

n es t o b se rv a tio n s . Insects, frogs, lizards, yo u n g  o r  sm all b ird s , and  sm all m am m als 
a re  o f te n  com ple te ly  d ev o u red  and  th e re fo re  leave n o  rem ains. C onversely , larger 
p rey  species like  fish , snakes, larger b ird s , and  larger m am m als w illb eo v er-rep resen ta ted .

P e lle ts .
P elle ts o f  th e  yo u n g  o n  th e  nests nev er co n ta in ed  egg shells an d  se ldom  carrion , b u t 

traces o f eggs a n d  c a rr io n  have been  fo u n d  in pelle ts o f  th e  ad u lt b ird s collected  o n  th e  
ro o s ts . O th e r  d raw b ack s o f  p e lle t analysis are  :

(a) Q u a n tif ic a tio n  is d ifficu lt. B ones are  largely d igested  by h arrie rs . In  th e  case 
o f  m ice  an d  vo les i t  is p o ss ib le  to  c o u n t th e  incisivae. H ow ever th e  p resen ce  o f  
incisivae in  pelle ts  d ep en d s  o n  th e  w ay th e  b ird  ate its p rey . H as it  d ev o u red  th e  w hole 
prey  o r  has it left th e  h ead  o r  p a r t o f  th e  head  ? In  th e  case o f  b ird s (feathers), rab b its  
an d  m am m alian  c a rr io n  (hairs) q u a n tif ic a tio n  is im possib le , e.g. if  one  reco rd s Passeri- 
fo rm e  fea th e rs  in  a p e lle t it  is se ld o m  p o ss ib le  to  d e te rm in e  if  they  o rig inated  from  one, 
tw o  o r  m o re  b ird s, see n o te  in C h a p te r  3 .2 .3 .

P a rticu la r p rey  item s are  p ro b a b ly  com ple te ly  d igested , e.g. eels an d  frogs, and  
se ld o m  leave any  re m n a n ts  in  pelle ts .

(b) P elle ts , co n ta in in g  fea th e rs , te n d  to  be lo o ser, an d  m ay  easily  be b ro k e n  dow n 
by ra in  o r  co n tac t w ith  a w e t su rface , th a n  th e  m ore  com pac t, ha iry  pellets . This m ay 
b ias th e  ra te  o f  b ird s  to  m am m als in  p e lle t analysis.

A n  advan tage  o f  pe lle t analysis in  re la tio n s  to  p rey  re m n a n t analysis, is th e  possib ility  
to  reco v er w ho lly  ea ten  p rey , like m ice and  voles, if  th e  p rey  is n o t com p le ty  digestable.

In  th e  C am argue , in  1969, o n e  fem ale C .a . d isap p eared  an d  a n o th e r  ne ighboring  
fem ale w as fo u n d  dead  o n  its nest, b o th  poss ib le  v ictim s o f  po ison ing . F rom  th a t 
m o m e n t o n  th e  yo u n g  o f  th e  f i rs t  fem ale w ere  fed  on ly  by th e  male, w ho did  n o t divide 
an d  feed  th e  p rey  d esp ite  th e  fac t th a t  th e  young  w ere un ab le  to  te a r it in to  pieces 
an d  feed them selves. C o n seq u en tly  we v is ited  th e  nest tw o  o r  th ree  tim es a day to  
feed  th e  yo u n g  fro m  th e  fo o d  b ro u g h t by th e  m ale an d  to  co llec t pellets. In  th is 
w ay a  c o m p a r iso n  o f  p rey  ac tua lly  c o n su m ed  an d  p e lle t analysis w as possib le . In  the 
p e rio d  o f  6-12 Ju n e , 1969, th e  tw o  yo u n g  co n su m ed  42 p rey  item s : 12 eels, 2 o th e r 
f ish , 7 frogs, 3 ra ts , I I  ra b b its  a n d  7 b ird s . In  13 pelle ts  on ly  ra ts  (2 X ), rab b its  (7 x )  
a n d  b ird s  (8 X  ) w ere  recovered .

In a co m p a riso n  o f  th e  re lative p rey  frequencies, ob ta in ed  in  th e  C am argue in 1969, 
by n e s t o b se rv a tio n s , p rey  re m n a n t analysis and  pelle t analysis (see I abies 6 and  7), 
one  gets an  im p re ss io n  a b o u t th e  over- an d  u n d e r-rep re sen ta tio n  o í particu la r prey  
categories. See T ab le  5.

O th e r  f ie ld  o b se rv a tio n s .
(a) P rey  cap tu res . In  som e cases it  ap p ea red  to  be possib le  to  verify  a cap tu re  by 

w alk ing  to  th e  sp o t an d  iden tify ing  th e  rem n an ts . In th is  w ay nest p lundering , carrion  
ea ting  an d  so m etim es  a n o th e r  p rey  cap tu re  co u ld  be checked . T he  prey  carried  aw aY 
in  th e  claw s o f  th e  h a rr ie r  co u ld  se ldom  be recognized. T h e  size o f  th e  p rey  o ften  could  
be e s tim a ted  how ever.
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T ab le  5 :  C o m p ariso n  o f re la tiv e  p rey  fre q u e n c ie s  in  C .a , C a m a rg u e , 1969, in 
nest o b se rv a tio n s , p rey  re m n a n t analysis an d  p e lle t ana ly s is .
(See T ables 6 and  7).

Prey rem n an ts Pellet co n ten ts

O ver-rep resen ted  in  re la ­
tio n  to  n es t observations

rep tiles
ju v . an d  ad. A natidae  and  

R allidae 
carrion

insects
snakes
ju v . and  ad . A n a tid ae  and  

R allidae 
ca rrion  
eggs

U n d er-rep resen ted  in  re la ­
tio n  to  nest observa tions

frogs
pulli o f  n id ifugous b irds
Passerifo rm es
sm all m am m als

fish
frogs
pu lli o f  n id ifugous b ird s 
P asserifo rm es

N o t p resen t in nest ob se rv a ­
tions

carrio n
lizards

eggs

(b) P rey  supp ly  by th e  ad u lts  to  th e  young  o r  by  th e  m ale to  th e  fem ale. I t  se ldom  
appeared  to  be possib le  to  recognize a p rey  in th e  ta lo n s  o f  th e  b ird s; as in  (a) th e  prey  
size o ften  co u ld  be estim ated .

C o n c lu s io n s .
U n d o u b tly  nest o b serv a tio n s give th e  m ost reliab le  resu lts  in  th e  study  o f  p rey  

se lection  in  th e  b reed ing  season. P rey  rem n an ts  bias th e  p re d a tio n  p ic tu re  as som e 
prey  categories do  n o t leave any rem ains. T he  la tte r  p rey  categories can be p re sen t 
again in pellets , b u t these d o  n o t give reliable qu an tita tiv e  resu lts . Because o f  th e ir  
d iffe ren t reliab ility  values it is in co rrec t to  com b ine  data  o f  nest ob se rv a tio n s , p rey  
rem n an t analysis, pe lle t analysis, an d  o th e r  fie ld  o b se rv a tio n s in  one  lis t in  o rd e r  to  
get a to ta l p ic tu re  o f  p rey  se lection . O n e  has to  co n sid er these d iffe ren t data o n  th e ir  
o w n  relative m erits. A ll o f  them  are  o f  im p o rtan ce  because  besides n es t o b se rv a tio n s 
o th e r  types o f  fie ld  obse rv a tio n  are req u ired  to  get in s igh t o n  p red a tio n  o n  p rey  n o t 
carried  to  th e  nest. F o o d  s tud ies o u t o f  b reed ing  season  had  to  re ly  chiefly  on  p e lle t 
analysis.

6. FO O D  IN BREEDING SEA SO N .

6 . 1 .  General com parison o f food  com position .
The observed prey species have been classified in 15 categories, 

relating to  differences in size and habita t and to  taxonom ic differences. 
Data obtained th rough  nest observations are show n in Table 6, data 
obtained by an analysis o f prey rem nants and pellets are show n in 
Tables 7, 8 and 9. N o t all o f the prey categories have been observed 
in each o f the th ree harrier species :

Species P rey  categories n o t observed

C. aeruginosus
C . cyaneus large insects, fish , frogs, snakes, b ird  eggs; lizards ra re
C. pygargus fish , snakes; frogs ra re



T a b le  6 :  P re y  d a ta ,  re la tiv e  f re q u e n c ie s , o b ta in e d  by n e s t o b se rv a tio n s  fro m  a  h id e ;  h ig h es t f re q u e n c ie s  in  b o ld  ty p e . 
T h e  tw o  o b se rv a tio n  y ea rs  in  F le v o la n d  h av e  b e e n  k e p t  s e p a ra te  b e c a u se  o f  th e  v e ry  d if fe re n t fo o d .

A m eland T erschelling F levo land
G ro o ­

te
Peel

F rance T o ta l

P rey  category
C c. N . S.

C .a . C .c. C .p. C .a . C.c. C .p. C .a . 1971 1972 C .p. C .p. C .a . C .a . C .p. C .a . C.c. C .p.

1. Large insects <  1 64 6
2 . F i s h .................................... — — — — — — — — — — _ — . 3 — 2 --- ---
3 . F rogs .................................... — — — — — <  1 — — — — — — 8 — 4 --- <  1
4 . S n a k e s .............................
5 . L i z a r d s ............................. — — — — <  1 47 — — — — 1 — — — 3 — <  1 26

6 . Pu lli o f  A na tid ae  an d
R a l l i d a e ............................. — 3 3 9 <  1 — 1 — 1 — 2 9 12 — 8 2 1

7 • Juv . an d  ad . o f  A n atid ae  
and  R allidae . . . . 10 1 4 1 5 5 4 2 <  1

8 . Pulli an d  ju v . o f  L im i­
colae; Phasian idae 10 31 10 26 8 2 49 13 63 15 2 1 5 17 20 5

9 . Passerifo rm es 5 34 43 4 66 42 14 49 20 67 70 73 8 24 14 48 43

10. Sm all m am m als . __ 6 24 4 <  1 5 9 28 __ 11 8 __ 5 _ 5 5 10
11. Larger m am m als . 48 15 3 52 24 <  1 14 6 8 6 2 9 39 — 31 18 1
12. V ario u s  p rey  . . . . — — <  1 — — — 1 — — — — — — — <  1 — —
13. U n k n o w n  . . . . 29 9 17 4 1 4 9 3 7 2 17 5 4 3 5 5 8

T o ta l n u m b e r o f  p rey 21 359 305 23 412 625 79 68 76 66 60 22 173 102 318 915 1. 156
N u m b er o f  nests  observed 1 9 5 1 9 6 3 2 2 2 1 1 3* 2 6 22 16

(*) In tw o  n ests  p rey  data  w ere co llected  by  nest o b se rv a tio n s . In  a th ird  nest th e  fem ale d issappeared  (see C h ap te r 5) an d  data  o f  a com plete  
series o f  p rey  item s su p p lied  by th e  m ale have b een  in c lu d ed  in  th e  T able .



T able 7 :  R elative prey frequencies in prey rem nants (R ) and pellets (P ) in Circus aeruginosus; highest frequencies in bold typ e.

G ro o te  Peel F levoland  1971 N o rth e rn  F rance S o u th e rn  France

R P

R P R p R P

nests fie ld nests fie ld nests fie ld nests field nests fie ld nests field

1. Large insects 10 1 6
8 2 — —

3 . F rogs .................................... — — — — — — 14 — — — 4 1 2
4 . S n a k e s .................................... — — — — — ' — — — — — 40 38 32 33
5 . L i z a r d s ............................. — — — — — — — — — — — 4 — —

6. Pulli o f  A natidae  and
R a l l i d a e ............................. ____ — 2 7 3 4 — 3 — 10 — — 4 —

7. Juv . and  ad . o f  A natidae  
and  R allidae, ad. L im icolae 11 7 10 8 23 16 17 20 5 7 7 13

8 . Pulli and  juv . o f  L im icolae 
and  Phasian idae . 36 7 38 24 8 3

9 . P asseriform es 13 25 11 14 7 4 58 41 25 20 6 5 2 4

10. Sm all m am m als . 50 3 ____ ____ ____ __ ____ 2 — 4 12
1 1 . L arger m am m als . 13 25 40 64 31 36 8 19 17 20 35 33 34 25
12 . V ario u s p rey  . . . . 75 — ____ ____ — — 4 — 17 10 2 4 2 —
13. U n k n o w n  . . . . --- — — — 7 — — 5 25 10 2 2 14 4
14 . C a r r i o n ............................. 2 — —
15. E g g s .................................... --- — — — — 24 — — — — — — — 2

T o ta l n u m b e r . 8 4 47 14 29 25 26 37 12 10 52 107 113 52
N u m b e r o f  pellets — 4 — — 18 13 — — 5 7 — — 55 25
N u m b e r o f  nests —■ — 12 — 12 -- 3 3 4 4

W
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H
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(1973)



T able 8 :  R elative prey frequencies o f  prey rem nants (R ) and pellets (P ) in Circus cyaneus; h ighest freq u en cies in bold typ e.

T erschelling F levo land N o rth e rn  F rance

R R P R P

nests nests n ests nests fie ld nests

7 . Juv . an d  ad. o f  A n atid ae
an d  R allidae . . . . — 11 10 — — —

8. Pulli and  juv . o f  L im icolae
an d  P hasian idae . 14 11 — — 67 —

9. P asserifo rm es 86 78 40 50 33 67

10. S m all m am m als . — — 20 50 — —

11. L arger m am m als . — — 28 — — 33

12. V a rio u s  p rey  . . . . — — — — —

13. U n k n o w n  . . . . — — 3 — — —

14- C a r r i o n ............................. — — — — — —

15 . E g g s .................................... — — — — — —

T o ta l n u m b e r . 17 9 40 2 3 3

N u m b er o f  pellets . — — 17 — — 2

N u m b er o f  nests 7 2 2 1 — 1

G
ierv. 

63/1-2 
(1973). 
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T able 9 : R elative prey frequencies o f  prey rem nants (R ) and pellets (P ) in Circus pygargus; h ighest frequencies in bold typ e. ON

T e r­
sch e l­
ling

F levoland G ro o te  Peel N . F rance S o u th e rn  France

R p

R P

R R P

R n ests fie ld nests field nests fie ld nests fie ld nests field

1. Large insects 67 80 24 50
2. F i s h ....................................
3 . Frogs ....................................
4 . S n a k e s .............................
5 . L i z a r d s ............................. 5 —

6. Pulli o f  A n atid ae  and
R a l l i d a e .............................

7 . Juv . and  ad. o f  A n atid ae
a n d  R allidae . . . . 3 7 3

8 . Pulli and juv. o t L im icolae
and  Phasianidae . .—. 7

9 . P asserifo rm es 89 73 100 54 59 100 47 33 100 20 100 65 —

10. Sm all m am m als . __ 7 __  i 26 13 __ 44 __ __ __ __ 5 50
11 . L arger m am m als . 3 7 --- 14 11
12. V ario u s  p rey  . . . . 5
13. U n k n o w n  . . . . — — --- 6 5
14- C a r r i o n .............................
15. Eggs . . . . — --- — 8 — 8 — --- — ■—- --- ---

T o ta l n u m b er 28 15 14 35 37 2 36 3 2 5 3 37 2
N u m b er o f  pelle ts ■—, — WM—■ 1 21 24 — 23 — — — — 24 1
N u m b er o f  nests 4 4 — 4 --- 1 2 2
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A s the  to tals are com posed  o f data from  different study areas it is 
n o t perm issable to  draw  any im portan t conclusions on  the prey selection. 
H ow ever, one has to  consider harrier p redation  and food in each study 
area.

6 . 2 .  C om parison  o f food  com position  in  d ifferen t areas.

Circus aeruginosus (Tables 6 and 7).

Im portan t prey categories in the food o f C.a. were young Limicoles 
and Phasianidae and larger m am m als, the first m entioned  prey in 
Terschelling and Flevoland, the latter in all o f the study  areas except 
N o rth e rn  France. Snakes and young w ater birds were frequently  
taken  in  S ou thern  France. The snakes taken were m ainly Natrix  
natrix and N atrix maura, b o th  aquatic species. In A m eland the per­
centage .u n k n o w n ’ was relatively high, bu t p robab ly  m ainly com ­
prised  young nidifugous land birds o f prey category 8. In Sou thern  
France the am oun t o f n idifugous land birds in the food was strikingly 
low . G enerally, aquatic prey species were m ore preyed upon  in Sou thern  
F rance than  elsewhere.

T he situa tion  in N o rth e rn  France was exceptional by the p reponder­
ance o f Passeriform e birds, though  pellets and prey rem nants contained 
relatively m ore w ater birds and larger m am m als (Table 7). The latter 
are from  all nests com bined  and dem onstrate  a to o  small percentage 
o f sm all p rey (C hapter 5).

V ery  little data are available from  the G roo te  Peel. In the  area 
prey rem nants o f juvenile Larus ridibundus were very regularly found.

Several field observations are available o f M arsh  H arriers eating 
eggs at the nests o f ducks (Flevoland, S ou thern  France) and gulls (Larus 
ridibundus, G roo te  Peel). Large insects were presen t in pellets only. 
C arrion , eggs and large insects have n o t been observed being brought 
to  the  young on  the  nest, though  a few tim es I observed a male supplying 
carrion  to  his m ate. Still the  feeding o f eggs to  the young on  the nest 
appears to  occur, as it has been recorded  by t e n  K a t e  (1930).

T he heaviest p rey item s observed included half-grown or nearly 
full grow n pheasants in Flevoland, adu lt ducks o f the species Anas 
platyrhynchos in Flevoland (may have been sick, m oulting or w ounded 
birds), large rabb its in Terschelling, the Cam argue and Flevoland. 
C arrying those item s to  the  nest was som etim es difficult and often the 
b irds had  to  rest on  the  g ro u n d  at intervals. W ith  one notable exception, 
prey anim als b rough t to  th e  nest were dead arid often  had been partly 
devoured . O n  one occasion how ever an Emberiza schoeniclus pullus 
was brought to  the nest q u ite  in tact by a male M arsh  H arrier, and 
p iped  continually  until the fem ale came to  divide it up  for feeding.

In the Cam argue I once observed a fem ale seizing a snake (N. natrix) 
w hich appeared  on  the  nest while the bird was feeding the young. 
Snakes were o ften  wriggling fiercely w hen taken to  the nests, and 
occasionally in the ir convulsions they managed to  swing their bodies
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around a wing o r ano ther part o f the  body o f a young bird. C onsider­
able effort was required to  extricate them selves and it seem s n o t 
im possible that young birds may perish in this m anner, as they may 
throw  them selves from  the nest in their struggles.

Predation on large insects during the breeding season could  n o t be 
established w ith certainty in all cases. In several M arsh H arrier terri­
tories in Southern  France carapaces o f 38 Hydrous piceus (Coleoptera) 
were discovered. M agpies (Pica pica), num erous in the same area cannot 
be held responsable fo r this, as Hydrous piceus only incidentally occurs 
in the M agpies’ d iet in Cam argue (b i g o t , 1966). O ccasionally I saw in 
Cam argue M arsh H arriers seizing and devouring small objects near 
the waterside, bu t eating o f Hydrous piceus could  n o t be proved, g l u t z  
v o n  b l o t z h e i m  et al. (1971) records Hydrous piceus as a possible prey 
species.

Circus cyaneus (Tables 6 and 8).

Passeriform es constitu ted  an im portan t prey category in all o f  the 
study areas. In addition  in Am eland and Flevoland pheasants were 
im portan t, large m am m als in A m eland and Terschelling. Small m am ­
mals were taken in relatively great num bers only in Flevoland in 1971.

In Terschelling the very heavy predation  on  Passeriform es seems to  
have been counterbalanced by the small num ber o f nidifugous young 
birds and small m am m als in  the diet. In Flevoland, 1971, the am ount 
o f larger m am m als was relatively low, the num ber o f small m am m als 
relatively high (see above) and o f nidifugous young birds in between 
the percentages o f A m eland and Terschelling. In 1972 num erous 
pheasants were supplied to  the young instead, bu t no small m am mals 
as in  1971 and relatively few Passeriform es. N o eggs and carrion 
were observed in  the food  throughout.

The heaviest prey observed included half-grown o r nearly full-grown 
pheasants in Flevoland.

Circus pygargus (Tables 6 and 9).
In alm ost all of the study  areas Passeriform es constitu ted  the m ost 

frequently  observed prey category, bu t in Sou thern  France large insects 
were taken m ore often. Lizards were observed in Terschelling m ore 
than  elsewhere, even than  in S ou thern  France. In A m eland where 
lizards do  n o t occur, sm all m am m als and young nidifugous birds 
occurred in  the d iet in num bers com parable to  those o f lizards in 
Terschelling.

Rem ains o f small eggs were occasionally p resent in pellets. O nce a 
com plete and unbroken  egg o f Alauda arvensis was found in a pellet. 
This seem s n o t unusual, as M a r t e n s  (1964) found 6 unbroken  eggs 
o f this species in a gizzard o f C.p.

In the years tha t C.p. has been studied we d id  n o t observe them  eating 
carrion, a lthough once, in 1972, in Flevoland, a male was observed on 
a dead hare.
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Analysis o f prey rem nants and pellets confirm ed on the whole, the 
results o f the nest observations. In Terschelling pellets o f C.p. con tain ­
ing lizard scales were found.

T he heaviest prey observed included a half grow n pheasant and small 
rabb its in Flevoland, the la tte r o f  w hich were often  supplied to  the 
nestlings, divided by the adults. Twice 1 observed living prey taken 
to  the nest by the female : dow ny chicks o f Charadrius species and 
Recurvirostra avocetta, respectively in Flevoland.

C om parison  o f C.a., C.c. and C.p.

C .a. : W ate r b irds, chiefly  consisting o f A natidae and Rallidae were 
m ost often  taken  by C .a., least by C.p. In Flevoland young pheasants 
and Limicolae were im portan t. The num ber o f Passeriform es and 
sm all m am m als were very low  elsewhere. As m entioned above, the 
s itua tion  in N orthern  France were peculiar. P redation on  fish and 
snakes was only observed in  S ou thern  France.

C.c. : T o  som e extent, as in C .a., young pheasants and Limicolae 
w ere im portan t, and Passeriform es as in C.p. T he data obtained 
in 1972 in Flevoland were interesting in tha t young pheasants were taken 
to  such an extent th a t the percentage o f Passeriform es in the food was 
considerably  d im inished (see C hap ter 9.2.1.).

C.p. : Passeriform es fo rm ed  the p redom inan t food. In rela tion  to  
C.c. and C.a. the percentage o f young nidifugous birds was very low. 
Lizards and large insects were frequently  taken  in som e areas, and 
never found  to  such an ex ten t in the o th er harrier species. Larger 
m am m als were relatively rarely taken.

Interspecific overlap in p redation  on  the sam e prey o r prey category 
o ccurred  in d ifferen t areas. It can be seen in Table 6 th a t the m ost 
im p o rtan t overlap in A m eland, Terschelling and Flevoland was found 
in the  prey categories 8, 9, 10 and 11. These categories will be considered 
in m ore  detail.

Y oung Lim icolae and Phasianidae

These prey types, consisting m ainly o f young w aders and pheasants, 
were supplied  by all th ree  harrier species, particu larly  in A m eland and 
Flevoland. T he percentages in nest observations are show n in Table 12.

G enerally  the pheasants supplied  by C.p. to  the nests appeared to  
be sm aller than  those supplied  by C.c. and C.a., bu t no  size differences 
w ere noticed  betw een pheasants taken by C.c. and C.a.

Passeriform es.
In several areas an im p o rtan t overlap was present in the num ber of 

Passeriform es taken  by the three harrier species, especially by C.c. 
and C.p. (Table 6). H ow ever, one has the p rob lem  o f age differences 
in the  birds taken. The ages were n o t recorded  every year in the course 
o f th is study , so only som e data  are available. In Table 10 « pulli » and
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T ab le  IO : F re q u e n c ie s  o f  P a sse rifo rm es in  th e  p rey  r e c o r d s ;  
n -v a lu es c o n c e rn  100% .

Locality  and  year

C .p. C.c. C .a .

pulli ju v ./
ad. n = pulli ju v ./

ad. n = pu lli ju v ./
ad. n =

T erschelling  1959 10 33 171 0 70 46 0 4 23

G ro o te  Peel 1965 17 53 60

Flevoland 1971, 
1972 42 24 66 4 29 144 5 9 79

N o rth e rn  F rance 
1970 27 45 22

S o u th e rn  F rance 
1969 3 21 102 — — — 8 0 173

«juvenile o r adu lt»  (juv/ad) have been distinguished. Even when 
observing from  a hide apparently  unnoticed  by the  birds however, 
it was difficult to  distinguish w hether the partly  plucked and occasionally 
decapitated prey brought to  the nest was an advanced juvenile o r an 
adult bird.

The data includes juvenile and adu lt Starlings (Sturnus vulgaris), 
which were no t taken in corresponding am ounts by the three species; 
this is show n by the following data on  the relative frequency o f the 
species as a prey, expressed as a percentage o f the to ta l num ber o f 
Passeriformes in each species :

C.p. —  1 .3 %  (n =  8);
C.c. —  13 .8%  (n =  32);
C .a. —  4 .5 %  (n =  2).

A lthough the overlaps appear to  be reduced in this way, an im portan t
overlap is still present in the predation  on Passeriform es, especially in 
C.c. and C.p. (Table 12).

Small m am mals.

A m ong small m am m als voles were m ost im portan t, especially M icrotus 
ana lis  (not present in Terschelling). Prey percentages o f voles are 
presented in Table 12.

Larger m am mals.

This prey category was im portan t in C.a. and C.c. especially in 
A m eland and Terschelling, and was com posed alm ost entirely  o f  young 
rabbits (Table 6). A n a ttem pt was m ade to  com pare the site  o f the 
rabbits by m easuring the length o f h ind  foot, using both  rem ains and 
intact prey (before it was fully quartered) th a t was found on  o r near
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the nests. T he results ob tained  m ay n o t fully reflect the size o f the 
rabb its  taken  due to  the  follow ing problem s :
1. the  sm aller h ind legs will be swallowed m ore readily than  larger 

ones, effecting the p ro p o rtio n s  found am ong prey rem nants;
2. C.a. p resum ably  is able to  swallow larger h ind  legs than  C.c.;
3 . in  situations o f ab u n d an t food  less rabb it legs tend  to  be swallowed 

than  in cases o f  food  shortage.

T a b le  11 : L en g th s  o f  h in d  fe e t o f  r a b b its , 
ta k e n  by C .a . an d  C .c. in th e  N e th e r la n d s .

L eng th  o f  h in d  fo o t (m m ) C .a . C.c.

30-40 1 —

40-50 — —

50-60 12 10

60-70 3 3

70-80 — —

80-90 1 —

n =

m ed ian  leng th

17

57

13

54

T he m easurem ents o f the  h ind  feet are show n in  Table 11, bu t no  
significant differences betw een the species were found.

T he prey percentages o f  the m ost im portan t prey categories in 
A m eland, Terschelling and Flevoland 1971 are presented in Table 12. 
In the  sam e Table the relative im portance o f these prey categories is 
show n as the  percentage o f  the to ta l weight o f all observed prey. For 
estim ated  prey weights see A ppendix  8; data on prey weights were 
ob tained  from  N i e t h a m m e r  (1937-1942), V a n  d e n  B r i n k  (1968), by my 
ow n m easurem ents and add itional calculations. If prey weights are 
considered  it will be clear th a t overlap in the absolute am oun t o f the 
prey will be enlarged in heavy prey (e.g. rabbits) and reduced in the 
light prey (e.g. voles and Passeriform es).

6 . 2 . 2 .  Intraspecific comparison.

As seen by various au th o rs  and w ith respect to  several species o f 
avian p redato rs, sexual d im orph ism  in birds o f prey can be correlated 
to  p reda tion  differences betw een males and fem ales (s t o r e r , 1966 
R e y n o l d s , 1972). Intraspecific differences in p reda tion  may give a 
deeper insight in the significance o f interspecific differences in the 
th ree  h a rrie r species. Intraspecific differences were studied in Am eland
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T ab le  12 : In te rsp e c if ic  co m p a riso n  o f  p re d a tio n  o n  th e  m o s t im p o rta n t p rey  
ca te g o rie s , sh o w n  in p e rcen tag es  o f  p rey  n u m b ers  (u p p e r  ro w s) and  
e s tim a ted  b iom ass ( lo w e r ro w s). I f  th e  d is tin c tio n  b e tw e e n  pu lli an d  
ju v en iles  o r  ad u lts  w as n o t n o tic e d  d u rin g  th e  n e s t o b se rv a tio n s , th e  
re la tiv e  n u m b ers  h ave  b een  e s tim a ted  a c c o rd in g  to  T a b le  10.

P rey  category

A m eland T erschelling F levo land  1971

c .p . C.c. C .a . C .p. C.c. C .a . C .p . C.c. C .a .

5 17 0 2 5 26 8 4 0
L im icolae pulli

9 14 0 7 4 8 6 2 0

6 13 10 0 3 0 8 9 49
Pheasants

7 14 5 0 3 0 9 18 40

Passeriform es, 34 30 0 33 57 2 24 22 9
pulli and  S tarlings
n o t inc luded 20 7 0 47 17 <  1 17 10 2

8 0 0 8 0 2 42 4 5
Passerifo rm es
pulli 4 0 0 8 0 <  1 20 1 1

23 6 0 0 0 0 11 26 4
V oles

14 2 0 0 0 0 7 12 1

2 15 48 <  1 24 52 6 6 13
R abb its

14 41 65 2 69 81 37 26 24

21 19 43 56 12 17 1 28 20
O th e r  and
u n k n o w n  prey 32 22 30 35 7 10 4 33 33

(1967 and 1970), Terschelling (1962 and 1968), Flevoland (1971 and 
1972), G roote  Peel (1965) and S outhern  France (1969). From  Ter­
schelling (1962) incom plete data are available and have to  be considered 
separately. The results o f these studies have been included in the data 
o f C hapter 6.2.1., but are now  considered in detail (Table 13). The 
data have been revised in the same way as in C hap ter 6 . 2 . 1 .  M ore 
detailed prey percentages are show n in Table 14.

The percentages o f Passeriform es «pul l i » and «juvenile o r adult 
w ithout Starlings» have been based on the values discussed in 
C hapter 6 . 2 . 1 .

Circus aeruginosus. O

In Flevoland males took  fewer young pheasants and m ore Passeri­
form es than  did females. In  the Cam argue snakes were taken only
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by males. In addition , apart from  nest observations, snake-carrying 
m ales were observed 23 tim es, bu t it was never ascertained that a female 
carried a snake. Songbirds and small m am m als were supplied only 
by males, whereas young w ater birds (category 6) were taken mainly 
by fem ales. R abbits w ere taken  in abou t equal am ounts by males 
and females. In A m eland (1964) and N orthern  France (1970) there 
was evidence th a t prey observed at the nests were probably  supplied 
by  the  fem ale (Table 6).

Circus cyaneus.

T he m ost strik ing intraspecific differences existed in p redation  on 
Passeriform es and rabb its (larger mammals). In A m eland, Terschelling 
and Flevoland fem ales to o k  m ore rabb its (m ore mammals), whereas 
males to o k  a higher rate  o f Passeriform es. Females also supplied 
som ew hat m ore pheasants, especially in A m eland.

Circus pygargus.

In te rp re ta tion  o f  the  prey data is considerably im peded by the high 
percentage o f  .u n k n o w n ’ in  A m eland and the very low prey num bers 
in  som e o th e r cases.

In all study  areas b u t one, Flevoland, females were found  to  take 
m ore m am m als than  d id  males, especially sm all m am m als. H ow ever 
th is seem s to  be true  only  w hen the to ta l o f m am m als is taken  in to  
account. In  Flevoland fem ales to o k  relatively m ore rabbits than  did 
males, b u t males on  the o ther hand supplied the highest percentage 
o f  voles.

Again in all areas but Flevoland, the males to o k  m ore nidifugous 
land b irds (category 8) and were found  everyw here to  supply m ore 
Passeriform es.

U n fo rtuna te ly  in 1968 in Terschelling only one lizard was recorded 
as being supplied  am ong a very low num ber o f prey items. From  1962 
it appeared  th a t fem ales supplied  m ore lizards than  d id  males.

In S ou thern  France the female supplied  a great num ber o f large 
insects.

C om parison  o f C .p., C.c. and C.a. (See Table 14 and Figure 2).

In conclusion, C.a. males supplied  m ore small p rey and less nidifugous 
land and w ater birds than  females; males and females bo th  supplied 
rabbits. In C.c., m ales supplied  m ore Passeriform es, females m ore 
rabb its. In C .p., males supplied  m ore birds (Passeriform e and nidifu­
gous land birds), females m ore m am m als, large insects and m ore lizards.

W ith  regard to  intraspecific differences fem ales supplied m ore 
m am m als in C.c. and C.p., males m ore in C.a.

C om paring  C.a. to  C.c. w ith  special reference to  the prey categories 
in  Table 14, the largest overlap appeared to  occur in  C.c. females and 
C.a. males (rabbits, voles, Passeriform es and in Flevoland pheasants).
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T a b le  13 : P e rc e n ta g e  o f  p rey  n u m b e rs , su p p lied  to  th e  n e s t y o u n g .

Circus aeruginosus Circus

Flevoland
1971

S o u th e rn  
F rance x)

A m eland  
1967, 1970

Sex and  n u m b ers 2 3 3 3 ?Ç E 3 3 3 2 ? ? E 6 3 3 6 ? ? E

1. Large in sec ts .

2. F ish ............................. — — — 4 13 4 — —

3. F r o g s ............................. — — — 12 6 8 — —

4 • S n a k e s ............................. ■ — — - 22 — 16 — — —

5. L i z a r d s ............................. — — — — — — — — —

6. A natidae , R allidae, pu lli 3 — 1 3 31 12 2 5 4

7. A natidae , R allidae, ju v ./ 
ad ., L im icolae ad. 3 9 4 4 6 5 — 1 <  1

8. L im icolae pu lli/ju v ., 
Phasian idae 30 64 49 2 __ 1 27 38 35

9. Passerifo rm es 27 14 13 8 44 21 29

10. Sm all m am m als 15 9 6 — 5 11 4 6

11. Larger m am m als 12 9 14 34 31 39 7 24 17

12. S u n d r i e s ............................ 9 1

13. U n k n o w n  . . . . 9 9 8 1 13 4 9 7 8

T o ta l n u m b er 33 11 79 101 16 173 131 185 316

0 '

x) See n o te  u n d e r  T able  6.
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cyaneus

T erschelling F levo land

1962 1968 1971 1972

2 <56 2 9 ? 27 4 55 4 9 9 27 2 c?<? 2 9 9 27 2 ¿c? 2 99 27

2 2

—  1 — 7 5 5 — — 4 1

5 2 — — —

15 —• 7 20 18 19 11 15 13 73 48 64

69 12 57 53 36 41 55 40 49 23 26 20

— — — 5 3 32 25 28 — —

15 88 33 20 34 31 10 6 22 8

— — 4 — —j —- 2 5 3 5 — 7

39 145 15 44 59 44 20 68 40 23 76
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(T able 13 : con tin u a tio n )

Circus

A m eland , 
1967, 1970

Terschelling

1962 1968

Sex an d  n u m b ers 1  O u 4 ¥9 2 <J<J 1 <? 1 9

1 . Large insects

2. F ish

3. Frogs

4. Snakes

5. Lizards

6 . A natidae , R allidae, pulli

7 . A natidae , R allidae, ju v ./
ad ., L im icolae ad.

8. L im icolae p u lli/juv .,
Phasian idae

9. Passeriform es

10. Sm all m am m als

11. Larger m am m als

12. S und ries  .

13. U n k n o w n  

T o ta l n u m b er

19

49

14

3

14

129

6

20

40

2

26

103

66

16

39

21

3

17

232

1

32

1

98

76

1

21

1

80

58

1

34

4

< 1

3

248

33

67

12

65

18

19

66

12

17 26

a
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lygargus

F levo land
1971 G ro o te  Peel S o u th e rn  F rance

2 de? 2 99 27 i <? 1 ? 27 2 d d 2 $9 27

6

73

14

4

2

43

43

14

15

67

11

6

2

2

2

70

6

2

18

67

22

11

2

2

70

8

2

17

25

6

14

50

6

87

2

7

3

2

64

3

5

24

2

3

49 14 66 50 9 60 36 61 102
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T ab le  14: In te r-  and  in tra sp e c if ic  c o m p a riso n  o f  p re d a tio n  o n  th e  m ost im p o rta n t p rey  ca te g o rie s ,
e x p re sse d  in p e rc e n ta g e s  o f  n u m b e rs .

* A m eland  1967/70 T erschelling  1962 T erschelling  1968 F levoland  1971

Prey category C .p. C.c. C .p. C c. C .p. C.c. C .p . C.c. C .a.

3 ? 3 ? 3 $ 3 ? 3 ? d S 3 $ d ? 3 $

Lim icolae, p u l l i .................................................

P h e a s a n t s ................................................................

8

12

2

3

21

6

18

20 }' }' }15
0

0

33

0

12

0

20

0

18

0

0

6

36

7

5

7

5

10

0
30

0

64

Passerifo rm es, pu lli and  S tarlings n o t 
in c lu d e d ................................................................ 36 16 43 18 25 17 69 12 44 59 53 36 25 29 32 5 15 0

Passeriform es, p u l l i .......................................... 9 4 0 0 6 4 0 0 11 12 0 0 49 14 7 0 12 0

V o l e s ....................................................................... 14 37 10 4 0 0 0 0 0 0 0 0 14 0 30 25 3 0

R a b b i t s ................................................................ 3 2 7 23 0 0 15 88 0 0 20 33 4 14 0 10 12 9

O th e r  an d  u n k n o w n  p r e y ............................ 19 37 14 16 0 0 0 0 11 18 7 12 2 0 20 45 27 27

T o ta l n u m b e r .................................................. 129 103 131 185 98 80 39 9 17 15 44 49 14 44 20 33 11

W
.J.A

. 
SC

H
IPPE

R
. 

— 
G

erf. 
63/1-2 

(1973)
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C om paring  C.c. to  C.p. in A m eland and Flevoland, the largest overlap 
was present in the food o f  C.p. males and C.c. males, but this was n o t 
strikingly larger than  the overlap in food o f C.p. males and C.c. females. 
C om paring  C.p. to  C .a. food com position  o f C.p. males and females 
b o th  show ed little overlap  w ith  C.a.

7. F O O D  O U T S ID E  BREED IN G SEA SO N .

O utside  the  breeding season prey data could  be collected only  by 
analysis o f pellets o f C.a. and C.c., collected at com m unal ro o st sites, 
and also by field observations. A  com parison  has been m ade w ith 
published  data on  pellets, prey rem nants and stom ach contents. In 
C.p. food  data outside o f  the  breeding season was particularly  scarce.

7 . 1 .  t h e  m a r s h  h a r r i e r ,  Circus aeruginosus.

Pellets were collected at com m unal roosts  near the  Etang de Vaccarés 
in the  Cam argue, in D ecem ber 1970, w here a round  20 M arsh Flarriers 
roosted  together. T he resu lt o f the  analysis is show n in Table 15. 
T he pellets contained  m ainly aquatic and m arsh anim als, w ith birds 
p redom inating , particu larly  A natidae. It appears from  o u r field

T a b le  15 : C o n te n ts  o f  214 p e lle ts  o f  C .a ., c o lle c te d  a t a  c o m m u n a l ro o s t 
in  S o u th e rn  F ra n c e ,  D e c e m b e r  1970.

P rey  category
Percen tage 
o f  n u m b er 

o f  p rey  reco rd s

Large i n s e c t s .............................................................................................. 8
Fish ............................................................................................................ <  1
R e p t i le s ............................................................................................................ 1
B irds to ta l  .............................................................................................. 75

Egretta g a r z e t t a ....................................................................................... <  1
A n a tid ae  .............................................................................................. 56
G allifo rm es ...................................................................................... <  1
R a l l i d a e ..................................................................................................... 7
L i m i c o l a e .............................................................................................. 1
P a s s e r i f o r m e s ...................................................................................... 11
U n k n o w n  b ird s  ............................................................................... 1

M am m als  t o t a l ...................................................................................... 16
R a b b i t /H a r e .............................................................................................. 2
Arvícola sp .................................................................................................... 1
Rattus sp ........................................................................................................ 1
Myocastor c o y p u s ............................................................................... 1
S o r ic id a e ..................................................................................................... <  1
M o u se  o r  v o l e ....................................................................................... 10

T o ta l n u m b e r  o f  p rey  r e c o r d s ................................................... 272

observations that attacks on  A natidae, m ainly Anas crecca and Anas 
platyrhynchos, were invariably directed  at disabled o r sick birds, m ost 
o f  them  p robab ly  bearing shotgun w ounds. T he hunting behaviour
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Fig. 3. —  C o m p a riso n  o f  h a b ita t p reference , ind ica ted  by fo o d  c o m p o s itio n  only .
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w ith  respect to  Anas crecca has been described by Tam isier (1970), 
w ho also concluded that p redation  was directed particularly  tow ards 
w ounded  individuals. Eating o f carrion  has regularly been observed. 
The rem nants o f Egretta garzetta in one o f the pellets likewise probably  
refer to  a sick bird o r even a corpse.

The relatively high percentage o f Passeriform es in the pellets corres­
ponds to  the great abundance o f buntings and finches in the Cam argue 
in  D ecem ber 1970 and January  1971. Bones were scarce in the pellets 
and only 5 bills (corresponding to  2.3% ) o f buntings, finches and /o r 
sparrow s were found. In one pellet (0.5% ) rem nants o f a Starling, 
Sturnus vulgaris, could be recognized.

T he few rem nants o f Myocastor coypus possibly refer to  carrion  also. 
O nly  young specim ens can be taken alive. Myocastor coypus was num erous 
in  the m arshes, b u t during  a period o f frost in January  1971 m any of 
them  perished, and before decom posing were o ften  found partially 
eaten by harriers.

Som e w inter food  data  o f Thiollay (1970) from  the Cam argue
m entions ducks and o th e r w ater birds, 1 Buteo buteo, 2 Pica pica,
3 Corvus monedula, and 1 Vulpes vulpes, the m ajority  o f w hich probably  
had been taken w hen these anim als were w ounded or dead. W in ter 
food  data from  Spain (Ebro delta, Decem ber) and Italy (Decem ber- 
A pril) also indicate the im portance o f w ater anim als; in Hungary 
(Septem ber-February) m am m als predom inated . In N W  C ongo cir­
cum stances are considerably  d ifferent from  S ou thern  Europe, and 
little data were available. See Table 17.

The num ber o f Passeriform es recorded  was low in all o f the above 
m entioned  areas.

Bakker (1955) observed C.a. to  be uncom m on in N oordoostpo lder, 
N etherlands, in w in ter and concluded th a t the harriers each took  
5-6 voles (M icrotus arvalis) a day on  the average. D em en t’ev (1966)
m entions w inter prey in Talysh w hich includes carrion, w ounded
birds, various w ater birds, e.g. rails and snipe, fish, small rodents; 
in S W  T urkm enia  principally  waterfow l, small rodents, lizards and 
fish.

7 . 2 .  T h e  H e n  H a r r i e r , Circus cyaneus.

Pellets were collected at com m unal roosts in Terschelling (ca. 15 birds), 
Lauw erspolder (ca. 30 birds), and Flevoland (1970 : ca. 50 birds; 1971 : 
ca. 30 birds). T he data, presented in Table 16, show  tw o different 
types o f food. In L auw erspolder and Flevoland 1970, where M icrotus 
arvalis was very num erous, the am oun t o f these voles in the food was 
very high, while th a t o f  birds was com paratively low. Accordingly, 
in  Flevoland (1970), all 24 prey captures observed involved voles. 
In Terschelling w here voles are lacking and in Flevoland (1971), when 
the  M icrotus arvalis popu lation  was a t a relatively low  level, bird rem ains 
p redom inated . In Terschelling Starlings were recognized in 45.7%  of 
the  to ta l o f Passeriform es found  in the pellets.
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T ab le  16 : C o n te n ts  o f  p e lle ts  o f  C .c. fro m  v arious lo ca litie s .

Percentage of number of prey records

Prey category

T e r­
schelling F levo land L auw ers­

p o ld e r

January  
1970 

70 pelle ts

January  
M arch  

1970 
417 pelle ts

January  
F eb ruary  

1971 
110 pellets

February

1971 
50 pellets

B irds t o t a l .................................................. 63 7 49 8
A n a t i d a e ........................................... .— . 3 .— . .— .

P h a s i a n id a e ........................................... 2 1 _ _
R a l l i d a e .................................................. 1 2 — —
L i m i c o l a e ........................................... 2 1 __ .—

P a s s e r i f o r m e s .................................... 58 <  1 _ _
U n k n o w n  b i r d s ............................. _ <  1 __ —

M am m als to t a l ........................................... 37 93 51 92
R a b b i t / H a r e .................................... 11 <  1 — —
Rattus sp .................................................... — <  1 — —
Sorex a r a n e u s .................................... 2 <  1 __ .—.
M icrotus arvalis ( * ) ............................. — 87 37 92
M  icromys m i n u t u s ............................. — 5 14 —
Apodem us sy lva ticu s ............................. 11 —. .—. —

O th e r-u n k n o w n  m ice . . . . 12 —■ — —

T o ta l n u m b e r o f  p rey  reco rd s  . 90 453 123 52

(*) M ay inc lude  a few  Microtus agrestis.

A ll these data suggest tha t C.c. shows a preference for voles wherever 
these are num erous, hu t when necessary they can switch over to  Passe- 
riform e birds.

A lso H a m e r s t r o m  (1969) noted th a t for the A m erican M arsh Hawk 
(Circus cyaneus) a scarcity o f voles during the breeding season is im por­
tan t as it leads to  increased feeding on birds; there existed a close 
agreem ent betw een harrier p roductiv ity  and vole abundance.

V arious scources in the literature also give evidence o f a preference 
of C.c. for M icrotus arvalis in winter, som e o f which will be cited below 
and in Table 17.

In Baye de l’A iguillon, France, in w inter 1965-1966, Avhen the popu­
lation o f Microtus arvalis was at a m axim um , fewer Passeriform es were 
recorded as food o f C.c., com pared w ith the w in ter before. Similarly 
during a plague o f Microtus arvalis in Kent, G ilham  (1955) observed 
many H en H arriers. In Italy, where Microtus antalis only occurs 
locally in the no rth , and o ther d iurnal roden ts are n o t accessible, 
Passeriform es are the m ost im portan t food for w intering C.c. In the 
stom achs o f  C.c. collected in H ungary and Yugoslavia m any Microtus 
arvalis were found am ongst o ther small m am m als and Passeriformes.
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W a s s e n ic h  (1968) supposed  prey o f C.c. in Luxem bourg to  be small
m am m als. Successful catches o f small birds were no t observed.

7 . 3 .  T h e  M o n t a g u ’s H a r r i e r ,  Circus pygargus.

As C.p. spends the w inter m ainly in trop ical Africa, we did no t
collect data on  their w in ter food. Besides, w inter prey data on  C.p. 
have been very rarely recorded , but includes m ainly insects and lizards 
(see : G lutz von Blotzheim  et al. 1971). O n  arrival at their still snow- 
covered ranges in the Kirgiz steppe, eating o f carrion  has been observed 
( S u s c h k in ,  1908, in G lutz von Blotzheim  et al. 1971). Evidence of 
C.p. frequently  taking Passeriform es is n o t apparen t th roughou t the 
literature. In Kenya C. S m e e n k  (pers. com m .) observed som e captures 
o f  small g round birds, bu t in agricultural land great densities o f w intering 
harriers may indicate a preference for small m am m als (Sm eenk d it not 
visit locust-rich areas).

For data on  food o f m igrating harriers in S ou thern  Europe : see 
Table 17.

A  tho rough  study  o f the  w inter food o f C.p. w ould  be w orthw hile 
and  could  be m ade, fo r exam ple, by analysing pellets collected at 
com m unal roosts.

7 . 4 .  C om parison .

A lthough  w inter food data are com paratively scarce, som e striking 
interspecific differences are apparent. C.a. appears to  prey a great 
deal on  m arsh anim als, o ften  o f considerable size, and probably  fre­
quen tly  includes sick o r otherw ise disabled anim als and carrion. Heavy 
p redation  on voles has only  been suggested by Bakker (1955), although 
th is has never been confirm ed  by subsequent system atic food studies.

C.c. appeared to  prefer M  icrotus arvalis, w herever abundant, but is 
capable o f taking large num bers o f Passeriform  birds w hen voles are 
n o t available.

In its A frican w inter quarters C.p. seems to  take m ainly small prey, 
like large insects and lizards, bu t possibly also o ther small ground 
anim als.

M ore inform ation  on  the w inter food o f C.a. and C.p. in A frica is 
required . Possibilities fo r studying intraspecific sexual differences in 
prey  selection in w in ter were n o t found.

8. SEL EC TIO N  O F H U N T IN G  H A BITATS.

This chap ter deals w ith the problem  o f w hether and to  w hat extent 
prey com position  can tell us som ething abou t the selection o f hunting 
habitat. A s a discussion on hunting  will be restricted  to  ano ther 
paper, we will only  deal here w ith a com parison  o f the prey com position  
o f  the harrier species and the prey densities recorded in distinct habitats



T able 17 : Survey o f  published w inter food  data .
Legend : 1 T hio llay , 1968; 2 =  M o lto n i, 1937; in  G lu tz  v o n  B lotzheim , et al., 1971; 3 =  B ittera , 1914; 4 =  C hap in , 1932;

in G lutz von  B lotzheim , et. al., 1971; 5 =  D ickson , 1970; 6 =  G lu tz  vo n  B lotzheim , et. a l., 1971; 7 =  C astrov ie jo , 1968 
in G lu tz  von  B lotzheim , et a i ,  1971; 8 =  B ittera , 1914 an d  C zo rno i, 1959 in  G lutz von  B lotzheim , et a l ,  1971.
A ll s tom ach  data  an d  p rey  rem n an ts  rep resen t actual p rey ; p re sen ta tio n  o f  p rey  n u m b ers  fro m  pellets is un k n o w n .

Circus aeruginosus Circus cyaneus Circus pygargus

1 2 3 4 5 1 &. 6 2 8 7 3

Prey category
S pain Italy H ungary C ongo S co tland V endée France Italy H ungary

&
Spain H ungary

Y ugo­
pellets slavia

and  prey 37 15 6 32 1964/65 1965/66 19 67 4 12
rem n an ts stom achs s tom achs stom achs pellets pelle ts stom achs stom achs stom achs stom achs

Insects .................................... ^  3 1 49 ^  6
F is h .................................................. 8 2 ____ ____ -- --- — — — — —
Frogs and  toads . . . . 3 5 -- -- — --- --- — — • — — —
L i z a r d s .................................... — 1 --- 4 --- --- — — — — 1
A n a t i d a e .................................... 7 2 --- — --- — — — — —
P h a s i a n i d a e ............................. — — 1 — --- --- — — 9 —- 1
R a l l i d a e .................................... — 9 --- 1 ---- --- —  - 1 — — —
L im ic o l e s .................................... 2 — --- — 2 1 — — — — —
Passerifo rm es . . . . 5 3 1 — 32 37 13 12 39 — —
O th e r  and  u n k n o w n  b ird s  . 2 12 5 2— 3 — 5 7 — 3
Sm all m am m als . . . . 5 7 2 1 4 23 515 10 57 — 1
L arger m am m als . . . . 4 — 16 — — — — 1 — — 1
C arrio n  (do lph in) 1 — — — — — — — — — —
B ird e g g s .................................... 5-6
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(Table 4). A s prey densities have only  been roughly estim ated, only som e 
general observations can be m ade.

T he assum ption  has been m ade th a t harriers prey  w here they find 
a particu lar prey species in its highest densities.

Ameland.

A s C.a. supplied  a higher percentage o f w ater birds than  did the 
o th e r harriers, C .a . m ust have frequented  wet habita ts m ore than  did 
the o th er species. H ow ever the to ta l num ber o f prey items observed 
in C.a. was low. The o th er tw o species o f harrier may have taken 
Passeriform es in  reed m arshes as well as in their d rier habitats. As 
som e reed inhabiting  Passeriform es were present in the food o f C.c. 
and C.p. as well (e.g. Emberiza schoeniclus-, also Sturnus vulgaris, which 
m ay have been captured  in reedbeds at their roosts), these harriers 
seem  to  have at tim es also hun ted  over reed m arshes. Still C.p. 
supplied  relatively m ore Passeriform es inhabiting open  fields (e.g. 
larks) than  did C.c., suggesting th a t C.p. also frequented  the cultivated 
area.

Largest num bers o f young Limicolae and Phasianidae were taken by 
C.c., indicating th a t th is species had been hun ting  over sand dunes 
and m eadow s. C.p. supplied  the highest percentage o f voles, w hich 
it m ust have taken in d ry  dune valleys o r m eadow s. In 1967 voles 
were o ften  supplied  by the females and at very sh o rt intervals, which 
suggests that they were cap tured  in the vicinity o f th e  nest in the dunes.

M ost o f the rabbits were supplied by C.a. These m ust have been
m ainly caught in the  land dunes, w here they were also regularly captured  
by fem ales o f  C.c.

Terschelling.

The few Limicolae cap tured  by C.a. probably  originated from  the 
cultivated area o r Boschplaat. Rabbits m ay have been preyed upon 
by C.a. and C.c. (particularly  females) in the dunes.

High percentages o f Passeriform es in the food o f C.c. and C.p.
suggest th a t these species have been frequently  hunting  in the dunes. 
A s in A m eland C.p. supplied  relatively m ore field inhabiting Passeri­
form es (larks)., w hich p robab ly  have been captured  in the m eadows 
in the cultivated area o r in the Boschplaat.

Lizards cap tured  by C.p. p robab ly  originated exclusively from  the 
dunes. The sh o rt intervals betw een the capture o f prey items also 
indicates th a t they had been taken  n o t far from  the nest.

The num erous Passeriform es, especially Starlings, taken in w inter, 
could  have been taken all over the island, bu t their roosts may have 
been particularly  attractive to  harriers.
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Flevoland.
As in A m eland, the presence o f w ater birds in the food o f C .a. 

points to  hunting in reed marshes, where o ther im portan t prey items 
com m on in the food o f C.a. can be caught. In addition, open field 
inhabiting species, like larks and voles, have been recorded in the 
food o f C.a. males.

Small songbirds, supplied by C.c. and C.p. (especially larks) suggest 
tha t these species had been hunting over crops and verges, bu t reed 
inhabiting birds (Emberiza schoeniclus, Panurus biarmicus, Acrocephalus 
species) have also been supplied by C.c. As in A m eland and Terschel­
ling, m ost Passeriform es supplied by C.p. were larks. M ore voles 
were supplied by males than  by females o f bo th  C.c. and C.p., which 
m ade us th ink  that males had m ore frequently  been hunting in the 
open fields than  females.

T he w inter food com position  o f C.c. suggested different m ain habitat 
selection in 1970 and 1971. Pellet exam ination in 1970 show ed m ostly 
voles, which probably  had been captured  in the open  fields; in 1971 
we found m any m ore birds and Microm;ys minutus instead, suggesting 
that during this w inter the harriers had been frequently  hunting  in the 
reed m arshes, rather than  in the open fields, where, incidentally, voles 
were scarce now.

Groote Peel.
W hereas C.a. frequented colonies o f Larus ribid.und.us in the m arshy 

area, the food com position  o f C.p. (num erous songbirds and o ther 
prey o f  open fields) indicated that this species had been m ostly hunting 
outside the m arshy area in m eadows and crops.

Northern France.

The only conclusions on habitat selection refer to  C .a ., whose food 
com position during the nesting period indicated tha t these birds had 
been mainly hunting in m arshes and open fields. Typically marsh 
inhabiting species included Qallinula chloropus and Rallus aquaticus but 
an additional Crex crex was probably  caught in dam p m eadow  or grassy 
fields. O n  m ost occasions m ore prey species from  open field were 
supplied by males than by females.

Southern France.
O f C.a. m ainly aquatic species were observed (fish, frogs, snakes, 

young Rallidae). The additional rabbits m ay have been taken from  
d rier sites, like Sealavender sward and edges.

In w inter C.a. preyed m ainly upon A natidae, apparently  in the open 
m arshes where ducks were abundant.

Comparison.
In all o f  the study  areas m ost o f the prey items o f C.a. m ust have 

been captured in m arshy lands, but in A m eland, Terschelling, Flevoland
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and N o rth ern  France add itional prey species had been captured  in the 
grasslands and Boschplaat (Terschelling), and in the  open agricultural 
fields (Flevoland and N o rth ern  France).

Judged from  the prey supplied  to  their nestlings, C.c. and C.p. m ust 
have been hunting  in dunes and m arshes. H ow ever there was evidence 
th a t bo th  species m ore frequently  hun ted  over m eadow s, Boschplaat 
and agricultural fields th an  d id  C.a.; C .p. apparently  was relatively 
m ore  active in these habitats than  C.c.

D uring the tw o w inter seasons in Flevoland C.c. exhibited its possi­
bility to  change from  m ainly hunting  over open  fields (after voles) 
to  m ore hun ting  over m arshes (after birds).

A t least in the breeding season all three harrier species often  hunted  
in the same habitats. In o rder to  find o u t if quantitative differences 
exist in the use o f these habitats, the following habita t d istinctions have 
been m ade :
a . Breeding habitats, o ften  w ith dense and rather tali shrub , scrub and 
bush herb  vegetation in m arshy areas and dunes
b. The surround ing  fields, generally w ith lower vegetation : m eadows, 

grasslands, saltings and agricultural fields.

T he average use o f these tw o types o f habitat by the three harrier 
species is schem atically indicated in Figure 3; C .a. show ed a tendency 
to  frequen t m arshes and dunes m ore than  did C.c. and C .p., while 
C.p. frequented  fields and grasslands m ore than did either C.c. and 
C.a. In C.c. and C.p. food observations gave evidence that the females 
m ore often  hun ted  in the vicinity o f the nest and consequently  over a 
m ore struc tu red  vegetation than  did the males. In C.a. males also 
supplied m ore field inhabiting prey than  did the females.

These general conclusions concerning hab ita t preference concur 
w ith  field observations at hunting  harriers (Schipper, in prep.).

9. FA C T O R S IN FL U E N C IN G  IN TERSPECIFIC A N D  IN TR A SPECI­
FIC DIFFEREN CES IN PREY SUPPLY A N D  PREY SELECTIO N .

9 . 1 .  Q uan tita tive  differences.
In the preceeding chapters interspecific and intraspecific differences 

and  overlaps in food com position  were recorded. However nothing 
so  far has been said ab o u t the real food dem and expressed in prey 
num bers in a given period  o f tim e and also abou t the factors influencing 
prey  selection.

In relation to  the prey num bers required , quantita tive  interspecific 
differences appeared to  be present in harriers, whereas in relation to  the 
prey selection som e factors were foui d to induce qualitative differences 
and overlap in food com position . Som e factors probably  influence 
quan tita tive  as well as qualitative differences. This section will deal 
m ainly w ith the factors th a t induce quantitative differences.
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9 . 1 . 1 .  Number o f prey items required.

The num ber o f prey items required was sum m arized for the periods 
tha t the young in the nests were fed by the parents. A lthough the 
adult birds shared in the food supplied we got the im pression that 
generally the num ber o f young to  survive was ultim ately related to  the 
num ber o f prey items supplied. This m eans th a t in som e cases one 
or m ore young died, un til the am ount o f food supplied was sufficient 
fo r the rem aining num ber o f young. This conclusion does n o t concur 
with those o f T in b e r g e n  (1940) in Falco tinnunculus, L uttich et al. (1970) 
in Buteo jamaicensis and o f d e  V r ie s  (1973) in Buteo galapagoensis. 
How ever, L a c k  (1966) discussed the dependence o f breeding success 
on  prey densities in o ther species.

The num ber o f prey item s was calculated fo r a period o f 100 hours 
o f nest observations and per single young. This was done by dividing 
the to tal num ber o f prey item s observed at a certain  nest by the num ber

T a b le  18 : N u m b e r  o f  p re y  ite m s , su p p lied  by a d u lts  p e r  100 h o u rs  o f  n e s t o b se rv a ­
tio n s  a n d  p e r  y o u n g . M e a n , s ta n d a rd  d e v ia tio n , n u m b e r  o f  n ests  an d  
95 %  c o n f id e n c e  lim its o f  th e  m e a n  a re  sh o w n . N o t  in c lu d e d :  C .a. in  
N o r th e rn  F ra n c e  b e c a u se  o f  e x c e p tio n a l c irc u m s ta n c e s  e x p la in ed  in  
C h a p te r  6 .2 .

L ocality C . pygargus C . cyaneus C. aeruginosus

A m eland
m ean  ±  s.d . 3 1 .4  ±  9 .8 2 4 .7  ±  6 .4 1 0 .0  ±  —

n 5 9 1
c.l. 19 .2 , 4 3 .6 17 .3 , 32 .1 —

T erschelling
m ean  ±  s.d. 4 4 -4  ±  2 3 .9 17 .2  ±  4 .3 1 2 .0  -

n 6 9 1
c.l. 19 .4 , 6 9 .4 13 .9 , 2 0 .5 —

Flevoland
m ean  i  s.d . 2 7 .0  ±  5 .7 2 5 .0  ±  7 .1 2 0 .5  ±  6 .3

n 2 2 2
c.l. -  2 4 .3 , 8 8 .3 —  3 9 .0 , 8 9 .0 -  3 6 .3 , 7 7 .3

G ro o te  Peel
m ean  rfc s.d . 5 4 .0  ±  — _ --

n 1 0 0
c.l. — 5  11 —

S o u th e rn  F rance
m ean  ±  s .d . 5 0 .5  ±  2 8 .3 _ 1 9 .0  ±  1 .4

n 2 0 2
c.l. — 2 0 5 .5 , 306.5 — 6 .4 ,  3 1 .6

O vera ll
m ean  ±  s.d . 3 9 .6  ±  19.6 2 1 .3  ±  7 .0 1 6 .8  ±  5 .5

n 16 20 6
c.l. 2 8 .8 , 5 0 .4 18 .0 , 2 4 .6 11 .0 , 2 2 .6
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o f  observation  hours and the num ber o f young, and m ultiplying the 
result by 100. M ean values obtained  in this way are presented in 
T able 18. In general C .a. exhibited a relatively low  num ber o f prey 
item s per young, C.p. the  highest num ber.

In con trast to  the preceeding chapters in which only the relative food 
com position  has been considered, we now  have to  take in to  account 
the  quan tita tive  differences in food supply, in o rd er to  be able to  
com pare the food dem and in a given period per single young. This 
has been done fo r the th ree  study  areas in w hich d irect interspecific 
com parisons were m ade.

T a b le  19 : C o m p a riso n  o f  p rey  se le c tio n  an d  p rey  re q u ire m e n t (in  n u m b ers ) 
p e r  100 h o u rs  o f  n e s t o b se rv a tio n s  an d  p e r  y o u n g .

P rey  category

A m elan d T erschelling F levoland  1971

C .p. C .c. C .a . C .p. C.c. C .a . C .p. C.c. C .a .

L im ico les pu lli 1 .5 4 .3 0 1 .0 0 .8 3 .1 2 .1 1.1 0

P heasan ts 1 .9 3 .3 1 .0 0 0 .5 0 2 .1 2 .2 10 .4

Passerifo rm es, pu lli 
an d  S tarlings n o t 
in c lu d ed  

P asserifo rm es p u lli
10 .5

2 .6
7 .6
0

0
0

1 4 .9
3 .7

9 .7
0

0 .3
0 .3

6 .6
11.5

5 .2
1.1

1 .9  
1.1

V o les . . . . 7. 2 1. 4 0 0 0 0 2. 9 6 . 9 0 . 8

R a b b its 0 .7 3 .7 4 .8 0.1 4 .0 6 .2 1.5 1.5 2 .7

O th e r  an d  u n ­
k n o w n  p rey 7 .0 4 .4 4-2 2 4 .7 2 .2 2 . ! 0 .3 7 .0 4. 1

T o ta l
(see T ab le  18) . 3 1 .4 2 4 .7 10 .0 4 4 .4 17.2 1 2 .0 2 7 .0 2 5 .0 2 1 .0

N um bers obtained  in th is way (Table 19) again show ed the same 
prey categories as in C hap te r 6 . 2 .  to  be the m ost im portan t. th e  
greatest overlap apparently  occurred  in the to ta l predation^ on Passeri­
form es by C.c. and C.p. and in the p redation  o f rabbits by C.a. and C.c.

These data do  n o t yet tell anything abou t differences in the participa­
tio n  o f males and fem ales in supplying prey to  their young.  ̂ D uring 
the  nestling period  the ratio  o f prey num bers taken  by males and females 
was generally n o t constan t, bu t it was im possible to  take any changes 
in participation  by m ales and females during  the nestling period into 
account. See C hap ter 9 . 1 . 2 .

It was show n in Table 19 th a t in one species the num ber o f prey 
item s required  per young was n o t the same in each o f  the study  areas.
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Probably  this num ber was ultim ately related to  the selection o f certain  
prey species o r categories. In localities w here small prey items were 
supplied  prey num bers were m ostly  high and vice versa (see Figure 4). 
For inter- and intraspecific differences in prey weight, see C hap ter 9 . 2 . 5 .

In C.a. the prey num bers per h ou r were com paratively high in the 
Cam argue. It is n o t conclusive w hether this feature can be com pletely 
explained by the sh o rte r period  o f daylight in S ou thern  France as com ­
pared w ith  the o th er localities studied, o r by the lim ited food value 
o f som e prey categories. Snakes in particular were poorly  exploited 
and m any rem ains were left a round  the nests.

T he extrem e values in N o rth e rn  France should  be noted .

In C.c. the  prey num bers supplied  were n o t very different in the 
th ree  study  areas w hich co rresponds to  sim ilar average prey weights.

In C.p. the prey  num bers were com paratively high in G roo te  Peel. 
In this area som e eggs did n o t hatch , possibly because o f biocide poison­
ing (Koem an, pers. com m .). T herefore  this additional factor as well 
as the food supply  determ ined  the u ltim ate num ber o f young fledged.

It will be clear th a t in cases o f interspecific overlap in food com posi­
tion , overlaps in the categories o f heavy and small prey, as a rule, are 
o f d ifferen t significance, as in cases o f large prey item s a sm aller num ber 
is requ ired  in  re la tion  to  the  sm aller prey item s.

In Figure 4 p rey  weights are show n. O nly  the  weights o f com plete 
prey anim als are included as it was im possible to  indicate w hat p ro p o r­
tio n  o f  the  to ta l p rey was actually eaten and w hat was discarded.

In the calculations all p rey  item s observed are considered to  have 
been fed to  the young. H ow ever as m entioned  above, there  is evidence 
th a t the adu lt male and fem ale frequently  share in the eating o f the 
prey. It is possible th a t all o f  the prey captured  is supplied to  the 
nest and th a t the adults take their share from  this prey.

9 . 1 . 2 .  Breeding time and development o f young.

It is a well know n fact that the E uropean  harrier species do  n o t 
breed at the  sam e tim e o f  year. As a consequence, the period o f 
m axim um  food requ irem en t for the young of each species is dispersed 
th ro u g h o u t the com m on  breeding season. In Figure 5 these periods 
are depicted  by com paring the  hatching date o f the first egg observed 
du ring  o u r study  years (in Flevoland the year 1972 is also included and 
in S ou thern  France som e years p rio r to  1969).

It is show n th a t w ith in  large ranges the m edian values per species 
are only slightly d ifferen t, especially in C .a. and C.c., but in each 
locality the interspecific differences are apparent, C.a. being the earliest 
breeder, C.p. the  latest. As the incubation  period  o f C.a. is a few 
days longer than  in C.c., the  m edian date o f the first egg will be even 
earlier.
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It m ay be noted  that in o u r study  areas the longest daylength is on 
June 21-22. A t tha t tim e, w hen possibilities for large daily food 
supplies are optim al, the young o f C.p. as a rule are small, whereas 
those o f C.a. and C.c. are in a fu rther stage o f developm ent.

A rea  a n d Number
s p e c i e s o f  n e s t s

A m e la n d C a. 5
C c 20
C.p 9

T erschell ing C a 5
C c 17
C.p 12

F le v o la n d C a. 22
C c 4
C.p. 12

Groote Peel C a 1

C p 1
N F r a n c e C a. 3

C.c. 1
C.p. 2

S F r a n c e C.a 16

C p 2

11 21 31 10 20 30 10 20
May J u n e July

—  Fig. 5. H atch ing  dates o f  f i r s t  egg : M ed ian  value an d  range.

In C hap ter 9 . 1 . 1 .  a tten tion  has been draw n to  the  specific differences 
in food  requ irem ent per nestling. Im p o rtan t overlaps in prey com ­
position  appeared to  be present. C onsidering the significance o f

T a b le  20 : N u m b e r  o f  p rey  item s su p p lied  by m ales a n d  fem a le s  to g e th e r  in  d if fe re n t 
p e rio d s  a f te r  h a tch in g  o f  th e  f i rs t eg g . m  m e a n  n u m b e r  o f  p rey  item s 
p e r  100 h o u rs  o f  o b se rv a tio n s  a n d  p e r  y o u n g  ; r  =  ra n g e  ; n  n u m b e r  
o f  n e s ts  o b se rv e d .

Species

N u m b e r o f  days a fte r h a tch ing  o f  f irs t egg

M O 11-20 21 and  m ore

m 26 39 43
Circus pygargus r 12-43 22-91 18-75

n 6 13 14

m 24 17 26
Circus cyaneus r 12-29 5-23 13-33

n 6 16 16

m 20 17 18
Circus aeruginosus r 12-28 8-24 11-24

n 2 4 6
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T a b le  21 : N u m b e r  o f  p rey  item s su p p lied  by m ales  an d  fem a le s  in d if fe ren t p e rio d s  
a f te r  h a tch in g  o f  f irs t egg . E ach  h o rizo n ta l ro w  o f  fig u res  re p re se n ts  
d a ta  fro m  a s e p a ra te  n e s t . § =  see  re m a rk s  in te x t .

N u m b er o f  days after hatching

L ocality  an d  species -10 21 an d  m ore1 1 - 2 0

C ircus aeruginosus 
F levo land  
S o u th e rn  F rance §

T o ta l

C ircus cyaneus 
A m elan d

T ersche lling

F levo land

136T o ta l

Circus pygargus 
A m elan d

T erschelling

F levo land

G ro o te  Peel

S o u th e rn  F rance

136147 117T o ta l

A verage %  C .c. an d  C .p.
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these overlaps the specific differences in nestling periods referred to  
above are o f im portance. O bserved overlap in the food com position 
of the three species o f harrier is therefore divided in tim e as the nestling 
periods differ.

T inbergen (1940) found in Falco tinnunculus th a t the prey supply 
frequency gradually increased until the nestlings were abou t three 
weeks old. In the  present study  it proved im possible to  conclude tha t 
in any particular stage o f developm ent o f the young, m ore prey was 
supplied than  in o ther stage (Table 20). S tudy on  this subject should 
be continued.

So far the degree o f participation o f males and females in total prey 
supply  to  the  nests has n o t yet been discussed. In all three harrier 
species there was evidence tha t w hen the young are small, females 
often  stayed on  o r near the nests and p robab ly  d id  n o t participate 
in obtaining the food. Later on, the females began to  supply  m ore 
and m ore food on  their ow n. S im ultaneously males appeared less 
often near the nests. In a num ber o f cases the males seem ed even 
to  have disappeared by the tim e of fledging . These field im pressions 
appeared to  be confirm ed by the data presented in Table 21, although 
in d ifferent nests o f the same species, trends in this respect could 
differ. In C.a. the  data o f intraspecific differences are possibly biased, 
as the num ber o f prey items o f unknow n origin (provided by male or 
female) is high. In this prey category the share o f females is undoubtly  
higher than  tha t o f the males, so it is p robable  th a t the num bers of 
prey item s taken  by the males and females may show  o ther real diffe­
rences, and they are n o t included in the  average values.

A ssum ing :
(a) tha t the  to ta l num ber o f prey item s per hour, supplied by males 

and females together, rem ained approxim ately the same th roughou t 
the nestling period;

(b) that the ratio  o f participation  by males and females in prey supply 
in all three harrier species changes during the nestling period 
according to  the average percentages o f C.p. and C.c. in Table 21;

(c) tha t the data o f first hatching in C .a. and C.c. show  a difference 
o f th ree days on  the average, in  C.c. and C.p. o f  twelve days; and

(d) th a t the food  requ irem ent o f the  paren t birds are d iscounted (see 
C hap ter 9 . 1 . 1 . ) ;

then  the participation  o f males and females o f all three species in food 
supply  per young can be com pared as in Figure 6. As the supply 
of food is continued  during the weeks o f the post-fledging period, 
the curves covering that period have been draw n by extrapolation. 
O ne has to  keep in m ind tha t in this way only m edians and averages 
are involved, and that in any situation  the  deviations from  these lines 
can be considerable.

The overlaps and differences in food com position , bo th  interspecific 
and intraspecific, should  be considered w ithin the lim its o f sim ultaneous
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participation  in the food supply  o f nest young by males and females 
o f all harrier species present. A ccording to  Figure 6 the inter- and

n u m b e r  of
prey  items

30 -

20 -

10-

0-
0  10 20  30  40  50

<? 9
C p  A--- ¿3 A  -  -A
C.c o-----o o — -o
C a •----- •  «------ •
 ex trap o la t io n

d ays a f t e r  f i r s t  ha tch ing

Fig. 6. —  C o m p a riso n  o f  p rey  n u m b ers , su p p lied  p e r 100 h o u rs  o f  n es t o b se rv a tio n s 
an d  p e r  y o ung  in  A m elan d , T erschelling  an d  F levoland .

intraspecific relations are n o t constan t in this respect; these overlaps 
and differences therefore need different in terp re ta tions at any given 
m om en t o f the  fledging and post-fledging period . Still, som e general 
observations can be m ade.

As in the  beginning o f the  nestling period  males especially are m ore 
active in supplying food  fo r the young and tow ards the end particularly  
the  females, males and females o f the d ifferent species will often  hun t 
at the same tim e, w henever m ore than  one species nest together. A t 
the  m om ent in the life cycle o f  C.p. w hen the m axim um  food is 
requ ired  and the C.p. males bu t n o t yet the females are m ost active, 
the  females o f C.a. and C.c. have started  to  be rather active, whereas 
the  C.a. and C.c. males are gradually lim iting their participation in the 
cap ture  o f prey.

If one unravels Figure 6 the following chronological sequence of 
im portance o f p redation  arises :

C.a. males - C .a. fem ales - C.c. males - C.c. females - C.p. males - C.p. 
fem ales. It shou ld  be no ted  tha t this sequence corresponds well with 
the sequence o f body weight o f the three harriers, C.a. being the largest, 
C.p. the  sm allest (Figure 7). This sequence is built up in such a way 
th a t chronologically, interspecific steps are greatest. W hen the real 
chronological in terrela tionsh ips are incorporated  in this m odel, the 
sm allest steps in body weight are separated by the greatest span o f 
tim e (C.c. m ale-C.p. male and C.c. female-C.p. fem ale; see Figure 8).
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The conclusion seems justified that a tendency is present, that at 
any time during the breeding season greater predation activity is dis­
played simultaneously by those harriers differing most strongly in 
size and therefore predation potential.

g weigh t 
7 5 0 -

500 -  rn —
2 5 0 -

0 j  — — — — — — — — — — —

c? 9 <7 ? c? 9
C.a. C.c. C p.

Fig. 7. —  A verage b o d y  w eights o f  ad u lt h a rrie rs  in  ch rono log ica l sequence  o f  greatest 
p red a tio n  ac tiv ity , un rav e led  in  tim e  d u rin g  th e  b reed ing  season  (w eight data  
derived  f r o m  N i e b o e r , 1973).

g  weight

number  of  days
Fig. 8. —  A verage body  w eights o f  a d u lt h a rrie rs  in  ch rono log ica l sequence  o f  g reatest 

p re d a tio n  ac tiv ity  d u ring  th e  b reed ing  tim e  (w eight da ta  derived  from  
N i e b o e r , 1973).

A sim ilar situation  may be present, for exam ple, am ong sym patrically 
and sym topically living m em bers o f  the genus Accipiter; in Europe 
Accipiter gentilis, the larger species, breeds before A . nisus (O pdam ,
1972); in N orth  A m erica A . gentilis breeds before A . cooperii and 
A . striatus, w hereas A. striatus is the  latest breeder (Craighead and 
Craighead, 1956).
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The sexual d im orph ism  in size in  C.p. is am ong harrier species a 
relatively small one ( N i e b o e r , 1973). In this con tex t the isolated 
position  o f  the  C.p. fem ale in Figure 8 is no tew orthy , bu t increasing 
the body size w ould needlessly reduce the interspecific size differences 
in rela tion  to  the  females o f  the o ther species.

9 . 1 . 3 .  Weather.

T he influence o f differing w eather conditions on  the prey supply 
has been checked th ro u g h o u t the study  and will be discussed below.

T a b le  22 : C o m p a riso n  o f  n u m b e rs  o f  p re y  item s su p p lie d  d u rin g  w e t 
an d  d ry  p e rio d s  o f  th e  sam e  d u ra t io n , a t  th e  sam e  tim e  o f  th e  day  
a n d  a t  th e  sam e  n e s t .

P e rio d s o f rain C o rre sp o n d in g  d ry  pe rio d s

L ocality  an d  species

C o d e
n u m ­

ber
o f

nest

D u ra ­
tio n
o f

show er
in

h o u rs

N u m b e r 
o f  p e rio d s  

w ith  
n  p reys

N u m b e r o f  perio d s 
w ith  n  p reys

n =  0 n  =  1 n =  0 n =  1 n =  2 n  =  3

Circus aeruginosus

F levo land  . . . . 13 0 .5 0 1 2 2
15 0 .5 0 .— 1 3 — .— —
15 1.25 1 — 1 2 — —

N o rth e rn  F rance 1 0 .5 0 1 3 _ —
1 0 .5 0 1 --- 2 --- — —
1 0 .7 5 1 --- 1 1 — — :
1 0 .5 0 1 --- 2 -— — —

S o u th e rn  F rance 7 1 .00 1 5 3 _ .— .
7 1 .00 1 --- 2 4 2 —
7 1.50 1 --- 1 5 1 1

C ircus cyaneus

Flevo land  . . . . 1 1 .00 1 1 1
D 7 1 .00 1 — — 2 1 —

Circus pygargus

F levo land  . . . . 2 1 .00 1 1 .___

G ro o te  Peel 3 1 .50 1 2 2 2 2
3 1.25 2 --- 2 2 1 —
3 1.25 1 --- 1 2 — —
3 1.00 1 i 3 3 2 —
3 0 .5 0 1 — 5 3 — —
3 0 .2 5 1 8 1
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a. Rain.
Periods o f rain during nest observations have been com pared with 

corresponding  periods on  o ther days at the same nest during dry 
w eather. O nly  rain w ith an intensity  o f at least 0.2. m m  an hour was 
considered. The results are show n in Table 22.

Rain reduced the prey supply  in  all th ree  harrier species. Generally 
no  interspecific differences in prey supply resulting from  rain could 
be established. O n  one occasion how ever, during a long sustained 
period o f rain, C.c. supplied 16 prey item s and C.p. none (Terschelling, 
1961).

T a b le  23 : C o m p a riso n  o f  w in d  ve loc ity  an d  supp ly  o f  sm all m am m als  and  b irds 
to  th e  n e s t yo u n g  d u rin g  n e s t o b se rv a tio n s . M e a n  values o f  w ind  ve loc ity  
in  m /se c , s ta n d a rd  d e v ia tio n , n u m b e r  o f  p rey  item s a n d  95 %  c o n fid e n c e  
lim its o f  th e  d if fe re n c e  b e tw e e n  th e  m ean s  a re  g iven .

L ocality  and  year

Sex 
and  

ind iv idual 
code  

n u m b er 
o f  

the  b ird

voles,
m ice

b ird s c.l.

C . aeruginosus

Flevoland  1 9 7 1 .................................... d  15 1 3 .7 ± 8 .0 8 . 7 ± 4 .5 — 2 .8—12.8
(n 6) (n =  9)

C . cyaneus

A m eland  1967 .................................... d  I 4 . 9 ± 1 . 5 6 . 4 ± 2 . 2 — 3 .2 — 0 .2
(n =  5) (n 23)

d  h 5 . 4 ± 2 .7 5 1 ±  1. 5

-sO

(n 4) (n =  21)

F levo land  1 9 7 1 .................................... d  i 7 . 8 ± 2 . 8 7 . 8 ± 3 .2 1 en 1 e*j

(n  =  4) (n =  15)
d 2 3 . 8 ± 2 . 2 5 .1 ±  2. 9 1 e»j en 1 O oo

(n 10) (n =  14)

C . pygargus

A m eland  1967 .................................... d i 7 . 2 ± 3 .3 4 . 9 ± 0 . 5 0 .1 -  4 4
(n =  13) (n =  16)

? i 6 . 3 ± 2 . 9 5 . 4 ±  1 • 6 1 0 O' 1 t-o -fc.

(n =  30) (n =  9)
?  il 4 . 8 ± 0 . 6 7 . 6 ± 3 . 0 4 .4 -  1.1

(n =  7) (n =  16)
A m eland  1970 .................................... d  10 .4 4 . 6 ± 2 . 9 6 . 3 ± 3 . 0 — 4 - 7 -  1 .4

(n 4) (n =  45)

F levoland  1 9 7 1 .................................... d  3 4 . 6 ± 1 . 4 5 . 9 ±  1 .9 r-j -vj 1 O

(n  =  6) (n =  25)
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D uring  dull o r  rainy w eather C.p. b rought lizards to  their nests in 
Terschelling w ith a strikingly high frequency; the same applies to  voles 
and mice in A m eland and Terschelling.

It is possible th a t this and o ther types o f w eather induce harriers 
to  search for particu lar prey species and by doing so influence the 
interspecific differences in food com position .

b . W in d .

H e n n i n g s  (1936) concluded  from  nest observations that during 
calm  w eather C.c. supplied  m ore voles to  the young and during windy 
periods m ore birds. O u r data from  Flevoland enabled us to  check 
the general value o f this conclusion  (Table 23). In only a few cases 
the  average wind velocities associated w ith supply  o f small m am m als 
and o f birds differed significantly, bu t the differences were n o t at all 
constan t. As in A m eland wind m easurem ents had to  be taken  from  
V lieland; the  com parisons in Flevoland are m ore reliable. H ere C.p. 
and C.c. tended  to  supply  birds a t higher w ind velocity, C.a. at lower 
w ind velocity, b u t significant differences were n o t found. The obser­
vations shou ld  be com plem ented  by nest observations covering longer 
periods a t one nest.

In o rd er to  check the influence o f w ind velocity on  hunting success 
p rey  num bers supplied  during  high and low w ind velocity were com ­
pared  (Table 24). W in d  velocity was considered to  be high if it 
exceeded 8.7 m /sec. O n  the average C.p. and C.c. tended  to  supply

T a b le  24 : C o m p a riso n  o f  p rey  n u m b e rs  su p p lied  d u rin g  p e rio d s  o f  n e s t o b se rv a ­
tio n s  w ith  h igh  an d  lo w  w in d  v e lo c ity  o f  th e  sam e  d u ra t io n , a t  th e  sam e  
tim e  o f  th e  d ay  a n d  a t th e  sam e  n e s t .

C o d e
n u m ­

D u ra ­
tio n
o f

p e rio d
in

h o u rs

N u m b er 
o f  p e rio d s

A verage p rey  
n u m b ers  
p e r h o u r

L ocality  an d  species b e r
o f

n e s t
W in d  velocity W in d  velocity

High L ow High Low

Circus aeruginosus

F le v o la n d ............................. 13 1.5 1 4 1.3 0 .8
13 1 .0 2 3 1 .0 0 .7
13 3 .5 2 2 0 .9 1 .0
15 2 .0 2 2 0 0 .8
15 1 .0 1 3 0 1 .7
15 1 .0 2 2 0 0
15 1 .0 2 2 1 .0 0 .5
15 3 .5 1 3 0 .6 0 .3
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(Table 24 : continuation)

L ocality  an d  species

C ode
n u m ­

ber
o f

nest

D u ra ­
tio n

o f
p e rio d

in
h o u rs

N u m b er 
o f  p e rio d s

A verage prey  
nu m b ers  
p e r h o u r

W in d velocity W in d  velocity

High Low H igh Low

S o u th e rn  F rance 7 1.5 1 8 0 .7 0 .8
7 5 .0 1 6 0 .8 0 .8
7 2 .0 2 6 0 .5 0 .7
5 9 .0 1 4 0 .3 1.1

A m e l a n d ............................. 1 1 .0 1 5 1 .0 0
1 1 .0 1 3 0 1 .0
1 3 .0 1 3 0 .7 0 .3

M e a n .................................... — — — — 0 .6 0 .4

95 % conf. lim its o f  diff.
be tw een  m eans — — — — —  0 .3 , 0 .7

Circus cyaneus

A m e l a n d ............................. 2 2 .0 1 7 0 0 .4
2 1 .0 3 6 0 .3 0 .5
2 2 .0 3 6 0 .8 0 .2
2 1 .0 2 7 0 .5 0 .3
2 1 .0 1 8 0 0 .3
I 6 .0 1 4 0 .8 0 .5
I 4 .0 1 4 1 .8 1.1

IV 1 4 0 1 4 0 .8 0 .5
10,8 2 ,0 1 3 0 .5 0 .7
10,8 1 .0 1 3 0 .0 1 .0
10,8 5 .0 1 3 0 .6 0 .6

F le v o la n d ............................. 1 1 .0 1 3 0 1 .0
1 1 .0 2 2 0 .5 0 .5
1 1 .0 2 1 0 .5 0
1 2 .0 2 2 1 .0 0 .5
1 1.0 3 1 1 .0 0
I 1 .0 2 2 1.5 0
1 1 .0 1 2 0 0 .5
3 1.5 1 4 2 .0 0 .5
3 1.5 1 3 0 .7 0 .7

M e a n .................................... — — — — -  0 .7 —  0 .5

95 %  conf. lim its o f  diff.
be tw een  m eans -- —  0 .1 . —  0 .5
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( T a b le  2 4  : c o n tin u a tio n )

A verage p rey  
n u m b ers  
p e r h o u r

N u m b er 
o f  p e rio d sD u ra ­

tio nC o d e
n u m ­

berL oca lity  an d  species p e rio d
in

h o u rs

W in d  velocity W in d  velocity

HighH igh L ow Low

Circus pygargus 

A m e lan d  .

10 .4
10 .4
10 .4

F lev o lan d  .

M ean  .

95 %  conf. lim its  o f  diff. 
b e tw een  m eans

m ore p rey  item s at high w ind velocity, C .a  at low wind veioc.ty The 
differences betw een the prey  num bers at high and low ^ m d  velocity 
were n o t significant in any o f the harrier species, although m ost near > 
significant in C.c. A n eventual increase o f hun ting  success at high 
w ind velocities w ould  be o f particu lar in terest 0 f high
presum ed  increase o f  h un ting  success on  bur s r u ow tj^lt
w ind velocity, discussed above T he observations d d no t show  that 
C .p. is particu larly  favoured  by higher w ind velocity, as N b o b ,  (1973) 

suggested, in  calling C .p . an .adverse wind hun ting  specialist .
W ith  repard to  the  way in w hich strong  w inds might exert their 

X n c e  on  hom ing  succels. the following possibilities will be checked 
in  the  chap ter on  hun ting  behaviour .
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(a) H unting harriers may exploit high wind velocities fo r acceleration, 
fo r sudden  changes in their flying d irection  and speed w hen first 
sighting prey, fo r hovering, poising o r m aintaining a slow airspeed;

(b) H unting harriers m ay he h indered in sighting prey because o f 
m oving vegetation, especially if the vegetation is tail, although when 
the bird is hun ting  against the w ind, the visibility in to  the vegetation 
may increase;

(c) S trong winds m ight influence the activity and therefore  the acces­
sibility o f  prey species.

c . Temperature.
In trying to  study  the influence o f tem peratu re  differences on  the 

prey supply  one m eets w ith  the difficulty  th a t changes in tem perature 
often coincide w ith o ther environm ental changes. H ighest tem peratures 
o f the day usually occur after m idday and rain  usually lowers air 
tem perature.

In C hap ter 9 . 2 . 3 .  the significance o f daily rhythm  is discussed. 
It is stated that in the Cam argue m ost snakes were supplied by C.a. 
during m idday, w hen tem peratures were 18° C o r m ore. How ever 
one day when the tem peratu re  d id  n o t rise above 18° C.a. still took  
snakes during m idday, so tha t the daily activity pattern  o f the snakes 
was p robably  the relevant factor in this case. It has also been m entioned 
tha t rainy o r dull w eather favoured the supply  o f lizards by C.p. 
A pparently  low er tem peratures reduced the activity o f the lizards and 
hence m ade them  m ore vulnerable.

O f  particular in terest is the  average prey weight supplied  per ho u r 
and per young by C.p. in S outhern  France, w hich is strikingly low  in 
com parison w ith  the o ther areas (See Table 25). A lthough  rap to rs 
in general need less food at high tem peratures (Craighead and Craighead, 
1956; Brown and A m adon, 1968) and during  the observation  periods 
in S outhern  France the tem pei'atures were very high in relation to  
the o ther areas, this cannot fully explain the differences m entioned.

T a b le  25 : Circus pygargus, av e rag e  p rey  w e ig h t su p p lied  p e r  h o u r 
a n d  p e r  yo u n g  d u rin g  n e s t o b se rv a tio n s  (see also  Fig. 4).

Locality W eig h t (g)

A m e l a n d .................................................................................................... 12 .9

T e r s c h e l l i n g ............................................................................................. 9 .0

F l e v o l a n d .................................................................................................... 11 .3

G ro o  te  P e e l ............................................................................................. 16 .8

S o u th e rn  F r a n c e ...................................................................................... 5 .7
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A s h o t w eather generally lowers the  food requirem ent, those species 
of harrier nesting later in the year will probably  require, on the average, 
relatively less food in relation to  their body weight than  the earlier 
breeders. This could be the reason why, in relation to  its body weight 
C .a. requires m ore prey weight per h o u r and per young than  C.c. and 
C .p., and C.p. less than  bo th  C.c. and C .a. H ow ever data on this 
subject, sum m arized in Table 26, does n o t fully confirm  this hypothesis. 
It is p robab le  th a t the food  value o f the various prey species should  
have been incorporated  in th is com parison.

T a b le  26 : C o m p a riso n  o f  av e ra g e  p rey  w e ig h t (g ) su p p lied  d u rin g  n e s t o b se rv a ­
tio n s  p e r  h o u r , p e r  you n g  an d  p e r  h a r r ie r  sp ec ie s  in A m e la n d , 
T e rsch e llin g  an d  F le v o la n d .

C .p. C.c. C .a.

(a) A verage p rey  w eight p e r h o u r  
p e r y o u n g .................................... 10 .8 19 .9 21 .8

(b) A verage w eight o f  h a rr ie r 
s p e c i e s ........................................... 305 420 625

R atio  (a)/(b) X 1.000 35 47 35

9 . 2 .  Q ualitative differences.

9 . 2 . 1 .  Prey densities and individual variation.

D ensity  o f prey popu lations form  the prim ary factors in the process 
o f  prey selection. Since in no  tw o areas are prey densities exactly 
the  sam e it is very difficult to  ob tain  an average picture o f the specific 
characteristics o f the prey selection o f harriers.

F luctuations o f prey densities will be reflected in  the food com position 
o f all three harrier species, but these changes will no t necessarily be 
the same in all th ree  species. D ifferences in prey densities will therefore 
either enlarge o r reduce inter- and intraspecific overlaps in prey selection. 
In add ition  individual variation in characteristics o f prey selection 
has to  be taken in to  account. W e noticed that at the same tim e and 
on  the same place even harriers o f  the same species and sex exhibited 
d ifferent choice o f prey. Part o f this feature m ay have been induced 
by individual degrees o f  specialization on  particu lar com m on prey 
species, as recorded  in o th er birds o f prey (Brüll, 1964), tha t results 
in reducing intraspecific com petition .

O u r data on the individual results o f p reda tion  and therefore of 
individual prey preference, are lim ited, but those  that are available 
have been sum m arized in  Table 27-
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T ab le  27 : C o m p ariso n  o f  fo o d  co m p o s itio n s o f  d if fe re n t in d iv idua ls  in  b o th  sexes 
o f th re e  h a rr ie r  spec ies  (see  sign b es id e  sex  sy m b o ls) , in  th e  sam e a re a  
a n d  co rre sp o n d in g  p e rio d s  o f  th e  b reed in g  sea so n  ; fro m  n e s t o b se rv a ­
tio n s .

C . pygargus C . cyaneus C .a.

Prey
category

A m eland  1967 F levoland
1971 A m eland  1967 S. F rance 

1969

á i ¿2 <?2 ¿3 <?1 ¿2 9. 9 , ?4
-ft
05 07

1

2 6 2

3 2

4 24 43

5
6 — — — -- -- _ -- 3 _ _ 6 10 12 2

7 — 18 — — — — 4 — 13 — 11 15 6 2

8 3 — 2 6 13 3 11 16 17 3 28 34 12 —

9 38 53 12 32 50 49 64 35 54 27 33 24 18 12

10 33 6 54 23 25 24 21 14 — 13 6 7 6 7

11 — — — 6 6 18 — 11 17 43 — 24 12 29

12 6

13 28 24 32 19 6 — — 22 — 13 17 2 6 —

n = 40 17 59 31 16 33 28 37 24 30 18 41 17 42

The influence o f d ifferent prey densities will be illustrated by com ­
paring food com positions o f different years and in d ifferent areas, 
respectively.

a. Annual variation in food composition.
Differences in food com position  in the same area but in different 

years have been studied in Flevoland, where the prey supp ly  to  the nest 
by tw o pairs o f C.c. has been recorded in 1971 and 1972. In both 
years at least the same females (?* and ?2) were involved, so that individual 
differences were ruled out. Densities o f  available prey were ra ther 
d ifferent in these tw o years, pheasants (cat. 8) being m ore num erous, 
bu t voles (cat. 10) less so in 1972 than  in 1971. The changed circum ­
stances were fairly well reflected in the food com position  (Table 28).
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T a b le  28 : C o m p a riso n  o f  fo o d  c o m p o s itio n s  o f  C.c. 
in  F le v o la n d  in  d if fe re n t y ea rs  ; fro m  n e s t o b se rv a tio n s .

P rey  category 1971
C?1

1972
<?2

1971
¿2

1972
$1

1971
?x

1972
?2

1971
$2

1972

6 13

7 9 —

8 21 93 4 10 22 40 9 63

9 58 3 52 80 22 27 55 25

10 21 1 —  . 40 — 33 — 18 — .

11 — — ■ ira - it l 22 33 — —

12

13 — 3 4 10 — — 9 —

n  = 19 30 25 10 9 15 11 8

W e have ind ications th a t in 1972 C.a. to o k  also m any pheasants. 
So com petition  betw een C.a. and C.c. increased unless in 1972 pheasants 
had to  be considered  as super-abundan t prey species.

See also discussions o n  the annual variation in food com position  
o f  C.c. in w inter (C hapter 7 . 2 . ) .

b .  L ocal varia tion  in food  com position  (Table 6).

In the neighbouring islands o f A m eland and Terschelling and also 
in Flevoland harriers nest abundantly . But there  are no tew orthy  
differences in the com position  o f the fauna o f prey species, which are 
reflected in the food  com position  o f the harriers. The differences in 
prey fauna concern  particularly  voles and lizards (Table 29).

T a b le  2 9 : P re s e n c e  o f  vo les an d  lizards in  so m e  stu d y  a re a s .

L ocality V o les Lizards

A m e l a n d ........................................................................ + —

T e r s c h e l l i n g ................................................................. — +

F l e v o l a n d ........................................................................ + —
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In A m eland voles are num erous, hu t lizards are absent. Hence 
the food o f C.p. included, apart from  a large am ount o f small song 
birds, also num bers o f voles. In the food o f C.c. small songbirds, 
rabbits and young nidifugous land birds predom inated , and voles and 
o ther prey categories were taken to  a lesser degree.

In Terschelling lizards do  occur b u t voles are absent. Y oung nidifu- 
gous land birds, especially pheasants, were less num erous than  in 
A m eland. Hence C.p. supplied their young with Passeriform es and 
lizards; in con trast lizards were alm ost neglected by C.c. Instead C.c. 
took  relatively m ore Passeriform e birds and m ore rabb its than  in 
Am eland.

In Flevoland (1971) no lizards occur; bu t in 1971 pheasants and voles 
were ra ther num erous. The prey abundance therefore was m ore o r 
less com parable to  tha t in A m eland, although voles and pheasants were 
relatively m ore num erous. In this case C.p. and C.c. to o k  a high 
percentage o f Passeriform e birds, w hereas C.c. supplied m ore voles 
than  did C.p.

It is evident tha t depending on densities o f o ther prey species, the 
occurrence o f lizards is apt to  reduce the  overlap in prey selection o f 
C.c. and C.p.

In Table 6 the prey  selection o f C.a. in  Flevoland and in Southern  
France can be com pared. A  strik ing difference is found in the high 
percentage o f aquatic anim als taken in  S ou thern  France (cat. 2, 3, 4, 6). 
In the part o f Flevoland where harriers were studied m ost o f these 
prey species were less com m on o r lacking, while pheasants were abun­
dan t and consequently  frequently  taken  by C.a.

N ote the differences in  prey com position  o f C.c., observed in w inter 
in areas rich  in voles, and also in Terschelling (C hapter 7-2. ) .

9 . 2 . 2 .  Breeding time.

Interspecific differences in breeding tim e have been discussed in 
C hap ter 9 . 1 . 2 .  H ere the possible effect o f prey densities in  the 
course o f the breeding season on the qualitative food com position o f 
the harriers will be discussed. The relatively early breeding tim e o f 
C .a . and C.c. enables the  birds to  catch m ore young rabbits than  later 
in the season when the num ber o f young rabbits suitable for prey has 
dim inished.

In Flevoland in 1971 m ost pheasant chicks were hatched in the second 
half o f M ay (Van Zelm, pers. com m .). As m ost young o f C .a. and 
C.c. hatched at the  sam e tim e or som ew hat later, pheasant chicks were 
available fo r them . As C .a ., on  average, nested a few days earlier 
than  C.c. the situation  p robably  was m ost advantageous to  C.a. In 
add ition  the larger size o f C .a. m ust have enabled it to  take also m ore 
o f the larger chicks, b u t the  latter feature could  n o t be verified signifi­
cantly in  relation to  C.c. (C hapter 6 . 2 . ) .
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D uring the nestling tim e o f C.a. and C.c. young Limicolae and nidi- 
fugous w ater birds are also particularly  num erous. C.p., breeding later 
in spring, misses this great supply  o f  young w ater birds, Limicolae, 
pheasants and alike. T herefore, m ore than  C.c., C.p. is forced to  
exploit ano ther rich seasonal source o f food, viz. Passeriform e birds, 
as well as voles, the la tte r having becom e m ore and m ore abundan t 
in the course o f late spring and early sum m er. As the  sum m er advances, 
C.p. is in a m ore advantageous position  to  take large insects and lizards 
in  areas w here these prey  categories occur. In  Terschelling 1959, 
1961 and 1962 fo r instance, it was recorded th a t in the course o f the 
nestling period C.p. supplied  increasingly m ore lizards (Table 30). 
T he low percentages o f lizards recorded  here in 1959 (nest III) are 
p robab ly  due to  the  sm all n um ber o f observation  hours during the 
p a rt o f the day th a t m ost o f the lizards were usually caught.

T a b le  3 0 : P e rc e n ta g e  o f  lizards in  th e  fo o d  o f  C.pygargus, 
T e rs c h e l l in g ; f ro n t n e s t o b se rv a tio n s . D a sh  m e a n s :  no  o b se rv a tio n s .

Y ear an d  code  n u m b er o f  nest

P erio d 1959 1961 1962

1 III I III IV

Ju n e  10 - June  19 — — 13 — —

June  20 - June  29 21 — 72 11 —

June  30 - Ju ly  9 59 — 52 46 67

Ju ly  1 0 -J u ly  19 — 0 — 67 68

July  20 - Ju ly  30 — 21 — — —

W ith  respect to  large insects as nestling food o f C.p. it may be 
rem arked  that young in the nest observed in S ou thern  France in the 
first week o f July  1969 d id  n o t get large insects, bu t young o f a second 
nest observed a week later received large num bers. Later visits to  
the firs t nest revealed prey rem nants o f large insects there also. 
A pparen tly  C.p. adjusted  its prey selection to  the  seasonal developm ent 
o f the insect fauna.

9 . 2 . 3 .  Daily rhythm.
D aily  ac tiv ity  in  h a rr ie r  p re d a tio n  has been  s tu d ied  o n  th e  basis o f  p rey  supp ly  to  

th e  nests . In Fig. 9 th e  p re y  su p p ly  p e r tw o  h o u rs  o t n e s t o b se rv a tio n s is show n 
fo r  the  th ree  species o f  h a rr ie rs  an d  fo r  all s tu d y  years an d  areas com b ined .

I t  is c lear th a t daily  rh y th m s d iffe r consid erab ly  (betw een  species, years an d  s tudy  
areas). A lth o u g h  m ales an d  fem ales som etim es p ro v ed  to  have d iffering  daily rhy thm s, 
these  d ifferences c a n n o t exp la in  th e  very  d iffe ren t p ic tu res , as fo r  exam ple in C .p.



78 W .J.A. SCHIPPER. — Gerf. 63/1-2 (1973)

It has to  be n o ted  th a t daily rh y th m  m ay bias, to  a g rea ter o r  lesser ex ten t, the  data 
o n  average p rey  su p p ly  to  th e  young  per 100 h o u rs  o f  o b se rv a tio n s in  C h ap te r 9.1.1.

In  C .a. th e  prey  supp ly  was h ighest du ring  th e  m idd le  p a rt o f  th e  day in  A m eland , 
T erschelling  and  F levoland . In  C am argue prey  sup p ly  was a lm o st co n s tan t th ro u g h o u t 
the day. ( P i n o w s k i , 1 9 6 1 ,  re co rd ed  a n  activ ity  p a tte rn  o f  C .a. in  P o land , w here m ost 
p rey  item s w ere b ro u g h t to  the  nests in th e  m o rn in g  w ith  few er d u ring  the  second  half 
o f  th e  day).

p r e y  •/.

20
la n d

10

C irc u s  a e r u g in o s u s

- 1964 n  :  21

C irc u s  c y a n e u s

196 4  n : 4 3  
■ 1 9 6 7  n :  193  

1 970  n :  123

C irc u s  p y g a r g u s

1 9 6 4  n : 7 3  
- 1 9 6 7  n :  147 

1970 n : 6 5

Terschelling

1959 n :  2 3 1 9 5 9  n : 4 6  
-1 9 6 1  n :  162  

196 2  n  : 145  
1968 n  : 59

1959 n :  171
1961 n  :  178
196 2  n :  2 4 8  
1968 n  : 2 6

30

N o r t h e r n
F r a n c e

2 0

-1 9 7 0  n  :  2 2

F le v o la n d

1971 n :  79

G ro o te  P ee l

- 1971. n :  68
- 1972 n  : 76

1965 n : 60

S o u th e r n
F ra n c e

- 1 9 6 9  n : 173 
- 1 9 6 9 , s n a k e s  n :  2 8  

1 9 6 9 . r a b b i t s  n  :  3 9

13 17 21

■ 196 9  n :  102 
- 1969 la rg e  in s e c t s  

n  :  65

13 17 21 1^ 17 21
d a y t  im e

Fig. 9. —  D aily rh y th m  in  prey  supply , sum m arized  p e r 2 h o u rs  o f nest observa tions 
(m ales and  fem ales com bined).

In C.c. a slight regu larity  w as p resen t in A m eland  an d  T erschelling , suggesting a 
slight and  m ore  o r  less g radual increase in  activ ity  in th e  cou rse  o f  th e  day. In 1964,
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how ever, C .c. show ed  a peak  in  th e  f i r s t  p a rt o f  th e  m orn ing , w hereas in  1967, tw o  
m o re  o r  less p ro n o u n c e d  peak s w ere p resen t. In  F levo land  C.c. show ed  a m ore  
C .a .-lik e  p a tte rn , w ith  red u ced  ac tiv ity  in  th e  last tw o -h o u r periods.

In  C .p . th e  activ ity  so m etim es ten d ed  to  decrease in  th e  cou rse  o f  th e  day (A m eland  
1964 and  1970, T erschelling  1959 and  1962, G ro o te  Peel 1965). A c tiv ity  p a tte rn s  
w ere  s im ila r in  T ersche lling  1959 an d  1962, an d  d iffe ren t in  1961 an d  1968. In 1959 
a n d  1962 ac tiv ity  w as m ax im u m  a b o u t m idday , in  1961 an d  1968 ac tiv ity  w as m in im um  
a t  th a t tim e .

p re y  •/.

20
T e r s c h e llin g

1966

A / A„ / W  \  /< >  A m e la n d

r  v / \  1967 " r \  / /  \
/ /

C ircu s
c y a n e u s

4 m a le s  , n : 15 
4 fe m a le s ,  n  r 4 4

m a le  I  , n  :  28  
■ m a le  E  , n :  37 

m a le  J E , n :  15

  f e m a le  I .  n :  2 3
 f e m a le  U , n r  30

fe m a le  ET, n :  16 
 fe m a le  IV, n :  41

20
G roote  Peel

Ci r e u s
v p y g a rg u s

A m e la n a

■ m a le  3 , n  : 50  
- f e m a le  3, n r  9

m a le  I ,  n  r 40  
m a le  E . n r  17

C ir c u s
p y g a rg u s

f e m a le  I , n  r 5 9  
f e m a le  JJ, n r  31

A m e la n d
1970

20
S o u th e r n  
F ra n c e  1969

C ircus  
/ c y a n e u s

C irc u s
p y g a r g u s

 2  m a le s ,  n r  36
 2  f e m a le s . n  r6 1

 m a le  (6  4 ){ n r 16
 m a le

  fe m a le  (6  4), n  r 35
 fe m a le  (10.5'

m u t e  i u - 4 ) . n r  16
m a le  (10 6 ) ,  n  r 3 3

n
fe m a le ( 10.5* 2 0  6 ), n  :3 72 0 8 ) , n

C ircu sA m ela n d
1970 p y g a r g u s

2 fe m a le s ,  n  r 132 m a le s , n  r 72

C ir c u s
c y a n e u sF le vo la n d

2 f e m a le s  . n r  20m a le  1, n  r 19 
m a le  3 .  . n r  252  m a le s  . n  40  

2  f e m a le s ,  nr 2 3

C ircu sF le vo la n d p y g a r g u s

m a le  2 , n r  16
m a le  3 , n r  33

2  fe m a le s  . n r  14

Fig. 10. C o m p a riso n  o f  daily  rh y th m  o f  m ales and  fem ales. E xam ple : «2  m ales»- 
p rey  o f  tw o  m ales w ere inc lu d ed ; «m ale  3»  =  m ale w ith  code n u m b er 3. 
See fu r th e r  Fig. 9.
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In several years, a t d iffe ren t localities a span  o f  re la tively  low  activ ity  in  all h arrie rs  
w as observed  d u ring  th e  p e rio d  11-15 h o u rs  : C .a . in  1959 and  1971, C .c. in 1959, 
1962, 1964, 1967, 1970, an d  1972, C .p. in 1961, 1965, 1967, 1968, 1969, 1970 and  1971. 
In  m any cases p rey  sup p ly  w as low  o r  n o t re co rd ed  in  the  f i r s t  an d  last p e rio d s o f  th e  
day. H ow ever C .c. occasionally  d isp layed  a considerab le  ac tiv ity  in  the  last perio d  
o f  th e  day, n o tab ly  in  A m eland  1970, w here in  th is  p e rio d  Passerifo rm es w ere fed to  the 
young . C .p ., ex h ib ited  a great ac tiv ity  in th e  f i r s t  tw o -h o u rs  p e rio d  in  T erschelling  1961 
and  1968 an d  in  A m eland  1964-

Fig. 10 gives a co m p ariso n  o f  th e  daily  ac tiv ity  o f  m ales an d  fem ales w hen  know n. 
In  som e cases, w hen  th e  n u m b e r o f  p rey  item s o f  d is tin c t m ales o r  fem ales w as very 
low , tw o  o r  m ore  ind iv iduals are g rouped  toge ther, an d  th e  n u m b e r o f  m ales o r  fem ales 
is m en tioned .

In  som e cases d ifferences betw een  m ales an d  fem ales w ere considerab le , as w ith  C .p. 
in  S o u th e rn  F rance  in 1969, b u t in  som e cases activ ity  p a tte rn s  o f  m ales an d  fem ales 
d id  n o t m ateria lly  d iffer.

U n fo rtu n a te ly  in  m any  cases th e  to ta l n u m b e r o f  p rey  item s w as low . In sp ite  
o f  th is  d raw back , daily  ac tiv ities o f  m ales in  th e  sam e s tu d y  area an d  year show ed 
com parab le  tendenc ies. S im ilarly  activ ities o f  fem ales re sem b led  each  o th e r (e.g 
C .c. in  A m eland , 1967 and  1970, C .p . in  A m eland , 1967 and  1970 and  F levoland  1971)^

T he  absence o f  d is tin c t specific  p a tte rn s  is p ro b ab ly  b ro u g h t a b o u t by  local and  
annual varia tions in  th e  availab ility  o f  th e  m ain  p rey  species, bence by prey  selection  
relating  to  p rey  supp ly . H arrie r activ ity  o ften  re flec ted  prey  se lection , as in S o u th e rn  
F rance, 1969, w here  th e  h u n tin g  activ ity  was m ain ly  regu la ted  by th e  p reference  o f  
th e  b ird s  fo r large insects (Fig. 9). In th e  sam e w ay th e  h u n tin g  o f  P asseriform es 
d e te rm in ed  the  h u n tin g  ac tiv ity  p a tte rn  o f  C .c. and  C .p. in  A m eland  and  T erschelling. 
In som e years p red a tio n  o n  rabb its , active d u rin g  th e  early  and  late h o u rs  o t the day, 
in fluenced  th e  h u n tin g  activ ity  o f  C .c. In A m eland  1970 th e re  w as also a slight increase 
in p red a tio n  on  rab b its  in  th e  early  a fte rn o o n ; these  fea tu res w ere n o t p re sen t in 
F levoland . In  C .a . n o  clear p e rio d ic ity  in  p re d a tio n  o n  rab b its  w as fo u n d .

T he  in fluence  o f  th e  p rey  se lection  also becam e clear fro m  th e  p red a tio n  on  lizards 
by C .p. in  T erschelling . T h ere  in  1959 and  1962 lizards w ere tak en  m ainly  in  the 
m orn in g  (Fig. 11) resu ltin g  in sim ilar activ ity  p a tte rn s  in  th o se  years. In  1961 a 
strik ing ly  low  n u m b e r o f  lizards w as tak en  d u rin g  th e  m idd le  p a rt o f  th e  day. T h is

% o f  t o t a l
p r e d a t i o n

20 -

1 0 -

  1 9 5 9  n : 6 5  d a y t i m e
  1 9 6 1  n  - 8 5

1 9 6 2  n r  1 4 3  
  1 9 6 8  n r  1

Fig. 11. D aily rh y th m  in p red a tio n  on  lizards by Circus pygargus in  T erschelling  
(See fu r th e r  Fig. 9).

featu re m ay be re la ted  to  the  tim e  o f  th e  year an d  the  w eather. In 1961 th e  period ic ity  
in p red a tio n  o n  lizards was m ainly de te rm in ed  by nest o b serv a tio n s d u ring  th e  end  
o f  Ju n e ; in 1959 m ain ly  by o b se rv a tio n s d u ring  th e  last days o f  th e  relatively  h o t m on th
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o f  Ju n e  and  du rin g  th e  m o n th  o f  July, and  in  1962 m ainly  by o b serva tions du ring  July. 
In  th is  re sp ec t c ircum stances in  1959 an d  1962 w ere co m p arab le  an d  dev iated  fro m  the  
s i tu a tio n  in  1961. O n ly  o n e  lizard  w as am ong  th e  26 p rey  item s observed  in 1968; 
th is  m ay be  d u e  to  th e  general decline  o f  Lacerta vivipara  in  th e  area.

In  C am argue, th e  m o s t im p o r ta n t p rey  categories o f  C .a . w ere rab b its  an d  snakes 
(N a tr ix  sp.). P re d a tio n  ac tiv ities o n  these  species w ere m o re  o r  less com p lem en tary  
as sh o w n  in  Fig. 9. Few er ra b b its  w ere tak en  du ring  th e  day tim e, w hen  p red a tio n  
u p o n  snakes becam e m o re  ap p a ren t.

P ro b ab ly  in  all th e  above  m e n tio n e d  exam ples th e  p e rio d ic ity  in  th e  su pp ly  o f  
p a rtic u la r p rey  species to  th e  you n g  w as re la ted  to  the  ac tiv ity  p a tte rn s  o f  these  prey  
species. A s m ales an d  fem ales o f  th e  sam e h a rr ie r species d iffer in  fo o d  p reference, 
d if fe ren t ac tiv ity  p a tte rn s  o f  d if fe ren t p rey  species m ay re su lt in  d iffe ren t activ ity  
p a tte rn s  fo r m ales an d  fem ales w ith in  th e  sam e species. M o s t p ro b ab ly  in trin sic  
c ircad ian  rh y th m s w ill be  in h ib ite d  in  th is  way, b u t the  beg inn ing  and  end  o f  th e  daily 
p re d a t io n  p e rio d  an d  th e  re c o rd e d  ac tiv ity  o f  C .c. increasing  du ring  th e  day  and  
decreasing  in  C .p. m ay be exam ples o f  specific  characteristics. S till, th is  is a p rom ising  
fie ld  o f  inves tiga tion , p a rticu la rly  u sefu l fo r  m aking in te rsp ec ific  com parisons .

A s in trin s ic  fa c to rs  seem  to  be o f  m in o r sign ifica tion  in  de te rm in ing  th e  activ ity  
p a tte rn  d u rin g  th e  day acco rd in g  to  p rey  su pp ly  to  th e  young , an  im p o rta n t in fluence 
o n  th e  qu a lita tiv e  p rey  se lec tion  is questionab le .

9 . 2 . 4 .  Weather.

In  C h a p te r  9 .1.4-the in f lu en ce  on  qualita tive  d ifferences in  p rey  selection  already 
h as been  m en tio n ed  w ith  special re ference  to  lizards an d  voles.

9 . 2 . 5 .  W eight o f prey.

In m any cases there  was evidence that the harriers took  in to  account 
the  size o f the prey in prey selection. O n  the w hole C.a. to o k  m ore 
rabb its  and larger birds th an  C.c., and C.p. to o k  even fewer o f these 
prey species than  did C.c. T he num ber o f small prey item s (lizards 
and  large insects) supplied  to  nestlings was locally particularly  great 
in C.p.

For each harrier species m ean prey weights have been calculated 
(see A ppendix  8). Som e o f these data have already been presented 
in Figure 4. They generally confirm  that m ean prey weights were 
highest in C.a., lowest in  C.p. In N o rth ern  France prey weights in 
C .a . were extrem ely low as a result o f the exceptional food situation 
discussed earlier. As interspecific differences in m ean prey weights 
have been recorded  in alm ost all o f  the study  areas, the size o f the 
available prey species m ay be an im portan t factor in  the process o f prey 
selection.

In those cases w here sexual differences in  p redation  have been studied, 
prey  weights were calculated fo r males and females separately. The 
resu lts are show n in Figure 12. It is seen th a t on  the average, intra- 
specific differences in weight o f prey were small o r absent in C.p., 
large in C.c. and C.a. T he sm allest interspecific differences found 
w ere those betw een C .p. females and C.c. males, and between C.c. 
fem ales and C.a. males. See also Table 32 for inter- and intraspecific 
d ifferences in prey size, ob tained  th rough  additional field observations.
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prey weight
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C pygargus C cyaneus C aeruginosus
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A T erschetIm g  O  N orthern  France
•  Flevoland  o Southern  F rance
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Fig. 12. —  R elation o f  prey w eight to  w eight o f  predator, male and fem ale. O nly  
prey, observed during nest observations, has been considered. Sec Table Î 1.

(*) N o t included in mean because o f  exceptional circum stances explained in Chapter 6.1.

It measured by prev weight, inter- and intraspecific differences are 
smallest between C.p. males and females, between C.p. females and 
C.c. males, and between C.c. females and C.a. males. Hence overlap 
in prey composition, as far as prey selection depends on the prey size, 
may be largest in these categories. Bat the differences in breeding 
time and in period of main predation activity as discussed in Chapi­
ter 9 . 1 . 2 .  (Figure 8) must have a mitigating effect on eventual compe­
tition. Especially with respect to C.c. and C.p. with clearly differing 
breeding times, the tendency for separation C.c. males and C.p. females 
is evident.

The intra- and interspecific differences in average prey weight were 
not proportionately related to body size (weight) and often were larger
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T able 31 : Prey w eigh t ranges and num ber o f  prey item s, 
included  in F igure 12.

N u m b e r o f  p rey  item s an d  ranges o f  p rey  w eight

L ocality C . pygargus C. cyaneus C . aeruginosus

S 9 S 9 c? 9

A m e l a n d ............................. 108 74 U l 184 20
12-250 17-250 9-250 9-612 — 25-300

T ersche lling  . . . . 9 17 15 44
17-100 17-100 25-250 20-250 — —

F le v o la n d ............................. 47 13 81 42 30 10
17-250 17-250 10-500 20-500 10-675 30-675

G ro o te  Peel . . . . 42 7
17-150 17-60 — — — —

N o rth e rn  F rance  . — — — — — 20(*)
17-250

S o u th e rn  F rance 34 60 58 14
1 .5-60 1 .5-29 -— 17-425 20-425

T o t a l .................................... 240 171 223 270 88 44
1.5-250 1.5-250 9-500 9-612 10-675 20-675

(*) N o t in c lu d ed  in to ta l because  o f  excep tional local c ircum stances d iscussed  elsew here.

T able 32 : Size d ifferen ces in prey , carried by harriers in the fie ld  in F levoland , 
N . F rance and S . F ran ce.
« S m a ll p rey»  in clu d es m ainly prey ca tegories 1, 3 , 5 , 6 , 9 , 10, 13. 
«L arger prey»  in clu d es m ainly prey categories 2 , 4 , 7 , 8 , 11, 14.

Species

N u m b er o f  p rey  item s

<? 9

sm all larger sm all larger

C .p. 103 0 7 1

C .c. 21 2 5 2

C .a. 124 77 14 30

T o ta l 248 79 26 33
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than  m ight be expected in relation to  body size. These differences are 
correlated  w ith foo t size according to  N i e b o e r  (1973 ).

Table 33 presents data on  the relation  o f prey weight to  the weight 
o f the  harriers. C.a. males and females and C.c. fem ales on  the average 
supplied the heaviest, C.p. females the sm allest prey item s in relation 
to  average body weight. Prey taken by C.p. males appeared to  be of 
small size, also being m uch sm aller than  those taken by C.c. males. 
T o  really understand  these results it will be appropria te  to  m ake som e 
prelim inary  rem arks on the hunting  behaviour. G enerally obvious 
inter- and intraspecific differences in behaviour were present if one 
com pares the hunting  distances, m easured from  the breeding area.

T able 33 : P rey w eigh ts and body w eigh ts o f  harriers ; the latter tak en  from  
N ieb o er  (1973 ). O nly  p rey , observed  during nest ob servation s, has 
b een  con sid ered .

C. pygargus C . cyaneus C . aeruginosus

d 9 d 9 d 9

N u m b e r o f  p rey  i t e m s ............................. 240 171 223 270 88 44

M ean  w eight o f  p r e y .................................... 3 7 .2 3 6 .2 6 8 .9 122.1 133 .9 2 0 3 .8

M ean  w eight o f  p re d a to r  . . . . 265 345 340 500 530 720

M ean  w eight o f  p rey
X 100 . .

M ean  w eigh t o f  p re d a to r
14 .0 10.5 2 0 .2 2 4 .4 2 2 .3 2 8 .3

C.a. males were observed hunting  m ainly close to  the  nesting site, 
usually w ithin a radius o f tw o o r th ree k ilom etres, a lthough occasionally 
m uch larger distances were recorded . C.c. fem ales usually did n o t 
h u n t farther than  ca 1 km . from  the nest. In only  one case, in Flevo­
land, one C.c. female was regularly observed as far as ca. 5 km . from  
the nest, bu t th is represented  a case o f an isolated nest o f C.c. in an 
area w here harriers, especially C.a., bred scattered  over the area and 
seldom  close together (Schipper, 1973). C.a. females hun ted  m ore 
frequently  near their nests than  did males in Flevoland, thereby  often 
encountering C.c. females, but, on  the average, C.a. females flew 
farther from  the nest than  did C.c. females.

In all o f  the study  areas C.c. males were observed  to  h u n t m ost 
frequently  at distances o f three o r m ore kilom etres from  the nest; 
C.p. males p robably  even exceeded distances o f twelve km . In 
A m eland, Terschelling, G roo te  Peel, N o rth ern  and Sou thern  France 
C.p. females alm ost always stayed w ithin a radius o f abou t 1 km ., bu t 
in Flevoland, one o f  them  has been observed hun ting  to  as far as abou t 
6 km . from  the nest, in this way show ing the sam e tendency  as the 
males.
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It will be evident th a t particularly  w here several species o f harrier 
nest in close proxim ity, the  differences in hunting behaviour described 
above con tribu te  to  the possib ility  o f d ifferen t harrier species and 
sexes hun ting  in d ifferen t areas. A t the same tim e these differences 
induce new inter- and intraspecific differences in food com position, 
as the hun ting  areas visited may yield local differences in prey supply.

Interspecific differences in prey weight were greater in females than 
in males (Figure 12), the small sexual d im orph ism  in foo t size ( N i e b o e r ,
1973) and body size in C.p. con tribu ting  to  this general picture. The 
sm aller interspecific differences in the males may be related to  the note­
w orthy  differences in their hunting distances, whereas the females with 
the ir larger interspecific differences in average prey weight generally 
h u n t in the vicinity o f  the ir nests (See also Figure 9 and discussion in 
C hap ter 9 . 1 . 2 . ) .

A  fu rth e r corre la tion  m ay exist between prey weight in relation to 
body weight and hun ting  distances : C.p. males hunting  over large 
d istances and taking relatively small prey, C .a. females and C.c. females 
staying close to  their nests and taking large prey, C .a. males dispersing 
fu rth e r than  their fem ales, and C.c. males fu rth e r than C .a. males, 
the  first nam ed categories taking on  the average larger prey than the 
second ones. A lthough  the low average prey weight in C.p. females 
is n o t clear, hun ters over longer distances from  the nests tended to 
supply  the smalles p'rey items to  their young, hun ters  over sho rter 
distances the largest ones. This may be related to  the difficulties 
involved, w hen carrying a large prey to  the nest (See C hap ter 6 . 2 . 1  .)

9 . 2 . 6 .  Agility o f  prey.

Though it seems that m ost o f the harrier food does n o t require a 
great agility on the part o f the hunting  bird, som e prey anim als parti­
cularly  full-grown songbirds are rather agile and can be caught only 
by surprise o r after a dex terous pursu it. Taking full-grown Passeri­
form e birds as a m easure o f  great hunting  dexterity  and considering 
carrion  and bird eggs as m ost easily obtainable Table 34 may give an 
im pression o f interspecific differences in agility.

T a b le  34 : C o m p a riso n  o f  ag ile  an d  easily  o b ta in a b le  p rey  
in  h a r r ie r  fo o d , a c c o rd in g  to  n e s t o b se rv a tio n s .

Percentage in  foo d /occu rrence

Prey category
C .p . C.c. C .a .

Passeriform es (no pulli included) . 35 48 7

Carrion (regularly observed) — — +

Bird eggs (regularly observed) . + —  ' +
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C.c. proved to  take m ore agile prey item s than the o ther harrier 
species, C .a. took  the sm allest relative num bers. In con trast C.a. 
took  m ore carrion  and eggs, which were n o t observed in the food o f 
C.c. (carrion and eggs are occasionally eaten by C.c., see D em en t’ev 
et al. (1951). In add ition , C.c. has been observed to  h u n t m ore fre­
quen tly  w ith a speed and m anoeuvrability , ad justed  to  surprise agile 
prey, than  C.p. and C.a. ( S c h i p p e r , et al., in prep.).

In all harrier species studied, males hun ted  over larger distances than  
did the females and thus w ould have a be tter chance o f m eeting w ith 
m otionless prey (bird eggs and carrion), indeed, only  males regularly 
were observed to  take bird eggs and carrion  (C.a.) o r  bird  eggs (C.p.).

W ith  the exception o f Flevoland, 1972, the highest percentages o f 
Passeriform e birds (no polli included) were always taken by C.c. males, 
followed by C.p. males (Am eland and Terschelling) and C.c. females 
(Flevoland), see Table 35. In Flevoland, 1971, C.p. males supplied 
less agile prey than  did females, in con trast to  the observations in all 
o ther study  areas. O bviously  C.p. males and fem ales, as well as C.c. 
females, also possess sufficient dexterity  to  prey  to  a considerable

T able 3 5 : Passeriform es (n o  pulli in clud ed ) in fo o d ,  
observed  during n est observation s.

Species 
and  sex

A m elan d T erschelling F levo land S. F rance

T o ta l
1967/70 1962 1968 1971 1972 1969

C .p . c? 36 25 49 25 —i 44 36

C .p . ? 15 17 48 29 — 7 23

C.c. ¿ 42 69 53 48 18 — 48

C.c. $ 19 12 37 40 22 - 26

C .a . <J — — — 15 — 0 8

C .a . $ — — — 0 — 0 0

extent u p o n  full-grown songbirds. In C .a . p redation  on  this prey 
category has been observed only in males.

O u r observations concerning agility indicate th a t C.c. is the m ost 
agile species, a conclusion which does n o t concur with N i e b o e r  (1973), 
w ho considered C.p. to  be the m ost agile.

O bservations during w inter show ed that in the food o f C .a. easily 
obtainable prey  such as disabled o r dead anim als predom inated . C.c. 
p referred  voles, where these were num erous, b u t appeared to  be able 
to  prey upon  Passeriform e and o th er b irds to  a great extent, whereas
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the  taking o f  carrion  was never observed. A lthough  the food taken 
during  the breeding season and in w in ter was n o t the same, the con­
clusions concerning agility o f the prey taken by C.a. and C.c. in the 
breeding season were confirm ed  by the w inter observations.

9 . 2 . 7 .  Habitat selection.

O ne m ay assum e th a t each o f the harriers generally search for prey 
m ost frequently  in those  habita ts w here vegetation and landscape, 
ap a rt from  the presence o f  po ten tial prey, enable them  to  hun t with 
success. A ssum ing also th a t the struc tu ra l characteristics o f the species 
are adjusted  to  the requirem ents o f hunting  in particular habitats, 
interspecific and intraspecific differences in hab ita t preference may 
induce  differences in prey  selection.

O ne m ay assum e fu rth e r th a t w ith in  the hun ting  territo ry  each indi­
vidual is well acquain ted  w ith  those sites w here particular prey species 
are num erous and can be easily captured . Provided this assum ption 
is tru e  it m ust be considered  to  define the u ltim ate habita t selection, 
as the harrier prefers hun ting  in these particu lar places.

In  search fo r a particu lar prey the harrier m ay adjust its speed, 
a ltitude  and  o th e r flying p roperties  to  the expected prey species. These 
ad justm ents m ay be considered  to  be adaptations to  a « searching image », 
as p roposed  by T inbergen  (1960). O th e r prey species, if m et with, 
m ay therefore  have a greater chance to  escape, bu t incidentally  may 
be cap tured  as well and thereby  becom e an additionally  searched for 
source o f food  in the sam e habitat. A n  exam ple o f  this will be given.

In Flevoland, w in ter 1970, C.c. obviously  preferred  to  prey upon 
voles in extensive agricultural fields (Table 16). Birds and M icromys 
minutus, m ost o f  them  occupying m arshy areas, com prised no t m ore 
than  7%  and 5%  o f the  food, respectively. In w inter 1971, when 
voles were m uch scarcer, C.c. had tu rned  to  prey upon birds in the 
m arshy areas to  a considerable extent (50%). Sim ultaneously the 
am o u n t o f the less im p o rtan t prey species M icromys minutus had risen 
from  5%  to  14% .

T herefore, even if tw o species o r sexes o f harrier display distinctly 
aim ed prey preferences (searching images) in d ifferent or the same 
habitats, the m echanism  o f adjustability  described above helps to  
assim ilate the d ifferences and gives rise to  inter- o r intraspecific overlaps 
in food com position . T he ex ten t o f  this type o f  overlap in inter- and 
intraspecific in terrela tionships, is how ever beyond o u r means to  
m easure.

10. G E N ER A L D IS C U S S IO N  A N D  C O N C L U SIO N S.

A lthough  m any au th o rs  have published data on  the food of harriers, 
a reliable com parison  w ith  o u r nest observation  data is no t always 
possible, since results o f  analysis o f  pellets and prey rem nants, o r a
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com bination  o f several food analysis m ethods (analysis o f pellets, prey 
rem nants, stom ach contents, nest observations and casual field obser­
vations) are often  involved.

Food studies o f C  a. in A m eland and Terschelling ( R o o t h , 1956 and 
1963) revealed rabbits to  be an im portan t prey category, w hich agrees 
w ith the conclusions o f ou r study. In the Peel, as in G roo te  Peel 
in the present study, m any young Larus ridibundus were taken 
(H averschm idt, 1940). A n unpublished  study  by W eber (1966) in 
Cam argue m entions young nidifugous w ater birds and snakes, observed 
in the food o f C .a. during nest observations; rabbits were observed 
less frequently  than  in o u r study. H o s k i n g  (1943) observed a rather 
large am oun t o f larger m am mals, am ong w hich rabbits and leverets, 
supplied to  the young during nest observations in N orfo lk , England. 
Young nidifugous birds were frequently  recorded  in m any areas : 
Finland ( H i l d e n  and K a l i n a i n e n , 1966), G erm any, H ungary and France 
( U t t e n d ö r f e r , 1939 and 1952), Lake N euchâtel, Swiss (Blanc and 
M anuel, 1956), Belgium (Verbruggen, 1968), Spain (Valverde, 1960) 
and U .S .S .R . ( D e m e n t ’e v , 1951), the observed prey o ften  including 
w ater birds. B a k k e r  (1955) and K o r i d o n  (according to  D . J o n k e r s , 
pers. com m .) recorded no tew orthy  p redation  on  frogs, tEN  K a t e  (1930) 
on  fish and frogs in H olland in N oordoostpo lder, Zwarte M eer and 
K am pereiland, respectively.

In con trast w ith the present study, several au tho rs frequently  observed 
small m am m als like voles in the food o f C.a. : Bakker (1955) in N o o rd ­
oostpo lder, H olland, T h i o l l a y  (1967) in Lorraines, France, H i l d e n  
and K a l i n a i n e n  (1966) in Finland, U tten d ö rfe r (1939 and 1952) in 
G erm any, H ungary and France, and Pinowski (1961) in Poland. In 
N oordoostpo lder voles were extrem ely abundan t and heavy plagues 
occurred (B a k k e r , 1955 and 1957; B a k k e r  and V a n  d e r  Z w e e p , 1950). 
D uring o u r studies in breeding tim e, such plagues were n o t observed, 
and heavy predation  by C.a. on voles probab ly  is restricted  to  situations 
where these anim als are very num erous. As voles are no t very agile, 
it is n o t surprising tha t during a period o f sufficient supply  C.a. preys 
upon  them , and the sh o rt span o f tim e, required  fo r the localizing o f 
a new prey  item , may com pensate fo r its small size.

Bird eggs were recorded  as food o f C.a. in G erm any and H ungary 
( U t t e n d ö r f e r , 1939 and 1952; M a r t e n s , 1964), in Kam pereiland, 
H olland ( T e n  K a t e , 1930), in France ( T h i o l l a y , 1967), in Spain 
( V a l v e r d e , 1960) and in U . S . S . R .  ( D e m e n t ’e v , 1951).

Predation by C.a. on aquatic and m arsh anim als and larger mammals, 
like rabbits, as recorded by m any au thors, concurs w ith the results 
o f the p resen t study.

C oncerning C.c. the literature  reveals data w hich corresponds 
well w ith those o f the p resen t study. Passeriform e birds and parti­
cularly small m am m als like voles were observed to  be frequently  taken 
in m any areas : Fennoscandia (B e r g m a n , 1961), G erm any, H ungary 
and France ( U t t e n d ö r f e r , 1939 and 1952), D rauszensee, G erm any
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( H a a s , 1939), L üneburgerheide, G erm any (nest observations by 
H e n n i n g s , 1936), O rkney , Scotland (nest observations by B a l f o u r  
and M a c d o n a l d , 1970), and U .S .S .R . ( D e m e n t ’e v , 1966). In addition  
voles were m uch taken  by C.c. in A m eland ( R o o t h , 1963), and song­
b irds in Terschelling ( R o o t h , 1956).

G enerally  voles were recorded  m ore frequently  in those studies 
than  in the present one, w hich, as in C .a. may be due to  greater abun­
dance o f th is prey species in the areas involved.

R abbits were an im p o rtan t prey category in A m eland and Terschelling 
( R o o t h , 1956 and 1963). A dditionally , nidifugous land birds were 
taken  in som e areas to  a greater o r lesser extent : Fennoscandia ( B e r g m a n , 
1961), and D rauszensee, G erm any ( H a a s , 1939). Lizards and insects 
were occasionally recorded  ( U t t e n d ö r f e r , 1939), whereas D e m e n t ’e v  
(1951) also repo rts  these prey categories o f C.c. in U .S .S .R . Fish, 
frogs and snakes in the d iet have been recorded in G reat Britain ( G l u t z  
v o n  B l o t z h e i m  et al., 1971), bird eggs in G erm any ( U t t e n d ö r f e r , 1939), 
in H ungary ( B i t t e r a , 1914) and the U .S .S .R . ( D e m e n t ’e v , 1951).

In C.p., R o o t h  (1963) observed m any voles in the food  in Am eland, 
lizards ( R o o t h , 1956) in Terschelling. L i e f t i n c k  (1922) observed 
m ainly songbirds am ong the food in D rente, H olland. Small m am m als 
like voles, and Passeriform e birds were frequently  observed as prey 
o f  C.p. in V endee, France ( T h i o l l a y , 1968; only a few songbirds), 
in G erm any, H ungary, U .S .S .R . and France ( U t t e n d ö r f e r , 1939 and 
1952), and in U .S .S .R . ( K h u s i a n o v , 1963; D e m e n t ’e v , 1951). Insects 
were frequently  observed in V endée, France ( T h i o l l a y , 1968), in 
U .S .S .R . ( D e m e n t ’e v , 1951), in G erm any, H ungary and France 
( U t t e n d ö r f e r , 1939 and 1952), bird eggs in G erm any, H ungary and 
France ( U t t e n d ö r f e r . 1939; M a r t e n s , 1964), in Vendée, France 
( T h i o l l a y , 1968) and in U .S .S .R . ( D e m e n t ’e v , 1951).

A lthough in all th ree  harrier species, during fo rm er food studies 
voles were taken m ore frequently  than observed in  the present study, 
the  general p icture is the same, and the interspecific differences in prey 
selection, discussed before, are no t denied.

F rom  the present study  the three harrier species involved proved 
to  be characterized by inter- and intraspacTic differences in food 
com position , w hich probab ly  were achieved by p redation  differences 
in tim e and space, and by p redation  differences d irectly  related to 
in trinsic, m orphological and s tructu ra l p roperties. Interspecific diffe­
rences in breeding tinae and consequently  different periods of m axim um  
predation , which also intraspecifically were different, achieved an 
inter- and intraspecific partition  in tim e, and consequently  in prey 
selection. Furtherm ore  the harriers show ed inter- and intraspecific 
differences in habita t selection and distances, across w hich they w ith­
drew  trona the nest w hen hunting. Inter- and intraspecific differences 
in skiltulness probably  achieved differences in prey conapositio i as to 
the  am oun t of agile prey taken, whereas different harrier species and 
sexes to o k  prey o f  m ore o r less d ifferent size. Possibly certain  types



90 W .J.A. SCHIPPER. — Gerf. 63/1-2 (1973)

of w eather were o f d ifferent influence on  each o f the harrier species; 
the activity o f prey anim als w ould also be effected, thus achieving 
fu rther interspecific differences in food com position .

For a good understanding  o f the d ifferen t roles o f males and females 
in the supply  o f food to  the young, varying in the course o f the nestling 
period and during the day, and discussed in C hap ter 9 . 1 . 2 .  and 9 . 2 . 3 . ,  
the observation periods at the nest should  cover a longer spell of tim e 
than  was usually the case in our studies, w hereas the observations at 
nests o f d ifferent harrier species should  be m ore synchronic in o rder 
to  obtain  m ore perfect possibilities o f com parison.

Still som e no tew orthy  results have to  be discussed. In C hap ter 9 . 2 . 6 .  
C.c. has been considered to  be the m ost agile o f the three species, 
w hich does n o t concur w ith  the conclusion  o f N i e b o e r  (1973), w ho 
called C.p. the m ost agile, as C.p. has a longer tail in relation to  the 
average body weight, and is supposed to  fly low er w hen hunting. The 
latter feature has n o t been confirm ed by field studies. However, 
when n o t m easured in relation  to  body  size bu t in relation  to  wing 
length, C.c. appears to  have the longest tail (according to  m easurem ents, 
p resented by the same author). Elsew here N i e b o e r  considered the 
larger tail/w ing ratio  in C.c. to  be a possible consequence o f specializa­
tion  on sm aller and p robably  m ore agile prey requiring increased 
m anoeuvrability , which opin ion  very well fits in the results o f the 
present study. In add ition  a long tail is n o t only related to  great 
m anoeuvrability  but also to  the possibility  o f flying slowly, e.g. when 
quartering  the ground in search fo r prey ( B r o w n  and A m a d o n ,  1968). 
The m ore fingered wings o f C.c, in relation  to  C.p. and the relatively 
short, broad wings, together w ith the long tail giving an AccipiterAike 
appearance to  C.c., may enable the bird to  sp rin t in a pu rsu it o f flying 
birds over a sh o rt distance and increase its agility.

The p resent study  confirm s that C.a. is the least agile o f  the three 
species ( N i e b o e r , 1973). As to  the flying altitude w hen hunting, 
C.c. m ay fly lowest, in  o rder to  surprise agile prey, C.a. highest in search 
for slow er m oving prey, and m aking use o f tali vegetation in o rder to  
achieve a surprise  effect w hen encountering prey.

The observations concerning m ales taking m ore agile prey than  
females fit very well w ith the op in ion  o f  N i e b o e r  (1973), tha t the pre­
dom inantly  grey and countershaded  adult male plumages in harriers 
are advantageous while hunting  prey w ith keen vision in open terrain.

The locally high frequency o f lizards and insects in the food o f C.p. 
may be explaned by the relatively sh o rt toes and claws o f this species 
(for m easurem ents see N i e b o e r ,  1973), and partly  to  its hun ting  habits, 
w hereas the observed intraspecific difference in C.a. as to  preying 
upon  snakes by males only, m ay be due to  the same feature, the male 
having sho rte r toes and claws than the female. O f  particular interest 
was the supply  o f living prey specim ens by a C.a. male and a C.p. 
female, which may be due to  the large feet o f  the harriers in relation 
to  the small prey.
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In relation to  their ranges in Spain and Italy (V oous, 1960), the 
observed differences in prey  selection in C.c. and C.p. are o f particular 
in terest, as in large areas o f  these countries C.c. does n o t breed where 
C.p. (and also C.a.) occurs. The present study  found  that in Terschelling 
the lack o f voles did n o t induce C.c. to  take lizards as did C.p. It may 
be possible, therefore, th a t the absence o f C.c. in the above m entioned 
areas is related to  the lack o f M icrotus arvalis ( V a n  d e n  B r i n k ,  1968) 
and replacem ents accessible to  C.c. N ote also the  food  o f C.c. in 
Italy in w in ter (C hapter 7 . 2 . ) .  A lthough C.c. appeared to  be able 
to  prey on  o th e r prey categories, voles still seem  to  be an im portan t 
food  item .

D uring  the  breeding season C.p. preyed upon  young birds, lizards 
o r  insects to  a great extent, whereas C.a. to o k  m any young animals 
and  carrion . T he m igration habits o f  these harrier species may be 
related to  lack o r inaccessability o f  these prey categories in their breeding 
ranges in w inter. O nly  C.c. m ay be able to  su p p o rt itself w ith agile 
prey (adult birds) and voles (where abundant) in the tem perate and 
M editerranean  zones.

In C hap ter 9 . 2 . 5 .  evidence was presented th a t sexual d im orphism  
in size and s tru c tu re  o f harriers give rise to  differential prey size selec­
tion , a feature also found  in o th er p redato ry  birds by S t o r e r  (1966), 
H o g l u n d  (1946) and E a r h a r t  &  J o h n s o n  (1970). A ccording to  
R eynolds (1972) the sm aller size o f the male, especially in the genus 
Accipiter, m ay be related to  its role as the m ore efficient forager o f the 
pair, able to  feed on  very agile species. In con trast the female, starting 
to  h u r t  only w hen the nestlings are m edium  sized, is able to  capture 
from  a b roader prey-size range. Both conclusions were confirm ed 
during  the present study  concerning harriers. A no ther feature related 
to  sexual d im orph ism  becam e evident. Relying upon  intrinsic and 
environm ental factors, the largest harrier species, C.a., is the first 
b reeder, the  sm allest species, C.p. the last one. In this ecological 
contex t, and as the male always starts p redation  activity, the female 
beginning later, inter- and intraspecific partition  o f food-resources 
and hence differential niche utilization is optim ally  enhanced only 
if the males are sm aller than  the females (see Fig. 7 and discussion 
elsewhere).

E arhart &  Johnson  (1970) argued th a t the lack o r reduction  of 
sexual size d im orph ism  in insectivorous owls is related to  the fact 
th a t they feed on  a food source w hich consists o f  item s o f relatively 
small size, w hich exists as num erous fragm ents in the environm ent. 
A m ong harriers the small sexual size d im orph ism  in C.p., the species 
m ost frequently  preying upon  small prey species, supports  this p ro ­
position .

The present study has been based chiefly on  prey num bers and to  a 
lesser extent on  prey biom ass. W here  the three harrier species are 
breeding close together, and select their prey from  potentially  the same 
resource o f food, com petition  may occur if species and sex A for som e 
reason  takes prey item s w hich are optim al and m ost acceptable for
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N est o b se rv a tio n s revealed  th a t C .p. su p p lied  th e  g rea test n u m b e r o f  p rey  item s 
p e r  u n it tim e  an d  p e r  young , C .a. p ro v id in g  th e  sm allest (T able 18). H ence a 
co m p ariso n  o f  on ly  percen tages o f  each p rey  category  in th e  fo o d  does n o t give reliable 
in s ig h t in  th e  in te rsp ec ific  d ifferences an d  sim ilarities, an d  th e  n u m b e r o f  p rey  item s 
p e r u n it  tim e  sh o u ld  be invo lved . In  ad d itio n , d u rin g  th e  nestling  p e rio d  m ales an d  
fem ales do  n o t share  in  th e  p rey  su p p ly  to  th e  yo u n g  in  a co n s ta n t ra tio , th e re fo re  th e ir  
changing ac tiv ity  sh o u ld  also  be co nsidered  to  give a reliab le  co m p ariso n  o f  the  fo o d  
co m p o s itio n s . A n o th e r  fa c to r to  be con sid e red  is th e  n u m b e r o f  p rey  item s p e r  u n it 
tim e  an d  p e r  young  re la ted  to  th e  average p rey  w eigh t (Fig. 4).

O n  th e  average C .a . n ested  f i r s t  in  th e  b reed ing  season , C .p . being the  la test b reed e r 
(Fig. 5). A s th e  share  o f  th e  fem ales in th e  p rey  su p p ly  to  th e  young  gradually  increases, 
th e  share  o f  th e  m ales decreases (Fig. 6), th e  p e rio d s  o f  m ax im um  p red a tio n  p ressu re  
exerted  by m ales and  fem ales o f  th e  th ree  h a rr ie r  species th e re fo re  ap p ea r to  be separa ted  
by p e rio d s  o f  tim e. T h is  p a rtit io n  in tim e  ap p eared  to  estab lish  th a t h arrie rs  o f  very  
d iffe ren t b o d y  w eight, and  hence  o f  d iffering  p red a tio n  p o ten tia l, m o s t frequen tly  
h u n t to g e th er. H arrie rs  o f  less d iffering  (i.e. sim ilar) bo d y  w eight are separa ted  in  
tim e , an d  so less freq u en tly  h u n t at th e  sam e tim e  (Fig. 8). A s m ales s ta r t th e ir  
h u n tin g  ac tiv ity  a t the  beginning o f  the b reed ing  season , th e  fem ales s ta rting  la ter w hen 
th e  young  are  m ed iu m  sized, th e  above m en tio n ed  effec t is p re sen t if  th e  m ales are 
sm aller in  b o d y  w eigh t th a n  th e  fem ales. T h is  co n c lu s io n  is o f  im p o rtan ce  in  th e  
d iscu ssio n  co ncern ing  th e  fu n c tio n  an d  o rig in  o f  sexual d im o rp h ism  am ong  b ird s 
o f  prey , p a rticu la rly  th e  q u e s tio n  o f  th e  o rig in  o f  th e  m ales sm aller size.

R ain  caused  th e  p rey  su p p ly  to  th e  nests to  decrease (T able  22), w hereas in  F levoland  
C .c. an d  C .p. te n d e d  to  su p p ly  b ird s  d u rin g  p e rio d s  o f  h igher w ind  velocity  relative 
to  q u ie te r  tim es w h en  m o re  vo les w ere b ro u g h t to  th e  young  (T able 23). O n  th e  
average C .c. an d  to  a lesser e x ten t C .p. te n d e d  to  su p p ly  m ore  p rey  item s to  th e  young  
a t h igh  w ind  velocity , C .a . at low  w ind  velocity  (T able 24). Possib ly  in terspec ific  
d iffe ren t in flu en ces o f  th e  w ea ther are ab le  to  in flu en ce  h u n tin g  ac tiv ity  an d  p rey  
se lec tion , and  hence  th e  in te rsp ec ific  d ifferences an d  sim ilarities in  p rey  co m p o sitio n .

T h ese  are a lso  in f lu en ced  by changing p rey  densities, w hich  do  n o t  necessarily  have 
th e  sam e consequences in  th e  fo o d  co m p o s itio n  o f  all th re e  h a rr ie r  species. F o r 
instance  th e  p resence  o f  lizards in T erschelling  in  co n tra s t to  A m eland  an d  Flevoland, 
o n ly  ex h ib ited  an  in flu en ce  o n  th e  fo o d  o f  C .p . In  a d d itio n  in d iv id u a l v a ria tio n  and  
specialization  o n  p a rticu la r prey  species are  able to  in flu en ce  th e  in ter- an d  in traspec ific  
re la tio n sh ip s  in  p rey  co m p o s itio n .

T h e  d ifference  in  b reed ing  tim e  betw een  th e  th ree  species im plies th a t o n  th e  average, 
the  prey  densities d u rin g  th e  nestling  tim e  is d iffe ren t fro m  species to  species, w hich  
is re flec ted  in th e  fo o d  tak en , e.g. in  th e  co u rse  o f  th e  nestling  tim e  increasing  p red a tio n  
o n  lizards by C .p.

T h e  daily  rh y th m , m easu red  by m eans o f  the  n u m b e r o f  p rey  item s su p p lied  to  
the  nests, show ed  in ter- an d  in tra sp ec ific  d ifferences. T h e  daily  ac tiv ity  p ro b ab ly  
d ep en d ed  on  the  activ ity  o f  th e  prey  species m ainly  tak en , w hereas o n ly  a few fea tu res 
in  th e  ac tiv ity  p a tte rn  o f  th e  h a rrie rs  sh o u ld  be a ttr ib u te d  to  in trin s ic  fac to rs , e.g. th e  
g radual increase an d  decrease in  ac tiv ity  d u rin g  th e  day in  C .c. and  C .p ., respectively , 
as w ell as s ta r t an d  te rm in a tio n  o f  th e  daily  activ ity .

O n  th e  average C .a . su p p lied  heav ie r p rey  to  th e  yo u n g  th a n  d id  th e  o th e r  h a rr ie r 
species, in  ab so lu te  te rm s as well as in re la tio n  to  bo d y  w eight; w hereas C .p. to o k  the 
sm allest p rey  item s (Fig. 12). C .a. freq u en tly  b ro u g h t very  sm all p rey  (songbirds) to  
th e  young  on ly  in N o rth e rn  F rance, th e  p rey  species usually  tak en  p ro b ab ly  being 
ab sen t in th e  area considered .

In traspecific  average p rey  w eight d ifferences, as w ell as in te rsp ec ific  d ifferences 
re la ting  to  th e  size o f  th e  fo o t ( N i e b o e r , 1973), w ere p re se n t in  C .a . a n d  C .c.

T h e  in te rsp ec ific  d ifferences in  average prey  size w ere g rea test in  fem ales. T he  
sm all in te rspec ific  d ifferences in  m ales m ay be re la ted  to  th e  h u n tin g  hab its , w hich 
are very d iffe ren t p articu la rly  in  th e  m ales. M ales o f  C .p . h u n t fu r th e s t from  th e  nest, 
being observed  a t d is tances exceed ing  12 km , w hereas th e  m ales o f  C .a . freq u en tly  
h u n te d  w ith in  a rad iu s o f  2 km  fro m  th e  n est. C .c. m ales w ere  o ften  m o re  th an  3 km  
fro m  th e  nest. In  th is  w ay th e  m ales o f  th e  th re e  species p rey ed  in  d iffe ren t areas,
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alth o u g h  they  b red  in  a co m m o n  nesting  area. T h e  fem ales, show ing greater in te r­
specific  d ifferences in  m ean p rey  w eight, h u n te d  m ore  freq u en tly  in  the su rro u n d in g s 
o f  th e  nests, regu larly  freq u en tin g  th e  sam e area s im u ltaneously .

A s to  th e  cap tu re  o f  agile an d  m anoevrab le  p rey  C .c. p ro b ab ly  is th e  m o st dex terous 
species (T able 34). C.c. to o k  m o re  ju ven ile  an d  ad u lt so ngb ird s  th an  d id  th e  o th e r 
h a rr ie r  species, w hereas m o tio n less  p rey  like ca rrio n  an d  b ird  eggs w ere n o t observed , 
an d  on ly  occasionally  re c o rd e d  in  fo rm e r stud ies. In c o n tra s t, C .a . regularly  to o k  
ca rr io n  an d  b ird  eggs; so n g b ird s  ab le  to  fly  w ere on ly  occasionally  cap tu red . C.p. 
h e ld  an  in te rm ed ia te  p o s itio n , b u t  it is m uch  m ore  d ex te ro u s  th a n  C.a.

In  all th ree  species m ales su p p lied  m o re  ju v en ile  an d  a d u lt songb ird s to  th e  nests 
as a ru le  th a n  d id  th e  fem ales, th e  fem ales poss ib ly  being less d ex te ro u s. T h e  conclusion  
concern ing  in te rspec ific  d ifferences in agility was co n firm e d  by th e  w in te r observations, 
w h ich  gave ev idence th a t  C .a. f req u en tly  to o k  w o u n d ed  an im als and  carrion , w hereas 
C .c. p reyed  u p o n  so ngb ird s  to  a considerab le  ex ten t, if  voles w ere n o t n um erous.

A lth o u g h , d isco u n tin g  th e  p rey  densities, h a rr ie rs  m ay p red o m in an tly  p rey  in hab ita ts  
w here  vegeta tion  an d  s tru c tu re  o f  th e  te r ra in  enab les th em  to  h u n t w ith  success, e.g. 
h ab ita ts  th a t  enab le  th em  to  su rp rise  th e ir  p rey , fam iliarity  w ith  th e  hu n tin g  range 
an d  p a rticu la rly  w ith  places w h ere  th e  p rey  density  is high, m ay define  th e  u ltim ate  
h a b ita t se lec tion . In search  o f  a p a rticu la r p rey  species, th e  h a rr ie r  m ay a d ju s t its 
speed , a ltitu d e  an d  o th e r  fly ing  p ro p e r tie s  to  th e  expected  p rey  in th e  pa rticu la r area; 
o th e r  p rey  species, if  m et w ith , m ay th e re fo re  have a g rea ter chance to  escape. B ut 
occasionally  th ey  m ay be cap tu red  as well an d  theo re tica lly  h a rr ie rs  w ith  d iffe ren t prey  
p re fe rence  m ay co n seq u en tly  sh o w  overlap  in  fo o d  cap tu re , n o t d irec tly  re la ting  to  
th e ir  p rey  p reference . T h e  ex te n t o f  th is  ty p e  o f  overlap  in ter- an d  in traspec ific  
in te rre la tio n sh ip s , is h o w ev er b ey o n d  o u r  m eans to  m easure.

A lth o u g h  in ter- an d  in tra sp ec ific  d ifferences an d  sim ilarities in  fo o d  c o m p o s itio n  
w ere p resen t, th e  p rey  se lec tion  ap p a ren tly  is d e te rm in ed  by vario u s in trin sic , m o rp h o ­
logical and  s tru c tu ra l p ro p e rtie s  o f  the  h a rrie rs  as w ell as by th e  p red a tio n  d ifferences 
in  tim e  an d  space m en tio n ed  above, w h ich  enab le  th e  th ree  h a rr ie r  species to  coexist 
w ith o u t o b v io u s  in te rsp ec ific  c o m p e titio n  fo r fo o d .
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13. S A M E N V A T T IN G .

A angezien er p laa tsen  zijn w aar de d rie  W esteu ro p ese  k iek en d ie fso o rten , de b ru ine  
k iek en d ie f (in h e t a rtik e l a fgeko rt ais C .a.), de b lauw e k iek en d ie f (afgekort ais C .c.) 
en  de grauw e k iek en d ie f (afgekort ais C .p.), d ich t bij e lkaa r b ro e d e n  en  e r ogensch ijn lijk  
dezelfde leef- en  jach tw ijze o p  na h o u d en , is h e t van belang te w eten  o f  e r  in terspec ifieke  
co m p etitie  o p treed t, o f  d a t de so o r te n  dusdan ig  in  h u n  oeco log ie  versch illen , d a t ze 
zo n d er co m p etitie  naast e lkaar k u n n en  leven. H et a rtik e l gaat d aa rto e  in  o p  verschillen  
in  voedselkeuze, te rw ijl pub lica ties b e tre ffende  jach tgedrag  en  b roedb io log ie  nog zullen 
versch ijnen .

D o o r  m iddel van  sch u ilhu tw aarnem ingen  bij nesten , aangevuld  m et o .a . b raakbal- 
analyses en  analyses van  p ro o ire s ten , w erd  de voedselsam enste lling  van de d rie  so o rten  
k iekend ieven  vastgesteld  gedu rende  een  aan ta l ja ren  in  h e t b roedse izoen  (Tabel 2), 
te rw ijl h e t voedse l van  C .a . en  C .c. in  de w in te r w e rd  b es tu d ee rd  aan  de h an d  van  
braakba llen  (T abel 3). Een d iscussie over de v o o r en  n ade len  van  deze versch illende 
m ethodes van  voedselanalyse is te  v inden  in  h o o fd s tu k  5. S chu ilhu tw aarnem ingen  
b lek en  de g ro o ts te  b e tro u w b aa rh e id  op  te  leveren . Zie v o o r h e t vastgestelde voedsel 
gedu rende  de schu ilh u tw aarn em in g en  T abel 6, v o o r aanvu llende  w aarnem ingen  T abe l 7, 
8 en  9. H et voedsel in  de w in te r is w eergegeven in  T ab e l 15 en  16.

De g ro o ts te  in te rspec ifieke  overlap  in  voedselsam enste lling  w erd  gevonden  in  v ier 
p roo ica teg o rieën , te  w eten  jonge ste ltlo p e rs  en  fazan ten  (8), zangvogels (9), zoogdieren  
van  m u isg ro o tte  (10) en  g ro te re  zoogd ieren  (11), zie T abe l 6. Deze overlap  b leek  bij 
nadere  u itw erk ing  h e t g ro o ts t te  zijn bij de p red a tie  o p  jonge fazan ten , o p  vliegvlugge 
zangvogels (zonder sp reeuw en), op  veldm uizen  en  op  jonge k o n ijn en  (zie T abel 13). 
V e rd e r v e rto o n d e n  m annetjes en  w ijfjes een  versch illende  voedselkeuze. Deze w o rd t 
v o o r d rie  geb ieden  vergeleken  in  Fig. 2.

In de w in te r b leek  C .c. v o o ra l te  jagen  o p  tw ee ca tego rieën  voedsel, te  w eten  v e ld ­
m uizen  e n  zangvogels, w aarb ij in  geb ieden  m e t veel ve ldm uizen  deze p ro o iso o r t w erd  
geprefereerd . C .a . m aak te  veel ja c h t o p  w atervogels, ve rm o ed e lijk  v o o ra l ais deze 
verziekt, gew ond o f  d o o d  w aren . V an  C .p . is w einig o v e r h e t voedsel in  de w in te r 
bekend .

E en vergelijk ing van h e t voedsel in  de b ro e d tijd  m et de geschatte  p ro o id ich th ed en  
in  de onderzoeksgeb ieden  (T abel 4) m aak te  d u id e lijk  d a t C .a . v o o rn am elijk  w a te r­
en  m oerasd ie ren  (vissen, k ikkers, ringslangen, ra lach tigen , m aar in  F levoland oo k  
fazanten) en  k o n ijn en  u it de d u in e n  at, d ie d u s  overw egend  in  de b e tre ffen d e  b io to p en  
m o e ten  zijn  gevangen. In h e t voedse l van  C .c. k w am en  o o k  w el p ro o ie n  u it  deze b io ­
to p e n  v oo r, zoals rietvogels en  ko n ijn en , m aar in  v e rh o u d in g  to t  C .a . w erden  veel 
m eer o p en  land  vogels, zoals leeuw eriken , gevangen. Deze ten d en s  w as bij C .p. nog 
ste rk e r. G este ld  kan  w o rd en  dat, hoew el alle k iek en d ie fso o rten  jagen boven  zow el 
de b roedgeb ieden  m et vaak d ich te  en  hogere opgaande begroeiing  (du inen  en  m oeras) 
ais b oven  de  om liggende landbouw geb ieden  en  w eiden , bij C .a . de  n a d ru k  ligt o p  de 
eerstgenoem de b io to p en , bij C .p . o p  de laa tstgenoem de, te rw ijl C .c. in  d it opz ich t 
een  m id d en p o sitie  in n eem t (Fig. 3). Bij alle d rie  de so o r te n  joegen  de w ijfjes m eer in  
de om geving van het nest, en  du s b o v en  m eer g es tru c tu ree rd e  vegetatie, dan  de m annetjes.

U it de  schu ilh u tw aarn em in g en  bleek d a t p e r  jo n g  C .p . h e t g ro o ts te  aan ta l p ro o ien  
per ti jd seen h e id  aanvoerde , C .a . h e t k le inste  aan ta l (T abel 18). D ientengevolge geeft 
een  vergelijking van alleen de percen tages van elke p ro o ica teg o rie  in  h e t voedsel geen 
zu iver beeld  van de in te rsp ec ifiek e  versch illen  en  o v ereen k o m sten , en  m oeten  deze 
percen tages w o rd en  ingepast in  h e t aantal p ro o ie n  per tijd seenhe id . B ovend ien  is de 
verh o u d in g  tu ssen  h e t aan ta l p ro o ien , aangevoerd  d o o r  m annetjes en  w ijfjes, gedurende 
de jo n g en tijd  n ie t co n stan t, zo d a t o o k  h u n  w isselend  aandeel in  de p ro o iaan v o er ten  
behoeve van een re levan te  vergelijking zou  ingepast m o e ten  w orden . V o o rts  bleek 
een  verband  aanw ezig tu ssen  h e t aantal p ro o ien , per jong  p e r tijd seen h e id  aangevoerd , 
en  h e t gem iddelde  p roo igew ich t (Fig. 4).

G em idde ld  b ro ed d e  C .a . h e t vroegst in  h e t jaa r, C .p . h e t laatst (Fig. 5). G ezien d it 
feit. en  daar h e t aandeel van  de w ijfjes in  de p ro o iaan v o e r v o o r de jo n g en  geleidelijk 
to en eem t, te rw ijl he t aandeel van de m annetjes afneem t (Fig. 6), bleek e r gem iddeld  
een verdeling  in tijd  te  bestaan , w aarin  de m annetjes en  w ijfjes van  de d rie  k iekend ie f­
so o rten  h u n  m axim ale p red a tied ru k  u itoefenden . Deze verdeling  b leek  zodanig te zijn, 
da t voo ra l k iekend ieven  van s te rk  versch illend  lichaam sgew icht, en  dus versch illend
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p red a tiep o ten tiee l, h e t m eest tegelijk  jagen, te rw ijl k iekend ieven  m e t k le inere  v e r­
schillen  in  lichaam sgew ich t in d it o pz ich t in  de tijd  zijn verdee ld  en  dus m in d er tegelijk 
jagen  (Fig. 8). A angezien  altijd  de m annetjes ee rs t jagen, terw ijl de w ijfjes pas later 
a c tie f  w o rd en  w o rd t d it effect v o o ra l b e re ik t ais de m annetjes k le iner zijn  dan  de 
w ijfjes, een co n sta te rin g  die van belang is in  de d iscussie ro n d  de vraag naar h e t w aarom  
van  de  sexuele d im o rfie  in g ro o tte  bij roo fvogels, en in zo n d erh e id  de vraag w aarom  
ju is t  de m anne tjes k le in e r zijn.

R egen b leek  een  rem m en d e  in v loed  o p  de p ro o iaan v o e r bij h e t nest te  heb b en  
(T abel 22), te rw ijl in  F levo land  C .c. en  C .p . e r  to e  neigden  vogels gem iddeld  tijd en s 
p e rio d e n  m et hogere  w in d sn e lh e id  aan te  v o e ren  d an  m uizen  (T abel 23). D e tendens 
w as aanw ezig d a t bij C .c., en  in  m in d ere  m ate bij C .p ., een  hogere  w in d sn e lh e id  sam en 
viel m et een  v e rs te rk te  p ro o iaan v o e r, bij C .a. m et een  geringere p ro o iaan v o er (T abel 24). 
In te rsp ec ifiek  versch illende  in v lo ed en  van  h e t w eer k u n n e n  dus m ogelijk  de jach t- 
ac tiv ite it en  p ro o ik eu ze , en  derha lve  de in te rspec ifieke  versch illen  en  ov ereen k o m sten  
in  p ro o isam en ste llin g  b e ïnv loeden .

Deze k u n n e n  o o k  w o rd en  be ïn v lo ed  d o o r  veranderingen  in  h e t p ro o iaan b o d , die 
n ie t in  de voedselsam enste lling  van  alle d rie  de k iek en d ie fso o rten  dezelfde gevolgen 
h o ev en  te  h eb b en . Zo is h e t v o o rk o m e n  v an  hagedissen  o p  T erschelling , in  afw ijking 
v an  A m elan d  en  F levo land , a lleen  s te rk  te rug  te v in d en  in h e t voedsel van  C .p . O o k  
ind iv id u e le  varia tie  en  specialisatie  o p  bepaalde p ro o id ie rso o rte n  kan  de in ter- en  in tra- 
spec ifieke  v e rh o u d in g  in  p ro o isam en ste llin g  beïnv loeden .

H e t versch il in  b ro e d tijd  tu s se n  de d rie  so o r te n  b ren g t m e t zich m ee d a t gem iddeld  
in  de  jo n g en tijd  van  de ene so o r t  h e t p ro o ia a n b o d  versch ilt v an  d a t in  de jo n g en tijd  
v an  de an d ere  so o r t, he tgeen  in  h e t voedsel is te rug  te  v in d en . D ezelfde fac to r speelt 
een  ro l in  de tijd en s  de jo n g en tijd  to en em en d e  p red a tie  v an  C .p. o p  hagedissen  o f  
insec ten .

H e t dagritm e, g em eten  n aa r h e t aan ta l p ro o ie n  d a t bij de nesten  w erd  aangevoerd , 
v e r to o n d e  in ter- en  in tra sp ec ifiek e  versch illen . V erm o ed e lijk  w as h e t dagrithm e, sterk  
a fh an k e lijk  van  de ac tiv ite it v an  de belangrijkste  p ro o ien , te rw ijl s lech ts enkele  v e r­
sch ijn se len  in  h e t a c tiv ite itsp a tro o n  van  de k iekend ieven  ve rm o ed e lijk  m oeten  w o rd en  
toegesch reven  aan  inw endige fac to ren , zoals respectievelijk  de  geleidelijke activ iteits- 
a fnam e en  to en am e  over de  dag bij C .p. e n  C .c., alsm ede h e t beg in  en  e ind  van  de dag- 
a c tiv ite it.

G em id d e ld  b rach t C .a ., o o k  in  v e rh o u d in g  to t  h e t lichaam sgew ich t, zw aardere p roo ien  
aan  de jo n g en  dan  de andere  so o r te n , te rw ijl C .p. de  lich ts te  p ro o ie n  aan b rach t (Fig. 12). 
A lleen  in  N o o rd -F ran k rijk  w erd en  bij een  n e s t van  C .a. veel zeer k leine p ro o ie n  a a n ­
gevoerd  (zangvogels), he tgeen  verm o ed e lijk  sam enh ing  m e t h e t o n tb re k e n  van  de 
n o rm a le  p ro o id ie re n  in h e t be tre ffen d e  gebied.

C .a . en  C .c. v e rto o n d e n  in trasp ec ifiek e  versch illen  in  gem iddeld  proo igew ich t, 
w elke evenals de in te rsp ec ifiek e  versch illen  sam enhangen  m et de g ro o tte  van h e t vang- 
a p p a raa t ( N i e b o e r , 1973).

D e in te rsp ec ifiek e  v e rsch illen  in  gem iddelde p ro o ig ro o tte  w aren  h e t g ro o ts t tu ssen  
de w ijfjes o n derling . D a t deze versch illen  tussen  de m annetjes onderling  k le iner zijn 
zou  v e rb an d  k u n n e n  h o u d e n  m et h e t feit d a t v oo ra l de m anne tjes sterk  versch illen  
in  jach tg ew o o n ten . D e m annetjes  van  C .p . jagen  h e t v ers t weg van he t nest, en w erden 
o p  m eer d an  12 km  d aa rv an d aan  w aargenom en , terw ijl de m annetjes van  C .a . dikw ijls 
b in n en  een  s traa l van 2 km  to t  h e t n est joegen . C .c. m annetjes verw ijderden  zich d ikw ijls 
3 o f  m eer km  van  h e t nest. O p  deze wijze joegen  de m annetjes van  de d rie  soo rten , 
k o m e n d  u it een  gem eenschappe lijk  b roedgeb ied , in  versch illende  gebieden. D e w ijfjes, 
m et h u n  g ro te re  in te rsp ec ifiek e  versch illen  in  gem iddeld  proo igew ich t, joegen  veel 
m eer in  de om geving van  h e t nest, w aarbij ze regelm atig tegelijk  in hetzelfde gebied 
kw am en.

V erm o ed e lijk  is C .c. de m eest w endbare  so o r t van  de d rie , w aar h e t gaat om  he t 
g rijpen  van snelle en  lenige p ro o ie n  (T abel 34). C .c. nam  de m eeste juven iele  en  adu lte  
zangvogels, te rw ijl onbew eeglijke p ro o ien  ais aas en  eieren  van vogels n im m er w erden  
g econsta teerd , en  o o k  in  de li te ra tu u r  w einig verm eld  w o rd en . C .a . daaren tegen  a t 
regelm atig  aas e n  e ieren , terw ijl vliegvaardige zangvogels slech ts w einig w erden  g^8re P ^ -  
C .p . nam  w at d it b e tre ft een  tu ssen p o sitie  in , m aar is veel w en d b aa rd e r dan  C .a . bij 
alle d rie  de so o r te n  v o e rd en  de m annetjes ais regel m eer vliegvaardige zangvogels aan
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bij h e t n es t dan  de w ijfjes, zo d a t de laa tsten  m ogelijk  ais m in d er w en d b aar beschouw d  
m oeten  w o rd en . De w in terw aarnem ingen , w aaru it b leek  d a t C .a . veel gew onde d ieren  
en  aas at, te rw ijl C.c. bleek in aanzienlijke m ate van  zangvogels te k u n n en  leven, bevestig­
den  de bovenstaande  conclusie  b e tre ffende  de in te rsp ec ifiek e  versch illen  in  w en d ­
baarheid  bij deze so o rten .

H oew el, afgezien van  h e t p ro o iaan b o d , de k iekend ieven  v o o ra l p ro o ien  zullen 
zoeken  in  b io to p en , m e t een  vegetatie en  s t ru c tu u r  d ie  h e n  in  staa t s te lt m et succes 
te  jagen, m en  den k e  bijv . aan  verrassingseffect, zal u ite in d e lijk  bek en d h e id  m et h e t 
jach tgeb ied  en  in  h e t b izonder m e t p laatsen  w aar de p ro o id ic h th e id  g ro o t is, bepalend  
zijn v o o r de b io to o p k eu ze . A is de jagende vogel zijn v liegsnelheid , v lieghoogte  en andere  
eigenschappen  van  h e t vliegen, a fs te lt o p  de v erw ach te  p ro o iso o r t in  een  bepaald  
gebied, zullen  and ere  p ro o iso o rte n , oo k  al w o rd en  deze o p g em erk t, m in d er kans 
heb b en  om  gegrepen te w o rd en . T o ch  kan  d it  v o o rk o m e n , en  th eo re tisch  k u n n e n  
k iekend ieven  m et versch illende  p ro o iv o o rk e u r, ten  gevolge van  h e t beschreven  v e r­
schijnsel, overlap  in  voedselsam enste lling  v e rto n e n , d ie n ie t d irec t m et h u n  p ro o i­
v o o rk e u r  sam enhang t. In  feite  o n tsn a p p e n  de  co n seq u en tie s  van  d it  versch ijnsel in 
een  o n d erzo ek  ais d it e ch te r g ro tendee ls aan  de w aarnem ing .

H oew el behalve in ter- en  in traspec ifieke  versch illen  in  p roo isam enste lling  o o k  
o v ereen k o m sten  aanwezig w aren , b leek  de p ro o ik eu ze  h e t gevolg van  versch illende  
inw endige, m orp h o lo g isch e  en  s tru c tu re le  e igenschappen , zow el ais van de b o v e n ­
genoem de p reda tieversch illen  in  tijd  en ru im te , die de k iek en d ie fso o rten  in s taa t stellen  
zo n d er du idelijke  in te rspec ifieke  v o ed se lco n cu rren tie  in  een  gebied  sym patrisch  v o o r 
te  k om en .

14. R E S U M E .

Les tro is  b u sa rd s d ’E u ro p e  occiden ta le , le B usard  des roseaux , Circus aeruginosus 
(C .a.), le B usard  S a in t-M artin , Circus cyaneus (C .c.) e t le B usard  cen d ré , Circus pygargus 
(C .p .) n ich an t cô te-à-cô te  dans d iverses rég ions, se m b len t m o n tre r  des m odes de v ie 
e t de chasse sim ilaires. Il e s t d o n c  im p o rta n t de savo ir s ’il y a co m p é titio n  in te rsp éc i­
fique , ou  si, au  co n tra ire , en  ra iso n  de d ivergences éco log iques les tro is  espèces peu v en t 
coex is te r sans c o m p é titio n . Le p ré sen t artic le  a b o rd e  ce p ro b lèm e  p a r le biais de la 
sé lection  de n o u rr itu re . D ’au tre s  p u b lica tio n s  co u v ra n t le m ode de chasse e t la b io logie 
de re p ro d u c tio n  so n t en  p rép a ra tio n .

D es o b se rv a tio n s  au  n id , d ep u is  u n e  cache, auxque lles se so n t a jo u tés  des exam ens 
de pelo tes e t de restes de p ro ie , o n t p e rm is  d ’é tab lir , au co u rs  de  p lu s ieu rs  saisons de 
n id ifica tio n , le régim e a lim en ta ire  des tro is  espèces (T ab leau  2). La n o u rr itu re  h ivernale 
de C .a . e t C .c. a é té  é tud iée  p a r  l’exam en de pe lo tes (T ableau  3). U n e  d iscussion  des 
diverses m é th o d es  d ’é tu d e  du  régim e a lim en ta ire  e s t p ré sen tée  au C h ap itre  5. C e so n t 
les o b se rv a tio n s au n id  q u i se so n t avérées d o n n e r  les ré su lta ts  les p lu s valables. Le 
T ableau  6 rep ren d  les d o n n ées su r le rég im e, o b te n u e s  p a r  o b se rv a tio n  au  n id , les 
T ab leaux  7, 8 e t 9 les o b se rv a tio n s ad d itio n n e lles . Le régim e d ’h iv er e s t rep ris  dans 
les T ab leaux  15 e t 17.

U n e  co ïncidence  de rég im e des d iverses espèces se tro u v e  s u r to u t d an s q u a tre  ca té ­
gories de pro ies : les jeu n es  lim icolus e t faisans (8), les passereaux  (9), les m am m ifères 
de la ta ille  du  cam pagnol (10) e t les m am m ifères de p lu s grande taille  (T ableau  b). U n  
exam en p lu s ap p ro fo n d i m o n tre  que  ce re co u v rem en t est le p lu s g rand  dans la p ré d a tio n  
des jeu n es  faisans, des passereaux  jeu n es e t ad u lte s  (é to u rn eau x  n o n  com pris), des 
cam pagnols des cham ps (M icrotus arvalis) e t des jeu n es  lap in s  (T ableau  13). M âle 
et fem elle m o n tre n t des cho ix  de p ro ies  d iffé ren ts . U n e  co m p ara iso n  in te rsp éc ifiq u e  
et in trasp éc ifiq u e  des éven ta ils  de  p ro ies dans les tro is  sec teu rs  d ’é tu d e  est p résen tée 
dans la Fig. 2.

L ’h iver C.c. utilise s u r to u t deux  catégories de p ro ie , les cam pagno ls e t les passereaux, 
les cam pagnols é ta n t p référés là où  ils so n t n o m b reu x . C .a . a ttaq u e  so u v en t les oiseaux 
d ’eau, s u r to u t les ind iv idus affaib lis, m alades o u  m o rts . O n  ne sa it que  trè s  peu  du  
régim e h iverna l de C .p.

U ne co m p ara iso n  de la fréquence  de pro ies dans la n o u rr itu re  co n so m m ée p e n d an t 
la n id ifica tion  avec leu r ab o n d an ce  locale (T ableau  4) m o n tre  que C .a . s ’em p are  su r to u t 
d ’an im aux  aq u a tiq u es  e t de m arais (po issons, g renou illes, cou leuv res, râles, m ais
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à F levoland , aussi faisans) e t  de lap in s  p ro v e n a n t des dunes, p ro ies  q u i so n t spécifiques 
à ces h ab ita ts . D ans la n o u rr itu re  de C .c. des p ro ies  p ro v e n a n t de ces hab ita ts  —  tels 
o iseaux  de ro seau x  e t lap ins —  so n t aussi p résen tes, m ais u n  n o m b re  b eaucoup  plus 
g ran d  d ’o iseaux  de te rra in s  o u v erts , com m e des a loue ttes , s o n t cap tu rés . C e tte  tendance  
e s t en co re  p lus accen tuée  chez C .p . O n  p eu t d ire  que , b ien  que les tro is  espèces chassen t 
d ans leu r h a b ita t de n id ific a tio n  so u v en t caractérisé  p a r  u n e  végé ta tion  dense e t assez 
h au te  (dunes e t m arais), a insi q u e  d an s les cham ps e t p ra irie s des env irons, C .a. chasse 
s u r to u t dans l ’h a b ita t de n id ific a tio n  e t C .p. d an s les h ab ita ts  o u v erts , tan d is  que  C.c. 
e s t in te rm éd ia ire  (Fig. 3). C hez les tro is  espèces les fem elles chassen t p lu s so u v en t 
d an s  les en v iro n s  du  n id  e t  d o n c  au -dessus d ’u n e  végé ta tion  p lu s  fo r te  que  les m âles.

Les o b se rv a tio n s  au  n id  m o n tre n t que  C .p . ap p o rte  le p lu s  g rand  n o m b re  de p ro ies 
p a r  u n ité  de tem p s à ses jeu n es , C .a . le p lu s  p e tit (T ableau  18). D ès lo rs  u n e  sim ple 
co m p a ra iso n  des p o u rcen tag es de chaque  type  de p ro ie  dans la n o u rr itu re  ne donne  
p as une  im age convenab le  des d ifférences in te rsp éc ifiq u es, e t  le n o m b re  de pro ies 
p a r  u n ité  de tem p s d o it ê tre  in tro d u it.  D e p lus , p e n d a n t la p é rio d e  d ’élevage des jeunes, 
le m âle e t la fem elle ne  se p a rtag en t pas l ’a p p ro v is io n n em en t des jeunes su iv an t un  
ra p p o r t  co n s tan t, de so rte  q u ’il fau t aussi te n ir  co m p te  de leu r ac tiv ité  variab le  p o u r 
o b te n ir  u n e  co m p a ra iso n  valab le . U n  au tre  fa c teu r à co n sid é re r est le n o m b re  de p ro ies 
p a r  u n ité  de  te m p s  e t p a r jeu n e  e n  fo n c tio n  du  p o id s  m oyen  des p ro ies (Fig. 4).

E n m oyenne, C .a . n iche  le p rem ie r , C .p. le d e rn ie r (Fig. 5). C om m e la p a r t p rise  par 
la fem elle au nou rrissage  augm en te  p rog ressivem en t (Fig. 6), les p ériodes de p réd a tio n  
m ax im um  exercée p a r le m âle e t p a r la fem elle de chacune des tro is  espèces so n t séparées 
p a r u n  in tervalle  de tem p s. C e tte  ré p a r ti tio n  des p é rio d es  de p ré d a tio n  sem ble se faire 
de te lle  façon  q u e  les b u sa rd s p ré se n ta n t de g randes d ifférences de po id s , e t d o n c  des 
p o ten tie ls  de p ré d a tio n  trè s  d iffé ren ts , chassen t s im u ltan ém en t. Les busard s les plus 
sim ila ires en  p o id s  chassen t ra re m e n t en  m êm e tem p s (Fig. 8). C om m e les m âles 
c o m m en cen t le u r  ac tiv ité  de chasse au  d é b u t de la sa ison  de n id ific a tio n  e t les fem elles 
seu lem en t q u an d  les je u n e s  o n t a tte in t le m ilieu  de leu r cro issance , ce t e ffe t est o b ten u  
si les m âles so n t p lu s  p e tits  q u e  les fem elles. C e tte  con c lu s io n  e st im p o rtan te  p o u r  la 
so lu tio n  du  p ro b lèm e  du  d im o rp h ism e  sexuel chez les rapaces.

La p lu ie  en tra în e  u n e  ré d u c tio n  de l’ap p ro v is io n n em en t au  n id  (T ableau 22). D es 
v itesses de  v en t élevées, à F levo land , sem b len t co rre sp o n d re  p o u r  C .c. e t C .p. à un  
p lu s  g ran d  a p p o r t  d ’o iseaux , ta n d is  que  les cam pagno ls s o n t a p p o rté s  en  p lu s grand  
n o m b re  p a r v en t calm e (T ableau  23). En m oyenne, C.c. e t d ans une  m o in d re  m esure  C.p. 
te n d e n t à a p p o r te r  p lus de p ro ie s  aux  je u n e s  p a r v en t vif, C .a . p a r tem p s calm e 
(T ab leau  24). Il est possib le  q u e  le tem p s in f lu en ce  les ac tiv ités de chasse e t la sélection  
des p ro ie s  de façon  d iffé ren te  p o u r  chacune  des espèces, c o n tr ib u a n t ainsi aux  d iv e r­
gences de régim e.

Le régim e es t égalem en t in f lu en cé  p a r les v a ria tio n s  d ’ab o n d an ce  des p ro ies e t de 
faço n  d iffé ren te  su iv an t l’espèce  de b u sa rd . A insi la p résence  de lézards à T erschelling , 
p a r  o p p o s itio n  à A lem an d  e t F levo land , n ’a d ’effet que  su r  le régim e de C .p . D e p lus, 
la v aria tio n  ind iv iduelle  e t u n e  spécia lisa tion  p o u r  certa ines espèces de p ro ie  in flu en cen t 
les re la tio n s  in te rsp éc ifiq u es  e t in tra sp éc ifiq u es  de régim e.

Le décalage des sa isons de  n id ific a tio n  des tro is  espèces en tra în e  u n e  d ifférence 
d ’a b o n d an ce  de p ro ie s  q u i se re f lè te  dans la n o u rr itu re . A insi, au co u rs  de la saison, 
la p ré d a tio n  s u r  les lézards au g m en te  chez C .p.

Le ry th m e  q u o tid ie n , m esu ré  p a r  l’a p p o r t  de p ro ie s  au  n id , varie d  espèce à espèce 
e t aussi à l ’in té r ie u r  d ’u n e  espèce. L ’activ ité  q u o tid ien n e  d ép en d  p ro b ab lem en t su r to u t 
de  l 'a c tiv ité  des p ro ies  p rin c ip a les , e t  seuls ce rta in s  aspects de ce tte  activ ité  peuven t 
ê tre  a ttr ib u é s  à des fac teu rs  in trin sèq u es .

E n m oyenne , C .a . a p p o rte  des p ro ie s  p lu s lo u rd es  que  celles des deux  au tre s  espèces, 
aussi b ien  e n  te rm es ab so lu s q u ’en  te rm es  re la tifs . A u  co n tra ire  C .p. ap p o rte  les p ro ies 
les p lus légères (Fig. 12). C e n ’es t q u e  d an s le N o rd  de la F rance que  C .a . am ene fré ­
q u e m m e n t des p ro ies  trè s  pe tite s  (passereaux), peu t-ê tre  par m anque  des p ro ies h ab i­
tue lles . Les p lu s  g randes d iffé rences in te rsp éc ifiq u es dans la taille  des p ro ie s  s o b se rv en t 
chez les fem elles. C e p h én o m èn e  est p ro b ab lem en t lie aux h ab itu d es de chasse. Les 
m âles des d iverses espèces, m êm e s ’ils n ich en t en  u n  m em e e n d ro it, chassen t su r des 
te rra in s  d iffé ren ts . C .p . chasse lo in  du  n id , ay an t é té  observe  a des d is tances su p én eu re s
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à 12 k m ; C .c. a é té  observé  à p lu s de 3 km ; C .a . chasse so u v en t d an s u n  ray o n  de m oins 
de 2 km  a u to u r  du  n id . Les fem elles au  c o n tra ire  chassen t to u te s  so u v en t dans les 
en v iro n s du  n id  e t d o n c  fré q u e n te n t s im u ltan ém en t la m êm e zone.

C .c. est p ro b ab lem en t l ’espcce la p lu s ad ro ite  (T ableau 34), p re n a n t p lu s de passereaux 
que les au tres  e t ra rem en t des p ro ies  im m obiles , C .a . la m o ins ad ro ite , p re n a n t souven t 
des charognes e t des œ ufs, C .p . in te rm éd ia ire . C hez les tro is  espèces, le m âle am ène 
p lus de passereaux  que la fem elle. C es d ifférences d ’agilité so n t co n firm ées en  h iver, 
C .a . p re n a n t so u v en t des o iseaux  blessés e t des charognes, C .c. des passereaux, si les 
cam pagnols ne so n t pas n o m b reu x .

Si les b usard s chassen t s u r to u t dans des hab ita ts  o u  la végé ta tion  e t la con fig u ra tio n  
du  te rra in  leu r p e rm e tte n t d ’o p é re r  avec succès, c ’est-à-d ire  de su rp re n d re  leu r p ro ie , 
c ’est p ro b ab lem en t leu r fam iliarité  avec le te r ra in  de  chasse e t p a rticu liè rem en t avec 
des lieux de hau te  densité  des p ro ies, qu i décide  en  d e rn ie r re s so rt d u  choix  de l ’hab ita t. 
A  la rech erch e  d ’u n e  certa in  type  de p ro ie , le b u sa rd  a ju s te  sans d o u te  sa vitesse, so n  
a ltitu d e  e t les au tres  ca rac té ris tiques de so n  vo l à la p ro ie  envisagée e t au  te rra in  concerné; 
dès lo rs, d ’au tres  p ro ies  ren co n trée s  peu v en t av o ir des chances accrues de salu t. Elles 
se ro n t q u an d  m êm e cap tu rées occasionnellem en t, de so rte  q u e  des b u sa rd s, d o n t les 
p références d iffè ren t, m o n tre ro n t to u t  de m êm e u n  certa in  re co u v rem en t dans les 
cap tu res, re co u v rem en t q u i n ’e s t pas lié à leu rs  p ré fé rences. Il n o u s  e s t im possib le  
d ’évalue r ce re co u v rem en t acciden te l.

La sé lection  des p ro ies  sem ble d o n c  d é te rm inée  e t p a r des caractères m o rpho log iques 
in trin sèq u es  des b u sa rd s e t p a r des d ifférences spatia les e t tem p o re lles  de p réd a tio n , 
ce qu i p e rm e t aux tro is  espèces de coex ister sans co m p é titio n  év iden te  p o u r la n o u rr itu re .
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A p p en d ix  1 : P rey num bers observed  in Circuí aeruginosus.

Nest observations

Ame­land
Ter-
schel­ling Flevoland N. France S. France

1964 1959 1971 1970 1969

+ i? + ?9 299 E 19 1 <s
+ 19 3cî<î 299 E

Large in se c t..................
Hydrous piceus . . . .
Fish ................................
Eel ...........................
F r o g ...........................
Snake ...........................
Lizard...........................

2
2

12
22

2
1

2
4

13
2«

Anas species pullus
Amu species juvenile/adult 2 — 2 i 4
Amu platyrhynchos adult
Amu crecca/querquedula
Somateria mollissima pullus 2
Rallidae pullus . . . . 2 3
Rallidae juvcnile/adult —
Rallus aquaticus pullus 1 i — — —
Rallus aquaticus juvenile
Rallus aquaticus juvenile/adult
Rallus aquaticus adult
Porzana porzana . . . . — — — — — — — — —
Porzana pusilla . . . . . — — — — — — — — — —
Crex c rex ....................... — — — — — — — — — —
Qallinu La chloropus pullus — — — — 1 i — — 2
QaiiinuLa chloropus juvenile 1 i 1 — 1
Qali inu La chloropus adult .
Fulica atra pullus . . . . — — — — — — — 1 5 16
Fulica atra juvenile 3 1 7
Perdix spec, pullus 2 2
Coturnix coturnix . . . .
Phasianus colchicus pulL/juv. . 2 — 10 7 39
LimicoUe ....................... — — — — — — — — — —
Haematopus ostralegus pullus . — 1
Vanellus waaefbts pullus
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Prey remnants (r), pellets (p) and casual field observations (f)

A m e­
land Flevoland G r. Peel N . France S. France

1970 1971 1965 1970 1969

f r P f r P f r P f r P f

__

— — — — — —

—

1

5

—

38?

3

3

4

3

2

1

3

— — — — —
__ __

—
__ __

62

4

53 51

7

—

2

2

5

1

— —

i

2 2 — — — 3

— — — — — — — — — 3 — —

— - — — — — — — — — — — —

— — 2 — — — — '—• 1

2 1 10 __

— — — — — — — — — — — — —

— — — — — — 3 — — 1 — —

— — — — — — —

2

— — —

1

1

— — — — — — — 4 1

1

—

— — — — — — — 1

1

— — —

1

— — —  t —  ■ — — — 5 — — — —

— — —  1 — — — — — — — 1 — —

—

1 t

— — ■ — — — — r

2

5 3

1

-
__ 1 — — — —

— 17 16 3 — —  . -  i 1

— 1 1 — —  j — — < ■ 1 2 . ,77, --

— — _  i —  1 — . —  ; —  i —  1 — ;
~ i

— —  . ---

— 1 . —  ! —  ¡ 1
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A p p en d ix  2 : P rey num bers observed in Circus aeruginosus (continued).

N est observations

A m e­
land

T e r­
schel­
ling

Flevoland N . France S. France

1964 1959 1971 1970 1969

i ? +  1 ? 2<?(? 2 ? ? z 1 ? i U 3 ( J (? 2 ? ? z
Tringa totanus pullus . — 5

Philomachus pugnax adu lt

Recurvirostra avocetta adu lt

N idifugous b ird  pullus

Passeriform es pullus . — j — 4 — 4 5 5 13 — 13

Passeriform es juven ile /adu lt . — — 3 — 3 8 8 — — —

Passeriform es . . . .

Anthus!Alauda species. — 1

Alauda arvensis juven ile /adu lt - j — 2 — 3 — — — — —

Alauda ar ensis pullus 1 1 — — —

Motacilla flava . . . .
Turdus species . . . . — — — — — — — — — —

Turdus merula..................
Emberiza calandra . . . . — — — — — — — — — —

Emberiza schoeniclus -j — — — 1 — — — — —

Carduelis species . . . .

Carduelis cannabina pullus — — — — — — 1 — — —

Carduelis cannabina juv ./ad . . — — — — — — — — — —

Pyrrhula pyrrhula, fem ale .

Passer domesticus . . . . — — — — — — — — — —

Sturnus vulgaris juvenile . i — — — — 1 1 — — —

Sturnus vulgaris . . . .
Pica pica pullus . . . . — — — — — — — — — —

Phylloscopus species pullus

Large m am m al . . . . — — — — — 1 2 — — —

M am m al u n k n o w n

Crocidura species . . . . — — — — — — — — — —

Talpa europaea . . . . - — — — — — — — — 1

R o d e n t i a ....................................

L a g o m o r p h a ............................

Lepus capensis.................. — — — 1 — — — — —

Oryctolagus cuniculus . 10 12 4 1 10 — — 32 5 6 1
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Prey rem nants  (r), pellets (p) and  casual field observations (f)

A m e­
land Flevoland G r. Peel N . France S. France

1970 19691971 19651970
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A p p en d ix  3 : Prey numbers observed in Circus aeruginosus (continued).

N est observations

A m e­
land

T e r­
schel­
ling

Flevoland N. France S. France

1964 1959 1971 1970 1969

i ? +  1 9
2 Ç Ç E 1 9 1<? 

+  i 9 3 < ? d 29 9 E

Clethrinomys glareolus .
Arvícola terrestris . . . . — — — — — — — — — —

Arvícola amphibius — — — — — — — — — —

M icrotus arvalis.................. — — 1 — 3

Micromys minutus — — 4 — 4 — — — — —
Sylvaemus sylvaticus — 1

Rattus norvegicus young 6 — 8
Rattus norvegicus a d u lt. -- — — — — — — 2 — 5

Ondathra zibethicus. — — — — — — — — — —
M ouse o r vole . . . . — — — — — — — — — —
Circus aeruginosus pullus . — — — 1 1

Larus ridibundus pullus

Larus ridibundus juven ile /adu lt

Chlidonia species

C o l u m b i d a e ............................. —! — — — — — — — — —

Cuculus canorus juvenile .

Apus apus...................................

U nknow n  b ird s . . . . 5 — j 2 1 5 — j — 1 — 1

Bird e g g s ................................... J — — — — — — — —

C a r r i o n .................................... — ! — — — — — — — —

U nknow n  ............................ 1 l 1 — 1 1 i — 2 6
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Prey rem nan ts  (r), pelle ts (p) and  casual field  observations (f)

A m e­
land Flevoland G r. Peel N . France S. France

1970 1971 1965 1970 1969

f r P f r P f r P f r P f

— — — — — + —- — — — — — —
— — — — 1 — — 1 3 —  • — — —
— — — — i l — — — 1 2 —
— — — — — + — — — — ' — —
— — 1 — — — — J  — [I — — —
— — — — — — I  ■ — — — — — —
— — — - — — — — — — 2

— 1 — — — — — — 2 2 2

—• — — — — — — 1 — — — — —
6 —

— — — — — — — — — — —
— ' — I 1 — — — + — — — — — —
— — — f - 6 — + — — ■ — 1 — I

2 — —
1 — —

1 2 —
1 2

—

— — 1 — I  — — — 2 1 — 3 14 1

— — 6 — — — + — — — — 1 2

— . __ — 2 — — — — — — 2 — —
— — 93 1  — — — — 1 33 — — 106
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A p p e n d ix  4 : P re y  n u m b e rs  o b se rv ed  in  Circus cyaneus.

N est

A m eland T erschelling

1964 1967 1970 1959 1961 1962 1968

le ?

i ?
3 < i(J 4 ? $ £ 3 9 ? E ‘ ff

r ?

le ?

1 $

3<?<?

3 2 ?
3 cî cî 4 ? 9 y

L i z a r d ......................................................... 1 1

Anas species p u l l u s ............................ — — —  > — 1 i — — — — — —

Spa tu la  c l y p e a t a .................................... — — — — 1 i

Tadorna  tadorna  pu llus . . . . 1 2 3

Q allinu la  cholropus pu llus — — 4 4 1 3 4

Q allin u la  chloropus juvenile

Fulica atra  p u l l u s .................................... — — 1 1 1 — 1

Perdix perd ix  p u l l u s ............................ — — 1 1 1 — 1

Perdix perdix  a d u l t ............................

Coturnix co turn ix  ad u lt . . . .

— — — — — — — — — — —

Phasianus colchicus pullus/juvenile 2 6 20 26 2 17 19 — 7 5 — — —

Lim icolae p u l l u s .................................... 11 9 20 6 9 15 2 4 6

L i m i c o l a e .................................................

H aem atopus ostralegus pu llus — — 3 3 2 2 4 2 — — 1 1 2

V ane llu s  vanellus pu llu s . . . . — 2 — 2 — 1 1 — 1 — — 3 3

C haradrius  species pu llus . . . .

C haradrius  species adu lt

N um en ius  a rqua ta  pu llus . . . . — — 2 2 3 7 10 — — 2 — — —

L im osa limosa pu llus . . . .

T ringa  totanus  p u l l u s ............................ 2 — 2 1 1 2

Passeriform es pullus . . . .

Passeriform es juven ile /adu lt .

P a s s e r i f o r m e s .......................................... 8 25 19 44 12 4 16 7 31 19 1 11 12

A n th u s /A la u d a  species . . . . 7 2 2 4 — — 20 72 44 7 5 12

A la u d a  arvensis pu llus . . . .

A la u d a  arvensis juven ile /adu lt

A n th u s  pratensis  pu llus . . . .

Anthus pratensis  juven ile /adu lt

M otac illa  a lba  .................................... 1 1 — —

I 1 — — — —

L an ius  collurio  .................................... 1 1
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observations

Flevoland

1971

29? 2< ?c?

1972

2 ? 9

29 11

3

10

Prey rem nants (r), pellets (p) and  casual field observations (f)

Terschelling

1959 1961 1962

49

F levoland

1971 1972

N. France

1970

14



1 1 2 W I A s o n m »  -  C ert At 1 1

A p p rn J I«  S i P m  n t i rn h m  o l x r n i s l  in  C m m  rw tw u i (continue«))

l* * l IM1

rm
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observations

1971

2c? <? 2 $?

Flevoland

1972

2c? C ? 2??

Prey rem nants (r). pellets (p) and  casual field  observations (f)

Terschelling

1959 1961 1962

Flevoland

1971 1972

N . France

1970

1
1
5

10

11

4 
2

5 

11

1

1
26
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A p p en d ix  6 : P rey  num bers observed  in  Circus pygargus.

N est

A m eland

1964 1967

2
á á

2
99

1970

2
<?c?

2
9? r

Terschelling

1959

2

¥
9$

1961

l j  1 0

1962

2

¥
99

1968

l á 1 9

Tettigonici species (O rthop tera)

O d o n a ta ...........................................

Large in sec ts ....................................

F r o g ..................................................

L i z a r d s ...........................................

A n a s  species pu llu s .

Tadorna  tadorna  pullus 

Q allinu la  chloropus pu llu s .

Fulica atra  p u l l u s ............................

Perdix  species pu llus .

Phasianus colchicus p u llu s /ju v en ile .

Lim icolae p u l l u s ............................

L i m i c o l a e ...........................................

H aem atopus ostralegus pu llus 

V a n e llu s  vanellus  pu llus.

C haradrius  species pullus . 

C haradrius  species adu lt 

N um en iu s  a rqua ta  pullus 

L im osa limosa  pu llus .

T ringa  to tanus  pu llus . 

Philom achus p u g n a x  adu lt 

Recurvirostra avocetta  pu llus 

N idifugous b ird  pullus

Passeriform es pullus 

Passeriform es juven ile /adu lt 

Passeriform es . . . .  

A n th u s /A la u d a  species pullus 

A n th u s!A la u d a  species 

A la u d a  arvensis pu llus . 

A la u d a  arvensis juven ile /adu lt 

H irundo rustica  . . .

85 143

26

17

13

11

12 25

16

16 19 12

70

17

59

13
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observations

F levoland

1971

2
c?<?

2
? 9 E

u
3

1

13

6

14

5

2

14

7

G r. Peel

I O

1965

1$ E

6

15

9

16

S. France

1969

2
c?<?

2
9 ?

51

Prey rem nan ts  (r), pellets (p) and  casual field observations (f)

Terschelling

1959 1961 1962

63

12

2

4

1

G r. Peel

1965

Flevoland

1971

37

2

17

N . France

1970

S. France

1969

23



116 W .J.A. SCHIPPER. — Gcrf. 63/1-2 (1973)

A p p en d ix  7 : P rey num bers observed  in Circus pygargus (continued).

N est

A m eland Terschelling

1964 1967 1970 1959 1961 1962 1968

i d
i ?

2
d  d

2
99 E 2

d d
2

$9 E
2

d d

99
l c î
1 5

2
d d

99 iS i 9 2 '

A m h u s  species j u v e n i l e ...........................................

A n th u s  pratensis j u v e n i l e / a d u l t .............................

M o ta c illa  a lba  ju v e n i le ..................................................

M otac illa  a l b a ................................................................

M o ta c illa  f l a v a ................................................................ 1

M o ta c illa  s p e c i e s ......................................................... i

T urdus  species p u l l u s ..................................................

T u rd u s  m erula  p u l l u s ..................................................

Saxico la  r u b e t h r a ......................................................... 2 — — —

Locustella n a e v i a .........................................................

A crocepha lus s c h o e n o b a e n u s .................................... '

Sylv ia  c o m m u n is ................................................................ 1 — i 1

Em beriza  c a l a n d r a ..................................................

Em beriza  c i t r i n e l l a ....................................

E m beriza  schoeniclus  ju ven ile /adu lt . . . .

Em beriza  s c h o e n i c l u s ........................................... 3 — — — 12 — 12 --- — 3 — — —

C arduelis  c a n n a b i n a .................................... 4 — 4 — 2 — — — —

Fring illa  coelebs ......................................................... — — — 1 — 1 — —. — — — —

Passer dom esticus ....................................

Passer m on tanus  . . . .

Sturnus vu lgaris juvenile i _ i
Sturnus v u l g a r i s ................................................................ 3 — — 1 — 1 — — 3 — — —
M icromys m i n u t u s ....................................

S o r i c i d a e ......................................... 2 _ _ _
L a g o m o r p h a ................................................................

O rycto lagus  a m i c u l u s .................................... 1 — 2 2 4 — 4 -- _ 1 — — —
C lethrionom ys g la r e o lu s ..................................................

A rvíco la  t e r r e s t r i s .........................................................

M ouse  o r  v o l e ......................................... 13 — — — — i 1 — 1 — _ __ 3 3

V ole ...............................................................................
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observations

Flevoland

1971

2
¿<5

2
?9

G r. Peel

It?

1965

1?

S. France

1969

2
c?t?

2
5?

Prey rem nants  (r), pellets (p) and  casual field observations (f)

Terschelling

1959 1961 1962

G r. Peel

1965

F levoland

1971

N. France

1970

S. France

1969

1
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N est

A m eland Terschelling

1964 1967 1970 1959 1961 1962 1968

i<?
I Q

2 2
99 E

2
<JcJ

2
9? E

2

2
99

1<J
I Q

2

2
99

I c î i9 E

M icrotus a r v a l i s ......................................................... — 5 18 23 5 — 5

1 1 — — — 9 5 7 — — —

M ouse o r r a t ................................................................ — 9 19 28

R attus norvegicus y o u n g ........................................... 1 1 — — — — — — — —

Circus pygargus  p u l l u s ..................................................

C uculus canorus j u v e n i l e ...........................................

U n k n o w n  b i r d ................................................................

Bird eggs .......................................................................

U n know n  ....................................................................... 6 15 25 40 3 2 5 16 8
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observations

F levoland

1971

2
3 3

2
??

G r. Peel

1965

S. France

1969

2
3 3

2

Prey rem nants  (r), pellets (p) and  casual field  observations (f)

T erschelling

1959 1961 1962

6 — 6 2  —

G r. Peel

1965

Flevoland

1971

N . France

1970

64 14

S. France

1969

32
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A p p e n d ix  8 : E s tim a te d  w e ig h ts  o f  p re y .

P rey  species, n u m b e red  w eight
accord ing  to  p rey  categories (g)

1. Large i n s e c t ............................. 1 .5

2. F i s h ..............................150

3. F r o g .........................  20

4. S n a k e ...................... 120

5. L i z a r d ..................  10

6 . A nas species p u llu s  . . .  75
A nas platyrhynchos p u llu s  . 100
Spatula clypeata  p u llu s  . . 50
Somateria mollissima  p u llu s . 100
Tadorna tadorna p u llu s  . . 100
R allidae p u llu s  . . .  75
Rallus aquaticus p u llu s  . . 40
Q allinula chloropus p u llu s  . 75
Fulica atra p u llu s  . . .  125

7. A nas species a d u lt . 675
A nas species juven ile  . . 300
A nas platyrhynchos a d u lt . 1 040
A nas platyrhynchos ju v en ile . 700
A nas crecca ad u lt . . . 310
R allidae  a d u lt . . .  300
Rallus aquaticus a d u lt . . 110
Q allinula chloropus ad u lt . 249
Q allinula chloropus ju v en ile . 170
Fulica atra ju v en ile  . . 425

8. Perdix species p u llu s  . . 50
Perdix species ad u lt 400
Phasianus colchicus p u llu s  . 50
P hasianus colchicus, larger . 100
Phasianus colchicus,

h a lf  g ro w n .................500
L im icolae p u llu s . . . .  75
Haematopus ostralegus p u llu s  100
V anellus vanellus p u llu s  . 50
Charadrius species p u llu s  . 20
Num enius arquata  p u llu s  . 100
Limosa limosa p u llu s  . . 80
Tringa totanus p u llu s  . 40
Recurvirostra avocetta p u llu s . 50
N id ifugous b ird  p u llu s  . . 60

9 . P asserifo rm es p u llu s  . . 17
P asserifo rm es ju v . o r  ad. . 25
A nthus/ A lauda

species p u llu s  . . .  21
A nthus/A lauda

species ju v ./ad . . . .  29

Prey species, n u m b e red  w eight
acco rd ing  to  p rey  categories (g)

A la u d a  species ju v ./ad . 35
A lauda  arvensis p u llu s  . 22
A lauda  arvensis ju v ./ad . 35
A nthus  species ju v ./ad . 19
A nthus pratensis p u llu s  . 14
A nthus pratensis ju v ./ad . 19
M otacilla alba  . . . . 22
M otacilla fla v a  . . . . 17
Lanius collurio . . . . 33
Turdus species . . . . 60
Turdus merula p u llu s 60
Turdus merula ad u lt 95
O enanthe oenanthe 26
Saxicola rubethra 18
Locustella naevia 14
Acrocephalus scirpaceus 13
Acrocephalus schoenobaenus . 12
Sylvia communis 14
Phylloscopus trochilus 9
Parus major . . . . 19
Panurus biarmicus 15
Emberiza calandra 54
Emberiza citrinella 29
Emberiza schoetticlus p u llu s  . 14
Emberiza schoeniclus ju v ./ad . 19
Carduelis species. 18
Carduelis cannabina  p u llu s  . 12
Carduelis cannabina  ju v ./ad . 18
Fringilla coelebs . . . . 22
Passer domesticus 30
Passer m ontanus . . . . 24
Sturnus vulgaris . . . . 78
Pica pica pu llus 120

S o r i c i d a e ............................. 10
Sorex m inutus . . . . 5
Clethrionomys glareolus . 25
M o u s e .................................... 25
V o l e ........................................... 25
Microtus arvalis . . . . 25
Micromys m inutus 10
Apodem us sylvaticus 25
M o u se , vo le  o r  ra t  . 50
Rattus norvegicus young 100
M us domesticus . . . . 25

Larger m am m al 250
T alpa  europaea . . . . 100
Oryctolagusl Lepus young 250
Arvícola terrestris 150
Rattus norvegicus 300

Circus aeruginosus p u llu s 120
Circus pygargus p u llu s 100

W .J.A . S c h ip p e r ,  D e M o rin e l 54, D ro n ten , T h e  N e th e rlan d s . 
A ccep ted  21 M arch  1974.




