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Sibling conflict in Montagu’s harrier Circus pygargus during the
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Abstract  Sibling rivalry was studied in 13 broods (total of 37 fledglings) of Montagu’s harrier Circus pygargus from a
breeding site in south-eastern Poland. The oldest sibling in broods tended to monopolise food in the nest and in the air
(both in terms of numbers and estimated overall biomass). The proportion of food transfers taking place in the air tended
to increase as the fledglings aged. Aggressive interactions between flying offspring were observed only during aerial food
transfers. Of 730 aerial food transfers, 57 (7.8% ) fell to the ground as a result of sibling competition. Juveniles that did
not obtain prey from their parents due to sibling rivalry were sometimes seen trying to capture nearby passerines. Adults
rarely demonstrated preferential feeding of the youngest offspring. The larger the broods the longer lasting sibling conflicts
over prey. Success at obtaining prey during aerial food transfers was correlated with spatial distribution of offspring prior to
a given feeding event. The chicks hierarchy established during the nestling stage was preserved over the post-fledging peri-
od, which allowed the oldest juveniles to start migrating in good condition [ Acta Zoologica Sinica 51 (5): 790 — 796,
20051].
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Most studies on sibling rivalry, focus on the

nestling stage; when chicks are totally dependent on
prey delivered to their nest by parents. Sibling ag-
gression ( Edwards and Collopy, 1983; Simmons>
1991) often has fatal consequences Csiblicidal brood
reduction: Newton, 1979; Poole, 1982; Forbes,
1991; Simmons, 1988, 1997; Ellis et al., 1999;
Vinuela, 1999). Other aspects of sibling rivalry on
raptors such as impact on the growth rate, the influ-
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enced prey size, establishment of food distribution,
hierarchies among the nestlings, sibling negotiations,
and parent feeding preferences over the period when
fledglings stay on the nest are well known (Steidl and
Griffin, 1991; Anderson et al., 1993, Gerhard et
al.» 1997; Roulin, 2001). However> as pointed by
Mock and Parker (1997), sibling conflicts do contin-
ue after fledging. Because published accounts of post-
fledging rivalry in birds are only anecdotal (e.g. » Ce-
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ballos and Donazar, 1990; Bustamante, 1995; Mock
and Parkers; 1997), detailed studies of the phenome-
na based on long term observations are need especially
in nidicolous birds.

The first purpose of the present work was to ex-
amine quantitatively and qualitatively sibling conflicts
during the post-fledging dependency period in Mon-
tagu’ s Harrier. No such studies has been conducted
for any bird of prey despite a longstanding recognition
for the need (Mock and Parker, 1997). My second
goal was to determine roles in the post-fledging sib-
ling competition. The third goal was to determine if
social hierarchies established in the nestling stage
were preserved during the post-fledging period, and if
so what factors influence such behavior. The third
goal is to determine a parental role in the post fledg-
ing sibling competition. The third point is to elicit the
answer whether the established in nestling stages size
and motor skills hierarchy is preserved, and if yes
what makes it maintained during the post fledging pe-
riod.

1 Study area and methods

Montagu’ s harriers Circus pygargus are medi-
um-sized, relatively long living raptors that are
known to exhibit facultative siblicide ( Krogulec™ ).
The species is a highly opportunistic predator on such
taxa as small mammals, passerines and orthopterans
(Cramp and Simmons, 1980; Karwat™; Butet and
Leroux, 1993; Giacchini and Pandolfi 1994; Salamo-
lard et al.» 2000; Kitowski> 2001). Field observa-
tions were performed from 1989 to 1992 on a popula-
tion of 20 — 42 breeding Montagu’s harriers pairs
(Krogulec ™ ;5 Kitowski®; Buczek and Buczek, 1996;
Kitowski» 2002 ) nesting in saw sedge Cladium
mariscus in the area of calcareous peat bogs near
Chelm (51°08" N, 23°37'E), southeaster Poland.
Shortly before the presented post-fledging studies,
productivity of harriers wase studied on area of peat
bogs. In 1985 — 1988 the harriers laid on average:
4.15 eggs> range: 1 — 6 eggs (n =125 clutches).
Breeding success was 2.61 juv./brood with flying
fledglings (n = 84) and 1.72 juv./breeding pair (n
= 127) (Krogulec™ ). Adults were not tagged due to
the risk of abandoning the broods (Pandolfi, 1996
Wiacek™ ), but individual features of plumage made
it possible to distinguish approximately 90 % individu-

als.

To facilitate recognition of plumage, sketches
and drawings were made, as well as photos taken. A
total of 37 fledglings from 13 families were individu-
ally marked with Saflag® foil patagial tags providing
temporary identifications. These were comprised of
five families of two fledglings each, six families of
threes one of four, and one family of five fledgings.
The tagging procedure was described in details else-
where (see: Kochert et al., 1983; DBustamante,
1990; Kitowski, 2001). Age and sex of juveniles
was estimated while examining nests during hatch-
ing, and double-checked late in the nestling period
using measurements of 1Ist and 5th primaries
(Krogulec™ ). Sex was determined from the iris color
(brown-grey in young males, chocolate in young fe-
males) (Krogulec, 1992: Kitowski, 2001: Arroyo,
pers. comm. ). Field studies consisted of 12-hour ob-
servation (8: 00 — 20: 00) for each of the families,
and were performed every 1 to 4 days.

Observations commenced with the first juvenile
flights and continued until the birds began leaving the
breeding areas with the start of the autumnal migra-
tion. The total number of observation hours was
1 770 hours (in average: 136 h for each of 13 fami-
lies). Offspring remained under parental care 23.6 +
3.6 days (n = 42, range = 17 — 31 days) after
fledging (Kitowski> 2002). For convenience, the de-
pendency period was divided into 16 two-day seg-
ments. Observations began 2 — 3 days before the ex-
pected date of the first flight (late June- early July).

For the purpose of this, families with 2, 3, 4,
and 5 fledglings were denoted as F2, F3, F4, and
F5 families, respectively. Juveniles are represented
by an alphanumeric code as follows: a4 stands for the
oldest from a family of 4 juveniles; while symbols
a5, e5 are the oldest and the youngest siblings, re-
spectively, in a F5 family. Basic prey of Montagu’s
harrier in study area during post-fledging period are
small mammals, chiefly Microtus arvalis (79% by
estimated mean mass, see below). Other important
prey are passerines, mainly Acrocephalus sp.» Moti-
cilla sp.s and Passer sp. (18% of total biomass)>
and orthopterans, mainly great grey bush cricket
Tettigonia viridissima (2% of total biomass). Other
preys are small amphibians and reptilians (1% of to-
tal biomass). These data were obtained from pooled
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data from pellets analysis (Karwat™; Kitowski®; Ki- Cohen, 1992).
towski, 2001).
2 Result

The mammal and bird biomasses were calculated
as 20 g each (as described by Pucek, 1984; Busses
1990 ). Orthopterans
(0.7 g) was determined by weighing freshly captured
adults of great grey bush cricket Tettigonia viridissi-
ma (Kitowski> 2001). The reptile figure of 20 grams
came from specimens of the common lizard Lacerta

The estimated mean for

agilis (following Juszezyk, 1974).

One behavioral term needs defining: “mantling”
behaviour; as used here, consists of a juvenile cover-
ing the prey with its body and thereby screening it
from the view of siblings. Frequencies of various ac-
tivities were compared with Xz test with Yates’ cor-
rection. Trends were ascertained using Spearman
rank correlation. Differences in time duration be-
tween the class size of broods were compared with
Kruskal-Wallis ANOVA. The results are presented as
mean + SD (Sokal and Rohlf; 1981; Fowler and

2.1 Competition of juveniles in the early post-
fledging period

Of 1 584 observed prey deliveries, all fell into
one of three classes: (a) at the nest (n = 743,
46.9% ), (b) on the ground (n = 111, 7.0% ), or
(¢) in mid-air (2 = 730, 46.1%). In the first
three weeks of the post-fledging period, 743 prey
items were delivered to the nest; with 718 of them
consumed there, 36 dragged away, and 11 carried
away by the juveniles (Table 1). Of these 47 prey re-
moval events, a-siblings escaped with the prey 33
times (70.2% ), while all 14 other prey were carried
off by b-siblings. Siblings ¢» d» and e never escaped
the nest with prey. The prey, all of which were
voless were removed at different rates by a- and b-
siblings (y? = 7.68, df = 1, P<0.01) and its
biomass ( y*= 153.6, df = 1, P<0.01).

Table 1 Incidence of prey dragged out of the nest; and dragged into the nest during the early post-fledging period
Prey of a-siblings Biomass prey (g) Prey of b-siblings Biomass prey (g)
Prey dragged away out of the nest 27 540 9 180
Prey carried away into the nest 6 120 5 100
Total 33 660 14 280

2.2 Prey and biomass distribution during aerial
food transfers

Juveniles successfully obtained prey in mid-air
618 (84.7%) of 730 times, comprising approximate-
ly 9 099 g of estimated biomass. The proportion of
food transfers taking place aloft increased as the
fledglings aged (» = 0.967, n = 16, P <
0.001). For 148 aerial food transfers observed for
two-chick broodss the elder sibling (a2) received
more than half of the prey (58.1% by count> 60.2%
by estimated mass, y*= 3.89, df = 1, P<0.05).
Similarly, biomass m = 2 314 g unequally favored
the elder sibling (y*= 15.4, df = 1, P< 0.01).
In F3 families, of 281 aerial food transfers with a to-
tal biomass of 4 172 g, a3, b3, and ¢3 siblings se-
cured prey 124, 84, and 73 times, respectively,
which contributed to 44.1%, 29.9%, and 26.0 %
of prey. Distribution of prey by numbers ( y? =
15.4, df = 2, P < 0.01) and biomass (a3 =
42.8%, b3 = 30.1%, 3 = 27.1%) C y* =
173.1, df = 2, P< 0.01) were not equal for sib-
lings by age. In F4 families, 97 aerial food transfers
were observed. Siblings a4 secured 40.2% of prey,
while b4 siblings secured 24.7% > c4 siblings secured
9.6%, and d4 siblings secured only 5.5% of all
prey. In this case, unequal distribution of prey by

numbers (y?= 13.6, df = 3, P<0.01) led also to
unequal distribution by biomass (m = 1216 g) and
yielded values of 42.9%, 24.9%, 18.6%, and
13.6% for siblings of type a4, b4, ¢4, and d4, re-
spectively (%= 239.9, df = 3, P<0.01) . In
the F5 family, 92 aerial food transfers of prey were
noted. The percentage of prey secured during aerial
food transfers by a5, b5, ¢5, d5, and e5 siblings
reached 42.4%, 19.5%, 16.3%, 11.9%, and
9.8%, respectively. Both the distribution of prey
procured by number (y? = 31.48, df = 4, P<
0.01) and by biomass (1 397 g total divided as fol-
lows: a5 = 4.8%, 05 = 17.5%, ¢5 = 17.4%,
d5 = 10.2%, 5 = 10.1%) were found different
from the expected (Xz = 572.9, df = 4, P<
0.01).

In 364, nearly half (49.9% ) of 730 of the aerial
pursuits observed, the siblings’ original starting
perches were known. When these perches differed in
height Chigh bushes and hay cones vs. ground), the
successful sibling tended to launch from the higher
site (64.8% of 176 cases, y*= 15.36, df = 1,
P < 0.01). For the remaining 188 events, all rivals
started from the ground before the aerial food trans-
fers, in which case most (65.4%) prey were ob-
tained by siblings whose position had the clearest view
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of the arriving parent (y*= 17.89, df = 1, P<
0.01).
2.3 Sibling aggression and struggles over prey

A total of 175 prey items were actively contested
after one fledgling had obtained possession from the
parent; 137 (78.3%, n = 175) of these involved
aerial attempts to tear (n =161 trials) the prey item
from the sibling” s talons in the air (Table 2). Such
prey were almost surely small mammals ( Microtus
sp. )» the lone exception being a cricket that broke a-
part during the struggle. Only once did the youngest
sibling (¢5) try to take prey from the eldest (a5); it

birds, while males only succeeded in stealing 3 prey.
Aerial prey pirating bouts lasted on average 15.5 *
8.0 sec. (range 4 to 32 sec.) and were more pro-
longed in the brood of five juveniles, all of which
were capable of flight (Table 3). In general, strug-
gles over prey items differed sharply in duration be-
tween the four class size of broods ( Table 3)
(Kruskal -Wallis ANOVA: H = 81.5, df = 3,
P<0.001).

Table 2 Occurrence of pulling prey successfully obtained from
parents during aerial prey transfer

Number trials pulling prey

. Number
lost the battle. Only 9 times was prey stolen from the Prey of prey 1 5 3
original possessor. Prey stealing attempts were most
successful by a3 and ¢3 siblings. Other siblings were Small manmals 136 17 14 3
.. o - Orthopterans 1 1 - -
less efficient: a2 1 prey and 65— 1 prey. Young ol 13 s 8 s
) ! 1z :

females attacked effectively retrieved 6 prey from host >
Table 3 Incidence of pirating prey (n = 137) between young Montagu’s harriers

Families F2 F3 F4 F5

Number observation 33 34 27 43

Time duration 6.97+2.0 sec. 12.06£6.5 sec. 17.4+3.9 sec. 23.7%+4.9 sec.

Range 4—10 sec. 3—32 sec. 9 —23 sec 10 — 32 sec.

I observed 19 bouts of cartwheeling; these re-
sulted from two juveniles simultaneously catching
prey dropped by an adult. In 11 of 19 cartwheeling
struggles, the two youngest juveniles were involved
(b or ¢ and d or e-siblings). Whereas 8 cartwheel-
ing flights involved young birds more diversified in
age. Whirl flights were not observed in F2-families.
Three prey were stolen from siblings in whril flight
context. During observation 379 dives or pushing of
siblings performed by 29 offspring were seen: 363
such attacks (96% ) took place in the feeding context
(when delivered prey by adults was present close
group of juveniles): y*= 317.7, df = 1, P <
0.01. While attempting to take over the dropped
prey> 221 dives or pushing were observed. Remain-
ing 142 attacks took place after aerial food passs out
of which 134 ended in failing to obtain the prey from
the adults and 8 was a response to other siblings beg-
ging. Difference in the frequency of attacks per-
formed prior to and following aerial food pass:» was
significant (y?=21.3, df = 1, P<0.01). Young

males performed more frequently dives or pushing on

their siblings compare to young females (57.6% ws.
43.4 % of 379 events, y*= 8.57, P < 0.034).
With progress of the season, the number of attacks
kept increasing (» = 0.391, n = 16, P < 0.01).
Generally speaking, siblings having received prey, try
to escape into the high grass to eat prey, and only in
39 cases their behaviour on the ground could be ob-
served. For siblings that were defending the prey on
the ground, 32 events of ‘mantling behaviour’ were
recorded (y?= 16.02, df =1, P < 0.001). Ses-
sions of “mantling” lasted on average 22.0 + 7.0
sec.» and ranged from 11 to 38 sec. (Table 4).
There were significant differences noted between the
duration of mantling sessions in four brood size classes
(Kruskal-Wallis ANOVA: H = 13.96, df = 3,
P<0.01) (Table 4). None of the observed attempts
to extort prey on the ground was successful.
Fledglings that loose struggles over prey from their
parents were also sometimes seen trying unsuccessful-
ly to capture nearby passerines (7 = 31) shortly af-
ter food transfer.

Table 4 Duration and number observed “mantling behaviour” sessions

Families F2 F3 F4 F5
Number cases 7 16 4 5

Time duration 17 £ 6.0 sec. 21 £ 6.0 sec. 24 £ 5.0 sec. 34 £ 4.0 sec.
Range 11— 28 sec. 11 =30 sec. 19 =30 sec. 29 — 38 sec.
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2.4 Successful aerial food pass vs. sibling compe-
tition

As many as 112 (15.3%, n =730) aerial food
transfers ended in failure. Of these, about half: n =
57(7.8%, n = 730) fell to the ground when at-
tempted receptions by the brood’s youngest members
(23 by 625 32 by ¢35 and one each by d4 and e5
sib. ) were spoiled by interference by senior siblings.
Of these prey items, only 49% were retrieved by ju-
veniles (n = 22) or adults (n = 6). The other 29
prey were lost. When a parent recovered a dropped
items it tried again to pass it to a brood members.
The other half of failed aerial food transfers n = 55
(7.5% > n = 730) resulted from poor catching abili-
ties or successful kleptoparasitism by non-sibling juve-
niles.
2.5 Parental behaviour in relation to sibling com-
petition

Three actions by Harrier parents seemed effec-
tive in mitigating sibling rivalry for food, namely: 1)
one short-term (246 minutes) division of brood mem-
bers in a F5 family (described in details elsewhere,
see (Kitowski and Czochra, 1997). The brood was
spatially divided into two separated subgroupss which
were kept at a 200 — 250 m distance from each other.
The adult male was feeding only 3 flying juveniles,
whereas the female kept feeding the other 2 juveniles.
Such a brood division was not observed at any other
nest; 2) Selectively feeding the youngest juveniles
(four in F3 and two in F5 families when their more
senior siblings seemed to be deliberately evaded; 3)
In the late post-fledging period (52.0 £ 4.2 days af-
ter hatching, n = 12, range: 48 — 61 days after
hatching) adults performed dives on begging juve-
niles. Nearly all such harassing (83% ) was directed
at on the oldest sibling in brood.

3 Discussion

The achievement of sustained flying ability and
its associated emancipation from the nest site does not
terminate sibling competition in Montagu’ s harrier
broods studied in SE Poland such attacks are acute
and sometimes fatal ( Krogulec® ). Sibling rivalry is
sometimes milder during the post-fledging period in
other populations of Montagu’s harrier (Pandolfi and
Giacchini,» 1990; Arroyo et al., 2002: Pandolfi,
pers. comm. ) as well as in other raptors ( Ceballos
and Donazars 1990). In many other raptors sibling
rivalry is also merely manifested ( Bustamante and Hi-
raldo, 1990; Bustamante, 1990). Such behaviour in
studied Harriers may be attributed to a number of fac-
tors that generate conflicts between maturing raptor
siblings. Reduced parental investment throughout the
post-fledging dependency period is the most signifi-
cant stimulating the conflict. This because as juve-

niles aged there is reduction in both the number of
feeding sessions and the delivered biomass ( Busta-
mante, 1993; Bustamante, 1995; Kitowski, 2000a;
Kitowski, 2002).

Another factor that may contribute to sibling
conflicts after leaving the nests is small size of prey:
as it happened already at the nestling stage ( Mock,
1985; Anderson et al., 1993). Other factors stimu-
lating sibling conflict is simple asynchrony in nestling
development. The strongly pronounced hierarchy of
size is deeply rooted in asynchronous hatching and en-
hanced later by sex dimorphism ( Newton, 1979,
1986; Village, 1990; Anderson et al., 1993; Vin-
uelas 1999). Senior sibs have Calmost) certainly been
enjoying disproportionate shares of the pre-fledging
food because of their superior motor skills, size and
strength ( Mock, 1987: Mock and Paker, 1997).
This leads to a diversification of offspring age when
leaving the nest> and mass and size at the time of the
first flights (Arroyo et al.» 2000; Kitowski» unpub-
lished data). The advantage of the older siblings in
broods is significant already at the nestling stage and
results in strong benefits from control of feedings
(Arroyo et al.» 2002).

Strongly manifested sibling competition is a sig-
nificant factor influencing adults to deliver the prey
via aerial food transfers. Even slight physical size
separation may well protect delivering adults from in-
jury from competing sibs ( Fernandez and Azkonas
1994). The increasing use of aerial food transfers,
which typically dominates the second post-fledging
periods> has the effect of increasing the skew in prey
distribution toward senior siblings without any escala-
tion of overt sibling aggression. That, in turn, ex-
tends and consolidates the intra-brood size hierarchy,
created by hatching asynchrony and reinforced be-
haviourally throughout the nestling stage, effectively
ensuring that it lasts through the entire dependency
period. As a result, the first-hatching chicks are more
likely to reach the point of full independence in peak
physical condition (e.g., Simmons, 1988). Disrupt-
ing the mass and size hierarchy during the post-fledg-
ing period in broods of the Montagu’ s harrier could
reduce the certainty of an optimal growth in the first-
hatched fledgling and may substantially affect the a-
bility of such individuals to prepare for the challenges
of the migration, which begins in mid-August (Ki-
towski®; Spaar, 1996).

Though numerous studies have shown that most
of adult birds appear indifferent to sibling rivalry dur-
ing the nestling stage ( Mock and Parker, 1997),
some species demonstrate preferential feeding of the
smallest chicks by deliberately skipping the others
(Braun and Hunt, 1983; Ferguson and Sealy, 1983,
Gottlander 1987; Vinuela, 1999). A few incidents
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observed for Montagu’ s harrier during the post-fledg-
ing dependency period suggests that this species may
be flexible and parental favourism may be latent in
that regard. Only ospreys Pandion haliaetus and
Bonelli’s eagle Hieraaetus fasciatus were observed in
the post-fledgling period to perform “beak to beak”
feeding ( Bustamantes 1995; Real et al.» 1998).
Adults of these raptors sometimes direct the prey to a
selected sibling even when it is capable of flying. This
serves to reduce the sibling tensions during a feeding
session. It seems that juvenile’ s predation toward
passerines after failing to receive from an adult prey
also serves to reduce the tension between juveniles,
which in the face of high cost of being hurt during the
aggressive interactionss proves to be an important
adaptation. Such behaviour was also noted in hacked
juveniles of Montagu’ s harrier in Spain ( Pomarol,
1994). During this post-fledging period juveniles also
hunt insects but not efficiently enough provide for
their needs (Arroyo et al.» 2002; Kitowski, 2003).
It is quite likely that low cost sibling tensions that re-
sult from the buffering adaptation, and partially ex-
plains the behavioural indifference shown by Mon-
tagu’ s harrier adults in response to sibling conflicts
(Fujioka, 1985). By contrast the adults of a selected
other species actively intervene in competition be-
tween siblings (Spellerberg, 1971).

The short duration of aggressive interactionss
limited solely to the periods of food distribution con-
stitutes small proportion of the time budget of Mon-
tagu’ s harrier juveniles. Similar is known in other
raptors (Lett and Bird, 1987; Bustamante, 1990).
Family tension can be reduced by kleptoparasitic be-
haviour and adoption of unrelated juveniles (Busta-
mante and Hiraldo, 1993; Kitowski> 2000b, 2001).
This proclivity to purchase birds with prey is some-
times reoriented towards other neighbouring families
of conspecifics and sympatric Marsh harriers Circus
aeruginosus. However, kleptoparasitic behaviour of
young Montagu’ s harriers is limited by their flying
skills (Kitowski,» 2001).

Numerous studies conducted on sibling competi-
tion in the nestling period have indicated that the old-
est chicks are fully capable of monopolising a
favourable position before each feeding session this, in
turn, enables them to monopolise prey delivered to
the nest (Bengtsson and Ryden, 1983; Gottalander;
1987; Vinuela, 1999). This ability seems to also be
function after leaving the nest in Montagu’ s harrier
fledglings. Better flying skills contribute to this ad-
vantage. The advantage, however, of older juveniles
may be controlled to a degree by adult birds extending
the home ranges of offspring (i.e. leading individual
young at field). This practice seems significant in de-
veloping foraging skills and initiating of dispersal of

their young (Bustamante and Hiraldo, 1989; Bavoux
et al.» 1998; Kitowski> 2003).

Sibling conflict does not appear to be an impor-
tant element initiating dispersal of Montagu’s harrier
offspring. Migratory pressure is the major initial fac-
tor for dispersal that curtails family conflicts, as has
been demonstrated for other non sedentary raptors
(Bustamamante and Hiraldo, 1990). It should be
noted, however, that in sedentary (i.e., non migra-
tory) speciess intra-brood aggression, in particular
that demonstrated by a dominant juvenile is a factor
initiating limited dispersal of other brood members, to
which the same function may be attributed during the
post-fledging period as brood reduction plays in the
nestling period (i.e., making the dominant juvenile
beneficial in terms of access to food delivered by par-

ents) (Strickland, 1991).
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