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Dietary studies reveal important information on the
ecology of raptor populations (Newton 1979). Field studies
of raptor diets use direct and indirect methods (Rosenberg
and Cooper 1990, Marti et al. 2007). Observations and
videography at the nest are used as direct methods (Rutz
2003, Lewis et al. 2004), but have some drawbacks. Prey
consumed away from the observer/camera is not recorded
(Lewis et al. 2004), and many prey items cannot be iden-
tified to the species level (Redpath et al. 2001, Huang et al.
2006). The large investment in time and resources associ-
ated with direct methods often prohibits gathering repre-
sentative samples (Lewis et al. 2004).

Researchers using indirect techniques (analyses of re-
gurgitated pellets and pluckings) infer diets from evidence
collected at or near nest sites and perches (Marti et al.
2007). Raptors often pluck their prey before consumption
and only a portion of the indigestible part of the prey is
ingested (Rosenberg and Cooper 1990, Lewis et al. 2004).
Furthermore, the strong gastric acids of raptors leave rel-
atively few clues to identify prey species from pellets (Duke
et al. 1975) and many soft-bodied prey species, such as
some invertebrates and amphibians, are absent or under-
represented in pellets. Identification of prey species from
pellets alone is thus biased (Rosenberg and Cooper 1990)
and should be corroborated with results from remains.
Prey remains, however, are biased toward large and con-
spicuous prey items (Schipper 1973, Simmons et al. 1991,
Redpath et al. 2001, Lewis et al. 2004). Combining analyses
of pellets and prey remains is thus recommended and
appears to yield good results for some raptor species (Sim-
mons et al. 1991, Lewis et al. 2004). Nonetheless, indirect
methods usually underestimate the daily prey capture rate
of raptors and preferably should be calibrated with direct
observations (Rosenberg and Cooper 1990). Regardless of
the shortcomings, indirect methods are widely used be-

cause they are cost-effective and provide large samples with
little disturbance to the birds (Lewis et al. 2004, Marti et al.
2007).

Montagu’s Harriers (Circus pygargus) have a diverse diet,
including small mammals, birds, reptiles, and insects
(Schipper 1973, Millon et al. 2002, Arroyo and Garcı́a
2006), and are considered ‘‘opportunistic specialists’’ (Ar-
royo 1998). Prey choice between different populations
within Europe differs considerably (Leroux 2004) and
has changed locally over time with changing environmen-
tal circumstances (Schipper 1973, Koks et al. 2007).

Observations and videography (Maurel and Poustomis
2001, Koks et al. 2007), as well as analyses of pellets and
prey remains, have been used to study the diet of Monta-
gu’s Harriers (Schipper 1973, Underhill-Day 1993, Sán-
chez-Zapata and Calvo 1998, Arroyo and Garcı́a 2006).
Food intake has been estimated on the basis of pellet anal-
yses, calculated by multiplying prey numbers found in pel-
lets with mean prey weights from literature or local data
(Hartley 1947). However, the reliability of this numerical
method has been rarely tested in harriers (Circus spp.; see
Newgrain et al. 1993 for Swamp Harrier [Circus approxi-
mans] and Craighead and Craighead 1956 for Northern
Harrier [Circus cyaneus]), as in other raptors in general
(Lowe 1980 for Tawny Owl [Strix aluco] and citations there-
in for other owl species, Wijnandts 1984 for Long-eared
Owl [Asio otus], Yalden and Yalden 1985 for Eurasian Kes-
trels [Falco tinnuculus]).

In this study, we tested whether pellet mass was a reliable
indicator of food intake in Montagu’s Harriers, by per-
forming a feeding experiment with a captive bird. We in-
vestigated whether this method should be favored above
the numerical method.

METHODS

During 21–27 February 2008, we experimentally
fed an eight-month-old captive male Montagu’s Harrier
kept at a room temperature of 15uC. Its body mass of
260 g was below-average compared to free-living Montagu’s1 Email address: christianetrierweiler@yahoo.com
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Harrier males during the breeding season (on average 285 g;
C. Trierweiler unpubl. data). The harrier was hatched in
farmland in Northrhine-Westphalia (Germany) and housed
in a rehabilitation center because of wing damage that oc-
curred shortly after its fledging in mid-July 2007.

The harrier was typically kept on a diet of dead day-old
chickens (Gallus domesticus). During the experiment, we
fed the bird with known quantities of dead laboratory
house mice (Mus musculus), a substitute for common voles
(Microtus arvalis), the latter being the main prey in Ger-
many and The Netherlands (Hölker and Wagner 2006,
Koks et al. 2007). After 7 d on the house mouse diet, the
harrier was fed day-old chickens again.

The harrier had been kept in a large aviary (3.5 3 3.5 3

3 m) during its rehabilitation, but was kept in a small cage
(55 3 70 3 85 cm) under veterinary supervision during
the experiment. Dead mice with known weights were of-
fered ad libitum daily. We collected excess food and pellets
once every day, and weighed discarded mice. We calculat-
ed ingested prey mass by subtracting the mass of uneaten
prey (not corrected for possible dehydration) from offered
prey mass.

We dried pellets in paper envelopes and weighed pellets
digitally to the nearest 0.01 g after they had been stored at
room temperature for one month. We dissected the dry
pellets and identified prey species. The bone content of

the pellets was negligible, and we could not determine the
number of individuals per pellet, so the number was set to
one per pellet (Clarke et al. 1993, Arroyo 1998). Raptor
diet based on biomass is often calculated by multiplying
prey numbers found in pellets with average prey weights
taken from literature. We tested the robustness of this
method by comparing actual food intake of the harrier
with (a) estimated food intake from prey numbers found
in pellets (set to one per pellet) multiplied by the average
known body mass of mice eaten and (b) estimated food
intake from prey numbers found in pellets multiplied by a
literature estimate of mouse mass.

We used Microsoft Office Excel 2003 and paired-samples
t-tests in SPSS 16 (SPSS Inc.) for calculations and tests.
Averages are presented 61 SE.

RESULTS

During the 7 d of the experiment, the harrier ate 195 g
of 831 g (24%) of food offered (28 6 3 g/d, wet weight).
The bird produced 18 pellets (in total 7.95 g dry weight),
ranging from 0.2–1.5 g dry weight per pellet (Table 1).
One day after starting the mouse diet, the Montagu’s Har-
rier produced the first pellet containing exclusively hair
(Table 1). After the diet was switched back to chickens
on day eight, it took 2 d before any pellet that contained
chicken remains was produced. We concluded that, on

Table 1. Mouse diet of a captive Montagu’s Harrier during days 1–7 reflected in pellet contents and pellet weight. The
prediction of food intake from pellet weight was based on the regression equation from Fig. 1. The estimate of food
intake was based on the number of individuals identified in pellets (in this study all set to one) multiplied by the average
mass of mice fed during the experiment (23.7 g).

DAY DIET

PELLET

NUMBER

PELLET

WEIGHT (g)
PELLET

CONTENT

NUMBER OF

INDIVIDUALS

IDENTIFIED

IN PELLET

NUMBER OF

INDIVIDUALS

ACTUALLY

INGESTED

DURING

PREVIOUS

DAY

FOOD

INTAKE:
PREDICTION

FROM

PELLET

MASS (g)

FOOD INTAKE:
ESTIMATE

(NUMBER OF

INDIVIDUALS IN

PELLETS * MEAN

MOUSE MASS (g)

ACTUAL

FOOD

INTAKE

DURING THE

PREVIOUS

DAY (g)

0 Chicken
1 Mouse 1 0.90 Chicken
1 Mouse 2 0.50 Chicken
2 Mouse 1 1.40 Mouse 1 0.5 39.0 47.4 30.3
2 Mouse 2 0.35 Mouse 1
3 Mouse 1 0.30 Mouse 1 3.0 39.6 47.4 41.2
3 Mouse 2 1.50 Mouse 1
4 Mouse 1 0.90 Mouse 1 1.0 27.4 23.7 31.3
5 Mouse 1 0.70 Mouse 1 1.0 24.7 23.7 19.9
6 Mouse 1 0.70 Mouse 1 1.0 31.5 47.4 25.8
6 Mouse 2 0.50 Mouse 1
7 Mouse 1 0.20 Mouse 1 1.0 17.9 23.7 24.1
8 Chicken 0 0.5 0.0 0.0 22.4
9 Chicken 0
10 Chicken 1 0.70 Chicken
Mean 25.7 30.5 27.9
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average, pellets best represent the previous day’s food in-
take. Pellet dry weight represented 3.1 6 0.2% (n 5 7) of
the previous day’s wet weight food intake.

Using a linear relationship (food intake 5 [pellet weight
on the following day + 1.1131]/0.0735; Fig. 1), we estimat-
ed food intake from pellet weight. Predicted food intake
(Table 1) did not differ significantly from actual food in-
take on the previous day (paired sample t-test, t 5 20.543,
df 5 6, P 5 0.607).

We also derived an estimate of food intake from the
number of individuals found in pellets (which in the ab-
sence of other clues was set to one), multiplied by the
average mass of mice offered as food (23.7 g; Table 1).
These estimates did not differ significantly from actual
food intake the previous day (t 5 0.466, df 5 6, P 5

0.658). Differences between these estimates and the pre-
diction from pellet weight were not significant (t 5

21.859, df 5 6, P 5 0.112).
In the field, collecting data on prey masses is often dif-

ficult, which is why data from the literature are sometimes
used instead. We simulated this approach by using 22 g as
an estimate of body mass for free-living house mice (Mac-
donald and Barrett 1993). The resulting estimates of food
intake did not differ significantly from actual food intake
(t-test, t 5 20.083, df 5 6, P 5 0.937).

DISCUSSION

During our experiment, the Montagu’s Harrier had low
food intake, presumably because it was a relatively small
individual, restricted in its movements, and with low ther-
moregulatory costs. The production of small light-weight
pellets was consistent with the low food intake. Montagu’s
Harriers’ pellets found in the field are usually much larger
than the pellets we collected in captivity, as recorded in
Long-eared Owls (Wijnandts 1984). Our findings and con-
clusions should be considered preliminary, as we used only

one young bird that was captive most of its life and was fed
a simple diet.

Our study indicated that a dietary shift was accurately
reflected in pellet composition with a delay of 1–2 d, as
found for Eurasian Kestrels by Yalden and Yalden (1985).
In Barn Owls (Tyto alba), the interval between food intake
and pellet production is not fixed, but depends on food
quantity, time of feeding, and availability of a subsequent
meal (Smith and Richmond 1972).

The relationship we found between dry pellet weight
and food intake was based on small mammal prey. Yalden
and Yalden (1985) showed that various prey species were
represented in Eurasian Kestrel pellets with different frac-
tions of their wet weight: 1.0% in wood mice (Apodemus
sylvaticus), 1.4% in House Sparrows (Passer domesticus), and
1.6% in brown rats (Rattus norvegicus). The proportion of
house mice recovered from pellets of our Montagu’s Har-
rier was 3.1% on a daily basis, similar to the 3.3% document-
ed for American Kestrels (Falco sparverius) and lower than
the 6.9% for Rough-legged Hawks (Buteo lagopus; Duke et al.
1975). As digestive rates are known to show seasonal varia-
tions (Wijnandts 1984), we recommend that feeding exper-
iments with larger mammals, birds, and insect prey should
be undertaken to examine seasonal variations and to refine
the relationship we determined in this study.

In many raptor dietary studies, quantifying prey found
in pellets is difficult because more than one prey item can
contribute to a single pellet when the interval between two
successive meals is short (Wijnandts 1984, Marti 1974 in
Lewis et al. 2004), and also because a single prey item may
be distributed among two or more pellets (Rosenberg and
Cooper 1990, Lewis et al. 2004). The number of prey in-
dividuals contained in one pellet is usually estimated by
counting jaws, skulls, or feet (Schipper 1973, Bijlsma 1997,
Arroyo 1997, 1998). If only hair (mammals) or feathers
(birds) from one species are found in a pellet, the number
of individuals for that species is usually set at one (Clarke
et al. 1993, Arroyo 1998).

Our estimates of food intake, using the numerical meth-
od, closely resembled actual food intake, even in the ab-
sence of clues to the number of individuals in pellets.
Equating the number of individuals per pellet to one yield-
ed satisfactory results in the laboratory setting of our ex-
periment. For Eurasian Kestrels, Kochanek (1990) suggest-
ed setting the number of individuals in small pellets to one
and in large pellets to two. This also may be a useful ap-
proach in harriers, because the average number of prey
per pellet in Hen Harrier was almost two (Redpath et al.
2001) and only 69% of the number of rodents fed to a
captive Northern Harrier was retrieved from pellets (Craig-
head and Craighead 1956). To use estimates from the
numerical method reliably, estimated prey weight must
accurately reflect real prey weight. This suggests that data
be collected locally rather than using means from pub-
lished sources (Steenhof 1983). We found no evidence
that this method performed more poorly than predictions
from pellet weight (contra Wijnandts 1984), although re-

Figure 1. Linear regression of food intake of ingested
house mice and mass of all pellets produced the following
day (P 5 0.052).
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sults should be corrected for biases inherent in pellet anal-
yses when used in the field, for instance, by including
correction factors based on prey remains, direct observa-
tions, or videography.

INGESTA DE ALIMENTO EN UN INDIVIDUO DE CIR-
CUS PYGARGUS ESTIMADA MEDIANTE DOS MÉTODOS
DE ANÁLISIS DE EGAGRÓPILAS

RESUMEN.—Los estudios sobre dieta revelan información
importante sobre la ecologı́a de las poblaciones de aves. La
dieta de las aves rapaces frecuentemente se investiga med-
iante el análisis de egagrópilas. Usualmente, la ingesta de
alimento se estima multiplicando el número de presas en-
contradas en las egagrópilas por el peso promedio de las
presas obtenido de la literatura o de datos locales (método
numérico). Sin embargo, la confiabilidad de este método
rara vez ha sido evaluada en especies del género Circus.
Hicimos un experimento de alimentación con un indivi-
duo cautivo de la especie Circus pygargus para evaluar si la
masa de las egagrópilas es un indicador confiable de la
ingesta de alimento y si este método debe ser preferido
en relación con el método numérico. Encontramos que un
cambio en la dieta se reflejó con exactitud en la composi-
ción de las egagrópilas, con un retraso de 1–2 dı́as. El peso
seco de las egagrópilas representó el 3.1 6 0.21% del peso
fresco de alimento ingerido durante el dı́a anterior. Nues-
tros estimados de la ingesta de alimento basados en el
método numérico se asemejaron bastante a la ingesta real,
incluso en ausencia de pistas acerca del número de indivi-
duos incluidos en las egagrópilas. No encontramos eviden-
cia de que este método arrojara peores resultados que el
método de estimación de la ingesta de alimento basado en
la masa de las egagrópilas.

[Traducción del equipo editorial]
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