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Abstract. Fragmentation of bird bones and their digestion by Snowy Owls Nyctea
scandiaca were studied in a feeding experiment in Zurich Zoo, Switzerland. Victims’
heads were ingested by the owls and remains of their skulls were often found in pellets.
Humeri were the best bone for the calculation of the MNI. With the exception of ulnae,
only up to 50% of articular parts of long bones were affected by digestion. The problem
of bone survivorship (species-specific patterns versus mechanical properties of bones) is
discussed. It is postulated that taphonomic analyses of fossil materials should be based
on a variety of factors including fragmentation of bones and their survivorship, traces
of digestion, representation of species and chemical alteration of bone tissues.
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I. INTRODUCTION

Although Snowy Owls Nyctea scandiaca feed mainly on lemmings and voles, birds may
dominate their prey under certain conditions (BROOKS 1929, GLUTZ VON BLOTZHEIM & BAUER
1980, PORTENKO 1972, WILLIAMS & FRANK 1979). In some areas particularly the species of
Lagopus belong to their substitute food (GROSS 1944 — after DUFRESNE 1922, WATSON 1956,
PORTENKO 1972). Remains of both Lagopus species are very abundant in the late Pleistocene and
Early Holocene sites of the Palearctic (TYRBERG 1995). Although nowadays Snowy Owls are
restricted to northern parts of the Palearctic, in the late Pleistocene and Holocene they had a much
more southern distribution (BOCHENSKI 1974), and therefore they could prey upon the birds whose
fossil remains are now found in the Palearctic. Fossil remains of Lagopus species have already
been attributed to the activities of Snowy Owls (BAALES 1992). However, BAALES based his
attribution only on the frequency of skeletal elements in fossil materials. As little is known about
damage caused to bird bones by Snowy Owls, I seek to clear this situation in this study to better
assess the predator responsible for accumulation of fossil deposits.



280 Z. M. BOCHENSKI

Acknowledgme nts. Thisstudy was carried out under a grant from the Swiss
Federal Commission for Scholarships (ESKAS). During that time I worked at the Zoological
Museum and Institute of Anatomy (SEM photographs), University of Zurich and in the Zurich
Zoo, Switzerland. I am very thankful to my supervisors during the fellowship-tenure, Dr. J. HE-
GELBACH and Prof. V. ZISWILER. I appreciate helpful advice on rearing quail from M. Sc. B. KOcH
and Mr A. STATZLER. Curator of the Zoo, Dr. R. ZINGG, coordinated my activities there and Prof.
P. GROSCURTH and Mr. W. SCHERLE helped with SEM photographs. I am also very much indebted
to Dr. T. WORTHY whose critical comments greatly improved this paper.

II. MATERIAL AND METHODS

A pair of Snowy Owls Nyctea scandiaca LINNAEUS, 1758, were fed with eight adult quail
Coturnix coturnix at the Zurich Zoo, Switzerland. The experiment was carried out between 8-26
May, 1995. One dead but otherwise untouched quail was offered to the owls at a time. The owls
did not eat the whole quail at once. They would have probably finished it later but uneaten remains
were removed from the aviary by small mustelids at night (quail feathers, 4 wings and a fragment
of pelvis with the proximal part of a femur were found outside the aviary). Standard food consisting
of freshly killed mice and a few-day-old chicks (the size of a sparrow) was also available to the
owls. The female Snowy Owl incubated throughout the experiment. Pellets were collected on
feeding days and on the subsequent two days.

The fragmentation of quail bones was evaluated in the way described by BOCHENSKI et al.
(1993) and BOCHENSKI & TOMEK (1994). Damage to the bone surface was studied under the SEM
and light microscope, applying categories of damage proposed by BOCHENSKI & TOMEK (in print).

Bone ratio of the wing to leg elements was calculated as the number of wing fragments
(humerus, ulna, carpometacarpus) divided by the sum of wing and leg bone fragments (femur,
tibiotarsus, tarsometatarsus), expressed as percent (ERICSON 1987, LIVINGSTON 1989). Ratios for
other species than the Snowy Owl were calculated from raw data from previous papers (BOCHENSKI
et al. 1993, BOCHENSKI & TOMEK 1994). Chi-square tests were used to check whether the
frequencies of wing and leg elements differed significantly from the expected 1:1 proportion.

The minimum number of individuals (MNI) was calculated for each bone separately. The
results are presented as absolute numbers and as percentages of the number of the most numerous
sort of bone, in this case the humerus. The procedure was the same as in the previous studies
(BOCHENSKI et al. 1993, BOCHENSKI & TOMEK 1994) — i. e. the MNI was computed for the whole
material (not for separate pellets) and without fitting proximal and distal parts together.

Due to the small amount of experimental material available (8 quail that successfully went
through veterinary examinations), the results may not be statistically significant. Therefore the
present study has only a preliminary character and we may say only of tendencies in damaging
victims’ bones — i. e. describe it qualitatively rather than quantitatively.

III. RESULTS

1. Handling of food

Quail were mainly, if not wholly, taken by the male Snowy Owl (the female was incubating
and went off the nest only sporadically). Thus, we may assume that most (or all) of the pellets with
remains of quail were produced by the male.

Observations on the way of eating were difficult because the male always ate quail while hidden
behind a large stone in a corner of the aviary. From five observations the typical feeding procedure



Bird bones in Snowy Owls’ food 281

was: The male took a quail from where it had been laid out, and carried it in his beak back to the
corner of the aviary. There, on the ground, he tore the quail up keeping it in his claws (head forward).
He tore the quail’s head asunder and swallowed it. Then, holding with his beak the base of the
victim’s wing (humerus region), he detached the wing from the carcass and swallowed it. Next, he
tore off small pieces from the victim’s breast. A characteristic noise of breaking bones could be
heard from about ten meters. Snowy Owls were not observed to pluck quail; all torn up pieces were
swallowed with feathers. After 10-15 minutes the owl stopped eating and fell asleep on a nearby
roost, leaving the uneaten remains (one-half of the quail or more) on the ground. Probably the male
would have finished it later if mustelids had not stolen the carcass at night.

On many occasions, when male and female Snowy Owls were observed eating mice and chicks,
they always swallowed them whole, head first.

2. Fragmentation of bones

Axial skeleto n Nowholeskull was recorded, and all the brain cases, which
were not broken to pieces (Table I: columns 2, 3, 4 and 5 jointly), lacked the back part with the
condylus occipitalis (columns 3 and 4). Of all distinguishable skull fragments, beaks (columns 2,
3,6, 7 jointly) were the most numerous element found.

Most of the mandibular remains found were those from the category "one branch"; only one
whole mandible (8%) was present (Table II).

The fragmentation of the sterna is shown in Table III. Fragments without the rostrum sterni
prevailed over those with the rostrum (column 4 versus 2 and 3 jointly).

Fragments of the pelvis were mainly from the synsacrum and acetabulum regions (Table IV).

Table I

Fragmentation of the skull and beak in pellets of N. scandiaca expressed as
percentages of the total number of all skull fragments found (see BOCHENSK] et al.
1993: Fig. 1). MNI% is the percentage of the highest value of the MNI (obtained
with humerus) formed by the number of individuals estimated on the basis of a given

bone
Skull with beak and | Brain case s
ot f Wlllcille brain case without Eg‘élen Vgholle Et?d of | Other MNI | MNI
number of| - sKull |+ oot hack part | back part e eak | fragments (N) | (%)
fragments| (%) (%) (%) (%) | (%) | (%) (%) ‘
1 2 3 4 T 8 9 | 10
N=15 £ 7l 13 — 33 e 47 6 86

Table II

Fragmentation of the mandible in pellets of N. scandiaca expressed as percent-
ages of the total number of all mandibular fragments found (see BOCHENSKI et al.
1993: Fig. 2). For MNI(%) — see Table I

Total One : Tip Middle part
number of V\Z?/O)le branch Artlc(u(;;)r part| of mandibula | of branch 1\(/[1\1]\1)1 1\(40;\1)1
fragments - (%) (%) (%) -
1 2 3 4 S 6 il 8
N=12 8 15 8 8 — 6 86
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Table III

Fragmentation of the sternum in pellets of N. scandiaca expressed as percentages
of the total number of all sternal fragments found (see BOCHENSKI et al. 1993: Fig. 3).
For MNI(%) — see Table 1

Total More than 1/2 qus than 1/2 Fragments MNI MNI
number of with rostrum with rostrum without rostrum (N) (%)
fragments (%) (%) (%) 7

1 2 3 4 5 6

N =25 = 12 88 3 43

Table IV

Fragmentation of the pelvis in pellets of N. scandiaca expressed as percentages
of the total number of all pelvic fragments found (see BOCHENSKI et al. 1993: Fig.
4). For MNI(%) — see Table I

Total Synsacrum with 1 or 2 | Ilium-ischii- | Synsacrum | Acetabulum MNI | MNI
number of | ilium-ischii-pubis bones| pubis bone |whole or partial|  region (N %

fragments (%) (%) (%) (%) ) &
1 2 3 4 5 6 7
N=12 8 8 42 9 3 43

Long bone s Thefragmentation of long bones is shown in Table V. There were
considerable differences in the degree of fragmentation between various types of bones. Whole
bones were more numerous than their fragments for ulnae, radii, carpometacarpi, phalanx I dig.
maj. alae and tarsometatarsi, whereas broken parts prevailed in scapulae, coracoids, humeri, femora
and tibiotarsi (column 2 versus 6).

For most bones proximal and distal ends were roughly in equal abundance but in humeri
proximal ends were more numerous, and in femora distal ends were more numerous.

Shafts that were identifiable as from a particular element and without articular ends (column 5)
were very rare for all types of bones. However, many unidentifiable shafts — and especially their
small fragments — were found. Most of them (76%) had a broad gap along the shaft and looked
like tiny pieces of flat bones at first glance (Fig. 1). Less than one-third of the fragments (24%) did
not have the gap but even then most of them were short.
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Fig. 1. Small fragments of unidentifiable shafts damaged by digestion (their numbers are listed in the last rows
of Tables V and VIII). Most edges of the fragments are thinned and rounded. A cross section of each
fragment is shown below it. A — no gap along the shaft; B — a stripe of shaft walls digested completely,
which produced a broad gap along the shaft; C-D — large parts of shafts dissolved to the effect that the
fragments look like pieces of flat bones at first glance.
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Table V

Fragmentation of long bones in pellets of N. scandiaca expressed as percentages
of the total number of all long-bone-fragments found (see BOCHENSKI et al. 1993:
Fig. 5). In scapula: distal part and shaft are shown jointly in the category "shaft". In
coracoideum: proximal=sternal, distal=scapular. In the last row of the table, the
name "Bone ?7?" includes all shafts digested so heavily that one could not tell what
element they were (see also Fig. 1). For MNI(%) — see Table I

Bood Whole | Proximal | Distal Shaft Total of MNI | MNI
(Total number of fragments) Los part patt (%) Prokeninans (N) (%)
g @ e (%) X

| 2 3 4 5 6 7 8

Scapula
2 100
(N = 19) 37, 63 4 57
Coracoideum q
(N =21) 5) 43 52 - 95 6 | 86 b
Humerus
(N=18) 17 55 28 - 83 7 o 100 |
Ulna
(N=8) 88 - 12 - 12 6 86
Radius
(N=9) 56 33 11 - 44 5) 71 :
Carpometacarpus
(N=9) 78 11 11 = 22 6 86
Phalanx I dig maj. alae
= . - o 6
(N=8) 100 86
Femur
(N = 14) = 36 64 - 100 9 71
Tibiotarsus
(N=17) 6 41 41 12 94 4 57,
Tarsometatarsus
i o 5
(N=9) 89 11 11 | 71
Bone???:
without gap N=13 24
; i i = 100

with gap N =41 76
Total N=54 100

Minimum number of individual s TableVIcomparesvalu-
es of the MNI calculated on the basis of each kind of bone and expressed as percentages of the
highest value for a given owl species. In N. scandiaca, the descending order of bones best fitted
for the MNT is as follows: 1) humerus; 2) coracoid, ulna, carpometacarpus, phalanx I dig. majoris
alae, skull, mandible; 3) radius, femur, tarsometatarsus; 4) scapula, tibiotarsus; 5) sternum, pelvis.

Wing/leg rati o .Meanpercentagesofthewingbones (fragments)asproportions
of wing and leg bones from pellet materials of four owl species (see Material & Methods) were as
follows:

Nyctea scandiaca  46.7%

Asio otus 49.7%
Bubo bubo 52.7%
Strix aluco 53.8%

Only the values for S. aluco and B. bubo differed significantly from the expected 50% (p<0.01,
df=1, and p<0.05, df=1, respectively).



