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Abstract

Commercially reared ostrich chicks are typically kept in barren, indoor environments. This experiment investigated the effects of envi­
ronmental enrichment on the pecking behaviour, exploration, food consumption and novelty responses of ostrich chicks aged I0 to
21 days. Four groups of 20 randomly selected ostrich chicks were housed in heated huts at one day of age (Day I), and at Day 10
were allowed access to sand-covered areas (30 m1

) that were either barren (control: n = 2 groups) or enriched with cabbage, conif­
erous cones and sticks (enriched: n = 2 groups). Pecking behaviour was recorded by focal sampling the behaviour of five chicks per
group for four 5 min periods per day on Day 10 and Day 13. All enriched chicks pecked at the cabbage, of which they consumed
considerable amounts (26 ± 3 g/chick/day). The enriched chicks did not have higher overall pecking frequencies but tended to peck
less at fixtures in the pen, compared to control chicks. Additionally, the enriched chicks showed increased exploration in terms of the
percentage of chicks observed outside the heated huts. In a novel object test, enriched chicks stayed closer to and delivered more
pecks at sorrel (Rumex acetosa) than did control chicks, whereas there was no difference between the treatment groups in their
response to adult ostrich feathers. Enriched chicks consumed more food (79 ± 0.4 g/chick/day) than did control chicks (67 ± 0.9
g/chick/day) during the experimental period. We suggest that environmental enrichment improves the welfare of ostrich chicks in
terms of increasing exploration and reducing pecking at fixtures in the pen, without compromising food consumption.
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Introduction

The commercial production of ostriches in captivity has
resulted in a large number of ostrich chicks being reared
under conditions that differ considerably from natural
rearing conditions. This is especially true in Europe and
North America where ambient temperatures make it
necessary to rear ostrich chicks (without parental care) in
indoor environments that provide very few stimuli
compared to outdoor environments. Under natural condi­
tions, less than half of hatched ostrich chicks will reach
maturity (Holtzhausen & Kotze 1990), and chick mortality
is also a problem in ostrich farming (Verwoerd et al 1999).
Chicks are very vulnerable and easily succumb to various
diseases and compaction of the digestive system, and, as a
consequence, chicks are typically reared in barren produc­
tion environments and fed concentrate rations.
Under natural conditions, ostrich chicks are able to leave the
nest 24 h after hatching, and during their first days they live
on the yolk-sac - the remaining egg yolk drawn into the
abdomen through the navel-opening prior to hatching. After
4-5 days the chicks start pecking at the fresh dung of their
parents, which serves as a convenient first source of
nutrition since the nest is usually far from water and food
(Holtzhausen & Kotze 1990). Wild ostriches feed on grass,

berries, succulents, seeds and the leaves of trees and bushes.
These food items tend to be widely spaced and a lot of time
is required to search for food; thus ostriches in the wild
spend a large part of their day walking and foraging
(Holtzhausen & Kotze 1990; Williams et al1993; Sambraus
1995; Bubier et al 1996; Deeming & Bubier 1999).
Sambraus (1995) studied abnormal behaviour in captive
adult ostriches and described, among other behaviours,
pecking sand, pecking wire, and pecking air. He related
these abnormal behaviours to the fact that the animals were
fed exclusively on pellets, meaning that food consumption
was completed within a very short time. He recommended
that food for ostriches should not only supply the animals
with sufficient energy and nutrition, but also be of a consis­
tency that ensures that food intake will be of an appropriate
and satisfactory duration. Likewise, Bubier et al (1996)
indicated that some captive ostrich chicks performed highly
habitual repetitive pecking behaviours. The authors found
that the type of pecking that was directed at non-food items
tended to be highly repetitive within bouts, and that there
was a tendency for chicks performing these behaviours to
feed less. Thus, repetitive pecking is suggested to be an
indication of poor welfare in captive ostrich chicks (Bubier
et al1996; Deeming & Bubier 1999).
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Enrichment experiments with other avian species have been
reported to improve welfare in terms of reducing fear
responses (chickens [Jones & Waddington 1992]; laying
hens [Reed et aI1993]; parrots [Meehan & Mench 2002]),
and decreasing stereotypic/abnormal behaviours (chickens
[Huber-Eicher & Wechsler 1997, 1998]; parrots [Meehan
et al 2003]). However, in young ostrich chicks, pecking at
non-food items can interfere with efficient feeding (Paxton
et al 1997). Environmental enrichment may therefore lead
to decreased food consumption as a result of increased
pecking at the enrichment, because fewer pecks may be
targeted at food. The present study is a preliminary investi­
gation into the effects of enrichment on the pecking
behaviour, exploration, novelty responses and food
consumption of ostrich chicks. We provided edible enrich­
ment (cabbage) to facilitate foraging behaviour, along with
inedible enrichment (coniferous cones and sticks) to
increase the complexity of the environment. Our hypothesis
was that the chicks would direct a proportion of their
pecking behaviour to the enrichment and less repetitive
pecking to fixtures in the pen.

Methods

Animals and housing

Four groups of 20 randomly selected ostrich chicks
(Struthio camelus) were housed in a commercial green­
house (12 m x 90 m) at one day of age (Day 1, see Table 1).
During Days 1 and 2, the chicks were kept in heated huts
(3 m x 3 m x 0.5 m high) with chipboard floors, and at an
ambient temperature of 29°C, which was gradually reduced
to 19°C during the experimental period. Wood shavings
were scattered on approximately half of the floor area of
each hut. On Day 3 the chicks were allowed access to a
chipboard-floored area (3.0 m x 1.8 m) just outside the
huts. A yellow food container holding commercial starter
ration (200 g protein/kg) and a red water trough were
placed on the chipboard. The huts' door openings (0.5 m x
0.5 m) were fitted with bubble wrap curtains, which were
cut into 2 cm vertical strips, in order to maintain a dark and
temperature-stable environment inside the huts. The
treatment period commenced on Day 10 (see Table 1) when
the chicks were given access to additional 30 m2 sand­
covered areas containing three extra food containers and
enclosed by 40 cm high boundary walls (ie there was no
visual contact between the four groups). For half of the
chicks (control: n = 2 groups of 20 birds) the additional
sand area was barren, whereas for the remaining chicks
(enriched: n = 2 groups of 20 birds) the sand area was
enriched with cabbage (1 head cut into two halves), conif­
erous cones (10 Spruce [Picea abies], 5 Pine [Pinus
sylvestris] and 5 Larch [Larix deciduas]) and sticks of
Willow (Salix sp; 10 of 15 cm and 5 of 30 cm). Cabbage
was replaced each day to ensure that fresh cabbage was
always available, and the removed cabbage was weighed in
order to estimate the intake of cabbage in the two enriched
groups. Likewise, the daily amount of commercial feed
offered to the chicks was weighed in order to estimate the
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food intake of control and enriched groups. On Day 18, all
chicks were allowed free access to outdoor grass-covered
areas (20 m2

) just outside the greenhouse, through door
openings (0.5 m x 1.5 m). Prior to the treatment period,
group sizes were adjusted to account for mortality, and five
chicks from each group were randomly selected as focal
animals and dye-marked with red or blue colours on the
neck or back for individual recognition. The experiment
was carried out in June 2002, during which time the
average outside day temperature was 20-25°C.

Data collection

Indoor recordings
Behavioural recordings began on Day 10. Each observation
period involved the observation of each of the five focal
animals in each of the four groups for 5 mins, starting with
Chick 1 in Group 1, followed by Chick 1 in Group 2, and so
forth. In cases where a chick was not visible (ie was inside
the hut), the next chick in its group was observed and the
missing chick was returned to on the next occasion.
Observations were carried out in the morning
(0900-1100 h), around midday (1130-1330 h), in the
afternoon (1400-1600 h) and in the evening (1630-1830 h)
for the first 24 h after the chicks had been given access to
the sand areas, and again three days later. Each focal animal
was recorded as being either active, passive (sitting or
lying) or not visible (ie within the hut), using a hand-held
computer (Workabout, PSION PLC, UK). Also, all pecks of
the focal animal and their target (ie chipboard, sand, food,
water, wall, other chicks, and, for the enriched groups,
cabbage, coniferous cones and sticks) were recorded.
Additionally, each group was scanned every 20 mins to
determine the total number of chicks out of the heated hut
and the percentage ofthese chicks occupying the sand area,
in order to measure exploration.

Novel object tests
After one week's access to the sand areas (Day 17, see
Table 1), two novel object tests were carried out at group
level in order to test the effect of enrichment on the chicks'
responses to novel stimuli. The chicks were held in the chip­
board-floored area while the stimuli - Test 1: Sorrel
(Rumex acetosa), 4-5 stems, 30-40 cm high, and Test 2:
feathers from adult ostriches, 2 white, 30-40 cm long ­
were placed in the middle of the sand area. The test began
when the chicks were allowed access to and full view of
their home environment with the novel object, and lasted for
30 mins. Latency to the first peck at the novel object by any
chick in the group was recorded, as was the total number of
pecks by each focal animal. Additionally, the number of
chicks that were within 0.25 m of the novel object was
recorded each minute.

Outdoor recordings
Immediately after being allowed access to the grass-covered
outdoor areas on the morning of Day 18, the latency for the
first chick of each group to enter the outdoor area was
recorded, and, for the subsequent 30 mins, the number of
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Table I Details of experimental design and data collection.
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Day

3

5

10

13

17

18

21

Event

Day-old chicks housed in four groups of 20 chicks

Chicks allowed access to chipboard-floored areas

Group sizes adjusted and focal chicks dye-marked

Onset of treatment: chicks allowed access to barren
(n = 2 groups) or enriched (n = 2 groups) sand areas

Chicks allowed access to outdoor grass-covered areas

Observations I tests

Focal observations
(pecking behaviour)

Focal observations
(pecking behaviour)

Novel object tests

Scans
(chicks outside huts)

Scans
(chicks outside huts)

Scans
(chicks in outdoor areas)

Scans
(chicks in outdoor areas)

chicks observed in the outdoor area was recorded each
minute. In addition, the number of chicks observed outside
and the number of active/passive chicks in each group were
recorded every 30 mins during the remainder ofDay 18, and
again three days later (Day 21).

Data analysis
Data on the pecking behaviour of the focal animals were
adjusted for the total number of seconds that the chick was
visible and active. Although chicks may peck when sitting
or lying, they do so less frequently than when they are
active, which was the reason for using only active data for
analysing pecking behaviour. Pecking data were analysed
using mixed models in SAS (Littell et aI1996), with treat­
ment (n = 2) and observation day (n = 2) and their interac­
tion as fixed effects, and with chick within group within
treatment as a random effect. The response variables were
the total number of pecks, and the number of pecks at sand,
chipboard, other chicks, walls, food pellets and water.
Likewise, data from the novel object tests were analysed
using mixed models, with treatment as a fixed effect, chick
within group within treatment as a random effect, and the
total number of pecks to the objects by the focal animals as
the response variable.

Data regarding the number of chicks that were recorded
within 0.25 m of the novel objects were converted to per­
centages of the total number of chicks in each group and,
due to skewed distributions, were analysed for treatment
effects using Mann-Whitney U-tests. The number of chicks
outside the hut and the number of chicks in the outdoor
grass-covered area were likewise converted to percentages,
and were analysed for effects of treatment and observation
day separately by analysis of variance (ANOVA), or, for
data with a skewed distribution, by Mann-Whitney U-tests,
using the computer software SigmaStat (SPSS 1997). The
food consumption of control and enriched chicks was com­
pared using a Student's t-test. A significance level of
P < 0.05 was applied throughout.

Results
Indoor recordings
The mean number and direction of pecks performed by
chicks in each treatment are illustrated in Figure 1. The
mean number of pecks per chick did not differ significantly
between the treatments (enriched [mean ± standard error] =

12.1 ± 1.27 versus control = 13.5 ± 1.66 pecks/chick/min).
Enriched chicks directed a large proportion of their pecking
behaviour to the cabbage (22.2% ofall pecks), whereas only
a minor amount was directed to the coniferous cones and
sticks (0.2% of all pecks). Control chicks directed a large
proportion of their pecking behaviour to the chipboards in
front of their heated huts (control = 7.63 ± 1.43 versus
enriched = 3.77 ± 0.61 pecks/chick/min), but, since the
increased pecking was shown mainly by chicks in just one
of the control groups, the difference between control and
enriched chicks showed only a trend towards significance
(Fl.18 = 3.97; P = 0.062). There were no significant differ­
ences in the number of pecks directed at any other object,
and there was no effect of observation day on pecking
behaviour, except for a significant increase in the number of
pecks at food pellets on Day 13 compared to Day 10 (Day
13 = 2.11 ± 0.6 versus Day 10 = 0.64 ± 0.2 pecks/chick/min;
F 1,36 = 6.15; P = 0.018).
Although the treatment groups did not differ in the amount
of pecks they directed at food pellets and water
(enriched = 18.6% versus control = 16.5% of all pecks),
food consumption within the test period (10 to 21 days of
age) varied between the two treatments (enriched = 79 ± 0.4
versus control = 67 ± 0.9 g/chick/day; t = 12.08; P = 0.007).
Chicks of the two enriched groups did not, however,
consume equal amounts of cabbage (23 and 29 g/chick/day).

Five of the 10 focal control chicks (4 of the 5 chicks in one
control group and 1 chick in the other control group)
developed a characteristic manipulation of the hut curtain in
which they grabbed a strip of the curtain in their beak,
pulled it as far as they could, and, upon dropping it, returned
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Figure

Mean number and target of pecks performed by enriched and
control ostrich chicks.

Outdoor recordings
The time between the first chick appearing in the doorway
and the first chick entering the grass-covered outdoor area
ranged between 5-20 s in the enriched groups and between
30-35 s in the control groups. Significantly more chicks
from the enriched groups were recorded outside within the
first 30 mins after the opening of the door (enriched = 76.9
(67, 100) versus control = 56.3 (38, 75); Z53,5S = 4.75;
P < 0.001). This pattern was repeated during the rest of the
outdoor recordings since a significantly greater number of
enriched birds stayed outside compared to control birds
(enriched = 64.8 ± 4.4 versus control = 47.9 ± 4.8;
F] = 8.18; P = 0.005). The percentage of birds outside
decreased between Day 18, the first day of access to the
area, and Day 21 (all birds combined: Day 18 = 69.7 ± 4.7
versus Day 21 = 43.0 ± 3.9; F

I
= 20.43; P < 0.001).

Six chicks (3 enriched and 3 control) died of various
ailments during the experimental period, ie there was no
difference in mortality between the treatment groups.

Discussion
Chicks in the enriched groups directed a large proportion of
their pecking behaviour to the cabbage without increasing
their overall mean number of pecks compared to control
chicks. The cabbage increased foraging opportunities for
the enriched chicks, and considerable amounts of it were
consumed; thus it served as a food supplement. The chicks
showed hardly any interest in the coniferous cones and
sticks, which may indicate a preference for edible items or
may relate to the shape, size, colour, and/or lack of contrast
between these objects and the sand substrate. Increased
contrast has previously been reported to encourage pecking
activity in ostrich chicks (Paxton et al 1997).
Despite the small sample size, there was a strong tendency
for enriched chicks to peck less at fixtures in the pen
(chipboard). Repetitive pecking at the chipboard occurred
mainly in one of the control groups, whereas all but one of
the focal chicks in the other control group were observed to
manipulate the hut curtain. Social facilitation of behaviours
has previously been shown in ostrich chicks (Paxton et al
1997), and abnormal behaviours may spread throughout a
group by social facilitation so that once developed in one
animal, all sensitive individuals within a group develop the
same behaviour. Repetitive pecking and manipulation of the
hut curtains were performed only by chicks in the control
groups, indicating that enrichment, in terms of increased
foraging opportunities, might be useful in avoiding repeti­
tive pecking behaviour directed at fixtures in the pen as well
as in avoiding other abnormal behaviours. This result is in
agreement with studies on other avian species in which
foraging enrichment reduced the development of behav­
ioural problems (feather pecking [Huber-Eicher & Wechsler
1997; Meehan et al2003]). Bubier et al (1996) studied the
time budgets of ostrich chicks and found that they spent
more than 50% of their time walking and foraging on the
ground, and showed a strong preference for feeding on
pellets scattered on the floor rather than presented in a dish.
These observations appear to reflect this species' natural
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to pick it up again in a uniform movement. This abnormal
behaviour was recorded only if the chick repeated the
movement more than three times. Of the total observation
time of 40 mins (2400 s) per chick, the five chicks spent
between 10 and 295 s performing this behaviour, which was
never observed in the enriched groups.
There was a significant effect of treatment on the percentage
of chicks observed outside the hut (enriched [median (25,
75% quartiles)] = 93.3 (87,100) versus control = 87.5 (81,
94); Zso,so = 2.10; P = 0.036), whereas there was no effect of
observation day. However, on Day 13 a higher proportion of
the control chicks that were outside the hut stayed on the
chipboard (control = 57.4 ± 3.2 versus enriched = 41.3 ±
2.8; F

I
= 14.38; P < 0.001).

Novel object tests
Latencies to the first peck at the novel objects (sorrel and
feathers) by any chick in the group, ranged between 2-665 s
in the enriched groups and between 2-316 s in the control
groups. The percentage of chicks that were within 0.25 m of
the novel object during the 30 min tests differed between the
treatments in the first novel object test (sorrel:
enriched = 26.7 (15, 33) versus control = 0 (0, 13); Z5056 =

6.16; P < 0.001). However, in the second test (feathers),
there was no difference between the treatment groups.
Accordingly, focal chicks of the enriched groups delivered
more pecks than did control chicks to the sorrel in the first
novel object test (enriched = 2.26 ± 0.4 versus control =

0.98 ± 0.5 pecks/chick/min; FilS = 4.38; P = 0.051), but did
not differ from control birds i~ the number of pecks direct­
ed at the adult ostrich feathers in the second novel object
test (enriched = 3.71 ± 1.2 versus control = 4.77 ± 1.7
pecks/chick/min; F I•IS = 0.25; ns).
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feeding behaviour in the wild, where food items are widely
spaced and a lot of time is required to walk between them.
A lack of appropriate foraging opportunities is likely to be a
major contributor to behavioural problems, and the
provision of appropriate foraging opportunities through
enrichment appears to be an important factor in modifying
both the development and the performance of such behav­
iours (Newberry 1995; Meehan et aI2003).
Surprisingly, consumption of pelleted food was higher in
the enriched groups than the control groups, even though
they consumed cabbage as a supplement. It has been shown
that the colour green produces the greatest pecking response
in ostrich chicks, which has been related to wild ostriches'
preference for green foliage as food items (Bubier et al
1996). The authors suggest that poor feeding performance
in captive ostriches may be a symptom of practical
problems of locating, identifYing and ingesting the food,
and adding roughage (green plants) to the feed is generally
accepted as a way of encouraging foraging activity in
ostriches (Cooper 2000). Our results indicate that the
provision of cabbage encourages foraging activity and
feeding behaviour even without being offered with the food.
Additionally, some studies have shown negative correla­
tions between pecking at non-food items and growth rates
(Lambert et al 1995; Deeming & Bubier 1999).
Unfortunately, growth was not measured in the present
experiment as the experimental period of 12 days was
expected to be too short to affect growth rates. The unex­
pected difference in food consumption between the
treatment groups does, however, indicate that growth rates
might be affected by environmental enrichment. More
controlled studies are needed in order to relate the effects of
enrichment to food consumption and growth.

Paxton et al (1997) found significant pen effects on
behaviour, and found that pecks to the floor were associated
with fewer pecks targeted at food in chicks aged
26-33 days, whereas the relationship was non-significant in
younger chicks. The authors suggest that the pecking
behaviour of young chicks is directed towards a broad
variety of objects and stimuli, and that non-food pecking
interferes with efficient feeding in young chicks, affecting
survival and growth. Accordingly, in the present study there
was a tendency for control chicks to peck more at fixtures
in the pen, and these chicks also consumed less food, ie
there seemed to be a negative relationship between repeti­
tive pecking at fixtures in the pen and food consumption.

In general, the enriched chicks showed increased explo­
ration in terms of the percentage of chicks that were
observed outside their heated huts on Days 10 and 13 and in
their outdoor areas on Days 18 and 21. The latency to
contact the novel objects varied considerably between the
groups, with no effect of treatment. Once a chick started to
peck at an object, other chicks in the group were stimulated
to peck as well. Interestingly, the treatment affected the
chicks' response to sorrel in the first novel object test, but
not their response to the adult ostrich feathers in the second
test. This result may be ascribed to the fact that the enriched
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chicks were accustomed to consuming considerable
amounts of fresh green cabbage and may have associated
the green colour of the sorrel with cabbage. This result is
consistent with the finding from the outdoor recordings that
enriched chicks entered the grass-covered areas sooner than
did control chicks, and that a greater number of enriched
chicks were observed outside on the first and third day after
outdoor access. During the second novel object test, all
chicks showed playful responses to the adult feathers:
picking them up and carrying them around. Adult ostrich
feathers could therefore serve as appropriate inedible
enrichments that encourage playful activity.

Animal welfare implications

The enrichment affected general pecking behaviour as well
as behaviours such as exploration, abnormal behaviour,
response to novel objects and food consumption. We
suggest that environmental enrichment improves the
welfare of ostrich chicks in terms of increasing exploration
and reducing pecking directed at fixtures in the pen, without
compromising food consumption.

Acknowledgements

We gratefully acknowledge Preben and Helle Hald for
providing ostrich chicks, housing facilities and manage­
ment, and Drs Merete Studnitz, Eva S0ndergaard, and Jens
Malmkvist, Department of Animal Health and Welfare,
Danish Institute of Agricultural Sciences, for comments on
the manuscript. This project was funded by the Hans Kier's
Fund under the Danish Animal Welfare Society.

References
Bubier N E, Lambert M 5, Deeming D C, Ayres L Land
Sibly R M 1996 Time budget and colour preferences (with spe­
cific reference to feeding) of ostrich (Struthio camelus) chicks in
captivity. British Poultry Science 37: 547-55 I
Cooper R G 2000 Management of ostrich (Struthio camelus)
chicks. World's Poultry Science Journal 56: 33-44
Deeming D C and Bubier N E 1999 Behaviour in natural and
captive environments. In: Deeming D C (ed) The Ostrich: Biology,
Produaion and Health pp 83-104. CAB International: Wallingford, UK
Holtzhausen A and Kotze M 1990 The Ostrich. C P Nel
Museum: Oudtshoorn, South Africa
Huber-Eicher B and Wechsler B 1997 Feather pecking in
domestic chicks: its relation to dustbathing and foraging. Animal
Behaviour 54: 757-768
Huber-Eicher B and Wechsler B 1998 The effect of quality
and availability of foraging materials on feather pecking in laying
hen chicks. Animal Behaviour 55: 861-873
Jones R B and Waddington D 1992 Modification of fear in
domestic chicks, Gallus gallus domesticus, via regular handling and
early environmental enrichment. Animal Behaviour 43: 1021-1033
Lambert M 5, Deeming D C, Sibly R M and Ayres L L 1995
The relationship between pecking behaviour and growth rate of
ostrich (Struthio camelus) chicks in captivity. Applied Animal
Behaviour Science 46: 93-10 I
Littell R C, Milliken G A, Stroup W Wand Wolfinger R D
1996 SAS® System for Mixed Models. SAS Institute Inc: Cary,
North Carolina, USA
Meehan C L and Mench J A 2002 Environmental enrichment
affects the fear and exploratory responses to novelty of young
Amazon parrots. Applied Animal Behaviour Science 79: 75-88

Animal Welfare 2004,13: 119-124

https://doi.org/10.1017/S0962728600026853 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600026853


124 Christensen and Nielsen

Meehan C L, Millam J R and Mench JA 2003 Foraging oppor­
tunity and increased physical complexity both prevent and reduce
psychogenic feather picking by young Amazon parrots. Applied
Animal Behaviour Science 80: 71-85
Newberry R C 1995 Environmental enrichment: increasing the
biological relevance of captive environments. Applied Animal
Behaviour Science 44: 229-243
Paxton C G M, Bubier N E and Deeming D C 1997 Feeding
and pecking behaviour in ostrich (Struthio came/us) chicks in cap­
tivity. British Poultry Science 38: 151-155
Reed H J, Wilkins L J, Austin S D and Gregory N G 1993
The effect of environmental enrichment during rearing on fear
reactions and depopulation trauma in adult caged hens. Applied
Animal Behaviour Science 36: 39-46

© 2004 Universities Federation for Animal Welfare

Sambraus H H 1995 Verhaltensstorungen der Nahrungsauf­
nahme bei Afrikanischen Straussen. Berliner und Miinchener
Tierartzliche Wochenschrift 108: 344-346 [Title translation:
Behavioural disorders in the food intake of ostriches]

SPSS 1997 SigmaStat, Statistical Software, Version 2.0 for Windows
95, User's Manual. SPSS Inc: Chicago, Illinois, USA
Verwoerd D J, Deeming D C, Angel C R and Perelman B
1999 Rearing environments around the world. In: Deeming D C
(ed) The Ostrich: Biology, Production and Health pp 191-216. CAB
International: Wallingford, UK
Williams J B, Siegfried W R, Milton S J, Adams N J, Dean
W R J, Du Plessis M A, Jackson S and Nagy K A 1993 Field
metabolism, water requirements, and foraging behaviour of wild
ostriches in the Namib. Ecology 74: 390-404

https://doi.org/10.1017/S0962728600026853 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600026853


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


