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Nutritional Content of the Diets of Free-living Scarlet
Macaw Chicks in Southeastern Peru
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Abstract: To provide novel information on psittacine diets, we analyzed the texture, crude
protein, crude fat, Ca, P (total), Mg, K, Na, S, Cu, Fe, and Zn concentrations of crop contents
from 10 free-living scarlet macaw (Ara macao) chicks from lowland forests of southeastern Peru.
We compared our results with nutrient concentrations of known wild parrot foods and
published psittacine dietary recommendations to highlight similarities and differences and
suggest future avenues of research. The diets were much coarser textured than those
recommended for hand feeding. Soil in the diet provided an important source of Na, but Na
levels were still lower than all recommendations. Concentrations of protein, Zn, K, Cu, and P
(total) were near to or within the range of recommendations for captive psittacine birds. Fat, Ca,
and Mg concentrations were greater in crop contents than in the average food plants and greater
than published recommendations. The Na:K ratios were only one-twentieth of those
recommended for young poultry. Future analyses should investigate the bioavailability of Fe,
Ca, and Zn in these diets and the effects of varying concentrations of fat, Na, Ca, Mg, and Na:K
ratio on psittacine growth and development.
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Introduction

The importance of diet to overall health of
birds cannot be overstated. Despite this, the
nutritional requirements of long-lived companion
parrots remain poorly understood. As a result,
nutritional deficiencies are among the most
common health problems faced by captive parrots
today.'” Most published recommendations for
psittacine nutrition come from studies of domestic
poultry, supplemented by work on captive
budgerigars (Melopsittacus undulatus) and cock-
atiels (Nymphicus hollandicus).*”’ However, poul-
try and parrots are not closely related and differ
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both developmentally and ecologically. Budger-
igars and cockatiels are small ground-foraging,
grass seed—ecating birds from dry areas, which
differ in lifestyle and diet from the large parrots
from moist environments, which feed on tree
fruits, seeds, and flowers.®® Therefore, it is
unlikely that available data adequately model
the dietary requirements of most parrots.'® Many
formulated diets are available for psittacine birds,
but these vary in their nutrient composition, and
many pet owners continue to feed nutritionally
inadequate, seed-based diets.!""®* In parrots,
growth rates vary among hand-fed chicks, par-
ent-raised captive chicks, and parent-raised free-
living chicks.'*'¢ Although these differences could
be caused by a mix of factors (eg, feeding
frequency, gut bacteria, etc), they likely relate to
differences in the nutrient contents of the diets.
To provide novel information on psittacine
diets, we examined the nutrient composition of
crop contents collected from free-living scarlet
macaw (Ara macao) chicks from Tambopata
Research Center in the lowland forests of south-
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eastern Peru. Here, parrots and macaws consume
a mixture of seeds, fruit, flowers, tree bark,!” and
soil from river edge ‘“‘clay licks.”'®*?° The con-
sumption of soil (geophagy), has been studied
extensively for decades and is usually attributed
to the animal’s search for minerals, which are
otherwise deficient in their diets. Sodium is the
most commonly cited reason for geophagy.*'*
However, geophagy might also protect animals
from dietary toxins,**2* treat ionic imbal-
ance,”>* stabilize gut pH,”° reduce intestinal
parasitism,’’ and reduce diarrhea.” Although
avian use of grit for grinding seeds has been
known for decades,**35 recent studies find most
parrots avoid soil with large particles (grit) and
prefer soils with fine particles, which are useless as
grinding aids.?*?*?* These recent studies suggest
that sodium supplementation could be driving
parrot geophagy.'”3%¥* However, experimental
evidence shows that geophagy soils also bind
dietary toxins.?® The parrots also feed soil to their
chicks.

In this study, we compared the nutrient levels
of the crop contents from nestling scarlet macaws
with average nutrient composition of known
psittacine foods from the area. Additionally, we
analyzed the nutritional importance of soil to the
chicks and compared nutrient composition of
crop contents with published recommendations
and diets for captive psittacine birds. Although
the nutrition of free-living animals is not always
optimal, the analyses presented provide new
information regarding psittacine nutrition and
allow comparison of potentially important differ-
ences among free-living and captive diets to direct
future research.

Materials and Methods
Study site

This study was conducted at the Tambopata
Research Center (13°08’S, 69°36'W; 250 m in
elevation) in the Tambopata National Reserve
(274 690 ha) near the border of the Bahuaja-
Sonene National Park (1 091 416 ha). The center
is located in a small (<1 ha) clearing surrounded
by a mix of mature floodplain forest, riparian
successional forest, Mauritia flexuosa (Arecaceae)
palm swamps, upland forest, and bamboo.***!
The forest is classified as tropical moist forest.*>*
The site is adjacent to a 500-m-long, 30-m-high
riverbank clay lick, where up to 1700 macaws and
parrots gather daily, resulting in high parrot
densities in the area.'®

Sample collection and processing

We sampled crop contents from 10 chicks in 7
different nests of free-living scarlet macaws. The
nests were located in PVC nest boxes hung 15—
22 m above the ground in tall trees within 1 km of
the Tambopata Research Center. We accessed the
chicks by climbing to the nests with the use of
single-rope techniques and mechanical ascen-
ders.** We climbed the nests every 1-2 days
around hatching to determine hatch dates of each
chick in the study. Starting at an average age of
28 days (SD = 10 days, n = 10 chicks), chicks were
sampled approximately once every 10 days until
age 60 days (SD = 19 days, n = 10). At these ages,
the parents are the sole source of food and water
for these chicks. The chicks do not fledge until age
83-90 days, but after about 60 days, chicks rarely
had enough food in the crop to allow sample
collection. From January—March 2005, we col-
lected a total of 48 samples of crop contents by the
protocol of Enkerlin-Hoeflich et al.** Briefly, a 20-
cm-long plastic tube was moistened with rainwater
and inserted down the esophagus and into the
crop. Outside tube diameter was 1 cm for chicks
=20 days and 1.5 cm for chicks >20 days. Smaller
tube diameters were not used because the particles
in the sample were too big to enter the tube. The
contents of the crop were massaged and pushed up
into the tube, the top of the tube was covered with
the thumb, and the tube was removed and placed
in a Whirl-pak® bag. After sampling, each chick
was immediately returned to the nest. These
samples were placed in refrigeration at 4°C within
30 minutes of collection. Each sample was
weighed and divided into its visually distinct
constituents (wood/tree bark, seeds, pulp, insect
larvae, etc). Each fraction was weighed, and one of
the largest particles of each type was measured for
length (longest dimension) and width (longest
dimension perpendicular to length). The sample
was also scored for the presence or absence of soil.
Because soil was usually present as a sticky film of
clay-rich mud that could not be separated from
the other items in the sample, soil was not
separated and weighed. It is probable that some
of the water from the sample leaked out of the
sampling tube as the tube was removed from the
crop. This likely resulted in an underestimate of
percent moisture in the sample. After each fraction
was weighed, the entire sample was recombined
for drying and subsequent nutritional analysis.
Samples were stored at 4°C for 3.02 = 2.16 days,
(minimum [min] = 1 day, maximum [max]| =
8 days, n = 48 samples) before drying.
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Sample analyses

All crop and food samples collected at TRC
were weighed fresh and dried to a constant weight
in an oven at approximately 55°C. Samples were
then stored for up to 3 months in airtight
containers with desiccant before analysis. Samples
ranged from 0.2 to 5.5 g dry weight (1.55 =
0.88 g). Because of the small quantity of each
sample, 13 samples were analyzed independently,
and the remaining 35 were combined into 17
composite samples. Composite samples were
created by combining samples from chicks in
the same nest collected on the same day (n = 9
composite samples, average chick age difference
= 3.0 = 0.0 days) and samples from chicks from
different nests (n = 8, average age difference =
5.3 = 1.6 days, range 3-7 days).

Laboratory analyses were performed at the
Palmer Research Center at the University of
Alaska, Palmer, AK. Crude protein was calcu-
lated by the Dumas method in a LECO CHN-
1000 analyzer (LECO Corporation, St Joseph,
MI, USA) for carbon, hydrogen, and nitrogen.
Crude fat was calculated by the ether extraction
method.*® Percent moisture was calculated as the
difference between the fresh weight and the weight
at the time of analysis. We determined the
concentrations of calcium (Ca), potassium (K),
phosphorus (P), magnesium (Mg), iron (Fe),
sodium (Na), zinc (Zn), copper (Cu), and sulphur
(S) by boiling 0.25 g of each sample in 20 ml of 5:3
nitric acid : perchloric acid until most of the liquid
was gone, then mixing the contents with deionized
water and reading the concentrations of each
nutrient with ICP mass spectrometry.*’” All data
are presented on a dry matter basis.

Food resources

We compiled published information on the
protein, fat, Ca, Fe, K, Mg, Na, Zn, P, and Cu
concentrations of food items consumed by ma-
caws and parrots in southeastern Peru, including
73 plant parts from 50 species from Gilardi'” and
22 plant parts from 15 species from Brightsmith et
al” and Brightsmith (D. J. B., unpublished data,
2003). For all data, the plant parts were dried and
analyzed for nutrient content following proce-
dures described by Gilardi.!” These data on parrot
food nutritional contents are presented to show
the range of available mineral concentrations in
food resources for comparison to the crop
contents. They are not weighted by frequency
with which birds use each plant resource. The data

are presented on a dry matter basis as mean = SD
and sample size (number of distinct plant parts).

Soil data

We compiled information on available Ca, Fe,
K, Mg, Na, Zn, P, and Cu concentrations in soils
consumed by psittacine birds in southeastern
Peru.'2034  These values represent available
concentrations estimated by an extraction de-
signed to mimic vertebrate gastric fluid.?® Total
available nutrients in the geophagy soils were
estimated by using the efficiency of the gastric
extractions compared with the total mineral
content as calculated by Gilardi et al.** These
extraction efficiencies were then used along with
the average available mineral concentrations to
estimate the total available mineral concentra-
tions in geophagy soils in southeastern Peru.

Published diets and recommendations

We compiled nutritional information from
published psittacine diets and dietary recommen-
dations for comparison with our results. Values
are presented as concentrations based on total dry
matter. Values from the National Research
Council® were converted from “as fed” values to
dry matter values by dividing by 0.9, assuming
that feedstuffs used in poultry diets contain an
average of 90% dry matter.'” To calculate average
values for commercially available macaw diets,
the data from Werquin et al'® were converted from
“as fed” to proportion of dry matter by using the
percent moisture reported by each food manufac-
turer on their Web site.’*>* These were averaged as
dry matter nutritional values for all products
recommended for 1) adult macaw maintenance
and 2) macaw breeding. The recommendations
were taken from the manufacturers’ Web sites.>*

Data analysis

The distributions of all variables were exam-
ined for normality by quantile-quantile plots,
frequency histograms, chi-square goodness of fit
statistics, and Shapiro-Wilks W statistic with
StatGraphics Centurion XV (StatPoint Technol-
ogies Inc, 2005, Warrenton, VA, USA). To
determine whether nutrient concentrations dif-
fered between samples with and without soil, we
used Student’s 7 tests for normally distributed
variables and Wilcoxon signed rank tests for
nonnormally distributed variables.”>”® We tested
the relationship between chick age and sample
composition (percent moisture, largest particle
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Table 1. Nutrient levels (mean, SD, minimum, maximum) of crop contents from free-living scarlet macaw chicks at
Tambopata Research Center, January—March 2005. The samples were collected from 10 chicks aged 13-77 days.
Values presented below are for all samples analyzed, including those both with and without soil. The sample size
varies because many of the samples were not large enough to analyze for all nutrients. All values are presented on a

dry matter basis.

Mean SD Min Max n
Fat (%) 28.6 8.6 13.7 47.3 24
Protein (%) 23.5 5.6 9.6 31.0 30
Ca (%) 1.40 0.61 0.57 2.99 29
P (%) 0.48 0.13 0.16 0.69 29
Mg (%) 0.36 0.08 0.22 0.58 29
Na (%) 0.024 0.031 0.003 0.154 30
K (%) 0.73 0.22 0.48 1.60 29
Ca:P 3.2 1.5 0.9 8.7 29
Na:K 0.029 0.025 0.005 0.096 29
Cu (ppm) 15 5 9 28 29
Fe (ppm) 2457 5281 60 23 340 29
Zn (ppm) 44 13 27 78 29
S (%) 0.18 0.05 0.09 0.29 29

length, presence of soil, and nutrient concentra-
tions) by univariate linear regression for normally
distributed variables and Spearman’s rank corre-
lation for nonnormally distributed variables.
Nutrient values are presented as mean *= SD
(sample size). Nutrient levels for crop contents,
available food plants, and available soil nutrients
were compared by 1-way analysis of variance and
multiple range tests for normally distributed
variables, and Kruskal-Wallace and Mood’s
median test with 95% confidence intervals around
the medians for nonparametric variables with
StatGraphics Centurion XV. Nutrient levels in
crop samples were compared with each recom-
mendation by Student’s ¢ tests for normally
distributed variables and Wilcoxon signed rank
tests for nonnormally distributed variables.

Results

Crop samples from free-living scarlet macaw
chicks contained seeds, wood/bark, soil, fruit
pulp, insect larvae, and unknown items. The
samples contained 53.5% = 12.5% moisture (n =
28 samples). The percentage of moisture in the
samples decreased significantly with increasing
age of chicks (linear regression: r* = .37, n = 28,
P < .001). Soil was present in 19% of samples
(n = 48), but its weight could not be accurately
determined because it adhered to the other
particles in the sample and could not be easily
separated without altering the chemical composi-
tion of the sample. The samples contained protein
(23%) and fat (29%) (on a total dry matter basis),
and none of these values varied significantly with

chick age (P > .05 for all; Table 1). Protein, fat, P,
and S were significantly lower in samples contain-
ing soil, whereas K, Fe, Na, and Zn were
significantly higher in samples containing soil (P
< .05 for all; Table 2). Only Ca, Mg, and Cu did
not differ between samples with and without soil
(P > .05 for all; Table 2). We found no relation-
ship between chick age and the presence or
absence of soil, suggesting that adults did not give
more soil to younger chicks (linear regression: r*> =
.04, n = 46, P = .15). However, Na concentration
decreased significantly as chicks aged (Spearman
rank correlation: r = —.7, n = 30, P < .001). K
and Mg concentrations in samples also decreased
significantly with increasing age of chicks (linear
regression: K%, P = 34, P = .001; Mg%, 2=
.22, P = .01). The Ca:P ratio of the samples
averaged 3.21 = 1.51 and decreased with increas-
ing chick age (Spearman rank correlation: r =
—.44,n =29, P = .02; Fig 1).

The largest food particles in each sample
averaged 9.0 £ 39 mm X 4.5 = 22 mm (n =
73 particles from 31 different crop contents, 2.4 =+
1.2 particles measured per sample). The size did
not vary significantly with chick age (linear
regression, R = .032, Fj 59 = .97, P = .33).

The concentrations of Na, Ca, P, Mg, Fe, Zn,
Cu, protein, and fat were significantly greater in
crop contents than in food plants (P < .001;
Tables 3-5). However, crop contents had signifi-
cantly less K than the average food plant (P <
.001; Table 3). The concentrations of Ca, P, K,
Mg, Fe, Zn, and Cu in crop contents were
significantly greater than in geophagy soils (P <
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Table 2. Nutrient concentrations of crop contents from scarlet macaw chicks from southeastern Peru. Values for
samples with visually evident soil and those without are shown separately. Data are presented as mean = SD (sample
size). The P values were calculated with Student’s 7 test for normally distributed values and Wilcoxon’s signed rank

test for nonnormally distributed values.

Without soil With soil P value
Moisture (%) 55 = 14 (22) 53 = 11 (7)* >.05
Protein (%) 26 = 4 (22) 18 = 6 (8)° <.01
Fat (%) 31 = 8 (18) 21 * 6 (6)° <.01
Ca (%) 1.50 £ 0.64 (21) 1.20 = 0.50 (8)* >.05
P (%) 0.52 = 0.10 (21) 0.35 = 0.14 (8)* <.001
Mg (%) 0.35 = 0.09 (21) 0.37 = 0.07 (8)* >.05
Na (%) 0.012 = 0.970 (22) 0.057 = 0.046 (8)° <.001
K (%) 0.66 = 0.12 (21) 0.93 = 0.31 (8)* <.01
Ca:P 29 £ 1.1 (2D 39 =22 (8¢ >.05
Na:K 0.018 = 0.013 (21) 0.055 = 0.029 (8)° <.001
Fe (ppm) 236 = 240 (21) 8286 = 7601 (8)° <.001
Cu (ppm) 15 = 6 (21) 15 =4 )" >.05
Zn (ppm) 42 = 12 (21 51 = 13 (8)° <.05
S (%) 0.19 = 0.04 (21) 0.14 = 0.04 (8)* <.01
2Student’s 7 test.
®Wilcoxon signed rank test.
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Figure 1. Change in Ca:P ratio of crop contents from 10 free-ranging scarlet macaw chicks from the lowlands
of Peru. The decline in Ca:P ratio with age is statistically significant (Spearman rank correlation: r = —.44, n = 29,

P = .02).
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Table 3. Macronutrient concentrations in crop contents of free-living scarlet macaw chicks and in food plants and
soils consumed by psittacine birds in southeastern Peru. Food plant and soil available nutrient concentrations are
taken from published sources'”'*2*3¢4% and reported on a dry matter basis. ““Soil total” is an estimate of the total
nutrients contained in geophagy soils, calculated with extraction efficiencies reported by Gilardi et al.*® Data are
presented as mean * SD (sample size), with minimum-maximum.*

Ca (%) P (%) Mg (%)
Crop 1.40 = 0.61 A (29) 0.48 = 0.13 A (29) 0.36 = 0.08 A (29)
0.57-2.99 0.16-0.69 0.22-0.58
Food plants 0.52 = 0.75 B (90) 0.36 = 0.31 B (90) 0.28 = 0.21 B (90)
0.02-4.27 0.05-1.68 0.01-1.04
Soil available 0.04 = 0.04 c (36) 0.002 = 0.002 c (7) 0.046 = 0.046 c (36)
0.005-1.06 0.001-0.005 0.002-0.086
P value <.001 <.001 <.001
Soil total (approx.) 0.074 0.001 0.35

2Means in the same column with different letters are significantly different (P < .05) according to the Kruskal-Wallis rank sum
test.

Table 4. Micronutrient concentrations in crop contents of free-living scarlet macaw chicks, food plants, and soils
consumed by psittacine birds in southeastern Peru. Available nutrient concentrations of food plants and soils are
taken from published sources!”'*2*3¢%8 and reported on a dry matter basis. “Soil total’” is an estimate of the total
nutrients contained in geophagy soils, calculated with the extraction efficiencies reported by Gilardi et al.*® Data are
presented as mean = SD (sample size), with minimum—maximum.*

Cu (ppm) Fe (ppm) Zn (ppm)

Crop 15+ 54a(29) 2457 + 240 a (21) 44 = 13 A (29)
9-28 60-23340 27-78

Food plants 11 = 7 B (50) 66 = 48 B (90) 29 + 24 B (90)
2-35 6-309 4-117

Soil available 0.6 = 0.6 c (33) 81 = 63 B (19) 3+ 2c(36)

0.1-1.8 3-214 0.7-11.1
P value <.001 <.001 <.001
Soil total (approx.) NA 22 000 59

Abbreviation: NA, not available because extraction efficiencies were not reported.
*Means in the same column with different letters are significantly different (P < .05) according to the Kruskal-Wallis rank sum test.

.001 for all; Tables 3, 4). However, crop contents
had significantly less Na than geophagy soils (P <
.001; Table 3).

Protein levels in crop contents were significantly
greater than the published recommendations for
adult maintenance diets but were not significantly
different from the published breeder and hand-

Table 5. Nutrient concentrations of crop contents from
scarlet macaw chicks and food plants consumed by
psittacine birds in southeastern Peru. Food plant
nutrient concentrations are from published sources'”"

and reported as percent dry matter. Data are presented feeding diets (see P values in Table 6°°%). Fat
as mean =+ SD (sample size), with minimum-— levels in the crop contents were significantly
maximum. Data were analyzed by the Wilcoxon rank greater than all published adult maintenance,
sum test. breeding, and hand-feeding diets and recommen-

dations (P < .001 for all diets; Table 6). The Ca

Protein (%) Fat (%) and Mg levels were significantly higher than those
Crop 23 + 5 (30) 28 + 8 (24) in nearly all published diets, and Na levels were
10-31 14-47 significantly lower (Table 7). The K levels in crop
Food plants 15 = 10 (85) 14 = 17(79) contents were greater than or statistically indis-
3-36 0-69 tinguishable from those in published diets and

P value <.001 <.001

recommendations (Table 7). The P concentrations
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Table 3. Extended.

Na (%) K (%)
0.024 = 0.031 A (30) 0.73 = 0.22 A (29)
0.003-1.540 0.48-1.60
0.004 = 0.003 B (89) 1.7 * 1.6 B (90)
0.000-0.017 0.3-13.6
0.11 =+ 0.05 c (36) 0.009 = 0.007 c (36)
0.038-1.890 0.001-0.036
<.001 <.001
0.12 0.084

were significantly higher than some recommenda-
tions and diets and significantly lower than
others (Table 7). The Zn levels in crop contents
were less than or statistically indistinguishable
from levels in published diets and recommenda-
tions (Table 8). The Fe levels were much higher
than all published diets and recommendations
(Table 8), but this is probably because of artifact
of analysis (see “Discussion’ section). When only
samples without soil were included, Fe levels
were similar to or higher than most published
diets (Table 8). The Cu concentrations were

significantly higher than some recommendations
and diets and significantly lower than others
(Table 8).

Discussion

Crop contents from free-living scarlet macaw
chicks contained predominantly seeds with smal-
ler amounts of wood and fruit pulp and the
occasional insect larvae. This was similar to the
findings of previous studies of 2 free-living scarlet
macaw chicks in Belize®® and 4 in Peru."”

Texture

The largest food particles in the crops of young
scarlet macaws (nearly 10 X 5 mm) were much
larger than expected, especially since nearly all
samples contained items difficult to digest (eg,
wood). The coarse texture of the food samples
stands in stark contrast to the readily digested,
finely ground commercial formulas sold for hand
feeding young psittacine birds.®' Even studies of
diet texture versus digestibility in adult parrots
used diets with most particles <1 mm in size,
nearly an order of magnitude smaller than the
wild diets we found.** Crop stasis has been
reported in captive psittacine chicks fed finely
ground diets'*®* and the diet texture might be
partially to blame for this phenomenon (S.
Hoppes, oral communication, 2008). However,

Table 6. Protein and fat levels of free-living scarlet macaw chick crop contents compared with diets and dietary
recommendations from the literature. For commercially available diets, average values are presented, and the
number in parentheses is the number of commercial diets used to calculate the average. All values are presented on a
dry matter basis. Standard deviations and sample sizes for the crop contents are presented in Table 1.

Taxon Diet Type* Protein (%) Fat (%) Reference
Poultry® 0-6 wk Rec. 20.0 —° 49
Parrot Maintenance (min) Rec. 6.0-7.0* — 57
Parrot Maintenance Rec. 10.0-15.0%* 4.0-5.0% 7,59,60
Macaw Maintenance Diet 8.8* 15.0* 58
Macaw Maintenance Diets (15) 17.3* 8.5% 13
Parrot Maintenance/breeding Diet 24.0 — 12
Macaw Breeder Diets (8) 20.4 12.3* 13
Parrot Breeder Rec. 15.0-22.0 10.0-15.0* 59
Parrot Hand feeding Rec. 22.0 — 7
Parrot Hand feeding Diet 25.8 5.2% 61
Parrot Hand feeding Diets (11) 21.7 11.3* 16
Macaw Hand feeding Diet 238 21.4* 62
Scarlet macaw Wild chicks Crop contents 23.54 28.6° This study

*Rec. indicates published dietary recommendations; Diet, published diets; Diets (no.), commercially available diets.

*Leghorn-type chickens.
¢c—, Not available.

4Variable not normally distributed; statistical comparisons by Wilcoxon signed rank test.
¢Variable normally distributed; statistical comparisons by Student’s ¢ test.

*Significantly different at P < .001.
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Table 7. Macromineral levels of free-living scarlet macaw chick crop contents compared with diets and dietary
recommendations from the literature. P is the total phosphorus content of the sample. For commercially available
diets, average values are presented, and the number in parentheses is the number of commercial diets used to
calculate the average. All values are presented on a dry matter basis. Standard deviations and sample sizes for the
crop contents are presented in Table 1. For each nutrient, we tested significant differences between the values from
the crop samples and each individual recommendation is noted.

Taxon Diet Type* Ca (%) P (%) Mg (%) Na (%) K (%) Ref.
Poultry® 0-6 wk Rec. 1.0%* 0.44xx* 0.07+x+  0.17+%+  0.28+* 49
Parrot Maintenance Rec. 0.50%* 0.40%* 0.06%#*  0.15%**  (0.40%*** 7,60
Parrot Maintenance Rec. 0.30-0.70*** 0.30-0.70  0.15=*+  0.20***  0.70 59
Macaw Maintenance Diet 0.44%xx 0.15%xx* —° — — 58
Macaw Maintenance Diets (11) 0.80%*x* 0.58* — 0.15%== — 13
Parrot Maintenance/ Diet 1.10%* 0.80#x* 0.15%=  0.20*+  0.70 12

breeding
Parrot Breeder Rec. 0.70-1.20* 0.50-0.80 — — — 7,59
Macaw Breeder Diets (7) 0.92+ 0.61* — 0. 17 — 13
Parrot Hand feeding Diet 0.47%x* 0.62%x* — — — 62
Parrot Hand feeding Diet 0.99-1.10%+  0.45 — — — 61
Parrot Hand feeding Diets (11) 0.93+* 0.47 0.13#%+x  0.20%++  0.53* 16
Scarlet Wild chicks Crop 1.40¢ 0.48¢ 0.36¢ 0.02¢ 0.73¢  This
Macaw contents study

*Rec. indicates published dietary recommendations; Diet, published diets; Diets (no.), commercially available diets.
*Leghorn-type chickens.

¢—, Not available.

4Variable was normally distributed; statistical comparisons were done by Student’s ¢ test.

¢Variable was not normally distributed; statistical comparisons were done by the Wilcoxon signed rank test.
*Crop sample values differed significantly from the recommendation at P < .05.

*+* Crop sample values differed significantly from the recommendation at P < .01.

*++Crop sample values differed significantly from the recommendation at P < .001.

anecdotal accounts suggest that raising captive what repercussions this difference in texture and
psittacine chicks on coarse-texture diets results in digestibility could have on the growth and
blockages of the digestive tract. As a result, we do development of the psittacine digestive tract, but
not recommend using coarser texture diets until the larger particles might slow down passage rate
more research has been conducted. It is unclear and increase nutrient absorption. If studies from

Table 8. Micronutrient levels of free-living scarlet macaw chick crop contents compared with diets and dietary
recommendations from the literature. For commercially available diets, average values are presented, and the
number in parentheses is the number of commercial diets used to calculate the average. All values are presented on a
dry matter basis. Standard deviations and sample sizes for the crop contents are presented in Table 1.

Taxon Diet Type* Fe (ppm) Zn (ppm) Cu (ppm) Ref.
Poultry® 0-6 wk Rec. 80+ 40 Sk 49
Parrot Maintenance Rec. 80** S50%** ok 7,60
Parrot Maintenance Rec. 100* 40-50 412+ 59
Parrot Maintenance/breeding Diet 150 120%*=* 2(*xx* 12
Parrot Breeder Rec. 100* 50-80#* e 59
Parrot Hand feeding Diets (11) 176 114#xx 20 16
Scarlet macaw Wild chicks Crop contents 2364 44 15¢ This study

“Rec. indicates published dietary recommendations; Diet, published diets; Diets (no.), commercially available diets.
®Leghorn-type chickens.

¢—, Not available.

4The value here represents only the crop contents without soil (see text).

¢Variable was not normally distributed; statistical comparisons done by the Wilcoxon signed rank test.

* P < .05.

# P < 01,

sk << 001,
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poultry are any indication,* parrot chicks raised
on “wild-textured” diets should develop a more
muscular digestive system than birds raised on
powdered diets. Gut musculature could be
important, especially for parrots being raised for
release into the wild, which need to digest natural
foods efficiently.

Moisture

Moisture content averaged 54% in the samples
collected and decreased significantly as the chick
aged. The percent moisture in the crop contents is
lower than that recommended for psittacine
hand-fed diets (79% moisture).® However, the
way in which samples were collected and pro-
cessed probably led to our underestimating the
moisture content by an unknown amount (see
“Methods™ section). Thus, the absolute value
presented here should be taken only as a
minimum. In addition, the fine-textured diets
normally used in hand-feeding congeal into a
gelatinous solid when mixed with insufficient
water,'*®! so water levels between powdered and
coarse-textured diets might not be comparable.

Nutrient levels and comparison
with recommendations

The scarlet macaw chick crop contents con-
tained protein levels higher than those recom-
mended for parrot maintenance diets but equiva-
lent to those of growing chickens and parrot
breeder and hand-feeding diets (Table 6). The
crop contents contained about 50% more protein
than the average food analyzed in southeastern
Peru. Future studies should examine whether
adults are choosing higher protein foodstuffs for
their chicks or whether, on average, the foods
available during the breeding season have higher
protein content. The percent protein of the crop
contents and foodstuffs presented here are
estimated with the use of standard nutritional
analyses that use total nitrogen content as a
surrogate measure for protein content. If these
samples contain significant amounts of inorganic
or other nonprotein nitrogen sources, the re-
ported protein values could be overestimated.
Additional research is underway to determine
what percentage of the diet is composed of amino
acids and what amino acids might be potentially
limiting chick growth and feather development.

Published dietary fat levels for parrots vary
from 5% to more than 20%, even among hand-
feeding diets, suggesting that there is no con-

sensus on appropriate dietary fat levels for raising
parrots (Table 6). Some breeders freely acknowl-
edge the need to adjust fat content for each
species by trial and error. Despite this great
variability, the fat levels in the crop contents
(29%) were significantly higher than even the
highest published values. As with protein, the
crop contents contained higher fat levels than the
average food plants, suggesting that adults are
choosing foods with the highest fat levels to feed
their young. High-fat diets are advantageous for
raising poultry in hot climates because fats (unlike
carbohydrates) are absorbed passively from the
gut and thus generate less metabolic heat per unit
energy absorbed.®® However, whether the drive to
lessen metabolic heat is favoring high-fat diets in
tropical macaws is unknown. Higher caloric
density is known to increase weight gain in
birds,*”” so the high fat levels might contribute to
the higher growth rates recorded for parent-raised
versus hand-raised psittacine birds.'*'® Alterna-
tively, needs for essential fatty acids or specific
fatty acid profiles could be driving the high fat
content of the crop samples found here. Feeding
trials with parrot chicks on diets with varying fat
content and fatty acid profiles are needed.
Calcium levels in published breeding and hand-
feeding diets were usually higher than those for
adult maintenance diets, but some hand-feeding
formulas had concentrations of Ca as low as
maintenance diets (Table 7). Calcium levels ran-
ged from 0.47% to 1.1% for published hand-
feeding diets (Table 7), whereas Wolf and Kam-
phues'® reported a range of 0.35%-1.1% in
commercial hand-feeding formulas they analyzed.
These ranges show the lack of consensus on
appropriate levels of Ca for raising psittacine
chicks. The crop contents contained more Ca
than all the published diets. The calcium con-
centration in the crop contents was nearly 3 times
more than the average food plant, suggesting that
the adults might be seeking out foods high in Ca.
Our findings contrast with the interpretations
of Wolf and Kamphues,'® who cautioned that
commercial hand-feeding formulas with 0.93%
Ca were excessively high in Ca compared with
the requirements for cockatiels and lovebirds
(Agapornis species). The Ca levels determined in
our study also exceeded those found to reduce
growth of young poultry.®® However, some
evidence suggests that the amount of Ca that is
bioavailable in the crop contents might be much
lower than what is shown here: 1) Ca absorption
in high-fat diets is reduced as Ca gets tied up in
fatty acid ““soaps”®7% 2) only about 50% of the
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calcium in soil could be available to vertebrates®
(Table 3); and 3) nonionic forms of Ca, including
Ca bound to oxalates and phytates, are common
in plant tissue and are not nutritionally avail-
able.”’ In addition, Ca is absorbed by the body
both passively and actively (mediated by vitamin
D). Because birds do not effectively use plant-
produced vitamin D, and because vitamin Dj is
synthesized on exposure to UVB rays,> "7
macaw chicks raised in nest cavities with little
exposure to sunlight would have little vitamin D
for use in active Ca absorption. As a result,
dietary Ca requirements for altricial chicks could
be higher than for precocial species like poultry
fed a diet with readily available Ca and ample
exposure to UVB. The actual amount of Ca
absorbed could be significantly less than what is
reported here (Table 1).

Phosphorus recommendations for psittacine
diets ranged from a low of 0.15% to 0.80%,
showing a lack of consensus in the literature and
suggesting that psittacine birds can tolerate a wide
range of dietary P. The P levels in the crop
contents fell well within the range of dietary
recommendations (Table 7). However, much of
this P is likely bound up as phytate or is otherwise
unavailable, in that 17 studies in poultry found
that only about 40% of the P from plant sources
was nutritionally available.”

Evaluation of the Ca:P ratio in the diet is
important because excess P can inhibit the uptake
of calcium and result in bone growth abnormal-
ities, especially in growing animals.®*’*"" To a
lesser extent, surplus Ca reduces P uptake.””* The
observed Ca:P ratio in the crop contents analyzed
here (3.2:1) exceeded the range of 1:1 to 2:1
recommended for psittacine birds and other
vertebrates.”® It even exceeds the ratio considered
“tolerable” by some authors (0.5:1 to 2.5:1).%7
However, although this ratio is high, it is not
unprecedented, in that laying hens in production
facilities receive diets with Ca:P of up to 12:1.*° As
the macaw chicks aged, the Ca content decreased
slightly, whereas P increased slightly. The result
was a decline in the Ca:P ratio from about 4:1 at
age 30 days to about 2:1 at age 75 days (Fig. 1).
The drop in the Ca:P ratio with age contrasts with
the dietary recommendations for most birds,
which either increase with age (bobwhite, ducks,
and leghorn chickens) or remain approximately
the same (turkeys and geese).” Only in the
recommendations for pheasants does the Ca:P
ratio drop with age, and these recommendations
are likely because high-Ca diets cause develop-

mental problems and high mortality among
pheasant chicks.”

Magnesium recommendations for parrots
range from 0.067% to 0.15%, and the concentra-
tions in the crop contents were more than 2 times
greater than even these highest recommendations
(Table 7). The crop content Mg concentrations
were less than the maximum tolerable limit for
nonlaying poultry (0.50%).°® The Mg concentra-
tions in the crop contents is higher than the
average for the available food plants, suggesting
that adult macaws could be choosing to feed
foods with higher Mg concentrations. In general,
Mg from plant sources is highly available, with
95% availability in 10 studies of galliform birds’®
The biological processes influencing bioavailabil-
ity and absorption of Mg are complex, and
although they have been little studied in birds,
in mammals these processes apparently involve
dietary levels of Na, Ca, P, and vitamin D.”” In
ruminants, diets low in Na reduce Mg absorp-
tion.”® The macaw crop contents were low in Na,
yet the importance of Na to Mg absorption in
birds is unknown.

Published recommendations for Na do not vary
greatly for macaws and chickens (range 0.15%—
0.20%; Table 7). In fact, recommendations for
captive mammals (rodents, nonhuman primates,
and rabbits) and birds (Galliformes) span this
same range, except for pigs (0.10%) and rats
(0.05%).7%7 Given this general consensus, it is
unusual that about 35% of the commercial diets
reviewed by Werquin et al'* contain less than half
of the recommended concentration of Na. Few
experimental studies have been conducted on Na
requirements, but Na levels of 0.10% and 0.048%
resulted in reduced growth rates in poultry” and
rats,’® respectively. Among wildlife, minimum Na
dietary concentrations have not been studied
directly but have been estimated as 0.006% for
prairie voles (Microtus ochrogaster), 0.008% for
mountain hares (Lepus timidus), and 0.03% for
white-tailed deer (Odocoileus virginianus).”

At only 0.024%, the Na levels in the crop
contents were far below all the recommendations
for captive vertebrate diets but within the range
reported for the mammalian wildlife mentioned
above. The Na levels of crop contents were nearly
7 times the values in the average food, suggesting
that the adults actively seek out Na sources, like
the soil from the clay lick (see the “Contributions
of Soil” section below). Sodium deficiency can
result in dehydration and slow growth.® Extensive
work on chick growth has found no evidence of
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chronic slow growth at this site,"” and studies of
dehydration are underway. Future investigations
should address whether Na limits chick growth or
other population parameters and explore whether
these species can tolerate lower Na levels than
previously thought.

Published K levels for psittacine diets vary
greatly (0.44%-0.70%), with values for parrots
being higher than those for young chickens
(Table 7). The crop contents we analyzed were
nearly equal to these highest recommended values.
Of note, the crop contents contained much less K
than the average food available to free-living
macaws in this area (Table 3). High levels of K can
inhibit uptake of Na,”®® which is potentially the
most limiting nutrient in the birds’ diets at this site.
In addition, the relative quantity of Na and K in
the diet is an important determinant of growth for
young chickens, and Na:K ratios for poultry
chicks should range from 0.5 to 1.8.*2 The crop
contents we analyzed had a Na:K ratio of 0.028 =
0.025, about one-twentieth the recommended
value for young chickens. However, the available
food plants had even more skewed Na:K ratios:
0.0033 = 0.0039 (n = 89), or <1% of the minimum
recommended for young chickens.®> As a result, it
appears that the adults’ behavior of seeking out
supplemental Na sources (eg, the clay lick) and
using food plants with lower K results in an 8-fold
increase in the Na:K ratio in the diets of the chicks.
Future investigation should examine whether
adult macaws specifically choose foods with lower
K levels to avoid mineral imbalances and the
ecological, nutritional, and developmental reper-
cussions of these skewed Na:K ratios.

In general, nutrient requirements should de-
crease as the chick ages because the level of
growth proportional to body weight declines with
age and digestive efficiency increases.>® The
concentrations of most of the nutrients in the
crop contents showed no significant change with
time. However, concentrations of 3 of the
principal cations declined significantly from age
30 days to age 75 days: Na declined from 0.030%
to 0.004% (an 87% reduction), K declined from
0.87% to 0.52% (a 41% reduction), and Mg
declined from 0.40% to 0.29% (a 27% reduction).
Although we do not know how the nutrient
composition of the available food plants changed
during this time, the main source of Na, the clay
lick soil, was equally available throughout the
period. This suggests that the parents are adjust-
ing diets on the basis of their chicks’ require-
ments. After the first few days of life, diets
recommended for raising young psittacine birds

do not change as the chicks age.®** Among
other birds, feeding recommendations show no
universal trends for the few birds studied to date:
recommended Na concentration declines for
turkeys but not leghorn chickens, ducks, phea-
sants, or bobwhites; Mg recommendations decline
for chickens but not turkeys; and K recommen-
dations decline in turkeys but not leghorn
chickens.*

Iron concentrations in the crop contents
averaged nearly 2500 ppm, about 20 times greater
than the recommended values and 5 times greater
than the maximum tolerable level set for poul-
try.®® However, this value is a gross overestimate
of the amount of available Fe in the samples.
Crop contents with soil contained about 35 times
more Fe than samples without soil, suggesting
that soil was the principal source of Fe in this
study. However, only about 0.2% of the more
than 12000 ppm Fe in Peruvian soils consumed
by birds might be available to vertebrates
(Table 4).>° Therefore, we presented only the Fe
contents of the samples without soil for compar-
ison with published nutritional recommendations.
Even so, the Fe levels we found averaged 236 ppm:
175% greater than the adult maintenance diets,
76% greater than the breeding and hand-feeding
diet recommendations, but less than the reported
maximum Fe tolerance for poultry of 500 ppm.®®
The Fe levels in the crop contents apparently
without soil averaged more than 3 times the value
in the average food plant. This suggests that some
Fe samples scored as “without soil” could have
contained soil that was not visible at the time of
processing. Further investigations are needed to
quantify the levels of available Fe in the crop
contents and what levels are optimal for growing
psittacine chicks.

The recommended Cu levels are about 20 ppm
for parrot chicks and range from 4 to 12 ppm for
adult maintenance diets. However levels of up to
200 ppm result in increased growth for poultry,
presumably because of the antibacterial proper-
ties of Cu.® The Cu levels in the scarlet macaw
crop contents were slightly lower than the
recommendations for hand feeding and higher
than recommendations for maintenance diets. If
the poultry model is valid for Cu, the current
levels are unlikely to be detrimental, but higher
levels could increase growth.®¢

Zinc levels found in the crop contents were
similar to the recommendations for growing
chickens and parrot maintenance diets but
average about half of what is recommended for
breeding and hand-feeding diets. Some of the Zn
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in these samples is from the soil, and only about
5% of the soil Zn is predicted to be available to
the birds.?® In addition, Zn deficiency can be
exacerbated by high Ca levels.*” Taken together,
these birds could be getting less Zn than currently
recommended.

Contributions of soil

In our study, samples that contained soil
differed greatly from those that did not. Crude
protein and crude fat were lower (Figure 1) in
samples with soil, suggesting that soil is providing
sufficient nutritional benefits to offset this reduc-
tion in protein and fat. Samples containing soil
were higher in Zn, Fe, K, and Na. The samples
with soil had about 34 times more Fe and about
25% more Zn than those without soil. This is not
surprising because soils have more total Fe and
Zn than the food plants (Table 4). However,
about 99.8% of the Fe and 95% of the Zn
contained in geophagy soils are considered
unavailable during normal vertebrate digestion.*
Also, our methods (boiling the samples in acid)
undoubtedly released minerals from the soil that
would not have been available to the birds.
Further studies of the bioavailability of Fe in
soils and parrot foods are needed. The finding of
more K in crop contents with soil remains
enigmatic because soil contains 2 orders of
magnitude less K than the average plant resources
(Table 3). The lower quantity of P and S in
samples with soil is not surprising because soils
consumed by parrots in southeastern Peru are
known to have low concentrations of these
nutrients compared with the foods the birds
consume (Table 3).?° Because the amount of P
in samples without soil is similar to the dietary
recommendations, the reduction in P is not likely
of much nutritional consequence.

The samples with soil had more than 3 times
more Na than those without. This was expected
because soils consumed by birds have much
higher Na content than their foods (Table 3).'%°
Analyses suggest that nearly 90% of the Na in
clay lick soils is available to vertebrates.” On
average, vertebrates need about 9 mg/kg per day
of Na.” This suggests that a 500-g chick would
need to consume about 19 g of food (dry weight)
per day to fulfill its sodium requirement, assum-
ing the food contains 0.024% Na as in the average
crop content sample evaluated. However, a chick
would need to consume 36 g of food without soil
(according to the average crop content sample
without soil with 0.012% Na) or 129 g of food

plants (0.0035% Na on average) per day to meet
their Na requirements. For comparison, hand
feeding recommendations suggest feeding about
40 g (dry weight) per day for 500-g macaw
chicks," and adult captive macaws consume only
about 30 g of food per day (dry weight; D. J. B.,
unpublished data). Samples with soil also had a
Na:K ratio more than 3 times greater than those
without. These findings support the contention
that sodium could be driving clay lick use*-° and
suggest that clay lick soil is an important source
of sodium for scarlet macaw chicks that could
help prevent mineral imbalances in these birds.

The concentrations of protein, Zn, K, Cu, and
P (total) were near to or within the range of
recommendations for captive psittacine birds,
suggesting that current recommendations are
likely adequate for these nutrients. However, fat,
Ca, and Mg concentrations were greater in crop
contents than in the average food plants and
greater than published recommendations, sug-
gesting that future research should investigate
how variations in these nutrients affect the growth
and development of large psittacine birds. The
low levels of Na and low Na:K ratios suggest that
these wild birds might be facing Na limitation and
that the need for supplemental Na could be
driving clay lick use at this site.

Acknowledgments: We thank K. Quinteros and all
the volunteer assistants for help with sample collection
and processing and L. Wilson for her help with sample
analysis. Rainforest Expeditions, K. Holle, and the
staff of Tambopata Research Center facilitated this
research. This research was funded by Rainforest
Expeditions, the Earthwatch Institute, Amigos de las
Aves USA, the Wildlife Protection Foundation,
National Parrot Rescue and Preservation Foundation,
Raleigh Durham Caged Bird Society, Northern Illinois
Parrot Society, and Phoenix Landing. The Instituto
Nacional de Recursos Naturales (INRENA), Peru,
provided permits for collection and exportation of
these samples. Samples were imported into the United
States under USDA APHIS permit 63363. This manu-
script was improved by the comments of J. J. Heatley
and the rest of the Schubot Center journal club at
Texas A&M University.

References

1. Harrison GJ, McDonald D. Nutritional considera-
tions: section II. Nutritional disorders. In: Harri-
son GJ, Lightfoot TL, eds. Clinical Avian Medi-
cine. Vol 1. Palm Beach, FL: Spix Publishing;
2006:108-140.

2. Koutsos EA, Matson KD, Klasing KC. Nutrition
of birds in the order Psittaciformes: a review.
J Avian Med Surg. 2001;15:257-275.



10.

11.

12.

13.

14.

15.

16.

17.

18.

BRIGHTSMITH ET AL—DIETS OF FREE-LIVING MACAW CHICKS 21

Bavelaar FJ, van der Kuilen J, Hovenier R, et al.
Plasma lipids and fatty acid composition in parrots
in relation to the intake of alpha-linolenic acid
from two feed mixtures. J Anim Physiol Anim Nutr.
2005;89:359-366.

Earle KE, Clarke NR. The nutrition of the
budgerigar (Melopsittacus undulatus). J Nutr.
1991;121:S186-S192.

Roudybush TE. Nutrition. In: Altman RB, Clubb
SL, Dorrestein GM, Quesenberry KE, eds. Avian
Medicine and Surgery. Philadelphia: WB Saunders;
1997:27-44.

Roudybush TE, Grau CR. Food and water
interrelations and the protein requirement for
growth of an altricial bird, the cockatiel (Nymphi-
cus hollandicus). J Nutr. 1986;116:552-559.
Stanford M. Nutrition and nutritional disease. In:
Harcourt-Brown N, Chitty J, eds. BSAVA Manual
of Psittacine Birds. 2nd ed. Quedgeley, UK: British
Small Animal Veterinary Association; 2005:
136-154.

Forshaw JM. Parrots of the World. 3rd ed.
Melbourne, Australia: Landsdowne Editions; 1989.
Jones D. Feeding ecology of the cockatiel Nym-
phicus hollandicus, in a grain-growing area. Aust
Wildl Res. 1987;14:105-115.

Collar NJ. Family Psittacidae. In: Hoyo JD, Elliott
A, Sargatal J, eds. Handbook of the Birds of the
World. Barcelona, Spain: Lynx Edicions; 1997:
280-479.

Hess L, Mauldin G, Rosenthal K. Estimated
nutrient content of diets commonly fed to pet
birds. Vet Rec. 2002;150:399-404.

Ullrey DE, Allen ME, Baer DJ. Formulated diets
versus seed mixtures for psittacines. J Nutr.
1991;121:S193-S205.

Werquin GJDL, De Cock KIJS, Ghysels PGC.
Comparison of the nutrient analysis and caloric
density of 30 commercial seed mixtures (in toto and
dehulled) with 27 commercial diets for parrots.
J Anim Physiol Anim Nutr. 2005;89:215-221.
Abramson J, Speer BL, Thomsen JB. The Large
Macaws: Their Care, Breeding and Conservation. Ft
Bragg, CA: Raintree Publications; 1995.

Vigo Trauco G. Crecimiento de pichones de
Guacamayo Escarlata, Ara macao (Linneus:
1758) en la Reserva Nacional Tambopata—Madre
de Dios—Perti [Tesis de Licenciatura]. Lima, Peru:
Universidad Nacional Agraria La Molina; 2007.
Wolf P, Kamphues J. Hand rearing of pet birds—
feeds, techniques and recommendations. J Anim
Physiol Anim Nutr. 2003;87:122—-128.

Gilardi JD. Ecology of Parrots in the Peruvian
Amazon: Habitat Use, Nutrition, and Geophagy.
Davis, CA: University of California, Dauvis;
1996.

Brightsmith DJ. Effects of weather on parrot
geophagy in Tambopata, Peru. Wilson Bull.
2004;116:134-145.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Brightsmith DJ, Taylor J, Phillips TD. The roles of
soil characteristics and toxin adsorption in avian
geophagy. Biotropica. 2008;40:766-774.

Gilardi JD, Duffey SS, Munn CA, Tell LA.
Biochemical functions of geophagy in parrots:
detoxification of dietary toxins and cytoprotective
effects. J Chem Ecol. 1999;25:897-922.

Mahaney WC, Hancock RGV. Geochemical ana-
lysis of African buffalo geophagic sites and dung
on Mount Kenya, East Africa. Mammalia.
1990;54:25-32.

Jones RL, Hanson HC. Mineral Licks, Geophagy,
and Biogeochemistry of North American Ungulates.
Ames, TA: Towa State University Press; 1985.
Klaus G, Schmid B. Geophagy at natural licks and
mammal ecology: a review. Mammalia. 1998;62:
481-497.

Knight MH, Knight-Eloff AK, Bornman JJ. The
importance of borehole water and lick sites to
Kalahari ungulates. J Arid Environ. 1988;15:
269-281.

Kreulen DA, Jaeger T. The significance of soil
ingestion in the utilization of arid rangelands by
large herbivores, with special reference to natural
licks on the Kalahari pans. In: Gilchrist FMC,
Mackie RI, eds. Herbivore Nutrition in the Sub-
tropics and Tropics. Johannesburg, South Africa:
The Science Press; 1984:202-221.

Mahaney WC, Aufreiter S, Hancock RGV.
Mountain gorilla geophagy: a possible seasonal
behavior for dealing with the effects of dietary
changes. Int J Primatol. 1995;16:475-488.

Oates JF. Water-plant and soil consumption by
guereza monkeys Colobus guereza: a relationship
with minerals and toxins in the diet? Biotropica.
1978;10:241-253.

Wink M, Hofer A, Bilfinger M, et al. Geese and
dietary allelochemicals—food palatability and geo-
phagy. Chemoecology. 1993;4:93-107.
Wachirapakorn C, Sykes AR, Robinson AB.
Magnesium metabolism in sheep subjected to
sodium or water loading. Proc N Z Soc Anim
Prod. 1996;56:133-137.

Kreulen DA. Lick use by large herbivores: a review
of benefits and banes of soil consumption.
Mammal Rev. 1985;15:107—-123.

Knezevich M. Geophagy as a therapeutic mediator
of endoparasitism in a free-ranging group of rhesus
macaques (Macaca mulatta). Am J Primatol.
1998;44:71-82.

Vermeer DE, Ferrell REJ. Nigerian geophagical
clay: a traditional antidiarrheal pharmaceutical.
Science. 1985;227:634-636.

Pendergast BA, Boag DA. Seasonal changes in diet
of spruce gouse in central Alberta. J Wildl Manage.
1970;34:605-611.

Gionfriddo JP, Best LB. Grit-use patterns in North
American birds: the influence of diet, body size and
gender. Wilson Bull. 1996;108:685-696.



22

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

JOURNAL OF AVIAN MEDICINE AND SURGERY

Meinertzhagen R. Grit. Bull Br Ornithol Club.
1954;74:97-102.

Brightsmith DJ, Aramburi R. Avian geophagy
and soil characteristics in southeastern Peru.
Biotropica. 2004;36:534-543.

Diamond J, Bishop KD, Gilardi JD. Geophagy in
New Guinea birds. Ibis. 1999;141:181-193.

Symes CT, Hughes JC, Mack AL, Marsden SJ.
Geophagy in birds of Crater Mountain Wildlife
Management Area, Papua, New Guinea. J Zool.
2006;268:87-96.

Powell LL, Powell GVN, Powell TU, Brightsmith
DJ. Parrots take it with a grain of salt: available
sodium content may drive Collpa (“salt lick”)
selection in southeastern Peru. Biotropica. 2009;41:
279-282.

Foster RB, Parker TA, Gentry AH, et al. The
Tambopata-Candamo Reserved Zone of Southeast-
ern Peru: A Biological Assessment. Washington,
DC: Conservation International; 1994:184.
Griscom BW, Ashton PMS. Bamboo control of
forest succession: Guadua sarcocarpa in south-
eastern Peru. For Ecol Manage. 2003;175:445-454.
Holdridge LR. Life Zone Ecology. San Jose, Costa
Rica: Tropical Science Center; 1967.

Tosi JA. Zonas de Vida Natural en el Peru.
Memoria Explicativa Sobre el Mapa Ecologico del
Peru. Lima, Peru: Instituto Interamericano de las
Ciencias Agricolas de la Organizacion de los
Estados Americanos; 1960.

Jepson J. The Tree Climber's Companion, a
Reference and Training Manual for Professional
Tree Climbers. 2nd ed. Longville, MN: Beaver Tree
Publishing; 2000.

Enkerlin-Hoeflich EC, Packard JM, Gonzalez-
Elizondo JJ. Safe field techniques for nest inspec-
tions and nestling crop sampling of parrots. J Field
Ornithol. 1999;70:8-17.

Randall EL. Improved method for fat and oil
analysis by a new method of extraction. J A0AC.
1974;57:1165-1168.

Miller DD, Rutzke MA. Atomic absorption and
emission spectroscopy. In: Nielsen SS, ed. Food
Analysis. 3rd ed. New York: Kluwer; 2003:401-421.
Kyle T. Geophagy in the Amazon: Mammalian and
Avian Utilization of Clay Licks in Amazonian Peru
[thesis]. Frostburg, MD: Frostburg State Univer-
sity; 2001.

National Research Council. Nutrient Requirements
of Poultry. 9th ed. Washington, DC: National
Academy Press; 1994.

Premimum certified organic pet bird foods. Harri-
son’s Bird Foods Web site. http://www.harrisons-
birdfoods.com. Accessed April 25, 2008.
Companion birds. Kaytee Web site. http://www.
kaytee.com/products/animal/pet-birds.php. Ac-
cessed April 25, 2008.

Lilac-crowned Amazon. Pretty Bird Web site.
http://www.prettybird.com/birds/lilcrwnamaz.htm.
Accessed September 10, 2009.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Exotic birds. ZuPreem Web site.
zupreem.com/animal/bird/index.shtml.
April 25, 2008.

Bird food selector. Roudybush Web site. http:/
www.roudybush.com. Accessed April 25, 2008.
Gibbs JP. Demography versus habitat fragmenta-
tion as determinants of genetic variation in wild
populations. Biol Conserv. 2001;100:15-20.

Sokal RR, Rohlf FJ. Biometry: The Principles and
Practices of Statistics in Biological Research. 3rd
ed. New York, NY: Freeman; 1995.

Westfahl C, Wolf P, Kamphues J. Estimation of
protein requirement for maintenance in adult
parrots (Amazona spp.) by determining inevitable
N losses in excreta. J Anim Physiol Anim Nutr.
2008;92:384-389.

Schubot R, Del Otero T, Clubb KJ, Clubb SL.
Analysis of psittacine diets fed at ABRC. In:
Schubot RM, Clubb KJ, Clubb SL, eds. Psittacine
Aviculture: Perspectives, Techniques and Research.
Loxahatchee, FL: Avicultural Breeding and Re-
search Center; 1992:5-1-5-9.

McDonald DL. Nutritional considerations: section
I. Nutrition and dietary supplementation. In:
Harrison GJ, Lightfoot TL, eds. Clinical Avian
Medicine. Vol 1. Palm Beach, FL: Spix Publishing;
2006:86-107.

Brue RN. Nutrition. In: Ritchie BW, Harrison GJ,
Harrison LR, eds. Avian Medicine: Principles and
Application. Lake Worth, FL: Wingers Publishing;
1994:63-95.

Clubb SL, Clubb K, Skidmore D, et al. Psittacine
neonatal care and hand-feeding. In: Shubot RM,
Clubb KIJ, Clubb SL, eds. Psittacine Aviculture:
Perspectives, Techniques and Research. Loxa-
hatchee, FL: Avicultural Breeding and Research
Center; 1992:11-1-11-12.

Abramson J, Hanson JT. Pediatrics. In: Abramson
J, Speer BL, Thomsen JB, eds. The Large Macaws:
Their Care, Breeding and Conservation. Ft Bragg,
CA: Raintree Publications; 1995:187-235.

Renton K. Ecology and Conservation of the Scarlet
Macaw in Belize, Annual Report. Jalisco, Mexico:
Instituto de Biologia, Universidad Nacional
Autonoma de México; 1998.

Kalmar ID, Werquin GJDL, Janssens GPJ.
Apparent nutrient digestibility and excreta quality
in African grey parrots fed two pelleted diets based
on coarsely or finely ground ingredients. J Anim
Physiol Anim Nutr. 2007;91:210-216.

Speer BL. Non-infectious diseases. In: Abramson
J, Speer BL, Thomsen IJB, eds. The Large
Macaws: Their Care, Breeding and Conservation.
Ft Bragg, CA: Raintree Publications; 1995:
316-333.

Dale NM, Fuller HL. Effect of diet composition on
feed intake and growth of chicks under heat stress.
II. Constant vs. cycling temperatures. Poult Sci.
1980;59:1441-4141.

http://www.
Accessed



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

BRIGHTSMITH ET AL—DIETS OF FREE-LIVING MACAW CHICKS 23

Teeter RG, Wiernusc CJ, Belay T. Animal nutri-
tion in the 21st century: a poultry perspective.
Anim Feed Sci Technol. 1996;58:37-47.

National Research Council. Mineral Tolerance of
Animals. 2nd revised ed. Washington, DC: Na-
tional Academy Press; 2005.

McDonald P, Edwards RA, Greenhalgh JFD,
Morgan CA. Animal Nutrition. 6th ed. New York,
NY: Prentice Hall; 2002.

Robbins CT. Wildlife Feeding and Nutrition. 2nd
ed. New York: Academic Press; 1993.

Soares JH. Calcium bioavailability. In: Ammer-
man CB, Baker DH, Lewis AJ, eds. Bioavailability
of Nutrients for Animals: Amino Acids, Minerals,
and Vitamins. New York, NY: Academic; 1995:95—
118.

Stanford M. Effects of UVB radiation on calcium
metabolism in psittacine birds. Vet Rec.
2006;159:236-241.

Soares JH. Phosphorus bioavailability. In: Ammer-
man CB, Baker DH, Lewis Al, eds. Bioavailability
of Nutrients for Animals: Amino Acids, Minerals,
and Vitamins. New York, NY: Academic;
1995:257-294.

Barker D, Fitzpatrick MP, Dierenfeld ES. Nutrient
composition of selected whole invertebrates. Zoo
Biol. 1998;17:123-134.

Woodard AE, Vohra P, Snyder RL, Kelleher C Jr.
Growth rate in three gallinaceous species fed diets
imbalanced in calcium, phosphorus, and protein.
Poult Sci. 1979;58:687.

Henry PR, Benz SA. Magnesium bioavailability.
In: Ammerman CB, Baker DH, Lewis AlJ, eds.
Bioavailability of Nutrients for Animals. Amino
Acids, Minerals, and Vitamins. New York, NY:
Academic Press; 1995:201-237.

Littledike ET, Goft J. Interactions of calcium,
phosphorus, magnesium and vitamin D that

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

influence their status in domestic meat animals.
J Anim Sci. 1987,65:1727-1743.

National Research Council. Nutrient Requirements
of Swine. 10th ed. Washington, DC: National
Academy Press; 1998.

Mills JS, Bailey CA, Creger CR. The effects of
varying levels of feed grade and purified sea salt on
the performance of broiler chicks. Poult Sci.
1990;69(suppl):94.

National Research Council. Nutrient Requirements
of Laboratory Animals. 4th ed. Washington, DC:
National Academy Press; 1995.

Christian DP. Effects of dietary sodium and
potassium on mineral balance in captive meadow
voles (Microtus pennsylvanicus). Can J Zool. 1989;
67:168-177.

Johnson R, Karunajeewa H. The effects of dietary
minerals and electrolytes on the growth and
physiology of the young chick. J Nutr. 1985;115:
1680-1690.

Vendramin-Gallo M, Pessutti C, Pezzato AC,
Vicentini-Paulino ML. Effect of age on seed
digestion in parrots (Amazona aestiva). Physiol
Biochem Zool. 2001;74:398-403.

Hanson JT. Handraising large parrots: methodol-
ogy and expected weight gains. Zoo Biol. 1987;6:
139-160.

Skrivanova V, Skrivan M, Marounek M, et al.
Influence of dietary fat source and copper supple-
mentation on broiler performance, fatty acid profile
of meat and depot fat, and on cholesterol content in
meat. Br Poult Sci. 2000;41:608-614.

Arias VJ, Koutsos EA. Effects of copper source
and level on intestinal physiology and growth of
broiler chickens. Poult Sci. 2006;85:999-1007.
Wolf P, Bayer G, Wendler C, Kamphues J.
Mineral deficiency in pet birds. J Anim Physiol
Anim Nutr. 1998;80:140-146.



