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Summary

Pododermatitis is a worldwide problem in captive flamingos. Studies in domestic poultry showed that nutrition is
a possible influencing factor for pododermatitis. Vitamin A and E, copper and zinc levels were analysed in two
different diets (diet 1 = in-house mix and diet 2 = commercial diet) and in plasma of captive greater flamingos
fed these diets and compared to those of free-ranging greater flamingos. Results were analysed with respect to
type and severity of foot lesions of the individuals from the different groups. Juvenile and subadult/adult captive
flamingos on diet 1 showed various types and severities of foot lesions, whereas no foot lesions were found at the
time of blood sampling in juvenile captive flamingos on diet 2. Juvenile captive flamingos on diet 1 had signifi-
cantly lower plasma zinc levels than juvenile captive flamingos on diet 2 and juvenile free-ranging flamingos;
data were also lower than reference ranges for flamingos, poultry and cranes. There were no significant differ-
ences in plasma vitamin A, vitamin E, copper or zinc levels between animals with different types of foot lesions
or with different severity scores. Shortly after the change to diet 2 (fed to juvenile captive flamingos that did not
show any foot lesion), the flooring of the outdoor water pools was covered with fine granular sand. Because both
factors (nutrition and flooring) were changed during the same evaluation period, it cannot be concluded which
factor contributed in what extent to the reduction of foot lesions. While it is assumed that low plasma zinc levels
identified in the group of juvenile captive flamingos on diet 1 were not directly responsible for foot lesions
observed in these animals, they may have played a role in altering the skin integrity of the feet and predisposing
them to pododermatitis.
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Introduction

Around 5500 greater flamingos (Phoenicopterus roseus)
are kept in more than 130 institutions around the
world, with the majority being kept in Europe (ISIS,
2013). A review of flamingo necropsy reports per-
formed between 2000 and 2011 by the Institute of
Animal Pathology, University of Bern, Switzerland,
revealed that pododermatitis was the most frequent
lesion in captive flamingos with a prevalence of 95%,
either as the reason for euthanasia or as a secondary
finding to other pathologies (F. Wyss, unpublished

observation). A survey within the European and
North American flamingo population confirmed that
100% of captive flamingos have varying degrees of
skin changes on their foot soles (Nielsen et al., 2010).
The influence of several nutritional factors on
foot problems is well known in domestic poultry
(Wahlstrom et al., 2001; Nagaraj et al., 2007; Kamph-
ues et al., 2011; Youssef et al., 2012). Several vita-
mins and minerals are known for their direct or
indirect impact on skin and especially foot pad health.
For example, higher water intake and excretion and
subsequent increased litter moisture due to feeding of

1102 Journal of Animal Physiology and Animal Nutrition 98 (2014) 1102-1109 © 2014 Blackwell Verlag GmbH



F. Wyss et al.

soybean meal extract (high potassium levels) are con-
sidered as indirect effects (Kamphues et al.,, 2011;
Youssef et al., 2011). Vitamin A is known to play an
important role in epithelial proliferation and keratini-
zation in humans (Ryan and Goldsmith, 1996).
Hyperkeratosis of the avian integument is a clinical
sign of vitamin A deficiency, but also vitamin A excess
(Harrison and McDonald, 2006). Obesity and inactiv-
ity, combined with a weakened skin caused by vita-
min A deficiency, is suspected to lead to erosions and
ulcers of the plantar foot (Schmidt and Lightfoot,
2006). Vitamin E (alpha-tocopherol) plays a role in
stabilizing cell membranes by deactivating free radi-
cals with its antioxidant properties. Vitamin E is used
for treating different types of skin disorders in mam-
mals (Davenport and Reinhart, 2000), and cellulitis in
broilers was reduced when supplementing with a
combination of vitamin E and complexed zinc (Downs
et al., 2000). Copper is essential for the production of
mature collagen and elastin as well as hair maturation
(Ryan and Goldsmith, 1996). Clinical manifestations
of copper deficiency are hair and skin changes, espe-
cially depigmentation of the hair coat, follicular
hyperkeratosis and inelastic skin in humans (Ryan
and Goldsmith, 1996; Davenport and Reinhart, 2000).
Zinc is a component of a number of metalloenzymes,
and a supply of dietary zinc is needed for the mainte-
nance of epidermal integrity (Davenport and Rein-
hart, 2000). Treatment with oral zinc ameliorated the
clinical signs in dogs with periocular crusts and
parakeratosis (White et al., 2001), and deficiencies
of zinc and biotin have been associated with hyperker-
atosis in birds (Harrison and McDonald, 2006). Feed
supplementation of turkeys, housed on dry litter, with
biotin and zinc reduced development and severity of
foot lesions significantly; this effect was not seen
when turkeys were housed on wet litter (Youssef
et al., 2012). On the contrary, Zn-methionine and
Zn-lysine supplemented to broilers did not show an
influence on foot pad quality (Hess et al., 2001) and a
50% increased supplementation of zinc and manga-
nese did not show any effect on the foot condition of
single comb white leghorn layers (Burger et al.,
1984).

The Zoo Basel has kept greater flamingos since
1933 and has a long history of flamingo research
(Studer-Thiersch, 2000, 2005). Foot problems have
already occurred for a period of time but were first
examined comprehensively when the birds were
moved to their new enclosure in 1991. A classifica-
tion system for different foot lesions was used at that
time, and when the examination was repeated in
1997/1998, lesions seemed to have decreased
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(Studer-Thiersch et al., 2005). The present study was
initiated because since 2005, foot problems had again
subjectively increased. In winter 2010/2011, the feed-
ing regime was changed from an in-house food mix
to a commercially available product. Shortly after the
feeding change, the flooring of the outdoor water
pools in the flamingo enclosure was covered with
fine granular sand as a result of successful trials with
small flamingo groups to reduce foot lesions (Wyss
et al.,, 2014). The aim of this study was to test
whether deficiencies of vitamin A or E, copper or zinc
could be a contributing factor in the onset and devel-
opment of pododermatitis in captive flamingos.
Plasma levels of vitamin A, vitamin E, copper and
zinc were determined from greater flamingos in the
Zoo Basel and compared to levels of free-ranging
greater flamingos from the Camargue (Southern
France). Additionally, two different diets were analy-
sed and the results were evaluated in relation to the
blood analyses. No foot lesions were found in free-
ranging flamingos (Wyss et al., 2013); therefore, they
serve as a reference.

Materials and methods

Study population

The greater flamingo group of Zoo Basel consists of
approximately 110 adult animals and their juveniles
(20-25 each year). The age varies from a few months
up to 56 years and the sex ratio is balanced. 60 captive
greater flamingos at Zoo Basel were used in this study,
among them 10 males, 16 females and 34 of unknown
gender. Blood sampling and foot examination were
performed during routine capture operations for
feather clipping and ringing between November 2010
and August 2011. The captive study groups are
described in Table 1. Typing of foot lesions and sever-
ity scoring were performed according to an established
protocol (Nielsen et al., 2010; Wyss et al., 2013) and
always carried out by the first author. Severity scoring
was used to provide an overall evaluation of the feet
independent of the type of lesion, from no lesion (=0),
to mild, mild-moderate, moderate, moderate-severe
and severe lesions (=5). In this study, none of the birds
that received severity score 5 was selected. None of
the captive flamingos (only free-ranging flamingos)
was scored 0.

Blood from 12 three-month-old free-ranging
greater flamingos from the Camargue, Southern
France, was collected during yearly routine capture
activities in July 2011 when juvenile birds were
ringed, weighed and measured (Johnson and Cézilly,
2007). This operation was supervised by the Tour du
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Valat Research Center, France, and took place at the
Etang du Fangassier breeding site (43°25'N, 4°38'E).

Enclosures

The enclosure in Zoo Basel is designed for a group of
100-110 adult flamingos with their juveniles and
measures about 2000 m? including 425 m? of shallow
water ponds with concrete flooring (max. depth:
25 cm), 135 m? of deep water ponds with a natural
mud ground (max. depth: 200 cm), two breeding
islands (25 and 35 m?), grass resting sites and marsh
area. The winter house is integrated in the enclosure,
measures 94 m” and has a concrete floor. One half is
covered with black rubber mats designed for cattle
that offer sufficient resting space for all birds, and the
other half consists of two water ponds with concrete
floor (25 and 10 m?, max. depth: 40 cm). In between
the evaluation of groups A and B (November-January
2010/2011) and group C (August 2011), the concrete
flooring of the outdoor water ponds was covered with
fine granular sand due to good results on foot health
in preliminary trials with small flamingo groups (Wyss
et al., 2014).

Blood plasma analysis

Animals were manually restrained and approximately
0.5 ml of blood was taken from the right jugular vein
at the base of the neck with a 22-G needle and a 2.5-
ml syringe. Animals were not fasted before blood sam-
pling. Lithium-heparin tubes for plasma were filled
immediately after blood sampling and processed using
current methods. Plasma samples were frozen at
—20 °C for 1-5 days prior to shipping and were
shipped on dry ice.

Vitamins A and E, copper and zinc levels in blood
plasma were analysed at the Institute of Animal Nutri-
tion in Hannover (Bischofsholer Damm 15, D-30173
Hannover, Germany). For the measurement of copper
and zinc, samples were dissolved in distilled water
(1:10) and analysed by atom absorption spectrometry
(Unicam Solaar M; Unicam, Dreieich, Germany). For
the determination of vitamin A and E, 1 ml of plasma
was added to 5 ml methanolic KOH 40% and saponi-
fied for 1 h. Afterwards, 20 ml of a mixture of ethanol
and water (1:4) was added. After the above-
mentioned alkaline saponification, the sample was
extracted with 10 ml toluol-hexane (1:1). The extract
was evaporated and dissolved in methanol (shaken
four times) and then the vitamin A and E levels were
measured by HPLC (high-pressure liquid chromatog-
raphy, 610 Series; Unicam, Kassel, Deutschland).
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Vitamin A and E were analysed separately for each
animal, but from some animals not enough blood
could be taken and, therefore, analyses of copper and
zinc were performed with pooled samples from 2 to 4
birds.

Diet analyses

Diet 1 is the previous, in-house food mix (fed to
groups A and B) and was composed of 50% of a pel-
leted complete diet for lying hens (Legehennenwtirfel
3960; Provimi Kliba AG, Kaiseraugst, Switzerland),
30% cereal (corn, wheat and oat flakes), 10% shred-
ded shrimps, 5% supplement for carnivores (Zusatz
fir Fleischfresser 3750, Provimi Kliba AG), 5% min-
eral for cattle and 0.05% canthaxanthin and biotin.
This was replaced by the commercially available diet
2, ‘Flamingo floating” pellets (Versele-Laga, Deinze,
Belgium) and fed to group C. ‘Flamingo floating’ pel-
lets are an extruded complete diet for flamingos and
ibises and primarily contains wheat, fish meal and
soya beans. Proximate nutrient analysis of both feed
was performed in the Institute of Animal Nutrition
(Institute of Animal Nutrition, University of Zurich,
Zurich, Switzerland), and vitamin A, vitamin E, zinc
and copper levels were determined at the Institute of
Animal Nutrition in Hannover. For measurement of
copper and zinc levels in the feedstuffs, 1 g of the sam-
ple was dissolved in 15 ml of the ashing mixture
(1000 ml nitric acid 65% and 250 ml perchloric acid
70%). After ashing, the sample was cooked with 5 ml
hydrochloric acid and added into a volumetric flask.
In 1 ml of this solution, copper and zinc levels were
measured after acid hydrolysis by atom absorption
spectrometry. For determination of vitamins A and E,
1 g of the feedstuff was added to 1 ml ascorbic acid
15%, 2 ml ethanol 98% and 1 ml methanol 98%. The
solution was saponified with 1 ml KOH (10 m) for
30 min in a 60 °C water bath. Afterwards, the samples
were shaken five times with 3 ml hexane and centri-
fuged at 3500 RMP/min. The hexane phase was added
to a 25-ml volumetric flask and the sample was dried
at 40 °C. The residue was dissolved in 1000 ul HPLC-
eluent, filtrated (syringe filters of 2 ym) and measured
by HPLC.

Statistical analyses

Differences in plasma vitamin A and E, copper and
zinc levels between the different groups were
assessed using Kruskal-Wallis one-way anova and the
Kruskal-Wallis multiple-comparison z-value test
(Dunn'’s test). Statistics were performed in NCSS 2007

1105



Nutrition in flamingos with foot lesions

(www.ncss.com). The level of statistical significance
was 0.05.

Results

Diet 1 (fed to groups A and B) was lower in vitamin A
and vitamin E than diet 2 (fed to group C), but higher
in copper, zinc and calcium (Table 1). The vitamin A
and E contents of both diets were higher than recom-
mended for maintenance in poultry (6000-8000 IU
vitamin A/kg, 30-50 mg vitamin E/kg, NRC, 1994).
Likewise, the minerals copper, zinc and calcium of
both diets exceeded usual requirements of poultry in
maintenance and the recommendations given by NRC
(1994).

Captive juvenile flamingos on diet 2 (group C) had
significantly lower plasma vitamin A levels than the
captive groups on diet 1 (group A and B) (p = 0.002).
However, this was not significantly different from the
free-ranging group. Plasma vitamin E levels were
lowest in free-ranging birds followed by captive juve-
nile flamingos on diet 1 (group A). Captive subadults/
adults on diet 1 (group B) and captive juveniles on diet
2 (group C) had significantly higher plasma vitamin E
levels than the free-ranging reference (p < 0.001).
The free-ranging group and the captive juveniles on
diet 1 (group A) had significantly lower plasma copper

F. Wyss et al.

levels than the captive subadults/adults (group B) on
diet 1 and the captive juveniles on diet 2 (group C)
(p < 0.001). Plasma zinc levels of captive juveniles on
diet 1 (group A) were significantly lower than those of
the free-ranging group or the captive juveniles on diet
2 (group C) (p < 0.001), but did only numerically dif-
fer from the captive subadults/adults on diet 1 (group
B) (Table 1). Plasma zinc levels of captive juvenile fla-
mingos from group A were also lower than reference
ranges of greater flamingos, chickens and Amazon
parrots, whereas all other flamingo groups were
within these reference ranges (Puls, 1994a; Osofsky
et al., 2001; Benato et al., 2013).

Various degrees and types of foot lesions were
found at the time of blood withdrawal in captive fla-
mingos of groups A and B, but none in captive flamin-
gos of group C and in free-ranging juvenile flamingos
(Table 2). All juveniles of group C were checked again
3 months later (November 2011) at the age of
5 months and only in two (out of 20) juveniles, mini-
mal cracks, so mild that they were not even scored,
were found (severity score 0); all other 18 animals did
not have any lesions. Concerning birds with foot
lesions, no major differences were seen comparing dif-
ferent categories of severity scores or different types of
lesions with plasma vitamin A and E, copper or zinc
levels (Table 2).

Table 2 Plasma vitamin A, vitamin E, copper and zinc levels (mean + standard deviation) of the free-ranging group and categories of captive flamin-
gos with different severity foot lesions scores and with different types of foot lesions

Diet n* Vitamin A (mg/dl) Vitamin E (mg/dl) Copper (ng/dl) Zinc (ug/dl)
Without lesions
Free-ranging 12 (10) 0.059 + 0.009 0.74 £ 0.22 325+ 24 1779 + 23.7
Captive (group C) 2 20 (20) 0.051 + 0.010 1.16 + 0.30 44.0 £ 5.1 208.6 + 32.6
With lesions: severity
Grade 1 1 8 (5 0.069 + 0.016 1.17 £ 0.47 283 £ 85 108.3 + 22.6
Grade 2 1 15 (11) 0.055 + 0.015 0.96 + 0.42 36.8 + 10.0 136.9 + 40.3
Grade 3 1 16 (5) 0.069 + 0.011 1.19 + 0.51 58.7 +£ 29.1 1549 + 47.6
Grade 4 1 2(1) 0.065 + 0.001 0.70 £ 0.20 51.9 145
With lesions: type of lesion
FSs 1 + 2 1 41 (15) 0.064 + 0.014 1.08 + 0.48 422 £ 211 136.9 + 40.9
FSs 2 1 36 (14) 0.064 + 0.015 1.03 + 0.45 444 + 213 138.1 + 40.9
NLs 1 + 2 1 37 (14) 0.065 + 0.013 1.04 + 0.39 41.0 £ 22.0 1355 + 42.4
NLs 2 1 19 (11) 0.062 + 0.012 1.01 £ 0.36 39.0 + 203 123.1 + 435
PGs 1 + 2 1 19 (6) 0.066 + 0.013 1.19 + 0.59 61.2 £ 23.0 158.2 + 42.8
PGs 2 1 18 (5) 0.065 + 0.013 1.24 + 0.57 63.0 + 239 177.9 £ 23.7

FSs 1, fissures less than 2 mm; FSs 2, fissures deeper than 2 mm; NLs 1, nodular lesions without exposed necrotic tissue; NLs 2, nodular lesions with
exposed necrotic tissue; PGs 1, papillomatous growths, finger-like proliferations; PGs 2, papillomatous growths, clusters or lumps of proliferations

(Nielsen et al., 2010).

Typing of foot lesions and severity scoring were performed by the first author according to an established protocol (Nielsen et al., 2010; Wyss et al.,

2013).

*Pooled samples were used to analyse copper and zinc levels; number without brackets is sample size of vitamin A and E, number in brackets is

sample size of copper and zinc.
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Discussion

The results show that significantly low plasma zinc
levels occurred in flamingos of group A (juvenile cap-
tive flamingos). As foot lesions were found in this
group, this could indicate that low plasma zinc levels
contribute to the problem.

Blood sampling was performed at different time
points throughout the year (groups A and B: Novem-
ber to January; group C: August). Therefore, a sea-
sonal variation of blood mineral and vitamin levels
cannot be excluded. However, captive flamingos were
always fed with the same diet (diet 1 for groups A and
B, diet 2 for group C, respectively). One should note
that juvenile captive flamingos on diet 2 (group C,
without foot lesions) were only 2.5 months old at the
time that blood sampling and foot scoring was per-
formed, as compared to juvenile captive flamingos on
diet 1 (group A, with foot lesions), which were
5-7 months old.

Two factors (nutrition and flooring) that may influ-
ence foot lesions in flamingos were changed during
the same evaluation period; it is therefore impossible
to decide whether either factor contributed to the
disease.

Vitamin A deficiency as well as vitamin A excess
causes hyperkeratosis, which may lead to erosions or
ulcers in birds (Harrison and McDonald, 2006). In
our study, vitamin A probably did not have a direct
effect on pododermatitis, because none of the captive
groups differed significantly in plasma vitamin A
level from the free-ranging reference group, although
flamingos on diet 2 (group C, without foot lesions)
had significantly lower plasma vitamin A levels than
both other captive groups (groups A and B, with foot
lesions) in spite of higher dietary vitamin A levels.
Furthermore, all flamingo groups were within the
reference range of vitamin A levels of chicken (Puls,
1994b) and within or above those of greater flamin-
gos (Benato et al., 2013). Vitamin E and copper defi-
ciency are suspected to predispose to skin disease
(Ryan and Goldsmith, 1996; Davenport and Reinhart,
2000). Significantly lower vitamin E and copper lev-
els were present in juvenile flamingos on diet 1
(group A, with foot lesions) compared to those on
diet 2 (without foot lesions), but levels of the free-
ranging reference group were even lower. Plasma
copper levels were within or above reference ranges
of greater flamingos, chickens or Amazon parrots
(Puls, 1994a; Osofsky et al.,, 2001; Benato et al.,
2013). Therefore, the measured values are not
considered as indicative of vitamin E or copper
deficiency.
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Juvenile captive flamingos on diet 1 (group A, with
foot lesions) had significantly lower plasma zinc levels
compared to juvenile captive flamingos on diet 2
(group C, without foot lesions) and juvenile free-rang-
ing flamingos and were also lower than reference
ranges of greater flamingos, chickens and Amazon
parrots (Puls, 1994a; Osofsky et al., 2001; Benato
et al., 2013). However, foot lesions were also present
in group B (subadult/adult captive flamingos), which
did not have low plasma zinc levels, and in relation to
lesion scores/types, no differences in plasma zinc lev-
els were detected. These latter findings indicate that
the link between zinc status and pododermatitis is not
a direct causative one; low plasma zinc levels may
rather be a contributing or predisposing factor (espe-
cially for juveniles). It also needs to be noted that nor-
mal plasma zinc levels might be measured even if a
diet deficient in zinc is fed, as shown in horses (Wic-
hert et al., 2002). Hyperkeratosis was associated with
zinc deficiency in birds (Harrison and McDonald,
2006), and turkeys supplemented with zinc showed a
lower incidence of foot pad dermatitis if kept on dry
substrate (Youssef et al., 2012).

Juvenile flamingos in 2011, which were fed with
diet 2, started to eat on their own at an age of
3 weeks, much earlier than the juveniles in 2010 (and
the years before), which were still fed regularly by
their parents up to an age of 5-6 months. Free-rang-
ing flamingos in the Camargue are usually fed by their
parents until fledging, which occurs at the age of
about 10 weeks (Johnson and Cézilly, 2007). It is pos-
sible that captive juveniles eating by themselves
ingested and absorbed more zinc even with a lower
amount in the diet than juveniles, which were fed by
their parents with crop milk. More evidence for this
hypothesis is given by the fact that crop milk of Amer-
ican flamingos contained almost six times less zinc
(7.9-27.3 mg/kg) than diet 2 analysed in our study
(Ward et al., 2001).

Apart from low zinc availability, either due to low
absolute dietary levels or forms comparatively unsuit-
able for absorption, interactions with various other
dietary components, in particular vitamin A, calcium,
copper and phytate, can reduce zinc availability. Zinc
absorption is positively associated with vitamin A
metabolism due to a vitamin A-dependent synthesis of
a protein in the ileum, which is involved in zinc
absorption (Christian and West, 1998). The diet fed to
juveniles with low plasma zinc levels (diet 1) had a
40% higher calcium content compared with the diet
fed to juveniles with normal or high plasma zinc
levels. High dietary calcium was suspected to reduce
zinc absorption due to a zinc—calcium interaction the
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mechanism of which is not yet clear (Wood and
Zheng, 1997); however, this hypothesis is not sup-
ported by newer literature (Takasugi et al., 2007).
Both diets had a much higher calcium content than
various natural food items of free-ranging flamingos;
for example, dried Spirulina sp. contain 1.3 g/kg cal-
cium, Artemia salina contain 0.7 g/kg calcium, Shrimp-
Penaeidae and Panalidae contain 2.2 g/kg calcium (all
in dry matter) (Dierenfeld et al., 2000). Potentially,
dietary Ca levels in the flamingo diets used here could
be reduced during the non-breeding season.

Diet 1, fed to juveniles with low plasma zinc levels,
had a higher copper content than diet 2. Zinc absorp-
tion can also be reduced due to high copper content of
the diet by inducing metallothionein in the intestinal
epithelium. Metallothionein binds zinc and thus pre-
vents its binding to the cysteine-rich intestinal protein
and subsequently the transport to the blood (Klasing,
1998). An interaction of these two minerals could
therefore be possible and have led to reduced zinc
absorption in juveniles with low plasma zinc levels.

Phytates form strong and insoluble complexes with
cations such as zinc and are present in foods like cere-
als, corn and rice (Lonnerdal, 2000). Diet 1, fed to
juveniles with low plasma zinc levels, consisted of
80% pellets and cereals. The commercially available
diet 2 is produced with 40-45% of wheat and 7.5—
15% of wheat flour (maximal 60% wheat products)
mixed with other ingredients (G. Werquin, personal
communication). Diet 2 seems to contain lower
amount of cereals than diet 1 and therefore may have
reduced phytate content.

F. Wyss et al.

Conclusion

It is suggested that zinc absorption in juvenile captive
flamingos on diet 1 (group A) was reduced, and that
the resulting significant low plasma zinc levels could
play a role in the development of pododermatitis in
this study group. It seems that low plasma zinc levels
itself do not provoke foot lesions, but could weaken
the skin and predispose the feet to develop foot lesions
due to other factors.

With only two diets examined, this study does not
allow making feeding recommendations of a specific
diet for captive flamingos, but it suggests that ensuring
appropriate circulating zinc levels may be beneficial to
flamingos to prevent the development of pododerma-
titis. When attempting to ensure such levels, it is not
only the dietary zinc concentration that needs to be
considered, but also other factors such as vitamin A,
copper, calcium or phytate content, as well as the age
of the juveniles at which they start to feed on their
own. The values determined in this study can serve as
reference data for future flamingo blood evaluations.
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