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EXPERIMENTAL VITAMIN A DEFICIENCY IN MALLARDS

(ANAS PLATYRHYNCHOS): LESIONS AND

TISSUE VITAMIN A LEVELS
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University of Saskatchewan, Saskatoon, Saskatchewan, Canada
2 Environment Canada, Canadian Wildlife Service, National Wildlife Research Centre,
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ABSTRACT: Captive mallards (Anas platyrhynchos), fed an all-grain diet for up to 5 months
during the winters of 1991 to 1992 and 1992 to 1993, developed lesions of squamous metaplasia;
some had no detectable hepatic vitamin A. Vitamin A deficiency in mallards was defined as hepatic
levels of retinyl palmitate <2 sg/g liver, Lesions were found only in ducks with low levels of
hepatic vitamin A, but not all ducks with these low levels of hepatic vitamin A had histological
lesions. The prevalence of lesions in the esophagus was greatest cranially and caudally and less
common in the central region. Palatine salivary glands rarely were affected. Mallards with liver
stores >600 �tg of hepatic retinyl palmitate per g liver, fed a diet deficient in vitamin A were
unlikely to become deficient over a 5 month period. Birds fed an all-grain diet had significantly
lower vitamin A concentrations in their liver compared to those fed an all-grain diet with vitamin
A added. Liver weight, when corrected for body size, did not affect vitamin A concentration.

Serum retinol levels were conserved over a large range of hepatic vitamin A levels but levels
below 300 �zg retinol/l were useful in detecting vitamin A deficiency in captive mallards. Based
on the findings, the presence of lesions provides a conservative measure of vitamin A status in
ducks and tissue levels should be measured in instances when mallards have questionable vitamin
A status.

Key words: Vitamin A deficiency, mallard, Anas platyrhynchos, hypovitaminosis A, retinol,
retinyl palmitate, diet.

INTRODUCTION

Vitamin A deficiency has been recog-

nized in domestic poultry for many years

but seldom has been detected in wild birds.

Vitamin A deficiency has been diagnosed

in birds on the basis of the presence of

squamous metaplasia of the esophagus and

other mucus-secreting glands. Wintering

black ducks (Anas rubripes) in Massachu-

setts, (USA), with lesions associated with

vitamin A deficiency were reported by

Hagar (1950); also mallards (Anas platy-
rhynchos) found dead in winter near Gar-

diner Dam, Saskatchewan, Canada, had

lesions consistent with vitamin A deficien-

cy (Wobeser and Kost, 1991).

There has been a trend for mallards and

other waterfowl to winter north of their

traditional wintering grounds (Bellrose,

1976) in areas which have open water year-

round. Vitamin A deficiency may occur in

these birds because they feed almost ex-

clusively on grain while other food sources

are not available for up to 5 mo of the

winter (Jorde et a!., 1983; Clark and Sug-

den, 1990). Grain, with the exception of

yellow corn, contains only trace amounts

of vitamin A or vitamin A precursors so

these birds may be on a deficient diet for

several months (Scott and Dean, 1991).

Grain diets also may cause other nutri-

tional problems; for example corn or soy-

bean diets for 3 mo appeared nutritionally

sub-optimal for maintenance of body

weight by female mallards (Loesch and

Kaminski, 1989). Daily intake of vitamin

A is not required because vitamin A is

stored, principally in the form of retinyl

palmitate in the liver. However, the ability

of ducks to survive over winter without a

dietary source of vitamin A has not been

evaluated.

Vitamin A deficiency in birds usually is

diagnosed on the basis of gross and histo-

logic lesions. Metaplasia of mucous sur-

faces of respiratory, digestive and repro-
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ductive tracts in chickens with hypovita-

minosis A has been described as beginning

with degeneration of the lining epithelium

and mucous glands, followed by replace-

ment of original epithelium by stratified

keratinized squamous epithelium (Jung-

herr, 1943). Squamous metaplasia trans-

forms mucous glands of the esophagus to

keratin filled, dilated cysts that are grossly

visible as white plaques (Jungherr, 1943).

Immune system malfunction has been as-

sociated with vitamin A deficiency in sev-

eral species (Sijtsma et a!., 1990; Tengerdy

et al., 1990). Vitamin A deficient chickens

have exhausted lymphoid cell stores and

are unable to mount an effective immune

response when challenged with infectious

agents. Immunodysf unction may occur

before other clinical signs of deficiency are

evident (Bang et a!., 1975; Nauss, 1984).

Given the effect that vitamin A deficiency

has on the immune system, and that dam-

aged epithelial surfaces may provide a

portal of entry for disease causing agents

(Jungherr, 1943), there is a possible rela-

tionship between vitamin A status and sus-

ceptibility to disease.

Our objectives were to determine if vi-

tamin A deficiency would occur in mallard

ducks fed an ad libitum grain diet over a

5-mo period, develop a method for staging

and scoring microscopic changes of vita-

min A deficiency, determine if a decline

in body condition and morphological

changes occurred in vitamin A-deficient

mallards, and determine the relationship

between pathological lesions and hepatic

and serum retinol and retinyl palmitate

levels. Experiment 1 was designed as a trial

to determine protocol and define vitamin

A deficiency. Experiment 2 was designed

to more closely simulate the winter con-

ditions endured by wild mallards in Sas-

katchewan and to use ducks that had been

fed a natural diet previous to the study.

Experiment 3, run in conjunction to the

second, brought mallards from a different

source to increase the number of birds in
this study. Pre-experimental diet and

source of birds were confounders which

forced stratification of data from all three

experiments for analysis.

MATERIALS AND METHODS

In Experiment 1, we obtained 54 captive-
bred, male mallard ducks, supplied as young of
the year (Whistling Wings Incorporated, Han-
over, Illinois, USA), that were wing-banded and
then held for acclimation for 7 days. The ducks
were housed in indoor holding rooms at 15 C,
and with 8 hr of artificial light per day for the
entire study. The ducks had access to Number
2 grit and water for bathing and drinking. The
diet used during acclimation was a commercial
duck and goose grower ration formulated to
contain 8,800 IU vitamin A/kg as fed (Feder-
ated Cooperative Ltd. No. 93104, Saskatoon,
Saskatchewan) to which an increasing amount
of pelleted wheat and barley (1:lw/w) was add-
ed each day during the week. After 1 wk ac-
climation, birds were randomly divided into
control and deficient diet groups. The control
group was fed pelleted wheat and barley sup-
plemented with 4,000 IU of vitamin A/kg of
feed (Rovimix A 500 Type P, Hoffmann-La-
Roche, Mississauga, Ontario, Canada), ad libi-
turn. The deficient diet group was fed pelleted
wheat and barley without added vitamin A ad
libitum. Six birds were sampled from each group
by random selection every 21 days for a total
of 84 days.

In Experiment 2, 31 female and 19 male mal-
lards were obtained in Canada from a captive
breeding study being run by the Canadian
Wildlife Service (Saskatoon, Saskatchewan). The

birds were the 4 to 5 mo-old offspring of captive
reared mallards and had been housed in a large
outdoor pen in a marsh environment. Natural
foods available from the pen had been supple-
mented with barley and commercial poultry
supplement (3:1) for 4 mo prior to transporta-
tion to new housing. Birds were banded and
randomly divided into two groups containing
approximately equal numbers of each sex. They
were placed in two new, grass-bottomed 3 x 6
m outdoor enclosures, and were offered unpro-
cessed wheat and barley, pelleted wheat and
barley, and Number 2 grit ad libiturn for 46
days prior to the study. The birds also had access
to leafy green alfalfa hay during this period.
On day 0 of Experiment 2 (2 November 1992),
control birds were changed to a diet of pelleted
wheat/barley (1:1 w/w) supplemented with
4,000 IU vitamin A/kg feed. As in Experiment
1, deficient diet birds were fed only the pelleted
wheat and barley with no added vitamin A. No
grass was available at this time and the leafy
hay was removed from the pens. Birds were
housed outdoors with ice-free water for swim-
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ming and drinking. Birds were moved indoors
during a severe cold period from 29 December
1992 (Day 57) to 10 January 1993 (Day 69) and
then moved back outdoors. Birds were random-
ly sampled while controlling for sex. On day 0,
and in the second, third, fourth and fifth months,
four to six birds were to be sampled from each
group. Unexpected deaths occurring in the sec-
ond and third month of the study disallowed us
from randomly sampling during these two
months. During the remaining months, birds
were sampled randomly.

Experiment 3 was run in conjunction with
Experiment 2 but the mallards were from a
different source. Twelve birds (5 to 6 mo-old
males) were supplied by Kortright Waterfowl
Park (Guelph, Ontario) and had been fed a com-
mercial diet prior to being shipped. The mal-
lards were randomly divided into control and
deficient diet groups. The birds were fed the
same pre-study diet as ducks from Experiment
2 for 17 days prior to the study. The deficient
diet and control groups were fed the same ra-
tions as equivalent groups in Experiment 2 and
two to three randomly chosen birds were killed
at the same time intervals as birds from Exper-
iment 2. Three birds from the deficient diet
group died unexpectedly during the second and

third months of the study and are included as
the sample for that time period.

Vitamin A levels in feed were evaluated at

the beginning and end of each study by Hoff-
mann-La Roche (Mississauga, Ontario, Canada),
by thin layer chromatography. Beta carotene
levels were determined by the Saskatchewan
Feed Testing Laboratory, University of Sas-
katchewan, Saskatoon, Saskatchewan using the
method of the Association of Official Analytical

Chemists (1990).
Postmortem procedures were similar in all

experiments. Sampled ducks were killed by car-
bon dioxide asphyxiation. Blood was collected
by intracardiac puncture from birds immedi-
ately after respiration ceased. Blood was held at
37 C for several hours while protected from
light, to allow proper clotting. Body weight of
each bird was adjusted by adding the weight of
the blood sample collected. The weight of food
in the crop and proventriculus was subtracted
from the total weight. In Experiments 2 and 3,
the observed body score was recorded on a scale
of 1 to 5; with 1 having no observable fat stores,
2 having some apparent abdominal fat pad, 3
having additional pericardial fat was well as
subcutaneous fat, 4 having additional large
amounts of fat in the pen-esophageal and tra-
cheal regions, and 5 having fat stores in all the
aforementioned locations, together with sub-
cutaneous fat of >5 mm depth and fat apparent
dorsal to the kidneys. The liver was removed,

weighed and a sample approximately 4 mm thick
was collected from the cranial portion through
all lobes of the liver of each duck and was
wrapped in nonporous plastic, placed in a 20
ml scintillation vial and frozen in liquid nitrogen
(-170 C). Samples subsequently were removed
from liquid nitrogen and stored at -80 C until
evaluated. A standardized body score (SBS) was
created by dividing body weight by the sum of
head-beak and keel lengths. This was done be-
cause body weight alone was not a good indi-
cator of body condition due to a variation in
skeletal size (Loesch and Kaminski, 1989). The
right pectoral muscles were weighed after dis-
section from the sternum. The heart (Experi-
ments 2 and 3 only), right kidney, and spleen
were weighed. The head, beak, esophagus and
trachea were removed and inspected for lesions.
These tissues, together with the right kidney,
were fixed for a minimum of 2 days in 10%
phosphate buffered neutral formalin. The head,
beak, esophagus and trachea then were placed
in 20% formic acid for 48 hr to decalcify prior
to trimming. Histological examination was per-
formed on all ducks. Samples for histological
examination were taken from the caudal pole
of the kidney, a cross-section of the rostrum
immediately caudal to the external nares and
three cross-sections of the trachea and esopha-
gus; one was just caudal to the oral-esophageal
junction, another was just proximal to the syrinx
or tracheal bifurcation and the third was taken
at the midpoint between these two. Five-mi-
cron-thick paraffin-embedded sections, stained
with hematoxylin and eosin were prepared. All
histological sections were coded and examined

microscopically without knowledge of the bird
of origin. The number of glands in each section
of the esophagus was counted. Glands were clas-
sified as normal, metaplastic or metaplastic and
keratotic. Metaplasia was defined as those glands
in which squamous cells were evident together
with evidence of loss of mucous secreting cells
and/or an increase in the number of basal cells.
Keratosis was defined as those glands with meta-
plastic changes plus keratinized squamous cells
visible in the lumen (Fig. 1). The prevalence of
the changes in each section was recorded.

Retinoid analysis was similar for all experi-
ments. Frozen liver and serum samples were
transported on dry ice to the Environment Can-
ada Biomarker Laboratory, Environment Can-
ada, National Wildlife Research Centre in Hull,
Quebec, for hepatic retinol (HROL) and retinyl
palmitate (HRPT) and serum retinol (SROL)
determination. Liver and serum samples were
protected from white light (lambda <500 nm)

by using gold fluorescent lights and amber glass-
ware; 300 to 500 mg samples of liver were de-
hydrated to a pink powder by grinding with
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FIGURE 1. Esophageal glands of mallard ducks. A. normal; B. metaplastic; C. keratotic and dilated (H&E).
Bar 100 g.

anhydrous sodium sulphate. The internal stan-
dard, retinyl acetate (40 ng/20 �al methanol),
was added to the equivalent of 0.20 g of liver
and the vitamin A compounds were extracted
in 10 ml of a 1:9, dichloromethane : methanol
solvent mixture in an amber colored vial. After
centnifugation for 10 mm at 600 rpm at 10 C,
the supernatant was filtered through a 0.2 �m
Acrodisc LC13 PVDF filter (Gelman Sciences
Ltd., Ann Arbor, Michigan, USA) and a 20 �sl
aliquot was analyzed in duplicate by non-aque-
ous reverse-phase high performance liquid
chromatography (HPLC). Separation of retinol,
retinyl acetate and retinyl palmitate was
achieved with a 15 cm long, 5 �zm ODS Zorbax
column (Dupont, Wilmington, Delaware, USA)
with 100% methanol at 1 ml/min for 5.5 mm

followed by a linear gradient which brought the
mobile phase to 30% dichloromethane and 70%
methanol within 0.5 mm. This composition was

held until the end of the run at a flow rate of
2.0 ml/min. With these conditions, retinol, ret-
my1 acetate and retinyl palmitate had retention
times of 3.1, 4.2, and 9.7 mm, respectively. Ret-
inoid compounds were detected with an ultra-
violet-visible detector (326 nm) or a fluorescence
detector with an excitation monochromator set
at 336 nm and the emission monochromator set
at 480 nm (EX: 336 nm; EM: 480 nm) (Olson,
1979). The minimum detection limits for retinol
and retinyl palmitate in avian liver were 0.1
and 0.4 �ig/g of liver, respectively. Levels below
detection limits were assigned a zero (0) value.
The method used to determine retinol levels in
serum was modified from Deleenheer and Nelis
(1990). The internal standard, retinyl acetate,
was added to 100 �tl of serum. The retinol-pro-
tein complex was dissociated by the addition of

200 �tl of acetonitrile. The retinol was extracted
twice, using 4 ml and 1 ml of hexane, respec-
tively. The organic and aqueous phases were
separated by centnifugation. The combined or-
ganic phases were evaporated to dryness under
a stream of nitrogen and the residue was recon-
stituted in 1 ml of methanol, and filtered through
a 0.2 �m Acrodisc LC13 PVDF filter; a 50 �il
aliquot was analyzed in duplicate by HPLC us-
ing a 15 cm long, 5 �m ODS Zorbax column.
With 100% methanol as the mobile phase and
a flow rate of 1 ml/min, retinol and retinyl
acetate have a retention time of 3.3 and 4.5 mm
respectively. Minimum detection limits for se-
rum retinol were not a factor.

Values of hepatic vitamin A were approxi-
mated by converting HRPT to equivalent grams

of retinol (HRPT x 0.55 g retinol/g retinol pal-
mitate) and then adding this value to HROL
for a total vitamin A content per g liver in our
ducks. This allowed comparison of our vitamin
A values to levels determined historically by
saponification techniques (1 IU vitamin A = 0.3
mg retinol) (Schoeff, 1983).

Birds unexpectedly found dead were tissue
sampled and a routine postmortem examination
was performed. Any abnormal lesions were cul-
tured on 5% sheep blood agar and MacConkey
agar plates (PML Microbiologicals, Richmond,
British Columbia, Canada) and incubated
aerobically at 37 C. Bacteria isolated were iden-
tified on the basis of morphology and biochem-
ical reactions (Carter and Cole, 1990).

Statistical analyses were performed on each
experiment separately using Statistix 4.0 (Ana-
lytical Software, St. Paul, Minnesota, USA). All
data were tested for abnormal distribution using
the Wilk-Shapiro test. Many samples failed to
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TABLE 1. Vitamin A content of diets (lU/kg, wet weight) fed to captive mallards. Experiment 1, September
to December 1991. Experiments 2 and 3, November 1992 to April 1993.

Initial vitamin M Final vitamin Ab

Experiment 1 Control diet
Deficient diet

4,040

194

1,780

126

Experiments 2 and 3 Control diet
Deficient diet
Hay
Wheat/barley

4,640
461

710’

557

1,460

298

NT”

NTd

#{149}At beginning of trial.
At completion of trial.

Not including beta carotene.
NT = not tested.

meet the parametric assumption of normality
but this can be due to the limitation of this test
with small sample sizes (Shapiro and Wilk, 1965).
We have reported means, standard deviation
and significance, using parametric tests, of all
continuous data except vitamin A values. Be-
cause of low numbers and abnormal distribution
of vitamin A levels in both diet groups, we have
reported the median and range for all vitamin
A values and analyzed all vitamin A values non-
parametrically using the median test (Zar, 1984).
One way analysis of variance (ANOVA) was
used to test the effect of diet, sex and unexpected
deaths on standardized body score, body weight,
and organ weights of each sample day. Kruskal-
Wallis one way analysis was used to test the

effect of diet on observed body score and vita-
min A levels (Zar, 1984). Two way ANOVA was
performed to test the effect of diet and time on
measured parameters over the course of each
experiment (Zar, 1984). Linear correlations were
performed to determine relationships of HRPT
to HROL and SROL. Natural log transforma-
tion of the SROL and HRPT levels was required
to achieve a good linear correlation (Zar, 1984).
Hepatic retinyl palmitate levels had 0.5 added
to them before the log transformation to correct
for the error associated with including the nat-
ural log of zero (Zar, 1984). To determine if
liver size had an effect on vitamin A concen-
trations, a multiple regression, in which liver
weight was regressed on body weight and the
sum of head-beak plus keel lengths, was per-
formed (Zar, 1984). The residual values from
this regression were compared to the vitamin A
concentrations.

RESULTS

Vitamin A in the feed used in each ex-

periment decreased in concentration from

the beginning to the end of each experi-

mental period (Table 1). There was no de-

tectable beta carotene in the experimental

diets but the pre-experimental hay used in

Experiments 2 and 3 had 16.3 mg/kg.

In Experiment 2, six deficient diet birds,

one prestudy bird, and four control birds

died. The prestudy bird was a male that

had been attacked repeatedly by other

birds. It had bruising, feather loss, and poor

body condition. One deficient diet male

mallard, found dead on day 33 presum-

ably drowned after being caught in the

floating water heater. From 22 to 30 De-

cember 1992 (day 49 to 57), four deficient

diet and four control birds died. Several

birds had linear hyperkeratosis of the distal

esophagus associated with a superficial in-

fection by Candida sp. and no other spe-

cific findings. Staphylococcus aureus was

isolated from two birds but the cause of

death in all birds appeared to be exposure,

as frostbite was the most common lesion

observed and only commensal organisms

were isolated. Not all birds were able to

remain in the warmer water during the

extremely cold weather (-30 to -38 C

plus windchill); subsequently all birds were

moved indoors until temperatures re-

turned to -10 to -25 C. One deficient

diet bird and two control birds were eu-

thanized by carbon dioxide asphyxiation

on 11 January 1993 (Day 69) because of

frostbitten extremities suffered during the

cold weather. Unexpected mortality also

occurred in Experiment 3 during the cold

weather when two deficient diet group
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TABLE 2. Hepatic retinyl palmitate (�g/g liver) and retinol (�ig/g liver) levels in mallard ducks sampled in
Experiment 1, September 1991 to December 1991 (n = 6 ducks/group).

Day Group

Hepatic retinyl palmitate Hepatic retinol

Median Range P Median Range P

0 Prestudy 567 366-1,267 3.75 3.42-5. 13

21 Deficient diet

Control

637

739

384-759

282-976
0.20

3.19

5.56

1.07-6.76

1.92-14.10
0.14

42 Deficient diet

Control

591

925

216-937

629-1,034
#{216}#{216}55b

4.37

3.98

1.41-6.07

1.94-6.95
0.80

63 Deficient diet

Control

494

545

16-911

310-1,051
0.52

4.08

4.43

0.00-5.61

2.23-12.84
0.33

84 Deficient diet

Control

437

914

207-725

636-1,120
0.0065’

2.75

7.85

1.11-7.75

4.89-18.62
0.034’

#{149}Probability of deficient and control groups on that day being from the same population using the median test.

Borderline significance, parametric analysis of variance P = 0.025.

‘Significant differences between the control and deficient diet groups on this day.

birds died. One additional bird from the

deficient diet group in Experiment 2 died

on day 25 from an undetermined cause.

There was no significant difference in

HRPT levels among birds on similar diets

found dead and those killed because of

frostbite and randomly sampled birds in

either experiment (P = 0.56); however, the

birds found dead had significantly lower

observed body score (P = 0.0003), and

standardized body score (P = 0.0004). The

birds that died unexpectedly and those that

were euthanized were included in the

analysis of the data set as a December and

January sample when evaluating HRPT

and HROL, but not body weight, observed

body score, standardized body score or or-

gan weights. Because blood was not ob-

tained from birds that died unexpectedly,

only euthanized birds were included in the

December and January evaluation of

SROL.
When evaluating possible differences

between sexes, control and deficient diet

groups were analyzed separately. Con-

trolling for diet group, there was no dif-

ference detected between males and fe-

males in Experiment 2 in standardized

body score (deficient diet, P = 0.39; con-

trol, P = 0.21), observed body score (de-

ficient diet, P = 0.44; control, P = 0.53),

HRPT (deficient diet, P = 0.26; control, P

= 0.43) or SROL (deficient diet, P = 0.29;

control, P = 0.075). Even though the sam-

ple size was small, we do not believe that

these probabilities warrant stratification of

males and females and have chosen to

evaluate them as one population.

The levels of HRPT in ducks in Exper-

iment 1 ranged from 16 to 1,267 sg/g liver

(Table 2) while levels of HRPT in ducks

in Experiment 2 ranged from non-detect-

able to 134.5 �g HRPT/g (Table 3). Birds

in Experiment 3 had HRPT that ranged

from 32 to 1,222 �sg/g. The sample sizes

in Experiment 3 were too small to compare

statistically but the levels of HRPT were

comparable to those of birds in Experi-

ment 1 (results not shown).

Hepatic retinyl palmitate and HROL

levels of the deficient diet group on day

84 in Experiment 1 were significantly low-

er than those of the control group (HRPT,

P = 0.0065; HROL, P = 0.025), while lev-

els of HRPT and HROL of the deficient

diet group for each sample day in Exper-

iment 2 were significantly lower than those

of the corresponding control group (HRPT,

P ranges from <0.0001 to 0.021; HROL,

P < 0.0001 to 0.014). The SROL levels in

Experiment 1 did not vary between groups

(Table 4) (smallest P = 0.15) but in Ex-

periment 2 the SROL levels in the defi-

cient diet group were significantly lower
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#{149}Data not available.

TABLE 3. Hepatic retinyl palmitate (�g/g liver) and retinol (�ig/g liver) in mallard ducks in Experiment 2,

November 1992 to April 1993.

Day Diet

Birds

sampled

Hep atic retinyl palmitate Hepatic retinol

Median Range P Median Range P

Ob Prestudy 10 (4)’ 11.5 0.9-134.5 0.3 0.1-1.0

50 to 69” Deficient diet

Control
7 (1)

6 (3)

0

12.7

0-1.7

7.4-18.2
0.0037’

0

0.7

0-0.1

0.5-0.8
0.0050’

91 Deficient diet

Control

4 (3)

5(2)

0

21.3

0-0.8

5.9-28.8
0.013’

0.8

1.0

0-0.1

0.4-1.4
0.013’

119 Deficient diet

Control

5 (2)

5(2)

0

10.35

0-0

6.6-25.5
0.0053’

0

0.4

0-0

0.2-1.1
0.0069’

153 Deficient diet

Control

4 (1)

4 (0)

0.73

12.4

0.6-2.4

6.5-29.8
0.021’

0

0.7

0-0

0.4-1.3
0.014’

#{149}Probability of deficient and control diet groups in that month being from the same population using the median test.

One bird found dead one day prior to study day zero has been included.

‘Total birds evaluated (number of males).

For d 50 to 69 sample, nine birds died and two were euthanized because of frozen feet.

‘Total birds evaluated (number of males).

than the control group on all sample days

except the December and January sample

(n = 3) (P = 0.21, December and January;

remaining days P � 0.021) (Table 5).

Levels of HRPT had good to moderate

correlation with levels of HROL (Experi-

ment 1, r = 0.65; Experiments 2 and 3, r

= 0.81). Serum retinol levels were main-

tained until HRPT levels were very low

(Fig. 2). The relationship of SROL levels

to HRPT was curvilinear. The correlation

coefficient of the natural log of SROL and

the natural log of (HRPT + 0.5) was 0.80.

Squamous metaplasia was not detected

in any control birds or in the deficient diet

ducks from Experiment 1 or Experiment

3. In Experiment 2, of the deficient diet

group, five of seven mallards had squa-

mous metaplasia in the esophagus after 2

mo, three of five after 3 mo, four of five

after 4 mo and 3 of 4 after 5 mo. Lesions

ranged from mildly affected glands with

metaplasia, to glands that were dilated with

keratin, bacteria, and cellular debris. Mal-

lards fed the deficient diet in Experiment

2 developed lesions primarily in the cra-

nial esophagus, with a lower occurrence

caudally and even lower centrally (Fig. 3).

TABLE 4. Mean and standard deviation for body measurements and serum retinol of ducks fed either a
deficient or control diet in Experiment 1, January to April 1992 (n = 6 for each sample).

Day Group
Body weight

(g)
Liver weight

(g)

Head-beak
length
(mm)

Keel
length

(mm)

Serum retinol

(�sg/l)

0 Prestudv 1,033 ± 79 25.6 ± 4.1 NA’ 107 ± 6 874 ± 213

21 Deficient diet 1,257 ± 72 27.5 ± 2.8 116 ± 4 111 ± 4 1,000 ± 194

Control 1,219 ± 128 24.7 ± 3.6 113 ± 3 109 ± 2 982 ± 186

42 Deficient diet 1,176 ± 150 17.0 ± 2.9 113 ± 4 107 ± 5 828 ± 126

Control 1,160 ± 113 16.8 ± 2.0 112 ± 2 107 ± 4 848 ± 219

63 Deficient diet 1,193 ± 150 16.4 ± 2.8 113 ± 4 104 ± 3 789 ± 247

Control 1,200 ± 94 14.3 ± 1.7 113 ± 5 108 ± 7 967 ± 173

84 Deficient diet 1,149 ± 104 15.7 ± 1.4 112 ± 2 107 ± 3 857 ± 71

Control 1,308 ± 83 16.7 ± 0.2 113 ± 3 108 ± 4 911 ± 70
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FIGURE 3. Distribution and intensity of meta-
plastic esophageal lesions observed in deficient mal-
lards in Experiment 1.
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#{149}Based on a sample of one bird.
Based on a sample of two birds.
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FIGURE 2. Relationship between serum retinol and

hepatic retinyl palmitate levels in mallard ducks from

all three experiments (n = 97).

Squamous metaplasia of the palatine sal-

ivary glands was rare and only occurred

in birds that had lesions in all three sections

of the esophagus. No lesions were detected

in the trachea or ureter of any bird. Meta-
plastic changes of esophageal mucosal

glands were more common than keratotic

changes and keratotic changes were seen

only in birds that had squamous metapla-

sia in the same section. Lesions were de-

tected grossly only in those birds with a

high degree of keratosis. The level of HRPT
was less than 2 �g/g in all but one bird

with esophageal lesions, but four (29%) of

14 ducks with no detectable HRPT levels

had no lesions (Table 6). There was no

correlation between SROL level and his-

tological lesions.

Correlations were performed to deter-

mine if there was a relationship of non-

invasive measurements to vitamin A levels.

There was poor to moderate linear cor-

relation between HRPT and body weight

(Experiment 1, r = 0.28; Experiment 2, r

= 0.53), standardized body score (Exper-

iment 1, r = 0.15; Experiment 2, r = 0.31),

liver weight (Experiment 1, r = 0.007; Ex-

periment 2, r = -0.26), kidney weight

(Experiment 1, r = 0.11; Experiment 2, r

= -0.19) or observed body score (Exper-

iment 2, r = 0.07 1). There was no apparent

relationship between liver vitamin A con-

centration and standardized body score

(results not shown).

TABLE 5. Mean and standard deviation of body measurements in mallard ducks in Experiment 2, November

1992 to April 1993.

Day Diet

Birds

sam-

pled
Body weight

(g)

Liver weight

(g)

Head-beak

length

(mm)

Keel

length

(mm)

Serum

retinol

(�sg/l)

0 Prestudy

Deficient diet

10

7

1,119 ± 191

885 ± 150

18.0 ± 3.4

25.1 ± 6.2

112 ± 4

109 ± 4

104 ± 5

95 ± 6

391 ± 218

35’

50 to 69 Control

Deficient diet

6

4

887 ± 154

1,037 ± 63

27.7 ± 10.0

18.2 ± 3.3

112 ± 4

111 ± 7

99 ± 11

103 ± 7

389 ± 62”

208 ± 69

91 Control

Deficient diet

5

5

1,060 ± 84

960 ± 121

18.8 ± 3.4

17.8 ± 5.2

112 ± 5

112 ± 5

103 ± 6

99 ± 9

849 ± 132

127 ± 32

119

153

Control

Deficient diet

Control

5

4

4

1,074 ± 70

1,040 ± 93

1,016 ± 18

20.6 ± 2.2

22.5 ± 3.8

16.1 ± 0.7

113 ± 4

111 ± 5

110 ± 1

106 ± 3

101 ± 3

101 ± 2

811 ± 138

161 ± 14

967 ± 50
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There was significantly (P = 0.015) low-

er body weight in the deficient diet group

as compared with the control on day 84

of Experiment 1 (Table 4). There was a

significant weight gain in ducks in Exper-

iment 1 (P = 0.008 1) but there was no

difference between the two diet groups.

There was no significant difference in body
weight of birds in Experiment 2 when the

December and January sample was re-

moved (Table 5). Body condition scores

and standardized body scores followed the

same pattern. In Experiment 2, there was

a significant difference between diet groups

in kidney weight (results not shown) in

March (P = 0.013) and liver weight in

April (P = 0.016) (Table 5). The liver and

kidney weights of birds in Experiment 1

were significantly (P = 0.04) greater on

days 0 and 21 than on days 42, 63 and 84.

This change in mean organ weights did

not parallel the changes seen in body
weight. In Experiment 2, the mean liver

weight of the December and January sam-

ple was significantly higher than that of

all the other sampling days (P = 0.04). This

higher liver weight corresponded with a

decrease in body weight for the same De-

cember and January sample (Table 5).

DISCUSSION

Mortality among the deficient diet group

in Experiment 3 was greater than in the

control group. Because of lack of signifi-

cance found in Experiment 2 and the small

sample size in Experiment 3, the higher

mortality seen in the deficient diet group

in Experiment 2 was not believed to be an

effect of diet.

Commercially available domestic duck
rations typically are formulated with 8,800

IU vitamin A/kg feed. The control diet

was formulated with 4,000 IU vitamin

A/kg of feed based on National Research

Council recommendations (Scott and Dean,

1991). The levels of vitamin A in the con-

trol diets decreased by half over the course

of these experiments. The difference in

vitamin A content in diets appeared to have

contributed to the difference in HROL,

TABLE 6. Two by two table comparing the fre-
quency of occurrence of histological lesions to levels
of hepatic retinyl palmitate (HRPT) greater than or
less than 2 �g HRPT/g of liver. Data from all three
experiments included.

<2�ig

HRPT/g

liver

a2�g

HRPT/g

liver Total

Histological lesion present 15 1 16

No lesion present 5 95 100

Total 20 96 116

HRPT, and SROL levels found between

diet groups. The mean vitamin A content

of the liver of control birds from all three

experiments did not decrease significantly

throughout the course of the study; thus,

the vitamin A content of the control diet

(1,780 to 4,040 lU/kg) probably was suf-

ficient for maintaining vitamin A stores.

The failure of levels of HRPT to signifi-

cantly increase even in birds with low lev-

els, such as those in Experiment 2, is evi-

dence that the control diet had no excess

of vitamin A for repletion of storage levels.

Although ducks on deficient diets in Ex-

periment 2 and on day 84 of Experiment

1 were significantly different from controls

in HRPT, HROL and SROL, there was no

evidence of a steady decline in these vi-

tamin A levels. We believe that the ab-

sence of a temporal trend could be due to

a combination of great variation in vitamin

A stores among individuals in our study,

and small sample sizes that may mask small

changes at low concentrations.

None of the birds in Experiments 1 or

3 developed lesions associated with vita-

min A deficiency, and HRPT levels re-

mained above levels considered deficient

in these birds. These groups of mallards

were fed a diet high in vitamin A prior to

the study; thus the storage level of vitamin

A present in the liver prior to winter may

be very important in determining the abil-

ity of an individual to maintain HRPT

levels over winter on a diet deficient in

vitamin A. Based on Experiments 1 and 3,

hepatic stores of approximately 600 �g
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HRPT/g or greater in autumn may be suf-

ficient for overwintering mallards feeding

on all grain diets for 5 mo. Because birds

in Experiment 3 had levels of HRPT and

HROL similar to the birds in Experiment

1, changes in housing environment prob-

ably were not the major factor causing birds
in Experiment 2 to become deficient. This

was further supported by the fact that Ex-

periment 2 birds (day 0) had low levels of

HRPT prior to being fed the trial diet,

while levels at the start of Experiments 1

and 3 were higher. One bird on day 0 of

Experiment 2, had an HRPT level of 0.9

�g/g liver. This bird was not abnormal in

any of the other measurements and was

considered to be part of the population.

Thus we inferred that the prestudy diet in

Experiment 2 could be deficient in vitamin

A, possibly due to failure to feed on hay

that contained beta carotene. The ducks

were fed the prestudy diet from 15 Sep-

tember to 3 November 1992 (46 days) and

before that had access to a more natural

diet. It was difficult to determine the time

required for mallards to become deficient

when feeding solely on grain, as this will

depend on the vitamin A stores of indi-

vidual ducks which in turn will depend on

food preferences and availability.

Jungherr (1943) reported lesions of

squamous metaplasia of the esophagus in

chicks fed suboptimal levels of vitamin A

for 4 to 6 wk. He measured total vitamin

A liver levels and compared these to the

occurrence of lesions. The results were

similar to ours in that some chicks with

low levels of hepatic vitamin A did not

have lesions, while some individuals with

higher levels of hepatic vitamin A had le-

sions. He also found that lesions of the nasal

cavity became apparent in chickens with

vitamin A levels of 30 to 50 IU/g liver.

We did not detect lesions in the nasal cav-

ity of any of the ducks. Chickens with se-

vere morphologic lesions had less than 15

IU vitamin A/g liver (Jungherr, 1943). Le-

sions occurred in our experimental ducks

with hepatic vitamin A concentrations of

less than 1.3 �ig vitamin A/g liver (0.44 IU

vitamin A/g liver). Friedman et al. (1991)

found that chicks “depleted” of vitamin

A, yet having had no lesions associated with

vitamin A deficiency, had 7 �tg vitamin

A/g (2.3 IU/g) liver; chicks that were “suf-

ficient” had 48 �ig vitamin A/g (16 IU/g)

liver, and chicks with “excess” vitamin A

had 750 �g vitamin A/g (250 IU/g) liver.
We defined a deficient state in mallards

as a bird with <2 �g HRPT/g liver because

this was the level at which a significant

proportion of birds had squamous meta-

plasia in the esophagus. Determining the

level of vitamin A that represents a defi-

cient state in a species is difficult, as subtle

pathophysiological changes may not be ob-

vious to the investigator. Consequently, the

level we considered deficient may have

been too low. We did not attempt to de-

termine the level of vitamin A required in

mallards to prevent pathophysiological

changes to the immune or reproductive

systems. Sijtsma et al. (1990) used the point

at which serum vitamin A has fallen to

half the normal levels to define deficiency.

It would be ideal to define deficiency as a

level of liver vitamin A at which serum

levels can no longer be maintained. Nei-

ther of these points can be determined from

our data, because of small sample size and

individual variation; however, in our ex-

periments, SROL levels did not decline

until there was a very low level of HRPT.

Serum retinol below 300 �g/l was pre-

dictive of less than 2 �g HRPT/g liver in

mallards. With data from all three exper-

iments, SROL <300 �g/l had a positive

predictive value of 81%, negative predic-

tive value of 99%, accuracy of 96%, sen-

sitivity of 92% and a specificity of 96%

(Smith, 1991). Thus, serum retinol was a

good screening and diagnostic test for vi-

tamin A deficiency at a level of 2 �g

HRPT/g liver but, as previously discussed,

this definition of vitamin A deficiency may

be too conservative.

We recognize the problem in compar-

ing the occurrence of histological lesions

to levels of HRPT < or �2 �g/g liver

because this definition of deficiency (<2
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�g/g) was determined by comparing the

occurrence of histological lesions to it (Ta-

ble 6). Admitting this weakness, the high

degree of specificity (99%) of the histolog-
ical evaluation of the esophagus makes it

a good diagnostic test; however, based on

its moderate degree of sensitivity (75%)

(Smith, 1991), we believe that histopa-

thology was a poor screening test at these

conservative levels (<2 �g HRPT/g liver)

of deficiency. The progression of lesions in

the esophagus is evidence that the most

sensitive section to evaluate would be the

very cranial portion of the esophagus. Since

squamous metaplasia was not always vis-

ible grossly, histological evaluation was re-

quired. Lesions of keratinization were

found only in ducks with no measurable

hepatic vitamin A.

The change in liver weight that oc-

curred in Experiment 1, without an effect

seen between diets nor a similar direction

of change in body weights, may have al-

tered the levels of vitamin A concentration

per gram of liver. If liver weight decreased

while vitamin A content remained con-

stant, the net effect would have been an

increase in vitamin A concentration. In Ex-

periment 2, the liver weight of the ducks

from the December and January sample

comprised a greater proportion of the stan-

dardized body score of the ducks. These

birds were the individuals with large livers

compared to their Standardized Body Score

and low vitamin A concentration. This

change in liver weight probably was due

to fat mobilization during the stress of the

cold period. A large liver due to fat infil-

tration would tend to reduce vitamin A

levels/g of liver. We could not determine

whether the low concentration of vitamin

A was due to a change in liver size or to

decreased vitamin A intake, but doubling

of liver weight would only halve the vi-

tamin A concentration, therefore, liver

weight should not be a major confounder

and we believe that conclusions based on

hepatic vitamin A concentration still are

valid.

None of the non-invasive measures

(weight or condition indices) correlated

well with the vitamin A status of captive

mallards. Based on the results from these

trials with captive mallards, ducks in good

bodily condition will not necessarily have

sufficient vitamin A stores.
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