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Increased sodium chloride (NaC1) intake resulted 
in sexually disparate changes in body mass and plas- 
ma osmolality (Osmp•; Hughes et al. 1992) and plasma 
concentrations of the osmoregulatory hormones ar- 
ginine vasotocin ([AVT]p 0 and angiotensin II ([AII]p•; 
Zenteno-Savin 1991) in Pekin ducks (Anas platyrhyn- 
chos). During gradual increase in drinking water NaC1 
concentration ([NaC1]), both sexes maintained body 
mass and changed Osmp•, [AVT]p•, and [AII]p• simi- 
larly until they drank 300 mM NaC1; at higher [NaC1], 
males became more dehydrated and their Osm•, 
[AVT]p•, and [AII]• increased significantly more than 
in females. Kidney mass tended to be smaller in male 
ducks than in female ducks (Hughes et al. 1989, 1992). 

In this study, we reexamined body mass, hematocrit 
(Hct), plasma ion concentrations, and Osmp• of male 
and female Pekin ducks rapidly acclimated (over three 
weeks) to 225 mM NaC1 and following longer ex- 
posure to this [NaC1] (four and seven months). Fi- 
nally, the ducks were euthanized and dissected to 
obtain organ masses. We found female ducks had larg- 
er kidneys, so we counted glomeruli (nephrons) in 
kidneys of both sexes to determine if the kidneys of 
females actually contained more nephrons. We also 
measured glomerular diameters to determine if glo- 
merular sizes were equally represented in both sexes. 

Methods and materials.--Twelve Pekin ducks (6 male, 
6 female) were reared for six months in adjacent en- 
closures on ad libitum tap water and duck pellets 

(Buckerfield's, Abbottsford, British Columbia; sodi- 
um, [Na-•], potassium, [K-•], and chloride, [C1-], con- 
centrations, 83, 153.5, and 99 mM.Kg -•, respectively). 
They were then acclimated in three equal weekly 
increments to 225 mM NaC1. Drinking this solution 
at the minimum rate measured for Pekin ducks 

(Hughes et al. 1991) should replace at least one-half 
of the Na* in the extracellular fluid each day. This 
Na -• intake should have been sufficient to increase 

the secretory potential of the salt glands allowing 
Osmp• to be maintained (Hughes et aL 1992). At the 
end of each week, birds were weighed and 5.0 mL 
blood samples were taken. The birds were held on 
225 mM NaC1 for seven months and blood samples 
were taken at the end of the fourth and seventh 

months. Triplicate Strumia microhematocrit tubes 
were immediately filled from each blood sample and 
centrifuged simultaneously with the remaining blood 
for 3 min at 15,600 x g. After the last blood sampling, 
four female and three male ducks were intravenously 
infused with Alcian blue for 30 min to stain the glo- 
meruli (Bankir and Hollenberg 1983) and then eu- 
thanized with a lethal dose of sodium pentobarbitol. 
The heart, liver, kidneys, and salt, adrenal, and Har- 
derjan glands were removed and weighed with a 
Mettier top-loading balance with an accuracy of 1 mg. 
Experiments conformed to guidelines of the Cana- 
dian Council on Animal Care. 

All analyses were done at least in duplicate. De- 
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TABLE 1. Body mass, hematocrit (Hct), plasma osmolality, and plasma ion concentrations of freshwater (FW) 
male and female Pekin ducks after rapid acclimation (SW) and prolonged exposure (SW4, four months; 
SW7, seven months) to 225 mM NaC1. Given as • + SE. 

Body Ion concentration (mM) 
mass Hct Osmolality 

Group (g) (percent) Na K C1 (mOsm.kg-') 

Male (n = 6) 

FW 3,217 + 104 43.5 + 0.6 148.2 + 0.7 3.1 + 0.1 108.4 + 1.9 289.5 + 1.6 
SW 3,058 + 96* 44.9 + 0.4* 148.3 + 1.4 3.3 + 0.2 109.1 + 1.2 290.3 + 2.2 
SW4 3,058 + 11 41.5 + 0.6* 152.6 + 3.1 2.7 + 0.1 104.6 + 4.4 295.3 + 5.8 
SW7 3,134 + 17 -- 148.4 + 1.0 2.0 + 0.1' -- -- 

Female (n = 6) 

FW 2,941 + 185 48.4 + 0.1B 147.4 + 0.6 3.3 + 0.1 107.1 + 1.7 283.3 + 1.1B 
SW 3,075 + 203 43.9 + 1.1' 143.8 + 1.2 *^ 3.0 + 0.2 106.4 + 1.9 284.9 + 1.6 
SW4 2,712 + 112 39.5 + 0.7* 147.4 + 3.5 2.6 + 0.1 107.0 + 3.3 291.1 + 6.6 
SW7 2,555 + 98 ̂  -- 148.6 + 1.9 2.7 + 0.7 -- -- 

* P < 0.05. Significant difference between designated value and immediately preceding value (Bonferroni-adjusted t-test). 
•, P < 0.05. B, p < 0.05. Comparison of males and females on same drinking water (t-test). 

terminations were made of: plasma sodium, [Na+]p•, 
and potassium, [K+]p• concentrations with an Instru- 
mentation Laboratory Model 943 flame photometer 
(Instrumentation Laboratory S.p.A. Milan, Italy); 
Osmp• with a Wescor Model 5500 osmometer (Wescor, 
Inc., Logan, Utah); and plasma chloride ([C1-]p•) with 
a Buchler digital chloridometer (Searle Buchler In- 
struments, Fort Lee, New Jersey). Glomeruli were pre- 
pared by the method of Niznik et al. (1985). The acid- 
digested kidneys were fragmented in distilled water 
in 2-L flasks. We counted 1-ml aliquots using Cue-2 
Planomorphometry image-analysis software (Olym- 
pus Corporation, New York). 

Data are given as means + SE and analyzed statis- 
tically using SYSTAT (Wilkinson 1990). Data for the 
sexes were compared with independent sample t-tests 
(with pooled variances). Sequential samples were 
compared using repeated paired t-tests with Bonfer- 

roni-adjusted probabilities. An arcsin transformation 
was applied to organ mass, as percent body mass, 
before t-tests were applied. 

Results.--When tap water was drunk, females had 
higher Hct (P < 0.01) and lower Osmp• (P < 0.01) 
than males (Table 1). When drinking water [NaCI] 
was increased to 225 mM over three weeks, males lost 
mass (P < 0.05) and increased Hct (P < 0.05), but 
females maintained mass and decreased Hct (P < 0.05) 

and [Na+]• (P < 0.05). 
By the end of the fourth month on 225 mM NaCI, 

male Hct had returned (increased) to the FW value, 
but had decreased further (P < 0.05) in females. Other 
blood parameters did not change significantly (Table 
1). By the end of the seventh month, [K+]p• was de- 
creased only in males. The Hct, [C1-]p•, and Osmp• 
were not measured. Although females did not lose 
mass when initially exposed to saline (as males did), 

TABLE 2. Body mass and mass of osmoregulatory organs in male and female Pekin ducks that had drunk 225 
mM NaCI for seven months. Given as • + SE. 

Male Female 

Percent Percent 

Mass (g) body mass Mass (g) body mass pa 

Body 3,134 + 174 -- 2,555 + 98 -- 0.016 
Heart 25.5 + 0.8 0.82 + 0.04 23.9 + 3.3 0.97 + 0.18 0.464 
Liver 78.0 + 8.0 2.58 + 0.41 116.6 + 8.4 4.58 + 0.32 0.003 

Kidneys 22.0 + 0.8 0.71 + 0.05 27.4 + 1.7 1.07 + 0.05 0.001 
Glands 

Salt 1.06 + 0.11 0.035 + 0.005 0.86 + 0.04 0.034 + 0.003 0.921 
Harderian 1.59 + 0.15 0.051 + 0.003 1.27 + 0.09 0.050 + 0.004 0.924 
Adrenal 0.27 + 0.15 0.006 + 0.004 0.28 + 0.10 0.010 + 0.096 0.575 

Comparison of body mass or organ mass (as percent of body mass) in males and females. Six birds of each sex (t-test). 
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Fig. 1. (A) Number of glomeruli per gram body 
mass (difference between sexes; P < 0.02); (B) mean 
glomerular diameter in male and female Pekin ducks 
(difference suggestive but not significant; P < 0.08). 
Given as œ _ SE. 

they gradually lost body mass with the result that 
their mass was significantly (P < 0.05) less than that 
of males at the end of the seventh month (Table 1). 

At euthanasia, both sexes had the same relative 

masses of the heart, salt glands, adrenal glands, and 
Harderian glands. Absolute (P < 0.01) and relative (P 
< 0.01) liver mass and absolute (P < 0.02) and relative 
(P < 0.001) kidney mass were larger in females than 
in males (Table 2). Left kidneys (male, 10.9 + 0.4 g; 
female, 14.0 + 1.1 g) and right kidneys (male, 11.1 + 

0.4 g; female, 13.4 + 0.8 g) had the same mass and 
number of glomeruli. It is suggestive, although not 
statistically significant (P < 0.09), that the total num- 
ber of glomeruli in kidneys of females (26.99 + 2.19 
x 10s; n = 4) was greater than in males (20.68 + 1.84 
x 105; n = 3); the number of glomeruli per gram body 
mass was significantly greater (P < 0.02) in females 
than in males (Fig. 1A). While not statistically sig- 
nificant (P < 0.08), there was a suggestion that glo- 
merular diameter (Fig. lB) was greater in females (56.3 
+ 0.6 •m) than in males (53.0 + 1.6 •m). 

Discussion.--A sexual disparity in the responses of 
male and female ducks to saline drinking water 
(Hughes et al. 1989, 1992) was confirmed by the dif- 
ferent changes in Hct and plasma concentration in 
the two sexes as drinking water [NaC1] increased (Ta- 
ble 1). When the [NaC1] of the drinking water was 
rapidly increased to 225 mM NaC1, males decreased 
body mass and increased Hct, but females maintained 
body mass and decreased Hct (and [Na+]p•). This sug- 
gests males became dehydrated, but that females ac- 
tually retained water. In a similar study, Hughes et 
al. (1992) found females decreased [Na+]p•, but nei- 
ther sex altered body mass or Hct. We found that 
prolonged exposure to saline was associated with de- 
creased Hct in both sexes, but body mass decreased 
only in females, verifying the sexually disparate re- 
sponse to increased saline intake recorded by Hughes 
et al. (1992). Some of the changes recorded in these 
two studies were different and may reflect seasonal 
constraints on the osmoregulatory physiology of these 
birds. This saline acclimation occurred during the 
winter, whereas Hughes et al. (1992) acclimated ducks 
during the summer. 

Renal mass of Pekin ducks differs between the sex- 

es. When ducks drank tap water, females had heavier 
kidneys (P < 0.05; M. R. Hughes, E. A. Ayre, and K. 
M. Cheng unpubl. data); however, when they drank 
saline for a short time (Hughes et al. 1989, Hughes 
et al. 1992), the sexual disparity in kidney mass was 
not statistically significant (P < 0.1 and < 0.3, re- 
spectively). The ducks we studied drank saline for a 
protracted period (Table 1). The sexual difference in 
absolute renal mass was significant (P < 0.02); the 
relative renal mass of females was significantly great- 
er (P < 0.001; Table 2). Not only were the kidneys of 
female ducks heavier than those of males, but they 
contained more nephrons (Fig. 1A), which had larger 
glomeruli (Fig. lB). Female Pekin ducks that drank 
tap water had a higher glomerular filtration rate (GFR, 
ml[min. Kg] -a) than males, presumably reflecting the 
greater renal mass of females, since the GFR per gram 
kidney was the same in the two sexes (Hughes et al. 
1989). When the ducks were given saline, females 
decreased GFR, but males did not (Hughes et al. 1989). 
Drinking-water salinity also did not affect GFR of 
male Pekin ducks in the studies of Holmes et al. (1968). 
Salt-gland secretion of male Pekin ducks may be more 
concentrated than that of females (Hughes et al. 1992). 
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Pekin ducks are the birds most often used for stud- 

ies of renal (Holmes et al 1968, Gerstberger and Gray 
1993) and extrarenal (Peaker and Linzell 1975) salt 
and water excretion in birds with salt glands. Since 
several studies (Hughes et al. 1989, 1992, this study) 
suggest that sex may influence osmoregulation in Pe- 
kin ducks, especially under conditions of saline stress, 
it would seem necessary to include sex as a variable 
when evaluating osmoregulatory responses. 
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Equal parental investment in the two sexes is a 
necessary consequence of natural selection (Fisher 
1930). Studies of sex ratios at birth (or, in birds, at 
fledging) have focused particularly on sexually di- 
morphic species to test the prediction that there should 
be a bias towards the smaller, "cheaper" sex (Trivets 
1972; also, see reviews in Clutton-Brock and Albon 

1982, Clutton-Brock 1986, Breitwisch 1989). The pre- 
diction has been upheld in mammals, but not in birds 
(Clutton-Brock 1986, Breitwisch 1989, Richnet 1991) 
and not even in species that are strongly dimorphic 
in size, such as raptors (Newton 1979, Edwards et al. 

1988, Negro and Hiraldo 1992). In bird species that 
are not dimorphic in size, offspring sex ratios are 
poorly documented, probably because chicks are dif- 
ficult to sex in the field. Methods of sexing chicks at 
or before fledging, therefore, are of considerable in- 
terest. In this paper, we describe the calls given by 
chicks in Cory's Shearwater (Calonectris diomedea). Us- 
ing sexual dimorphism in voice, we derive a discrim- 
inant function based on morphometric measurements 
that allows the sex of fledglings to be determined. 
The sex ratio at fledging departed significantly from 
parity (male biased). 


