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A13STRACT.--We performed experiments on pure, wild-strain Mallards (Anas platyrynchos), 
American Black Ducks (A. rubripes), and first filial (F1) Mallard-Black Duck hybrids to in- 
vestigate whether duckling survival and growth varied with salinity, and whether hybrids 
acquired salt tolerance. Ducklings were assigned to treatments in a 4 x 3 factorial experiment 
that involved a salinity gradient (0, 0.5, 1.0, 1.5% NaCI) and duckling age (7, 14, 21 days). An 
additional experiment subjected ducklings to 3% NaC1 at 48 h post-hatch. Black Duck ducklings 
had higher survival and growth rates than did Mallards with salt concentration increasing 
up to !.5%. Hybrids were more similar to Black Ducks than to Mallards in that regard. Salinities 
>2% were uniformly fatal to all 48-h-old ducklings. Salt glands obtained from fully grown 
individuals from each treatment were heaviest in Black Ducks and hybrids, and glands 
increased in size with increasing age and salinity. Salt glands hypertrophied to a maximum 
size at 1% NaCI, which indicates that even Black Duck ducklings possessed salt glands capable 
of osmoregulation only at low levels of salinity. Interspecific differences with respect to salt 
tolerance are probably insufficient to serve as a postmating reproductive isolating mechanism 
between these species in estuarine habitats. Received 24 January 1990, accepted 18 July 1990. 

GEOGRAPHIC isolation may once have been the 
most important pre-mating reproductive iso- 
lating mechanism between breeding popula- 
tions of American Black Ducks (Anas rubripes; 
hereafter Black Ducks) and of Mallards (A. plat- 
yrhynchos). Historically, land clearing in eastern 
North America altered habitat and may have 
contributed to the eastward range expansion by 
Mallards into areas formerly occupied primar- 
ily by Black Ducks (Heusmann 1974, Dennis et 
al. 1984, Conroy et al. 1989). Concomitantly, 
Black Ducks declined (Collins 1974, Rogers and 
Patterson 1984). Because the decline in Ontario 
(where Mallards have increased) has been par- 
ticularly marked (Collins 1974, Johnsgard and 
DiSilvestro 1976, Dennis et al. 1984), introgres- 
sive hybridization, competitive exclusion, or 
both, have been proposed to be major, proxi- 
mate agents of the decline of Black Ducks 
(Johnsgard 1967, Brodsky and Weatherhead 
1984, Ankney et al. 1987). 

The continued eastward expansion of the 
Mallard may eventually cause the loss of the 
Black Duck phenotype through introgressive 
hybridization (Ankney et al. 1987) in much the 
same way that indigenous species of ducks have 
lost specific integrity through hybridization 
with introduced populations of the Mallard 
elsewhere (Braithwaite and Miller 1975, Had- 
don 1984, Gillespie 1985). 
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On the other hand, a stable coexistence be- 

tween the two species might develop where 
new reproductive isolating mechanisms can be 
established. Black Ducks principally occupy 
brackish, coastal marshes and may have sec- 
ondarily expanded their breeding range to in- 
clude wooded freshwater ponds (Heusmann 
1974). Black Ducks may continue to decline in 
freshwater habitats where they are sympatric 
with Mallards. Ultimately, Black Ducks might 
reside only in some form of habitat refuge in 
coastal wetlands isolated from gene introgres- 
sion with Mallards. 

Little information exists about the suitability 
of brackish habitats for duckling growth and 
survival and, specifically, about the ability of 
ducklings to regulate the salt concentration of 
body fluids (Serie and Swanson 1976, Swanson 
et al. 1984). Many aquatic birds and reptiles 
possess nasal salt glands, which constitute an 
extrarenal excretory pathway for the elimina- 
tion of excess electrolytes accrued in a saline 
environment (Schmidt-Nielsen 1960, Bradley 
and Holmes 1972, Holmes and Phillips 1985, 
Grigg 1981). These supraorbital glands also exist 
in nonmarine waterfowl (Scothorne 1959a, b) 
and secrete fluids containing NaC1 at concen- 
trations equal to or greater than that of seawater 
(Schmidt-Nielsen and Fange 1958, Schmidt- 
Nielsen 1960). Size and, therefore, functional 
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capacity of the salt gland depends on both ge- 
netic and environmental determinants (Holmes 
et al. 1961, Cooch 1964, Cornelius 1982). 

Mallard ducklings were intolerant of salt (El- 
lis et al. 1963, Schmidt-Nielsen and Kim 1964, 

Cooch 1964, Anonymous 1983, Swanson et al. 
1984) at concentrations as low as one third of 
that found in the coastal marshes where Black 

Ducks breed and winter. Solutions of 1-1.5% 

NaC1 (10-15 ppt) supplied as drinking water to 
captive Mallard ducklings retarded growth rates 
and caused some mortality; 2-3% NaC1 caused 
100% mortality in 2-5 days (Anonymous 1983, 
Swanson et al. 1984). If wild Mallard ducklings 
are affected in much the same way, then breed- 
ing success of Mallards in brackish environ- 
ments may be impeded. 

We conducted tests to determine whether (1) 
Black Duck ducklings possessed functional salt 
glands at hatch and (2) introgressive hybrid- 
ization might lead to the Mallard's acquisition 
of an efficient extrarenal excretory mechanism. 
If Mallard ducklings cannot acquire functional 
salt glands through hybridization with Black 
Ducks, a new postmating isolating mechanism 
might be established (through impaired repro- 
ductive success of Mallards and hybrids), and 
Mallards should not have the potential to ex- 
pand their range to include the coastal regions 
presently occupied by Black Ducks. 

METHODS 

In June 1985, 39 eggs from 7 clutches of wild Mal- 
lards were collected in central Saskatchewan, approx. 
80 km NW of Saskatoon, and 34 eggs from 6 clutches 
of wild Black Ducks were collected from Prince Ed- 

ward Island, Nova Scotia, and New Brunswick. Col- 

lecting in these regions maximized the probability 
that eggs obtained were a product of pure strain par- 
ents of each species (Johnsgard and DiSilvestro 1976). 
All ducklings were hatched and reared at an aviary 
located on the University of Guelph campus. Exper- 
iments were conducted under the auspices of the Uni- 
versity Animal Care Committee. 

Birds used for captive breeding were wing-clipped 
and were maintained on an ad libitum commercial wa- 

terfowl maintenance diet during the months of Au- 
gust through March in each of 1985/1986 and 1986/ 
1987. During these months, groups of birds were 
housed in 15 x 7 x 3 m outdoor flight pens. We used 
pure Black Ducks (7 female, 7 male), pure Mallards 
(8 female, 7 male), and Mallard male-Black Duck fe- 
male (6 female, 7 male). Natural hybridization ap- 
parently occurs most frequently between female Black 
Ducks and male Mallards (Brodsky and Weatherhead 

1984). Birds were allowed to pair naturally through 
the winter months. 

In April 1986, pairs were transported to Lake St. 
Clair National Wildlife Area (NWA). Each pair was 
placed in a 4 x 3 x 2 m pen isolated visually from 
the others and supplied with ad libitum commercial 
waterfowl breeding diet (19% protein) and oyster shell, 
a 44-1 tub for bathing, and a nest box. All birds were 
returned to the aviary for the winter months. 

In March 1987, identified pairs remained in five 
large pens (15 x 7 x 3 m) at the Guelph aviary because 
the transportation of pairs to Lake St. Clair NWA in 
the year previous seemed to delay breeding. No more 
than 4 females and 4 males bred in each pen. Birds 
were supplied with a 3-m diameter wading pool, nest 
boxes, and ad libitum food and oyster shell. 

In both years, all clutches were removed on day 5 
of incubation to induce renesting. Ducklings were 
hatched in incubators at the Research Station, Poultry 
Division of the Ontario Ministry of Agriculture and 
Food (OMAF), Arkell, Ontario, according to proce- 
dures in Ward and Batt (1973). At hatch, ducklings 
were sexed and web-tagged. 

Experiments.--The first experiment was designed to 
examine the ability of Black Ducks, Mallards, and 
their Fl-hybrids to maintain water and electrolyte 
homeostasis when forced to drink water with a salin- 

ity of 3% NaC1, 48 h post-hatch. Effects of salinity on 
growth and survival are known for Mallards and oth- 
er prairie-nesting species (Cooch 1964, Holmes et al. 
1968, Anonymous 1983), but not for Black Ducks. 

In 1986, ducklings of the same age were kept in 
groups of <20 in brooder pens that consisted of a 
cardboard ring 3 m in diameter and 1 m high. The 
floor was covered with wood shavings, and ducklings 
were reared according to procedures outlined in Ward 
and Batt (1973). Forty-eight hours after hatch, duck- 
lings of each sex were randomly assigned to either 
fresh water or a 3% NaC1 solution as their sole source 

of drinking water. 
We designed a second experiment in 1987 to de- 

termine whether more subtle differences exist in the 

development of the salt gland that may influence the 
development of a functional salt gland found in adult 
waterfowl (Scothorne 1959a, Cooch 1964) and that 
might facilitate habitat segregation in these species. 
Ducklings were assigned to 1 of 10 treatments involv- 
ing a salinity gradient (0, 0.5, 1.0, 1.5% NaCI) and 
duckling age (7, 14, 21 days), subject to the constraint 
that siblings were distributed across groups. Duck- 
lings were housed in (2 x 1 x 1 m) metal cages and 
supplied with fresh water before treatment. Room 
temperature was maintained at 25øC until birds were 
14 days old, when the temperature was reduced to 
20øC. Pens were cleaned every 2-4 days, and water 
containers were washed and refilled daily. Ducklings 
were fed ad libitum a commercial starter diet (21% 
protein) to age 21 days, after which they received a 
commercial grower diet (19% protein). 
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T^I•I•œ 1. Means (+ SE) and univariate statistics for male and female differences in growth rates (k) of American 
Black Ducks, hybrids, and Mallards raised on fresh water. 

Group Sex n k F P 

Black Duck male 14 1.0214 + 0.0007 1.67 0.21 
female 12 1.0208 _+ 0.0005 

Mallard-Black hybrid male 11 1.0255 + 0.0004 2.48 0.14 
female 16 1.0244 _+ 0.0007 

Mallard male 19 1.0253 + 0.0006 2.22 0.15 
female 13 1.0247 _+ 0.0005 

In both experiments, we weighed ducklings at hatch 
(day 0) and every other day until day 14, after which 
mass was recorded every 4 days. Mass was measured 
to the nearest 0.1 g with an electronic balance until 
ducklings attained 400 g, and thereafter, to the nearest 
10 g with a Pesola spring scale until the individual 
reached an asymptotic body weight. Ducklings were 
placed in a nylon stocking to restrict movement dur- 
ing weighing, and they were weighed at the same 
time each day to minimize variability caused by di- 

urnal changes in weight (Blake 1956). At the time of 
death, either as a result of the treatment or euthanasia 

after attaining asymptotic mass, the salt glands were 
excised and weighed to the nearest 0.001 g on a digital 
pan balance. Skull length was measured with calipers 
to the nearest 0.01 mm. 

Statistical analyses.--Increments to body mass of each 
individual in each of three groups (Black Ducks, Mal- 
lards, and hybrids) were plotted and curves fit by eye. 
To determine whether curves were best described by 
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Fig. 1. Growth curves for body mass (g) of Black Ducks (&), hybrids (•), and Mallards (0) raised on fresh 
water in 1986: (a-c) Males (solid symbols) and females (open symbols) plotted separately; (d) Males and 
females combined. Curves were best fit by the Gompertz equation. For clarity, only weekly values are plotted. 
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Fig. 2. Growth curves for body mass (g) of Black 

Ducks (&), hybrids (I), and Mallards (0) raised on 
fresh water in 1987. Curves were best fit by the Gom- 
pertz equation. For clarity, only weekly values are 
plotted. 

logistic, Gompertz, or Von Bertalanffy equations, each 
curve was transformed to a straight line following 
Ricklefs (1967). The slope of the transformed curve 
is proportional to the overall growth rate. A growth 
rate constant (k), which takes into account the form 
of the curve, was calculated from the growth equation 
(Ricklefs 1967). "Adult" mass was considered to be 
the asymptote of the juvenile growth curve even 
though this mass may underestimate true body mass, 
which includes more fat (Lightbody and Ankney 1984). 
Because repeated measures were taken on each in- 
dividual through time, we used the means for single 
measurements through time to calculate a growth rate 
for each individual rather than calculate a single 
growth rate for each species. This allowed for a more 
conservative test of differences between Mallards, 

Black Ducks, and hybrids. 
For both experiments, contingency analysis was used 

to test the hypothesis that the probability of survival 
was the same in all treatments. In 1986, we compared 
differences in growth rates, salt-gland size, and skull 

length among Black Ducks, Mallards, and hybrids by 
analysis of variance (ANOVA) and, where appropri- 
ate, we analyzed differences between means with the 
least significant difference (LSD) multiple range test 
(SAS Institute Inc. 1985). Log transformations were 
used to normalize data (Ostle and Mensing 1975). In 
1987, we analyzed growth rates and gland mass by 
3-way factorial ANOVA, testing for interaction (Sne- 
decor and Cochran 1980). If ANOVA indicated sig- 
nificant interactions, data were separated by one of 
the interacting effects and reanalyzed. 

RESULTS 

In 1986, 62 ducklings were hatched from 9 
Black Duck clutches, 54 from 7 hybrid clutches, 
and 47 from 10 Mallard clutches. Mean duck- 

ling mass did not differ among groups at hatch 
(F = 1.30, P = 0.30) or at 48 h post-hatch (F = 
2.98, P = 0.18). Mean duckling mass at 48 h was 
51 + 5.3 grams. 

There were no differences in growth between 
males and females in any group (Table 1), so 
we pooled sexes for all subsequent analyses. On 
fresh water in 1986, Black Ducks grew slower 
(F = 37.62, P < 0.0001) than hybrids and Mal- 
lards (Fig. 1). Hybrids and Mallards did not dif- 
fer in growth. No mortality occurred in duck- 
lings raised on fresh water, but all ducklings 
given 3% NaC1 at 48 h post-hatch died within 
50 h. Postmortem examinations were not done, 

but ducklings exhibited signs associated with 
salt intoxication. The earliest signs were a dull, 
listless appearance, followed by progressive 
muscular weakness characterized by stagger- 
ing. Eventually, ducklings were too weak to 
stand and remained close to or directly in their 
water containers and drank constantly until 
death. At death, mean mass (29 + 8.1 g) of all 
ducklings combined was 43% lower than the 
body mass of 48-h-old ducklings. 

In 1987, 68 ducklings hatched from 6 Black 
Duck clutches, 72 from 9 hybrid clutches, and 
69 from 7 Mallard clutches. Limited numbers 

of ducklings prevented equal numbers of males 

TABLE 2. Univariate statistics and multiple comparisons for differences in growth rates, gland weights, and 
skull lengths of American Black Ducks (B), Mallards (M), and hybrids (H) raised on fresh water. 

Variable Source df F P Multiple comparison a 

Growth rate species 2 37.62 0.0001 B < H < M 
Gland weight species 2 7.01 0.0001 B > H > M 
Skull length species 2 1.09 0.3393 B < H < M 

Species underscored by the same line are not significantly different at P < 0.05. 
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Fig. 3. Proportions of Black Ducks (solid bars), hybrids (cross-hatched bars), and Mallards (open bars) that 

attained adult body mass in each age-salinity treatment. Groups sharing similar lower-case letters do not 
differ (P < 0.05) by contingency analysis. Numbers above histograms are sample sizes. 

and females in each treatment, and therefore 

data could not be analyzed by sex. As in 1986, 
Black Ducks on fresh water grew slower (P < 
0.05) than hybrids and Mallards (Fig. 2, Table 

2). Although skull length did not differ among 
groups, Black Ducks and hybrids on fresh water 
had heavier salt glands than Mallards (Table 2). 

Survivorship, measured as the proportion of 
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Fig. 4. Mean growth rate (k) for Black Ducks (solid bars), hybrids (cross-hatched bars), and Mallards (open 

bars) attaining adult body mass in each age-salinity treatment. Numbers above histograms are sample sizes. 

individuals that attained adult body mass in 
each age-salinity treatment, increased with age 
and decreased salinities for all groups (Fig. 3). 
No mortality occurred in ducklings raised on 
0.5% NaC1, but 1.5% NaC1 was fatal to all 7-day- 
old ducklings (Fig. 3). In general, Mallard duck- 
lings were less tolerant of salt than Black Ducks 
and hybrids when ducklings <21 days were 
administered salinities >0.5% NaC1 (Fig. 3). 

Ducklings that received salt concentrations 
>0.5% NaC1 regularly had nasal fluid coming 
from their nostrils, indicating a functioning salt 
gland. 

Generally, growth was more retarded the 
greater the salt concentration in drinking wa- 
ter and the younger the age at which ducklings 
were administered the treatment (Fig. 4). We 
found significant interactions among group, sa- 
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T^BI.I• 3. Effects of group (Mallards, Black Ducks, and hybrids) and salinity on growth rate (k) by age (A), 
and the effects of species and age on growth rate (k) by salinity (B). 

(A) Age (days) 
7 14 21 

Source df F P F P F P 

Species 2 999.99 0.0001 999.99 0.0001 2.90 0.0670 
Salinity 2 999.99 0.0001 999.99 0.0001 123.39 0.0001 
Species x salinity 4 999.99 0.0001 999.99 0.0001 14.66 0.0001 

(B) Salinity (% NaC1) 
0.5 1.0 1.5 

F P F P F P 

Species 2 25.23 0.0001 999.99 0.0001 999.99 0.0001 
Age 2 2.15 0.1307 999.99 0.0001 999.99 0.0001 
Species x age 4 1.18 0.1353 999.99 0.0001 999.99 0.0001 

linity, and age. When growth rates were rean- 
alyzed by age, effects of species and salinity 
decreased with age (Table 3). When data were 
reanalyzed by salinity, effect of species and age 
increased with increasing salinities (Table 3). 
Although group differences were apparent at 
low salinities, they were similar to differences 
found for the freshwater controls (Fig. 2). Black 
Ducks and hybrids were less affected by changes 
in salt concentrations than were Mallards. 

Mass of salt glands from ducklings that at- 
tained adult body mass differed among groups 
and was affected by age and salinity (Fig. 5, 
Table 4). Salt glands were heavier in Black Ducks 
and hybrids than in Mallards and generally in- 
creased in mass faster than in Mallards as age 
and salinity increased. Salt glands of Black Ducks 
and hybrids reached a maximum size when 1% 
NaC1 was administered at 14 days of age, but 
not until 1.5% NaC1 and 21 days of age for Mal- 
lards (Fig. 5). Group differences tended to de- 
crease with age and increase with increasing 
salinity (Table 4). 

DISCUSSION 

Few studies have documented the reproduc- 
tive output of Black Ducks breeding in estua- 
rine or coastal environments (Gross 1945, Wright 
1954, Bartlett 1963, Reed and Moisan 1971, Reed 
1975). Thus, it is unknown if Black Duck broods 
inhabit these areas regularly. Black Duck nests 
have been found on coastal islands in Maine, 

many of which lacked obvious sources of fresh 
water (Gross 1945), but brood survival in these 
habitats is unknown. In our experiments, newly 

hatched Black Duck ducklings died after drink- 
ing water containing > 1% NaC1. 

Identification of salt intoxication in wild 

ducklings is difficult, and this may be why salt 
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Fig. 5. Mean salt-gland mass (g) for Black Ducks 
(closed bars), hybrids (cross-hatched), and Mallards 
(open bars) that attained adult body mass in each age- 
salinity treatment. Numbers above histograms are 
sample sizes. 
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TABLE 4. Effects of group (Mallards, Black Ducks, and hybrids) and salinity on salt gland mass by age (A), 
and the effects of species and age on salt gland mass by salinity (B). 

(A) Age (days) 
7 14 21 

Source df F P F P F P 

Species 2 108.85 0.0001 151.27 0.0001 33.57 0.0670 
Salinity 2 126.84 0.0001 18.89 0.0001 39.01 0.0001 
Species x salinity 4 24.85 0.0001 11.22 0.0001 00.50 0.7390 

(B) Salinity (% NaC1) 

0.5 1.0 1.5 

F P F P F P 

Species 2 39.43 0.001 147.98 0.0001 165.75 0.0001 
Age 2 1.38 0.1307 35.27 0.0001 540.84 0.0001 
Species x age 4 0.82 0.5203 8.54 0.0001 72.19 0.0001 

tolerance in precocial hatchlings has been 
largely assumed. For example, Reed (1975) re- 
ported that Black Ducks on the St. Lawrence 
estuary nested on mainland areas and on islands 
5.6 km offshore. Broods were reared in tidal 

marshes along the mainland. Of 47 broods 
hatched on the islands, only 42% migrated suc- 
cessfully to the tidal marshes, and only 36% of 
these survived. Intensive observations revealed 

that avian predators caused a small fraction of 
the observed mortality; the remainder was 
thought to be due to chilling and exhaustion. 
However, duck broods routinely travel long 
distances (Ringleman and Longcore 1982), so 
exhaustion may be an unsatisfactory explana- 
tion for the high mortality. Reed (1975) re- 
ported that ducklings that arrived at the tidal 
marsh did not "display the typical vigor of 
ducklings of that age when feeding and follow- 
ing the hen" (p. 252), and they often died with- 
in 2 days. Perhaps these ducklings were salt 
intoxicated. 

There are at least two ways that precocial 
young that lack functional salt glands at hatch 
(like Black Ducks) can fledge in brackish hab- 
itats. First, enough "metabolic water" may be 
produced from digestion. Second, ducklings 
may respond behaviorally to a salinity gradient 
in an age-dependent fashion (Bartlett 1963, Reed 
1975). For instance, newly hatched Black Duck 
broods in the St. Lawrence estuary restricted 
their use of tidal marshes to areas close to shore 

where salinity levels were typically lower (Reed 
and Moisan 1971). With increased age, how- 
ever, broods extended their range "seaward" 

(Reed and Moisan 1971). We demonstrated that 
duckling mortality decreased with age and de- 
creased salinity, and salt-gland weights in- 
creased with age and salinity, consistent with 
Reed and Moisan's (1971) observations that ac- 
climation to salt water is age-dependent. In an 
east-coast river, distance upstream was nega- 
tively related to ages of Black Duck broods, but 
not broods of Blue-winged Teal (A. discors), a 
typically freshwater breeder whose broods re- 
mained upstream regardless of age (Barnes and 
Martin unpubl. data). 

Black Duck ducklings appear to survive and 
grow slightly better than Mallard ducklings in 
brackish environments, but the interspecific dif- 
ferences appear insufficient to affect establish- 
ment of a postmating reproduction isolating 
mechanism between Black Ducks and Mallards 

for two reasons. First, salinities at which we 

found differences in survival and growth be- 
tween Mallard and Black Duck ducklings were 
low and similar to salinities along tidal river 
systems. Black Ducks appear unable to maintain 
water and electrolyte homeostasis in their body 
fluids at salinity levels great enough to facilitate 
habitat segregation through reduced survival 
of hybrids and Mallards on coastal breeding 
areas. Second, the functional capacity of the salt 
gland was partially dependent upon a genetic 
component and, although Mallard ducklings 
were less tolerant of salt than were Black Ducks, 

hybrid ducklings apparently inherited salt tol- 
erance more similar to Black Ducks. Our data 

are inconsistent with the "habitat refugia" hy- 
pothesis, so it appears that hybrids have the 



January 1991] Hybrid Duck Salt Tolerance 97 

potential to inhabit coastal regions presently 
occupied by Black Ducks, and to further back- 
cross with either Black Ducks or Mallards. Mal- 

lards may continue, in the absence of any sig- 
nificant counterselection, to expand their range 
into estuarine habitats where the Black Duck is 

the dominant species. 

ACKNOWLEDGMENTS 

We wish to thank the Canadian Wildlife Service 

(CWS) for their financial and logistical support 
throughout this study. In particular, we thank J. Car- 
reiro, G. McCulloughß and D. Dennisß whose help in 
the initial stages made this study possible. We also 
thank R. Dibblee, E. Paceß A. Smithß L. Beattieß P. 
Madore, D. Gow, M. Kasserra, and J. Hanselman for 
their help in various aspects of this research. G. Hur- 
nik permitted use of facilities at the Research Station, 
Poultry Division of the Ontario Ministry of Agricul- 
ture and Foodß Arkell, Ontarioß and F. Black at the 

Lab Animal Buildingß University of Guelph. Special 
thanks to K. Barnes and C. Earley for help in raising 
the ducklings and for all aspects of data collection. 
A. Middletonß V. Thomasß J. Ballß and R. Bethke, G. 
Hepp, T. Quinney, and an anonymous reviewer pro- 
vided valuable comments on earlier drafts of this 

manuscript. This research was supported by grants 
and contracts from the Natural Sciences and Engi- 
neering Research Council (NSERC; Grant No. A7757), 
the CWS (Ontario Region)ß and the University Re- 
search Support Fund of CWS to Nudds, and schol- 
arships from the Ontario Federation of Anglers and 
Hunters and NSERC to Barnes. 

LITERATURE CITED 

ANONYMOUS. 1983. The influence of salinity on the 
survival of wild ducklings. Agriculture Exp. Stn. 
Proj. No. 2151. (unpubl.). Davisß Univ. California. 
ifornia. 

ANKNEY, C. D., D. G. DENNIS, & R. C. BAILEY. 1987. 

Increasing Mallards, decreasing American Black 
Ducks: coincidence or cause and effect? J. Wildl. 
Manage. 51: 523-529. 

BARTLETT, C. O. 1963. A study of Black Duck pop- 
ulations on Prince Edward Island. Unpubl. re- 
port, Can. Wildl. Serv. 

BLAKE, C. H. 1956. Weight changes in birds. Bird 
Banding 27: 16-22. 

BRADLEY, E. L., & L. W. HOLMES 1972. The role of 

the nasal glands in the survival of ducks (Anas 
platyrhynchos) exposed to hypertonic saline 
drinking water. Can. J. Zool. 50: 611-617. 

BRAITHWAITE, L. W., & B. MILLER. 1975. The Mallard 

(Arias platyrhynchos) and Mallard-Grey Duck (Arias 
superciliosa, rogers 0 hybridization. Australian 
Wildl. Res. 2: 47-61. 

BRODSKY, L. M., & P. J. WEATHERHEAD. 1984. Beha- 
vorial and ecological factors contributing to 
American Black Duck-Mallard hybridization. J. 
Wildl. Manage. 48: 846-852. 

COLLINS, J.M. 1974. The relative abundance of ducks 
breeding in southern Ontario in 1951 and 1971. 
Pp. 32-44 in Canadian Wildlife Service waterfowl 
studies in eastern Canadaß 1969-1973 (H. Boyd, 
Ed.). Can. Wildl. Serv. Rep. No. 29. 

CONROY, M. G., G. G. BARNES, R. W. BETHKE, & T. D. 

NUDDS. 1989. Increasing Mallards, decreasing 
American Black Ducks: no evidence for cause and 

effect. A comment. J. Wildl. Manage. 53: 1065- 
1071. 

COOCH, F. G. 1964. A preliminary study of the sur- 
vival value of a functional salt gland in prairie 
Anatidae. Auk 81: 380-393. 

CORNELIUS, S.E. 1982. Wetland salinity and salt gland 
size in the Redhead, Aythya americana. Auk 99: 
774-778. 

DENNIS, D. G., K. L. FISCHER, & G. B. MCCULLOUGH. 

1984. The change in status of Mallards and Black 
Ducks in southwestern Ontario. Pp. 27-31 in Wa- 
terfowl studies in Ontarioß 1973-81 (S. G. Curtisß 
D. G. Dennisß & H. Boyd, Eds.). Can. Wildl. Serv. 
Occas. Paper No. 54. 

ELLIS, R. A., C. C. GOERTMILLER, P. A. DELELLIS, & Y. 
H. KABLOTSKY. 1963. The effect of salt water 

regimen on the development of salt glands of 
domestic ducklings. Dev. Biol. 8: 286-308. 

GILLESPIE, G. D. 1985. Hybridizationß introgression 
and morphometric differentiation between the 
Mallard (Anas platyrhynchos) and Grey Duck (Anas 
superciliosa) in Otago, New Zealand. Auk 102: 459- 
469. 

GPaGG, G. C. 1981. Plasma homeostasis and cloacal 

urine composition in Crocodylus porosus caught 
along a natural salinity gradient. J. Comp. Phys- 
iol. 144: 261-270. 

GROSS, A. O. 1945. The Black Duck nesting on the 
outer coast islands of Maine. Auk 62: 620-622. 

HADDON, M. 1984. A re-analysis of hybridization 
between Mallards and Grey Ducks in New Zea- 
land. Auk 101: 190-191. 

HEUSMANN, H. W. 1974. Mallard-Black Duck rela- 
tions in the Northeast. Wildl. Soc. Bull. 2: 171- 

177. 

HOLMES, W. N., D. G. BUTLER, & J. G. PHILLIPS. 1961. 
Observations on the effect of maintaining Glau- 
cous-winged Gulls (Larus glaucescens) on fresh 
water and sea water for long periods. J. Endo- 
crinol. 23: 53-61. 

ß G. L. FLETCHER, & D. J. STEWART. 1968. The 
patterns of renal electrolyte excretion in the duck 
(Anas platyrhynchos) maintained on fresh water 
and on hypertonic saline. J. Exp. Biol. 48: 487- 
508. 

ß & J. G. PHILLIPS. 1985. The avian salt gland. 
Biol. Rev. 60: 213-256. 



98 BARNES AND NVDDS [Auk, Vol. 108 

JOI-INSGARD, P.A. 1967. Sympatry changes and hy- 
bridization incidences in Mallards and Black 

Ducks. Am. Midi. Nat. 77: 51-63. 

--, & R. DISILVESTRO. 1976. Seventy-five years 
of changes in Mallard-Black Duck ratios in east- 
ern North America. Am. Birds 30: 906-908. 

LIGHTBODY, J.P., & C. D. ANKNE¾. 1984. Seasonal 
influence on strategies of growth and develop- 
ment of Canvasback and Lesser Scaup ducklings. 
Auk 101: 121-133. 

OSTLE, g., •r R. W. MENSING. 1975. Statistics in re- 
search. Ames, Iowa State Univ. Press. 

REED, A. 1975. Reproductive output of Black Ducks 
in the St. Lawrence estuary. J. Wildl. Manage. 39: 
243-255. 

--, &. G. MOiSA•,I. 1971. The Spartina tidal marsh- 
es of the St. Lawrence estuary and their impor- 
tance to aquatic birds. Nat. Can. 98: 905-922. 

RIC•CLEFS, R. E. 1967. A graphical method of fitting 
equations to growth curves. Ecology 48: 978-983. 

R•NGLE•AN, J. K., & J. R. LONC, CORE. 1982. Move- 
ments and wetland selection by brood-rearing 
Black Ducks. J. Wildl. Manage. 46: 615-621. 

ROGERS, J.P., & J. H. PATTERSON. 1984. The Black 
Duck population and its management. Trans. N. 
Am. Wildl. Nat. Resour. Conf. 49. 

$A$ INSTITUTE, INC. 1985. SAS user's guide: statistics, 
version 5 ed. Cary, North Carolina, SAS Inst., Inc. 

SCHMIDT-NIELSEN, K. 1960. The salt secreting gland 
of marine birds. Circulation 21: 955-967. 

•, & R. FAN•E. 1958. The function of the salt 
gland in the Brown Pelican. Auk 75: 282-289. 

--, & Y. T. K•M. 1964. The effect of salt intake 
on the size and function of the salt gland in ducks. 
Auk 81: 160-172. 

SCOTHORNE, R.J. 1959a. On the response of the duck 
and the pigeon to intravenous hypertonic saline 
solution. Q. J. Exp. Physiol. 44: 200-206. 

1959b. The nasal glands of birds: a biological 
and histochemical study of the inactive gland in 
the domestic duck. J. Anat. 93: 246-256. 

$ERIE, J. R., & G. A. SWA•,I$ON. 1976. Feeding ecology 
of breeding Gadwalls on saline lakes. J. WildL 
Manage. 40: 69-81. 

$NEDECOR, G. W., & W. G. COCHRAN. 1980. Statistical 
methods. Ames, Iowa State Univ. Press. 

SWANSON, G. A., V. A. ADOMAITIS, F. B. LEE, J. R. $ERIE, 
& J. A. SI-IOESMrrI-I. 1984. Limnological condi- 
tions influencing duckling use of saline lakes in 
south-central North Dakota. J. Wildl. Mange. 48: 
340-349. 

WARD, R., & B. D. J. BATT. 1973. Propagation of cap- 
tive waterfowl. Delta Waterfowl Res. Stn. Wildl. 

Manage. Inst. Publ. 
WR•I-IT, B.S. 1954. High tide and an east wind: the 

story of the Black Duck. Washington, D. C., WildL 
Manage. Inst. 


