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RUDDY DUCK NESTING SUCCESS: DO NEST CHARACTERISTICS DETER
NEST PREDATION?”!
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Abstract. It has been hypothesized that proximity
to edges, timing of nesting, nest concealment or in-
accessibility, working singly or in concert, may explain
variable nesting success of birds, but results have been
mixed. I tested these hypotheses by determining fates
and measuring nest-site features of 233 Ruddy Duck
(Oxyura jamaicensis) nests near Minnedosa, Manitoba,
Canada, during summers of 1994-1996. Mayfield
nesting success averaged 41%. Discriminant function
analysis was unable to segregate successful and de-
stroyed nests. Results suggest that nesting success for
this population of Ruddy Ducks is unpredictable, prob-
ably because a diversity of predators precluded choice
of safe nest sites.
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For most birds, choice of nest site is an important fac-
tor influencing fitness, because predation occurs on in-
cubating adults and nest contents. Mortality of nesting
female waterfowl due to predation can exceed 25% in
some populations, and the leading cause of nest failure
is predation (Sargeant and Raveling 1992). Thus, fe-
males should be under strong selection to discriminate
between secure and vulnerable nest sites. Numerous
investigations have attempted to determine factors in-
fluencing nesting success (Martin 1995). For a variety
of avian species, researchers have tested an assortment
of nest habitat characteristics, but often the single most
important variable correlated with nesting success is
nest concealment (Martin 1995). Other identified fac-
tors altering nest fate include nest density and initiation
date, proximity of habitat edge, and habitat patch size.
Similarly, water depth, a measure of nest inaccessibil-
ity, could affect nesting success of over-water nesting
species. However, conflicting results from a variety of
studies suggests that further research is needed to al-
low generalizations about the factors associated with
avian nesting success.

Ruddy Ducks (Oxyura jamaicensis) breed exten-
sively in the prairie pothole region of North America
and build their nests over water in emergent vegeta-
tion. Ruddy Ducks should be under especially intense
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selection pressure to select secure nest sites because
predation on incubating females and eggs can be in-
tense (Sargeant et al. 1973, Greenwood 1981, Green-
wood et al. 1995), and through a combination of small
body size and large eggs, Ruddy Ducks experience
extremely high energetic costs during egg production
(Alisauskas and Ankney 1994). Presumably, as a con-
sequence, few female Ruddy Ducks renest after loss
of their nest (Bellrose 1976, Somerville 1985, Tome
1987).

Several investigations have estimated Ruddy Duck
nesting success and four have examined differences in
nest variables between successful and destroyed nests
(Featherstone 1975, Somerville 1985, Krasowski and
Nudds 1986, Maxson and Riggs 1996). These studies
produced equivocal results, possibly due to small sam-
ple sizes, which hampered statistical analyses and in-
terpretation of results. I tested the timing of nesting,
nest concealment, nest inaccessibility, and edge effect
hypotheses on the fate of 233 Ruddy Duck nests and
predicted that greater nesting success would occur with
(1) nests initiated earlier in the breeding season, (2)
nests concealed with more vegetation, (3) nests located
in deeper water, thus more inaccessible to predators,
and (4) nests farther from habitat edges.

METHODS

I conducted this study during summers, 1994-1996, in
the aspen parkland physiographic zone of the prairie
pothole region near Minnedosa, Manitoba, Canada
(50°10'N, 99°47'W), ‘an area described in detail by
Stoudt (1982) and Rounds (1982).

I found Ruddy Duck nests by systematically search-
ing the emergent fringe of wetlands on the 15.4 km?
study area 2-3 times each summer. I marked each nest
with flagging placed several meters away in various
directions. At each nest, I recorded clutch size and
stage of incubation by egg flotation and/or candling
(Weller 1956). 1 visited nests every 7-10 days to de-
termine nest fate. I classified each nest as successful
if = 1 egg hatched as determined by the presence of
eggshell caps, detached egg membranes, or ducklings.
I calculated nesting success using Mayfield’s (1975)
technique modified by Johnson (1979). Mean clutch
size of 6.6 eggs required 6-7 days to lay, and the
length of the incubation period was 23 days, for a total
of about 30 days for the nesting cycle.

When each nest was found, I visually estimated,
from directly above the nest, the percent of the nest
occluded by overhead cover. At each subsequent nest
visit, I measured water depth to the nearest 0.5 cm on
the shore side of the nest and estimated overhead con-



868 SHORT COMMUNICATIONS

TABLE 1. Mayfield nesting success of Ruddy Ducks. Also shown are the number of nests (n) and exposure
days (number of failed nests) used in calculating Mayfield nesting success, and 95% confidence intervals (CI).

1994 (n = 45) 1995 (n = 91) 1996 (n = 93)
Nesting success? (%) 423 41.2 40.3
Exposure days 569 (16) 1,202 (35) 1,406 (42)
95% CI for nesting period® 27.6-65.0 30.5-55.5 30.4-53.2

ay2y = 0.04, P = 0.98, following Sauer and Williams (1989).
b 30-day laying and incubation period, following Johnson (1979).

cealment, because these variables potentially change
during a 30-day nesting period. To minimize distur-
bance to vegetation and possibly nest fate, I ap-
proached nests from different directions, primarily the
open water side of the nest, and took care not to disturb
vegetation during nest checks. I measured several nest-
site variables after fate was determined. I determined
vegetation density at each nest by counting the total
number of live and dead stems in a 1-m? quadrat cen-
tered on the nest. I measured the maximum height of
vegetation directly over the bottom of the nest bowl to
the nearest cm. Concealment provided by the sur-
rounding vegetation was estimated visually by deter-
mining the percent visibility of the nest just above the
water surface from 1 m away in each cardinal direc-
tion. A nest visibility score was computed as the mean
of the percent visibility value from each direction. I
incorporated several measures of edge in my analysis
of nest success, because I hypothesized that mamma-
lian predators would use these edges as travel lanes
during foraging. I measured distance from the nest to
the closest open body of water, greater than 5 m in
diameter, using a tape measure. I also measured the
shortest distance from shore to the nest. I estimated the
distance from the nest to the closest edge of an agri-
cultural field to the nearest 5 m.

DATA ANALYSIS

I eliminated abandoned nests, which were undisturbed
nests that had not advanced in development between
nest checks, from all data analyses. I did not use data
for nests found initially either hatched or destroyed,
because nest-site variables can change after nest fate.
Many nest-site variables were not distributed normally
and were transformed. I rank transformed vegetation
density, and log transformed distance to shore, open
water, and field, and arcsine square-root transformed
overhead cover and nest visibility. Nest-initiation
dates, vegetation heights, and water depths were dis-
tributed normally. To control for the influence of sea-
son on nest-site variables, I regressed each nest-site
variable against day-of-year nest measurements were
made, and saved the residuals. I controlled for year
effects by creating z-scores for the residuals within
years, which allowed combining data for all years.

I used multivariate techniques to investigate the si-
multaneous effects of several nest-site variables as op-
posed to univariate comparisons, because often joint
consideration of several variables can reveal interre-
lationships among variables and produce stronger con-
clusions about the data (James and McCulloch 1990).
I tested for multicollinearity by performing principal

component analysis on the nine nest-site variables. The
first principal component explained less variation
(28%) than would be expected by chance alone (31%)
(Legendre and Legendre 1983, Jackson 1993). This
suggests that the nest-site variables were orthogonal,
so I used the actual nest-site variables in the discrim-
inant function analysis (DFA). I entered simultaneous-
ly all nest-site variables into the DFA and found no
difference between within-group covariance matrices
(P = 0.054, Box’s M criterion), so I used these in the
DFA. Because unequal sample sizes can bias classifi-
cation results in DFA, I set prior classification proba-
bilities equal to initial sample sizes (Williams 1983)
and used chance-corrected classification to control for
classification by chance alone (Titus et al. 1984). 1
used SPSS (1995) for all statistical analyses, and report
means * SE unless otherwise stated; P-values < 0.05
are considered significant.

RESULTS

I found 58, 125, and 130 nests on the study area in
1994, 1995, and 1996, respectively, for a total of 313
Ruddy Duck nests. Ruddy Ducks nested in sedge (Car-
ex atherodes), cane (Phragmites communis), bulrush
(Scirpus spp.), cattail (Typha spp.), and whitetop grass
(Scolochloa festucacea), or in a combination of these
emergent vegetation types. Whitetop grass and cattail
were present most often in quadrats at 166 (70.9%)
and 144 (61.5%) sampled nests, respectively. Sedge,
bulrush, and cane were present less frequently in 66
(28.6%), 46 (19.7%), and 10 (4.3%) quadrats, respec-
tively.

I found no difference (P = 0.98) in nesting success
among years (Table 1). Most nest-site variables were
similar between successful and depredated nests (Table
2). Thus, DFA was unable to distinguish between
hatched and depredated nests, although results ap-
proached significance (Wilks’ Lambda, U = 0.94, P =
0.09). Nest visibility (0.77) and overhead cover
(—0.72) were most correlated with the canonical dis-
criminant function that described increasing probabil-
ity of nest depredation (Table 2). Discriminant function
analysis classified correctly 22.4% and 89.2% of dep-
redated and hatched nests, respectively, for an overall
correct classification rate of 64.8%, only 13.3% better
than chance alone, and nonsignificant (z = 1.66, P =
0.10).

To determine the high incidence of misclassification
for depredated nests, I used Spearman rank correlation
to test the prediction that depredated nests would sur-
vive longer if more concealed. I found no correlation
between overhead cover (r, = 0.11, n = 86, P = 0.15)
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TABLE 2. Characteristics of nest-site variables of successful and destroyed Ruddy Duck nests (x = SD) and
the corresponding correlation coefficient with the canonical discriminant function. Values in parentheses are

sample sizes for each representative nest fate.

Hatched Depredated DFA correlation
Nest Site Variable (n = 148) (n = 85) coefficients

Nest initiation date (days) 177.3 = 11.8 1782 + 12.2 0.16
Distance to field (m) 20 = 19 25 + 14 —-0.20
Distance to shore (m) 94 + 48 9.0 * 49 0.19
Distance to open water (m) 8.7+178 94 * 98 -0.28
Maximum vegetation height (cm) 1362 + 474 140.8 = 429 0.20
Water depth at nest (cm) 39.7 £ 170 37.3 £ 18.7 0.30
Vegetation density (stems m~2) 228.6 + 174.2 2232 * 171.7 —0.36
Overhead cover (%)? 53.0 = 29.0 34.0 + 30.0 -0.72
Nest visibility (%)" 24.0 * 21.0 320 + 230 0.77

4 Larger values mean greater overhead concealment.

b Higher values mean less concealment from sides.
or nest visibility (r, = 0.16, n = 86, P = 0.07) and  nianus). This predator diversity may prevent Ruddy

days devoted to egg laying and incubation.

DISCUSSION

Ruddy Ducks had stable nesting success among years.
Several nest-site variables were similar, thus DFA was
unable to separate successful and unsuccessful nests,
suggesting that nest-site variables used in this study
were unpredictable indicators of nesting success. Also,
the lack of correlation between nest concealment and
duration of depredated nests suggests little effect of
nest concealment on Ruddy Duck nesting success.
For many upland nesting ducks, nest concealment is
related positively to nesting success (Livezey 1981,
Guyn and Clark 1997, Clark and Shutler 1999). How-
ever, nest concealment has not been attributed to nest-
ing success in diving ducks (Krasowski and Nudds
1986, Maxson and Riggs 1996, this study). Similarly,
edge effects (Featherstone 1975) and water depth (Kra-
sowski and Nudds 1986, Maxson and Riggs 1996, but
sec Featherstone 1975, Somerville 1985) have not
been associated with nesting success for natural nests
of diving ducks, results consistent with this study. The
relatively narrow ring of emergent vegetation possibly
“forces” Ruddy Ducks to be edge nesters, which may
explain the inability of the DFA to separate successful
and unsuccessful nests (Krasowski and Nudds 1986).
Why is nesting success in Ruddy Ducks unpredict-
able based on a variety of nest-site characteristics? Fe-
males in good physical condition may be more likely
to nest successfully than females in poor body condi-
tion (Gloutney and Clark 1991, Arnold et al. 1995,
Blums et al. 1997). Nest-site cover may influence ther-
mal conditions, a characteristic I did not measure, in
and around the nest, and influence nesting success as
found by Stokes and Boersma (1998). Possibly, female
condition and nest-site cover interact allowing some
females to take fewer incubation breaks, thus being
less conspicuous to predators. A high diversity of nest
predators could prevent placement of nests in secure
locations (Filliater et al. 1994). On my study area,
known Ruddy Duck nest predators included raccoon
(Procyon lotor), mink (Mustela vison), American
Crow (Corvus brachyrhynchos), Red-tailed Hawk (Bu-
teo jamaicensis), and Great Horned Owl (Bubo virgi-

Ducks from identifying safe nest sites. Lastly, too
much similarity in nest-site selection among co-exist-
ing species may produce random nesting success (Mar-
tin 1988a, 1988b). Ruddy Ducks, Canvasbacks (Aythya
valisineria), and Redheads (A. americana), the three
most common over-water nesting ducks on my study
area, all use similar nest sites (Maxson and Riggs
1996) with some overlap in nesting dates. Ruddy Duck
nesting success may be unpredictable because safe
sites are precluded by a seasonal increase in use of
wetlands by raccoons (Fritzell 1978) and a search im-
age developed from previous foraging success on wa-
terfowl nests placed in similar locations earlier in the
season (Martin 1988a), however, this hypothesis re-
mains to be tested using natural nests.
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