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Abstract.  'We studied nest defense by Common Goldeneyes (Bucephala clangula) and
Hooded Mergansers (Lophodytes cucullatus) nesting near Sudbury, Canada between 1989—
1995. As incubation proceeded, female Common Goldeneyes took greater risks by allowing
the observer to approach the nest more closely before flushing, landing closer to the nest
after flushing, vocalizing more commonly when flushed, and giving more broken wing or
distraction displays. Hooded Merganser females exhibited relatively strong defense at all
stages, including giving distraction displays much earlier in incubation. An index of all four
behaviors increased for each species as incubation proceeded. Nest defense by these cavity-
nesting ducks differed from patterns known for ground-nesting waterfowl, perhaps due to
effects of nest location, predation type and intensity, and nest parasitism. Future nest defense
studies should consider the overall suite of behaviors that comprise parental strategies for

defending their nests and/or offspring.
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INTRODUCTION

Egg-laying and incubation expose female birds
to a variety of risks, perhaps the greatest being
predation on the female or her clutch (Montgo-
merie and Weatherhead 1988). When females
defend their nests against predators, they face a
tradeoff: decreased risk of clutch predation (An-
dersson et al. 1980) vs. increased risk of injury
or death which affects future prospects for
breeding (Curio and Regelmann 1985). The
costs and benefits associated with this tradeoff
will be determined in part by the current value
of the clutch, which generally increases with
clutch size and as incubation proceeds (Mont-
gomerie and Weatherhead 1988). Females are
therefore expected to defend larger clutches
more rigorously and to increase their efforts as
incubation proceeds (Montgomerie and Weath-
erhead 1988).

One group of precocial birds that has received
little attention in nest defense research is water-
fowl, particularly cavity-nesting ducks. They
lack adequate physical features that could serve
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Bucephala clangula, cavity-nesting, Common Goldeneye, Hooded Mergan-

as “weapons’’ (Montgomerie and Weatherhead
1988) in active defense against most predators,
so their nest defense behaviors may rely on other
tactics. One tactic is to remain on the nest in the
presence of a predator. This protects the clutch
by not drawing attention to it, but puts the fe-
male at greater risk because it reduces her time
to escape if the predator gets too close (Forbes
et al. 1994). A second defense tactic is to per-
form a distraction display. A series of behaviors
can be grouped under this tactic, ranging from
vocalizations when flushed, to landing nearby on
the water, to the familiar “broken wing” dis-
plays exhibited by many species (Montgomerie
and Weatherhead 1988). The common element
to all of these behaviors is that the female risks
being captured by the predator. Nest defense the-
ory predicts that she gauges the level of accept-
able risk by the current value of her clutch.

In this paper, we quantify such risk-taking by
incubating Common Goldeneyes (Bucephala
clangula) and Hooded Mergansers (Lophodytes
cucullatus), both cavity-nesting waterfowl. We
monitored female behaviors during nest visits
which simulated approaches by predators. In
preliminary studies (Mallory et al. 1993a, Mal-
lory and Weatherhead 1993), both species ex-
hibited the risk-taking behaviors described
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above (remaining on the nest, vocalizing, land-
ing nearby, and broken wing displays) during
incubation. Our objectives in this study were to
refine earlier analyses by examining each behav-
ior independently in relation to incubation stage
and clutch size, and to test several specific pre-
dictions regarding nest defense and nesting hab-
its of these species. First, because female gol-
deneyes and mergansers could use any combi-
nation of the above four behaviors to defend
their nest, we predicted that individual nest de-
fense behaviors would exhibit similar changes in
intensity through incubation, and thus that over-
all nest defense intensity would increase as in-
cubation proceeded. Second, we examined
whether nesting females appeared to alter their
behavior in response to repeated visits to the
nest by observers, because patterns of defense
related to incubation stage might instead be ex-
plained by effects of previous visits on female
behavior (Knight and Temple 1986). Finally, be-
cause nest parasitism is known to influence nest
defense in some altricial species (Weatherhead
et al. 1994), we analyzed whether nest defense
was related to interspecific nest parasitism.

METHODS

We collected data between 1989 and 1995 on
risk-taking by female Common Goldeneyes and
Hooded Mergansers nesting in nest boxes erect-
ed on small study lakes (generally < 20 ha)
northeast of Sudbury, Ontario, Canada (46°54'N,
80°41'W). Characteristics of the study site and
nest boxes are described in McNicol et al. (1987,
1997). Physical dimensions and position of the
nest box site on the lake were similar among
boxes. One box was erected per lake, and in al-
most all cases there was only one nesting female
per lake (Mallory et al. 1993b; known excep-
tions occurred on two lakes with occupied nat-
ural cavities). Both species have one annual
breeding attempt and incubation periods of
about 30 days, and typically lay 8-10 eggs
(Dugger et al. 1994, Eadie et al. 1995). The
study site is at the southern boundary of the
Common Goldeneye’s breeding range but is in
the northern third of the Hooded Merganser’s
breeding range (McNicol et al. 1995).

Females were studied intensively in 1989 and
1990 (Mallory et al. 1994, Wayland and Mc-
Nicol 1994), with nest visits occurring as often
as every 5 days during May and June. Nest box-
es were not checked in 1991, but were checked
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at least once during incubation (late May) each
year between 1992 and 1995. Because of their
isolation and the lack of sportfish in the majority
of our study lakes, nesting females probably ex-
perienced no other human disturbance at the nest
box during incubation. We did not measure dis-
turbance by predators at the nest site, but suc-
cessful predation was generally low (McNicol et
al. 1997). Also, female age (i.e., residual repro-
ductive value and breeding experience, which
can influence nest defense) was not known for
most females in this study, and thus its potential
effects were not examined.

‘When we visited a nest, we observed the be-
havior of incubating females on our approach.
We recorded the distance of the observer from
the nest when the female flushed (estimated to
1 m), the estimated distance she flew before
landing (estimated to 10 m, to 100 m if she land-
ed > 100 m away), any vocalizations given in
flight, and whether she performed any distrac-
tion displays. Because the nests of these species
are located above the ground, we had to treat
flushing distances somewhat differently than for
ground-nesters (Forbes et al. 1994). When a fe-
male flushed from a nest box, we used the actual
distance of the observer from the nesting tree as
the score. However, if a female flushed when the
observer was at the base of the tree or on the
tree, we assigned scores to represent this ““finer
scale” behavior: “0.5 m” if the observer was at
the base of the tree, ““0.25 m”’ when the observ-
er was climbing the tree, and “0.1 m” if the
observer was opening the nest box.

To assess total nest defense, we ranked each
of the four measured variables (flushing distance
(range 1.5-71.5), landing distance (16—77), with
closer distances ranked higher; vocalizations
(24.5-67), with higher rank given to birds that
gave calls; broken wing displays (39.5-82), with
higher rank to birds that gave displays) for all
first visit data among all females from both spe-
cies within each behavior. We then divided ranks
for each variable by the maximum rank for each
variable, and added the resultant indices for each
variable together for each female. These cumu-
lative indices were then divided by the maxi-
mum cumulative index to generate a total com-
posite nest defense index for each female, with
a maximum value of 1.0. Note that this approach
assumes equal weighting for each behavior; we
considered this the most conservative approach
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because there are no data on the relative value
of each behavior to these species.

Nest defense data were not collected on every
visit, but we always knew the number of pre-
vious visits to the nest. Variation in nest initia-
tion dates and our schedule of nest visits resulted
in nest defense data across the range of incu-
bation stages. To determine the stage of incu-
bation at the time of the nest visit, we used egg
flotation (Alberico 1995) to estimate days to
hatch (error in estimates for 61 eggs: —0.2 =
0.3 days in first 20 days of incubation; unpubl.
data). We determined hatching success (percent
of eggs within each nest that hatched) on visits
to the nest after incubation was complete.

STATISTICAL ANALYSES

Because some behaviors were not distributed
normally (flushing distance, landing distance)
and others were not continuous (vocalizations,
distraction displays), we used nonparametric sta-
tistics for most analyses. To test for patterns in
flushing distance, we used Kendall’s Tau (7) par-
tial correlation to control for the weak but sig-
nificant effects of Julian date (all Ps < 0.05),
because observed patterns could have resulted
from season (time of year) rather than incuba-
tion stage (Forbes et al. 1994). Kruskal-Wallis
or Wilcoxon tests were applied for categorical
variable comparisons. To examine composite
nest defense indices, we used an ANCOVA (in-
cubation stage as covariate). All means are re-
ported = SE unless otherwise noted.

RESULTS
FIRST AND REPEAT VISITS

We were unable to detect any difference in de-
fense data among years (Kruskal-Wallis tests on
residuals of first visit flushing distance, landing
distance, and vocalizations after controlling for
incubation stage by regression, all Ps = 0.2), so
all data were pooled. Using data from first visits
to the nest only, female Common Goldeneyes
tended to allow observers to approach closer to
the nest before flushing as incubation proceeded
(r = —0.149, n = 49, P < 0.1), consistent with
our predictions. However, using only data from
the same year with repeat visits to nests, this
pattern was reversed (7t = 045, n = 26, P <
0.05; data were insufficient for a similar com-
parison for Hooded Mergansers). This suggests
that females that had been visited at least once
earlier in incubation modified their natural re-

sponse and flushed while the observer was far-
ther away on subsequent visits. Hereafter, all
comparisons for both species use only data from
first visits to the nest.

FLUSHING AND LANDING DISTANCE

Whereas female Common Goldeneyes flushed at
closer distances as incubation proceeded
(above), female Hooded Mergansers did not ex-
hibit any significant difference in flushing dis-
tance through incubation (r = 0.11, n = 27, P
> 0.1). Lack of a significant trend was attrib-
utable to the fact that many female Hooded Mer-
gansers (63% of first visits) did not flush until
the observer was on the tree even though it may
have been early in incubation (Fig. 1). For both
species, females landed closer to the nest when
they were flushed later in incubation (Fig. 1;
Kruskal-Wallis tests: goldeneyes, H = 14.2, P <
0.001; mergansers, H = 7.3, P = 0.03). For gol-
deneyes, females that allowed the observer to
approach closer before flushing also landed clos-
er to the nest (H = 10.4, n = 49, P = 0.006),
although this was not true for Hooded Mergan-
sers (H = 1.9, n = 27, P = 0.38). Similar pro-
portions of merganser (61%, 17 of 28) and gold-
eneye (43%, 21 of 49) females waited until the
observer was on the tree before flushing (Fisher
Exact test, P = 0.16).

VOCALIZATIONS AND DISTRACTION
DISPLAYS

For both species, females flushed from the nest
vocalized more commonly later in incubation
and when they landed closer to the nest (Table
1), consistent with distraction display behavior.
Common Goldeneye females performed broken
wing displays later in incubation (earliest dis-
play on day 23 of incubation), and these displays
were associated with remaining on the nest lon-
ger before flushing and landing on the water
closer to the nest (Table 1). Hooded Merganser
females performed these displays much earlier
in incubation (earliest display on day 12), and
displays were not associated with closer flushing
distances (because mergansers tended to remain
on the nest at all stages of incubation), but fe-
males performing broken wing displays did land
on the water close to the nest (Table 1). Note
that these results are based upon small sample
sizes (due to limited numbers of first visits late
in incubation), so our results should be inter-
preted cautiously.
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FIGURE 1.

First visit flushing distance (m) and landing distance (m) for incubating female Common Golden-

eyes and Hooded Mergansers in relation to incubation stage (days since the start of incubation). Numbers on

bar charts are sample sizes.

COMPOSITE NEST DEFENSE

Although the above analyses described patterns
in particular behaviors, we also were interested
in the whole pattern of nest defense of each spe-
cies (i.e., the combined effects of each of the
four measured behaviors), and thus we gener-
ated a composite nest defense index. In a prelim-
inary analysis, we included incubation stage and
Julian date as independent variables in stepwise
multiple regressions, but Julian date was not in-
cluded as a significant predictor of the defense
index. Composite nest defense increased as in-
cubation proceeded for both Common Golden-
eyes (r = 0.50, n = 49, P = 0.002) and Hooded
Mergansers (r = 049, n = 27, P = 0.006), al-
though there was clearly considerable variation
among females, especially goldeneyes (Fig. 2).
After controlling for the significant effect of in-
cubation stage (F| 4 = 7.1, P = 0.01), mergan-
sers tended to have higher composite nest de-
fense scores than goldeneyes (Fig. 2; ANCOVA;
Fi o = 44, P = 0.04) in the first 20 days of

incubation (where data were well-represented
for both species).

To test whether larger clutches were defend-
ed more vigorously and whether interspecifi-
cally parasitized clutches were defended less
vigorously, we used the residual composite
nest defense index (from above, after control-
ling for incubation stage) as our estimate of
defense intensity, because this incorporated
possible combinations of behaviors for each
female. For goldeneyes and mergansers, there
was no difference in defense intensity between
nests with high or low clutch size or hatching
success (Table 2, Wilcoxon tests, Ps > 0.1).
Furthermore, mean residual composite nest
defense of parasitized goldeneyes (—7.0 *
7.7, n 19) and mergansers (—0.5 = 4.5, n
= 16) did not differ significantly from mean
residual composite defense for unparasitized
goldeneyes (5.2 = 6.7, n = 34) and mergan-
sers (—1.4 + 54, n 11), respectively (Wil-
coxon tests, both P > 0.4).
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FIGURE 2. Composite index of total nest defense for Common Goldeneyes and Hooded Mergansers plotted
against incubation stage (larger dots represent two identical scores). The index was derived from cumulative
ranks of flushing distance, landing distance, vocalizations, and broken wing displays, and then converted to an
index when divided by the maximum cumulative rank. For both species, composite nest defense increased
through incubation (both r = 0.49, P < 0.01 for first 20 days where data are well represented).

whereas others flushed while the observer was
at some distance.

We do not know why flushing distance varied
among females so much through incubation, but
we acknowledge two potential confounds that
we could not assess. First, because we did not
have a marked population for most of the study,
it is possible that some of the females exhibiting
high defense early in incubation had experience
with observers from a previous year that affect-
ed their response in a subsequent year. Less than
half of the females, however, appeared to sur-
vive and return each year based on observations
in 1989 and 1990 (Mallory et al. 1994), so the
majority of females were naive in this respect.
Moreover, after 1990 most females would have
been visited only once during incubation in a
year. Second, some females may rely more on
other behaviors or a combination of behaviors
than relying primarily on flushing for nest de-

fense, as suggested by Forbes et al. (1994). Our
study supports the hypothesis that females use a
combination of behaviors, given that nest de-
fense behaviors were positively correlated with
each other, but an experimental study would be
required to evaluate the role of each tactic in
overall defense.

We found some interesting differences in nest
defense between these two species. Whereas
Common Goldeneye females generally behaved
in agreement with predictions of nest defense
theory, Hooded Merganser females did not ex-
hibit the expected relationship between incuba-
tion stage and flushing distance. Although they
took greater risks with some behaviors as incu-
bation proceeded, compared to goldeneyes, mer-
gansers exhibited relatively low variation and
high defense at all stages (Fig. 2), including giv-
ing distraction displays on the water before in-
cubation was half-complete. Life history pat-

TABLE 2. Mean * SE (n) clutch size and hatching success of female Common Goldeneyes and Hooded
Mergansers that exhibited varying degrees of nest defense intensity (measured by residual composite nest defense
index — high is positive and low is negative residual) on their initial flush from the nest box (after controlling
for incubation stage). There were no differences within species.

Common Goldeneye

Hooded Merganser

Clutch size Hatching success (%) Clutch size Hatching success (%)
High 82 * 04 (24) 77.8 = 84 (24) 94 =05 (13) 87.1 £ 7.8 (13)
Low 93 £ 04 (25 75.8 + 7.4 (25) 10.8 = 1.0 (14) 87.0 £ 7.1 (14)
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terns apparently do not explain this difference as
they may for other waterfowl (Forbes et al.
1994), because both species typically have one
annual nesting attempt, similar sized clutches,
similar survival rates, and similar longevity re-
cords (Dugger et al. 1994, Eadie et al. 1995). In
the absence of additional, comprehensive life
history information, relatively strong nest de-
fense by Hooded Mergansers appears to be an-
other curious aspect of this species’ unusual
breeding biology (Mallory et al. 1993a, Dugger
et al. 1994).

We detected no significant relationship be-
tween nest defense intensity by either species
and nest parasitism, clutch size, or hatching suc-
cess. According to parental investment theory,
larger clutches should generally be more valu-
able because they represent a greater return for
the cutrent reproductive attempt (Montgomerie
and Weatherhead 1988). Consistent with theo-
retical predictions, Forbes et al. (1994) found
that three of six prairie duck species decreased
flushing distance with increased clutch size. We
have two possible explanations why we failed to
detect a relationship between clutch size and
nest defense. First, in goldeneyes and mergan-
sers, intra- and interspecific nest parasitism and
thus variable clutch sizes are regular features of
their breeding strategies (Dugger et al. 1994, Ea-
die et al. 1995), unlike the ground-nesting spe-
cies studied by Forbes et al. (1994). Because
much intraspecific nest parasitism is undetected
(Eadie et al. 1995), the clutch sizes we observed
may not reflect the real reproductive effort of the
female. Related to this point, nest and hatching
success are generally unaffected in goldeneyes
for clutches of 16 or fewer eggs (Eadie et al.
1995; > 90% of clutches at our site are < 16
eggs, McNicol et al. 1997), and thus females
might defend their nest with similar intensity de-
spite having one or four additional, parasitic
eggs. Second, for species that only have one an-
nual nesting attempt and for which suitable nest
sites are usually limited (Eadie et al. 1995; al-
though they were clearly not limited in this
study, McNicol et al. 1997), the relative influ-
ence of clutch size or nest parasitism on nest
defense may be small in comparison to the im-
portance of finding a site, and defending and in-
cubating the clutch successfully. This small in-
fluence may not be detectable with the sample
sizes available to us, and the effects of relatively

high breeding densities and nest parasitism rates
found in this unique site (McNicol et al. 1997).

This study and that of Forbes et al. (1994)
point to some interesting differences in nest de-
fense within ducks (subfamily Anatinae). Al-
though Forbes et al. (1994) found generally
good support for a direct relationship between
flushing distance and various measures of clutch
value among ground-nesting waterfowl species,
we found little support in Hooded Mergansers
and weak but positive support in Common Gol-
deneyes. The difference between studies may be
attributable to differences in nest location and
main predators. Rates of predation are high on
ground-nesting birds, including prairie water-
fowl (Sargeant et al. 1984), whereas cavity-nest-
ing birds generally experience lower predation
rates (Martin and Li 1992). Thus, for ground-
nesting ducks, assessing the risk from an ap-
proaching predator and flushing may be a key
strategy in surviving to renest or breed another
year. In contrast, flushing from a cavity while a
predator is still on the ground may draw atten-
tion to the nest more often than it serves to save
the female, because it is less probable that the
predator will notice the cavity, and the female
can probably escape once the predator begins to
climb the tree. Revealing the nest location is
clearly very costly for cavity-nesting species
that cannot renest. Hence, flushing distance may
not be as reliable a measure of nest defense in
cavity-nesters as it is for ground-nesters.

This study supports the hypothesis that female
cavity-nesting waterfowl would take greater
risks to defend their clutch as clutch value in-
creases, but we did find some differences be-
tween Common Goldeneyes and Hooded Mer-
gansers among nest defense measures and
through incubation. Our data also suggest that
patterns of nest defense differ from ground-nest-
ing waterfowl, and thus nest location may be an
important factor influencing nest defense. Fur-
ther studies on waterfowl should focus on the
role of nest location, predatory species, preda-
tion intensity, and the role of alternative defense
behaviors in overall defense strategies.

ACKNOWLEDGMENTS

Data were collected during a long-term Canadian
Wildlife Service study of the effects of anthropogenic
acidification on boreal waterfowl. Financial support
was provided by the LRTAP Program of Environment
Canada and the Canadian Wildlife Service (Ontario
Region). We thank John Haselmayer, Don Morgan, Ja-



NEST DEFENSE IN CAVITY-NESTING WATERFOWL

son Reaume, and Bob Webster for field assistance, Pat
Weatherhead for helping design this study, and Pat
Weatherhead, Mark Forbes, and anonymous referees
for reviewing the manuscript.

LITERATURE CITED

ALBERICO, J. A. R. 1995. Floating eggs to estimate
incubation stage does not affect hatchability.
Wildl. Soc. Bulil. 23:212-216.

ANDERSSON, M., C. G. WIKLUND, AND H. RUNDGREN.
1980. Parental defense of offspring: a model and
an example. Anim. Behav. 28:536-542.

Curio, E., aND K. REGELMANN. 1985. The behaviour
dynamics of great tit (Parus major) approaching
a predator. Z. Tierpsychol. 69:3-18.

DUGGER, B. D., K. M. DUGGER, AND L. H. FREDRICK-
SON. 1994. Hooded Merganser (Lophodytes cu-
cullatus). In A. Poole and E Gill {eds.], The birds
of North America, No. 98. The Academy of Nat-
ural Sciences, Philadelphia, and The American
Ormnithologists’ Union, Washington, DC.

EADEE, J. M., M. L. MALLORY, AND H. G. LUMSDEN.
1995. Common Goldeneye (Bucephala clangula).
In A. Poole and E Gill [eds.], The birds of North
America, No. 170. The Academy of Natural Sci-
ences, Philadelphia, and The American Ornithol-
ogists’ Union, Washington, DC.

Forees, M. R. L., R. G. CLARK, P. J. WEATHERHEAD,
AND T. ARMSTRONG. 1994. Risk-taking by female
ducks: intra- and interspecific tests of nest defense
theory. Behav. Ecol. Sociobiol. 34:79-85.

KniGHT, R. L., O. J. GRouT, AND S. A. TEMPLE. 1987.
Nest defense of the American Crow in urban and
rural areas. Condor 89:175-177.

KniGHT, R. L., AND S. A. TeEmPLE. 1986. Why does
intensity of avian nest defense increase during the
nesting cycle? Auk 103:318-327.

MALLORY, M. L., H. G. LUMSDEN, AND R. A. WALTON.
1993a. Nesting habits of Hooded Mergansers in
northeastern Ontario. Wildfowl 44:101-107.

MALLORY, M. L., D. K. McNicoL, anD P. J. WEATH-

701

ERHEAD. 1994. Habitat quality and reproductive
effort of Common Goldeneyes nesting near Sud-
bury, Canada. J. Wildl. Manage. 58:552-560.

MALLORY, M. L., AND P. J. WEATHERHEAD. 1993. Ob-
server effects on Common Goldeneye nest de-
fense. Condor 95:467-469.

MALLORY, M. L., P. J. WEATHERHEAD, D. K. McNicoL,
AND M. E. WAYLAND. 1993b. Nest site selection
by Common Goldeneyes in response to habitat
features influenced by acid precipitation. Ornis
Scand. 24:59-64.

MARTIN, T. E., aND P. L1. 1992. Life history traits of
open- vs. cavity-nesting birds. Ecology 73:579—
592.

McNicor, D. K., B. E. BENDELL, AND R. K. Ross.
1987. Studies of the effects of acidification on
aquatic wildlife in Canada: waterfowl and trophic
relationships in small lakes in northern Ontario.
Can. Wildl. Serv. Occ. Pap. No. 62.

McNicoL, D. K., R. K. Ross, M. L. MALLORY, AND L.
A. BriseBois. 1995. Trends in waterfowl popu-
lations: evidence of recovery from acidification,
p- 205-217. In J. Gunn [ed.], Restoration and re-
covery of an industrial region. Springer-Verlag,
New York.

McNicoL, D. K., R. A. WALTON, AND M. L. MALLORY.
1997. Monitoring nest box use by cavity-nesting
ducks in acid-stressed lakes near Sudbury, Canada
(1987-1995). Wildl. Biol. 3:1-12.

MONTGOMEREE, R. D., AND P. J. WEATHERHEAD. 1988.
Risks and rewards of nest defense by parent birds.
Q. Rev. Biol. 63:167-187.

SARGEANT, A. B., S. H. ALLEN, AND R. T. EBERHARDT.
1984. Red fox predation on breeding ducks in
midcontinent North America. Wildl. Monogr. 89.

WaAYLAND, M., anD D. K. McNicoL. 1994. Move-
ments and survival of common goldeneye broods
near Sudbury, Ontario, Canada. Can. J. Zool. 72:
1242-1259.

WEATHERHEAD, P. J., R. D. MONTGOMEREE, H. L. GBBS,
AND P. T. BoaG. 1994. The cost of extra-pair fer-
tilizations to female red-winged blackbirds. Proc.
R. Soc. Lond. B 258:315-320.



