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Relationship of Songbird Nest Concealment to Nest Fate
and Flushing Behavior of Adults

Dirk E. BURHANS! AND FRANK R. THOMPSON I11
North Central Research Station, U.S. Department of Agriculture Forest Service,
202 Natural Resources Building, University of Missouri, Columbia, Missouri 65211, USA

Avoiding predation is an important consideration
for any potential prey animal. Failure to escape from
a predator results in loss of fitness, so there is strong
selection for choices and behaviors that result in suc-
cessful escape (Lima and Dill 1990). In their cost-
benefit approach to flight from predators, Ydenberg
and Dill (1986) stressed that flight should be opti-
mized rather than maximized, because there is a cost
(usually cessation of feeding) incurred by fleeing
from predation. Field studies have largely supported
their predictions (see Bonenfant and Kramer 1996).

Whereas for foragers, flight from predators incurs
an implicit cost in lost foraging time, birds confront-
ed by a predator at the nest face an explicit choice
between loss of current reproduction versus total re-
productive loss. A bird flushing from the nest too
early may escape, but reveal the nest location to the
predator, resulting in loss of the current brood. How-
ever, flushing late from the nest could result in loss
of both nest contents and the parent bird. Because
nests are often hidden in vegetation (Martin 1992a),
vegetative concealment could play a role in flight
from the predator, much in the same the way in
which cryptic body coloration may determine flight-
initiation distance for animals such as lizards (Hea-
twole 1968). A perplexing outcome of research done
to date on nest concealment is that improved nest
concealment is not always correlated with lower nest
predation in studies of real songbird nests (Howlett
and Stutchbury 1996, Burhans and Thompson 1998,
Braden 1999). Studies have similarly shown that fre-
quency of brood parasitism, which typically lowers
host fitness, is often not influenced by nest conceal-
ment (Burhans and Thompson 1998, Clotfelter 1998).

If a view from the nest is important to adult birds,
there should be a relationship between nest conceal-
ment and willingness of the adult bird to flush at the
approach of a predator. We measured the relation-
ship of flushing behavior to nest concealment for
four songbird species having cryptically colored
adult females. Our prediction was that nests with
better concealment would result in females flushing
at a closer distance from an intruder. We also ex-
amined the relationship between concealment and
frequency of nest predation and avian brood para-
sitism. Two previous studies at our sites (Burhans
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1996, Burhans and Thompson 1998) indicated that
nest concealment was not related to nest predation,
whereas one of two studies indicated that higher
concealment was correlated with reduced frequency
of brood parasitism (Burhans 1997).

Methods.—We located nests in old fields and ad-
joining forests from April through July 1998 at the
Thomas S. Baskett Wildlife Research and Education
Center near Ashland, Missouri. Those sites have
been described previously in Burhans (1997) and
have been the subject of songbird nesting and be-
havior studies since 1992 (Burhans 1997, Burhans
and Thompson 1998, Dearborn 1998). We also
searched for nests in a nearby agriculture field (30.8
ha). We used nests of Field Sparrows (Spizella pusil-
la), Indigo Buntings (Passerina cyanea), Northern Car-
dinals (Cardinalis cardinalis) and Yellow-breasted
Chat (Icteria virens) because they are among the most
abundant nesting species and females are cryptically
colored when viewed on the nest. Although we have
not measured nest defense responses specifically to
humans of those species, they are not tame, and ap-
pear to respond to humans as they do to live or mod-
el predators. Response to humans near the nest gen-
erally includes rapid chipping or scolding and
avoidance of the nest, which is similar to responses
given to predators (Burhans 2000).

We searched sites daily for nests and marked them
with plastic flagging at least 3 m distance from the
nest. Nests were monitored every two to three days
until fledging approached, after which we moni-
tored them daily to document fledging. Although
many studies use presence of an empty nest on ex-
pected fledge date as confirmation of nest success,
video cameras at our nests (Thompson et al. 1999) in-
dicate that snakes often depredate nests on or im-
mediately prior to the expected fledge date. Fledging
thus was documented either by video camera or by
behavioral evidence during early morning visits on
the expected day of fledging. We looked for confir-
mation of fledging by nestling begging calls, sight of
nestlings, parents carrying food, or parents chipping
rapidly nearby. Nests empty prior to that were con-
sidered depredated; nests active up to the expected
fledging date where we did not observe those activ-
ities were classified as unknown. We noted presence
of eggs or nestlings of Brown-headed Cowbird (Mol-
othrus ater) and categorized nests as parasitized or
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unparasitized. We are reasonably confident that
nest-monitoring and other activities (see below) did
not increase probability of predation. Other studies
done at our sites indicate that nests visited daily for
video filming had significantly lower daily mortality
for some species (Thompson et al. 1999).

Flush experiments.—We conducted flush experi-
ments to determine relationships among conceal-
ment, the bird’s view from the nest, and adult vul-
nerability to predators. Those experiments involved
one investigator walking directly to the nest until the
adult bird flushed and left the nest. For flush exper-
iments, we walked in a straight line to the nest from
a randomly chosen direction where the view of the
nest plant was not obstructed by intervening plants.
Starting at least 8 m away, we walked (measured at
1 m/pace) silently toward the nest at a rate of 1
pace/s while keeping eyes directly on the nest or in-
cubating bird. If the nest could not be seen, we
looked at the known location of the nest based upon
previous visits. We walked to the nest up to a dis-
tance of about 0.5 m. If the bird had not yet flushed
at that distance, we stopped and without pausing ex-
tended a hand directly toward the nest. When the
bird flushed, we measured “‘flushing distance’” (Bar-
ash 1975) with a meter tape or stick (to the nearest
0.1 m) as the horizontal distance from the nest rim to
the observer’s forward foot for distances >0.5 m or to
the fingertip for distances <0.5 m. Only females are
known to incubate in all four species we tested and all
species use only open-cup nests.

““First flushes’” were conducted where birds were
not previously encountered at the nest by observers.
To determine effects of habituation and to sample
additional nests, we also conducted “‘second flush-
es.” Second flushes were performed at nests where
first flushes were already taken or where birds were
inadvertently disturbed at the nest during discovery.
For nests where first flushes were performed, we con-
ducted second flushes from the same direction as
first flushes. For nests where birds were accidentally
flushed previously, we randomly determined the di-
rection of the second flush. We conducted all second
flushes at least one day after first flushes or inadver-
tent flushes, but as much as 3 days later if birds were
not present during ongoing attempts. We were care-
ful to keep field assistants away from the vicinity of
nests where either first or second flushes had not
been performed to avoid disturbance that might af-
fect flushing behaviour of birds during experiments.

We attempted to initiate flushing experiments dur-
ing the first few days of incubation (incubation days
1 to 3) when possible, but included several samples
from late in the laying period as well as later in in-
cubation. Mean incubation day for those nests where
incubation day could be accurately determined was
1.9 = SD of 2.1 for first flush experiments (n = 50
nests) and 3.3 * 2.7 for second flush experiments (n
= 95 nests). For both first and second flushes, we ex-
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amined correlations between flushing distance and
incubation day both by species and all species com-
bined and found no significant (P < 0.05)
correlations.

“Flush concealment”” was the estimated percent-
age of the nest concealed (to the nearest 10%) based
upon viewing the nest from our angle of approach;
for example, a nest for which 20% of the nest was vis-
ible received an 80% score. To standardize measure-
ments, we took all flush concealment samples at eye-
level standing upright at a distance of 1 m measured
from the nest. Measuring flush concealment using
the flushing distance could bias the sample, because
birds that flushed far from the observer (sometimes
>4 m) could have low concealment scores if the nest
was difficult to see from a distance. All flush exper-
iments and flush concealment measurements were
performed by the first author to ensure consistency.

In addition to measuring flush concealment, we
measured concealment from four cardinal directions
(N, E, S, W) at 1 m from the nest to determine mean
concealment. We estimated mean percentage of the
nest concealed (to the nearest 10%) similarly to the
“flush concealment”” measurements above except
that measurements were at nest-height level (Bur-
hans 1997, Burhans and Thompson 1998). We also
measured height to the bottom of the nest cup (to the
nearest 5 cm) and recorded the species of the nest
plant.

Data analyses.—To determine if there was an effect
of habituation on flushing, we conducted a repeated-
measures ANOVA using only nests where we ob-
tained first and second flushes at the same nest. In
addition to the repeated flush effect (““visit”), that
model included a variable for nesting species to ac-
count for differences in flushing behavior among
species.

We used the sample of first flushes (above) and re-
gressed first flushing distance on both mean nest
concealment and flush nest concealment (PROC
GLM; SAS 1990). We included a variable for nest
height and bird species. Although repeated-mea-
sures analysis indicated no difference between first
and second flushes at the same nests (see results), we
analyzed first and second flushes separately because
the repeated-measures analysis used a subsample of
available nests. Flushing distances were square-root
transformed (Neter et al. 1990) and concealment
measurements were arcsine square-root transformed
(Sokal and Rohlf 1981) to improve normality, but we
present nontransformed results to facilitate
interpretation.

We compared concealment between parasitized
and unparasitized nests and depredated versus
fledged nests with ANOVA models. As in a previous
study (Burhans and Thompson 1998), we combined
all bird species in those analyses and included a spe-
cies factor to account for variability in concealment
that could be falsely attributed to predation or par-
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FiG. 1. Relationship between flush concealment
and flushing distance for first flushes, all species
combined. There were no among-species differences
in flushing distance (n = 22 Field Sparrow, 24 Indigo
Bunting, 10 Northern Cardinal, and 6 Yellow-breast-
ed Chat nests).

asitism. When analyzing parasitism, we included
only nests initiated before the termination of laying
by cowbirds at our field sites (7 July 1998). We used
the same sample of nests as the previous analyses.
To determine whether premature flushing behav-
ior could predispose nests to predation, we obtained
residuals by regressing flushing distance on flush
concealment (by species) using the transformed var-
iables above. We then analyzed probability of pre-
dation with a logistic regression, including both in-
dicator variables for species and the residuals as
independent variables.
Results.—Repeated-measures analysis indicated
that first and second flushing distances did not differ
at nests where both first and second flushes were ob-
tained (visit effect, ANOVA: F = 1.9, df = 1 and 53,
P = 0.17). Flushing distances differed among bird
species (F = 3.2, df = 3 and 53, P = 0.03), but did not
differ among species according to visit (visit X spe-
cies interaction, F = 1.0, df = 3 and 53, P = 0.42).
Flush concealment was inversely related to the dis-
tance that birds flushed from the nest in first flush
experiments (overall F = 6.0, df = 6 and 55, P <
0.0001, r? = 0.40; flush concealment F = 30.9, df = 1
and 55, P < 0.0001; Fig. 1). However, mean nest con-
cealment had no relationship to flushing distance (F
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FIG. 2. Relationship between flush concealment
and flushing distance for second flushes, by species
(n = 41 Field Sparrow, 36 Indigo Bunting, 14 North-
ern Cardinal, and 14 Yellow-breasted Chat nests).

= 0.1, df = 1 and 55, P = 0.80). First flushes did not
differ among species (F = 1.1, df = 3 and 55, P =
0.36) and no significant effect existed for nest height
(F=1.1,df = 1 and 55, P = 0.31). In second flush
experiments, flush concealment was similarly in-
versely related to the distance that birds flushed
from the nest (overall F = 5.2, df = 6 and 98, P <
0.0001, 2 = 0.24; flush concealment F = 18.5, df = 1
and 98, P < 0.0001; Fig. 2). As with the previous
model, mean nest concealment was not related to
flushing distance (F = 0.3, df = 1 and 98, P = 0.58)
and there was no effect of nest height (F = 0.4, df =
1 and 98, P = 0.55). However, second-flush distances
differed among bird species (F = 2.9, df = 3 and 98,
P = 0.04; Fig. 2).

The ANOVA model testing for differences in mean
concealment between depredated and fledged nests
was significant, but differences were due to nesting
species rather than predation (Table 1; overall F =
6.2, df = 7 and 102, P < 0.0001, species F = 12.1, df
= 3 and 102, P < 0.0001, predation F = 0.03, df = 1
and 102, P = 0.86, species X predation interaction F
= 1.8, df = 3 and 102, P = 0.20). Mean concealment
similarly differed because of nesting species rather
than parasitism for nests in the cowbird parasitism
analysis (overall F = 4.8, df = 7 and 100, P < 0.0001;
parasitism F = 0.8, df = 1 and 100, P = 0.40; nesting
species F = 4.4, df = 3 and 100, P = 0.006, species X

TABLE 1. Mean nest concealment * SE (n) for depredated, fledged, parasitized, and unparasitized nests by
species.
Species Depredated Fledged Parasitized Unparasitized
Field Sparrow 91.3 £ 1.6 (25) 88.6 + 3.7 (16) 92.4 +2.5(3) 89.5 = 1.9 (38)
Indigo Bunting 743 = 3.2 (21) 71.5 + 5.2 (17) 68.4 = 6.7 (11) 76.2 + 2.7 (25)
Northern Cardinal 83.9 £ 3.7 (12) 70.0 + 6.8 (4) 742 + 9.6 (3) 81.8 + 3.8 (13)
Yellow-breasted Chat 74.0 = 3.3 (11) 86.3 £ 6.3 (4) 78.3 £ 5.6 (5) 76.8 + 4.1 (10)
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parasitism interaction F = 0.2, df = 3 and 100, P =
0.90).

The logistic regression analysis of residuals indi-
cated that birds flushing earlier were not more likely
to experience depredation (parameter estimate for
the residual of flushing distance and flush conceal-
ment = 0.81 = SE of 0.48, x> = 2.90, P = 0.09; overall
model x2 = 7.1, P = 0.13, r2,4 = 0.09). None of the
species indicator variables were significant (P = 0.08,
all variables).

Discussion.—Flushing distance was inversely re-
lated to the amount of nest concealment measured
from the direction in which we approached nests
(Figs. 1 and 2), which suggests that those species use
nest visibility at the nest in deciding when to evade
a potential predator. Nest concealment did not ap-
pear to influence nest susceptibility to predators or
cowbirds, as mean concealment did not differ be-
tween successful and depredated or parasitized and
unparasitized nests. Birds that flushed early in re-
lation to their flush concealment were not more likely
to experience depredation.

We cannot distinguish whether birds having high
flush-concealment scores flushed closer from us be-
cause they could not detect our approach or because
they were using nest cover to remain cryptic. Despite
our silent approach during experiments, we walked
over ground vegetation that inadvertently produced
noise on our way to the nest; thus, our presence, if
not our approach, was surely evident from some dis-
tance even to birds whose nests were 100% concealed
from our angle of approach. Eye contact and direct
approach by a potential predator implies a greater
probability that the predator has detected the prey,
but also implies a greater chance that the predator
will detect it if it moves (Cooper 1997). Our attempt
to walk toward and look directly at nests during our
approach should have signaled to birds that we had
already discovered their nest, although birds at nests
with high concealment may have had more difficulty
perceiving that intention.

Ydenberg and Dill (1986) emphasized that poten-
tial prey may be aware of the predator long before
flight actually occurs. In some cases, prey that flees
too soon increases its vulnerability, because doing so
attracts the attention of the predator. They predicted
that well-camouflaged species would, thus, have
shorter flight distances (Ydenberg and Dill 1986).
Flushing from the nest complicates that scenario; if
the enemy is a nest predator, the bird could lose its
nest by flushing regardless of the flushing distance.
Thus, birds should avoid flushing until they are cer-
tain that the nest has been discovered. Our data fit
that pattern, as birds on nests with better conceal-
ment from our approach tended to remain until the
last possible moment before flushing and giving
away the nest location.

Although flushing distance was inversely correlat-
ed with the “flush concealment’’ that we measured
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when approaching the nest, it does not necessarily
follow that birds chose their nest site and its concom-
itant concealment to allow them to flush from a cer-
tain distance; mean concealment was not related to
flushing distance. Mean concealment also was not re-
lated to frequency of brood parasitism or nest pre-
dation, a finding consistent with many other song-
bird nesting studies (Howlett and Stutchbury 1996,
Burhans and Thompson 1998, but see Burhans 1997),
including other studies on the same species (Best
1978, Conner et al. 1986, Filliater et al. 1994). Rela-
tionships between nest predation and nest site fea-
tures may exist, but may not be evident because the
mechanisms influencing predation vary depending
upon predator (Schmidt and Whelan 1999), and most
nests are subject to a variety of predators (Filliater et
al. 1994). Recent work with video cameras indicates
that snakes are the main predators at our old field
sites (Thompson et al. 1999). Concealment may not
be an advantage where snakes are predators, because
they may use olfaction or other cues in detecting
nests (Eichholz and Koenig 1992, Schaub et al. 1992).
Better concealment may similarly not help where
cowbirds are concerned, because they appear to use
adult host behavior in locating nests (Clotfelter 1998,
Strausberger 1998). Nest concealment may be of
greater importance where mammalian or avian
predators (Clark and Nudds 1991) are responsible
for nest predation.

Presumably, the flushing responses we observed
apply to visual predators; they may even be unique
to “human predators.” Birds face a variety of pred-
ators, some of which are nonvisual or search ran-
domly, and flushing strategies may vary with pred-
ator. For instance, Common Yellowthroat (Geothlypis
triochas) females often leave the nest cryptically be-
fore human observers can visually detect them; they
then may flush at a distance from the nest (D. Bur-
hans pers. observ; Gross 1953). Female Yellow-
breasted Chats sometimes dropped below the nest
while flushing, but were always directly observable
to us in the act of flushing.

Although the relationship of nest concealment to
predation has received considerable attention, com-
paratively little attention has been devoted to the
role of incubating birds in revealing the nest site, The
finding that real nest sites have better concealment
than unused sites selected at random suggests that
birds choose nest sites at least in part because of con-
cealment (Holway 1991, Kilgo et al. 1996a, b; but see
Gotmark et al. 1995). If birds give away the nest lo-
cation by flushing and can afford to flush later at
well-concealed nests, then concealed nests should
show lower predation frequencies. However, parent
birds can also reduce predation by aggressive, cryp-
tic, or distraction behaviors (Gochfeld 1984, Martin
1992b). Behaviors such as parental defense may com-
pensate for poor concealment and explain in part
why nest predation is not always explained by nest-
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site features; studies at real nests (Ricklefs 1977, Mc-
Lean et al. 1986, Murphy et al. 1997) and comparing
predation at artificial versus real nests (Cresswell
1997, King et al. 1999) support that interpretation.
The relationship between nest-site characteristics
and nest predation remains a valuable area for study,
but research thus far has often yielded conflicting or
inconclusive results, Predation-related behaviors
such as flushing, nest defense, and crypsis and their
interactions with nest-site characteristics could pro-
vide explanations for patterns in predation that are
presently lacking from nest-site vegetation studies
alone.
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Genetic Monogamy in Wilson’s Storm-Petrel
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In socially monogamous birds, sperm competition
can arise when females seek or accept copulations
outside of the pairbond (extrapair copulations,
EPCs). EPCs are widespread among socially monog-
amous birds (e.g. Birkhead 1998), although there is a
wide range in the level of extrapair paternity (EPP)
within that social mating system, ranging from no
extrapair young (EPY), for example in Northern Ful-
mars (Fulmarus glacialis; Hunter et al. 1992) and
Common Loons (Gavia immer; Piper et al. 1997), to
over half of the chicks fathered via EPCs, for example
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in Tree Swallows (Tachycineta bicolor; Kempenaers et
al. 1999). The causes for the large interspecific vari-
ation in the level of EPP are still poorly understood.
A number of studies have tried to explain those dif-
ferences and have found a positive correlation be-
tween EPP and degree of sociality (Meller and Birk-
head 1993, but see Westneat and Sherman 1997),
divorce rate (Cezilly and Nager 1995), male adver-
tisement (e.g. plumage brightness, Moller and Birk-
head 1994), and testis size (Moller and Briskie 1995).
However, there are many exceptions to those trends,
which suggests that the explanation is more complex
(e-g. Rodrigues 1998). As Petrie and Kempenaers



