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lowland Amazonia (Ridgely and Tudor 1994). In Manu 
National Park, in southeastern Peru, F. analis (58 g) is 
behaviorally dominant to the smaller F. colma (49 g; 
Robinson and Terborgh 1995). Formicarius analis also is 
much more common and has smaller territories. Rob- 

inson and Terborgh suggested that the coexistence of 
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these two species in Peru is possible because the large 
territories of F. colma allow it to avoid coming into con- 
tact with F. analis, even though their territories some- 
times overlap. Here, I report observations and experi- 
mental results for these species near Manaus, Brazil. At 
Manaus, playback experiments show no evidence of in- 
terspecific aggression. Relative abundance also varies 
between the sites. Near Manaus, Formicarius colma is 
more common and has smaller territories than F. analis. 

Territorial birds typically defend a breeding territory 
against intrusion by conspecifics, but only rarely are re- 
sponsive to heterospecific intruders. Experimental and 
observational evidence indicates that interspecific ag- 
gression is usually directed only to one or two conge- 
ners that are ecologically similar (Orians and Willson 
1964, Murray 1971, Rice 1978, Catchpole and Leisler 
1986, Prescott 1987). Presumably, this aggression re- 
sults from competition between closely related species, 
although the extent to which it is an adapfive trait has 
been debated (Cody 1974, Murray 1981). For closely re- 
lated species that partition a habitat gradient, interspe- 
cific aggression may occur in that part of the gradient 
that is suitable for both species (Murray 1971). Nectar- 
feeding birds also exhibit strong interspecific territori- 
ality, but this is based on short-term defense of a food 
resource, not defense of a mulfipurpose territory (e.g. 
Feinsinger 1976, Murray 1981). 

Based on a series of playback experiments with 27 
species pairs, Robinson and Terborgh (1995) con- 
cluded that interspecific territoriality is common in 
birds using a primary successional gradient in Manu 
National Park (hereafter "Peru"). The response was 
strongest in species pairs that had non-overlapping 
territories, although in some cases it occurred be- 
tween species with overlapping territories. In most 
cases the response was asymmetrical, with the larger 
species responding much more aggressively to 
heterospecific playback than the smaller species. 
Robinson and Terborgh concluded that by virtue of 
their size advantage, the larger species excluded 
smaller congeners from more productive habitats 
and forced them into earlier successional areas. 

Robinson and Terborgh (1995) found that F. analis re- 
sponded aggressively to playback of F. colma vocaliza- 
tions, whereas F. colma moved away from playback of F. 
analis vocalizations. In the case of this species pair, the 
subordinate species (F. colma) was not restricted to ear- 
lier successional areas, but was less common and had 
larger territories than F. analis, presumably to avoid in- 
terspecific interference (Robinson and Terborgh 1995, 
Terborgh pers. comm.). Although many studies of in- 
terspecific territoriality have been done with congeners 
that are very similar in appearance or vocalizations, the 
two Formicarius have very different appearances, call 
notes, and songs (Ridgely and Tudor 1994). Thus, they 
are unlikely to be confused with each other, either by 
human observers or by the birds themselves (see Mur- 
ray 1971, 1976). 

These two species also occur in the forests near Ma- 

naus, in central Amazonian Brazil. As in Peru, E analis 

(62 g) is much larger than F. colma (46g; Bierregaard 
1988). Unlike in Peru, however, F. colma is much more 
common than F. analis based on mist-net capture rate in 
undisturbed forest (2.8 vs. 0.3 captures per 1,000 net h; 
Stouffer and Bierregaard 1995). This difference between 
two well-studied sites prompted me to examine inter- 
specific interactions near Manaus. I also was interested 
in measuring abundance with a method other than 
mist nets, which can be an inefficient and possibly bi- 
ased technique for terrestrial birds (see Remsen and 
Good 1996). To make the results from the two sites 
comparable, ! followed the methods of Robinson and 
Terborgh (1995) as closely as possible. First, I quanfified 
abundance of the two species. Second, I examined the 
extent of territorial overlap between them. Third, I used 
playback experiments to determine the degree of inter- 
specific aggression between the two species. 

Methods.--This study was conducted in reserve 1501 
of the Biological Dynamics of Forest Fragments Project, 
in terra firme forest 80 km north of Manaus, Brazil 
(2ø30'S, 60ø00'W). Reserve 1501 is within continuous 
forest, bordered to the south and southeast by a narrow 
road and several small, abandoned farms. To the west, 
the nearest disturbance is a cattle ranch about 18 km 

away. To the north, the forest stretches with almost no 
disturbance for hundreds of km (see Lovejoy and Bier- 
regaard 1990, Bierregaard et al. 1992). 

! surveyed birds in a 100-ha plot within reserve 
1501 between June and August 1995. The breeding 
season of F. analis at Manaus is unknown, but F. colma 
may breed from about February to May (based on in- 
creased singing and parents accompanied by beg- 
ging juveniles). The area has a gridded trail system, 
with trails every 100 m. As part of a larger study of 
terrestrial insectivorous birds, I spot-mapped F. col- 
ma and F. analis in the plot on 36 days, systematically 
surveying the plot between 0530 (about 30 min be- 
fore dawn) and 0800 and between 1700 and 1800 
(dusk). Although these were the times of peak vocal 
activity, I also recorded opportunistic detections at 
other times, except for radio-tagged birds that ! 
heard or saw while I was locating them (see below). 
For each Formicarius detected, I noted the time, the 
type of detection (bird seen, bird heard calling, or 
bird heard singing), the location, the number of calls 
or songs, and any response from conspecifics or con- 
geners. To reduce the possibility of overlooking birds 
in the plot, I used tape playback for each species in 
areas where no birds were detected. 

Four F. colma and four F. analis were captured and 
outfitted with radio transmitters from June to Au- 
gust 1995 and June and July 1996. Birds were cap- 
tured by using playback of conspecific calls and 
songs to lure them into mist nets. The birds were out- 
fitted with 1.5-g radio transmitters (Wildlife Mate- 
rials SOPB 2028) mounted with backpacks or glue. 
These birds were located one to four times daily, 
with a minimum of two hours between locations. All 
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data from radio-tagged birds were kept separate 
from spot-mapping data. I used the algorithms in 
Ranges IV software (Kenward 1990) to estimate ter- 
ritory size of the radio-tagged birds. 

I conducted playback experiments with 11 indi- 
viduals of each species in 1995 and 1996. Each ter- 
ritory was sampled only once. Because of the low 
density of F. analis (see Results), it was necessary to 
search for birds outside the plot. I hoped to find birds 
that were spontaneously singing before the playback 
trial, but this proved difficult for both species. Of the 
11 E calma used in the experiments, one was singing, 
five were calling, two were silent radio-tagged birds, 
one was seen, and two were induced to call by play- 
back of F. calma calls and songs. For F. analis, eight 
birds were singing, one was a silent radio-tagged 
bird, and two were induced to call or sing by con- 
specific playback. For the birds that were located by 
conspecific playback, I stopped playback immediate- 
ly when the bird responded, then moved toward the 
area where I heard the bird. In all cases these birds 

stopped vocalizing, but I waited several minutes be- 
fore beginning the playback trials. 

I performed playback trials following the methods 
of Robinson and Terborgh (1995). First, I played a 
tape of heterospecific calls and songs for 5 min. Dur- 
ing this period, I remained partially concealed at 
least 5 m from the recorder and noted any vocali- 
zations or movements by the target bird. Following 
the heterospecific playback, I played conspecific calls 
and songs for 5 min. As before, I noted any vocali- 
zations or movements by the target bird. The re- 
sponses to both trials were scored following the cri- 
teria listed in Table 1, which follow Robinson and 
Terborgh (1995). I modified their scale slightly to re- 
flect the behavior of antthrushes. For vocalization 

frequency, the important response is the change in 
vocalization frequency from before the trial, so it is 
impossible to quantify the frequency of vocalization 
scales, especially for ranks 3 to 8. For example, a bird 
that called three times in 1 min before the trial and 

six times in 1 min during the trial would get a score 
of at least 7. A bird that called six times in 1 min be- 

fore the trial and six times in 1 min during the trial 
could receive a score as low as 4. In practice, the com- 
bination of vocalizations and movements made it 

fairly easy to assign the scores. 
Differences between species in response to hetero- 

specific vocalizations were tested with a Mann-Whit- 
ney U-test. This tested the null hypothesis that the spe- 
cies do not differ in response to heterospecific playback. 
I analyzed differences in response to conspecific and 
heterospecific playback within individuals with a Wil- 
coxon signed-rank test for each species. This tested the 
null hypothesis that birds responded equally to con- 
specific and heterospecific vocalizations. Tapes were 
broadcast with a Marantz PMD 222 recorder or a Pan- 

asonic personal recorder, in either case amplified 
through an Archer remote speaker I made the contin- 

TABLE 1. Ranks used to score response to playback 
experiments by antthrushes in Brazil. 

Rank Response 
10 

9 
8 

7 

Approach to <1 m, or vocalize nearly 
constantly 

Approach to <5 m, or vocalize repeatedly 
Approach to 6 to 15 m, displaying agita- 

tion, or vocalize frequently 
Approach to 15 to 30 m, with no indica- 

tion of agitation, or increase vocaliza- 
tion rate 

Gradually approach to 30 to 40 m, contin- 
ue vocalizing at same rate 

Make no changes in position relative to 
speaker, continue vocalizing at same 
rate 

Move away gradually, with net movement 
away from speaker, continue vocalizing 
at same or slightly decreased rate 

Move away gradually but directionally, or 
continue vocalizing, but at markedly 
decreased rate 

Move away rapidly and vocalize no more 
than twice 

Move away immediately and stop vocaliz- 
ing. 

uous-loop tapes for playback from vocalizations I re- 
corded at the study site using the same tape recorder 
and a Sennheiser ME66 microphone. 

Results.--I recorded 136 spot-map registrations of E 
calma and 19 of F. analis in the 100-ha plot (Fig. 1). For- 
micarius calma was recorded in 75 ha; several of the ar- 
eas where it was not recorded, especially in the north- 
eastern part of the plot, included areas of long, steep 
slopes with large treefalls. Farmicarius analis was re- 
corded in 12 ha concentrated in two corners of the plot 
(Fig. 1). Although I used tape playback throughout the 
plot for F. analis, no birds responded except where I had 
already spot-mapped birds that vocalized spontane- 
ously. 

From the observed frequencies of occurrence (i.e. 
0.75 for E calma and 0.12 for E analis), the interaction 
of the two species can be examined. If their distri- 
bution were influenced by interspecific territoriality, 
then the species would be expected to occur in dif- 
ferent areas of the plot without overlap. Alternative- 
ly, if they associated positively, then they would be 
expected to occur in the same areas. The empirical 
result, however, showed neither a negative nor a pos- 
itive association. Territories of the two species over- 
lapped in nine ha, which is exactly the overlap that 
would be expected if they were distributed indepen- 
dently of each other (0.75 x 0.12 x 100 ha). 

It was difficult to determine territorial boundaries 

based on territorial interactions of F. calma, which I 
never heard countersinging. Both sexes called fre- 
quently, but I seldom heard songs. Based on radio- 
tagged birds, I suspect that pair members sometimes 
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FIG. 1. Spot-map registrations of Farmicarius col- 
ma (open circles) and F. analis (closed circles) in a 
100-ha plot of continuous forest near Manaus, Brazil. 
Bold lines show outline of plot; faint lines indicate 
trails, which are separated by 100 m. 

foraged >100 m apart. Thus, it was often impossible 
to determine if birds exchanging calls were paired. I 
estimated territory size for four radio-tagged E calma 
within the plot. Each bird was located at least 64 
times on a minimum of 21 days. Based on a mini- 
mum convex polygon algorithm, territory sizes 
ranged from 5.2 to 7.7 ha. These estimates are highly 
dependent on sample size, so I also calculated terri- 
tory size with a nonparametric kernel method (Wor- 
ton 1989, White and Garrott 1990); the 95% isopleths 
ranged from 4.8 to 11.0 ha. In practice, this technique 
reduces the territory-size estimate if the minimum 
convex polygon is distended by outliers, but increas- 
es it if points are more uniformly distributed. For E 
calma, additional sampling after about 20 days did 
not lead to a significant increase in estimated terri- 
tory size (i.e. area reached a plateau). Based on the 
mean of the highest (11.0 ha) and lowest (4.8 ha) es- 
timates, or 7.9 ha, the 75 ha occupied in the plot rep- 
resented approximately 9.5 F. calma territories per 
100 ha. With one pair per territory, the estimated bio- 
mass of E calma was 874 g per 100 ha. 

Farmicarius analis neighbors countersang on two 
occasions, once in the northwest corner of the plot 
and once in the southwest corner. Thus, the two clus- 
ters of registrations each represent two territories 

(Fig. 1). In the northwest corner, both territories 
shown in Figure 1 extended well outside of the plot. 
In the southwest corner, one territory extended 
slightly outside of the plot. The other, the territory of 
one of the radio-tagged E analis, was mostly within 
the plot. Three E analis were radio-tagged in 1996. 
One was the bird in the northwest corner of the plot. 
Another was a bird in the central part of the plot, an 
area where E analis was absent in 1995. The third was 

about 500 m west of the plot. Each was located a at 
least 22 times on a minimum of 7 days. Minimum 
convex polygon estimates varied from 5.9 to 21.2 ha, 
and kernel estimates of the 95% isopleths were 7.9 to 
37.0 ha. The highest estimates were for the bird that 
colonized the plot between 1995 and 1996. This bird 
apparently was unmated and appeared to move 
more than the paired birds. All of the other radio- 
tagged birds were mated, but even so, one individual 
had a territory of 15.9 ha (minimum convex polygon) 
to 26.3 ha (kernel). These birds were sampled less of- 
ten than E calma, so the estimates are more likely to 
be low. Based on the mean of high (26.3 ha) and low 
(5.9 ha) estimates from paired birds, or 16.1 ha, the 
12 ha occupied by E analis in 1995 represented 0.75 
territories per 100 ha. This leads to a biomass esti- 
mate of 94 g per 100 ha. Had the spot-mapping been 
done in 1996, however, this estimate would have 
been increased to about 156 g per 100 ha by the ad- 
dition of the bird that was not present in 1995. 

Call notes from E calma were among the most com- 
monly heard vocalization at the site. After account- 
ing for its higher density, however, E calma called no 
more often than E analis. Based on a density of 9.5 
pairs per 100 ha, I recorded 13.1 calls per pair. In con- 
trast, I recorded 14.7 calls per pair for E analis. For- 
micarius analis clearly sang more often (21.3 songs 
per pair) than did E calma (1.9 songs per pair). My 
observations of radio-tagged birds indicated that F. 
analis sang a few times each morning whereas E col- 
ma did not, at least from June to August. 

Both species were unresponsive to heterospecific 
playback, although they responded very aggressively 
to conspecific playback (Table 2). There was no signif- 
icant difference between spedes in response to hetero- 
specific vocalizations. Several individuals of both spe- 
des approached to within 10 to 20 m in response to 
heterospecific playback, but most individuals simply 
milled around and exhibited no apparent agitation. 
Playing the E calma tape during E analis heterospedfic 
trials often induced nearby E calma to vocalize and ap- 
proach the speaker. Thus, the heterospedfic playback 
trial for E analis sometimes included both visual and 

vocal stimulation by F. colma. This additional stimula- 
tion did not seem to affect the E analis subjects. 

In addition to examining a subject's response to a 
conspecific intruder, the conspecific trial enabled me 
to determine the position of a subject at the end of a 
heterospecific trial. In many cases, I could not follow 
the movements of silent subjects as they walked 



784 Short Communications and Commentaries [Auk, Vol. 114 

TABLE 2. Response of antthrushes to playback ex- 
periments (see Table 1 for scoring criteria). Inter- 
specific differences in response to heterospecific 
playback tested with a Mann-Whitney U-test; in- 
traspecific differences in response to hetero- 
specific vs. conspecific playback tested with Wil- 
coxon signed-rank tests. 

Heterospecific Conspecific 
playback a playback b 

Species n œ + SE n œ + SE 
Formicarius analis 11 5.4 _+ 0.3 11 8.2 +_ 0.2 
Formicarius colma 11 5.2 + 0.4 11 8.3 + 0.2 

a Heterospecific playback between species: P = 0.46. 
b Conspecific playback vs. heterospecific playback within species: E 

analis, P <, 0.005; E colma, P <, 0.005. 

along the forest floor during heterospecific play- 
backs. A subject's immediate appearance at the start 
of a conspecific trial confirmed that it had not moved 
away gradually during the heterospecific trial. Both 
species were obviously agitated by the conspecific 
playback, but the typical response differed between 
species. Formicarius colma approached the speaker 
rapidly, in some cases flying, but vocalized little. For- 
micarius analis approached much more gradually, al- 
though it called and sang more. 

Discussion.--Formicarius colma is considerably more 
common than F. analis in the forest north of Manaus. It 

has smaller territories and occupies a greater propor- 
tion of terra firme forest than F. analis. Although most 
of these results were from a single study plot, the rel- 
ative abundance of the two species was similar to that 
derived from mist-net data at a series of continuous for- 

est plots (Stouffer and Bierregaard 1995) and from spot- 
mapping in replicate continuous forest plots (J. A. Strat- 
ford and P. C. Stouffer unpubl. data). 

My results provided no evidence that the difference 
in abundance between the species is related to inter- 
specific interactions. First, the birds generally were am- 
bivalent to heterospedfic playback, although they re- 
sponded very strongly to conspecific playback. Second, 
the two species did not avoid each other, at least based 
on their distribution in the 100-ha plot that I surveyed 
intensively. This also is supported by data from vocal- 
ization frequency; Formicarius colma called frequently, 
even when they were within a territory of F. analis. Pre- 
sumably, this indicates that F. analis, the larger species, 
does not use interference competition to limit the abun- 
dance of F. colma. 

These results differ dramatically from those re- 
ported for the same species in Peru, where F. analis is 
much more common and has smaller territories than 

F. colma (Terborgh et al. 1990, Robinson and Terborgh 
1995). The strong asymmetry in response to hetero- 
specific playback between the two species led Rob- 
inson and Terborgh to conclude that F. analis used its 
larger size to physically dominate F. colma, and that 

this interference competition limited the density and 
vocalization frequency of F. colma. 

Clearly, these species interact quite differently in Ma- 
naus compared with Peru. Why should this be the case? 
One factor that may be involved is the difference in pro- 
ductivity between the two sites. The area north of Ma- 
naus is thought to be among the least productive areas 
of Amazonia due to its pronounced dry season and 
poor soils (Gentry and Emmons 1987). Biomass of the 
two Formicarius species is about 970 g per 100 ha in Ma- 
naus (this study) compared with 2,000 g per 100 ha in 
Peru (Terborgh et al. 1990). Perhaps F. analis occupies 
sites of relatively higher productivity in Manaus, but 
most of the forest is suitable only for F. colma. The costs 
to E analis to try to exclude E colma from most of the 
forest may not exceed the benefits. If this were the case, 
however, then conflict between the two species would 
be expected where F. analis occurs. I have no evidence 
for this from playback experiments or observations of 
radio-tagged birds. 

Additional work may show that these two species 
use different microhabitats or food resources in Ma- 

naus than in Peru, thus accounting for differences in 
their abundance and behavior. My observations of for- 
aging behavior suggest that both species forage in the 
same manner in Manaus, i.e. by picking invertebrates 
out of leaf litter, but they may use different microhab- 
itats or select different prey types. Terra firme forest 
north of Manaus has much more topographic variation 
than the floodplain forest where Robinson and Ter- 
borgh (1995) worked in Peru, so the two species may 
segregate by elevation or slope in Manaus. Based on 
spot-mapping and observations of radio-tagged birds, 
however, this does not appear to be the case. Both spe- 
cies are found on high and low areas, although both 
appear to avoid steep slopes, swamps, and large tree- 
falls. To understand the potential for competition at ei- 
ther site would require more detailed observations of 
habitat selection and foraging (e.g. Robinson 1981). At 
larger spatial scales, habitat selection of the two species 
probably differs between Manaus and Peru. Both spe- 
cies are rare in secondary growth around Manaus, al- 
though F. colma is proportionately more abundant (Bor- 
ges 1995, Cohn-Haft et al. 1997, P. C. Stouffer and J. A. 
Stratford unpubl. data). In contrast, F. analis occurs 
more commonly in primary successional areas and 
lower, wetter areas in Peru (S. K. Robinson and K. Ro- 
senberg pers. comm.) 

Species turnover across adjacent habitats and seral 
stages is characteristic of tropical bird communities 
(Terborgh 1985, Robinson and Terborgh 1997). Inter- 
specific aggression may be an important mechanism 
that drives species turnover, especially for closely re- 
lated species occupying a successional or elevational 
gradient (Robinson and Terborgh 1995). This mech- 
anism appears to have less relevance for congeners 
that occupy the same habitat, such as the two species 
of Formicarius in Manaus. In Peru, Robinson and Ter- 
borgh (1995) reported little or no heterospecific re- 
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sponse in three other genera of late-successional spe- 
cies. The forces regulating the distribution of the two 
Formicarius in Manaus are not clear, but they are not 
related to interspecific aggression. 
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Many studies have examined the effects of weather 
on avian breeding success (e.g. Ojanen 1979; Wing- 
field 1984, 1988; Peach et al. 1991; Clarke and Johnson 
1992; Hendricks and Norment 1992; Aebischer 1993; 
Sasvari and Hegyi 1993), but few studies have dealt 
specifically with raptors (e.g. Ridpath and Brooker 
1985; Mearns and Newton 1988; Olsen and Olsen 
1988, 1989a,b; 1992; Pietiainen 1989; Norriss 1995; 
Steenhof et. al. 1997). Similarly, breeding success of 
Peregrine Falcons (Falco peregrinus) has been studied 
throughout their range (see Hickey 1969, Cade et al. 
1988), but only two studies have evaluated the effects 
of weather on breeding success (Mearns and Newton 
1988, Olsen and Olsen 1989b). 

We gathered data on 310 territorial pairs of Pere- 
grine Falcons (Falco peregrinus) over 13 breeding sea- 
sons to explore the relationship between breeding 
success and weather. Specifically, we examined an- 
nual variability in breeding success and the extent to 
which breeding success varies with weather. We also 
examined weather and breeding phenology, as this 
relationship affected breeding success. The two pre- 
vious studies of weather and breeding success in Per- 
egrine Falcons (see above) took place in relatively be- 
nign climates. In contrast, the climate at our study 
area in subarctic Canada ranks among the coldest 
and harshest within the species' breeding range. 

Study area and methods.--The study area surrounds 
the Inuit hamlet of Rankin Inlet (62ø49'N, 92ø05'W) 
on the northwest coast of Hudson Bay in the North- 
west Territories. The 450-km 2 study area was estab- 
lished in 1982. The climate at Rankin Inlet is char- 

acterized by short, cool summers (July mean tem- 
perature 10øC) and long, cold winters. Strong winds 
are common, and summer storms usually start after 
the first week of August. The Inlet freezes completely 
in November and does not break up again until July. 
Snow cover lasts from late September to early June. 
The habitat is flat, treeless tundra interspersed with 
rocky outcrops of the Canadian Shield. These rocky 
outcrops have been shaped by glacial action to form 
a series of southwest-facing cliffs. The ledges on 
these cliffs provide most of the nesting habitat. Nests 
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may be on oceanic islands, the coast, or inland. Eggs 
are laid in bowls scraped in the soil, or in old stick 
nests of Rough-legged Hawks (Buteo lagopus). The 
study population is migratory. Peregrine Falcons ar- 
rive on the study area in mid- to late May and lay 
eggs in the first week of June. The young fledge in 
mid-August and depart for the tropical Americas by 
late September. See Court et al. (1988a,b; 1989), Brad- 
ley and Oliphant (1991), and Johnstone et al. (1997) 
for additional details of the study population. 

Data were collected from 1982 to 1994. The study 
area was thoroughly searched in mid-May each year. 
Most nesting sites were associated with an obvious 
growth of the lichen Xanthoria elegens, and an ob- 
server's approach to a territory usually elicited a de- 
fensive response from the resident pair. The flat, 
treeless topography made suitable cliffs easy to find 
such that more than 95% of the pairs were found pri- 
or to egg laying. Single birds on territories were not 
counted (and were quite rare). Nonlaying pairs were 
counted as territorial pairs if they were seen more 
than once and responded defensively to the observer. 
Nest visits during laying and hatching provided 
dates for the first egg laid and the first chick hatched. 
If the first-egg date was missed, it was estimated by 
subtracting the incubation period (œ = 36.23 q- SD of 
2.29 days, n = 44) from the hatching date of the first 
chick. Each nest was monitored until fledging or nest 
failure. By continuously monitoring all nests, we 
avoided biases inherent in studies based on one or 

two surveys per year (Mayfield 1975, Steenhof and 
Kochert 1982). 

Clutch sizes were based on territorial pairs so that 
proportion of pairs to lay and number of eggs laid 
could be incorporated into a single parameter. Egg 
mortality was calculated as clutch size minus the 
number of eggs to hatch. Sample size equalled num- 
ber of laying pairs. Chick mortality was calculated as 
the brood size at hatching minus the brood size at 
fledging. Sample size equalled number of hatching 
pairs. Chicks were considered "fledged" at 25 days 
of age, even though the actual age at fledging was 35 
to 40 days (see Steenhof and Kochert 1982:887). 
Chicks older than 25 days often wandered from the 
nest area and became difficult to locate. 

Annual breeding phenology was established 


