San Jose State University

SJSU ScholarWorks

Master's Theses Master's Theses and Graduate Research

1991

The Re}iroductive biology and natural history of
the black phoebe (Sayornis nigricans Swainson) in
central California

Blair O. (Blair Oliver) Wolf
San Jose State University

Follow this and additional works at: https://scholarworks.sjsu.edu/etd theses

Recommended Citation

Wolf, Blair O. (Blair Oliver), "The Reproductive biology and natural history of the black phoebe (Sayornis nigricans Swainson) in
central California” (1991). Master's Theses. 275.

DOI: https://doi.org/10.31979/etd.45tx-qb6h

https://scholarworks.sjsu.edu/etd_theses/275

This Thesis is brought to you for free and open access by the Master's Theses and Graduate Research at SJSU ScholarWorks. It has been accepted for

inclusion in Master's Theses by an authorized administrator of SJSU ScholarWorks. For more information, please contact scholarworks@sjsu.edu.


https://scholarworks.sjsu.edu?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F275&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.sjsu.edu/etd_theses?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F275&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.sjsu.edu/etd?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F275&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.sjsu.edu/etd_theses?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F275&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.sjsu.edu/etd_theses/275?utm_source=scholarworks.sjsu.edu%2Fetd_theses%2F275&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@sjsu.edu

INFORMATION TGO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deietion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from ieft to right in equal sections with smali cveriaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

cniversity Microfiims international
A Beil & Howell Information Company
300 North Zeeb Road. Ann Arber, M1 48106-1346 USA
313 761-4700 800 521-0600







Order Number 1347190

The reproductive biology and natural history of the black
phoebe (Sayornis nigricans Swainson) in central California

Wolf, Blair Oliver, M.A.

San Jose State University, 1991

U-M:I

300 N. Zeeb Rd.
Ann Arbor, MI 48106






THE REPRODUCTIVE BIOLOGY AND NATURAL HISTORY OF THE BLACK
PHOEBE (Sayornis nigricans Swainson) IN CENTRAL CALIFORNIA

A Thesis
Presented to
The Faculty of the Department of Biological Sciences

San Jose State University

In Partial Fulfiliment
of the Requirements for the Degree
Master of Arts

By
Blair Oliver Wolf
December, 1991



APPROVED FOR THE DEPARTMENT OF BIOLOGICAL SCIENCES

,_'. //j %// //ZL& L —

Dr. Ho : Shellhammer
./’// vi . _C
T J/ﬁ/é 7 <~

D¥. Robert L. Hassur

(- T { T A el o~ \t*“'- - "\(1

Dr. Vida C. Kenk

APPROVED FOR THE UNIVERSITY

//) f 0/ du-mwz,o{; )




ABSTRACT
THE REPRODUCTIVE BIOLOGY AND NATURAL HISTORY OF THE BLACK
PHOEBE (Sayornis nigricans Swainson) IN CENTRAL CALIFORNIA

by Blair O. Wolf

The reproductive biology of the Black Phoebe was studied at Coyote Creck
Riparian Station at the south end of the San Francisco Bay, California. A total of 24
breeding pairs were observed during 1988, 1989, and 1990. Breeding commenced in mid
to late February with Nest Site Showing displays and frequent chasing by paired birds, and
ended in early June with the fledging of the last brood. Typically two broods were raised
by each pair in any one year. Old nests were reused from year to year and most pairs chose
to rebuild an old nest rather than construct a completely new nest. First egg dates ranged
from March 18 to May 6 for first clutches and from April 13 to May 31 for second
clutches. Eggs were laid at a rate of one per day approximately 1.5 hours after civil sunrise
with the last egg being laid later. Eggs from second clutches were si gnificantly larger than
eggs from first clutches. Clutch size did not vary between years or clutches, and averaged
4.55 eggs (range 3-5) per clutch. Incubation was carried out by the female and the mean
length of the incubation period was 16.2 days. Young birds fledged from the nest
approximately 18 to 20 days after hatching. Nesting success and mortality were also

examined.
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INTRODUCTION AND LITERATURE REVIEW
General Background

The Black Phoebe (Sayornis nigricans Swainson) is a common resident flycatcher
(Figure 1) of the riparian, lacustrine, and emergent wetland communities in the Santa Clara
Valley, California.

The Black Phoebe is one of the few native avian species to benefit from man's
settlement of the West. Black Phoebes have historically constructed adherent nests of mud
and grass stemns that were cemented to the vertical face of a rock or dirt bank. In the last
100 years, man-made structures have largely either replaced or augmented traditional
nesting sites in many locales. The construction of buildings, bridges, and culverts has
dramatically increased the number of suitable nesting sites. These man-made structures
have facilitated the Black Phoebe's colonization of many previously unoccupied geographic
areas and provided the opportunity for an intensive study of a local population.

This is a study of the reproductive biology and natural history of a population of
Black Phoebes breeding along Coyote Creek approximately three kilometers upstream from
its entrance into the south end of the San Fruncisco Bay (Figure 2). Data were collected
during the spring and summer of 1988, 1989, and 1990 whiie the author was working at
Coyote Creek Riparian Station (CCRS).

Description

The Black Phoebe is a medium sized flycatcher (Ridgway 1907). The weight of adult
birds ranges from 14.7 to 20.9gm, mean 18.2gm (this study). Males have a wing length's
which average 91.5mm, and female wing length's average 85.2mm (Irwin 1985). The
Black Phoebe's definitive basic plumage (terminology follows Humphrey and Parkes
1959) is predominantly a plain dark sooty, slate to black above, with the head being darker
than the rest of the body (colors are those of Ridgway [1907] unless otherwise noted). The



Figure 1. Adult Black Pheobe (Sayornis nigricans) perched in a coyote
bush (Baccharis pilularis).
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Figure 2. Map showing the location of Coyote Creek Riparian Station in relation to the San
Franciso Bay, California and a diagram of the immediate study area.



flanks, thighs, underzail coverts, and belly are white; the white on the belly forms an
inverted V as it extends up onto the lower breast. The scapulars, back, and rump are a
brownish slate. The remiges and rectrices are also a dark sooty or brownish slate with
vanes that appear translucent when the bird is in flight. The inner webs and tips of the
secondaries are pale brownish gray as are the tips of the greater secondary coverts. The tail
is of moderate length relative to other tyrannid flycatchers and is square with rounded
corners. The outer vane of rectrice number six is white. The wingtips of the male, when
folded, typically extend approximately Smm past the tips of the upper tail coverts. The
wingtips of the female, when folded, are typically even with the tips of the upper tail
coverts (Irwin 1985).

The mandibles are black, and the upper mandible has a small hook at the dp. The
nares are oval and rictal bristles are found on either side of both mandibles. The gape is
chrome orange (Smithe 1975). The iris is brown. The feet and tarsi are also biack and the
toes bear well curved, sharp claws.

The juvenal plumage is similar to that of the adult with the following exceptions; the
dark contour feathers of the body are edged with a medium cinnamon, the greater
secondary coverts are tipped with cinnamon forming wingbars, and the white border on the

belly and lower breast is suffused with cinnamon.

Distribution

The breeding range extends from northwestern California, south and east through
southern Nevada, central Arizona, south-central Colorado, central New Mexico, and
Trans-Pecos Texas, and continues south to southern Baja California and through Mexico
(except the Yucatan Peninsula) and middle America, and South America east to northern
Venezuela and south through Colombia, Ecuador, Peru, Bolivia and terminates in northern

Argentina (AOU 1983). In California, the Black Phoebe breeds primarily west of the



Sierra Nevada and ranges north along the humid coast range to the Oregon/California
border (Grinnell and Miller 1944). This species is considered partiaily migratory (AOU
1983) with the northernmost populations moving south after breeding and some tropical
populations, which breed at higher elevations (to 2690 meters), moving to lower elevations

(Miller et al. 1957).

Taxonoiny

The Black Phoebe is a member of the Family Tyrannidae (AOU 1983). This family
comprises approximately 375 species in 90 genera and is primarily Neotropical in
distribution (Campbell and Lack 1985). The Black Phoebe has been assigned to the
Subfamily Fluvicolinae along with two other primarily North American genera:
Empidonax and Contopus (Traylor 1977). The Black Phoebe is one of three species of the
genus Sayornis, the other members are the Eastern Phoebe (S. phoebe) and the Say's
Phoebe (S. saya).

Literature Review

In spite of the Black Phoebe's close association with man, many aspects of its
biology are poorly documented (Bent 1942). Popularized accounts of the behavior and
reproduction of the Black Phoebe have been published by Jewett 1899, Finley 1907,
Dawson 1923, Baily 1927, and Hoffman 1927. Bendire (1895) described the species
breeding range, and made detailed observations on the nest and eges.

Other typically short, but useful, articles pertaining to the biology of the Black
Phoebe and its occurrence in California include: nesting dates for Butte County (Davis
1933), Fresno County (Tyler 1913), Imperial County (Cardiff 1950), Los Angeles County
(Willett 1933), Plumas County (Grinnell et. al. 1930), Tuolumne County (Grinnell and
Storer 1924), the species distribution in the Mojave desert and southern California (Fisher



1893) as well as the southern California islands (Howell 1917); late nesting in Humboldt
County (Fraser 1931); nest site selection, including the placement of nests in abandoned
wells and the variation in egg coloration with laying sequence as reported on by Tyler
(1913); a description of a Black Phoebe's nest and eggs in Solano County with eggs of
three species {Western Flycatcher (Empidonax difficilis), Dwarf Cowbird (Molothrus ater)
and the Black Phoebe} (Stoner 1935); joint use of a Black Phoebe's nest by House Finches
(Carpodacus mexicanus) and Black Phoebes (Holland 1923); unusual nests (Robertson
1933, Quigley 1954); clutch size manipulation and the effects of switching of young and
eggs between nests (Kinsey 1935); and nestling predation by an American Kestrel (Falco
sparverius) in Los Angeles County (Cowles 1928).

The Black Phoebe is invariably associated with water. Coastal cliffs, the banks of

rivers, creeks, and streams, the borders of lakes and ephemeral ponds, fountains in parks,

1960). Recorded elevations range from sea level to 2150m (Willet 1912). Almost any
semi-permanent water supply with an accompanying source of mud, which is required for
nest construction, is attractive to this species. Man-made structures have supplemented the
traditional nest sites such as sheltered rock faces, stream-side boulders and hollow cavities
in trees. In addition, human activities have increased breeding densities in many habitats to
above those found under natural conditions where the lack of suitable nest sites is a limiting
factor. Grinnell and Storer (1924) note that the irregular distribution of Black Phoebes in
an area is probably due to their specialized nesting requirements.

The first extensive work on the general biology of the Black Phoebe was done at
Berkeley, California by Oberlander (1939). His study concentrated on the daily routine of
phoebes living on the University of California campus. Included in the study were detailed

accounts of foraging behavior, pellet casting, and the relationship between time of sunrise



and sunset, in relation to the time of entering and leaving the roost. Additionally,
Oberlander made fragmented observations on pairing, nesting, and the behavior of
fledgling Black Phoebes.

In Costa Rica, Skutch (1960) made noteworthy observations of various aspects of the
behavior of a pair of Black Phoebes over a period of several weeks. Nest construction,
egg laying, and incubation, as we!l as vocalizations and roosting behavior were
documented.

Nesting habits, ecological distribution, and diets of sympatric Black and Say's
Phoebes (Sayornis saya) in the Trans-Pecos region of Texas were studied and compared by
Ohlendorf (1976).

Vocalizations and displays in Sayornis species were identified, named and discussed
extensively in a series of papers by Smith (1970, 1970b). Smith(1970a) compared the
song-like displays of the Eastern Phoebe, the Black Phoebe and the Say's Phoebe. He
found variation in the message assortment of some song-like displays among the three
species. Smith (1970b) documented message assortment of visual displays and found that
the displays were used in similar contexts by all three Sayornis species.

The foraging behavior and prey taken by Black Phoebes have been reported on by a
number of observers. Beal (1912) found that the stomach contents of Black Phoebes from
California (n=343) contained 99.41% animal matter. Insects were grouped by order, and
Hymenoptera (primarily wasps and various wild bees) were the most frequently taken
group accounting for 30.82% of total prey items. The proportion of prey items from this
group peaked in August when they accounted for 58.72% of the total. Insects of the Order
Diptera (flies) were the second most frequently taken prey and the most evenly distributed
throughout the year. Dipterans accounted for 28.26% of the total prey items counted with a
peak in April of 64.36% of the total prey for that month. Members of the Orders
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Coleoptera and Lepidoptera were the next most frequently observed prey items accounting

for 13.30% and 8.22% respectively of the total prey items observed. Orthopterans
accounted for 2.45% of total prey items; other arthropod groups were responsible for the
remaining 5.78% of animal matter consumed.

Plant materials accounted for only 0.59% of total items recovered. Only blue
elderberry berries (Sambucus gluaca), which were found in 16 stomachs, may have been
taken intentionally.

Food items given to nestlings differed in proportion from those found in the stomachs
of adults (Beal 1912). "Soft " food items (Hymenoptera, Diptera, and Lepidoptera)
accounted for 87.64% of total items in nestlings versus 67.3% of the total items found in
adult stomachs.

Surprisingly, honey bees (Apis meiiifera) were not found in the stomachs of any
Black Phoebes examined by Beal. A unusual case of observed mortality (Ross 1933) of a
Black Phoebe after consuming a honey bee suggests that honey bees may be unpalatable
and dangerous prey.

Other notable observations on food preferences of the Black Phoebe include
observations of fish catching. Attempted captures were observed in Pacadena, California
(Howell 1924) at a goldfish pond where a Black Phoebe repeatedly dived into the pond
apparently trying to capture the young fish. Oberlander (1939) observed minnows taken in
Berkeiey, California, and C. S Lawson and J. O'Connell (Lawson 1975) observed a Black
Phoebe hovering above the water of a sewage pond and immersing its bill to the base while
capturing Mosquitofish (Gambusia affinis) in Clark County, Nevada. This behavior was
also observed at a fish hatchery in Humboldt County, California (Irwin 1985). These
phoebes were observed fishing regularly and used the fingerlings to provision their
nestlings during the breeding season.



Gander (1928) observed Black Phoebes in Balboa Park, San Diego, California in
September, feeding on the berries of a lantana, and the orange berries of an unidentified
shrub on several occasions.

The comparative foraging ecology of the Black Phoebe, Western Flycatcher, and
Western Wood Pewee (Contopus sordidulus) was studied by Verbeek (19752) in Monterey
County, California. He investigated the niche relationships among these three sympatric
species. Spatial and temporal aspects of foraging behavior of each species were recorded
and compared in an effort to examine the extent of competition among these flycatchers.
Nest site selection and egg dates were also summarized and compared. The Black Phoebe
showed the widest diversity of feeding substrates, tending to stay in open areas, and
foraging primarily close to the ground. Based on the parameters examined, the Black
Phoebe was considered the most versatile. Few signs of interspecific competition were
noted among the three species.

Verbeek (1975b) continued his earlier study with an investigation of the factors that
allow the Black Phoebe to overwinter in Northern California. He found that an expanded
winter territory, which was occupied by only a single phoebe, and an increased use of the
ground as a foraging substrate contributed to the successful overwintering of this species.
The Black Phoebe also added a greater vertical component to its feeding niche and used a
greater variety of perch types for foraging than either the Western Flycatcher or Western
Wood Pewee, both of which migrate.

The most recent investigation concerning the Black Phoebe was conducted by Irwin
(1985) in Humboldt County, California. The foraging ecology and reproduction of the
Black Phoebe were studied in the coastal grasslands between the Mad River and the city of
Eureka. Phoebes tended to forage under the canopy of vegetation on cold momings and

evenings and in the open areas during mid-day in the winter. With increasing temperatures
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mean height above the ground at which prey were captured, and flight distance to prey

increased. Winter prey capture rates were highest between mid-moming and mid-
afternoon.

In his study Irwin (1985) found that phoebes maintained individual territories, which
were between 9 and 11 hectares in size, during the fall and winter, and paired with
neighbors in the early spring. Nests were constructed under the eaves of buildings on one
of the territories. Egg dates varied from 20 March to 24 June and clutch size varied from
three to six eggs with an average for 32 clutches of 4.2 eggs. In 1978, eleven of sixteen
pairs of Black Phoebes under observation laid two clutches of eggs. Seven of these first
clutches failed and of these seven, nests or eggs of four clutches were destroyed. In the
remaining three nest failures, the nestlings or the female died from exposure or starvation.

One pair of phoebes (Irwin 1985) breeding at the Mad River Fish Hatchery laid three
clutches of eggs, including one clutch of six eggs. Four pairs of phoebes, which nested
late after a prolonged period of rainfall, 12id only one clutch of eggs during the 1976
breeding season. All phoebes observed in Irwin's study laid their €ggs on consecutive
days between 07:00 and 08:30. In all but three nests, the females incubated the eggs and
brooded the nestlings alone. The incubation period was 16 to 18 days in length, with a
mean of 16.9 days and started after the laying of the last egg. Nest attentiveness varied
from 2.0 minutes to 19.5 minutes, with an average of 13.8 minutes per session. The
parent spent 68% of the daylight hours incubating during the observation period. The eggs
within a clutch hatched inside a period of 36 hours.

Irwin (1985) found that the parent birds brooded the young until the tenth or eleventh
night. Feeding visits to the nest varied from two to eighteen per hour with an average of
8.7 visits per hour. The nestling period ranged from eighteen to twenty-one days with an
average of 19.9 days to fledging. The second clutch of eggs was started from one o
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twenty-three days after fledging of the first brood and averaged ten days. The fledglings

were independent seven to eleven days after fledging. The birds breeding at the fish
hatchery, where fingerlings were a large part of their diet and provided a constant supply of

food, nested earlier and laid more eggs than any other pairs of phoebes observed.

Scope of this Investigation

This study documents some specific aspects of the reproductive biology of the Black
Phoebe in the Santa Clara Valley, California. As the previous review indicates, several
researchers have studied the biology of this species. These investigations have
concentrated on topics such as communication and displays within the genus (Smith 1970a,
1970b), foraging biology (Verbeek 1975a, 1975b, Irwin 1985) and diet (Beal 1912).
Anecdotal accounts make up a major portion of the literature concerning the reproductive
biology of this species. While valuable, these anecdotal references generally lack the
repeated observations and quantitative data needed to accurately and usefully report the
many facets of the reproductive biology of avian species.

In this study, T address the following aspects: 1) the chronology of the reproductive
cycle; 2) the behavior associated with nest site selection, nest placement and construction,
including the role of both sexes in these activities; 3) the timing of egg laying, and some of
the temporal and behavioral aspects of incubation; 4) variation in egg size between clutches
and variation in clutch size; 5) hatching, nestling growt and development; 6) nesting

success and nestling mortality.
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THE STUDY AREA

General Characteristics

The area used for this study lies at the north end of the Santa Clara Valley on the
flood plain immediately west of Coyote Creek (Figure 2), approximately three kilometers
from its entrance into the south San Francisco Bay. The valley floor consists of confluent
alluvial fans and flood plains deposited by the many tributary streams that enter the valley
(USDA et al. 1968).

The Diablo Mountain Range rises ten kilometers to the East of the valley floor, lying
in a northwesterly to southeasterly direction; it is characterized by low rolling feothills
which give rise to a series of steep parallel ridges, with slopes of 20 to 60 percent. This
mountain range, with a maximum elevation of 1,325 meters, separates the Santa Clara and
San Joaquin Valleys. The main drainage system for the west slope of the Diablo Range is
Coyote Creek which flows from the south end of the county north along the east side of the
valley floor and out into the San Francisco Bay.

Twenty kilometers to the southwest of the study area lie the Santa Cruz Mountains;
this coastal mountain range consists of a number of small "but rugged" ranges. Elevations
of this mountain range vary from 600 to 1025 meters with the highest peak in the range
(Loma Prieta Peak) reaching 1146 meters. The Guadalupe River is the main drainage for
the east slope of this range and enters the bay at the town of Alviso. Many smaller seasonal
streams drain the remainder of the valley (USDA et al. 1968).

The climate is Mediterranean and is characterized by warm, dry summers and cool,
wet winters. In summer, fog tends to blanket the valley during the nighttime hours. The
orientation of the flanking mountain ranges results in a predominantly north-westerly flow
of marine air through the valley. Wind speeds frequently reach 30 kmph or greater. In the

winter, air flow is primarily from the southwest. Average annual rainfall for the Alviso
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area is a reported 41cm a year, with most precipitation occurring between November and
March. The average annual temperature for the Alviso area is 14 C. Extremes in

temperature range from -5 to 40 C (USDA et al. 1968).

Study Area Habitats

General Overview.—This study was carried out at Coyote Creek Riparian Station
which is located on buffer land (Figure 2) belonging to the San Jose/Santa Clara Water
Pollution Control Plant (SC/STWPCP) and lies immediately to the west of Coyote Creek.
The study area may be divided into three distinct zones: farthest to the east along the creek
is the foothill/valley riparian community. This disturbed community is dominated by
cottonwood, box elder, and willow trees and varies in width from 3 to 25 meters.
Centrally located on the flood plain, lies the valley grassland community, which is
dominated primarily by poison hemlock (Conium macularum), summer mustard (Brassica
geniculata), coyote bush (Baccharis pilularis), and various thistle species (Cirsium sp.).
Once a pear orchard, this ruderal field varies in width from 20 to 200 meters. To the west,
lie the sludge lagoons and their supporting system of levees; included in this area is a
concrete culvert with a series of crossovers within which the Black Phoebes built their
nests (Figure 3). Coyote bush, poison hemlock, and hoary cress (Cardaria draba)
dominate this area.

The Foothill/Valley Riparian Community —This community rests on the remains of
an old levee system of imported rock and soil and is composed of a fragmented canopy and
an understory of diverse species. It varies in width from 3 to 25 meters and in height from
0.5 to 30 meters.

The canopy is dominated by fremont cottonwoods (Populus fremontii), of which the
larger trees are about 35 years old, box elder (Acer negundo), and the blue elderberry



Figure 3. Photograph of one of 16 Black Phoebe nest sites. Poison Hemlock (Conium
maculatum) dominates the areas adjacent to the culvert.
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(Sambucus mexicanus). Other canopy species that occur with less frequency include the

california black walnut (Junglans hindsii) and weeping willow (Salix babylonica).

The scrub understory is dominated by red willow (Salix laevigata), arroyo willow
(Salix lasiolepis), california wild rose (Rosa californica), and giant reed (Arundo donax).
Understory plants include various woody and herbaceous species such as: california
blackberry (Rubus vitifolius), poison hemlock, coyote bush, hoary nettle (Urtica
holosericea) and common cantail (Typha latifolia).

This area has been augmented by a 4.3 acre revegetation plot, in which various
riparian species of trees and shrubs were planted in the winter of 1985-86. This
revegetation plot partially mitigates for losses of riparian habitat along Coyote Creek.
These losses were incurred as a result of an ongoing flood control project sponsored by the
Santa Clara Valley Water District (SCVYWD).

The Valley Grassland Community —This community is composed of a mosaic of
primarily nonnative annual plants which often occur in relatively pure stands. Of these,
four annual species predominate: poison hemlock, summer mustard, wild radish
(Raphanus sativus) and bull thistle (Cirsium vulgare). Also common are woody shrubs
such as the coyote bush and tree tobacco (Nicotiana glauca). During October of 1990 most
of this area was scraped to bare earth as required for the flood control project.

The Levee System, Adjacent Culvert, and Sludge Lagoons.—The main levee road is
paralleled for much of its length by a concrete culvert, which sits on the levee above and
adjacent to the sludge lagoons (Figure 2). This culvert is oriented in a general north-south
direction and roughly parallels the creek for most of its length, although the distance
between the culvert/levee and creek vary from 25 to 300 meters. The culvert is
approximately 0.9 meters wide and 1.12 meters deep and generally has a water/sludge

mixture flowing through it.
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At intervals of approximately 75-115 meters along the levee road, a concrete

crossover bridges the culvert and allows vehicular access to the roads running between the
sludge lagoons, as well as into the sludge lagoons themselves. The lengths of these
crossovers alternate between 5.15 meters and 30-36 meters; the short crossovers are placed
in the middle of the lagoons and are artifacts resulting from the division of the present
lagoons into two smaller lagoons. The long crossovers provide access to the levees
running between the sludge lagoons and have access roads passing over them.

The short crossovers are the Black Phoebe's preferred nest sites and are not subject to
motor vehicle traffic. The top of the culvert stands at the same level as the gravel levee road
located immediately to the east. Along the length of this culvert there are 15 crossovers and
16 potential nest sites. Nest site 1 is at the south end of the culvert and is a concrete basin
with a gate valve which allows for draining of the culvert. The nest sites were numbered
from south to north from 1 to 16. The distance along the levee road from nest site 1 to nest
site 16 is 1.46 kilometers.

The twenty-three Black Phoebe pairs observed in this investigation all placed their
nests on the vertical walls of the concrete culvert (Figure 4) under the crossovers. These
crossovers provide suitable protection from predators. This culvert is used by water
pollution control plant personnel for removal of surface water from the sludge drying
lagoons which lie immediately to the west. Water pumped from these lagoons carries
varying amounts of sludge and hence is a soupy mixture. A large quantity of this effluent
typically remains in the culvert after pumping is completed due to poor drainage caused by
the upward slope of the culvert.

Yearly pumping regimes vary, depending on the timing and quantity of rainfall which
in turn determines how much water collects in the drying lagoons. During the 1988 and

1989 breeding season, as a result of moderate rainfall and subsequent pumping, the water
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level in the culvert fluctuated between a height of 10cm and 100cm. This contrasted

sharply with the 1990 breeding season which had little rainfall and no pumping and when
the culvert remained essentially dry during the major portion of this breeding season.

On the east side of the levee, just south of nest site 6, are large, dense stands of
coyote bush; scattered patches also occur on the west side of the levee at nest sites 4, 6, and
8. To the north of nest site 6, poison hemlock, summer mustard, farmer's foxtail, and

hoary cress dominate to varying degrees the steeply sloped sides of the levee.
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MATERIALS AND METHODS

Chronology
Data for this study were collected almost daily from mid-February to mid-June of 1988,
1989, and 1990.

Measurements and Banding

Nest Measurements —In 1989 and 1990 measurements were taken of nests and their
placement within the culverts. Nest measurements included: nest depth, the distance from
the top outer edge of the nest to the wall; nest width, maximum width of the top of the nest
measured along the wall; nest height, the distance from the bottom of the nest to the top of
the nest measured along the wall; cup depth, measured from the bottom of the cup to the
top of the nest; cup width, the inside diameter of the cup (the Iatter two measurerents were
subject to added variation because some nests were measured at the end of the nesting cycle
and some at the beginning).

Nes: Placement—Nest placement measurements included distance from the culvert
ceiling to the top of the nest and nest distance from the nearest culvert entrance. Nest
measurements were taken with a transparent 150mm ruler to the nearest millimeter.
Placement of nests were measured with a Stanley 3 meter Tape Measure. Notes on nest
materials and construction were also recorded as well as photographs of selected nests.

Egg Measurements.—During the 1989 and 1990 breeding seasons, egg
measurements were taken from most nests under study. Egg length and width were
measured to the nearest 0.01mm with a Mitutoyo model # 505-633 150mm dial caliper.
Initial egg weights were taken from all nests within a day of completion of the clutch. A
second set of weights were taken from selected clutches at approximately the midpoint of

the incubation period; these were followed by a third weighing on the day before, or the
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day of hatching. In a few cases a fourth set of weights were taken if the clutch did not

hatch on the day that the third weights were taken. Eggs were removed from the nest for
periods varying from 15 minutes to 40 minutes for the first measurements; for subsequent
measurements the period varied from 7 to 15 minutes. The eggs were transported in a
container lined with cotton. Care was taken to prevent excessive chilling of the eggs.
More than 95% of the weighed eggs hatched and observer impact was probably limited to
the loss of one egg which was dropped. Egg weights were determined using a Roller-
Smith precision balance with a 0.2mg vernier scale.

The color and pattern of speckling on each egg were also noted and scored
accordingly: #0 eggs had no speckling; #1 eggs had less than 15 very small (approximately
0.1mm in diameter) light brown speckles, and possibly an occasional small speckle
(approximately lmm in diameter); #2 eggs had more than 15 very small to small light
brown speckles.

Adult and Nestling Measurements—Adult Black Phoebes were captured
opportunistically during normai operation of the banding lab throughout the duration of the
study. Measurements of adults were recorded at the banding station. Wing length was
measured to within + 1 mm with a 150mm metal wing ruler and body mass was measured
to within 0.1 gm with a Whatman micro line PDB200M electronic scale. Tail length, tarsus
length, length of bill from nostril, and width of the bill at the nostrils were measured on
most adults (Baldwin 1931). In addition, data on age, sex, sexual condition {brood patch
or cloacal protuberance), plumage and molt and capture location were also recorded.

During 1989 and 1990, nestling phoebes were weighed and measured nearly daily at
several nest sites. Data was recorded at the nest site. Nestlings were measured as
described above, and weighed with a portable Whatman electronic scale if conditions

permited or a Pesola 10gm or 50gm (0.1gm resolution) spring scale if the wind disturbed



21
the electronic scale excessively. Measurements recorded on arbitrarily selected nestlings

included body weight, wing chord, length of primary teleoptiles number 1, 3 and 10,
sheath length of the same primary feathers, rectrice length of rectrices number 1 and 6, and
their sheath length . Other data such as development of pterylae, presence and location of
neossoptiles, presence of egg tooth, color of skin, feathers, feet and bill, time of opening
of eyes, and nestling behavior were also recorded for selected individuals. Nestlings were
removed from the nest for measurements for periods ranging from 5 to 45 minutes. In no
case did removal of nestlings result in desertion by adults or subsequent predation within a
day of removal. In four cases spontaneous fledging occurred as I approached the nest. In
neither case was there apparent fledgling loss.

Banding.—All pheobes captured during the normal course of operation of CCRS's
banding station were banded on the tarsus with a size #1 Fish and Wildlife Service band.
On 30 December 1987 an auxiliary marking permit was issued by the U.S. Fish and
Wildlife Service Bird Banding Laboratory allowing CCRS to colorband Black Phoebes in
order w identify individual birds. Plastic spiit ring colorbands, size XCS, were obtained
from A.C. Hughes, Hampton Hill, Great Britain. The following colors were used: red,
yellow, blue, green, white, black, orange, and pink. During 1988 and 1989, three
colorbands which supplemented the FWS band were placed on the left and right tarsi of
each phoebe banded in the following order: position #1; right leg lower, position #2; right
leg upper, position #3; left leg upper, position #4 left leg lower. Bands were read in the
field in ascending order; 1234 using the first letter from each color or two letters in the case
of the black colorbands. In 1988 and 1989 the FWS band occupied position #4 and in
1990 in most cases the FWS band occupied position #1.
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A computer program (Appendix 1) was written in BASIC to generate a list of all

possible color combinations for the eight colors selected. This list was then used to assign
colorband combinations to individual phoebes.

In 1988 and 1989, 122 adult and immature Black Phoebes were colorbanded. These
birds were captured in mist nets (Eastern Bird Banding Association 36mm nylon) during
the normal course of operation of CCRS's banding station. During 1988 and 1989,
nestling phoebes from nests under observation were colorbanded where possible before
they fledged. In 1990, a lesser effort was made to colorband and only selected nestlings
were so marked.

Observational Data

Observations of nest construction, laying and incubation behaviors were recorded in
1989 and 1990. Observations were timed such that a representative sample of the
forementioned behaviors were obtained from several individuals over the duration of the
breeding cycle. Observation periods ranged from 0.5 to 10 in hours duration. During
1989 observations were made with Zeiss 10X40 GAT binoculars from distances of 40 to
75 meters with the observer unconcealed. Distances were adjusted until no overt reactions
to the observer's presence were noted by the investigator. In 1990, most observations
were made from a portable blind using binoculars and a Zeiss 30X60 GAT spotting scope
mounted on a tripod. The use of the blind allowed observational distances to be reduced to
25 to 30 meters with no apparent interference in the activity of the birds under observation.
In fact, in many instances the phoebes would range within a few meters of the blind during
foraging bouts.

Eight active nest sites were checked almost daily between 0600 and 1200 from March
to June during all years, with the exception that in 1989 three sites were checked weekly to

monitor possible observer impact. During the hatching period nests were checked
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throughout the day in order to determine the time of hatching. The durations of various
activities were recorded using one or more digital LCD stopwatches.

Photographs were taken of nests, eggs, and nestlings with a Nikon FG camera and a
55mm micro Nikkor lens. Environmental temperature was measured with a Miller and
Webber quick reading cloacal celsius thermometer and wind velocity was measured with a
Dwyer wind meter.

Observations in the field were recorded on a portable tape recorder and transcribed
onto a personal computer later that same evening. Observations recorded include
descriptive and temporal aspects of: territorial and main:enance behaviors, observation of
courtship and nest site selection, nest building and egg laying (including time of laying and
laying rate for selected individuals), incubaticn behavior, hatching and nestling growth and
development as well as fledging.

Statistical Analysis

Statistical analysis were carried out using the SYSTAT™ statistical software package.
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RESULTS

Reproductive Chronology
The chronology of the reproductive cycle for Black Phoebes nesting on Coyote Creek in
1989 and 1990 are presented in Figures 5 and 6, respectively.

Prenesting Courtship Behavior

During 1989 and 1990 behavioral observations were started in mid-January when
phoebes began showing reproductive behavior. Black Phoebes were already paired and
their activities were restricted to well defined territories. Most activities were centered
around the nest site and both members of the pair spent a major portion of their day perched
on reflectors and vegetation directly above or adjacent to the nest site or foraging nearby.

Nest Site Showing —Starting in mid-February phoebes engaged in prenesting
courtship displays. The Nest Site Showing (N-S-S) display (Smith 1969) was one of the
most frequently observed. N-S-S displays were observed beginning in mid-February and
continued through early March. Males usually initiated the behavioral sequence.
Typically, it started with both members of the pair perched directly above or adjacert to the
nest site. The male in view of the female flew under the crossover and hovered, for S or 10
seconds, in front of an old nest or a section of bare wall, with his body held vertically and
tail fanned. In more than half of these displays he was immediately followed under the
crossover by the female. She either landed on the old nest or perched in the bottom of the
culvert. Alternately, if no old nest was present, the femnale would cling to a part of the wall
and hang propped up by her tail. If the female landed on the nest, she was immediately
joined by the male. Often times he repeatedly (3 or 4 times) hovered and landed on the nest
before he returned to his perch above the crossover. The female usually exited the

crossover a few seconds later. These displays were sometimes accompanied by soft
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Chatter Vocalizations (CV) (Smith 1969) while the birds were under the culvert. This

display was observed several times in a period of half an hour. Occasionally, the female
initiated the display by flying under the crossover; the male immediately followed her to the
nest.

Supplanting & Chasing.—Other displays observed during this period include the
supplanting of one member of the pair from a perch. This behavior was sometimes
followed by chasing. Supplanting was initiated by either sex, but as with the N-S-S was
most frequently initiated by the male. Each pair had from three to five favored perches
within a 5 meter radius of the nest site. At Coyote Creek these perches were frequently
road reflectors (Figure 4) Perches were used for foraging and other maintenance activities
as well as resting. Supplanting is simply the flight of one member of the pair to a perch
where the other bird is sitting, which resulted in the perched bird being displaced. In all
instances observed, the bird that was displaced left its perch when the approaching bird
was within a meter of the perch, and only on one occasion did a female refuse to be
displaced from a perch. Maies typically approached females with a shallow fluttering flight
and did not vocalize.

Chasing occurred with less frequency than supplanting and was most commonly
observed following supplanting. During a supplanting sequence, the approaching bird
would start chasing the sitting phoebe as it left its perch. Chases between pairs typically
involved a short (5 to 20 meters in length) rapid flight that sometimes included one or two
cork screw type maneuvers. Often the chase was broken off when one of the phoebes
suddenly flew up vertically into the air and then the birds fluttered to separate perches.
Either sex initiated this behavior and only rarely were vocalizations heard.
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Nest Site Selection

Black Phoebe pairs used the short (5 meter) CTOSSOVers as nest sites. As a result, nest
sites were spaced at intervals of approximately 175 meters. In only 2 of 41 observed
nesting attempts did the pair select one of the long crossovers (30-36 meter) as a nest site.
In one case this was in response to a nest failure (predation). The second instance resulted
in three pairs with nest sites spaced only 75 to 110 meters apart. In this latter case it is
potentially important to note that of the 16 nest sites on the study area these 3 sites are in
closest proximity to the creek (approximately 25 meters); all others are from 100 to 300

meters distant (Figure 2).

The Nest and its Placement

General Descriprion—Nests consisted of a primarily mud base and outer shell
surrounding an open cup lined with dry grass stems and plant fibers (Figure 7). All nests
were invariably cemented to the vertical wall of the culvert runnin ¢ adjacent to the main
levee and protected from above by the concrete crossover. Nests varied somewhat in
height and width, and in the relative proportions of mud and dried grasses used in the
construction of the base and outer shell. Considerable variation also existed in the
composition of the rim of the nest. Old nests were generally repaired and relined from year
to year and between first and second broods. Most nests were hidden from view of
observers outside the culvert.

Nest Base and Quter Shell —Small mud pellets that were gathered from nearby
sources were the principal material used in construction of the nest base and shell. Dry
grass stems and other plant fibers were mixed with the mud. These materials were
incorporated into all nests and provided added strength to the shell as it dried. As the nest
cup neared completion, some birds tended to integrate more plant material and less mud

into the upper portion of the cup and rim. This tendency varied considerably between
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Figure 7. Newly constructed Black Phoebe nest shown in a typical nest site on the study

arca.
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birds, and in many nests the relative proportions of mud and plant material did not change

from base to rim. In others, however, the rim and occasionally the entire upper two-thirds
of the cup consisted of only tightly woven plant fibers. When reconstructing old nests the
birds always started by building up the rim of the nest with fresh mud and then relining the
nest.

Nest Lining —Nests were lined with a pad of tightly woven plant fibers, the
thickness of which varied from approximately 10 to 20 mm. Occasionally, manmade fibers
were also incorporated into the nest lining and in one case, these fibers were responsible
for the strangulation and death of a nestling. In several instances, when females relined old
nests they would cover any unhatched eggs left remaining in the nest from other seasons or
nesting attempts.

Nest Dimensions.—Dimensions of representative nests are summarized in Table 1
and the relationship of each dimension to the nest are shown in Figure 8. Nest size
variation was greatest in height and width.

Nest Placement—All nests were located on one of the vertical walls of the culvert
under the crossover and within 2.25m of an entrance. Nests were usually placed within
70mm of the crossover ceiling (Figure 9). In the five meter crossovers, nests tended to be
located near the center of the crossover. Nests were typically placed above the high water
mark even if the culvert was dry when the nest was constructed. Placement near the ceiling
made nests difficult to detect from the outside due to the darkened crossover interior and the
interference caused by an abundance of black widow spider webs and moth cocoons where
the ceiling and walls converged.

Re-use of Old Nests.—In order to facilitate observations of new nest construction,
old nests were removed from the following nest sites: 2, 3, 4, and 12, during the first

week of March in 1989. In 1990, old nests were removed from nest sites



Table 1. Nest dimensions for several nests measured prior to laying in 1989 and
1990._All dimensions are in mm and correspond to Figure 8.

measurement mean (mm) range n
Height 130 80-210 8
Widzh 100 90-120 8
Depih 125 100-170 8
Cup diameter 65 63-68 3
Cup depth 31 30-33 3
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Figure 9. Placement of nests in concrete culverts. Distance from the top of
the nest rim to crossover ceiling and distance of nest from crossover entrarice
are indicated. Numbers next to data points indicate more than one nest at
that position.
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14 and 16. The remaining nests were monitored for nest re-use and duration of the

refurbishment period. Data for nest re-use were combined for 1989 and 1990 due to the
small sample size. Most pairs of Black Phoebes clearly favored the re-use of old nests.
Eight out of ten pairs chose to rebuild old nests in their first nesting attempt of each season.

Of the 13 pairs making a second nesting attempt 11 pairs chose to rebuild old nests.

Nest Building Behavior

Gathering Behavior —Several observations of nest material gathering behavior are
summarized below. During the nest building phase of 1989 and 1990, parts of the culvert
held no standing water. During this period, mud and plant matter which had settled to the
bottom of the culvert were sometimes used as materials for nest construction. During one
75 minute period of observation on April 7, the female at nest site 12 used mud exclusively
from the bottom of the culvert. This bird typically would drop from the nest to the mud in
the culvert below. Mud occasionally mixed with some plant material was scooped up with
her bill and pulled from the substrate as the bird pulled backwards with her legs extended
and wings fluttering above her back; her tail was usually cocked upwards at a 45 degree
angle from horizontal. The bird would then fly directly up to the nest and place the material
on the bead she was constructing. During this observation period the male was seen on six
occasions attempting to gather material in the same manner. He made two trips to the nest,
but did not appear to deposit material. During most of the observation period he remained
perched and foraged outside the culvert without vocalizing. The female made 39 trips to
the nest with material. She stayed on the nest for periods ranging from 2 to 87 seconds,
with an average time on the nest of 32 seconds. The 38 bouts away from the nest ranged in
length from 4 to 284 seconds and averaged 79 seconds. The female worked sporadically
during this time and would make 5 to 10 trips of short duration (5-70 seconds) away from

the nest for nest materials, and then would spend several minutes foraging adjacent to the



35

nest site or would fly out of sight into the overflow channel or riparian area and return
several minutes later to the nest. Two or three times the female gathered dry plant stems
from plants growing adjacent to the culvert and returned to the nest with these materials. In
one instance the male chased the female in a short twisting flight as she left the nest. After
the chase, the male landed in a willow tree 30m east of the nest site and sat gaping with his
wings drooped; after several seconds he fluttered back to the nest site and landed,
continuing to gape and droop his wings. During this period, the female had continued to
gather nest material. Birds were seen at two other nest sites gathering mud and wet
vegetation for construction of the nest shell.

The female at nest site 8 was observed gathering mud from a more distant source
even though mud was available directly below the nest. This bird travelled from 50 to 75
meters to a patch of mud adjacent to the creek.

Female phoebes were also observed collecting material for the nest lining on several
occasions. A female relining an old nest at nest site 6 was observed briefly on two
consecutive days collecting nest material in the overflow channel. This bird would fly
directy out into the channel and land 40 or 50 yards from the nest in the low weedy
growth. The bird would then jump from perch to perch while tilting her head from side to
side searching for nest materials. Occasionally, she would tentatively pickup a grass stem
or some other object and then a few secords later discard it for another. Then the bird flew
directly back to the nest site with the material. This selection process generally took less
than a minute and the bird would frequently retumn to the same general area during a given
gathering period. At nest site 14 another female was observed making repeated trips to the
canopy of a cottonwood tree 30m to the east of the nest site for nest lining. The exact

nature of the material gathered could not be determined because of the distances involved.
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Nest Construction.—The pace of nest construction varied among individuals and

among days. Construction of a new nest typically started with the tentative placement of
small mud pellets in a horizontal line 100 to 120 mm in length at from one to several
locations under a given nest site or nest sites. Females might work on several nests for the
first few days of the construction period, but by the end of the fourth or fifth day of
construction, the female had centered her activities on only one nest. Mud pellets and
frequently grass stems or other plant materials were incorporated into a wedge shaped
platform extending upwards and outwards from the initial bead. When the platform
extended outwards 70 or 80 mm, the bird started forming the nest cup by extending it up
from the base of the nest. As the construction of the cup neared the last 20 or 30mm
towards the top of the rim, the female often tended to incorporate more plant materials into
the nest shell. In some nests, the rim was constructed entirely from tightly woven grass
stems, but in the majority a mixture of mud and grass extended to the top of the rim.

As the shell neared completion the female started lining the nest cup. When returning
from a trip with material the female would frequently land on the rim of the nest
momentarily before dropping into the nest cup. After placing the stem or other object on
the nest te bird would sit down in the cup with her tail cocked up at a 45 degree angle and
her back level with the rim and rotate from side to side, apparently shaping the inside of the
cup.

Temporal Aspects of Nest Construction—The times required to complete nest
construction are summarized in Table 2. Data for 1989 and 1990 were combined and the
median date for the start of nest construction was March 15 at Coyote Creek. The earliest
date for the start of nest construction for a first nesting attempt was March 4 and the latest

date was March 28.



Table 2. Mean number of days required to construct or reconstruct a nest. Data for

1989 and 1990 are combined.
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nest construction category days (mean) std error n
Ist clutch old nest rebuilt 7.5 +1.2 8
15t cluzch new nest 18.8 +3 6
2nd clutch old nest rebuilt 5.4 +1.1 5
2nd clutch new nest 10 - 1
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Laying Behavior —The following observations of laying behavior (Tables 3 and 4)
were made at nest site 14 during April of 1990. Another observation of laying behavior
was made at nest site 13 on April 15 immediately following a nest check. At (0645, 1
checked to see if the third egg had been laid. Normally, if a bird had been on the nest when
I arrived she would have immediately flown off the nest when I entered the culvert, but in
this case the bird did not leave her nest until I tried to enter the crossover. I checked the
nest and found only two eggs present. The bird landed 30m to my south on the top of the
culvert wall. When she landed, she immediately fanned her tail and started pumping it
slowly up and down in a 30 degree arc. After approximately 15 to 20 seconds she
deposited her third egg on the top of the culvert and then flew off. I marked the egg and
placed it in the nest.

Temporal Aspects of Laying —1 aying dates for first eggs in first and second clutches
are provided in Table 5. The intervals between a) nest completion and laying of the first
egg, b) fledging of the first brood and laying of the first egg of the second brood, and c)
the time after the destruction of a clutch or brood to the subsequent laying of the first egg of
the replacement clutch are given in Table 6.

All eggs were laid within a few hours of civil sunrise. Selected nests were repeatedly
checked at intervals of 15 to 30 minutes until an egg was laid to determine the time of
laying. The time of laying of the last egg in a clutch tended to be later than the time of
laying of all other eggs (Tabie 7). Eggs were laid at a rate of one egg per day with the
following exceptions. During the period from May 20, 1989 to May 27, 1989, birds at
three nest sites skipped laying for one to three days. All three clutches were second
clutches: a) at nest site 6 the female laid the fourth egg on May 20 and the fifth egg on May
22 after skipping one day; b) at nest site 8 the female laid her first egg on May 23 and her
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Table 3. Observations of laying behavior of the female at nest site 14 on April 4, 1990.
Observations were made from a portable blind that was located 30m to the east of the nest
site. The position of the blind was such that the nest could be observed directly.

fime observation

0625 Inspected the nest and found two eggs; both phoebes had Just arnived at the nest
site as I approached for the nest inspection.

0627 Fernale flew to the rim of the nest and a few seconds later settled down on the
eggs.

0631 The female was sitting quietly.

0633 Female extended her legs slightly and shuffled from side to side several times
and then settled back down on the nest.

0635 The bird stood up and remained motionless for several minutes.

0638 The female stood up again shuffled from side to side several times while slowly
pumping her tail up and down in an arc of approximately 30 degrees, at the
same time she briefly raised her wings directly above her back without
extending the primaries and then refolded them, she then rotated her body
180 degrees and raised her tail slightly before settling down again. At this
point the phoebe appeared to sitting higher in the nest than an incubating
bird would normally sit.

0642 The female left the nest and I found a third egg present. The female was on the
nest for approximately 15 minutes

Table 4. Observations of laying behavior of the female at nest site 14 on April §, 1990.
Observations were made from a portable blind that was located 30m to the east of the nest
site. The position of the blind was such that the nest could be observed directly.

time observation

0026 I'arrived at the nest and found three eggs present. | started observatons
immediately.

0630 The female came to the nest, but remained perched on the rim.

0631 Female settled down into the nest.

0633 Female was sitting quietly.

0639 The bird shuffled from side to side and raised her wings above her back once.

0740 The female stood up in the nest with her tail pumping and remained in this
position.

0643 Female raised her wings above her back two times in rapid succession and then
again 10 seconds later, she immediately followed the wing raising with a
vigorous shake of her body the first time.

0645 The female lowered herself down on the nest.

0645 Female again raised her wings above her back once, but is otherwise sitting
quietly.

0646 The bird has started to look around actively after a period of inactivity.

0649 Female is sitting quietly.

0650 Female left the nest and a fourth egg is present. The female was on the nest on
this occasion for approximately 19 minutes.
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Table 5. Provided are the ranges of first egg dates for first and second clutches for
the years 1989 and 1990. The number of clutches in each sample (n) are given next
to the range.

clutch number year Ist egg dates-range; (n)
Ist clusch 1989 March 18-May 6; (7)
Ist cluch 1990 March 18-April 28; (8)
2nd clutch 1989 May 8-May 31; (6)
2nd clutch 1990 April 13-May 24; (6)

Table 6. Provided is a summary of the mean number of days before the first egg was
laid under the following conditions: after completion of nest construction for the first
nesting attempt of the season, after the first brood fledged, and after a nest was
destroyed. Data for 1989 and 1990 are combined.

category days n sud range
(mean) error
number of days after nest completion 4.4 13 +0.6 2-8
number of days after the first brood fledges 12.4 8 +1.6 7-18
number of days after nest destruction 9.8 5 2.6 611

Table 7. The mean time of laying in minutes after civil sunrise of the last egg laid
within a clutch and all others a within a clutch. Data are from 1990 and include first
and second clutches.

egg # minutes after sunrise std error range n
(mean)
Last Egg 173 124 56-252 7

All Other Eggs 91 15 13-235 18
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second egg on May 27 after skipping three days; c) at nest site 10 the female laid her third

egg on May 24 and her fourth egg on May 27 after skipping two days.

The Egg: Description, Measurements and Variation.

General description—Freshly laid Black Phoebe eggs were pure white with a
moderately glossy appearance. They were smooth in texture and the yolk was faintly
visible through the semi-translucent shell (Figure 10). After they had been incubated for
approximately 4-5 days live eggs lost their translucence (which remained in nonliving eggs)
and took on a more opaque appearance.

In most clutches, the last egg and sometimes the penultimate egg had a cap of
sparsely distributed, small to medium sized, reddish-brown spots on the large end. All
eggs were unmarked in 3 of the 26 clutches. In 4 of the 26 clutches all eggs were spotted
to some degree.

The shapes of the eggs examined varied somewhat, but the majority were classified
as ovate or short ovate or occasionally short subelliptical (Palmer 1962).

Dimensions.—All measurements are from 123 eggs from 24 complete clutches
examined during the course of this study. Lengths and breadths (width of egg at the widest
point) were measured to within 0.01 mm with a metric dial caliper and actual weights to
within 0.2 mg with a precision balance. The mean egg size was 18.90mm * 14.56mm,; the
largest egg measured 20.07mm X 15.31mm and the smailest 17.71mm X 13.64mm.
Elongation is egg length divided by egg breadth. Dimensions for all eggs laid in 1989 and
1950 are summarized in Tables 8 and 9, respectively.

Actual volumes were not measured due to technical difficulties of measurement in the
field, but were calculated using the formula { Volume = Kv(LB2)} where Kv is a constant
equaling 0.51, L is egg length and B is egg breadth (Hoyt 1979). This formula provides

estimates of volume within 2% of actual volumes for egg shapes such as those of the Black



Figure 10. Photo A shows a freshly laid Black Phoebe egg that has no spotting (score 0).
Photo B shows a freshly laid Black Phoebe egg with "heavy" spotting (score 2).

42



43

Table 8. Characteristics of all eggs laid in 1989. Calculated fresh egg weights are also
given.

Length(mm) Breadth{mm) Elongarion Voiume(cc) Calc. Wt

(gm)
mean 18.81 14.49 1.30 2.018 2.0709
max 20.14 15.24 1.38 2.386 2.448
min 17.71 13.64 1.22 1.680 1.724
stderror  10.08 10.04 10.04 +0.018 +0.019
n 63 63 63 63 63

Table 9. Characteristics of all eggs laid in 1990. Calculated fresh egg weights are
also given.

Length (cm) Breadth (cm) Elongation  Volume (cc) Calc. Wz.

(gm)

mean 18.99 14.63 1.30 2.075 2.129
max 20.07 15.31 1.41 2.399 2.462
min 17.50 14.03 1.20 1.851 1.899
std error +0.07 +0.04 +0.05 +0.015 +0.015

n 59 60 59 59 59




44
Phoebe (Hoyt 1979, Preston 1974). Egg volumes were used as the primary measure of

egg size.

Fresh egg weights were needed to calculate weight loss over the incubation period.
Fresh egg weights were calculated because it was not practical to measure each egg on the
day it was laid. Eggs start losing weight on the day of laying and continue to lose weight
throughout incubation. The densities of five eggs, which were weighed on the moming
they were laid, were calculated by dividing the calculated volume by the fresh weight. The
mean density of these eggs were then calculated (mean density 1.026gm/cc, std error £
0.002, and range 1.022-1.031). This value was used to calculate fresh egg weights (1.026
X Egg volume) of all other eggs. This method yielded estimated fresh egg weights which
were within 0.8% (n=S, range 0.3-0.8%) of the actual measured weights. Another method
(Hoyt 1979) for estimating fresh egg weights was tried, but yielded less satisfactory results
(2% variation from actual).

Variation in Egg Size—Differences in egg size (volume) were examined for clutches
in 1989 and 1990 by two-way ANOVAs and multiple regression. Egg size tended to
increase with laying sequence in 1990, and clutch number in 1989 and 1990. Analysis of
egg volume versus laying sequence and clutch number indicated that egg volume did not
vary significantly with laying sequence (Figure 11) (two-way ANOVA; F = 0.375, df = 4,
p =0.825), but did vary significantly between eggs in first and second clutches (Table 10)
(two-way ANOVA; F =6.021,df = 1, p = 0.018) in 1989. Multiple regression analyses
supported the ANOVA results; egg volume did not vary significantly with laying sequence
(T- test; T = 0.873, df = 2, p = 0.4), but did vary significantly with clutch number (T-test;
T =2.536,df =2, p = 0.015).

Analyses of 1990 data were identical to those run on the 1989 data. Results of

ANOVA indicated that egg volume did not vary significantly with laying sequence
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Table 10. Variation in mean egg volume (cc) with laying sequence and clutch number for
1989.

1st clutches
eggitl egp#2 egoH3 egod ego#s
egg volume 1.963 2.003 2.013 2.037 2.001
std error +0.032 10.036 +0.050 10.072 10.086
n 6 6 7 6 4
2nd clutches
egg#l ege#2 ego#3 egeid ego#s
egg volume 2.032 2.057 2044 2.061 2.129
std error 10.034 +0.089 10.067 +0.052 10.040
n 6 5 5 6 4
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(Figure 12) (two-way ANOVA; F = 1.240, df = 4, p = .307), but variation in egg volume

with clutch number was significant (Table 11) (two-way ANOVA; F=4.025,df=1,p=
0.05). In contrast, multiple regression analyses of these data indicated that both variation
in egg volume with: laying sequence (laying sequence; T =2.128, df = 55, p = 0.038), and
clutch number (clutch number; T = 2.386, df = 55, p = 0.020) were significant.

Analysis of combined data from 1989 and 1990 indicated there was no significant
difference in egg volumes with laying sequence within first and second clutches among
years (Figure 13) (two-way ANOVA 1st clutches; laying sequence F = 0.420, df = 4, c=
0.786, within clutches F = 2.647, df = 1, p = 0.110, 2nd clutches: laying sequence F =
0.089, df = 4, p = .985, within clutches F =0.257, df = 1, p =.615) Similarly no
significant difference was found in egg volume with laying sequence among years (two-
way ANOVA; F = 1.263, df = 4, p = .290, T-test; T = 1.973, df = 106, p = 0.051).
Significant differences were found in egg volume between first and second clutches amon g
years (Table 12) (two-way ANOVA; F = 11.643,df = 1, p = 0.001, T-test; T = 3.526, df
= 106, p = 0.001)

Variation in Egg Coloration.—The presence and absence of spots on eggs varied
significantly with laying sequence (G = 22.095 with the Williams correction factor, df = 8,
p <0.005). When clutches were separated by clutch size, into those with four eggs or five
eggs, only the five egg clutches showed a significantly different distribution of spotting
with laying sequence ( 5 egg clutches, G adj = 15.623, df = 8, p <0.05; 4 egg clutches, G
adj =3.863,df =6, p > 0.5). Of the 16 five egg clutches examined (Table 13), 87.5% of
the last eggs were spotted (62.5% were moderately spotted and 25% lightly spotted) and
25% of the penultimate eggs were spotted. Of the remaining 48 eggs only 21% were
lightly spotted and none were moderately spotted. In the 8 four egg clutches
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Table 11. Variation in mean egg volume (cc) with laying sequence and clutch number for
1990.

1st clutches
egg#l ego#H eggH3 eggid eggHs
egg volume 1.991 2.014 2.031 2.079 2.145
std error +0.029 10.021 10.037 +0.040 10.063
n 8 7 6 7 4
2nd clutches

egg#l egei2 ege#3 eggid eggHs

egg volume 2.076 2.155 2.087 2.140 2.129

std error 10.044 +0.039 10.052 +0.051 +0.073

n 5 6 6 6 3
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Table 12. Mean egg volumes as a function of laying sequence and clutch number. Data
for 1989 and 1990 are combined.

Ist clutches
egg#l egp#2 egg#3 eggid egg#s
egg volume 1.979 2.009 2.021 2.060 2.073
std error +0.02 +0.019 10.043 +0.039 +0.057
n 14 13 13 13 8
2nd cluzches
eggitl eggi2 ego#3 eggid egeRd
egg volume 2.052 2.110 2.067 2.074 2.129
std error +0.027 10.047 +0.043 +0.037 +0.035
n 11 11 11 11 7

Table 13. The frequency and amount of spotting in 16 five egg clutches for 1989 and
1990 combined. The amount of spotting was scored from 0 to 2, with 0 indicating no
spotting present, 1 indicating light spotting and 2 indicating moderate spotting. See
methods section for definition of spotting categories. The frequency of occurrence is
presented below each egg number.

Jfrequency of spotting
spotting score egg#l egg#2 egg#3 eggid egg#S
2 0 0 0 1 10
1 2 4 4 3 4

0 14 12 12 12 2
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examined there was a lesser tendency for the last egg to be spotted and spotting in earlier

eggs was more prevalent (Table 14).

Clutch Size

Variation in Cluzch Size—Mean clutch size was calculated for all complete clutches
for the years 1988, 1989, and 1990 (Table 15). Phoebes always laid clutches of four or
five eggs. No significant differences were detected in clutch size between first and second
clutches within (paired samples T-test: 1988- insufficient data, 1989 T = .542, df = 5, P =
611, 1990 T = .535, df = 4, p = .621) and between years (paired samples T-test, T =
.808, df = 15, p = .432).

Incubation

General Aspects.—Observations were made on incubating females at several nest
sites during 1989 and 1990. Male phoebes were not seen participating in incubation and
thus all behavioral observations refer to females. In 1990, three females were observed
continuously on four different days for a total of 35 hours. Observation periods ranged
from six to ten hours in length.

Rhythm of Incubation.—Figure 14 and Table 16 summarize the cycle of incubation
during each of the four observation periods. Attentive bouts averaged approximately two
times the length of inattentive bouts. Thus attentive bouts accounted for 63% to 68% of the
total duration of the observation periods. Statistical analyses of incubation thythm data
were not pursued due to the small number of observations and the significant number of
confounding variables such as: time of day, individual observed, air temperature, and day
of incubation.

Incubation Behavior —The behavior of incubating females and attendant males was

observed for a total of 60 hours in 1989 and 1990. Males were not seen incubating
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Table 14. The frequency and amount of spotting in 8 four egg clutches for 1989 and

1990 combined. The amount of spotting was scored from 0 to 2, with 0 indicating no

spotting present, 1 indicating light spotting and 2 indicating moderate spotting. See

methods section for definition of spotting categories. The frequency of occurrence is
_presented below each egg number.

frequency of spotting
spotting score egg#l egg#2 ego#3 eggid
2 2 2 1 5
1 1 4] 2 2
0 5 6 5 1

Table 15. Clutch sizes for first and second clutches laid in 1988, 1989 and 1990

1988 1988 1989 1989 1990 1990
Ist clusch 2nd clutch Ist clutch 2nd cluzch  Ist chach  2nd clutch
mean 429 4.40 4.86 4.67 4.57 4.50

sderror  10.19 +0.25 10.14 10.21 +0.20 10.22
n 7 5 7 6 7 6
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Table 16. Summary of temporal aspects of incubation at three nest sites over a period of
four days in 1990.
nest site NS2 NSi4 NS14 NS16

day of incubation DAY 13 DAY9 DAY 14 DAY 3
location of female rel. to nest on off on _off on off on off

average bout length (minwtes) 12.7 59 132 6.3 103 54 91 54
range (minutes) 7-30.5 311 9-102 4103 3296 1.8-10 1.5-13 0.3-24

total number of bouts 26 26 22 22 19 18 36 35

# bouts from 10:00 - 16:00 16 16 15 15 18 18 29 29

percent of total time 68 32 68 32 66 34 63 37
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eggs or entering the nest during the course of these observations. The behavior of females
arriving at, and entering the nest varied with individual and incubation bout. Typically,
when returning to the nest, females landed on the top of the culvert within a few meters of
the nest or in the bottom of the culvert directly under the nest. After a brief pause the
female then flew directly to the rim of the nest and settled onto the eggs within a few
seconds. Occasionally, females flew directly to the nest rim from the foraging area where
they were perched. If a potential nest predator such as a California ground squirrel
(Spermophilus beecheyi) or Northern Mockingbird (Mimus polyglottos) was in the
vicinity, the female would remain perched nearby the nest site, but would not enter the
nest.

Upon arriving at the nest, females perched on the rim and briefly inspected the nest
contents before dropping into the nest. Typically, females then settled down onto the eggs
with a sideways shuffling motion. In the normal incubating posture, the top of the
female's back was approximately level with the top of the nest cup and her tail extended out
of the cup at a 45 degree angle. Females on the nest appeared to remain alert and frequently
moved their heads while incubating. When an intruder appeared, females became
motionless and remained so until the intruder moved away.

Occasionally, flying insects were taken and eaten by the incubating bird if they
approached close enough to be taken without interrupting incubation. Insects were simply
snapped out of the air as they flew by or gleaned from the nest if they landed on it. In one
instance, a female from nest site 4 ended a bout and left the nest to take a two centimeter
long moth that was fluttering under the crossover. At nest site 2, however, the female
repeatedly ignored a black widow spider which moved around on the culvert wall within 10

centimeters of the nest.
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While on the nest, females occasionally stood to inspect, turn, or probe the eggs.

From 1300 t0 1600 the female at nest site 14 stood up off the eggs and probed them eight
times. During the period from 1000 to 1300 the same female showed no such interest and
did not probe the eggs at all. Subsequent investigation of the nest revealed that eggs one,
two and three were pipped. Most observations suggest that the eggs are inspected only
infrequently during an incubation bout.

Females sometimes became more active just before terminating an incubation bout.
As mentioned above, termination of an incubation bout was sometimes initiated by the
appearance of a prey species. Male phoebes also prompted females to terminate incubation
bouts on numerous instances. Males were usually perched directly above the nest site for
the majority of the day. From time to time males would either make a short looping flight
into the culvert where they could see the nest or fly under the crossover and hover in front
of the nest as the female incubated. These behaviors elicited several responses. On the
appearance of the male, the female frequently flew off the nest and immediately started
foraging nearby. About as often, the female remained on the nest. Sometimes when the
femnale did not leave the nest in response to the male, the male repeated the flights. After
the third or fourth flight, the female frequently left the nest. On a few occasions, when the
male repeatedly hovered in front of the nest, he received an aggressive snap from the
female who remained on the nest.

After leaving the nest, the female either perched nearby the nest for several minutes
and preened, or immediately started to forage in her preferred area. Foraging bouts were
intense but short in duration. During observed incubation recesses on one afternoon the
female at nest site 14 made 28 foraging flights in 4 minutes, 38 foraging flights in 4
minutes and 12 foraging flights in 2 minutes. Females did not interact directly with males

on most recesses from the nest. Sometimes a female would engage in a short chase with
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the male as she left the nest, but the extent of most social behavior consisted of foraging
within ten meters or so of her mate.

Males spent much of their time perched directly over the nest site either foraging,
preening, singing or perching. Males were seen at the nest on only two occasions, and in
both instances this involved momentary landings on the rim of the nest followed by a return
to their regular perch above the crossover. In one case, the male was immediately
supplanted from the nest by the female. No attempts to sit in the nest or warm the eggs by
maies were observed. Males aggressively defended a small area 3-5 meters from the nest
from potential nest predators and nest site competitors. A male at nest site 14 was observed
to aggressively snap his bill while flying at a California ground squirrel which had walked
to within 3 meters of the nest site along the top of the culvert; the female remained frozen
on the nest during this encounter and the ground squirrel dropped off of the culvert into the
grass following the warning. On two other occasions, as a mockingbird walked along the
culvert towards the nest site, the male phoebe dropped from his perch above the nest site
and landed on the culvert between the nest and the intruder, effectively blocking its further
advance. At nest site 14, a dead Song Sparrow (Melospiza melodia) was found directly
below an active phoebe nest, but the cause of its death is unknown. Several interactions
with Barn Swallows (Hirundo rustica) were observed during the course of the study. In
one instance, 2 male was seen chasing a Barn Swallow which was investigating the
Crossover as potential nest site and had flown under the crossover. The chase lasted only
10 to 20 meters during which time the male gave one bipeaked vocalization and the intruder
left. The female remained on the nest during this altercation.

Length of the incubation period.—The length of the incubation period was calculated
in hours and days from combined data for 1989 and 1990 (Table 17). The incubation
period was defined as the interval between the laying of the last egg of a clutch
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Table 17. Length of incubation period. Data for 1989 and 1990 are combined.

incubation period hours days
mean * std error 388+ 4 16.2£0.15
range (min-max) 373-426 15.5-17.8

n 15 15
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to the time that egg hatched (Drent 1975). Nest progress was checked at least daily and

frequently more often until hatching occurred. Only nests in which the date of clutch
completion was known and in which the eggs had been numbered for identification were
used for calculating the incubation period. When eggs hatched between nest checks, as
was usually the case, the time of hatching was recorded as the time halfway between the
last two nest checks. Because of this uncertainty in the time of hatching of some eggs a
maximum error of +0.5 days couid have been introduced to the length of the incubation
period of these clutches.

Loss of Weight by Eggs.—All eggs started to lose weight immediately after laying.
Weight loss for certain clutches was monitored in 1990 by weighing the eggs at selected
times during the incubation period. Most eggs were weighed once at the beginning of the
incubation period, a second time near the mid-point and a third time on the day of hatching.
Eggs were weighed a fourth time if they did not hatch on the day of the third weighing.

In some cases eggs were not weighed until a day or two after the clutch had been
completed and incubation had started. A similar problem also occurred with a few clutches
at the end of the incubation period; in these clutches the eggs did not hatch until a day or
two after their final weighing. In both instances the weights were adjusted using a
correction factor. Water loss per day of each egg was calculated for two periods: the first
period was from day 1 of incubation to day 9, the second period varied from day 7 0 18 of
incubation. Water loss per day during the first half of incubation (mean 0.021 gm per day
(days 1-9), SE £ 0.001, n = 31) was significantly less than (paired samples T-test; T =
3.479, df = 30, p =.002) during the second half of incubation (mean 0.025gm per day,
(days 7-18), SE £ 0.001, n = 31). To determine egg mass at the time of laying for eggs
not weighed on the day of laying egg weights were corrected by multiplying the water loss
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Table 18. Egg weight loss (%) during incubation for clutches monitored in 1990. Period
one represented the first half of the incubation period and period two the second half. All
eggs used for calculations hatched normally.

total wt. loss (%)  wt. loss; period I (%) wt. loss; period 2 (%)

mean * sid err. 17.5 +0.5 77+ 3 100+ 4
max 28.5 17.9 15.2
min 13.1 5.1 5.0

n 39 39 34
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per day since the time of laying. Egg weight loss over the incubation period averaged

17.5% of the corrected egg weight at the time of laying (Table 18). The rate of weight loss

was greater during the second half of the incubation period than during the first.

Hatching

General.—Hatching observations were made secondarily to other observations and
thus are rather anecdotal in nature. Hatching was proceeded by pipping of the shell usually
2410 48 hours in advance. Pips were made in the shell at approximately one third of the
total length from the rounded end, near the shells' greatest circumference. Hatching most
commonly advanced with sequential pipping of the shell along the line that demarked the
greatest shell circumference until the two shell halves were separable by the hatchling. In
some instances an oval approximately 1 centimeter in length and .5 centimeters wide was
pipped from the large end of the shell during hatching. Hatching duration was not directly
observed, but in ten cases eggs which were found with only a few pip marks early in the
day had hatched from 4 to 11 hours later.

Haiching Sequence—The order in which eggs in a clutch hatched was recorded
when possible. Eggs laid first tended to hatch first (in 6 of 7 cases) and eggs laid last
tended to hatch last (in 9 of 10 cases). Hatching sequence of other eggs in the clutch was
more difficult to determine because of the timing of nest checks and thus exact sequence is
not known for the clutches observed.

Hazching Interval —The duration of time over which the clutch hatched typically
varied from 24 to 48 hours. Based on the frequency of nest checks some clutches may
well have required less than 24 hours to hatch completely.

Eggshell Disposal —In 1990, some effort was made to track the disposition of egg
shells following hatching of the young. Egg shell removal was accomplished by one or

both parents and was never observed directly. All egg shells located were found on or
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within the culvert at various distances from the nest. Of the 22 shell fragments found, 4

were found in the water directly below the nest, 2 were found from 1-5 meters from the
nest, 4 from 6-10 meters from the nest, 5 from 11-20 meters from the nest, 5 from 21-40
meters from the nest, and one was found 45 meters from the nest. These fragments

represented the remains of 5 or 6 clutches.

Nestling Development

Weight.— Change in weight was monitored for selected nestlings from hatching until
fledging or disappearance during the 1989 and 1990 field seasons. Table 19 presents mean
weights for nestlings throughout nestling period. Figure 15 shows change in weight asa
function of age.

Growth of remiges and rectrices—Growth of the wings and tail as a function of age
are presented in Figure 16. Primary feathers (remexes) did not erupt from the feather
papillae until day six of the nestling period. Earlier measurements of the wing represent
growth of the manus. Feather eruption at the tail (rectrices) did not occur until day seven of
the nestling period.

Description of nestling on the day of hatching.—The following nestling descriptions
were accomplished from a simple visual inspection of live nestlings with the aid of a hand
lens. This account is not intended as a definitive description of the natal plumage, but as a
tool for identification and approximate aging of nestlings.

Nestling Black Phoebes are classified as altricial by Nice's (1962) work; that is they
hatch with their eyes closed and are virtually helpless. Behaviors observed at hatching
include; rhythmic pedaling of the legs, grasping motions with the claws, gaping and
raising of their heads and production of a weak peeping vocalization when disturbed.
Young nestlings usually rested on their abdomen and head with their bill tucked under and
facing posteriorly (Figure 17).
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Table 19. Weight of nestlings according to age in days. Ages are subject to a maximum
error of 12 hours. The mean gain (gm) is the gain in weight from the previous day. The
% mean gain is equal to the mean gain (gm) divided by the last preceding weight.

age, days weight, grams mean gain
DAY N Mean Extremes Std dev grams %
1 24 1.5 0.9-1.8 0.19 NA NA
2 20 2.5 1.2-33 0.47 1.0 67
3 25 3.6 2.5-5.5 0.81 1.1 45
4 21 4.7 3.06.0 0.81 1.1 31
S 19 6.2 4.2-74 0.92 1.5 32
6 25 8.2 5.8-10.2 1.14 2.0 32
7 22 10.1 5.8-13.0 1.67 1.9 23
8 18 12.1 8.7-14.2 1.27 2.0 20
9 19 13.8 9.8-16.9 1.80 1.7 14
10 16 15.8 13.7-18.1 1.20 2.0 14
11 22 16.9 14.7-19.0 0.97 1.1
12 17 18.2 16.7-20.3 1.10 1.3 8
13 15 18.5 16.0-20.8 1.36 0.3
14 11 18.1 16.5-19.7 1.07 -0.4 -2
15 22 18.5 15.8-22.2 1.59 0.4 2
16 20 18.0 14.7-22.3 1.67 -0.5 -3
17 25 18.3 14.9-21.8 1.79 0.3 2
18 11 19.1 17.0-21.3 1.55 0.8 4
19 11 18. 17.1-20.5 1.18 -0.4 -2
20 ND ND ND ND ND 0
21 2 18.6 18.5-18.7 0.14 ND NA
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Figure 15. Mean nestling mass (grams) plotted against nestling age (days).
Maximum error in nestling age + 12 hours. Error bars represent one standard error.
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Error bars represent one standard error.
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Figure 17. Newly hatched Black Phoebe nestling; the egg tooth is visible near the tip of the
upper mandible.
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The skin and tarsi are an orange flesh color and the mandibles and claws are a light
yellow. The viscera are clearly visible through the nearly transparent skin of the abdomen.
The bill flanges are a creamy yellow and the gape is a bright yellow-orange The nares are
oriented towards the tip of the mandible, the egg tooth is present and approximately 0.5mm
from the tip of the upper mandible.

The body is lightly covered with a medium gray neossoptiles (natal down piloplume
feathers) and the head is more heavily covered with dark gray neossoptiles. The
distribution of these neossoptiles over the various pterylae on newly hatched nestling are as
follows: (nomenclature is that of Wetherbee 1957) capital tract, bilaterally, 4-5
neossoptiles up to 8mm in length in the coronal region, ocular region 6-8 neossoptiles, the
occipital region has several neossoptiles on either side, auricular region from 1-3
neossoptiles emerge from the anterior end of the ear opening and 1-2 neossoptiles from the
corner of the jaw, malar regicn has 3 light gray neossoptiles spinal tract, neossoptiles are
paired on either side of the spine and originate in the thoracic region and extend posteriorly
to the lower pelvic area, these number 12-13 on either side of the spine, alar tract, humeral
region has 6-7 neossoptiles, ulnar region approximately 8-9 neossoptiles in the position of
the secondary papillae, one neossoptile in the alular position and the manus has 6-8 short
(Imm) neossoptiles along its length, femoral tract, 3 light gray neossoptiles anterior to the
heel, ventral tract, approximately 14 white neossoptiles in a line placed laterally and
running from the lower breast to the caudal region, caudal tract, 3-4 medium gray
neossoptiles anterior to the rictrical bulb. In 1 to 2 day old nestlings the primary teleoptiles
appear as dark subcutaneous spots on the manus.

Day four of the nestling period —Eyes of the nestlings are closed, and nestlings no
longer rest on their heads with their bills tucked posteriorly. The egg tooth is present.

Dark papillae of coronal region of the capital tract discernible, dark gular papillae and dark
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upper ventral papillae also visible as are papillae of primary teleoptiles which are starting to

erupt. Lower ventral tract skin roughened, but no papillae obvious. No pigment
discernible in the caudal region.

Day six of the nestling period—Nestling weight is approximately five times hatching
weight and 45% of adult weight. Young birds beat wings, pedal legs and are generally
much more active when handled. The eyes are just starting to open and appear as mere
slits. The egg tooth is still present and the mandible is starting to elongate. Dark black
papillae of the capital tract and gular are small but apparent, as are the dark papillae of the
spinal traci, and alar tract including secondary papillae and the elongated primary papillae
which form a continuous line. Primary teleoptiles are almost ready to erupt from the
epidermis. Rectrical papillae are clearly visible, but not protruding from the skin. Light
ventral papillae are visible and given the skin a roughened appearance.

Day seven of the nestling period— Eyes of the nestlings are barely open. Capital
tract papillae are well pronounced and the gular region is well defined bilateral feather
tracts, spinal tract papillae are starting to erupt in the thoracic region. Ventral tract light in
color abdominally and dark black laterally up on the breast. This feather tract is well
defined and almost ready to erupt. Femoral tract papillae black in color, but have not
erupted. Alar tract: primary and secondary teleoptiles have ruptured the skin, but are less
than 1mm in length, coverts are also erupting and the rectrices are about to erupt. The
uropygial gland is prominently defined.

Day eight of the nestling period —Nestling weights are almost seven times hatching
weight and 56% of adult weight. The eyes of the young are starting to open, the nestlings
pedal across the scale, gape spontaneously, beat their wing and peep when disturbed, and
defecate when handled. Epidermis is flesh in color and the tip of the upper mandible is
blackish. Alar tract: primary and secondary teleoptiles have erupted. Primary # 10 of one



70
nestling is 2mm in length. Coverts have erupted and the tips of the secondary coverts are

cinnamon in color. Capital tract and upper spinal tract feathers have not erupted, but the
feathers of the lower spinal tract are just erupting from the skin, as are the feathers of the
femoral tract and caudal region (rectrices and coverts) The lower ventral tract feathers have
erupted and are approximately 2mm in length.

Day nine of the nestling period —The upper mandible is darkening medially, but is
still creamy yellow at the edges and tip. The eyes are open from 1/4 out 1/3 of the way.
The egg tooth is sill present in all nestlings. Primary # 10 is now approximately 4mm in
length, rectrices and upper tail coverts are 2-3mm in length. The tips of the secondary
feathers and coverts are tipped with cinnamon. All other feather tracts have erupted from
the skin.

Day ten of the nesiling period —Nestling weights average ten times hatching weight
and are 88% of adult body weight. The upper mandible is brownish black medially and
creamy yellow on the margins. The egg tooth is still present in all nestlings. The front of
the tarsi are starting tc darken. The nestlings wing length is approximately 30% of the
adult’'s wing length and their tail length is 8-10% of the adult's. The feather sheaths of
secondaries 8 and 9 have ruptured at the tips, and the secondary coverts are approximately
1mm out of their sheaths. Rectrices are about 1mm in length and the sheaths of the upper
tail coverts have ruptured, as have the feathers of the spinal tract and ventral tract.

Day twelve of the nestling period—Nestling weights average twelve times hatching
weight and 100% of adult body weight. Eyes are open 1/3 to 1/2 of the way. The
nestlings' wing length is approximately 40% of the adult's wing length and their tail length
is 15-18% of the adult's. Primary #10 is about 16mm in length. The sheaths of the
primary coverts are just starting to rupture. Lower ventral tract feathers are approximately

3mm out of their sheaths (Figure 18).
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Flgz'mc 18. Twelve day old Black Phoebe nestling. Notice that the flight feathers are
partially erupted from the feather sheaths.
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Day fourteen of the nestling period —Nestlings appear alert and their eyes are 2/3 to fully

open. The egg tooth is visible on all nestlings. The tarsi appear a reddish black color and
the claws are black. The tip of the lower mandible has turned a blackish gray. The rictal
bristles have not yet started to emerge. Some neossoptiles remain primarily on the coronal
area of the capital tract. The nestlings wing length is approximately 50% of the adult's
wing length and their tail length is 22-25% of the adult's. Sheaths are ruptured on all
feather tracts. Primary #10 is approximately 37mm in length and 10mm out of its sheath.
Coverts are 1/2 way out of the sheaths.

Day sixteen of the nestling period —The nestlings are alert and active. Their wing
length is approximately 60% of the adult's wing length and their tail length is 33-35% of
the adult's. Nestlings are well feathered with the contour feathers almost completely out of
their sheaths. Primary #10 is approximately 33mm in length and 20mm out of its sheath.

Day eighteen of the nestling period —The nestlings are very alert and if startled will
leave the nest quite readily. Mandibles and tarsi are almost completely black. The egg
tooth is still discemable on some nestlings. Wing length is now approximately 80% of
adult's wing length and tail length is 50% of adult length. Primary #10 is about 34mm and
21mm out of its sheath (Figure 19).

Fledging

The day of fledging was observed for some broods in 1989 and 1990. Nestlings in
all but one case, left the nest over a period of one to three days. Frequently, the nestlings
with the longest wing length fledged first. Nestlings were capable of sustained flight for
long distances (>200m) on the day of fledging. In one instance, two young birds were
found back on the nest on the day after fledging, both young flushed from the nest when I
approached the crossover entrance. Broods not visited frequently during the nestling



Figure 19. Eighteen day old Black Phoebe nestling. This nestling is capable of sustained
flight and is ready to fledge from the nest.
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period were extremely skittish to the approach of humans and in more than one instance the
observer induced the young to fledge spontaneously by his approach to the nest. Eighty-
four percent of all nestlings fledged between days 18 and 20 (Table 20).

Nesting Success and Mortality

In 1989, 94 % of the 34 eggs laid in first clutches and 77% of the 26 eggs laid in
second clutches hatched (Table 21). One egg was lost due to investigator impact (dropped)
and accounted for 3% of the first clutch egg losses and one egg which failed to develop
accounted for the other 3% of the losses in first clutches. Egg losses in second clutches
were higher than those of first clutches and of the six eggs that did not hatch: two failed to
develop, one developed but died sometime during the incubation period, one developed in
what appeared a nofmal manner but died when it was unable to break free from the sheli
after an extended period, and two died in a nest which was accidently flooded by
SJ/SCWPCP personnel.

In 1950, 93.3% of the 30 eggs laid in first clutches and 100% of the 27 eggs laid in
second clutches hatched. Egg losses were confined to one incident of red fox predation
which accounted for two eggs (6.7% of the total in a first clutch losses). The female at this
nest was not taken during the incident.

Fledging success (the percentage of nestlings hatched that fledged) in 1989 was 84%
for first clutches and averaged 3.9 fledglings/brood (n=7). Second clutch fledging success
was 70% and an average of 2.8 fledglings/brood (n=5) were produced. Nestling losses in
first clutches occured solely due to predation: one clutch of five nestlings (10% of the total
hatched) was lost to an unknown, but believed avian predator. In second clutches
disturbance and accidents (7% of the total number of nestlings hatched) accounted for all
nestling losses: five nestlings from one brood died from exposure on the night after
hatching when the brooding adult was frightened off the nest by a muskrat (Ondatra



Table 20. Age of nestlings at fled
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ging in days since hatching. The percent of all nestlings

fledging is also given below.
age ( in days since hatching)
16 17 18 19 20 21 22
Number of nestlings fledging 1 2 12 8 8 1 1
% of total fledging 3 6 36 24 24 3 3




Table 21. Nesting success and mortality for all clutches laid in 1989 and 1990,
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Ist clutch 2nd clutch Ist clusch 2nd clutch
_year 1989 1989 1990 1990
€eggs laid 34 26 30 27
eggs hatched 32 20 28 27
eggs infertile 1 4 0 0
eggs lost 1 2 0 0
eggs predated 0 0 2 0
_percenzi of eggs hatching 94% 77% 93% 100%
young fledged 27 14 8 23
fledged per nest 3.9 2.8 1.1 3.8
fledged of eggs laid 2734 (79%) 14126 (54%) 8/30(27%) 23727 (85%)
fledged of eggs hatched 27732 (84%) 14720 (10%) 8/28 (29%) 23127 (85%)
_Young lost before fledging 5(16%) 6 (30%) 20 (70%) 4(15%)
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zibethicus) which had fallen into the culvert and splashed around undemeath the nest, and a

single nestling from another nest site was trapped in the mud below the nest during
fledging and was unable to escape.

During 1990, fledging success varied dramatically due to extensive red fox predation.
First clutches were largely unsuccessful, only 29% of the 28 nestlings hatching later
fledged with an average of 1.1 fledglings/brood (n=7). A red fox pair with a den and six
pups 150 meters to the west of nest site 1 (young Black Phoebe wings were found at the
den) accounted for 95% of the losses. The culvert in which the phoebes nested had no
water in it during the first half of the breeding season and as a consequence the foxes had
easy access to the nests. Human scent near the nest site from the investigator may also
have aided the foxes in finding the nests, but this is hard to substantiate. Second clutches
faired considerably better than first clutches; 85.2% of the 27 eggs which hatched later
fledged and an average of 3.8 fledglings/brood (n=6) were produced. Two factors were
considered responsible: a) substantial rain in early May filled the culvert part way with
water eliminating the human scent from under the nest sites ard presumably discouraging
the foxes from entering the culvert and b) an largely successful effort was made to eliminate
the source of predation. Evidence indicated that this work accounted for all of the young
and one of the adult foxes.

Overall success (the percentage of the eggs laid during the season which later hatch
and fledge from the nest) also varied among years, in 1989, overall success was 68.3%
and losses were attributed to a number of sources. Predation accounted for the loss 8.3%
of the total number of eggs laid, 6.7% of the eggs laid failed to develop or developed and
did not hatch, 11.7% of the eggs or young were lost to disturbances or accidents and 1.7%
were lost as a result of investigator impact. During 1990, overall success fell to 54.3% and

all eggs and nestlings were lost due to predation.



78
DISCUSSION

Prenesting Courtship Behavior

Nest Site Showing.—One of the most commonly observed displays, the nest site
showing display was named by Smith (1970) in his study of the Genus Sayornis. Nest
Site Showing was also noted by Oberlander (1939); he observed phoebes fluttering around
the nest site of the previous year and suggested that the display had importance in
establishing the pair bond. Observations from this study support his conclusion.

Chasing.—Chasing also appeared to be an important part of pair bond mainenance
throughout the breeding season. Males chased females frequently throughout the day.
Most often, the initial greetings between the pair when the female came off her roost after
dawn involved a vigorous chase with frequent vocalizations. Chases were localized around
the nest site. Both Oberlander (1939) and Irwin (1985) made similar observations and

interpretations of chasing behavior.

Nest Site Selection

Nest Site Characteristics.—Black Phoebes select nest sites based primarily on three
factors: a) the site must be close to a source of mud for construction materials, b) most
sites are located very near or directly over water and ¢) virtually all sites have an overhang
which protects the nest from the elements (Bendire 1895, Tyler 1913, Grinnell and Storer
1924, Skutch 1960, Ohlendorf 1976, and Irwin 1985). All nests located during the present
study also conformed to this profile.

Nest sites can be conveniently divided into two categories: natural sites and man-
made sites. Natural sites where nests have been found include: dirt ledges along streams
(Bendire 1895, Hoffman 1927), in a sheltered pocket of large rocks projecting over

running streams (Tyler 1913, Baily 1921, and Grinnell and Storer 1924), in a tree under a
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broken limb (Robertson 1933). Historically, the lack of suitable natural sites was most
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1924). Black Phoebes have readily adopted man-made structures which were suitable nest
sites. A partial list includes: under the eaves of buildings (Tyler 1913, Hoffman 1927,
Ohlendorf 1976, and Irwin 1985), on bridge stringers (Tyler 1913), in irrigation and
drainage cuiverts (Ohlendorf 1976), in abandoned wells (Bendire 1895, Tyler 1913).

The abundance of man-made structures has greatly increased breeding densities over
much of the Black Phoebes range. In this study all nests were placed in culverts and were
from 50 to 150m apart. During 1989 and 1990 eight nesting pairs occupied a 1km stretch
of culvert. Natural nest sites were scarce or nonexistent in this region.

In the Tran-Pecos region of Texas bridges and culverts are the preferred substrate
(Ohlendorf 1976). Only 14% of 36 nests surveyed in this area occurred on natural
structures. The remaining 86% were placed under bridges and in culverts. The minimum
distances between Black Phoebe nests was 160m. Based on the present study this
minimum distance is mostly likely related to the physical placement of these structures and
not the territorial requirements of the species.

In a study by Irwin (1985) all nests (n=23) were located on man-made structures. Of
the 21 bridges located within the study area only one was used as a nest site. The other 22
nests observed during the study were located under the eaves of buildings. Eight of the 22

building nests were located relatively close to bridges.

The Nest and its Placement

Nest description.— Black Phoebes constructed adherent nests made from a mixture
of mud pellets and grass stems/leaves. The lining of the nest was a woven pad of grass
sters and root fibers approximately one centimeter thick. Nests of similar construction are

described by earlier researchers (Bendire 1895, Tyler 1913, Baily 1921, Hoffman 1927,
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Skutch 1960, Ohlendorf 1976, and Irwin 1985). Other lining materials are commonly used

struction and in 1989 the active nesi ai nesy sive A =25 Bned with fbers fom tlack
sheeting used to discourage weedy growth in the revegetation plot. One nestling's head
became tangled in these fibers and it subsequently died from strangulation. A similar
incident involving horsehair was observed by Jewett (1899). Horsehair, and feathers have
also been used commonly in the construction of the nest lining (Bendire 1895, Tyler 1913,
and Skutch 1960). The use of horsehair as a lining material is probably much less common
now than around the turn of the century when horses were a common mode of
transportation and much more abundant.

Dimensions of nests monitored in this study (Table 1) are within the range of
measurements reported by other investigators. Data on the dimensions of old nests that
were added to and reused and newly constructed nests were combined. Bendire (1895)
reported measurements of 89mm for nest height, 127mm for nest width, 70mm for nest
cup diameter, and 32mm for nest cup depth for a single nest taken in San Yasbel,
California on April 28, 1893. Irwin (1985) reported new nest dimensions of 90mm for
nest height and 130mm for nest width across the rim. Old nests as large as 150mm in
height and 150mm across the rim were also observed.

Nest Placement.—Nests tended to be placed towards the center of each crossover and
within S0mm of it's ceiling. This positioning may tend to minimize the risk of predation in
several ways. Placement towards the center provides the maximum concealment from the
outside due to the darkened interior. This is enhanced by the placement of nests near the
crossover ceiling. The high placement not only positioned the nest in the darkest region of
the crossover, but an additional benefit was provided by the abundant spider webs and
moth cocoons which broke up the outline of the nest when viewed from outside the

Crossover.
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In addition, the placement of nests within SOmm of the ceiling may restrict access to

the nest by larger avian nest predators such as Loggerhead Shrikes and Scrub J ays which,
because of their size, are probably unable to land on the nest rim. Support for this
argument is provided by an incident of nestling predation in 1989 where five 12 day old
nestlings were taken and the nest was left undisturbed. This nest was placed high enough
on the crossover wall that a mammalian predator would have had to tear the nest down to
gain access to the young. The nest's undisturbed condition thus suggests an avian
predator. This particular nest was placed approximately 300mm from the crossover
ceiling, making it both visible and accessible to an avian predator.

The placement of nests under ceilings or overhangs has been noted frequently (Tyler
1913, Fraser 1930, Robertson 1923, Kinsey 1935, Stoner 1937, Skutch 1960, and Irwin
1985) and in addition to providing concealment from potential predators protection from the
elements is also afforded. Irwin (1985) also noted that all nests in his study area were
placed on the lee side of the building, away from high (35 to 55 kph) prevailing northerly
winds. He suggested that the phoebes decided preference for buildings as nest sites instead

of bridges may be attributed to the more effective windbreak provided by the former.

Nest Building Behavior

Construction of New Nests and Reuse of Old Nests.—The earliest date that nest
construction was observed at Coyote Creek for a first nesting attempt was March 4 and the
latest date March 28 with a median date of March 15. Oberlander (1939) observed the start
of nest construction in Berkeley, California on February 28.

Nest construction was accomplished wholly by the female and only in one instance
was a male seen attempting to bring material to the nest. The male’s few attempts were
ineffective and the effort appeared halfhearted. Nest construction by only the female was
also noted by Oberlander 1939, Skutch 1960, and Irwin 1985. Jewett (1899) stated that
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both male and female participate in nest construction and that while one bird works on the

nest the other stands watch.

Most nesting Black Phoebes choose to refurbish an old nest. In 16 of 20 first nesting
attempts and 11 of 13 second nesting attempts phoebes rebuilt the existing nests. This
tendency was also documented by Oberlander 1939, Skutch 1960, Verbeek 1975b and
Irwin 1985. Verbeek (1975b) suggested that nest reuse saved time and that pairs building a
new nest were precluded from having a second brood that season. All pairs observed
constructing new nests during the current study were double brooded and usually reused
the same nest. Irwin (1985) reported that four of the seven pairs that built new nests had
second broods in that same nest; two of the other nests were destroyed and in the third the
nestlings died from starvation. These observations do not support Verbeek's delay
hypothesis. Irwin (1985) found nest reuse in 16 of 23 cases, and in one case a nest was
reused in six of seven consecutive years.

Nest refurbishment took approximately 7.5 days for first clutches and 5.4 days for
second clutches (Table 2). Oberlander (1939) observed nest repair and reuse by a female
which took only one or two days. Nest refurbishment periods of from one to five days
were reported by Irwin (1985).

New nest construction took an average of 18.8 days for first nesting attempts and 10
days for second nesting attempts. A nest in the advanced state of construction was found
by Skutch (1960) and appeared complete four days later. Construction of a first nest was
observed by Oberlander (1939) for 12 days until the female was found dead on the nest (air
rifle) with mud still in her bill'on March 11. At this point the nest appeared almost

complete. Irwin (1985) reported that the construction of a new nest took “about five days”.
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Actual nest construction was sporadic in nature and was alternated with periods of

foraging and other maintenance behaviors. Oberlander (1939) describes construction bouts

lasting from six to fifteen minutes interupted by periods of foraging.

Laying

Dates and Time of Laying.—First egg dates ranged from March 18 to May 6 for first
clutches and from April 13 to May 24 for second clutches. High rates of predation in 1990
are responsible for the considerable overlap in egg dates between first and second clutches
(Figures 5 and 6). If data for only 1989 is used, the overlap is eliminated and first egg
dates range from March 18 to May 6 for first clutches and from May 8 to May 31 for
second clutches. Other investigators in California have reported a wider range of dates.
Irwin (1985) reported that laying occurred from 20 March to 24 June in Humboldt County,
and Frazer (1931) found a pair of Black Phoebes feeding nestlings on 28 September on the
Eel River also in Humboldt County. This late date would place the dates for clutch
completion probably in the first or second week of September. Davis (1933) found freshly
completed clutches between 1 April and 1 May in Butte County and Tyler (1913) found
fresh eggs on June 15 in Fresno County. Tyler suggested that the nesting period extended
from 1 March to 1 July and observations from this study support his conclusions.

Eggs were laid within a few hours of civil sunrise with the last egg of a clutch laid the
latest (Table 7). The female typically came off the nest or another nearby roost around
sunrise and was greeted by her mate. After a brief series of chases and vocalizations both
birds started started foraging. The female preened intermittently as she foraged and when
ready to lay returned to the the nest. Laying required approximately 15 minutes and the
laying behavior is described in Tables 3 and 4. Laying times were not as protracted in
Humboldt County and Irwin (1985) reported that all eggs were laid between 0700 and
0830 Pacific daylight Time. Other data on laying times for Black Phoebes were not found,



84
but Skutch (1952) reported laying times for a number of species in several families in Costa

Rica. Members of the family Tyrannidae surveyed all laid their eggs before mid-day, but
varied their laying from just after sunrise to just before noon. Thus the Black Phoebe may
be seen as a fairly typical representative of its family.

Laying Rate—At the majority of nests, eggs were laid at a rate of one per day.
Several exceptions occurred during a seven day period in May of 1989. In 3 different nests
that held second clutches, from 1 to 3 days were skipped between the laying of some eggs.
During this period no unusual environmental events were noted and thus an explanation is
lacking. Laying rates of one egg per day were also reported by Jewett 1899, Oberlander
1939, and Irwin 1985. No exceptions to this routine were noted by these investigators and

this rate of laying is typical for most passerines.

The Egg: Description, Measurements, and Variation

General Description and Measurements.—Egg descriptions and measurements are
similar to those of Bendire (1895), Bent (1942), and Irwin (1985) (Figure 10 and Tables 8
and 9). Fresh egg mass averaged 10~12% of female body mass.

Variation in Egg Size—Multiple regression analyses and two-way ANOVA showed
that Black Phoebes laid significantly larger eggs in second clutches than in first clutches in
1989 and 1990. There also was a slight tendency for egg size to increase with laying
sequence (Figures 11, 12, & 13), but in only one case was this increase in size significant
(1990, multiple regression analysis). Based on the weak statistical support for egg size
increase with laying sequence, this topic will not be addressed in this discussion.

Second clutch volume showed an increase in total volume of 2.9% over the volume
of first clutches. Hatchling size is correlated positively with egg size in Boat -tailed
Grackles (Quiscalus major) (Bancroft 1984), thus the larger eggs in second clutches would

tend to produce larger hatchlings. Whether this increase in hatchling size with later clutches
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is a result of increased resource availability is not known in this case. Several studies

suggest that increase in size is adaptive. Frequently hatchlings from larger eggs have larger
yolk reserves (Parsons 1970). Furthermore, hatchlings from larger eggs survive better
during the first few days after hatching than hatchlings from smaller eggs (Parsons 1970,
Schifferli 1973).

Consequently, one could suggest that the increase in egg size between clutches is
adaptive and is a tactic by which a female may potentially increases her fitness without the
added burden of an additional egg. This tactic may be a means whereby an individual can
fine tune its reproductive output by increasing egg size, which results in marginally greater
costs, rather than laying an additional egg, which has a much greater initial investment and
would require feeding another nestling.

An alternative explanation is suggested by Jarvinen and Ylimaunu (1986). They
found that in passerines breeding at high latitudes, when average temperatures were low
then female body mass was also low. As a result of the reduced body mass these birds laid
smaller eggs. During conditions of warm weather the birds increased their body mass and
subsequently laid larger eggs. This hypothesis might be tested at lower latitudes with early
and late breeders. Body condition and egg size could be monitored. Unfortunately data

gathered from this study is not suitable for testing this hypothesis.
Variation in Egg Coloration—Variation in egg coloration, specifically the occurrence
and intensity of spotting, was first noted by Tyler (1913):
“Itis interesting to note that when four eggs constitute the set there

are generally three that are unmarked and one that is quite heavily spotted

with red dots on the larger end, but when there are five eggs in the set then

the additional egg nearly always has just a few very fine spots like dust.

My observations show that nearly always the spotted egg is the last one to

be deposited.”
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In this study the presence and absence of spots varied significantly (p< 0.005) with

egg number and the last egg was spotted more frequently and intensely than the other eggs
within a clutch. In 3 of 26 clutches were all eggs were without spots and in 4 of 26
clutches all eggs were spotted to some degree. Eggs within 5 egg clutches were more
frequently and intensely spotted than eggs within 4 egg clutches (Tables 13 and 14). Irwin
(1985) reported all eggs seen in his study were without spots. This contrasts with the
current study in which 38% of all eggs observed were spotted to some degree. The cause
of the spotting is unknown and the only trend observed was an increase in spotting with
egg number. Also worth considering are the effects of the increased time that the last egg
laid spends in the shell gland. Pigment deposition occurs during the last quarter of the
eggshell formation period in the hen (Warren and Conrad 1942). Since there is a tendency
for the last egg to be laid 1-2 hours later than the other eggs in the clutch, longer retention
in the shell gland could account for the increased pigmentation found on later eggs within a

clutch.

Clutch Size

Variation in Clutch Size—Clutch size was recorded from a total of 38 complete
clutches during the 1988, 1989, and 1990 breeding seasons and averaged 4.55 eggs per
clutch (Table 15) and ranged from 3-5 eggs. No significant difference in clutch size was
found either between first and second clutches or among years (p>.5 in all cases). Irwin
(1985) examined 32 clutches and found an average of 4.2 eggs per clutch with a range of
from 3-6 eggs. Ohlendorf (1976) observed 21 Black Phoebe clutches and found an
average of 3.57 eggs per clutch in Trans-Pecos Texas. Skutch (1960) indicated that in
Costa Rica and the surrounding countries clutch size was 2-3 eggs per clutch. These
observations point to a general trend of increasing clutch size with increasing iatitude. This

common trend is seen both within 2nd among bird species. Lack (1947b) suggested that
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the increasing day length that accompanies increasing latitudes provided more time for adult
birds to gather foed and thus supported an increase in the number of young which could be
raised. This is one of a number of hypotheses which are loosely supported by the

observations above.

Incubation

General Aspects.—Only female Black Phoebes were observed incubating eggs
during the course of this investigation. In Humboldt County, Irwin (1985) observed males
incubating eggs at 3 of 16 nests. Jewett (1899) stated that both male and female shared
equally in nest construction and incubation. In Costa Rica, Skutch (1960) observed only
the female incubating a nest that he observed for several days and Oberlander (1939)
observed only the female incubating during his observations. Incubation by male tyrannids
is little known and in the least Jewett's (1899) comments are suspect because he suggests
that males also aid in nest construction. No evidence of male involvement in nest
construction, save one ineffective attempt, was observed during the course of this study
and other observers (Oberlander 1939, Skutch 1960 and, Irwin 1985) also indicate that
there is a general lack of male involvement in nest construction.

Incubation began with the laying of the last egg of the clutch, although some females
were found intermittently o the nest during the laying period. Some birds roosted on the
nest during the latter part of the laying period and probably warmed the eggs enough for
some development to occur. Nighttime attentiveness before clutch completion is common
in passerines and is documented for several North American flycatchers (King 1955, Davis
et al.1963, and Morton and Pereyra 1985). Females alternated periods of incubation with
shorter pericds of foraging and preening. Females generally remained within 50 meters of

the nest site during recesses away from the nest.
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Rhythm of Incubation.—Attentive bouts averaged 63—68% of the observation period

and ranged from approximately 1-102 minutes in length (Table 16 and Figure 14). The
average attentive period was 12.2 minutes in duration. Inattentive periods accounted for
the other 32-37% of the observation periods and bouts ranged from 1.8-30.5 minutes in
length. Inattentive periods averaged 6.3 minutes in length. The number of bouts varied
considerably between individuals and ranged from 15-29 bouts during the period of
observation between 10:00-16:00. Attentive periods for Black Phoebes in Humboldt
County ranged from 4.5-25.5 minutes and accounted for 68% of the observation period
(Irwin 1985). Attentive bouts averaged 13.8 minutes in length. Inattentive periods ranged
from 2-19.5 minutes in duration and averaged 6.5 minutes. Skutch (1960) in Costa Rica
observed one female that was incubating for a period of 5 hours. During this time 14 bouts
were observed and attentive periods ranged from 8-23 minutes in length and accounted for
73.2% of the observation period. Attentive periods averaged 15.9 minutes. Inattentive
periods ranged from 3-10 minutes and averaged 5.8 minutes in length.

These attentive rates are similar to those found in studies of other North American
flycatchers (King 1955, Davis et al. 1963, and Ettinger and King 1980). A study of
incubation in the Dusky Flycatcher (Empidonax oberholseri) in the Sierra Nevada (Morton
and Pereyra 1985) recorded that 75.8% of the observation period was spent on the nest.
Morton and Pereyra (1985) found much more variance in the time spent away from the nest
(inattentive) than in the time spent on the nest (attentive). These findings match
observations made in the present study. It would appear that the incubating females are
much more conservative in their allocation of time spent away from the nest during any
given bout than time spent on the nest. In the present study 54% of the inattentive bouts
were 5 minutes or less in duration and 94% of 94 inattentive bouts were less than 10

minutes in length. Limiting time away from the nest during any given bout would limit the



89

amount of cooling or, more critically, heating the eggs might be subject tco. Heating is not
a critical factor with this species because of the protected nature of their nest site. One
could imagine natural selection favoring limited inattentive bout lengths sometime earlier in
the evolutionary history of the species, when selection of a protected nest site that was
facilitated by the construction of specialized adherent mud nest had not yet evolved.

Morton and Pereyra (1985) found that female Dusky Flycatchers varied their
inattentive bout frequency and suggested this variance as a means of balancing energetic
needs of the adult with the physiological requirements of the clutch. Observations of
incubation behavior in this investigation found a two-fold difference in bout frequency
among 3 individuals and suggest that perhaps this tactic of varying bout frequency is
employed extensively by incubating females.

Length of the Incubation Period.—Black Phoebes incubated their eggs for average of
16.2 days (Table 17) before hatching was completed. Incubation periods ranged from
15.5-17.8 days in length. Oberlander (1939) reported that incubation periods for two 5
egg clutches in Berkeley, California ranged from 15-17 days in length. In Humboldt
county incubation periods of Black Phoebes averaged 16.9 days and ranged from 16-18
days in length (Irwin 1985). Eggs incubated during colder weather had the longest
incubation periods.

Black Phoebes exhibit longer than predicted incubation periods based a regression of
fresh egg mass and actual incubation period of 475 bird species (Drent 1975). Eggs witha
mass of approximately 2 gm are predicted to hatch in approximately 13-14 days; actual
incubation periods are closer to 16-17 days in length. This extra 2-3 days is a increase of
between 14% and 23% of the predicted incubation period. Heinroth (1922, cited in Drent
1975) was the first person to compile extensive documentation linking length of the

incubation period to length of the nestling period. He found incubations periods positively
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correlated with nestling periods. He suggested that prenatal and postnatal growth be treated

as a common developmental phase.

Loss of Weight by Eggs.—All eggs start to lose weight after laying. This change in
mass is known to be essentially due to the evaporation of water and is a function of egg
mass (Rahn and Ar 1974). Eggs of Black Phoebes weighed in this study lost an average of
17.5% of their mass during the course of incubation. Extremes values ranged from 13.1-
28.5% (Table 18). Total egg mass loss over the course of incubation averages 16% for a
variety of species thus far examined {(Drent 1975). Significantly less water was lost from
Black Phoebe eggs during the first half of the incubation period than during the second half
of the incubation period (p< .002). This increase in water vapor conductance has been
previously documented by Carey et al.(1980) and is particular to some passerine groups.
The observations of this study indicate that the characteristics of Black Phoebe eggs over

the course of incubation are typical of the order to which they are assigned.

Hatching

Harching Sequence and Interval—Eggs tended to hatch in the order in which they
were laid. Hatching of the entire clutch took from 24 to 72 hours. In Irwin's (1985)
investigation in Humboldt County, California, all eggs hatched within 36 hours. In
Berkeley, California, Oberlander (1939) had one clutch hatch over a 36 hour period.
Henderson (1924) in her observations of breeding Eastern Phoebes observed hatchin g over
a 72 hour period. Observatons by Davis et al. (1963) of breeding Western Flycatchers
found hatching occured over a period of 48 hours in most clutches. Taylor and Hanson
(1570) observed hatching over a period of 48 hours in one clutch of Vermilion Flycatchers
(Pyrocephalus rubinus)in Maricopa County Arizona. These observations suggest that the
hatching interval of Black Phoebes observed in this study are fairly typical of tyrannids in
general.
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Eggshell Disposal —Fragments of eggshells were found from 0 to 45 meters from

the nest, although most were greater than 5 meters from the nest. Most fragments appeared
complete and entire clutches were accounted for; thus I doubt that shell fragments are
commonly eaten by females of this species. No observations were made of actual eggshell
removal by the parent birds, but based on the role of the female in incubation it is likely that
she was responsible. Other observations of eggshell disposal by Black Phoebes are
lacking. Davis et al. {1963) observed female Western Flycatchers carry eggshell fragments
from 30 to 42 feet from the nest and drop them to the ground.

Nestling Development

Weight—Nestling Black Phoebes are classified as altrical by Nice's (1962) post-
natal classification scheme. At hatching the young are immobile, blind, ectothermic, and
virtually helpless (Figure 17). The majority of energy resources are channeled into growth,
as a consequence young phoebes grew rapidly for the first ten days after hatching and had
attained 87% of adult body mass at the end of this period (Table 19 and Figure 15). Mean
daily gains in mass during this period varied from 67% of their previous day's body mass
on the 2nd day after hatching to 14% of their previous day's mass on 10th day after
hatching. Adult body mass was surpassed on day 12 of the nestling period and tended to
stay above or at adult body mass until fledging at around day eighteen (Table 20 and Fi gure
19). This eighteen day nestling period is considered extended for a passerine of this body
mass. By comparison, Song Sparrows (Melospiza melodia) which place their nests in low
growing vegetation and have approximately the same mass as the Black Phoebe have
young that fledge 8 to 12 days after hatching, depending on food availability (Nice 1937).
This shorter nestling period of the Song Sparrow is in part explained by the higher rates of

predation that accompany a relatively exposed nest site.
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The last third of the nestling period in Barn Swallows (Hirundo rustica)was described

by Ricklefs (1967) as a period of maturation of the pectorial muscles, heart, liver, and
integument (feathers). These processes are characterized by a "drying out" of the involved
tssues; that is, their water content declines as maturation proceeds. The development of
Bam Swallow nestlings parallels that of Black Phoebes: both species have similar nestling
periods, adult body weights, and nest under similar ecological conditions. This extended
maturation period also provides additional time for the development of motor coordination
necessary for successful fledging. Nest placement over water requires that young birds be
very capable flyers when they fledge.

Feather Growth—Growth of the wings and tail as a function of age are presented in
Figure 16. Primary feathers (remexes) did not erupt from the feather papillae until day six
of the nestling period. Earlier measurements of the wing represent growth of the manus.
Feather eruption at the tail (rectrices) did not occur until day seven of the nestling period.
Elongation (growth) of remexes and rectrices was more or less linear over the nestling
period. Fledging rarely occured before wing chord length had reached 58mm. Contour
feather papillae of the back started to erupt on day seven of the nestling period. By day
nine all contour feathers had erupted from the epidermis. On day 16 most contour feathers

were fully out of their sheaths.

Fledging

General aspects —Nestlings fledged from their nests over period of 1 to 3 days, with
most young in a brood all fledging on the same day. Most nestlings (84%) were from 18
t0 20 days old when they left the nest (Table 20). Black Phoebes in Humboldt County,
California, (Irwin 1985) took from 18 to 21 days to fledge with a mean duration of 19.9
days. InIrwin's case, all nestlings in a brood fledged on the same day. In Berkeley,
California (Oberlander 1939) young Black Phoebes from one clutch fledged at 21 t0 22
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days post-hatching. Jewett's (1899) observations of one brood of Black Phoebes indicates

that the young ranged from 17 to 19 days in age when they fledged on May 9, 1896.

Nesting Success and Mortality

Nest Success and Mortality—Overall hatching success for all clutches was high at
91.4% (of the 117 eggs laid) (Tabie 21). Half of all hatching failure (4%, 5 eggs) was due
to predation or interference by man. Reasons for the failure of the other eggs to hatch
range from infertility to failure of the hatchling to completely break out of the shell before
the membranes had dried. Ohlendorf (1976) in a study of Black and Say's Phoebes in
Trans-Pecos Texas reported hatching success rates of 92% and 73.4% respectively. Black
Phoebes had low :fertility rates (1.3%) compared to those of the Say's Phoebe. Egg loss
due to predation and man's interference accounted for 6.7% and 19.5% of the total egg
production for Black and Say's Phoebes respectively. Ohlendorf (1976) attributed 44.7%
of egg losses before hatching to human destruction of nests under bridges and culverts.
Overall hatching failure rates for other temperate zone altrical passerines typically range
from 8-18% (Ricklefs 1969). Sources of hatching failure in Ricklefs (1969) survey of
mortality in birds included other factors such as desertion due to weather and interference
by other birds. Overall hatching rates for Black Phoebes appear to be high and did not
represent the primary avenue of nest failure in this study.

Rates of fledging in this study were lower than those observed by Ohlendorf (1976)
for Black and Say's Phoebes in Texas. Overall fledging rates at CCRS were 67% of the
total number of nestlings that hatched. Fledging rates of Black and Say's Phoebes in Texas
were 76.8% and 77% respectively. Predation by introduced Red fox (Vulpes vulpes)
accounted losses of 71% of the nestlings in 1st broods and 15% of 2nd broods in 1990 at
CCRS. Lack of rainfall left the culvert within which Biack Phoebe nests were placed

virtually dry and allowed access of inammalian predators. Predation was not the primary
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factor in nestling losses in Ohlendorf's (1976) investigation. Infestation by argasid tick
larva and dermanyssid mites were a major cause of nestling mortality. Irwin (1985)
reported the loss of two of three broods of young apparently due to starvation during a two
week period of heavy rainfall. Ricklefs (1969) summarized nestling losses of six passerine
species and found that predation accounted for 65.8% of the total losses, desertion and
starvation accounted for 6.5% and 2.1% respectively and weather accounted for 6.9% of
the losses. Overall nestling success rates for six passerines species was 65.6% of the
number of eggs that hatched. In three of four nesting cycles Black Phoebes had a much
greater nestling success rate than would be expected of a passerine that nests in a normally

protected location.
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APPENDIX A

REM **+* PROGRAM TO LIST COLORBAND COMBINATIONS FOR THREE LEG
POSITIONS AND EIGHT COLORS FOR BANDING BIRDS *#*+*
DIM COLORMATS (9,9,9), COLORLIST$(1550), N(550)
FOR I =1TO 8 : READ COLORS(I) : NEXT I
DATA "BLACK", "WHITE", "PINK", "GREEN", "BLUE", "ORANGE", "RED",
"YELLOW"
REM *#*#+ PRINT HEADING *#*#+*
GOSUB HEADING
REM Xk kK PRINT IT OUT ke dkkok
COUNT =0
FORR=1TO8
FORC=1TO8
FORF=1TO8
FORN=1TO3
COLORMATS(R,C,F) <COLORS$ (R) +COLORS(C)

NEXT N

LPRINT " ", LEFT$(COLORMATS(R,C,F) ,6) , MID$
(COLORMATS(R,C,F),7,7) , MID$ (COLORMATS(R,C,F) ,14,7)" "

COUNT =COUNT +1

IF COUNT = 50 THEN LPRINT CHR$(12) ELSE CONTINUE

GOSUB HEADING

COUNT =0

CONTINUE
NEXTF
NEXT C

NEXTR
GOTO ENDIT
HEADING:
LPRINT " LEG POSITIONS"
LPRINT " "
LPRINT " "SAMPLE NO.", "POSITION 1", "POSITION 2", "POSITION 3"
LPRINT ""," LOWER RIGHT","UPPER RIGHT", " UPPER LEFT", "BAND NO"
LPRINT " "
RETURN
ENDIT:
END

+COLORS(F)
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