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Abstract

To reduce predation on their progeny, passerines evolved two
basic nesting patterns:
1) concealing nests or constructing them in inaccessible places,
or 2) breeding inside cavities where offspring are relatively
protected. These two nesting patterns seem to lead to different
length of nesting cycle. Nice (1957) was the first to report that
cavity-nesting species have a Jlonger nestling period than
open-nesting species. However, because sample sizes of her and
later published studies were generally small, there is a need for
a new, large scale study that would confirm Nice'’s {(1957)
observation. If confirmed, then we should address the question:
why does such a difference in néstling period exist? Two
hypotheses have been proposed. Both are based on an assumption
that cavity nesters suffer from 1lower predation than open
nesters. The first hypothesis, proposed by Lack (1968), states
that later fledging by young of cavity nesters as compared to
open nesters is a result of a slower growth of young cavity
nesters. The second hypothesis proposed by this study suggests
that differences in nestling periods between open nesters and
cavity nesters reflect different predation rates on nests of the

two groups of passerines. Thus young open nesters should fledge



early due to higher nest predation, whereas young cavity nesters
should stay longer in their safer nests.

The goals of my study were: 1) to verify the earlier
observation that cavity nesters have a longer nestling period
than open nesters; 2} to test the assumption that predation is
more intense on nest contents of open nesters than cavity
nesters, thereby presenting an important selective force favoring
different lengths of the nestling periods of the two groups; and
3) to test two hypothéses on the occurrence of different length
of nestling periods between the two groups of passerines.

My results demonstrated that 1) the nestling period is, on
average, 5.4 days longer for cavity nesters than for open nesters
of the same size; 2) daily mortality rates of open nesters are
about twice as high as those of cavity nesters; 3) dgrowth rates
are somewhat slower for nestlings of cavity nesters than for
those of open nesters; 4) the differences in growth rates of
young explain only about 20% of the entire difference in nestling
periods of cavity nesters and open nesters; and 5) young of open
nesters leave their nest when their weight is at 79% of that of
adults and their wing length is at 59% of that of adults,
whereas young of cavity nesters are more fully developed when

leaving their nest (weight at 94% and wing length at 77% of the
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adult size).

My results support the view that predation is the major
selective force that has presumably favored 1) somewhat faster
nestling growth, and 2) earlier departure of young from nests of

open nesters relative to those of cavity nesters.
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Résumé

Dans le but de réduire la prédation sur leur progéniture,
les passereaux ont développé deux stratégies de nidification: 1)
ils camouflent 1leur nid ou 1le construisent dans un endroit
inacce;sible, ou 2) 1ils construisent leur nid dans une cavité
qui est plus protégée. Ces deux stratégies de nidification
mément & des comportements différents. Nice (1957) a été la
premiére a noter que les oiseaux nichant en cavité ont une
période nidicole plus 1longue que les oiseaux nhichant en nid
ouvert. Par contre, a cause d’un faible échantillonnage de ses
données et des données des études subségquentes, 1le besoin pour
une nouvelle étude a plus grande échelle s’est fait sentir pour
vérifier l'observation de Nice (1957). Si cette observation est
confirmée, on peut se demander pourquoi une telle différence
dans la durée des périodes nidicoles des deux groupes d’oiseaux
existe. Deux hypothéses basées sur 1la suppbsition que 1la
predation est plus é&levée dans les nids ouverts que dans les
cavités ont été proposées. La premiére hypothése proposée par
Lack 1968 énonce que le départ tardif des espéces d’oiseaux
nichant en cavité est di a la croissance pius lente de leurs
oisillons comparé & la croissance des oisillons nichant en nid

ouvert. La seconde hypothése, proposée par cette étude, suggeére
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que la différence dans les périocdes nidicoles entre les deux
groupes d’oiseaux est le reflet de taux de prédation différents.
Les oisillons des espéces nichant en nid ouvert devrajent quitter
le nid plus tdét & cause de la forte prédation alors que les
oisillons en cavités devraient rester plus longtemps dans leur
nid sécuritaire.

Les buts de cette étude sont: 1) vérifier l’observation
d'une période nidicole plus longue pour les oiseaux nichant en
cavité; 2) vérifier la supposition gque 1la prédation plus
intense sur les nids ouverts est la principale force de sélection
favorisant une période nidicole plus courte; et 3) vérifier les
deux hypothéses 1les plus plausibles expliquant dJifférentes
périodes nidicoles pour les deux groupes d’oiseaux.

Mes résultats démontrent que 1) la période nidicole est en
moyenne de 5,4 jours plus longue pour les oiseaux nichant en
cavité comparé aux esp2ces nichant en nid ouvert de méme poids;
la prédation quotidienne chez les oiseaux nichant en nid ouvert
est prés de deux fois plus grande que chez les oiseaux nichant en
cavité; 3) la croissance est guelgue peu plus lente chez les
espéces nichant en cavité; 4) 1la différence dans les taux de
croissance n’explique que 20% de la différence des périodes

nidicoles entre nids ouverts et cavité; et 5) 1les oisillons des
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espéces nichant a deécouvert quittent le nid gquand leur poid
correspond a 79% du poids adulte et que leur aile est a 59% de 1la
longueur adulte, les oisillons des espéces nichant en cavité
sont plus deéveloppés au moment du départ di nid (poids & 94% et
aile a 77% de la taille adulte).

Mes résultats appuient la proposition que la prédation est
la principale force de sélection qui favorise 1) une croissance
plus rapide des oisillons et 2) un départ plus hatif des jeunes
des espeéces nichant en nid ouvert comparé & ceux nichant en

cavite.



General introduction

Therc arc three main patterns of development in birds:
precocial, semi-precocial and altricial. At hatching, precocial
birds arc covered with down, their ecyes arc open, and they can
walk and feed by themselves a few hours after hatching (e.g.:
waterfowl). Young of semi-precocial birds are also covered with
down and their eyes are opened, but they stay in the nest and
rely on their parents for feeding (e.g.: gulls). In contrast,
newly hatched altricial birds are almost naked with a relatively
small amouﬁt of down feathers, their eyes are closed, they cannot
walk, and they totally depend on their parents until they fledge
(c.g.: passerines) (Pettingill 1985).

During the nestling period, young of altricial species are
extremely vulnerable to adverse weather conditions such as rain
and cold and to predators because they cannot protect themselves.
éecause of that wvulnerability, such birds have developed
different nesting patterns to protect their offspring. Among
passerines, all species build a nest. Most species construct a
nest that has a cup or plate shape. The nest may be located on

the ground, in a shrub or a tree, or on a cliff. Such nests are
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generally referred to as open nests {they are not covered from
above). To reduce vulnerability of their open nests to predators,
birds gencrally construct them in well concecaled or inaccessible
locations. However, somc other species exhibit another nesting
pattern. They build their nest inside a cavity such as hollow
tree, crevice, bank, bird house, or burrow. In addition, somo
species may create their own cavity by constructing a ball-shaped
nest with a small lateral entrance that completely hides the
content. All these species have been referred to as in the group
of cavity nesters {von Haartman 1957). In passerinecs
(Passeriformes), the open-nesting and cavity-nesting patterns are
generally species-specific. Only a few species are opportunistic
but these alwéys exhibit a preferred nesting pattern (e.g.: Housc
Finch, Carpodacus mexicanus) (Harrison 1975).

The two nesting patterns are generally associated with
differences in breeding behavior that have interested biologists
for many years. von Haartman {1957) described some differences
such as territories, courtship behavior, egg coleor, clutch size
and nesting period. All these differences seemed to be related
to lower predation on nest cohtents in cavity-nesting species.

Physical differences have also been noticed by Clark (1969) who



tound that oral flange of nestlings is larger for cavity-nesting
species because they nced te be more visible for thelr parents
that must feed them inside in their dark cavity nest.

Nice (1957} studies nesting success in altricial birds and
found that cavity-nesting species suffered from lower predation
than open-nesting ones. Three studies compared tne development of
pairs of cavity-nesting and open nesting closely related species
and failed to detect any differences in growth and development:
von Haartman (1957) compared Ficedula hypoleuca (cavity nester)
and Muscicapa striata (open nester); Maher (1964) compared
Plectrophenax nivalis {cavity nester) and Calcarius lapponicus
{open nesters); while Pinkowsky (1975) compared Sialia sialis and
Turdus migratorius. On the other hand, Lack (1968) proposed that
a longer nestling period in cavity-nesting species is mostly
caused by their a slower growth rates presumably due to food
limitation and lower nest predation pressure.

More recent studies tend to re-evaluated the previous ones
since they provided mostly observations with very few statistical
information. Martin and 1i (1992) divided cavity nesters into
excavators and non-excavators. Their study of clutch size

indicated that non-excavators lay larger clutches than



open-nesting species while cxcavaters lay smaller clutches than
non-excavator and open-nesting specices. Martin (1993) propescd
that this difference in clutch size between oxcavators and
non-excavators could reflect relatively smaller breeding sites of
non-excavators. Finally, Redfern (1994) cxamined nestling growth
rates and found that growth of feathers was delayed in
cavity-nesting species compared to open-nesting species.

All the above studies failed to consider a problem than when
a given trait is present in two or more species, 1its presecnce

could be explaines by two alternative cvolutionary processes:

convergent or parallel evolution (Pagel and Harvey 1988). n
convergent evolution, species share a trait because they
inherited it from a commcon ancestor. In parallel evolution, a

trait appeared independently at different places in the
phylogenetic tree presumably as a result of similar selective
forces acting on different taxonomic group (Pagel and Harvey
1988). A comparison of pairs of species conducted by as von
Haartman {(1957), Maher (1964) or Pinkowski (1975} will provide
information for their particular case but such approach cannot ‘be
used to predict a general evoluticnary change. In contrast, a

comparative study involving a large group of species recpresents a
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more powerful apgrcach in studying the cvelution of a given
trait. Howcver, special carc must be taken concerning a possible
phylogenctic bias is rclated to convergent evolution (i.c.: due
to common ancestry, species from a monophyletic group are
expected to be more similar than species from different groups).
An cxample of this problem is evident from Martin and Li's
{1992) study. These authors divided cavity-nesting species into
cxcavators and non—excavators‘ and all but one excavator spccies
arc woodpeckers ({order Piciformes). Because the entire order of
Piciformes «consists of excavators, we should expect small
variation in clutch sizes and nestling periods among species of
this order due tc their common ancestor rather than on a recent
evolutionary force. Furthermore, all non-excavator and open
nesters were passerines (order: Passeriformes}.Therefore, we
should also expect to find less variation between the
non-excavators and open nesters in their nestling periods and
clutch sizes since they share a common ancestor. Consequently,
thé significant results of Martin and Li (1992) study may mostly
reflect phylogenetic biases.
Therefore, when comparing groups of species with respeét to

a given trait to find a general evolutionary force, a special



care should be made te sclect a trait that evolved independently
in separate groups of speciecs and wherce the covelution of that
trait is of reccent origin. The closer we arce to the trait
studied, the better our chances should be to find the right causc
of selection for that trait {(Pagel and Harvey 1288).

While in woodpeckers (Piciformes) and parrots
(Psittaciformes) the cavity-nesting Dbehavior is old and
presumably ecvolved at the level of the order, in passerines
(Passeriformes}, there are many cascs wherce cavity-nesting
behavicr appeared independently. This parallel evolution of the
cavity-nesting habit at the species, genera and family levels
make this trait a good candidate to a comparative study of
different nesting habit in Passeriformes.

The goals of my study are: 1) to verify observations on open
versus cavity nesters concerning their nestling period; 2)
assuming that the nestling periods of cavity nesters and open
nesters differ, I will test the assumption that predation is an
important factor favoring this difference i.e.: open-nesting
species should suffer from higher predation rates than
cavity-nesting species. Finally, the third goal of my study is to

test two hypotheses on the occurence of different length of



nestling periods in the two groups of passerines. The first
hypothesis (Lack 1968) suggest that the different length of
nestling periods between the two groups of birds is caused by
their diffcrent growth rates i.e.: cavity nesters should have a
slower growth rates than open nesters.

The second hypothesis that I proposce is that different
length of nestling periods of cavity nesters and open nesters is
a result of different predation rates on nests of the two groups
of passerines {i.e. higher predatiocn on nests of open nesters
should favor earlier fledging of their young, despite of their

lower degree of development).
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Chapter 1

Do cavity nesters have a_longer

nestling_period_than_open_nesters ?
Introduction

In this chapter, I will focus on differences in the length
of nestling period of cavity and open nesters. The nestling
period is the period from hatching to nest departure. Before
trying to explain the difference in the length of nestling
periods, it is necessary to verify Nice’s (1957) observation that
the two groups of birds differ statistically. All earlier
studies that addressed this problem provided only a limited
support because of their small sample sizes (Nice 1957, Ricklefs
1968a) or because of their failure to deal with potential
phylogenetic biases (Alerstam and Hogsted 1981, Martin and Li
1992). The most recent study conducted by Martin and Li (1992)
evaluated the role of nesting patterns in the length of the
nestling perio@ of three groups of birds: cavity-nesging

excavators and non-excavators, and open nesters. According to



that study, there is a difference between the three groups:; the
nestling period is apparently longer for excavators, followed by
non-excavators and finally open nesters. As explained in the
general introduction, the choice of groups of species created a
phylogenetic bias that was addressed by using anecdotal examples.
However, the study of Matin and Li (1992) also suffered from
small sample sizes since species included in one monophyletic
group should be represented as a single data point rather that
several points since these points are not independent. For this
reason, the degree of freedom was artificially inflated, thereby
increasing risks of commiting a type I error (Felsenstein 1988).
The grouping of data points in Martin and Li‘s study (1992) thus
does not allow a valid comparison.

The phenomenon of different length of nestling periods in
cavity versus open nesters remains unresolved because of problems
such as the failure to correct for biases due to phylogeny and
small sample sizes. Therefore, there 1is the need for a
large-scale study that would first confirm the difference between

the two groups of birds and then attempt to explain them.
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Methods

To verify the observation that the nestling period is longer
for cavity-nesting species than for open-nesting species among
passerines, I censused as many species as possible from the
northern hemisphere, recording the nestling period and the adult
body weight for each. I obtained data on nestling periods from a
literature review which was conducted for passerines of North
aAmerica (Terres 1987, Erlich et al 1988) and Western Palearctic
(Cramp 1988, 1992, 1993, 1994a, 1994b) (for details, see Appendix
d). From my analysis, I excluded tropical birds because their
growth rates are lower than those of temperate 2zone passerines
(Ricklefs 1968a).

I divided all birds into two category: cavity nesters and
open nesters. Since there is a great amount of variation in nest
types among species, I used a broad definition of cavity-nesting
species. I considered a cavity-nesting species to be any species
that usually nests in natural or artificial cavities (hollow
trees, caves, burrows, inside buildings, nest boxes), on a
vertical structure with an overhang (cliffs, crevices, bridges),
in a ball- or gourd-shaped nest with a side entrance, and

underground inside a burrow or under rocks with a tunnel for



entering. In contrast, open-nesting species are those that breed
in cup-shaped nests (open nests} on the ground, in bushes, in
trees, or in other unprotected locations. Nests on ground covered
with surrounding grass or few rocks, nests in trees concealed
with leaves or branches, and nests with overhang but not on a
vertical structure were also placed in the category of open
nests.

To compare the nestling period, I used two different
statistical approaches. The first one is the most powerful when
correcting for a possible phylogenetic bias is required. It has
been suggested by Felsenstein (1985) who referred to it as the
contrast approach, while others simply call it the Felsenstein
method. The major point of this method is to match closely
related pairs of taxa of open nesters and cavity nesters with no
two pairs sharing a taxon or a branch of the phylogenetic tree.
This way, within a pair, species are dependent while all pairs
are independent. This method has been effectively used by Oakes
(1992) who compared sexual dimorphism in lekking and non-lekking
birds. Members of a pair must be of recent origin to allow
effective detection of the actual cause of that evolutionary
event: it has been recomended that members of a pair should be

from the same family (Oakes 1992). To use this method, knowledge



of the phylogenetic tree of passerines is essential. I used the
tree of to Dittman (personnal communication) that was constructed
in 1994 the most recent literature sources. Based on this tree, I
found twenty suitable pairs of taxa in passerines (Fig 1,
Appendix 1). To compare the nestling periods of cavity nesters
and open nesters I had to statistically correct for differences
in thier body size. This was achieved by regressing nestling
period on body weight of the suitable taxa founded. The
difference between members of each pair was evaluated by
calculating from the regression line. Finally, the difference
between members within pairs was statistically evaluated using
the Wilcoxon paired sample test (2ar 1984), since the
distribution of data points was not normal.

This method of pairing taxa has the advantage of correcting
for phylogeny but result in discarding a large amount of the
data: only on those taxa where both patterns were found in a
monophyletic group could be included(Felsenstein 1985). Because
not enough pairs were found for the later described analyses of
this study, I also used an analysis of covariance (Zar 1994) for
one covariate (adult body size) and two groups (cavity and open
nesters). This analysis does correct for the effect of weight on

nestling period. Assumptions of linearity and homoscedasticity



13

*sajels [eodoatnbs
Sa2]edTput sayoueaq sadrils /S1931Sau Aj1aeDd S2IEDTPUT 2ITYM {sSI93sau uado S8]3eDTPUF
1D0BTg 'sSaaTIe[d3 burjissu-uado 1Tsyj pue sauriaassed burjissu-A3T1AeDd JO AusborAyg -°1 b1g

*dds porogzpusg ‘'dds pIoATWISA
PBIJTD PTIPIOUOI0I4
‘dds snueIpouly ‘STISUSYITMPURS SNTNOIS5SEd
SITPATU xPUSldOTOaTd
BIeTOTI35 pTIoqUY
rdds pzrraquy
PITI2TqQNI ‘5 ‘snotouds snoepodie)
*ddds snoepodies
PTTIISe PPTITIST ‘PAPPUPUWE PABDURUY
staernborze pyr2UNIg ¢
sSTIRTNpPOW PyTIUNIT A p
STIPTTOD pfToUNIg 2 ¥
PAPTF ‘[ ‘PTOSIITO PTTIDPION V % 2
P3ISUTD " ‘pqTP BPTTTOEION R yf
ej3orourds snyjuy A
‘dds snyjuy
erdjoepAycerq pzrdsodren
eruoIlad pruoIIag
‘dds sndoosoTTAYyg
‘dds teroddry “-dds snreydssoroy
SIprovnf PTODTI3ISTD
STTToPIb PTUTId
saojorTeb SPYDITIJOOTOD
‘dds snIinotuaolyd V
dds eTurasnt )
eoTupdsTY 2YIUPUID
‘dds aijjupruap
‘dds edestasny ‘-dds eropastg -
*dds snpang ‘-dds snieyjzed V.\
‘dds pToOTIUGCH
sn2eneyuUT snaJosriag ‘eurds pordousd)
vovd potTg
‘dds eberytony
‘dds xerozoyIzAg
FTnpauoW SAATOD
suspuatds snazos
*dds snyoeraiy
‘dds snuuprig
SITI2TFFTP xeuoprduy
‘dds reuoprduy



14

were verify using d’Agostino and Levene test (2ar 1984). In order
to meet these assumptions, a lcg-transformation of the adult body
weight was required. In order to control for potential
phylogenetic biases, I run the analysis at several taxonomic
levels, pooling the data from a lower level to the next higher
one. Pooling is done by using the mean of body weight and
nestling period of the previous taxa for open and cavity nesters
separately. I used taxonomic classification suggested by Deviller
et al (1993). Pooling data reduces the impact of the dependence
of wvariables within a monophyletic group which tends to

overestimate degrees of freedom of the analysis (Pagel and Harvey

1991).



Results

A- The Felsenstein method.

Twenty pairs of closely related species which allow
comparison as suggested by (Felsenstein 1985) were identified{See
Appendix 1). The regression equation for these species was as
follows:

Nestling period= 3.10 + .13 * log (adult weight).

Coefficient of determination is 0.60 suggesting that body
weigth is a strong predictor of nesting period. & log
transformation of the adult weight was required to meet the
assumption of normality (d’Agostino test). The regression was
used only as a reference to correct for adult body weight. The
mean difference of nestling periods between cavity and open
nesters is 3.11 days with a variance of 5.5 days. The
distribution of the pairs was not normally distributed, so the
Wilcoan paired sample test was used to compare the nestling
period. This test showed that the difference was highly
significant (P < 0.0005).

!
B- The analysis of covariance.

The analysis of covariance (the adult body weight entered as



o

a covariate) showed that the slopes of two regressions of
nestling periods as a function of adult body weight did not
statistically differ between cavity nesters and open nesters (P >
0.5). However, the intercepts (elevations) of the regressions for
the two groups differed statistically (P < 0.001); at the species
level, the young of cavity nesters spend, on average, 5.42 more
days in their nest as compared to the young of open nesters of
the same weight (Fig 2).

To correct for possible phylogenetic biases, I ran the
analysis at higher taxonomic levels, using the mean of each lower
level for analyses at the next higher level. With this
correction, the differences between intercepts remained
statistically significant at all taxonomic levels of analyses
(Table 1). Therefore, the difference between the two groups in
the length of nestling period is real rather than being an

artefact of taxonomic bias.
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Discussion

My analysis established that cavity-nesting passerines have
a longer nestling period than the open-nesting species. The
difference between the two groups was 5.42 days at the species
level when using the analysis of covariance and 3.11 days with
the paired method. With both analyses this difference remained
statistically different with the correction for phylogenetic
bias. With both methods, my results thus verified the
observation of Nice (1957) suggested that cavity nesters have a
- longer nestling period than open nesters. She reported a
difference of four days for European species and eight for North
American birds. Results of my method based on the analysis of
covariance fall into the range of Nice’s observation. However the
use of the paired sample method yielded a smaller difference.

Martin and Li (1992) attempted to verify the same hypothesis
but used several orders of birds without correcting for possible
phylogenetic biases. However, relatively small sample sizes and
lack of correction for phylogenetic biases presented the main
problems and complicated interpretation of results of that study.
In contrast the results of my‘study provide the more unbiased

evidence that the difference between the nestling periods of
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cavity nesters and open nesters is real.

Since the length of the nestling period increases with the
size of birds, I would expect that the difference in the length
of nestling periods of ;avity nesters compared to open nesters
should also increase. The identical slopes of the regressions for
cavity nesters and open nesters, however, demonstrate that the
difference of 5.4 days remains constant for passerine species of
different size. The analysis based on pairs also demonstrated
that there is lack of correlation with body size. I suggested
that this could be a result of physiological constraints,
increasing time limits with body size due to the limited breeding
season, or some other unknown factors.

Now that the early observation of different nestling periods
of cavity nesters and open nesters has been verified, I will try
to explain in the following chapters why such a difference
occurs. More specifically, I will test two plausible hypotheses
on the occurrence of this difference: 1) that this difference is
a result of different rates of development (Lack 1968), or 2)
that the difference results from different timing of departure by
young from their nest, which is rather independent of their stage
of development at fledging. However, because both hypotheses

assume that the driving force behind the different duration of



the nestling periods is predation, in the following chapter, I

will first present a test of this key assumption.
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Chapter 2

Do _open_nesters_suffer from higher predation than cavity nesters?

Test of the key assumption

Introducticon

In the previous chapter, I established that young of
cavity-nesting species have a longer nestling periocd than young
of open-nesting species. So far, one hypothesis has been proposed
tc explain this difference in nestling periods. Lack (1968)
proposed that cavity nesters fledge later because their growth
rates are slower than those of open nesters. These slower growth
rates, in turn, presumably reflect lower predation rates on
offspring of cavity-nesting species because of lower
accessibility of contents of their nests. In contrast, the open
nesters experience high predation rates, that favor fast rates of
development of young and consequently earlier fledging (Lack
1968). However, another plausible explanation for this difference
is that the difference in the duration of nestling periods

between the two groups of birds has been caused by different
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timing of departure of young from their nest rather than by
different growth rates. Some observation made by Maher (1964)
when conparing Plectrophenax nivalis (cavity nesters) and
Calcarius lapponicus (open nesters) seemed to support this
hypothesis. Thus, according to this alternative hypothesis,
cavity nesters stay in the nest longer because their safer
nesting sites allow the young to stay longer and, consequently,
leave their nest more fully developed. In contrast, because of
strong nest predation pressures, young of open nesters should
leave their nest as early as possible, regardless of the fact
that they are relatively underdeveloped. However, the two
hypotheses on different 1length of nestling pericds could
potentially provide a plausible explanation only if their Key
assumption of differential predation rates can be verified. This
assumption states that due to the relative safety of cavities,
predation pressures on nests of cavity nesters are reduced as
compared to predation rates on nests of open nesters. Nice (1957)
and Ricklefs (1969) reported that such a difference may exist
between fhe two groups of birds but,in their analyses, these
authors did not correct for potential phylogenetic biases.
In this chapter, I will establish if predation pressure is

higher on unprotected (i.e. open) nests as opposed to more



protected nests (i.e. those inside cavities). In this comparative
study of predation rates, I will examine two indices of nest
predation. First I will compare the general nestling success
(i.e. the number of young fledged / number of eggs hatched) of
cavity-nesting and open-nesting species to determine if
cavity-nesting species suffer from lower nestling losses (mostly
due to predation) during their nestling period.
However, since young of cavity-nesting species stay longer

in their nest than young of open-nesting species (see chapter 1),
I will also compare daily mortality rates of the two groups of
passerines. If, for each day spent in nest, the risks of death
due to predation are lower for young of cavity nesters, young of
cavity nesters could have evolved to stay longer in their nest
and still realize a similar or possibly even higher nesting

success than young of open nesters.



Methods

To establish if nest predation is lower for cavity nesters
than for open nesters, I conducted a literature survey of birds
of the northern hemisphere. In this analysis, I studied nesting
success during the nestling period only. I used percentage of
young that fledged as an index of predation rate. The reason for
this choice is that most studies provide reliable data on nesting
success (% of eggs hatched, % of young fledged), but the actual
causes of nestling losses are difficult to directly measure.
However, several studies, including a large-scale study of
Ricklefs (1969), established that nest predation is the major
cause of nestling failures in both passerines and non-passerines.
Therefore, assuming that nest predation is the major cause of
nestling losses, it is reasonable to use nesting success as an
index of predation.

For my analyses, I chose only those studies that provided
the number of eggs hatched, the number of fledglings, or when
that information could be calculated from the information
provided by the authors (see Appendix 2 for raw data and
references to literature. Also, I excluded studies with less than

100 eggs per species because of high risks of bias due to a small
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sample size. For species represented by more than one study, I
added the number of hatchlings and nestlings. I used two measures
of nest predation, nestling success and daily mortality rates.
Nestling success is defined as the proportion of nestlings that
fledged from all eggs hatched. This measure ignores different
length of nestling periods of the two groups. Daily mortality
rate is expressed as the number of young lost per day in the
nest.

I used a Student’s T-test to compare nestling success and
daily mortality rates for the two groups of birds. Since
residuals were normally distributed (D’Agostino test; Zar 1984)
no transformation was needed. Since only three pairs on closely
related species were available to control for phylogeny, I could
not use the Felsenstein method. I had to use the Student T test
at higher taxonomic 1levels control for possible phylogenetic
bias. I took the mean survival rates and daily mortality rates of

a lower taxonomic level to go to the next higher one.



Results

Nestling success;

Based on available data, at the species level, cavity
nesters have a survival rate of 79%9% from hatching to fledgling
while the corresponding survival rate of open nesters is 69%.
This difference of 10% was significant at the specific level (P
> 0.025) but not at higher taxonomic levels (Table 2) presumably
as a result of smaller sample size. Therefore, results of the
comparative analysis of cavity nesters and open nesters indicated

that nesting success is affected by nest type.

Daily mortality rates;

The difference between cavity nesters and open nesters in
daily mortality rates was significant at the species and genus
levels of analyses (Table 2). At the species level, for
open-nesting species, the risk of death per day was twice as high
as that for cavity nesters (Fig. 3; Table 2). The difference
between the two groups remained statistically significant up to

the genera level but not for higher taxonomic levels (Table 2).
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Discussion

The objective of this chapter was to verify the major
assumption of the two hypotheses that nest predation rates should
be lower for cavity nesters than for open nesters. Results of my
comparative study support this assumption because: 1) despite
their longer nestling period, survival of nestlings of cavity
nesters until fledging was, on average, 10% higher than that of
open nesters, and 2) the daily mortality rates were twice as high
for open nesters as those for cavity nesters. Unfortunately,
Felsenstein’s method for contreling for phylogeny could not be
applied to this data set (small sample size) and the test at
different taxonomic levels did not yield significant differences
at higher taxonomic levels. The weaknesses of the grouping method
is that sample size is reduced and we cannot establish if this
lack of statistical difference is due to phylogenetic effect or
reduction of sample size. However, I would argue that predation
rates are likely to be affected by accessibility of the nest more
than by the phylogeny.

| The differential predation rates between cavity nesters and
open nestérs is consistent with the view that more intense

predation on open nests than on nests in cavities presents a
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strong selective force favoring various anti-predation
adaptations especially in open nesters. These adaptations could
include a faster developement of young in open-nesting species as
suggested by Lack (1968), or earlier fledging by less well
developed young of open nesters compared to cavity nesters as
proposed by my alternative hypothesis.

Nice (1957) found similar differences in nesting success
between cavity-nesting and open-nesting species of birds but did
not provide statistical evaluation of their data. On the other
hand, Martin and Li (1992) found no difference in nesting success
between non-excavator cavity nesters and open nesters, while
excavators had a higher nesting success. Problems associated with
phylogenetic biases, definition of nesting success and lack of
statistical evaluation may be the cause of such disagreements
between the authors. In Nice’s study (1957) nesting success was
divided into egg period and nestling period, as in the present
study. In Martin and Li‘’s study (1992) nesting success was
examined between the initiation of nest building and fledging.
Tpese authors als§ mentioned that most of the nest failures in
cavity-nesting spécies occurred during nest building and egg
périod due to competition for neﬁt site. Therefore, I conclude

that overall nesting success including nest building, incubation
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period and nestling period cannot be used as a reliable index of
the nestling success.

Moller (198%) pointed out potential problems in studies of
nesting success in cavity-nesting species. When using artificial
nest boxes, in most experiments the breeding density and nesting
productivity was higher than in natural cavities, presumably
because boxes are safer than natural cavities and old nests are
commonly removed from them to reduce parasites. All these factors
are likely to increase nesting success above that in natural
cavities. Several studies tried to obtain evidence for such a
bias, and some did find that nestboxes affected nesting success
{East and Perrins 1988, Nilsson 1984), -while others failed to
show that such an effect (Robertson et al 1990, Johnson and
ﬁermott 1994, Brawn 1988). Again, problems due to different
definitions of nesting success used by these authors may have

affected the results of the earlier studies, thereby making the
|
direct comparison betweén their results impossible.

None of the earlier studies that compared mortality patterns
of cavity nesters and open nesters ’examined daily mortality
rates. However, a fcomparative ‘study of the open nesters and

cavity nesters demonstrated that the daily mortality rates are

the most appropriate indicator of predation pressure since the
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length of the nestling periods differ between the two groups of
birds.

To conclude, both indices of nest predation that I examined
for a large sample of cavity nesters and open nesters confirmed
that nest predation rates are higher for open nesters than for
cavity nesters. This finding can only be explained by different
levels of accessibility of nests (usually high above ground for
tree cavities versus low in bushes or on the ground for open
nests) and their contents (exposed in open nests versus
concealed and out of reach in cavities). In any case, the
observed differences in nest-predation rates in a predicted
direction provide a strong support for the key assumption on
which the two hypotheses on the occurrence of different length of
nestling periods of cavity nesters and open nesters are based.
Hence, nest predation presumably presents an important driving
force that has been shaping different nesting patterns of the two
groups of passerines. This result allows me to proceed with

testing the key predictions of the two hypotheses.
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Chapter 3

Do_voung of open nesters grow faster
than young of cavity nesters ?

Test of the differential development hypothesis

Introduction

Since the difference in the duration of the nestling period
between cavity and open nesters was confirmed, it is necessary to
attempt to explain why such a difference occurs. The first
hypothesis was proposed by Lack (1968). According to Lack (1968),
nestling growth rates depend especially on food availability and
nestling mortality. Species that suffer from high predation
should be under strong selection pressure for rapid nestling
growth and for early departure from the nest. Therefore,
according to Lack (1968), young of cavity nesters should exhibit
slower growth than young of open nesters. The Lack’s (1968)
hypothesis thus assumes that differences in the nestling periods
of cavity and open nesters are caused by their different growth

rates. However, Pinkowski (1975), who compared the growth rates



of nestlings of Eastern Bluebira (Sialia sialis) and American
Robin (Turdus migratorius), failed to support Lack’s view. In
addition studies conducted prior to the Lack’s publication also
failed to support this view (von Haartman 1957; Maher 1964).

The earlier studies that examined or have implica*tions for
the Lack’s (1968) hypothesis concentrated on body weight as an
indicator of body size (von Haartamn 1957, Maher 1964, Ricklefs
1968a, Pinkowski 1975). Most of these studies found 1little
evidence for such a difference but their sample sizes were
generally small. In addition, authors of those studies have not
attempted to correct for phylogeny biases. Furthermore, the
earlier studies examined differences in body weight growth rates
as an index of the degree of development of birds. However, there
could be other differences that are not reflected by body weight.
For example, Redfern (1994) found that the initiation of feather
growth was delayed in cavity nesters. This suggested that early
departure could be associated with faster development of
mobility, resulting in a faster growth of wing and tarsus.
Therefore, in addition to body weight, I will also examine wing
and tarsus growth fates to gain a better understanding of

development of locomotory skills.
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Methods

In this analysis I used data from two different sources: 1)
my own data that I collected in the Hull-Ottawa region in summers
of 1993 and 1994, and 2) data obtained from earlier published
studies. With respect to data that I collected, I measured
nestlings of several cavity-nesting and open-nesting species on a
daily basis. Cavity nesters were attracted to nest boxes and
included Tree Swallow (Tachycineta bicolor), House Wren
(T'roglodytes aedon), European Starling (Sturnus vulgaris) and
House Sparrow (Passer domesticus). Nests of open nesters were
found in the same area on ground, in shrubs or trees and included
Yellow Warbler (Dendroica petechia), Red-winged Blackbird
(Agelaius phoeniceus), Catbird (Dumetella carolinensis), House
Finch (Carpodacus mexicanus), Cedar Waxwing (Bombycilla
cedrorum), Alder Flycatcher (Empidonax alnorum), American Robin
(Turdus migratorius), and Song Sparrow (Melospiza melodia).

Measurements of nestlings were iaken daily from hatching to
fledging. Weight was measured using Pesola balances with range of
5g {(accuracy of 0.1g), 50g (accuracy of 0.5g), or 100g (accuracy
of 1g), according to nestling weight. The wing 1length was

measured as the lenéth of the unflattened wing from carpal joint



to the longest primary feather (if anyv!. Measurements were taken
with a ruler (to the nearest lmm) or caliper (to the nearest
0.1mm) when too small. Tarsus measurements (to the nearest 0.1lmm)
were made with caliper from the inter tarsal joint to the last
leg scale before the toes emerge.

To increase the sample size, I also included published data
on 50 additional species. I only chose those studies that
reported daily measurements since some authors described hatching
day as day 0, 0.5, or 1 this could lead to erroneocus evaluation
of age at inflection point. In my study, I used day 0 as hatching
day.

A typical growth curve has a sigmoid shape (Fig. 4).
Mathematical, sigmoid curves are described by their asymptote and
by their inflection point. Comparing sigmoid curves statistically
is difficult. In contrast, comparison of regression lines is
relatively easy. Ricklefs (1967a) proposed a method for checosing
the best transformation of growth curves to allow their
comparison. His method proposes three models of sigmoid curves
that differ by the position of the asymptote. The first step of
his method is to tranform thé measurements of one species with
each model and to plot them on a graph of transformed data as a

function of age with a roughly estimated asymptote. Then, the
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second step consists of choosing the appropriate transformation
that gives the straightest line. This could be evaluated visually
or statistically with simple linear regression. I used the
statistical method (i.e. selected the regression with the highest
r>) to choose the best model. When a model is choosen for one
type of measurement, it is important to use the same
transformation for all species to allow comparison. The best
model for weight and tarsus was logistic equation (Conversion
factor = 0.25 1ln (A / (1-a)}) and for wing length the Gompert
equation (Conversion factor =1 / e * 1ln (-1 / 1ln A)) where A is
the estimated asyptote.

The third step of this method consists of finding the
asymptote for measurements of each species. The asymptote is the
highest measurement that the bird will reach when fully grown.
To estimate the asymptote, I examined the growth curve and
estimated the value of its asymptote. Then, I transformed the
data points with the chosen mathematical model and tried several
values for the asymptote. With each new asymptote, I calculated
the simple linear regression using all points between 10% and 0%
of the estimated asymptote, as suggessted by Ricklefs (1967a).
To find the best asymptote for each species, I tried several

asymptotes around my first estimate until the correlation of the
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the regression slope could not be increased (i.e. until the
higest r® was reached). The interval between each trial was 0.1
(see Ricklefs 1967a). This step of finding an asymptote and slope
was made for each species and each measured body trait. With this
information, I evaluated the growth rates (K) and the position of
the inflexion point.

Since larger birds take longer to grow, I compared growth
rates of cavity-nesting species and open-nesting species with an
analysis of covariance (Zar 1984), with the asymptote as the
covariate. Two characteristics of the curve remain and can be
used to examine differences in growth. The first factor is K that
indicates the growth rates. If K was smaller for cavity nesters,
then this would imply that they take longer to grow to the same
size as open nesters (Fig 5). Another factor is the position of
the curve, similar curves can be laterally moved (Fig 6).
Therefore, one of the growth curves exhibits a delay in the
initiation of growth. To compare the lateral position of two
curves, the inflexion point is used as a reference point. If the
age at inflexion was higher for cavity nesters, then this would
suggest'that their growth is delayed and this could explain why
they stay longer in their nest.

To establish if cavity and open nesters differ in their
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growth rates (K) and age at inflexion, I compared their
calculated values using an analysis of covariance (the asymptote
entered as a covariate; Zar 1984). I compared weight growth rates
(Appendix 4), wing growth rates (Appendix 5) and tarsus growth
rates (Appendix 6). Because too few pairs of closely related
species were available, I corrected for a possible phylogenetic
bias by running the analysis for each of these characteristics at
different taxonomic 1levels (see methods in chapter 1 for a

detailed explanation).



44

Results

Weight growth curves;

The comparison of weight growth curves by analysis of
covariance (i.e. the regressions obtained for the two groups of
birds) yielded two pieces of information: 1) homogeneity of
slopes of the regressions, and 2) differences in interceps. My
results revealed that for the open nesters and cavity nesters:
l) +the slopes were similar (~.00174 K/gr; P > 0.25), but 2)
the interceps were different (P < 0.0005): the K wvalue for
cavity nesters was smaller by 0.1046 than the K value for open
nesters (Fig. 7). When grouping taxa, the difference remained
significant until the sub~family level. This is problably because
for analysis at the family level the sample size became too small
to detect any differences. Because with the grouping of taxa the
effect of asymptote disappeared, I used a Student’s T-test for
comparisons at sub-family and family levels (Table 3).

The difference in age at inflection was 1.14 extra days for
cavity ne#ters (P < 0.01), that is consistent with the difference
in growth rates (Fig 8). Again, the analysis at the inflection

showed that the slopes were similar (P < 0.25) but the intercepts
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were significantly different (P < 0.0005). Grouping the species
into higher taxa to control for biases due to phylogeny, and
re-analysing the data indicated that no significant differences
persisted above the species level (Table 4). A phylogenetic bias
or the large decrease in sample size may have caused this lack of

significant differences.
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Wing growth curves;

Growth of wing presents a different situation than weighc.
When comparing K values for cavity-nesting and open-nesting
species, neither slopes nor intercepts were statistically
significantly different (P > 0.25 and P > 0.1, respectively; Fig
9), regardless of the taxonomic level of the analyses (Table 5).

When comparing the age at inflection, I found that the
slopes were similar (P > 0.5) for cavity and open nesters but
that the intercepts were different (Fig 10). Cavity nesters
reach the inflexion point of their growth curve at an older age
(1.42 days older) than open nesters. The lack of difference in
slopes indicates that the difference between the same size open
and cavity nesters remains similar for birds of different sizes.
When I combined data into higher taxonomic groups, the difference
remained significant up to the sub-family level, but not at the
family level (Table 6), presumably due to a small sample size.
The lack of difference in growth rates along with a difference in
\ge at inflexion indicate that there is a delay in the initiation
of growth of wing in cavity-nesting, compared to open-nesting

passerines.
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Tarsus growth curves;

When comparing tarsus growth, I found that the slopes of
regressions obtained for <cavity-nesting and open-nesting
passerines did not significantly differ from zero (F = 3.96,
d.f. = 21, P » 0.05). Therefore, a Students’ T-test was more
appropriate for comparing mean growth rates and age at inflection
of cavity and open nesters. The analysis revealed no significant
differences for either growth rate (T = 0.718, d.f. = 20, and P
> 0.25), or age at inflexion (T = 0.784, d.f., = 20, and P >
0.25). At the species level, the mean growth rate for both
groups was 0.4156 mm / day, while the mean age at inflection was

2.57 days (Table 7}.

Grouping the species into higher taxa to control for biases
due to phylogeny did not reveal new significant differences
(Table 7) for either growth rates or age at inflection. These
results suggest that the cavity nesters and open nesters exhibit

similar tarsus growth rates.
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Discussion

In general, growth of nestling cavity nesters is slower
especially when weight (an indicator of general body size) is
considered. Although, both groups exhibited similar growth rates
of wing length, the cavity nesters exhibited a delay in the
initial growth.

The observation of slower growth for cavity nesters compared
to open nesters supports the Lack’s (1968) hypothesis that cavity
nesters may have a longer nestling period due to their slower
growth. The different growth rates (as indicated by weight)
between the two groups of passerines may be a result of food
limitation due to brood size. Cavity nesters lay larger clutches
than open nesters (Martin 1993). Because parents have more young
to feed, food may be limited. However, in unmanipulated clutches,
it seems that growth rates are not affected by clutch size (Nur
1984, Hochachka and Smith 1991) suggesting that birds raise as
many young as they can adequately feed.

The difference ip weight growth rates dces not mean that the
Ricklefs’ proposition (1979) that the nestling growth may be at
its maximum due to a physiological constraint, has to be

rejected. When considering tarsus’growth (this represents growth
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of a single bone), no significant differences were found between
the two groups. The physiological constraint in growth is
possible in tarsus, but not in the general size of the bird
(indicated by its weight). Tarsus growth may be limited because
of cell proliferation, therefore resulting in similar tarsus
growth rates for the two groups of passerines. However, the small
sample size for cavity-nesting species may provide an
explaination why no statistical difference in tarsus growth rates
was found.

The delay in the growth of wing length has also been
observed by Redfern (1994) who examined the growth of the flight
feathers in cavity-nesting birds. A plausible explanation for
this phenomenon is that the open-nesting species have been under
stronger selection to develop their wings more rapidly (i.e.
earlier) to escape predators.

However, not all the variation in nestling periods can be
explained by the difference in growth rates (only 1.14 days at
50% of weight). Therefore, the remaining 4 days of difference in
the length of nestling periods between the two groups of birds
have to be explained by other factors. Reduced predation on nests
of cavity nesters (see Chapter 2) offers a plausible explanation

for this difference, because it should allow young of cavity



nesters to stay longer in their nest. The longer stay in the nest
should, in turn, lead to further growth and consequently more
fully developed young at fledgling. In the following chapter, I
will test this explanation by comparing the degree of development

at fledging of young of cavity nesters to that of open nesters.
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Chapter 4

Do voung of cavity nesters leave their nests
nore fully developed than_young of open _nesters ?

—

Test _of the differential departure hypothesis
Introduction

In the previous chapter, I established that Lack’s (1968)
hypothesis of slower growth rates in cavity-nesting passerines
cannot completely explain the difference in nestling period.
Maher (1964) found that nestlings of Plectrophenax nivalis
(cavity nester) are bigger when leaving their nest than those of
a closely related species, Calcarius lapponicus (open nester).
Ideally, young birds should leave their nest only when
completely developed and capable of moving around and escaping
effectively from predators. However, their timing of departure
(i.e. fledging) with respect to their state of development may
be altered by selective pressures such as predation. High nest
predation should favor early (i.e., relatively éremature)
fledging if the departure from the nest will may reduce chances

of young being killed by predators.‘In such a case, young should
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leave their nest at a less advanced stage of development. In
contrast, lower predation should allow longer stay in the nest
and hence reaching a more advanced stage of development at
fledging.

The goal of this chapter is to test the alternative
hypothesis that, as a result of different nest predation pressure
(as found in Chapter 2), the young of open nesters should fledge
relatively prematurely (i.e. at a less advanced developmental
stage) than the young of cavity nesters. fhe final body size that
a young bird will reach is the adult body size. According to the
alternative hypothesis, the nestlings of cavity-nesting species
should take extra time in nest and presumably grow to a larger
size that is closer to the adult size as compared to nestlings of
open-nesting species that leave their nest earlier, when they are
presumably much smaller than the adults of their species.
Consequently, the skills such as flying and walking should be
more fully developed in cavity nesters at fledging and this
should theoretically result in higher chances of survival. In my
study, I will examine weight, wing and tarsus in the two groups
of passerines as indicators of their general size, flight and

walking skills.
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Methods

To evaluate the degree of development at fledging, 1
measufed weight, wing chord and tarsus length of nestlings on
the day of fledging for a given species. Data were obtained in
the same way as described earlier (see Chapter 3). When
considering development, I assumed that the adult size is the
final size that would eventually be reached by nestlings.
Therefore, I used an index of development calculated as & of
adult size (weight of young / mean weight of adult * 100). When
2 nest was found empty because of departure of fledglings,
measurements from the previous day were used in calculation of
this index. To increase sample size, I also included published
data. I included only those studies that provided measurements
at fledging or % of adult size at fledging. The measurements
considered in the analysis are: weight (Appendix 7) as an
indicator of general size of nestlings, wing length (Appendix 8)
as an indicator of flight abilities, and tarsus length (Appendix
9) as an indicator of walking abilities.

The comparison of the two groups was made by Student’s
t-test for each of the measurements. Because data were normally

distributed and homoscedastic, they were not transformed. To
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control for possible phylogenetic biases, I conduct this analysis

at different taxonomic levels (see chapter 1 for details).



o
Results

The comparison of weight at fledging revealed that the
young of cavity nesters are 93.3% of adult weight while the young
of open nesters leave their nest at only 79.8% of their parents’
size. This difference of 13.5 % is highly significant (P <
0.0005; Table 8) and remained significant through all groupings
(except at the family level) for control of phylogenetic biases
(Table 8).

The analises of wing length shows even greater differences
between the two groups of birds in the degree of development when
young leave their nest. Cavity nesters have wings that are 77.1%
of the adult wing length when leaving nest, while wings of open
nesters are of only 59.2% of the adult size. This difference of
17,9% was highly significant and remained significant through all
taxonomic levels (Table 8). This statistical difference in wing
length reflects a real biological difference for the birds that I
observed while gathering data. When leaving their nest, young
birds from open nests cannot effectively fly, they can jump from
twig to twig or run to hide in grass, sometimes they will fly
for few feet downward but they cannot sustain flight.l In
contrast, the young of cavity nesters on their first departure

can fly long distances, can fly upward for over 50 meters and
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most of them will fly until they disappear from sight. Their
flight appears to be almost as effective as that of the adults
with the major difference of fine maneuverability.

When leaving nest, young of cavity and open nesters have a
tarsus almost fully developed (97.2% vs. 99.6% of the adult
length, respectively). Consequently, no significant differences
were detected between the two groups at any taxonomic levels (P >
0.5; Table 8). Complete development (i.e. adult size) was

reached at around 8 days of age for smaller species ( < 20 g).
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Discussion

My data demonstrated that, in general, the young of
cavity-nesting passerines are more fully developed (with the
exception of tarsus 1length) at fledging than those of
open-nesting species. Higher predation pressure on young of open
nesters thus evidently presents a strong selective force favoring
earlier departure of young from their nests. The development of
individual body parts evidently corresponds to the actual needs
of nestlings as opposed to their preparation for future needs
(OfConnor 1977). My data suggest that, of the body parts
measured, tarsus is the first one to attain the adult size.
Tarsus length should be a reliable indicator of walking
abilities. A well developed tarsus should allow a nestling to
move inside the nest. This should allow the young to orient
itself toward its parents when begging to obtain food (0O’Connor
1977), and compete more effectively with its siblings for
parental attention and care (Ricklefs 1982). Also, walking
abilities allow a nestling to escape from a predator by moving to
well concealed locations (Werschkul 1979). another factor that
should promote an early development of legs in all species is
thermoregulation. Leg muscles are used for thermoregulation in

very young birds (Ricklefs 1979) and, therefore, should be
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under selection for early development.

The cavity-nesting birds are relatively heavier than the
open—-nesting species when leaving the nest. The extra time spent
in the nest by cavity nesters eviden:ly allows them to grow
bigger. Several studies demonstrated that bigger nestlings have
better chances of surviving during the period from the
post-fledging to the time when young become fully independent
(e.qg.: Krementz et al 1989, Garnett 1981, Tinbergen and
Boerlijst 1990, Magrath 1991). Oon the other hand, risks of
predation decrease when nestlings of open nesters leave their
nest. Since nestling predation is high for open nesters, the
risks of staying in their nest longer probably exceed those of
early departure. This should explain why young of open nesters
leave their nest before reaching the adult size.

An alternative explanation for the greater body weight of
cavity-nesting species 1is that the weight of nestlings exceeds
the adult body weight during the nestling period. Before
fledging their weight decreases and continues decreasing during
the first post fledging days (see Ricklefs 1968b). This weight
recession is due to loss of water when nestlings’ tissues mature
(Ricklefs 1968bh). Since weight continues to decrease after

fledging in cavity-nesting species, it is possible that their
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fledging weight presents an overestimate. This would also result
in an overestimate of the difference in fledging weight between
cavity nesters and open n-. “ers.

Considering the wing length, the most interesting
difference between the two groups 1s that young of the
cavity-nesting passerines 1leave their nests with more fully
developed wings than young of the open-nesting species. This
difference should have important consequences for their survival
rates. The open-nesting birds leave their nest before being
capable of extended flight. Birds with such limited flight
skills should evidently suffer from higher predation (Sullivan
1989). Therefore, in general, it should benefit a young bird
to stay in its nest as long as necessary to fly effectively. For
open nesters, nestlings face a choice between: 1) staying in
the nest longer, while constantly facing relatively high risks
of predation; and 2) leaving the nest early, thereby reducing
risks of nest predation by moving away from the nest and other
siblings and hiding in dense vegetation or by escaping from
approaching predators to 1inaccessible (protected) places.
Evidently we need data on survival rates of young cavity and
open nesters from the jost fledging period to establish whether,

as a result of their more complete development,' the young of
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cavity nesters benefit from higher chances of survival than the

young of open nesters.
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General discussion

The main objective of this study was to explain why the
nestling periods of cavity nesters are longer than those of open
nesters. The observations of longer nestling periods of cavity
nesters made by several authors for small samples of birds have
been confirmed by a large-scale comparative study: I found that
for birds of the same size, young of cavity-nesting species stay
in their nest approximately 5.4 days longer than young of
open-nesting species. The nest period is the most dangerous
period during a bird’s life. During the nest stage, young
altricial birds can’t escape from dangers such as rain or
predators. When a nest is affected by such an element, usually
the complete clutch or brood is destroyed. Many studies have
found that predation is the major cause of nestling losses in
birds (e.g. Ricklefs 1969, Martin 1992). The high predation
pressure is thus an effective driving force that presumably
favors selection for rapid growth rates and relatively early
departure from nests.

My results also indicate that the cavity nesters exhibit

significantly slower growth rates. However, in addition to



physiological constraints, other factors can affect growth rates.
Perhaps the most important factor of these is food limitation.
Limited food resources have been reported to slow down
development of nestlings (e.g.: Bryant 1975, Blancher and
Robertson 1987). In addition, cavity nesters lay larger clutches
than the open-nesting species (e.g. Martin 1993). Therefore,
parents have to feed more young and this could also lead to
reduced rates of food delivery to each nestling if food is
limited. However, studies comparing growth rates of nestlings in
relation to brood size did not support this view when clutches
were not artificially manipulated (e.g. Paytner 1954, Dyrcz 1974,
Nur 1984).

The lack of differences in growth rates of tarsus may
reflect a physiological constraint of «cell proliferation
{Ricklefs 1979). While growth of every body part is unlikely to
be limited by such a constraint, the growth of bones has been
found to be consistent with this hypothesis (Carrier and Auriemma
1992). Tarsus length is the measure of growth of bones, so there
should be less variation in growth rate of this trait than of the
wing (this measure includes feathers and bones) and weight (this
includes the entire bird). Aanother factor that may induce a

maximum growth rate for tarsus is sibling competition. All
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passerines lay clutches consisting of several eggs. Therefore, a
nestling must compete with its nest mates to attract its parents’
attention. Being able to move around in the nest to get closer to
a parent is essential for nestlings and should lead to a maximum
growth of body parts important for locomotion, thereby improving
mobility of young while in the nest (Werschkul and Jackson 1979).
However, the difference in growth rates of cavity-nesting
and open-nesting species cannot adeguately explain the entire
difference in nestling periods between the two groups of birds.
This difference in nestling periods must also be due to a
relatively premature departure of nestlings from open nests. I
found that nestlings of open nesters leave their nest at an
earlier stage of development than those of cavity nesters. The
tarsus is of the same size for both groups, but weight is lower
and wings are shorter for open-nesting species.
The difference in the length of the nestling period between

the two groups of passerines can be interpreted in terms of 1)
thé parent-offspring conflict (Trivers 1974) and 2)
"food-predation" <conflict experienced by the young. The
parent-offspring conflict in this case refers to a situation when
the offspring demand parental care for as long as possible,

while parents should encourage their young to leave the nest and
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become independent as early as possible teo reduce costs
associated with parental care and possibly be free to start a new
breeding attempt (Trivers 1974). The parent-offspring conflict is
present in all birds, regardless of their nesting habits. If this
was the only force affecting the nestling period, then this type
of conflict should have similar effects on timing of fledging of
the two groups (i.e. cavity nesters and open nesters). However,
the outcome of this conflict should ultimately be decided by the
success of one group (parent or offspring) in manipulating the
other.

In the second type of situation, the "food-predation
conflict", nestlings are the only ones involved in making the
decision when to depart from their nest. The two most important
factors affecting the timing of departure by nestlings are
presumably food and predation. Considering food, staying in the
nest longer should increase the efficacy of parental feeding
because parents do not have to search for their young (they
always deliver food to the same central place - the nest}) and the
young do not have to expend energy by searching for food or by
following their parents. Therefore, leaving the nest earlier

should reduce the food delivery efficiency by parents. /



The food argument suggests that staying in the nest is going
to always increase the rate of food delivery by parents to their
young. The parent-offspring conflict related to the parental care
(feeding young) cannot explain different timing of fledging by
young of open nesters and cavity nesters. The timing of fledging
with respect to the age of young is thus presumably controlled by
predation pressures on young in and outside their nest. The
predation argument can be summarized as follows: I’ve established
that predation on nestlings of open nesters is higher than that
on young of cavity nesters. Predaticn on fledglings (i.e. outside
their nest) should, however, be similar for both groups of birds,
and should generally decrease as .2 ability of fledglings to
esdape from predators, (this is represented by a single curve on
Fig. 11). With respect to predation, fledging should,
theoretically, occur when the risks of predation inside the nest
exceed those outside the nest. Because the risks of predation
inside the nest are generally higher for open nesters, their
young should be selected to fledge earlier than the young of
cavity-nesting species (see Fig. 10).

When leaving tﬁeir nest, the young of open-nesting species
can be considered premature since they cannot accomplish normal

activities such as flight (Sullivan 1989). When working with
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Hatching X

Cumulative predation rates of young in nest/day
Predation of young outside nest/age

Full independence

Age of young (days)
Fig. 11: Graphical representation of the food-predation model.
The nest predation rates are higher for open nesters
{curve 1) than for cavity nesters (curve 2). The
predation pressure on young outside the nest (curve 3)
reflects the mobility of young (i.e. as the ability of
young to escape from predators improves, predation rates
on fledglings should decrease). The curve 3 is started
at age X because fledging is physically impossible at an
earlier age. Fledging should occur when risks of
predation inside the nest exceed those outside the nest.
Since predation on young inside the nest is higher in
open nesters as compared to cavity nesters, the point of

departure is earlier for open nesters (A) than for cavity
nesters (B).
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Junco hyemalis Sullivan (1989) found that nestlings that left the
nest too early suffered from higher predation than those who left
the nest when more fully developped. Since the predation pressure
is relatively high duriny the nestling period and lower during
the post fledging period, the timing of departure of young of
open nesters will be mostly determined by their ability to walk
around and move away from their nest, thereby at least partly
reducing high predation on nests. This is alsc facilitated by the
habitat of open-nesting species that allows nestlings to escape.
Open-nesting species generally prefer well concealed situations
for their nests such as dense grass, shrubs and trees (Li and
Martin 1991). These habitats provide numerous perches, running
routes, and hiding places for nestlings that are not capable of
active flight.
In cavity-nesting species, the habitat around the cavity

nest tends to be more open in general (Li and Martin 1991).
Presumably greater vulnerability of fledglings to predators in
such exposed habitats should generally make early fledging highly
risky for nestlings. The cavity-nesting species select nest sites
that are not concealed and that are higher above ground to reduce
predation pressure (Li and Martin 1991). Their choice of cavities

seems more influenced by their availability and by accessibility
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of nest contents from outside. Since the nest contents of cavity
nesters are out of sight and easy reach, they are better
protected from predators. The location of the cavity entrance
away from branches should further reduce accessibility of nest
contents to predators. The early walking abilities cannot help a
nestling to leave a nest located inside a freguently deep cavity
(i.e. the high location o< an entrance relative to the nest cup
presents a physical barrier). This factor plus the reduced
predation should consegquently favor departure of young at a time
when their flight abilities are well developed.

The relative safety of young of cavity nesters suggests a
question of how would their departure from the nest be
controlled? Lemel (1989) found that when some young fledged
while others remained inside, the fledglings received more food
from their parents. Therefore, when one nestling leaves the nest,
the others soon should follow to maximize feeding by their
parents. This suggests that parents manipulate their offspring
through feeding rates, thereby forcing them to fledge more or
less simultaneously. In the brood there is usually a dominant
nestling {generally the oldest one) that monopolizes food and
parental care. Therefore, nestlings in a poorer condition should

attempt to leave the nest first in order to attract more
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attention from its parents. The others should soon follow if they
are to also benefit from a similar amount of parental care.

Since non-related cavity-nesting species exhibit the same
shift in the length of nestling period, it is possible that some
factors other than predation may contribute to these differences.
For example, proximal factors such as darkness, reduced
stimulation from outside, and physical barrier due to "domed"
nature of a nest are common factors in all cavities, but their
role in duration of nestling period is yet to be tested.
Although, since slower growth rates and later departure from the
nest eveolved independently in several groups of species with the
appearance of cavity-nesting habit, this parallel evolution
suggest a common eveolutionary force such as lower predation.

. If predation pressure on nest contents in cavities is lower,
ﬁhy then do all bird species not breed in cavities? Martin and Li
(1992) found that the breeding adults of cavity-nesting species
suffer from higher adult mortality (presumably due to predation)
than those of open nesters. In addition, cavities are limited,
and competition for them is intense among birds, usually limiting
the number of breeding pairs (Nilsson 1984, Finch 1990).
Furthermore, competitors for cavities also inclﬁde other animals

such as insects and small mammals. Several studies demonstrated
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that increasing the number of cavities usually resulted in a
corresponding increase in density of breeding pairs ({(e.g. Brush
1983).

Several authors considered the problem of competition for
limited cavities. Alerstam and Hogstedt (1981), for example,
suggested that resident species should have an advantage over
migrants since they can find their cavity and settle in it before
migrants arrive. Also, aggressive species such as starlings and
wrens should be more effective in acquisition and defense of
nesting cavities. Furthermore, some species may actively evict
previous cavity owners by destroying their clutch (e.g. Finch
1990).

In an experimental study of nest predation, Martin (1988)
found that having different nesting habits for different species
of birds breeding in the same area is an advantage since this
should reduce the chances of predators finding all nests. This is
probably the main reason for the existence of such a great

variety of nesting habits among birds.
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Conclusion

In general, this comparative study decisively demonstrated
that cavity-nesting passerines have a longer nestling period than
the open-nesting species. My analysis of published data on nest
predation suggests that predation pressure is an important factor
that may have led to 1) faster growth of young of open-nesting
species, and 2) their relatively premature £fledging. This is
presumably because the open-nesting species suffer from highe;
nest predation rates than the cavity nesters. In contrast, the
cavity-nesting species are better protected from predators and
consequently fledge at a later age. Furthermore, as a result of
delayed fledging, the young of cavity nesters leave tueir nest
more fully developed than the young of open nesters. These
findings support the two hypotheses on the occurrence of
different nestling periods of cavity nesters and open nesters.

The hypothesis on thelrole of predation in the evolution of
longer nestling periods in cavity nesters as opposed to open
nesters is based on several assumptions, some of which remain to
be verified. Among these, the greater survival of young of cavity

nesters between fledging and full independence must be tested.



There is also a need to compare survival rates of young inside
and oustside the nest to verify the major assumption of the
"food-predation" model. Also, the relative importance of
darkness inside the cavity nests and deep cavities presenting a
physical barrier for the young will have to be critically
examined because they too could contribute to the longer nestling

periods of cavity-nesting passerines.



Literature cited

Adams, J.S., R.L. Knight, L.C. McEwen, and T.L. George.
1994. Survival and growth of nestling Vesper Sparrows
exposed to experimental food reduction. Condor 96:
739-748.

Albano, D.J. 1992. Nesting mortality of Carolina Chickadees
breeding in natural cavities. Condor 94: 371-382.

Alerstam, T., and G. Hogsted. 1981. Evolution of
hole-nesting birds. Ornis Scand. 12: 188-193.

Allen, R.W., and M.M. Nice. 1952. A study of the breeding
bioclogy of the Purple Martin (Progne subis). Am. Mid.
Nat. 47: 606-660.

Anderson, A.H., and A. Anderson, 1961. Life history of the
Cactus Wren. Part IV: development of nestlings. Condor
63: 87-94.

Anderson, T.R. 19%4. Breeding biology of the House Sparrow in
northern lower Michigan. Wilson Bull 106: 537-548.

Austin, G.T. , and R.E. Ricklefs 1977. Growth and

development of the Rufous-Winged Sparrow (Aimophila

carpalis). Condor 79: 37-50.



34

Baldwin, S.P. , and W.W. Bowen, 1928. Nesting and local
distribution of the House Wren, Troglodytes aedon aedon.
Auk 45: 186-199.

Bancroft, G.T. 1984. Growth and sexual dimorphism of the
Boat-Tailed Grackle. Condor 86: 423-432.

Banks, R.C. 1959. Development of nestling White-Crowned
Sparrows in central coastal California. Condor 61: 96-109.

Barbour, R.W. 1950. Growth and feather development of Towhee
nestlings. Am. Mid. Nat. 44: 742-749.

Bateman, G.C., and R.P. Balda. 1973. Growth, development,
and food habits of young Pinon Jays. Auk 90: 39-61.

Best, L.B. 1977. Nestling bioclogy of the Field Sparrow. Auk
94: 308-319.

Blancher, P.J., and R.J. Robertson. 1987. Effect of food
supply on the breeding biology of Western Kingbird.
Ecology 68: 723-732.

Blem, C.R. 1975. Energetics of nestling House Sparrows Passer

domesticus. Comp. Biochem. Physiol. 52A: 305-312.
Brawn, J.D. 1988. Selectivity and ecoclogical consequences of
cavity nesters using natural vs. artificial nest sites.

Auk 105: 789-791.



Brush, T. 1983. Cavity use by secondary cavity-nesting birds
and response to manipulations. Condor 85: 461-466.
Bryant, D.M. 1975. Breeding bioclogy of House Martin Delichon
urbica in relation to aerial insect abundance. Ibis

117:180-215.

Butler, R.W., N.A.M. Verbeek, and H. Richardson. 1984. The
breeding biology of the Northwestern Crow. Wilson Bull.
96: 408-418.

Caccamise, D.F. 1976. Nesting mortality in the Red-Winged
Blackbird. Auk 93: 517-534.

Caccamise, D.F. 1978. Seasonal patterns of nesting mortality
in the Red-Winged Blackbird. Condor 80: 290-294.

carrier, D.R., and J. Auriemma. 1992. A developmental
constraint on the fledging time of birds. Biol. J. Linn.
Soc. 47: 61-77.

Chapman, L.B. 1955. Studies of a Tree Swallow colony (third
paper). Bird-Banding 26: 4570.

Clark, G.A.Jr. 1969. Oral flange of juvenile birds. Wilson
Bull. 81: 270-277.

Ccrawford, R.D. 1977. Breeding biclogy of year-old and older

female Red-Winged and Yellow-Headed Blackbirds. Wilson



36

Bull., 89: 73-80.

Cramp, 5. (ed.) 1988. The birds of the Western Palearctic,
vol V. oOxford University Press; Oxford.

Cramp, S. (ed.) 1992. The birds of the Western Palearctic,
vol VI. Oxford University Press; Oxford.

Cramp, S. (ed.) 1993. The birds of the Western Palearctic,
vol VII. Oxford University Press; Oxford.

Cramp, S. (ed.) 1994a. The birds of the Western Palearctic,
vol VIII. oOxford University Press; Oxford.

Cramp, S. (ed.) 1994b. The birds of the Western Palearctic,
vol IX. Oxford University Press; Oxford.

Davis, J., G.F. Fisler, and B.S. Davis. 1963. The breeding
biology of the Western Flycatcher. Condor 65: 337-382.

Dawson, W.R., and F.C. Evans. 1960. Relation of growth and
development to temperature regulation in nestling Vesper
Sparrows. Condor 62: 329-340.

Dawson, W.R., and F.C. Evans. 1957. Relation of growth and
development to temperature regulation in nestling Field and
Chipping Sparrows. Physiol. Zool. 30: 315-327.

De Braey, L. 1946. Auprés du nid de 1’Hirondelle de Cheminée

Hirundo rustica rustica. Gerfaut 36: 133~152.



87

Degen, A.A., B. Pinshow, R. Yosef, M. Kam, and K.A.
Nagy. 1992. Energetics and growth rate of Northern Shrike
{(Lanius excubitor) nestlings. Ecology 73: 2273-2283.

de Lope Rebollo, F. 1980. Biologie de la reproduction de
l’hirondelle rousseline Hirundo daurica en Espagne. Alauda
48: 99-112.

Dennis, J.V.. 1948. Observations on the Orchard Oriole in
Lower Mississipi Delta. Bird-Banding 19: 12-21.

Deviller, P., H. Ouellet, E. Benito-Espinal, R. Beudels,
R. Cruon, N. bavid, €. Erard, M. Gosselin and G.
Seutin., 1993. Noms francais des oiseaux du monde. Multi
Mondes: Sainte-Foy.

Diehl, B., and A. Myrcha. 1973. Bioenergetics of nestling
Red-Backed Shrikes (Lanius collurio). Condor 75: 259-264.

Dixon, C.L. 1978. Breeding biclogy of the Savannah Sparrow on
Kent Island. Auk 95: 235-246.

Dunnet, G.M. 1955. The breeding of the Starling Sturnus
vulgaris in relation to its food supply. Ibis 97: 619-662.

Dyrcz, A. 1973. Factors affecting the growth rate of nestling
Great Reed Warbler and Reed Warblers at Milicz, Poland.

Ibis 116: 330-339.



Dyrcz, A. 1983. Breeding ecology of the Clay-Colored Robin
Turdus grayi in lowland Panama. 1Ibis 125: 287-304.

East, M.L. and C.M. Perrins. 1988. Comparison of nesting
success in natural holes and nestboxes in temperate
woodlands. Ibis 130: 392-401.

Edson, J.M. 1943. A study of the Violet-Green Swallow. Aauk
60:396-403.

Ehrlich, P.R., D.S. Dobkin, and D. Wheye. 1988. The
Birder’s handbook. A field guide to natural history of
North American birds. Simon & Schuster Inc: New York.

Evenden, F.G. 1957. Observations on nesting behavior of the
House Finch. Condor 39: 112-117.

Faanes, C.A. 1980. Breeding biclogy of Eastern Phoebes in
northern Wisconsin. Wilson Bull. 92: 107-110.

Fautin, R.W. 1941. Incubation studies of the Yellow-Headed
Blackbird. Wilson Bull. 53: 107-122.

felsenstein, J. 1988. Phylogenies and quantitative characters.
Ann. Rev. Ecol. Syst. 19: 445-471.

Felsenstein, J. 1985. Phylogenies and the comparative method.
Am. Nat. 125: 1i-15.

Finch, D.M. 1984. Aspects of nestling growth in Abert’s

38



Towhee. Wilson Bull. 96: 705-708.

Finch, D.M. 1990. Effects of predation and competition
interference on nesting success of House Wrens and Tree
Swallows. Condor 92: 674-687.

Fischer, D.H. 1980. Breeding biology of Curve-Billed Thrashers
in southern Texas. Condor 82: 392-397.

Fisher, D.H. 1983 Growth, development, and food habits of
nestling Mimids in south Texas. Wilson Bull. 95: 97-105.

Garnett, M.C. 1981. Body size, its heritability and influence
on juvenile survival among Great Tits, Parus major. Ibis
123: 31-41.

Gibbs, J.A. 1950. The breeding ecology of the Great and Blue
Titmice. Ibis 92:507-539.

Goosen, J.P., and S.G. Sealy. 1982, Production of young in a
dense nesting population of Yellow Warblers, Dendroica
petechia, in Manitoba. Can. Field. Nat. 96: 189-199.

Gotie, R.F., and J.C. Kroll. 1973. Growth rate and ontogeny
of thermoregulation in nestling Great-Tailed Grackles,
Cassidix mexicanus prosopidicola (Icteridae}. Condor 75:
190-19%.

Grant, G.S., and T.L. Quay. 1977. Breeding bioclogy of Cliff



QU

Swallows in Virginia. Wilson Bull. 89:286-290.
Haftorn, S. 1978. Weight increase and feather development in
the Goldcrest Regulus regulus. Ornis Scand. 9:117-123.
Haggerty T.M. 1988. Aspects of the breeding biology and
productivity of Bachman’s Sparrow in central Arkansas.
Wilson Bull. 100: 247-255.
Haggerty, T.M. 1994. Nestling grrowth and development in
Bachman’s Sparrows. J. Field Ornithol. 65: 224-231.
Hamerson, J.P. 1974. Breeding ecology of the Dickcissel. Auk
91: 348-359.

Hamilton, W.J. 1945. Nesting of Eastern Bluebird. Auk 60:
91-94.

Hann, H.W. 1937. Life history of the Ovenbird in southern
Michigan. Wilson Bull. 49: 145-237.

Harrison, H.H. 1975. A field guide to the birds’ nest United
States east of the Mississipi river. Houghton Mifflin ed.:
New York.

Hendricks, P. 1987. Breeding biology and nestling development
of Golden-Crowned Sparrows in Alaska. Wilson Bull. 99:
693-696.

Herlugson, C.J. 1983. Growth of nestling Mountain Bluebirds.



vl

J. PField Ornitheol. ©54: 259-265.

Hills, S.R., and J.E. Gates. 1988. Nesting ecology and
microhabitats of the Eastern Phoebe in the central
Appalachians. Am. Mid. Nat. 120: 313-324.

Holcomb, L.C. 1969. Breeding biology of the American Goldfinch
in Chio. Bird-Banding 40:26-144.

Holcomb, L.C. 1970. Growth of nestling American Goldfinches
depending on the number in the nest and Hatching sequence.
Bird-Banding 41: 11-17.

Holcomb, L.C. 1972. Nest success and age specific mortality in
Traill’s Flycatcher. Auk 89: 837-841.

Holcomb, L.C., and G. Twiest. 1968. Growth and calculation
of age for Red-Winged Blackbird nestlings. Bird-Banding
42: 1-17.

Howell, J.C. 1942. Notes on the nesting habits of the American
Robin (Turdus migratorius L.). Aam. Mid. Nat. 28:
529-603.

Ignatuk, J.B., and R.G. Clark. 1991. Breeding biology of
American Crows in Saskatchewan parkland habitat. Can. J.
Zool. 69: 168-175.

Jirvinen, A. 1989. Body mass and wing length of nestling



Redstarts Phoenicurus phoenicurus in a harsh northern
environment. Ornis Fenn. 66: 151-156.

Jérvinen, &A., and J. Ylimaunu. 1986. Growth of nestling Pied
Flycatcher Ficedula hypoleuca in northern Lapland. Ornis
Fenn. 63:17-25.

Johnson, L.S. and L.H. Kermott. 1994. Nesting success of
cavity-nesting birds using natural tree cavities. J.

Field Ornithol. 65: 36-51.

Kendeigh, S.C. 1942. Analysis of losses in the nesting of
birds. J. Wildl. Manage. 6: 19-26.

Killpack, M.L. 1970. Notes on the Sage Thrasher nestlings in
Colorado. Condor 92: 4B6-488.

King, J.R., and J.D. Hubbard. 1981. Comparative patterns of
nestling growth in White-Crowned Sparrows. Condor 83:
362~369.

Xluyver, H.N. 1961. Food consumption in relation te habitat in
breeding Chickadees. Aauk 78: 532-550.

Knapton, R.W., R.V. ‘Cartar, and J.B. Falls. 1984. A
comparison of breeding ecology and reproductive success

between morphs of the White-Throated Sparrow. Wilson Bull.

96: 60-71.



a3

Krementz, D.J., J.D. Nichels, and J.E. Hines. 1989.

Postfledging survival of European Starlings. Ecology 70:

646-655.

La Rivers, I. 1944. Observations on the nesting mortality of
the Brewer Blackbird, Euphagus cyanocephalus. Am. Mid.
Nat. 32: 417-437.

Lack, D. 1968. Ecological adaptations for breeding in birds.
Methuen: London.

Lack, D., and E.T. Silva. 1949. The weight of nestling
Robins. 1Ibis 91: 64-78.

Lapocinte, G., and J. Bédard. 1986. Savannah Sparrow,
Passerculus sandwichensis, reproductive success. Can.
Field. Nat. 100:264-267,.

Laskey, A.R. 1943. The nesting of Bluebirds banded as
nestlings. Bird-Banding 14: 39-43.

Lees, J. 1949. Weight of Robins.- Part 1. Nestlings. 1Ibis
91:79-88.

Lemel, J. 1989. Body-mass dependent fledging order in Great
Tit. Auk 106: 490-492.

Li, P., and T.E. Martin. 2199). Nest-site selection and

nesting success of cavity-nesting birds in high elevation



94

forest drainages. Auk 108: 405-418.

Longcore, J.R., and R.E. Jones. 1979. Reproductive success
of the Wood Thrush in a Delaware woodlot. Wilson Bull.
81: 396-406.

Low, S. 1934. Nest distribution and survival ratio of Tree
Swallows. Bird-Banding 5: 24-30.

Magrath, R.D. 1991. Nestling weight and juvenile survival in
the Blackbird, Turdus merula. J. Anim. Ecol. 60:
335-351.

Maher, W.J. 1964. Growth rate and development of endothermy in
the Snow Bunting (Plectrophenax nivalis) and Lapland
Longspur (Calcarius lapponicus). at Barrow, Alaska.
Ecology 45: 520-528.

Marshall, J., and R.P. Balda. 1974. The breeding ecology of
the Painted Redstart. Condor 76: 89-111.

Martin, T.E. 1988. On the advantage of being different: nest
predation and the coexistence of bird species. Proc.

Nutf. Acad. Sci. 85: 2196-219.

Martin, T.E. 1992. Interaction of nest predation and food

limitation in reproductive strategies. in Current

ornithology, vol 9, PlenumPress; New York. 163-197.



08

Martin, T.E. 1993. Evolutionnary determinants of clutch size
in cavity-nesting birds: nest predation or limited
breeding opportunitie? Am. Nat. 142: 937-946.

Martin, T.E. and P. Li. 1992. Life history traits of open-
vs cavity-nesting birds. Ecology 73: 579-592.

Mason, C.F., and F. Lyczynski. 1980. Breeding biology of
the Pied and Yellow Wagtails. Bird Study 27: 1-10.

Mickey, F.W. 1943. Breeding habits of McCowns Longspur. Auk

60: 181-209.
Middleton, A.L.A. 1979. Influence of age and habitat on

reproduction by the American Goldfinch. Ecology 60:

418-432.
Moller, A.P. 1989. Parasites, predators and nestboxes: facts

and artefacts in nest box studies of birds? O0ikos 56:

421-423.
Moreno, J. 1987. Nestling growth and brood reduction in the
Wheater Oenanthe cenanthe. Ornis Scand. 18: 302-309.
Morten, M.L., J.E. Orejuela, and S.M. Budd. 1972. The
biology of immature Mountain White-Crowned Spafrows
(Zonotrichia leucophrys oriantha) on the breeding ground.

Condor 74: 423-430.



96

Murphy, E.C. 1978. Breeding ecology of House Sparrows:
spatial variation. Condor 80: 180-193.

Murphy, M.T. 1981. Growth and aging of nestling Eastern
Kingbirds and Easter Phoebes. J. Field Ornithol. 32:
309-316.

Nice, M.M. 1957. Nesting success in altricial birds. Aauk 74:
305-320.

Nilsson, S.G. 1984. The evolution of nest-site selection among
hole-nesting birds: the importance of nest predation and
competition. Ornis Scand. 15: 167-175.

Nolan, V. Jr. 1963. Reproductive success of birds in a
deciduous scrub habitat. Ecology 44: 305-314.

Nur, N. 1984. The consequences of brood size for breeding Blue
Tits II. Nestling weight, offspring survival and optimal
brood size. Ecology 53: 497-517.

Oakes, E.J. Lekking and the evolution of sexual dimorphism in
birds: comparative approaches. Aam. Nat. 140: 665-684.

o’connor, R.J. 1977. Differential growth and body composition
in altricial passerines. Ibis 119: 147-166.

Ohlendorf, H.M. 1976. Comparative breeding biology of Phoebes

in Trans-Pecos Texas. Wilson Bull. 88: 255-271.



Q07

Orell, M. 1983. Nestling growth in the Great Tit Parus major
and the Willow Tit P. montanus. Ornis Fenn. 60: 65-82.

Ortega, C.P., and A. Cruz. 1992. Differential growth patterns
of nestling Brown-Headed Cowbirds and Yellow-Headed
Blackbirds.. Auk 109: 368-376.

Pagel, M.D., and P.H. Harvey. 1991. Comparative analysis of
comtinuous variables.

Pagel, M.D., and P.H. Harvey. 1989%9. Comparative methods for
examining adaptation depend on evolutionary models. Folia

Prim. 53: 203-220.

Paynter, R.Jr. 1954 Interrelation between clutch-size,
brocd-size, prefledging survival, and weigth in Kent
Island Tree Swallows (Continued). Bird-Banding 25:
102-110.

Pedroli, J.C., and M. Graf-Jaccottet. 1978. La croissance
des jeunes Pipits Farlouses Anthus pratensis au nid.
Alauda 46: 171-176.

Petersen, K.L., L.B. Best, and B.M. Winter. 1986. Growth
of nestling Sage Sparrcws and Brewer?s Sparrows. Wilson
Bull. 98: 535-546.

Petit, L.J. 1989. Breeding biology of Prothonotary Warblers in



98

riverine habitat in Tennessee. Wilson Bull. 101: 51-61.

Petrinovich, L., and T.L. Patterson. 1983. The White-Crowned
Sparrow: reproductive success 1975-1980. Auk 100:

811-825.

Pettingill, ©.S. 1985. Ornithology in field and laboratory,
fifth edition. Academic Press ed.: New York.

Pinkowski, B.C. 1975. Growth and development of Eastern
Bluebird. Bird-Banding 46:273-289.

Pitts, T.D. 1979. Nesting habits of rural and subrural House
Sparrows in northwest Tennessee. J. Tenn. Acad. Sci.

54: 145-1483.

Power, H.W. III. 1966. Biology of the Mountain Bluebird in
Montana. Condor 68: 351-371.

Putnam, L.S. 1949. Life history of the cedar waxwing. Wilson
Bull. 61:141-182.

Pyle, P., S.N.G. Howell, R.P. VYunick, and D.F. DeSante.
1987. Identification guide to North American Passerines.
Slates Creek Press; Bolinas.

Redfern, C.P.F. 1994. Variation in the developmental timing of
'flight-feather.growth in nestling birds. 1Ibis 136: 72-78.

Reynolds, J.D., and R.W. Knapton 1984. Nest-site selection and



au

breeding biology of the Chipping Sparrow. Wilson Bull.

1984:488~-493.

Riéhter, W. 1984. Nestling survival and growth in the
Yellow~headed Blackbird, Xanthocephalus xanthocephalus.
Ecology 65: 597-608.

Ricklefs, R.E. 1967a. A graphical'method of fitting equations
to growth curves. Ecology 48: 978-983.

Ricklefs, R.E. 1967b. Relative growth, body constituents,

and energy content of nestling Barn Swallows and Red-Winged
Blackbirds. Auk 84: 560-570.

Ricklefs, R.E. 1968a. Patterns of growth in birds. 1Ibis 110:
419-451].

Ricklefs, R.E. 1968b. Weight recession in nestling birds. Auk
B5: 36—35.

Ricklefs, R.E. 1969. An analysis of nesting mortality in birds.
Smithsonian Contr. 2Zoecl. 9:1-48.

Ricklefs, R.E. 1979. Adaptation, constraint, and compromise
in avian postnatal development. Biocl. Rev. 54: 269-290.

Ricklefs, R.E. 1982. Some considerations on sibling
competition and avian growth rates. Auk 99: 141-147.

Ritter, L.V. 1984. Growth of nestling Scrub Jays in



100

California. J. Field Ornithol. 55: 48-53.

Robertson, R.J. and W.B. Rendell. 1990. A comparison of the
breeding ecology of a secondary cavity nesting birds, the
Tree Swallow (Tachycineta bicolor), 1in nest boxes and
natural cavities. Can. J. Zool. 68: 1046-1052.

Rogers, C.M. 1985. Growth rate and determinants of fledgling
weight in Michigan-breeding Savannah Sparrows. Condor 87:
302-303.

Roseberry, J.L., and W.D. Klimstra 1970. The nesting ecology
and reproductive performance of the Eastern Meadowlark.
Wilson Bull. 82: 243-251.

Salt, W.R. 1966. A nesting study of Spizella pallida. Auk 83:
274-281.

Sappington, J.N. 1977. Breeding biology of House Sparrows in
north Mississippi. Wilson Bull. 89:.301-309.

Sargent, S. 1993, Nesting of the Yellow-Throated Euphonia:
large clutch size in a neotropical frugivore. Wilson Bull.
105: 285-300.

Schifferli, L. 1973. The effect of weight on the subsequent
growth of nestling Great Tits Parus major. Ibis 115:

549-558.



10}

Schrantz, F.G. 1943. Nest life of the Eastern Yellow Warbler.
Auk 60: 367-387.

Scott, T.W. 1979 Growth and age determination of nestling
Brown-Headed Cowbirds. Wilson Bull. 91: 464-466.

Seel, D.C. 1970. Nestling survival and nestling weights in the
House Sparrow and Tree Sparrow Passer spp. at Oxford. Ibis
112:1-14.

Shantz, B. 1986. The Mountain Bluebird management. Ellis Bird
Farm; Lacombe.

Shaw, G. 1978. The breeding bioclogy of the Dipper. Bird Study
25: 149-160,

Shelley, L.O. 1937. Further Tree Swallow notes. Bird-Banding
g8: 80-81.

smith, H.M. 1943. Size of breeding populations in relation to
egg-laying and reproductive success in the Eastern
Red-Wing. Ecology 24: 183-207.

Silva, E.T. 1949. Nest record of the Song-Thrush. British
Birds 42: 96-111.

Sodge, M.K., M.D. Kern, R. Kern, and C. van Riper III.
1991. Growth and development of thermoregulation in

nestling San Miguel Island Song Sparrows. Condor 93:



102

773-776.

Stewart, R.E. 1953. A life history study of the Yellow-Throat.
Wilson Bull. 65: ©29-115.

Stokes, A.W. 1950. Breeding behavior of the Goldfinch. Wilson
Bull. 62:107-127.

Stoner, D. 1935. Temperature and growth studies on the Barn
Swallow. Auk 52: 400-407.

Stoner, D. 1!945. Temperature and growth studies on the
Northern Cliff Swallow. Auk 62: 207-216.

Stutchbury, B.J., and R.J. Robertson. 1988. Within-season and
age-related patterns of reproductive performance in female
Tree Swallows. Can. J. 2o0l. 66: 827-834.

Ssullivan, K.A. 1989. Predation and starvation: age-specific
mortality in juvenile Juncos (Junco phaetonus). J. Anim.
Ecol. 58: 275-286.

Taylor, W.K. 1971. A breeding biology of the Verdin,

Auriparus flaviceps (Sundevall) in Arizona. Am. Mid.
Nat. 85: 289-238.

faylor, W.XK., and M.A. Kershner. 1991. Breeding biology of
the Great Crested Flycatcher in central Florida. J. Field

Ornithol. 62: 28-39.



tud

Terres, J.K. 1987. The Audubon society encyclopedia of North
American birds. A. Knopf; New York. 1109pp.

Thomas, R.H. 1946. A study of Eastern Bluebirds in Arkansas.
Wilson Bull. 58: 143-183.

Thompson, C.F., and V. Nolan Jr. 1973. Population biclogy of
the Yellow-Breasted Chat (Icteria virens). Ecol. Monogr.
43: 145-171.

Tiainen, J. 1978. Nestling growth in three Phylloscopus
warblers . in Finland. Ornis Fenn. 55: 1-15.

Tinbergen, J.M., and M.C. Boerlijst. 1990. Nestling weight
and survival in individual Great Tits (Parus major). J.
Anim. Ecol. 59: 1113-1127.

Turner, A.K. and D.M. Bryant. 1979. Growth of nestling Sand
Martins. Bird Study 26: 117-122.

Trivers, R.L. 1974. Parent-offspring conflict. Aamer. Zool.
14: 249-264.

Verbeek, N.A.M. 1967. Breeding biology and ecology of the
Horned Lark in alpine tundra. Wilson Bull. 79: 208-318.

Verbeek, N.A.M. 1970. Breeding ecclogy of the Water Pipit.
Auk 87: 425-451.

von Haartman, L. 1957. Adaptation in hole-nesting birds.



104

Evolution 11: 339-347.

Walkinshaw, L.H. 1944, The Eastern Chipping Sparrow in
Michigan. Wilson Bull. 56: 192-205.

Walkinshaw, L.H. 1961. The Connecticut Warbler in Michigan.
Auk 78: 379-388.

Weaver, R.L. 1937. Measurement of growth in the Eastern
Chipping Sparrow. Auk 54: 102-104.

Weaver, R.L. 1942. Growth and development of English Sparrows.
Wilson Bull. 54: 183-191.

Weeks, H.P. 1979. Nesting ecology of the Eastern Phoebe in
southern Indiana. Wilson Bull. S1: 441-454.

Weins, J.A. 1965. Behavioral interactions of Red-Winged
Blackbirds and Common Graclkes on a common breeding ground.
Auk B2: 356-374.

Welsh, D.A. 1875. Savannah Sparrow breeding and territoriality
in Nova Scotia dune beach. Auk 92: 235-251.

Werschkul, D.F. 1979. Nestling mortality and the adaptive
significance of early locomotion in the Little Blue Heron.
Auk 96: 116-130.

Werschkyl, D.F., and Jackson 1979. Sibling competition and

avian growth rates. 1Ibis 121: 97-102.



TS

Weydenmeyer, W. 1935. Efficiency of nesting Tree Swallow.
Condor 37: 216-217.

Williams, J.F. 1%940. The sex ratio in nestling Eastern
Red-Wings. Wilson Bull. 52: 267-277.

Willson, M.F. 1966. Breeding ecology of the Yellow-Headed
Blackbird. Eccl. Monogr. 36: 51-77.

Winterstein, S.R., and R.J. Raitt. 1983. Nestling growth and
development and the breeding ecology of the Beechey Jay.
Wilson Bull. 95: 256-268.

With, K.A. 1994. The hazard of nesting near shrubs for a
grassland bird, the McCown’s Longspur. Condor. 96:
1009-1019.

Wittenberger, J.F. 1978. The breeding bioclogy of an isolated
Bobolink population in Oregon. Condor 80: 355-371.

Woolfenden, G.E. 1978. Growth and survival of young Florida
Scrub Jay. Wilson Bull. 90: 1-18.

Yom-Tov, Y., and A. Ar. 1980. On the Breeding biology of the
Dead Sea Sparrow, Passer moabiticus. Israel J. Zool.

29: 171-187.
Zzach, R. 1%82. Nestling House Wren: weightland feather

growth. Can. J. Zool. 60: 1417-1425.



106

Zach, R., and K.R. Mayoh. 1982. Weight and feather growth
of nestling Tree Swallow. Can. J. Zool. 60: 1080-1090.
Zar, J.H. 1984. Biostatistical anaysis. 2nd ed. Prentice

Hall; Englewood.



)

STvsl LT ectd PoTd (A3TARD
SEGL 81 SN1SNEIUT SNSIOSTISd
puedo pordourA) :uado ‘g
snracerb 4
GL i1ez £E xeicooyrzld »erxcooyIzAd 1AljTaed
s'ebFl gz ss1oelpro0AIed N
‘pupTqunord eferyrony quadoe 2
£ £E prapauocw snaxo) :Altaed
S8l S'Fe suspustds *D ruado 1
JepITAICD
SNITUTID ‘W
88 1€ GLST /SUDISPIBUTD SNYIBTIAN 1A3TARD
GL'L GL e enuuesAl I ‘snieoryIoy sauuezAp ruadp 2
GO'TT g7 STTTOTIFIP XeuopTdug :A31aRD

0&° 11 S'%1 rIasroyraqo ‘g
SUOITITATAY *§ ‘spururli 'y
wnIouie g ‘susosalTA ‘H
STIUIATAPTF XeUuopTduy cuadp U1
aepTuuelAL

ylbiam JT0pE ueap ,poTIad DUTTISaU UESK exe] paated

-poraed Buriseu sae3sau AjTaeo pue sxejzseu uado jo uostaedwod zoz saTed pauolel

1 xipuaddy



108

c'9 G €1 STrTOPRID BPTUTId ‘AjTARD
6°4 S'PT sIprounl BTODTISTD tuado * 1
oepIaTAS
PUTTT2QPST 0
131888p ‘0 “‘eyupyoserd O
TTUD5uTy *O@ “‘suadbny -0 “‘oyjueuso ‘0
£0°07 £9°pT wINonar g ‘ebAdconar ayjueuap :A3TARD
g1 S°11T esTuedsry 2ujurua0 tusdp @
asysedorylrhrreo 4 ‘Fnanoruaoyd °d
£6°81 aT ‘soInIyso snanoruacyd :A3jtaed
LETC g1t proeas T
scyouAysebsw 7T ‘RPTUTOSNT PTUIOSNT tusdo g
e3err3ls edeorosnp
eazed -3 “‘eienbrojruss 4
SOTFT LETET srrroorqre -4 ‘ecnatodiy prapacTg tA3TaB)
£ 1¢ G°'Z1 soojoeTEb FRPYDTIVUIODIBD rusdp 2
€€l € 91 snrIelrros ‘W ‘Srrriexes PTODTIUOK A3TARD
CE"C9 GG ¢1 SNIOATDETA  °

scrouworiyd I “‘snoerir ‘@ ‘strerrd ¢
sryrooryna L ‘ernisw  °f ‘enjenbroy ¢
snryozerbrw sapragl ‘snjernisn
saurraisnu  *D  ‘snururw

syaoseosnsg o “‘sniezanb snaeyied tuado ‘¥
aeptdectosny

O OKRKEER

i xipuaddy



)

£7ee 91
I1°t¢

eTTrozqns D ‘snorcuds spoepodred
fE°ET snueaTxew o ‘snarindind D
snurIylATa snogpodiv)

prriise eprriisg

61 pAPDUEWP PABPDURIY
¢l stxeTnborle eyraunid
a1 STIPTTOD Piraunad
1T sTIprnpow eyraunitd
Bl paIauT> ‘W ‘eqrP PT{IOPIONW
€°11 eARTI ‘W ‘P[OSIITO PITIDEIOW
Sk pl38TOUTdS snyjuy
pe ¢t suaosaqnIy ‘Y

saurAIen ‘Y ‘srsuaierd 'y
raesnbd -y ‘ruogbpcy 'y
STTRTATI? ‘¥ “SrI3sedupd snyjuy

S°8T zrucxisad pruorjled
1t erA10epiycerq ezrdsodie)

TIToUCcqG ‘g “e3T1gATrco sndodscTrAyd
16°2T ejebrres -y ‘eijorbAred -
purIajor reroddry “‘snezojusls ¢
sneopurTpunIe 'y ‘srajsayed
wnrojsuwnp 'y ‘snoedircs
snpuagqosuaoyss ‘v ‘erooarpnied
uoubodousTsw snreydsooroy

TR

1 xipuaddy

tAlTaRD
ruade
:Aj1AED
:uade

sA3taed
:uade

tAjTaed
suado

tA3TARD

:uade

:A3TARD
suado

seprasssed

tAJTaRD

ruadeo

1

x4



110

Z XTpuaddy Ul PajId Se,

1°91 1T pax1Io erapjzoucljord A3TA®RD
£°CT 9y 0T pljprIlS g ‘P3UB1ISPY 'd
unieutred g ‘aoroosip ‘d
rIpueT3IITY ‘g “‘snurd g ‘suaIira  °d
preuOIC? g ‘susssernisel °d
erroubew g “‘eorueardAsuad Qg
prynajad eortorpusg ‘erITdedrIyaIr A

p12785 ‘A “‘snutd BPIOATIIBA usdG‘e
€L S'ET srTeATU Xeusydorldard :AjTaed
12° L1 GZ 0T . mnIreuueaps 'Y

TIpITRPg snuweIpoumy
STsusyoTMpUPS sninoressed :uadQ ‘g

£°G61 81 PIBTOTIIS EZTIOqUWT :A]TARD
1F ¢¢ €211 spratuscyss g ‘rserred 3
ereydsdouprsw g ‘ETTINT  °F
grooane 3 ‘edrisni  °H serrisnd '3
eIsepo ‘g ‘euernljIoy g ‘T2 4
snfIto> 4 ‘soreydsdooonsl pzrIisdqudg tuado 'L

| xipuaddy



11t

Appendix 2
Nestling periods of passerines of the northern hemisphere

Family Nest Nestling Adult
type period size
Sub-family (days) (grams)
Genus species
Tyrannidae
Fluvicolinae
Contopus borealis open <= 23 < 33.2 e
Contopus virens open < 16.5 ¢ 13.4 <
Empidonax flaviventris open < 13 10.95 <
Empidonax virescens open < 13.5 ¢ 13.7 <
Empidonax alnorum Open c 13.5 « 13.4 o
Empidonax minimus Open o 14 - 9.24 ¢
Empidonax difficilis Cavity « 16 < 11.05 e

Empidonax fulvifrons
Empidonax oberholseri

Open « 15 « 8.1 o
Open < 18 <« 11.8 <

Sayornis phoebe open o 15.5 c 18.35 <

Tyranninae
Myiarchus cinerascens
Myiarchus crinitus

Cavity e 16.5¢c 28.5¢

Cavity < 15 < 35.25 <
Tyrannus forficatus open < 14 < 11.5 a
Tyrannus tyrannus Open o 13.5 ¢ 44 =
Laniidae
Lanius collurio open » 14.5 » 29.2 »
Lanius minor open » 17 v 49.7 o
Lanius ludovicianus open < 20 < 45.9 o
Lanius excubitor Open o 20 < 67.5
Lanius senator open o 17 » 34 v
Lanius nubicus open o 19 o 22.8 »
Vireonidae
Vireo bellii Open < 11.25 «10.2
Vireo solitarius open < 14a 16.85 o
Vireo flavifrons open o 15 < 17.25 <
Vireo philadelphicus Open < 13a 13.22 o
Vireo olivaceus open < 11 < 19 o
Vireo gilvus Open < 13 < 15.5 o



Corvidae

Appendix 2

Gymnorhinus cyanocephalus

Cyanocitta cristata

Aphelocoma coerulescens

Garrulus glandarius

Perisoreus infaustus

Cyanopica cyana

Pica pica

Nucifraga columbiana
Nucifraga caryocatactes

Pyrrhocorax pyrrhocorax

Pyrrhocorax graculus

Corvus
Corvus
Corvus
Corvus
Corvus
Corvus
Corvus
Corvus
Corvus

Oriolidae

monedula
splendens
frugilegus
caurinus
ossifragus
corone
cryptoleucus
ruficollis
corax

oriolus oriolus

Bombycillidae

Bombycillinae
Bombycilla garrulus
Bombycilla cedrorum

Cinclidae

Cinclus cinclus

Muscicapidae

Turdinae

Monticola saxatilis
Monticola solitarius

Sialia
Sialia

sialis
currucoides

Open <
open <
Open <
Open »
open »
open »
Cavity

Open <
Open -

Cavity
Cavity

Cavity
Open »
open »
Open
Open
open
Open
Open
open

n or oo

v

v

open »

open <
open e

Cavity

cavity
Cavity

Cavity
Cavity

21
19
18

16.5 b

21
15
27a

20.5a
24.5 o

36
30

33
24.
33
28.
21
33
38.
36.
45

1s.

14
16

22

15 »
18 »

17-5 o=
22-5ﬂ

[ =
[ =1

L=

B

=)

o
8
B
8
=
=3
5
5

b

5

112

103.3 -
B2.48 <
B0.2 <
164.8 »
85.8 »
73.9 »
184.5 <

146 <
153 b

304.6 »
218.9 »

232 »
285 o
454.4 »
380 =
400 =
515.6
1234 <
635.4 »
1198.3 »

70-4 o -

58.7 B
30.05 =

62 »

46.7 »
53.1 »

30.13 <
29.6 o



Catharus
Catharus
Catharus
Catharus
Catharus

Turdus
Turdus
Turdus
Turdus
Turdus

Appendix 2

fuscescens
minimus
ustulatus
guttatus
mustelinus

torquatus
merula
ruficollis
pilaris
iliacus

Turdus
Turdus
Turdus

philomelos
viscivorus
migratorius

Muscicapinae

Muscicapa striata

Ficedula
Ficedula
Ficedula
Ficedula

hypoleuca
albicollis
semitorquata
parva

Saxicolinae

Erithacus rubecula

Luscinia
Luscinia
Luscinia

luscinia
megarhynchos
svecica

Cercotrichas galactotes

Phoenicurus ochruros
Phoenicurus phoenicurus
Phoenicurus erythrogaster

Saxicola
Saxicola

Cenanthe
Oenanthe
Oenanthe
Oenanthe
Oenanthe
Oenanthe
Oenanthe
Cenanthe
Oenanthe

rubetra
torquata

leucopyga
leucura
oenanthe
lugens
finschii
pleschanka
hispanica
deserti
isabellina

Open o=
Oopen <
Open <
Open
Open

f

n

Open
Oopen
Open
Open
Open
Open
Open
Open

nroeuovo v purd

Cavity

Cavity
Cavity
Cavity
Cavity

Cavity

open »
Open
Open o

Open »

Cavity
Cavity
Cavity

Open »
Open »

Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Open »
Cavity
Cavity

v

rvuvy

vt v v oprvw

rvu

10 <
12 =
12 o
12 -
12.5 <

15 »
13.6 b
12.9 »
14 =
10 »
13.2 »
13.5 ©
15 &

13 »

15.5 o
15.9 »
15 b

12.5 »

13.4

9.6 b
1l »
13

12.5 »

15.5
14.5 »
18 o

12.5 »
13.5 b

14 »
14.5
15 =
14.5
15.5
13.5
11.5
15.5
14.5

r

vr v v oruovw

i3

31.5 o
22.6 <
30.1
29.55 <
52.33 <

108.8 »
96.8 »
104 »
83 o
64.4
72.6 b
124.5
74.5 <

(S
s W
L] [
NN
r o

17.3 | <]

25 b
22 b
17.4

21.8 b

15.9 »
14-8 =]
26.1 o

17.1 »
14 »

26

39.8 o
30.83 <
22.5 »
25.3 b
18.5
18 »

19.7 »
30.4 »



Sturnidae
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Sturnus roseus
Sturnus vulgaris
Sturnus unicolor

Acridotheres tristis

Mimidae

Dumetella carolinensis

Mimus

polyglottos

Toxostoma rufum

Sittidae

Sittinae

Sitta
Sitta
Sitta
Sitta
Sitta
Sitta
Sitta
Sitta
Sitta

europaea
whiteheadi
ledanti
krueperi
pusilla
canadensis
carolinensis
neumayer
tephronota

Tichodrominae
Tichodroma muraria

Certhiidae

Certhia familiaris
Certhia americana
Certhia brachydactyla

Troglodytidae

Campylorhynchus brunneicapillus

Cistothorus platensis
Cistothorus palustris

Thryothorus ludovicianus

Troglodytes troglodytes
Troglodytes aedon

Cavity
Cavity
Cavity

Cavity

open e
Open <
open e

Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity

Cavity

Cavity
Cavity
Cavity

Cavity

Cavity
Cavity

Cavity

Cavity
Cavity

ro o000 uw v nwrw

r

24
21 =
21.5 b

28.5

12.5 <
11 =
1l <

23 »
23 b
23.5 »
17.5 v
18 <
19.5 <
14 =
26.5 b
25 b

29 »

16.8 »
13.5 =
17.5 o

2l =

13 =
13-5 =

13.5 <

17.3 »
15 <«

114

72 b
76.15 <
88.8

119.5 »

34.68 =
53 <
68.68 <

35,5 n

8.15 =
11-67 =

16.95 «

10.3 »
11-68 L=
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Polioptilidae
Polioptila melanura

Paridae

Remizinae
Remiz pendulinus

Parinae
Parus palustris
Parus lugubris
Parus montanus
Parus carolinensis
Parus cinctus
Parus ater
Parus cristatus
Parus major
Parus caeruleus
Parus cyanus
Parus inornatus
Parus bicolor

Aegithalidae
Aegithalos caudatus
Hirundinidae

Tachycineta bicolor
Tachycineta thalassina

Progne subis

Stelgidopteryx serripennis

Riparia
Riparia

Hirundo
Hirundo
Hirundo
Hirundo
Hirundo

riparia
paludicola

rupestris
fuligula
rustica
daurica
fulva

Delichon urbica

2

Open =]

Cavity

Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity

Cavity

Cavity
Cavity

Cavity
Cavity
Cavity
Cavity

Cavity
Cavity
Cavity
Cavity
Cavity

Cavity

v

rwvocuovaeuvuwyeor

n 0

0

0

nro vy v

U

11 =

23 b

18.5
22.2
18.5
15a

19.5
19 o
20 o
19 o
19.5
16 b
18.5
17.5

16 »

20 <
20a

28 o
20 <
22.3
20 o

25.5
27.5
20.5
24
22a

27 b

6.55 <

11.1
16.7 »
17.1 »
11.25 <
12.7 »
9.5 b
11.6 »
18.2 »
11.1 »
13 »
13.7 <
22.18 <

19.3 e
16 =

45.1 <
15-1 (=

14
1ll »

U

23 o
15
18.4 <
20 b
23.83 1

18 »



Regulidae
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Regulus calendula
Regulus regulus
Regulus ignicapillus
Requlus satrapa

Pycnonotidae

Pycnonotus barbatus
Pycnonotus xanthopygos
Pycnonotus leucogenys

Sylviidae

Cettia cetti

Locustella naevia
Locustella fluviatilis
Locustella luscinioides

Acrocephalus
Acrocephalus
Acrocephalus
Acrocephalus
Acrocephalus
Acrocephalus
Acrocephalus
Acrocephalus

melanopogon
paludicola
schoenobaenus
scirpaceus
dumetorum
palustris
arundinaceus
stentoreus

Hippolais caligata
Hippolais pallida
Hippolais polyglotta
Hippolais icterina

Cisticola juncidis

Scotocerca inquieta

Prinia gracilis

Phylloscopus
Phylloscopus
Phylloscopus
Phylloscopus
Phylloscopus
Phylloscopus
Phylloscopus

trochilus
collybita
bonelli
sibilatrix
subviridis
borealis
nitidus

Open
Open
Open
Open

n v oo

Open »
open »
Open b

open »

r

Open
Open
Open

v v

Open
Open
Open
Open
Open
Open
Open
Open

F v ruvueruereuwetv

Open
Open
Open
Open

roveoev

Open

r

Cavity
Cavity

Cavity
Cavity
Cavity
Cavity
Cavity
Cavity
Cavity

vt ruovevw

v

12 =
19
10 »
16.5 <

13
14 »
10 »

15 b

11
15 b
13

12 »
13.5 »
13.5 »
11 =
12 »
10.5 o
13 »
12 »

13 =
13 »
12 »

13.5 »

14.5 »

14 »

13.5 »

13 »
15 »

12.5 »

12 o
13 »

13.8 »

13 »

12.9

13 »
16.4
15.8

11.4
12.2
11.8
10.9
11.7
12.3
30 b
25.1

8.5

10.1
11 »
12.4
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Appendix 2 17

Sylvia atricapilla * Open » 11 » 18.3 »
Sylvia borin , Open » 10 » 19.1 »
Sylvia communis .Open » 11 » 15.3 »
Sylvia curruca Open » 11 » 12.2 »
Sylvia nisoria Gpen » 11 » 25 o
Sylvia leucomelaena open » 13.5 » 14.1 »
Sylvia melanocephala open » 12.5 » 11.6
Sylvia cantillans Open o 11.5 » 10.1 b
Sylvia mystacea Open » 10.5 » 9.8 o
Sylvia conspicillata Open » 11.5 » 9.2 b
Sylvia undata Open » 12 » 9.6 b
Sylvia sarda open » 12 b 9.4 o
Timaliidae
Turdoides altirostris Open 10 » 33 »
Turdoides caudatus open » 11.7 » 41.9 »
Turdoides sgquamiceps open » 14 » 73.5 b
Panurus biarmicus Open o 11.2 » 15.3 »
Alaudidae
Melanocorypha calandra Open » 10 » 61 -
Melanocorypha bimaculata Open » 9 53.3 »
Calendrella brachydactyla Open » 9.5 21 b
Calendrella rufescens Open o 9 o 23.3 o
Galerida cristata Open » 9 b 67
Galerida theklae Open o 9 » 37 »
Iullula arborea Open » 10.5 » 29 b
Alauda arvensis open < 9.5 ¢ 37.5 o
Eremophila alpestris open < 10.5 ¢ 32 <
Passeridae
Passer domesticus Cavity < 16 < 27.2 <
Passer hispaniolensis Cavity » 15 n 28 »
Passer moabiticus Cavity » 12 o 16.1 »
Passer montanus Cavity » 17.5 » 22 »
Petronia petronia Cavity » 18.5 » 32.1 »
Carpospiza brachydactyla Open » 11 » 23.1

Montifringilla nivalis Cavity » 20.5 » 36.4



Motacillidae

Motacilla
Motacilla
Motacilla
Motacilla

Appendix

alba
citreola
flava
cinerea

Anthus campestris
Anthus trivialis
Anthus hodgsoni
Anthus gustavi
Anthus pratensis
Anthus cervinus
Anthus spinoletta
Anthus rubescens

Prunellidae

Prunella

Prunella

Prunella
Estrildidae

Estridinae

collaris
atrogularis
modularis

Estrilda astrild

Amandava amandava

Fringillidae

Fringilidae
Fringilla
Fringilla
Fringilla

Carduelinae

coelebs
teydea
montifringilla

Serinus pusillus
Serinus serinus
Serinus syriacus
Serinus canaria
Serinus citrinella

2

Cavity <
Cpen w»
Open <
Cavity =

Open
Open
Open
Open
Open
Open
Cavity »
open <

rvuovuouwvw

Cavity »
Open b
Open »

Cavity »
Cavity »

Oopen »
Open
Open

v

)

Open
Open
Open
Open
Open

r v vouotv

14.5
12.5
11.1
13.5

13.5
13 »
11.5
13 o
12.5
12.6
14.5
14.5

l6 »
12.5
11.5

13.9
17.5
13.5

18 »
14 »
15 »
16.5
16.5

v o ra

r v v

22.2
19.1
l6.8
17.5

25 b
22.2
22.1
21.7
18.8
20.4
22.8
21.2

35.9
18.3
20.1

8.4 o
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Carduelis chloris open o 14.4 » 27.9
Carduelis spinus open » 14 » 13 »
Carduelis pinus Open < 15 < 12 =
Carduelis tristis Open < 13 < 12.55 <
Carduelis carduelis Open < 14.7 b 16.7
Carduelis hornemanni open e 13 « 18.5 =
Carduelis flammea Open < 12 & 13.5 e
Carduelis flavirostris open » 11.5 » 15.3 »
Carduelis cannabina Open » 13.5 » 18.2 o
Rhodopechys sanguinea Open » 14 o 5.7 b
Rhodopechys githaginea Open o 13.5 » 19.2 »
Rhodopechys obsoleta Open » 13.5 » 24.7 o
Carpodacus erythrinus open » 11.5 » 22.9 &
Carpodacus purpureus Open < 14 < 25.42
Carpodacus mexicanus Open < 14.5 ¢ 21 <
Carpodacus synoicus Cavity » 15 » 20.9 »
Carpodacus rubicilla Cavity o 17 » 45.5 »
Pinicola enucleator Open o 14 » 3.5 »
Loxia pytyopsittacus Open » 22 » 53.2
Loxia scotica Open » 21 » 42.2 o
Loxia curvirostra open » 22.5 » 39.6 »
Loxia leucoptera open » 23 » 32 »
Pyrrhula pyrrhula open » 15 » 27.4
Coccothraustes coccothraustes open » 12.5 » 55.3 w
Hesrperiphona verpertina open < 13.5 « 57.75 <
Emberizidae
Emberizinae
Emberiza citrinella open » 12 » 29.1 »
Emberiza leucocephalos open » 9.5 b 27.8 »
Emberiza cirlus open » 12 » 25.3 o
Emberiza cia . Open » 11.5 » 23 »
Emberiza hortulana open » 12.5 » 22.6 b
Emberiza caesia Open » 12.5 b 21.5 »
Emberiza striolata Cavity » 18 » 15.3 o
Emberiza pusilla Open » 7 » 14.5 b
Emberiza rustica Open » 9 » 19.2 »
Emberiza aureola open » 12 » 21.3 o
- Emberiza rutila Open » 12.5 o 25.1 b
Emberiza melanocephala Open » 14.5 b 2B o
Emberiza pallasi Open o 10 o 14 -
Emberiza schoeniclus open o 11 » 19.9 »
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Milaria calandra open e 11 » 46 o
Calcarius lapponicus Open < 9 = 27 <
Calcarius ornatus Open < 10 = 20
Plectrophenax nivalis Cavity « 13.5 « 33 <
Calamospiza melanocorys open e 8.5a 37 =
Passerella iliaca Open < 10a 35.46 <
Melospiza melodia Open < 10 < 20.4 <
Melospiza lincolnii Open < 9.5 ¢ 17.5 <
Melospiza georgiana open < 12.5 < 16.3 ¢
Zonotrchia leucophrys open < 10 < 29.14 <
Zonotrichia atricapilla open < 9 4 31.8 45
Junco hyemalis Open < 11a 17.1
Junco phaeonotus open < 9 < 27 <
Passerculus sandwichensis open « 14 - 17.35
Ammodramus maritimus Open < 9.5 «¢ 20.5 e
Ammodramus caudacutus Open < 10 = 16.5 <
Ammodramus bairdii open < 9 17.1
Ammodramus savannarum Open < 9 18
Spizella arborea Oopen < 9.5 =« 21.36 <
Spizella passerina Open < 10 < 13.43 <
Spizella pallida open < 8 o 11.45 «
Spizella brewerli Open .c 8.5a 11 <«
Spizella pusilla open o 7.5 «¢ 12.5 ¢
Pooecetes gramineus Open < 9.5 ¢ 24.75 <
Chondestes grammacus open < 9.5 «¢ 27.1 <
Amphispiza belli Open < 10a 19.3
Aimophila carpalis open < 8.5a 15.2 a
Pipilo erythrophthalmus : open o 11 < 39.43 =
Pipilo aberti - Open < 12.5a 46.8 m
Parulinae
Vermivora pinus open < 10.5 ¢ 9.65 o
Vermivora celata _ open < 9a 9.3 &
Vermivora ruficapilla Open < 11 = 7.7 e



Dendroica
Dendroica
Dendroica
Dendroica
Dendroica
Dendroica
Dendroica

petechia
pensylvanica
magnolia
caerulescens
coronata
virens

pinus

Dedroica kirtlandii

Dendroica
Dendroica
Dendroica
Dendroica

Mniotilta

Setophaga

discolor
palmarum
castanea
striata
varia

ruticilla

Protonotaria citrea

Helmitheros vermivorus

Limnothlypis swainsonii

Seiurus aurocapillus
Seiurus noveboracensis
Seiurus motacilla

Oporornis
Oporornis

formosus
philadelphia

Geothlypis trichas

Wilsonia citrina
Wilsonia pusilla

Myioborus

pictus

Icteria virens

Thraupinae

Piranga olivacea

Cardinalinae

Spiza americana

Pheuctitus ludovicianus

Cardinalis cardinalis

Guiraca caerulea

Appendix 2

Open <=
Open
Open
Open
open
Open
Open
Open
Open
Open
Open
Oopen

non

]

6 0 n

00 nn

Open <
open o
Cavity
open o
Open =

Open o
open e
Open [

Open <
Open o

Open <

Open <
Open o

open «
Open o

Open o

open =
Open <
Open <

Open =

10.5 «
11 =
9C
10 <
13 <

9

10 =
12.5 e
gc
12 =
11.5 e
11.5 <

10 e
B.5 <

11

10 <
12 =

8 o
10a
9.5 ¢

10
8

B o

8.5 e
10.5 <=

1lla
9 <

11.7 =

8 e
10.5 <
10.5 =

10.3 <
9.75 <
8.95 <
11.87 <
l14.4 -
9 <
14.1 o
15.6 o
B.23 o
10.65 e
13.4 =
14.28 o

11.33 <
8.4 <
16.1 =
12.7 =
13.7 =

20.55 <
18.85 <
22.4 o

14 =
12.13 <

10.45 <

9.6 <
14.4 o

9.8 n
26.4 o

30.1 o

27.25 o
46.5 o
43.85 &

28.4 o
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Passerina cyanea Open « 9 = 15.38 =
Passerina ciris Open < 13 = 14.75 <
Icterinae
Icterus galbula Open < 13 = 36.1 <
Icterus spurius open < 12.5 ¢ 20.9 <
Xanthocephalus xanthocephalus Open < 10.5 « 76.63 o
Agelaius phoeniceus open < 10 < 51.75 <
Sturnella neglecta Open « 12a 87.5 <
Quiscalus quiscula open 17 = 116.7 <
Molothrus ater open < 10.5= 42.8 <
Dolichonyx oryzivorus Open < 12 ¢ 33.7 =

referoance from Ehrlich et al 1988
refereoncdes from Cramp 1988, i992, A99D, i1A994n8, A99aby.
referaoncs from Terres 1987

reforoncsa Lfyomn Davim ot al 1963
referances from Bataman and Baldaoa 1973
refearonce from Butler at al 1984
refearance from Herlugmon 1983

refeayrance from Ricklefa 1975

refoarancs from Stonexsr 1945

referancae rfrom Knapton et al 1984
Folfarence from Potearson <t ol 1986
reference from Aumtin and Ricklerfas 1977
referance from Finch 198a

refarence from Maoarochall and Baldas 1974

reference £ixomniegaand Cruz 1992
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