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DETERMINATE AND INDETERMINATE EGG-LAYING PATTERNS:

A REVIEW!

E. DALE KENNEDY?
Department of Biological Sciences, Rutgers University, Piscataway, New Jersey 08855-1059

Abstract.  Patterns of egg laying were recorded for 104 bird species by surveying the
literature for experiments that involved removal or addition of conspecific eggs during laying.
Although results were presented for all 104 species, data were considered sufficient to reliably
determine laying type for only 46 species. Of the 46 species, 24 were determinate layers;
they did not lay extra eggs in response to egg removal or did not curtail laying in response
to egg addition. Twenty-two species were indeterminate layers. Three types of indeterminate
laying were revealed: removal indeterminacy, in which birds responded to egg removal by
laying extra eggs; addition indeterminacy, in which birds responded to egg addition by laying
fewer than normal host eggs; and removal-and-addition indeterminacy, in which birds
responded to egg removal by laying more eggs than normal and to egg addition by laying
fewer eggs than normal. The frequency of indeterminacy increased with clutch size: none
of the three species with single-egg clutches were indeterminate, 15 of the 32 species (47%)
with average clutches of 2-8 eggs were indeterminate, and 7 of 11 species (64%) with average
clutches of more than eight eggs were indeterminate. No differences were found in the
frequency of laying types between birds with precocial and altricial young. The timing of
egg removal and addition affected the experimental results; manipulations should be done
early in laying in order to effectively evaluate laying pattern. Finally, I suggest a protocol
for further experiments designed to examine laying type.

Key words: Indeterminate laying; determinate laying; brood parasitism; egg removal;

clutch size.

INTRODUCTION

In some birds, the number of eggs laid is influ-
enced by factors at the time of laying. Birds that
respond to either removal or addition of eggs
during the laying period by laying extra eggs or
curtailing laying, respectively, are known are “in-
determinate layers™; birds in which the number
of eggs laid in a clutch is determined at the onset
of laying and cannot be changed by removal or
addition of eggs are known as “determinate lay-
ers” (Cole 1917, 1930; Davis 1955).

Although a variety of species have been ex-
amined with regard to their response to egg re-
moval, and a lesser number with egg addition,
there is no consensus on the incidence of inde-
terminacy in birds. Lack (1947:315) suggested
that, except for pigeons, doves, Herring Gulls
(Larus argentatus) and other charadriiformes,
most birds are indeterminate layers. Skutch
(1976:140), however, claimed that few birds were
indeterminate layers; he considered Northern
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Flickers (Colaptes auratus), Wrynecks (Jynx tor-
quilla), House Sparrows (Passer domesticus),
Gentoo Penguins (Pygoscelis papua), Adelie Pen-
guins (P. adeliae), Black-headed Gulls (Larus ri-
dibundus), and House Wrens (Troglodytes ae-
don) to be possibly indeterminate, and most other
birds to be determinate layers. Klomp (1970)
noted that many studies of laying patterns have
been incomplete or inadequate, thus preventing
general conclusions; however, he suggested that
all species that lay a single egg are determinate
(Klomp 1970:3).

Clutch size has long been of interest to biol-
ogists. Laying patterns are a product of the mech-
anisms that control follicle growth and ovula-
tion. Although some species, such as Brant
(Branta bernicla) and Snow Geese (Chen caeru-
lescens), are apparently determinate due to a lim-
ited number of developing follicles (Barry 1960,
1962), many species produce more developing
follicles than eggs (Klomp 1970). The latter spe-
cies have the potential to be indeterminate lay-
ers, although not all exhibit indeterminacy. Clutch
size 1s therefore determined by the cessation of
laying rather than the inability to produce more
eggs (Lack 1947:316).

Indeterminacy has been defined by the re-
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sponse to removal or addition of eggs during
laying, specifically to removal or addition by hu-
mans. However, until recently, indeterminacy has
not been related to naturally occurring egg re-
moval and addition (Kennedy and Power 1990).
Indeterminacy may be an adaptation to maintain
a clutch size that maximizes fitness in popula-
tions which display brood parasitism (con- or
interspecific) or nest competition with conspe-
cific egg predation or removal. Because egg re-
moval and addition may occur independently,
Kennedy and Power (1990) suggested that birds
need not respond indeterminately to both re-
moval and addition to be categorized as inde-
terminate layers (see Holcomb 1971). Rather,
birds may be determinate, “removal indeter-
minate” only, “addition indeterminate” only, or
both ‘“‘removal-and-addition indeterminate™
(Kennedy and Power 1990).

Kendra et al. (1988) suggested that indeter-
minacy may be a prerequisite for conspecific
brood parasitism rather than a response to brood
parasitism or egg removal. However, some de-
terminate layers, such as European Starlings
(Sturnus vulgaris), exhibit high rates of conspe-
cific brood parasitism (Power et al. 1989), which
suggests that indeterminacy is not a prerequisite
for brood parasitism. (It is unknown whether the
ancestors of birds were determinate or indeter-
minate; crocodilians, the group of extant reptiles
most closely related to but not ancestral to birds,
generally store eggs and lay in batches of 12-55
eggs at a time [Ferguson 1985])).

Here 1 review the literature on egg removal
and addition during laying to determine the ex-
tent of the types of indeterminacy and the rela-
tionships of ecological and taxonomic factors to
laying patterns. I also suggest a rigorous protocol
for the study of laying patterns in birds.

MATERIALS AND METHODS

I reviewed the literature for studies in which egg
removal and conspecific egg addition during the
laying period were performed or reported. When-
ever possible, primary sources were used. How-
ever, some sources contained anecdotal infor-
mation that had been told to the author and could
not be verified (e.g., Grabham 1897, Goodwin
1948). Other sources stated that eggs were re-
moved or added and that no birds extended their
laying but did not give the actual method of re-
moval or addition (e.g., Dilger 1960, van Balen
1984). A few sources could not be obtained and
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information was included based on reports else-
where (e.g., Kreymborg [cited in Laven 1940a],
Yonge [cited in Nelson 1983]; see Appendix).

The following information for each study is
listed in the Appendix: species, treatment (meth-
od of removal or addition), number of nests,
response to the treatment (determinate or inde-
terminate), mean or maximum number of eggs
laid (whichever is used by the author), “normal”
clutch size (or range of clutch sizes), and known
incidences of conspecific brood parasitism. I de-
fined a response as “indeterminate” if, during
the laying period, individuals adjusted their clutch
sizes to either egg removal (by increasing egg
production) or egg addition (by decreasing egg
production). A species that did not change the
number of eggs laid in response to either treat-
ment was categorized as “determinate.” Indi-
viduals that, in response to removal, increased
egg production following an interruption of more
than one day in the laying cycle were categorized
as “determinate,” because interrupted bouts of
laying most likely represent a series of determi-
nate laying cycles (Davis 1955).

The normal clutch size (or range of clutch siz-
es) listed for each species was based on infor-
mation given in the primary source or, second-
arily, from values given in Harrison (1975, 1978).
Information on the existence of brood parasitism
in a species, including mention of two new eggs
in a nest in one day, was obtained from primary
sources or recent reviews (Yom-Tov 1980,
MacWhirter 1989, or Rohwer and Freeman
1989).

Assessment of laying patterns provided by
many studies must be considered as provisional
because of: 1) small sample size (46 species are
represented by a single nest or an unknown num-
ber of nests); 2) unreported method of removal
or addition (e.g., eggs may not have been re-
moved on a continuous basis, or eggs were re-
moved over an extended period of time and may
actually represent several discrete clutches rather
than extended laying; see Discussion); or 3) poor
timing of egg removal or addition (removal or
addition in a nearly completed clutch is likely to
result in a species being labeled determinate,
whether it is or not). In the Appendix, unrelia-
bility of laying status is indicated by a question
mark.

Most studies that involved more than one nest
reported variation in responses among individ-
ual birds. I have listed all reported responses in



108 E. DALE KENNEDY

TABLE 1. A. Laying type of 104 species as a function
of clutch size. Species are listed as determinate, re-
moval indeterminate (if they responded to egg removal
by laying extra eggs), addition indeterminate (if they
responded to egg addition by laying fewer eggs), or
removal-and-addition indeterminate (if they respond-
ed to both treatments as above) on the basis of their
response to egg removal and/or addition. Most species
were subjected only to removal experiments; N rep-
resents the number of species, and % represents the
percentage of determinate species for each clutch-size
range. B. Laying type of the 46 species for which data
seem reliable (see text).

Laying type
Indeterminate type
Total _Determinate e
Clutch size N N % Removal Addition addition
A.
1 6 6 100 0 0 0
2-8 79 45 57 30 2 2
>8 19 S 26 10 2 2
B.
1 3 3 100 0 0 0
2-8 32 17 53 11 2 2
>8 11 4 36 3 2 2

the Appendix, and have labeled species as in-
determinate if at least 20% of the birds that did
not desert a treatment exhibited an indetermi-
nate response. This arbitrary value is large enough
to prevent a species from being labeled as in-
determinate on the basis of the laying of only
one of many birds. For example, Mew Gulls
(Larus canus) have often been labeled as inde-
terminate on the basis of von Torne’s (1940)
study in which only one of 33 gulls responded
to egg removal in an indeterminate way. Here 1
reported the results of that study as determinate.

I excluded studies in which naturally occurring
interspecific or conspecific brood parasitism may
have affected clutch size (e.g., see Weller 1959,
Middleton 1977, Meller 1987, and Brown and
Brown 1989). Natural experiments such as these
do not control for the possibilities that parasites
can assess which host females are likely to lay
small clutches (Brown 1984) or that “high-qual-
ity” host females may avoid parasitism (Rohwer
1984). Therefore, for examining addition inde-
terminacy I have limited this review to studies
in which conspecific eggs were added experi-
mentally.

I have likewise excluded studies in which all
egg removal occurred after clutch completion

(e.g., Fredrickson 1969); such studies examine a
bird’s ability to lay a replacement clutch rather
than indeterminacy.

RESULTS

Information on laying patterns was found for 104
species, representing 34 families and 17 orders
(Appendix). Overall, 56 species (54%) were de-
terminate (Table 1A). All six species with single-
egg clutches were determinate layers. More than
half of the species that normally laid clutches of
2-8 eggs were determinate (45 of 79, 57%), while
only one-quarter of those that laid clutches of
more than eight eggs (mostly ducks and galli-
formes) were determinate (five of 19, 26%). Eight
species were categorized as addition indetermi-
nate or removal-and-addition indeterminate.
However, only 38 species were subjected to egg
addition; thus, 21% of species to which eggs were
added exhibited addition indeterminacy. Of the
46 species with reliable data, 24 were determi-
nate (52%), including four of 11 species with
clutches of more than eight eggs (36%) (Table
1B). Eight of the 26 species (31%) with reliable
information on egg addition exhibited addition
indeterminacy.

Conspecific brood parasitism has been docu-
mented in 22 of the 46 species with reliable data
but experimental egg addition occurred in only
14 of these 22 species. Only five of the 14 species
(36%) were addition indeterminate. Among the
26 species in which egg addition occurred (see
above), addition indeterminacy was not more
common in species with brood parasitism than
in those in which parasitism has not been found
or reported (five of 14 vs. three of 12; G = 0.351,
df =1, P > 0.50).

RELATIONSHIP OF TAXONOMY TO
INDETERMINACY

No overall relationship between indeterminacy
and taxonomic group was found. In some fam-
ilies, all species listed were either determinate
(Muscicapidae), removal indeterminate (e.g.,
Podicipedidae, Accipitridae, Falconidae, Phasi-
anidae, Charadriidae, Picidae), or removal-
and-addition indeterminate (Paridae); however,
relatively few members of each family were rep-
resented. Most families were represented by ei-
ther a mixture of laying patterns (e.g., Anatidae,
Rallidae, Laridae, Emberizidae) or by only a sin-
gle species.



PRECOCIAL VERSUS ALTRICIAL SPECIES

The factors that determine clutch size may differ
between precocial (as defined by Winkler and
Walters [1983]) and altricial species (Lack 1947).
However, the frequency of indeterminacy did not
differ between precocial and altricial species, ei-
ther for all species (25 of 44 precocial vs. 23 of
60 altricial, G = 3.502, df = 1, P > 0.05) or for
the 46 species with reliable data (14 of 23 pre-
cocial vs. 8 of 23 altricial, G = 3.173,df = 1, P
> 0.05) (Table 2).

Precocial species. Overall, 19 of the 44 pre-
cocial species (43%) were determinate layers (Ta-
ble 2A). Of the 23 precocial species with reliable
data, nine were determinate (39%, Table 2B).
Only the 23 species with reliable data were in-
cluded in the analysis below.

Egg removal occurred at nests of 21 of the 23
species. The response of these species depended
on the time of removal: if the first egg was re-
moved shortly after it was laid, 8 of 11 species
responded in an indeterminate way by laying at
least one extra egg. However, if the first egg re-
mained in the nest and subsequent eggs were
removed, only six of 15 species responded inde-
terminately. Six species, Gentoo Penguins, Mal-
lards (4nas platyrhynchos), Northern Lapwings
(Vanellus vanellus), Common Black-headed
Gulls, Herring Gulls, and Lesser Black-backed
Gulls (Larus fuscus), were subjected to both re-
moval treatments: five of the six responded in-
determinately if removal began with the first egg
but determinately if removal began with the sec-
ond (or later) egg. Only Mallards also responded
indeterminately if removal began with the sec-
ond or third egg. (Lesser Black-backed Gulls gave
different responses in the same study.) Unlike
the other five species, Mallards have large vari-
able clutches.

Reliable information for egg addition was
available for only seven precocial species. If eggs
were added to empty nests of Herring Gulls or
Common Black-headed Gulls before host laying,
many birds responded indeterminately by laying
a smaller-than-normal clutch. In Herring Gulls,
this result was obtained in three geographically
distinct studies (Appendix). However, if eggs were
added to nests following the laying of the first
egg, Herring Gulls responded determinately (i.e.,
laid three host eggs) (Appendix).

The other species in which experimental ad-
dition during laying occurred were Pied-billed
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TABLE 2. A. Laying type of 104 species as a func-
tion of development. Species are separated into two
categories, precocial and altricial, on the basis of the
development of their young (see Winkler and Walters
1983), and are listed as determinate, removal indeter-
minate, addition indeterminate, or removal-and-ad-
dition indeterminate (see Table 1 for conventions). B.
Laying type of the 46 species for which data seem
reliable.

Laying type
Indeterminate type
Remov-
Development Deter- al-and-
of young N  minate Removal Addition addition
A.
Precocial 44 19 21 2 2
Altricial 60 37 20 2 2
B.
Precocial 23 9 10 2 2
Altricial 23 15 4 2 2

Grebes (Podilymbus podiceps), Wood Ducks (4ix
sponsa), Common Goldeneyes (Bucephala clan-
gula), Blue-winged Teal (Anas discors), and
Northern Lapwings. The ducks and grebes, in
contrast to the gulls and lapwings, have relatively
large, variable clutch sizes. In Wood Ducks and
Common Goldeneyes, but not in Blue-winged
Teal, early egg addition (addition of one or sev-
eral eggs to nests with only 1-4 host eggs) resulted
in a reduced host clutch size (Appendix). In Gol-
deneyes, the reduction in host clutch was equal
to the number of eggs added (either one or four),
indicating a one-to-one response to added eggs.
However, if eggs were added to Goldeneye nests
that contained five or more host eggs, host clutch
size was not affected, and laying was determinate
(Appendix).

Altricial species. Overall, 37 of the 60 altricial
species (62%) were determinate (Table 2A). Of
the 23 altricial species with reliable data, 15 were
determinate (65%, Table 2B). Only these 23 spe-
cies were included in the analysis below.

Removal of the first eggs (and usually subse-
quent eggs) resulted in indeterminate laying in
five of 13 species. When the first egg remained
in the nest and some or all subsequent eggs were
removed, most species (14 of 19) responded in
a determinate manner.

Addition experiments generally resulted in de-
terminate laying. Eggs added to an empty nest
prior to laying were reported for only nine spe-
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cies. Rock Doves (Columba livia) were catego-
rized as indeterminate because five of 10 birds
in this experiment responded by laying no eggs
of their own and incubating the artificial eggs (the
other five birds in this experiment laid the nor-
mal clutch of two eggs). Seven species, Eurasian
Kestrels (Falco tinnunculus), Eurasian Skylarks
(Alauda arvensis), Pied Flycatchers (Ficedula hy-
poleuca), Yellow Warblers (Dendroica petechia),
Prairie Warblers (D. discolor), Red-winged
Blackbirds (A gelaius phoeniceus), and Tricolored
Blackbirds (4. tricolor), were determinate; and
European Starlings removed the added eggs be-
fore laying determinately. Eggs were added to
nests of 17 species during the early part of the
laying period (days 1-3) but were responded to
indeterminately by only three species: House
Sparrows, Great Tits (Parus major) and Blue Tits
(P. caeruleus). All species, including House Spar-
rows, to which eggs were added late exhibited
determinate laying.

DISCUSSION

RELATIONSHIPS OF CLUTCH SIZE AND
HORMONAL EFFECTS TO INDETERMINACY

Clutch size. Generally, laying pattern appeared
to be related to clutch size. Birds with clutches
of one egg were determinate, supporting Klomp
(1970), while birds with large clutches (more than
eight eggs) were mostly removal indeterminate
(most of the birds with large clutches were ducks
or galliformes).

Determinacy may result from either the pro-
duction of a few ovarian follicles, as seems to
occur in Brant and Snow Geese (Barry 1962), or
the maturation of a larger number of follicles
than are ovulated, as occurs in several species of
African parrots (Agapornis spp.; Dilger 1960).
Although species with a limited number of fol-
licles could produce fewer eggs than follicles due
to atrophy of follicles (atresis), such species could
not be removal indeterminate. Removal inde-
terminacy can only occur in species in which
relatively large numbers of follicles are produced.

Among indeterminate species, the termination
of laying may be due to different cues; e.g., gulls
probably respond to the tactile stimuli of eggs
against the brood patch (Winkler and Walters
1983) but galliformes may respond to the visual
stimuli of a collection of eggs (Steen and Parker
1981). Thus, species may respond to egg removal
or addition in a similar way but for different
reasons.

Hormonal effects. Hormonal cues may differ

among species. However, in some, if not most
species, the onset of incubation probably causes
developing follicles to atrophy (Eisner 1960, cit-
ed in Klomp 1970) and ovulation to cease (Mead
and Morton 1985). Before and during laying, fol-
licle development is influenced by follicle-stim-
ulating hormone (FSH), and ovulation probably
occurs when levels of both luteinizing hormone
(LH), released from the anterior pituitary, and
progesterone, released from the mature follicle,
peak (see Mead and Morton 1985). Levels of
FSH and LH are inhibited by the high levels of
prolactin that are released during incubation; the
decline in FSH results in atresia of follicles (Lehr-
man 1959), and the decline in LH prevents re-
lease of additional oocytes (Mead and Morton
1985).

The initial development of extra follicles may
enable a bird to replace eggs lost before the onset
ofincubation. Kendra et al. (1988) suggested that
a critical period exists in House Sparrows; egg
removal that occurred before the third egg was
laid could result in further laying, but egg re-
moval after the third egg had no effect. (However,
Anderson [1989] failed to corroborate this find-
ing.) If eggs are removed prior to incubation, this
may delay incubation and its accompanying re-
lease of a threshold level of prolactin. As a result,
follicle development and ovulation may contin-
ue, and additional eggs may be released. Like-
wise, if eggs added to a nest early (even before
host laying) are accepted and incubated by a bird,
early release of prolactin may curtail laying, par-
ticularly in birds that normally lay small clutches
and begin incubation before laying the second
egg, such as gulls and Rock Doves. Hector and
Goldsmith (1985) found that prolactin levels ac-
tually rise before ovulation in Diomedea alba-
trosses, which lay one-egg clutches. A similar
prelaying rise in prolactin in other species with
one-egg clutches would explain why all such birds
have been demonstrated to be determinate.

RELATIONSHIPS OF BROOD PARASITISM
AND EGG REMOVAL TO INDETERMINACY

No relationship between addition indeterminacy
and conspecific brood parasitism was detected.
Conspecific brood parasitism occurred with ap-
proximately equal frequency in indeterminate and
determinate layers. However, in many cases,
brood parasitism has been reported in popula-
tions other than those in which egg removal or
addition has been carried out. Thus, for these
factors to be examined properly, laying experi-



ments should be carried out in the same popu-
lations in which brood parasitism occurs.

Addition indeterminacy may represent one of
several ways for a species to deal with extra eggs
laid by brood parasites; removal of parasitic eggs,
nest desertion, and “leaving space” for parasitic
eggs represent alternative responses to natural
egg addition (Power et al. 1989). Eggs added to
complete but empty nests before host laying were
removed from the nest by European Starlings
(Stouffer et al. 1987) and Barn Swallows (Mgller
1987) but not by Pied Flycatchers (von Haart-
man 1967), Yellow Warblers (Sealy et al. 1989),
Prairie Warblers (Nolan 1978), and Tricolored
Blackbirds (Emlen 1941).

Many studies reported that some birds de-
serted experimental nests. In some studies, birds
were individually marked and known to renest
in either the same or other nests. Desertion is a
more common response than indicated in the
Appendix; in many studies, only successful nests
were reported.

Most cases of indeterminacy in the species re-
ported here are based only on a bird’s response
to egg removal. However, naturally occurring egg
removal has not been reported for many species,
and thus the relationship of indeterminacy to
natural removal was not examined.

Some species are subject to both brood para-
sitism and egg removal (e.g., European Starlings
[Lombardo et al. 1989]). Such species may be
able to adjust their clutch sizes in response to
both conditions. Both removal and addition ex-
periments were conducted on only 23 species: 12
species were determinate layers, four species were
removal-and-addition indeterminate, five spe-
cies were removal indeterminate, and two spe-
cies were addition indeterminate. These results
support the suggestion that response to removal
and addition may be independent.

RELATIONSHIP OF TIMING OF REMOVAL
OR ADDITION TO INDETERMINACY

The likelihood of detecting indeterminacy was
related to the timing of egg removal or addition,
especially in precocial birds. In several species,
removal of the first egg or addition before laying
the first egg generally resulted in indeterminate
laying, but later manipulations resulted in de-
terminate laying. Budgerigars (Melopsittacus un-
dulatus), altricial birds which lay an egg every
two days and begin incubation with the first egg,
were indeterminate if the first egg was removed
shortly after it was laid but determinate if the
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first egg remained in the nest (Brockway 1968;
unlike many altricial species, clutches of Budg-
erigars hatch almost completely asynchronously
[Stamps et al. 1985]). In a few species, differences
in the time of removal of the first egg produced
different results. In Gentoo Penguins, which have
a normal clutch of two, early removal of the first
egg (prior to the onset of incubation) generally
resulted in the laying of two more eggs, but late
removal of the first egg (i.e., more than 24 hours
after it was laid but before the laying of the sec-
ond egg) resulted in nest desertion (Gwynn 1953).
Addition of eggs to a nest before host laying
resulted in a reduction in eggs laid or, in some
cases, no host laying by the incubating female in
Common Black-headed Gulls, Herring Gulls, and
Rock Doves. The results for the doves were sur-
prising because, based on egg removal experi-
ments and on the limitations of crop milk as a
food source for their young, doves and pigeons
are generally regarded as determinate layers.
Early addition (before half the clutch was laid)
resulted in reduced clutch sizes in Great Tits and
Blue Tits (Winkel 1970), House Sparrows (Ken-
dra et al. 1988), Common Goldeneyes (Anders-
son and Eriksson 1982), and Wood Ducks (Heus-
mann et al. 1980). Dump nesting may suppress
the number of host eggs laid in several otker
species of ducks (see Klomp 1970). Conspecific
brood parasites of at least one species (European
Starlings) are most likely to lay eggs in host nests
during the early part of the laying period (Roma-
gnano ¢t al. 1990); it seems likely that parasites
of other species may have similar timing. Some
species might thus respond to parasitic eggs by
adjusting their host clutch size so as to prevent
rearing an overcrowded brood that may be less
productive than a normal-sized brood.

PROTOCOL SUGGESTIONS

The major difficulty in comparing laying patterns
among species is the lack of standard methods
of egg removal and addition. Many studies report
results from a single nest or only from those nests
in which a particular response was found (e.g.,
Puhlmann 1914). In some studies, eggs may not
have been marked as laid. In other studies, laying
patterns included gaps of several days (e.g., Ken-
deigh etal. 1956, Kendra et al. 1988), which may
represent ovulation of replacement clutches rath-
er than indeterminate laying. And in still other
studies, the timing of removal or addition may
be too late to effectively show indeterminacy; we
cannot know, for example, whether the deter-
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minate response of the Common Chaffinch
(Fringilla coelebs) to Chappell’s (1948) addition
of eggs on days 4 and 5 was because this bird
was in fact a determinate layer or because the
eggs were added late in the laying period.

To allow reliable conclusions about laying pat-
terns, I propose that experimental investigations
of laying pattern include the following treat-
ments. Control: eggs may be moved around
among nests. Egg removal: i) remove at least two
eggs as laid beginning with the first egg, ii) re-
move at least two eggs as laid beginning with the
second egg, and 1iii) remove at least two eggs as
laid beginning with the middle egg (as deter-
mined by modal clutch size). Egg addition: i) add
one (or more eggs) to a complete but empty nest,
i1) add at least one (or more) egg to a nest for at
least two days, beginning on the day of the first
host egg, and iii) add at least one (or more) egg
for at least two days, beginning on the day of the
middle egg.

I suggest that at least two eggs be removed or
added so as to increase the likelihood of detecting
an indeterminate response, particularly in spe-
cies that lay clutches of variable size. To detect
any egg removal or brood parasitism, eggs must
be marked as laid in both treatment and control
nests. Eggs should be manipulated soon after lay-
ing to prevent (in the case of removal) or allow
(in the case of addition) the start of incubation.
In species that lay every other day, such as gulls
and budgerigars, incubation begins within 24
hours after the laying of the first egg, and late
removal of the first egg (more than 24 hours after
laying) can yield different results than early re-
moval.

The treatments suggested above examine lay-
ing responses to both early and late removal and
addition. Where sample sizes are limited, re-
moval and addition treatments 1) and ii) should
be used. If relatively large numbers of nests are
available, removal and addition of different
numbers of eggs according to the above patterns
may reveal different responses. These treatments
should be carried out in conjunction with an
awareness of the possibility of conspecific brood
parasitism and egg removal.

ACKNOWLEDGMENTS

I thank Douglas W. White, Harry W. Power and two
anonymous reviewers for helpful comments on this
manuscript. I thank the reference staff of the Library
of Science and Medicine at Rutgers University for help-

ing me locate many references, including several ob-
scure non-English reports.

LITERATURE CITED

ALDERSON, H. 1897. Wonderful egg-producing pow-
ers of the Wryneck. Zoologist, series 4, 1:512-513.

ArtuMm, B. 1868. Der Vogel und Sein Leben. Rie-
mann, Miinster, Germany. (Reprint edition 1978,
Armo Press, New York.)

AMERICAN ORNITHOLOGISTS' UNION. 1982. Thirty-
fourth supplement to the American Ornitholo-
gists’ Union check-list of North American birds.
Auk 99:1CC-16CC.

ANDERSON, T. R. 1989. Determinate vs. indetermi-
nate laying in the House Sparrow. Auk 106:730-
732,

ANDERSSON, M., AND M.O.G. ErikssoN. 1982. Nest
parasitism in Goldeneyes Bucephala clangula:
some evolutionary aspects. Am. Nat. 120:1-16.

ARMSTRONG, E. A. 1955. The Wren. Collins, London.

ArNoLD, T. W. 1990. Determinacy of clutch size in
Horned and Pied-billed Grebes. Wilson Bull. 102:
336-338.

Austin, E. H. 1908. Original laying capacity. Farm-
Poultry (Boston) 19:347.

BALTZ, M. E., AND C. F. THOMPSON. 1988. Successful
incubation of experimentally enlarged clutches by
House Wrens. Wilson Bull. 100:70-79.

BANkes, A. 1897. Egg-producing powers of the Com-
mon Redshank. Zoologist, series 4, 1:575.

BaArry, T. W. 1960. Breeding biology of the Atlantic
Brant (Branta bernicla hrota). M.S.thesis, Cornell
Univ., Ithaca, NY.

Barry, T. W. 1962. Effect of late seasons on Atlantic
Brant reproduction. J. Wildl. Manage. 26:119-26.

BeLLrosg, F. C. 1976. Ducks, geese and swans of
North America. Stackpole Books, Harrisburg, PA.

BernpT, R. 1943. Wie reagiert die Trauerfliegen-
schnéipper, Muscicapa h. hypoleuca (Pall.), auf die
Fortnahme seines Geleges wahrend der Legeperi-
od? Beitrage zur Fortpflanzungsbiologie der Vogel
mit Berucksichtigung der Oologie 19:77-78.

BEUKEBOOM, L., C. DUKSTRA, S. DAAN, AND T. MEDER.
1988. Seasonality of clutch size determination in
the Kestrel Falco tinnunculus: an experimental ap-
proach. Ornis Scand. 19:41-48.

BLocksTEIN, D. E. 1989. Crop milk and clutch size
in Mourning Doves. Wilson Bull. 101:11-25.
BracksiL, H. 1960. Determinate laying by the House

Sparrow. Condor 62:479.

BrockwAy, B. F. 1968. Budgerigars are not deter-
minate egg-layers. Wilson Bull. 80:106-107.
BrowN, C. R. 1984. Laying eggs in a neighbor’s nest:
benefit and cost of colonial nesting in swallows.

Science 224:518-519.

Brown, C. R., AND M. B. BRowN. 1989. Behavioural
dynamics of intraspecific brood parasitism in co-
lonial Cliff Swallows. Anim. Behav. 37:777-796.

Burns, F. L. 1900. Monograph of the Flicker. Wilson
Bull. 7:1-82.

CHaPPELL, B. 1948. The dissimilar egg and other
problems, Part III. Oologist’s Rec. 22:1-8.

CoLg, L. J. 1917. Determinate and indeterminate
laying cycles in birds. Anat. Rec. 11:504-505.



CoLg, L.J. 1930. Thelayingcycle in the House Wren.
Wilson Bull. 42:78.

CooPer, J. 1987. Biology of the Bank Cormorant,
part 5: clutch size, eggs and incubation. Ostrich
58:1-8.

Davis, D. E. 1942. Number of eggs laid by Herring
Gulls. Auk 59:549-554.

Davis, D. E. 1955. Determinate laying in Barn Swal-
lows and Black-billed Magpies. Condor 57:81-87.

Davis, D. E. 1958. Relation of “clutch-size” to num-
ber of ova ovulated by starlings. Auk 75:60-66.

DeLus, J. D. 1965. A population study of Skylarks,
Alauda arvensis. Ibis 107:466-492.

DiLger, W. D. 1960. The comparative ethology of
the African parrot genus Agapornis. Z. Tierpsy-
chol. 17:649-685.

DunuaMm, D., anp R. Crape. 1962. The effects of
exogenous gonadotropins and egg removal on
clutch size in the domesticated canary, Serinus
canarius. Auk 79:458—462.

Eisennur, E., AND W. Lutz. 1936. Beobachtungen
iiber die Fortpflanzungsbiologie des Feldsperlings.
Mitteilungen iiber die Vogelwelt 35:1-14.

EmLeN, J. T. 1941. An experimental analysis of the
breeding cycle of the Tricolored Red-Wing. Con-
dor 43:209-219.

Emien, J. T. 1942. Notes on a nesting colony of
Western Crows. Bird-Banding 13:143-153.

Fercuson, M.W.J. 1985. Reproductive biology and
embryology of the crocodilians, p. 329-491. In C.
Gans [ed.], Biology of the Reptilia, vol. 14A. John
Wiley and Sons, New York.

FLoERICKE, K. 1909. Jahrbuch der Vogelkunde 1908.
Kosmos-Jahrbiicher, Stuttgart, Germany.

FrREDRICKSON, L. H. 1969. An experimental study of
clutch size of the American Coot. Auk 86:541-
550.

FucGtLE, G. N., AND S. 1. RoTHSTEIN. 1977. Clutch size
determination, egg size, and eggshell thickness in
the Pie-billed (sic) Grebe. Auk 94:371-373.

GoobpwiN, D. 1948. Incubation habits of the Golden
Pheasant. Ibis 90:280-284.

GraBHAM, O. 1897. Egg-producing powers of the
Dipper. Zoologist, series 4, 1:575.

GwynN, A. M. 1953. The egg-laying and incubation
periods of Rockhopper, Macaroni and Gentoo
Penguins. Australian National Antarctic Research
Expeditions, series B 1:1-29.

HaArris, M. P. 1967. The biology of Oystercatchers
Haemotopus ostralegus on Stockholm Island, S.
Wales. Ibis 109:180-193.

Harris, M. P. 1970. Breeding ecology of the Swal-
low-tailed Gull, Creagrus furcatus. Auk 87:215-
243,

Harrison, C. 1975. A field guide to the nests, eggs
and nestlings of British and European birds. De-
meter, Boston.

Harrison, C. 1978. A field guide to the nests, eggs
and nestlings of North American birds. Collins,
Cleveland.

Hector, J.A.L., AND A. R. GorpsmitH. 1985. The
role of prolactin during incubation: comparative
studies of three Diomedea albatrosses. Gen. Comp.
Endocrinol. 60:236-243.

HeusmaNN, H. W, R. BELLVILLE, AND R. G. BURRELL.

EGG-LAYING PATTERNS 113

1980. Further observations on dump nesting by
Wood Ducks. J. Wildl. Manage. 44:908-915.
HoLcoms, L. C. 1971. Nest building and egg laying
by Redwinged Blackbirds in response to artificial

manipulations. Auk 88:30-34.

Hori, J. 1964. The breeding biology of the Shelduck,
Tadorna tadorna. Ibis 106:333-360.

Host, P. 1942, Effect of light on the moults and se-
quences of plumage in the Willow Ptarmigan. Auk
59:388-403.

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

KeNDEIGH, S. C., T. C. KRAMER, AND F. HAMERSTROM.
1956. Variations in egg characteristics of the House
Wren. Auk 73:42-65.

KeNDRA, P. E., R. R. RoTH, AND D. W. TALLAMY.
1988. Conspecific brood parasitism in the House
Sparrow. Wilson Bull. 100:80-90.

KENNEDY, E. D., Anp H. W. Power. 1990. Experi-
ments on indeterminate laying in House Wrens
and European Starlings. Condor 92:861-865.

Kromp, H. 1951. Over de achteruitgang van de Kie-
vit, Vanellus vanellus (L.) in Nederland en gege-
vens over het legmechanisme en het eiproductie-
vermogen. Ardea 39:143-182.

Kromp, H. 1970. The determination of clutch-size
in birds: a review. Ardea 58:1-124.

Lack, D. 1947. The significance of clutch-size. Ibis
89:302-314.

LAven, H. 1940a. Ueber Nachlegen und Weiterlegen.
Ornithol. Monatsber. 48:131-136.

LAven, H. 1940b. Beitrage zur Biologie des Sandre-
genpfeifers (Charadrius hiaticula L.). J. Ornithol.
88:184-286.

LesrMAN, D. 1959. Hormonal responses to external
stimuli in birds. Ibis 101:478-496.

Loman, J. 1982. A model of clutch size determina-
tion in birds. Oecologia 52:253-257.

LomBARDO, M. P., H. W. Power, P. C. STOUFFER, L.
C. ROMAGNANO, AND A. S. HoFrFenBERG. 1989.
Egg removal and intraspecific brood parasitism in
the European Starling (Sturnus vulgaris). Behav.
Ecol. Sociobiol. 24:217-223.

MACWHIRTER, R. B. 1989. On the rarity of intraspe-
cific brood parasitism. Condor 91:485-492.
McALLsTER, N. M. 1958. Courtship, hostile behav-
ior, nest-establishment and egg-laying in the Eared

Grebe (Podiceps caspicus). Auk 75:290-311.

MEAD, P. S., AND M. L. MorTON. 1985. Hatching
asynchrony in the Mountain White-crowned Spar-
row (Zonotrichia leucophrys oriantha): a selected
or incidental trait? Auk 102:781-792.

MmDLETON, A.L.A. 1977. Effect of cowbird parasit-
ism on American Goldfinch nesting. Auk 94:304—
307.

MIiLLER, R. F. 1910. Notes on the Florida gallinule
(Gallinula galeata) in Philadelphia County, PA.
Auk 27:181-184.

MoLLER, A. P. 1987. Intraspecific nest parasitism and
anti-parasite behaviour in swallows, Hirundo rus-
tica. Anim. Behav. 35:247-254.

NasH, F. P. 1942, Attempt to increase number of
eggs in clutch of bluebird. Bird-Banding 13:121.

NeLson, D. H. 1983. A Common Loon nest from



114 E. DALE KENNEDY

New Hampshire containing four eggs. Wilson Bull.
95:672-673.

NELsoN, J. B. 1964, Factors influencing clutch-size
and chick growth in the North Atlantic Gannet
Sula bassana. Ibis 106:63-77.

NoraN, V., Jr. 1978. The ecology and behavior of
the Prairie Warbler Dendroica discolor. Ornithol.
Monogr. No. 26. American Ornithologists’ Union,
Washington, DC.

PaLupaN, K. 1952, Contributions to the breeding
biology of Larus argentatus and Larus fuscus. Vi-
densk. Medd. Dan. Naturhist. Foren. 114:1-128.

PARsoNs, J. 1976. Factors determining the number
and size of eggs laid by the Herring Gull. Condor
78:481-492.

PuiLLies, C. L. 1884. Golden-winged Woodpecker.
Young Oologist 1:26.

PuiLuips, C. L. 1887. Egg-laying extraordinary in Co-
laptes auratus. Auk 4:346.

PorTer, R. D. 1975. Experimental alterations of
clutch-size of captive American Kestrels Falco
sparverius. Ibis 117:510-515.

PORTER, R. D., AND S. N. WIEMEYER. 1972. Repro-
ductive patterns in captive American Kestrels
(Sparrow Hawks). Condor 74:46-53.

PouLsen, H. 1953. A study of incubation responses
and some other behaviour patterns in birds. Vi-
densk. Medd. Dan. Naturhist. Foren. 115:1-131.

Powrer, H. P., E. D. KENNEDY, L. C. RoMAGNANO, M.
P. LoMBARDO, A. S. HOFFENBERG, P. C. STOUFFER,
AND T. R. McGuUIRE. 1989. The parasitism in-
surance hypothesis: why starlings leave space for
parasitic eggs. Condor 91:753-765.

PunLmANN, E. 1914, Das Sich-tot-leben-lassen von
Vogeln. Ornithol. Monatsschr. 39:512-515.
Ricg, D. W, anD K. W. Kenvon. 1962. Breeding
cycles and behavior of Laysan and Black-footed

Albatrosses. Auk 79:517-567.

RINKEL, G. L. 1940. Waarnemingen over het gedrag
van de Kievit (Vanellus vanellus [L.]) gedurende
de broedtijd. Ardea 29:108-147.

Riviere, B. 1897. Egg-producing powers of birds. Zo-
ologist, series 4 1:575~-576.

RoOHWER, F. C. 1984, Patterns of egg laying in prairie
ducks. Auk 101:603-605.

RoHWER, F. C., AND S. FREEMAN. 1989. The distri-
bution of conspecific nest parasitism in birds. Can.
J. Zool. 67:239-253.

RomacNaNo, L. C., A. S. HOFFENBERG, AND H. W.
Power. 1990. Intraspecific brood parasitism in
the European Starling. Wilson Bull. 102:279-291.

SaLoMonseN, F. 1939, Oological studies in gulls. 1.
Egg-producing power of Larus argentatus Pont.
Dan. Ornithol. Foren. Tidsskr. 33:113-133.

SEALy, S. G., K. A. Hosson, AND J. V. Briskie. 1989.
Responses of Yellow Warblers to experimental in-
traspecific brood parasitism. J. Field Ornithol. 60:
224-229.

SkutcH, A. F. 1976. Parent birds and their young.
Univ. Texas Press, Austin, TX.

Sooter, G. 1941. Ecology and management of the
American Coot Fulica americana americana
Gmelin. Ph.D.diss., Iowa State Univ., Ames, IA.

' Stamps, J., A. CLARK, P. ARROWOOD, AND B. Kus.

1985. Parent-offspring conflict in Budgerigars.
Behaviour 94:1-40.

StEEN, J. B., AND H. PARKER. 1981. The egg numero-
stat—a new concept in the regulation of clutch size.
Ornis Scand. 12:109-110.

Stievg, H. 1919. Die Entwicklung des Eierstockseiers
der Dohle (Colaeus monedula). Archiv fir Mik-
roskopische Anatomie und Entwicklungsge-
schichte, Abteilung II, 92:137-288.

STOUFFER, P. C., E. D. KENNEDY, AND H. W. POWER.
1987. Recognition and removal of intraspecific
parasite eggs by starlings. Anim. Behav. 35:1583-
1584.

TArBURTON, M. K. 1986. Breeding of the White-
rumped Swiftlet in Fiji. Emu 86:214-227.

TAYLOR, R. H. 1962. The Adelie Penguin Pygoscelis
adeliae at Cape Royds. Ibis 104:176-204.

TscHANZ, B. 1959. Zur Brutbiologie der Trottelum-
me (Uria aalge aalge Pont.). Behaviour 14:1-100.

VAN BALEN, J. H. 1984. The relationship between
nest-box size, occupation and breeding parameters
of the Great Tit (Parus major) and some other
hole-nesting species. Ardea 72:163-175.

vAN RHDN, J., AND T. GrRoOTHUIs. 1985. Biparental
care and the basis for alternative bond-types among
gulls, with special reference to Black-headed Gulls.
Ardea 73:159-174.

VERNER, J. 1965. Breeding biology of the Long-billed
Marsh Wren. Condor 67:6-30.

voN HaArRTMAN, L. 1967. Clutch size in the Pied
Flycatcher. Proc. XIV Int. Ornithol. Congr.:155~
164.

voN TorNE, H. 1940. Wie reagiert die Sturmméowe
auf das Eierfortnehmen? Deutsche Vogelwelt 65:
38-46.

WAGNER, H. O. 1957. Variation in clutch size at
different latitudes. Auk 74:243-250.

Warca, K. 1925. Vielgelege eines Wendehalses.
Aquila 32:290; .

WEIDMANN, U. 1956. Observations and experiments
on egg-laying in the Black-headed Gull (Larus ri-
dibundus L.) Br. J. Anim. Behav. 4:150-161.

WELLER, M. W. 1959. Parasitic egg laying in the Red-
head (Aythya americana) and other North Amer-
ican Anatidae. Ecol. Monogr. 29:333-365.

WEsTERsKOV, K. 1956. Productivity of New Zealand
pheasant populations. N.Z. Dep. Intern. Aff. Wildl.
Publ. 40B:1-144.

WINKEL, W. 1970. Experimentelle Untersuchungen
zur Brutbiologie von Kohl- und Blaumeise (Parus
major und P. caeruleus). J. Ornithol. 111:154-
174.

WINKLER, D. W., aAND J. R. WALTERs. 1983. The
determination of clutch size in precocial birds, p.
33-68. In R. F. Johnston {ed.], Current ornithol-
ogy. Vol. 1. Plenum Press, New York.

WirscHr, E. 1935, Seasonal sex characters in birds
and their hormonal control. Wilson Bull. 47:177-
188.

Yom-Tov, Y. 1980. Intraspecific nest parasitism in
birds. Biol. Rev. 55:93-108.



115

EGG-LAYING PATTERNS

L pouad uoneqnour ur 98] PIACHSIP 9 0L a d ssoIeq[y uesie|
L pourad uoneqnout ut A[1es pasonssp 9 S6 « N I A S1IqUInULU] DIPIULOIT
ssoneqry paiooj-yoelq
L ¢ a ! I A sadusu vapawioid
9 901 =N b€ =¥ ac@U] ‘op@uUY €/1 © 1 g
9 [0X1U0d oL@u] ‘9c@U] YBUL ‘IEBUS v1/T () 1 i 9qa1D pareq
9 29U ACDUT VEDUL VEDUS Si/e Mow «l ?Mm Lan? & Sijjoo1481u sdodipod
14 e ‘¥ % € P U0 9 p3ppe I 9) «d v 3qa1H pauioy
y T =N 59 =¥ Tonuo ,ﬁ L 10 9—¢ 0 W s ©8=%) « T LS i sniunp sdonpod
v ‘¥ % € P® U0 37 pappe 4 (sL=% «a Ty
S ! ) a 4
S pouad p-g1 ur pref a¢| 1 (€D I ! 3qa1H) PAANIq-paid
4 1T =N ‘€¢'L = ¥ [o11u00 ‘L 10 9—¢ 9 WAl L Wrg=2%) I N L=S A sdaoipod snquidjipod
€ i Hei N z 9.8 UOO| UOWIIO)) U] DIADL)
wal 3 yloq Jt umnsusg 1oredey
4 Bunsoual ou ‘(AJuo SUOTIBAISSQO) JUIWLIAAXS OU - i R | 4 i snydojosdays sayddpny
umsusd Jaddoyooy
4 wal 2 yioq J1 3unsaual ou 9/9 o Y z A UL020SA4YyD saddpn
z Jurnsouas ou ‘pae[dwIod YoIN[o J3)je WAL d L/L a N
[4 uQl ire e pajeqnout |9 01/01 a “d
[4 z@ug 8/ (£) 1 R um3usg ooluan
[4 Pau3sap Uy 8/v (€) I | 4 & vndod $11225034d
umsud 3PPy
1 97@UE ‘pPILIAsIp Uy 61/C1 (©) I R 4 A av1japy $1205054d
<JOY} sjuSW o)) 189U JO osuodsay juownedll Yo wst so100dg
-ny IaquInN ewioN -lisered
pooig

‘wat) ur pre| s88 7 PeY [oes SISOU § = o7@UE 50 Juowiadxs = dxa (S)1SAU = U ‘PIAOWAI = WA (S)Aep = P
(s)330 = 5 :SPUAWIWIO)) "INO PILLIED SBM JUSWIEAI] JBY] YOTYM 1€ S1S9U JO Joquinu Jad paiinddo (I 10 ) Palst| asuodsal o4} YoIym 1B SIS9U JO Jaquinu Jy) sdjediput
(61/Z1 “83) uonoey € ‘pouLtopsod sem JUSWIIESI) USAIS B YOTYM 1B S1S3U JO JIqUINU §jSou J0 Jaquinn “Usou J1 pref §333 Jo IoquInu Uea JO WNUIXew juasardar
sosoqjuated ur s1aqun "(1x9} 395) 9[040 Jurke] 9Y1 UI 21e] UOHIPPE IO [BAOWAI JO ‘Burke| ul sde3 ‘UOTIIPPE 10 [BAOWIAI JO POYIOW 3y O} SB Kureyrsoun ‘9zis sjdures
[[RWIS 01 aNP J3YIIS ‘31BINOIE 3q JOU Kew PAIS]] (s)osuodsal oY1 18Y) Inq 7 Pue | S3|qe], JOF Pasn dsuodsdr oy} soYeoIpul () Yiew uorsanb y "uonIppe Jo [eA0Wsl 0)
asuodsal ur sapads yoes 10§ (( 10 J) 9d£1 Surkef Jo uswagpnl Ar $BOIPUI (,) YSLISISE UY "SIBUTLLIANOP = (] SJEUIULISIOPUL = | .2SUOdSIY 3UO Kep uo (pappe 33
2uo uey) slow) s339 Jo dnois e Jo uonppe = *'y ‘A[9A1100dsa1 ‘Om] 10 2u0 Aep uo $85 ue Jo UCHIPPE = 7y ‘'Y {(1sou Aidwis ue 0) 335 Ue JO UOHIPPE “2'1) urke]
1soy 01 10ud 935 ue Jo uonIppe = %y {(uonsdwod Yond 03 JoLd SIW AIOW IO SUO 18 PIAOWAI sT3d [eI0AdS) 5330 JO dnois © Jo [eaowdl = *y {(uono[duwod yonpo
Ioye swm S[3urs je paaowal s350 [[E) YOI [y © JO [BAOWIAL = Y ‘S0IY) pue om} $333 Jo [BAOWAI = ¥4y 450U o) uT 830 ouO FUIARS] ‘Om} 385 Yum Suruurdaq
5332 [[® JO [2AOWAI = "%y 9sou 3y} ur 30 ou Suraes| ‘ouo 585 yim Suruurdeq s395 [[e Jo [eAOWSI = "y A[uo 221y} 830 10 ‘A[uo 0m) 333 ‘ATuo Su0 385 “‘A1oanoadsal
‘JO [RAOWIAI = By Uy ‘Y :smo[joj se siduosqns £q PaIedIpuUl dxe (UMOUY JI) UOTIPPE IO [BAOWIAI JO (S)POYISN "UOIIIPPR = V [BAOWIAI = Y JUIUIDIL] (8161
‘c161) uoSLURY Aq USAIS aspwIdylo ‘uoneindod Apnys ayi 10j Joyine oYy AqQ UIAIS A[renusigford ‘saroads eyl Joy poaptodar sazis yangd Jo a8uex 10 2ZIs YN Y3
ST Yong pusioN “(1QE) SIY) JO PUS 33 1B PaIsT]) Joyine 1aioue 4q pariodar = (Jduosiodns 194jo Aue) X PUe (6861) UBWIIAL] PUB JIMYOY UL pauodar = ,N 10 . X
4(6861) ILIYMOBIA U pariodal = w X {(0861) AOL-WO X Ul payrodar = (X ‘Ioyine Jwes 5Y1 AQ pauiodal = <X “umowjun = ; ‘ou = N {(Aep auo ur s330 mou om] I0)
$ok = A ‘wsiispapd poodg (7861 UOTU() SISIBO[OYIIUIO ULSLISWY) JOPIO DTWOUOXE] Ul PIISY] ‘$910ads (| Ul SIUSWLIAAXS uonIppe pue [eAOwWI 339 XIANAJdIV



E. DALE KENNEDY

116

JIMEY PaIdP[NOYs-pay

81 ol 6 k| £ b smpaul) oamng
Jmey s adoo)
81 Al (€D k. 4 A 114adood 4andoy
NaeH pauuiys-dreyg
81 ¢l 02 0 I d S A SnpLs 121d10y
JOLLIRH WIOYLION
81 6l oD k| 4 A snauvdd snai)
Ll 11 =¥ (S p Iaye) aje] pappe of L an a v a4auop[oy wourwo)
L1 8 =X “(—1 P) A11ea pappe op 4! 8 Vo119 9.4 vnSup)o vppydamg
A (3 peaypay 01 asuodsaz ur yon yoegseaue)
ST Jonpal Aewr) vuporwp 'y Aq pazniseded jou u Z (6) A R { -1 X DLUISIDA DAYIAY
Sl 31 1-6 d8uel ‘0" = ¥ wal L4 (I aa i £ it <A empen viadays souy
I3[0A0YS UIDYLION
Sl < (8) «a | P1-¢ A pwadd}> souy
1! 9A0qE [0XU0D 3] [-6 8URI ‘7' = ¥ pappe 4! (1) «a Ty
9b = N ‘€18 d8uer {31 paduim-onig
SI ‘01 = ¥ [01U0D 12¢ [—¢ d8URI L' = X WaI I (€1 e ( S1-9 A $40051p svuy
(8T =N ‘I1-L 98ueD) 06 =X
el 1011U00 1] 1—/ 93uer ‘/'g = ¥ WAl :SPIIq Plim 01 an a e |
6 =N 901-9 3duer ‘g’ = ¥ [0ONU0D d¢]—/
S 38uel ‘6’11 = X WAl SPIIq }o0Is-p[im ‘3andes 6 (0T 4
91 spiq aandeo A (oo1n) I | 101 <A PIe[IRIN soyoudyidivid souy
[e9], PaSuUIM-U3ID)
SI I 6) «a e 91-¢ 6 DI22.40 SDUY
[al uowrwod Jursau dump Sl «I % 01-8 A ANy POOA vsuods X1y
€1 $In200 Jupsau dwnp A (€:39) i N S1-8 X NONp[RYS vUL0pY] PUIOPD ]
11 qoInpo yim sadI[joj ueLieao paredwod A «ad R 9~ A 1uely DPIUIEG DIUDLG
1 uonenIul ut AB[p J1 YysInyd I9jjews Ae| i a da 35000 MOU§
11 UANO Yiim $9[O1[[0f ueLreAo pareduwod L€ «a N 6—C WA SUIISIINIADD UIY)D)
JUBIOULIO)) Yueg
01 1A el B -1 i SNI2]32U XDI0I0IIDIDY ]
1ouuRD WIDYLION
6 I Aep uo 150[ 3 ‘QuswLadx? ou 4 «d N I A Snuvssvq ving
[91194-ULIOLS S, UOS[IA
8 wal 9 J1 3unsaudl ou i | BN 1 A SNIMUDIIO $INUDII()
=107} SJUSWIUIO)) §1$9U jO asuodsay Judouneall  yomp wst saroadg
-ny JoqunN fewrioN -jisered
pooig

‘ponunuo) XIANAddY



117

EGG-LAYING PATTERNS

1€ o¢-1 Pappe 1744 & a v
1€ 2¢—1 pappe 8/8 () «a 'y
1€ paLIasap skem[e Uy} ‘pre[ s1ow | AJuo v/ W) a =y
£3 ' u mou ut s330 101e] pue pug pre| 11/6 ()] I N
({° snonunuod g) U Aqiesu
1€ ur yoIngd A9[dWod PIe| ‘U PaLIasap sAemie pIiq LIy (9] I R
0t S/S & a e
0t u mou ut s339 Joje] pue pug plef vy ©) o Rt SummdeT urayuoN
6C I a e | 14 A snjjouva Snjjoun 4
9'§ = X [01U0D 100)) UBOLIOWY
8¢ ‘g1—p1 98ueI ‘g = X WAI ‘PANIasap ug 01/8 (81) &I = 18 6% A DUDILISUD DIIN
LT I o d 6—9 A 100)) uelseIny v voyn.d
UQYIOO UOWWOD)
9C (¢sayomp) g1 pue 6 ‘6 JO S198 UL 9 WAI I oI ~a - wA sndo4ojyo vjnuljnL
81 61 (74 I | Aq ¢I1-8 1A BIOS DUI[OIDI DUDZIO]
[rend pofeds
(%4 sAep m3J AIdAS 3 [RIDASS WA z (L1 ‘61) oI o p1-21 1A vivwonbs vjdadifp)
aymqog WISYLION
81 Al (Te) i A 91-¢C1 fA SHUDIUIZ41a SNULJOD)
ueSruLield MOItM
144 98°91 = X ‘spiiq oAndeo 11 Ly 4 e 6—8 wA sndo3v] sndosvT
JuesBaIYJ UIP[OD)
€T 110da1 [e10poaUR “QUdWLIAdXS oU A oy <) At i 71-S i snord snydojosday)
A[snonunuod pre[ a1om 1ueseayd payoou-Sury
rad 3 J1 UMOUY JOU ‘UOSEas Ul 9/ Pre| ‘spiiq daanded i 91 I i SI-L A SNoNYOJ0I SNUDISVYJ
| ¥4 7 Aep uo sy pue Sutke| oy Joud 2 pappe 1/1 ) a oy
1 €=N) ) o pappe (444 ) «a o'y
1T ‘o = ¥ oxuoo | 28, 9CTOUI 2¢TOUL v/v (€7) 1 “d
1T 9¢ ‘o¢T 981 97@U] v/t (97)  «I i | [211S97 uedUIWY
0¢ UOISSIIINS UL 307 Pre| ‘pIIq pajewrun I 00 1 R 9—p 1A snaa4vds 0o
61 39 ‘96U ‘o E@U] 9/9 (9 a Ty
61 ICDUE ‘Y@U O¢@UT ‘PIISIP UT L/S (6) «a oy
61 A1 1@U] 99@UT O5@U] v/1 an 1 d
61 301 98@U] 9DUE ‘ASBUT L/T (omn I i [o01s9Y] uelselnyg
61 POLIASIP UT 7T O11 901 06 09@UT 9/v @D e | 9 A snpnounuull 0w
<1071 SJUIWUIO)) $1S9U JO asuodsoy juduBAL] YOI WISt soroadg
-ny IoqUINN ewioN -lisered

pooig

ponunuo) “XIANAddV



E. DALE KENNEDY

118

6¢ T@UL] EPUE 'TT =X SI/T1 (€-7) I 4
8¢ o@UY AEDUS] ‘YT =X 61/61 (-0 a Ty
8¢ J[DUE ‘OT@UY EDUIT ‘9T =X 0¢/1¢ (-1 a y
8¢ PILIAsAP U D[PUG ‘OTBUL] VEBUL ‘6T =¥ 6T/1C (€-1) 41 "y
oy A () a Rhie
(414 3¢@U[ p@UQT ‘V¢DULY 011/1¢C (s) I |
(114 6L/LY @) 1 N
UOISSIVONS
oy ur op= i ug ‘Surker ul sded inqg o7 01 dn T01/LS (b= I N
6€ LiL (0 a ¢
6¢ S/S © a B |
6€ 1747 w=) 1 I
8¢ pre| ¢ [[e 1oyye wor © a =
8¢ g-goduer ‘LT =X §T/ST € a iR
8¢ J1@U[ ‘97@UE ‘F¢DUY el/e W) o R:! Mo Sutrey
LE 971 Pue Q] ‘LOU[ ¥p@UT OrDUL S1DUE SI/S @n o e | € sN SNIDIUISID SNADT
WAl §9 IO’ PILSSIP U7 ‘WAl 79 1dYye
9¢ PILIISIP U/ “WAI 9 JOYB PIIISIP UET ACDUT £E€/CE (1) «a ™ € A [IND MIN SnuUDI SnIvJ
3¢@UY 9T@UE] A[@UY (2 PIPPE pareqnoui)
13 90® ug[ ‘Buneqnout Jno/M PILIASIP UGT 09/L1 (€-7) 4l v
13 9g@UY ‘PIMIasp Up 11/ ) 1 4
€ T (¢ a R ¢
43 01/01 (& a “a
s¢ 1 W 1 ™
13 ap@U] ‘9@ u[ ‘PLIdSIP ug 9/¢ 9) I it
e «INJIQNOP,, Uz “paLIasap ug /s (s) I e [ PapedY-Foe[g uowuwoy)
S¢ 9Z@U] ‘Og@UT ‘PSP UT| £T/8 (2B | N € sA Snpungipid Snav’y
Jueyspay panods
ve (sayompd) 7@ ‘Sp@t :$19S Ul 9 Wl 1 (€A | ~a 14 A Snuv30] DSULLL
JIIYDIRIINSAQ
€€ U MU Ul YN paddwod ‘pariassp A el B | 7 A SN3a[D43S0 SNAdOJOMWAIVE
43 150U UL 7 01 37 pappe ¢ » iy
(4% A Mvw a m+Mvm
[43 1A 4 a A
(¢2 snonunuod ¢) J3A0[d Padury uowwo))
€ 1S9U MU Ur YIIN(d 219[dUI0d Pref ‘U PILIIsIp pIiq P (9] il B v A pnonplY SNLPDADY))
107} STUAUIWO)) $1S9U JO asuodsay JusWIIedI]  YoInpo wst saroadg
-ny RquInN JewoN -jsered
pooig

‘panunuo) “XIANAddV



119

EGG-LAYING PATTERNS

PIIQIAOT POASEW

Ly ¢ o d 8¢ i p1vuosiad siuiodvsy
PIIGOAOT pade}-yoesd
Ly 6 od k| 8t 4 $1]10212504 SWUI0ADSY
PIIQIAOT Pade)-py
Ly A «ad k! 8-¢ A vupjnd stuiodvdy
PIIQIA0T PISUIM-NOBIg
Ly 1 i A 8¢ A pIUDID] S1UL0dDSY
PIIQIA0T Papeay-Aein)
Ly A o d 8-t b puvd SIUL0dDSY
9 SpIIq 3anded 8/8 @ a e
Irewd) Jeduagpng
9% yoes wolj 307 Jaye paifey Apnis ‘spiiq aandes 8/8 (74 I 1 b | L~ i snapmpun snovisdopapy
(<7 pauopueqe 10 paA0IISIp ug d1@ui €7/61 (7)) A v A0 Furwmnop
194 0¢/0¢ @ »a “a [4 A DINOLODUL DPIDUIYZ
124 §/§ @ a 'V
144 aZDUS 3 [eIYIUE. PIpooIq 30DUS o1/¢ @ o v
144 1a1e] P Q1-8 Prefa jre S/S @ a |
144 01/01 (@ «a B [4 ‘A QA0(] 00 viAl DGUINIOTy
(%72 9 M3U pue 3 WaJ udamiaq ded p £1-61 0z (1) «a A 1 A JQLINJA UOWILIO)) 28]V DL}
81 A an ua aq €T A W[, uowWwo)) opuniry vu4als
[IND Pa[IeI-MOo[[emg
42 9 MOU pUE 9 WAl usamisq deg p g1 P (1) A 1 ¢ snwoinf sniSvai)
[no pagumm-snoone[H
1 Ppre[ 1oy A[LI0oYS Wi [9 1A ) R ~ € N SU20890MDI3 SNV
6€ 9 PawINIaI UdY) ‘7 ABp UO 97 WAl 1 ) 1 d
6€ £ Aep uo a7 ‘7 Aep U0 3] Wz 1234 © a R |
6¢ 159U MoU pre| spllq S/S © a ~
6€ £/€ W 1 “y
6¢ T Aep uo 9 BIIX2 Pappe €/€ (2] 1 a
6¢ (sanoy g I01ye) 39e] 9 WAI S/S (¢ a | D paydeq-yoe[g I19sse]
6€ (smoy T urm) AjIes 9 Wl /S ) o ! € ¢ snosnf sniv]
oy L8 &) a Ty
oy aTOUY DUy 149 €© a 'V
ov PaMIosap ug 44 @1=% I °y
6¢ € €© a 'Y
<JOY} SIUAWUWO)) §]SaU JO ssuodsoy juaunear],  Yamp wsl saroadg
-ny JaquInN ewIoN -lisered

pooig

‘panunuo) “XIANAddV



E. DALE KENNEDY

120

19 81 =N ‘v'y = ¥ Jonuod L1 9r=% .a oy
19 Ly =N ‘Tt = X [011u00 L1 (6€=%) .a Hae" | A MOID) PIPOOH XIUI0D SNALIO))
yoInjo [euLiou mepyoef
09 PIe[ S197J0 ‘WX 3 7 10 [ JAY.  PIMIIsIp Auetu,, W (€181) (I b | L—S A DINpaUoU snaio))
8¢ 98— aBuer ‘6'¢ = x 01/01 (8) «a v
8¢ 96— d8ueI ‘69 =X vi/vl 6 a i
8¢ 98- JBueI QL =X SI/S1 ® «a iR ¢ N a1d3eN pafIg-yorIg
6¢ 1S3U U0 PIIp feuIdy 1 a9 I d 8¢ wX vord vo1d
8¢ 3¢~ aBueI ‘9'p = ¥ ‘96~ pappe 01/01 () «a Py Moffems ureq
8¢ 99~ d8uer ‘[ p =X S1/61 9 «a it | 9 wA vousSnd opunaipy
LS Sutkef o1 Joud o7 pappe (774 «a Ty
LS (PILI3SIp spaq € 9/¢ Mel A FIB[AYS ueiseing
9¢ 1 (o1) I e ¢ 4 SiSuaaiv vpnojy
9¢ yonp 939]dwodur 01 37 pappe (444 ) "y
81 4 17 I Aq
39 {S9IPNIS 6 (;SaYIANND) $ISS UT WX 6 (8t-<1) I ™
sS {SATPNIS JUSIYIP § JO SINSAL 8 ©t-L1) 1 it JXDIL] UTIYION
S pegLurafy 1 (1) o e 6-S pA SMpinp 521dvjo)
JId0adpoopy udaIn
139 P T AI9A2 T wax ‘U ul 3¢ Y[ 1 wn a N LS 1A SIpria snord
(43 Aqrep u paxydayd I (€e) 1 i
1< 1 (8v) I k|
0S Butfe] ur sdes owos ‘sAep M9y L1942 3 S~ wax 1 (€p) 1 N
0S PIE[ SE WAl Udy} ‘usyolq | ‘auod 7 4 wol 1 z9) i i ol-L i NOSUKIM Djjnb0} xUAL
6y (¢sayomp) ¢ “p ‘9 ‘¢ —s108 Ut wWox Al 07) i o L9 6 Jaysysury| stysw opaopy
14 ¢ @ ¥ 10[IMg padium-a1y
8% ¢ @ w Nz 4 X snt5ddotpods vipo}jo)
81 Al 6 d £-T A MO palreq vLva X143S
PIIQ2A0T payasyod-yoerg
Ly P2 o A 8—€ ¢ SIUASLISIU SIUI0dDSY
PIIQ3AOT BSBAN
Ly & o k| 8-¢ I avuvyy stuiodvsy
PIIQIAOT S IOYOSLY
Ly I3 & A 8-¢ 6 Layosy smiodoy
1041 sjudWwWOo)) $)S3U JO ssuodsay jusuneal]  yonpo wsI saadg
-ny IqUInN [euoN -sered
pooig

‘ponunuo) XIANAJAV



121

EGG-LAYING PATTERNS

u pauopueqe

1L Uy} pue yanpd  pazis-feuirou,, pref yioq r ¢ad TNM UAIAM YSIB]N
81 1 0 1 d S N srgsnjpd sni0y10151)
96 4 ) y
oL ¢ (. Auew,) | b é UM JOjuIm
69 4 (9) «a bt 8-¢ $214po}304) $2)Apoj3o4 |
L9 98 = X [0JIUOD ‘SAYIN[D B[ ¥p'G =X 6/6 9 a ey
L9 9€°9 = ¥ [0XUOD ‘SIYIIN[O A[IBS 9¢°9 = X €2/€2 L)y «a iy
89 [ Aep uo 39 pappe 1 ) a y
L9 98'p = X [OIIUOD ‘SIYINMID B[ 36’y = X €1/€1 9 a B |
L9 3¢9 = X [OXIUOD ‘SAYINN(O AIed ‘[, =X $T/01 6 1 =g
L9 SaYIINPO A[eD 9g°g = X 9/T 61 1 d
L9 SOYAN A[IEd 9L =¥ 9/ 0 1 '
99 SOUIINIO 18 ‘96°C =X /0T W a !
99 SoYIIND AIEd 9L’ =X (4453 91 o '
s9 Pyp Ul az¢ = winwirxew Suiker ur sded T1/9 ® 1 it

(¢,S9Y2IN[d) S13S UIMIDq N UIA\ 9SNOH
¥9 sded p — Y 3¢ pue ‘G ‘L ‘€[ JO S198 pre| I €N 1 e 8-¢ wX uopap $2jApoj8o4 |
€9 (¢ s6=% 1 y
€9 39 pappe £ €6=% 1 H<
& or-nTi=vona LT ENTH Ty
€9 14 (€61 =X%) I it 1L onig
€9 \ v Se1 =% 4l -q 91-8 N SNIINIIDI SHAD
€9 (v 06=% 1 Ty
€9 39 pappe S @L=x) 1 M<
5 S R L D T b S
€9 9 (Lor=% I d
€9 L L T11=x) a4 719 N 111, 181D Jofvwt Snivd
79 3¢—p FBuel ‘¢'p =¥ 44 ) a ty
79 [ P UO 9f JO ¢ POPPE ‘§ =X T ) «a Ty
79 (wax rem3orn) 09@u| ‘09-¢ dBuer Ly =X ra7A8! 9 a N
79 99-¢ dfuel ‘gp =X v/ © a 4 MO0I)) UBOLIOUNY
79 §p = X J0oNUOd 39PU[ 99—¢ Buel ‘¢'p = X SI/b1 (9) «a q S i SoYoUdYidyov4q $N440D

10V} sjuswIwo)) s1sau JO asuodsay jusumeal],  yonp wst saradg
-ny JaquinN [euioN -nsered
poolg

"ponunuo) “XIANAddV



E. DALE KENNEDY

122

18 4 a A
18 8 a %
8 (PP1 =N) SP=X[ONUOD ‘T p =X v a v
18 S a R N J9IqIE A MO[[PX
18 |£4 «d 4 S X v1yo21ad vI10IPUIT
ﬂ:.:wnm Eo:ﬁoz
81 1 91 i h | 4 A DUDILOWD DD
L9 (IZ=N) L'y =X10nU0d [y =X 97/8T w a iy
08 SpIIq 150y AQ U WOJ WaI 219M 3 pappe 8¢/8¢ ¢y a vy
6L (01 =N) 3¢’y =¥ [0NU0d B¢ =¥ 01/8 (9) «a Hy
L9 (IZ=N) L't =X 101U0d ‘' =X £T/€T 9) a R |
L9 NY=% /s ) a i |
6L (01 =N) 3P =X [ONUOd ALy =X 91/91 (9) «a e Jureyg ueadorng
8L ded P ¢ yim o3¢ .wo $19s 7 pre[ i Amv a A Y4 iA w.~x§%~:> snumnis
ysniy I, Suog
96 7 P Uo o pappe I () My 9 3 sojawoqyd snpin |
LL PaLasap | [ ¥ a a4 N UIqOYy UedLWY
LL 1 €) R | 14 wk SNOASIUL SNpIn |
prgyde[g ueiseinyg
96 (v p 10 ¢ p) 91e[ poppe 4 s+ a Hy S é DN SNpIn L
paganyg uisyseyq
9L # P UO o7 ‘T P UO 3] wWdI I () «a e S wX syvis oyoig
oredunysiN
¢L { oad é (S 4 é hb&bsﬁ.&xcwws viuosny
wespay yoerd
€L qango [earrou vmﬁ é «ad A L9 é $04nYo0 u.:x:&:mo&k
JI9U01eAL panodsg
€L YoIn[d [BUWLIOU prE| i «a d S é DIDLIS DAVINOSHIY
vL €9 = X [01UOD ‘E’9 = X Wl € (8) Sy
YL I ® a oy
bL 0'L = ¥ ‘PIe[ S€ 3G 0} | WO} WAl S ® a Rt
A9 =X .0.5:3020 ynnp .—oaogo%_.m UDE
€L MU pIe| £ ‘U SUIres Ul Pre[ox 7 ‘paLIasdp ug 9Z/L1 (8) «d o 8-S wX vonajoddy virpaoLy
rdA uMOUYUN U1 JO POYIaW ‘[elopasue 1 (87) i ki 9 i Jaddi(q smpouto snpour)
«10Y] SIUSWWO)) $1S9U JO asuodsoy juowitedl]  Yonp wist samadg
-ny IdquInpN [euoN -jisered
poolg

‘penupuo) “XIANAddY



123

EGG-LAYING PATTERNS

(pordsep uL) ¢ =N OLT =%

<] [OU0D ‘PIUIISIP UG 98°7 = X ‘Spdiq aanded 01/s ) «a b | Areue) uowwo))
8 PaLIasap ug ‘spiiq aanded o1/1 € a 1 S-¢ A DUDUD) SNULIIS
9s 31| pappe 3 Q¢ =X 1247 9 (a y 9+ ¢ 13UUN] DUIQDUUDD SIYIUDIY
yougpon ueadoinyg
9 I ©) «a y 9 é S1anpavd sjanpIn)
your srding
81 A an a d S é snaundind snoppodin)
youyjey) uowwo))
9¢ (v p) 21e] pappe I (©) a Sy S N 5421200 vjISULL]
JIBIMOPEBIN WIdiseq
81 Al €N h: s—¢ N DUSOUL DjjouInIS
¥8 9] pappe o¢g =¥ T w) a 4
¥8 9T@UT 3¢ 10 T ‘| PIppe ‘op’g = X 91/¥1 w) a v
#8 3T@UY ‘og 10 ‘T ‘| PIPPE ¢ =X 12/ & a 'V
8 IVl =N dT@UT DT 10 [ pIppe A1'E =X 8/C ) «a v
99°¢ = ¥ [oNu0d A
¥8 t Aep uo o7 wat I & a g
¥8 € Aep U0 o7 wax 90’y =X 8/L ) a R pagyoe[g PAIO[0dLIL
¥8 U WSI [BIAIS 1B UONIISIP 08¢ =X 9/¢ (6) «a it o A 40j00141 SMIDIISY
€8 Ny =% 1 24 v a v
€8 99°g =X /s v a v
€8 oUE=x E1/€1 ©) a 'y
£8 Ob =N ‘L€ =X1onuod { 29°¢ =¥ €1/€1 () »a °y
€8 g =X 9/9 & a N
£8 My =% 8/8 () a e prigyoelg PesuIm-pay
€8 99°g =X /s ) «a ™ s—¢ N snaouaoyd smvasy
96 1 © a 'y JOWWEBYMO[[D A
9 1 ©) ¥ s—¢ i DJjoULID vZzlaqu
morredg sadsop
81 A @ d S—¢ i SHOUIUDAS $2120900d
(4 HE=¥ $ () «a oy
8 I w a d I9[QIB A\ SLITRIJ
8 Pa1epaIdop uy ‘paLIsIp Uy ‘O¢p = X ¥/T (6) «a R | S—¢ N 40}03s1p vA0IPUIJ
=107} SIUWUO)) $jsau jo ssuodsay jusunear]  yonpo wst soadg
-ny IquUINN [euioN  -j1sered
pooxg

‘ponunuo]y XIANAddV



E. DALE KENNEDY

124

‘9¢61 I pue IYuIsTy 9 ..OOO— sumg ‘p ,.mw0~ SIMY10010) pue ﬂ_.E UeA "3 ..mwm— UOS[IN °q ‘SMO[[0] SE 338 HONeuLIojul Ewm«-.mw.—dﬂ P0o0iq JO SNINOF
. 8861 TE 19 BIPUSY ‘16 ‘6861 UOSIADUY "06 ‘0961 NGB 68 “9€6] ZIN'T PUE INYUISIY ‘98 SE6T MOSIM L8 (6061 YPUO0L] U1 PaIId) AZUIA °98 7961 ddelD) plre Wequny "¢8 ‘1461
U9 pg {[L6] QUOOIOH €8 ‘SLI'8L61 UEION T8 *686] T€ 19 AIE3S “18 /861 [¢ 13 JOPNOIS 08 ‘8G61 SIABQL 6L ‘L6Z MIMANY "8L ‘CH6T NPMOH "LL “TH61 YSEN "9L {(0L6] SWOD Ut Paid) 1Yoasdiy "L 11961
UBUILIZEL] UOA “pL ‘Ep61 IPIIIE €/ *L68] WIEUQEID) T/ ‘696] 39W2A 11 (6561 Buonswry w1 paip) ouea(] ‘0L ‘CS6] Suonstuly '69 9561 ‘[¢ 19 UBISPUI] U Patld) 9100) "9 ‘0661 1omod PUT Apauuay ‘L9 8861
uosdwoy [, PUE ZIfeg "9 ‘9561 “[E 19 YBRPUY §9 “0£61 "L16] 210D ¥9 ‘0L6T ISTUIM ‘€9 “Tp61 UO[W 79 ‘7861 UBWOT “[9 ‘6161 9AANS '09 (EQrG1 UIAET U Paiko) 1161 u0quuidory 66 ‘S¢61 SIavd ‘86 *6961
SO *L6 “8Y61 N19deq) "9< ‘0061 SUNG "¢ ‘1881 VBRI SANIAJ ‘bS ‘8981 WM '€S ‘761 PAIBM "¢ (6061 IMOUSOLI UT PYI0) MUEH “[C /681 UOSIAPIY “0S (6£6] USSUOWIOES Ut PAD) pRY] 1yoLIgsarye(
"6¥ 19861 UOMTQIEL “8p 0961 O8I "Ly ‘8961 ACANOOIH ‘9% ‘6861 UISISAOOIA “Sp ‘£56] USINOI "y *656] ZUBUISL ‘Ey 0L6T SLUPH ‘7p (0L§T dWODE UI PoIID) £96] JIOULIIA “[p 9L61 SUOSIE] “Op Z¢6] UUPN[E]
‘6€ ‘TH61 SIARC 'S€ ‘6E6] UISUOWIO[ES 'L “0pG] SWOL UOA “9F ‘9661 UUBWIPIOA “GE *L68] SIIUBH "V 'L96] SLILH "€E “0y61 UOALT 7€ 11S6]1 QWO 'TE Oy61 [PMUNA "0€ ‘BOP61 UATT 6T ‘1p61 J3100§ g
pl61 UTRWIUNG "L7 ‘0161 A 9T LS6T JOUTEM ‘ST ‘Tv61 ISOHL $T ‘Sp61 WAPOOD €7 961 AOINSOM "TT ‘6L61 JOUOJ T TL6] JASWALM PUE 19110 “(F ‘8861 € 19 wioogenineg -1 (0061 Swing Ul paio)
UOSMEY ‘8] ‘7861 UOSSYLIY PUE UOSSIPUY “L{ ‘806] UNSAY 91 ‘pRE] JOMUOY "S1 ‘0861 “I¢ 13 UUCWSNIY “p| *p96] LOH "€1 '9.61 ISOMPE "T1 ‘2961 Aued "1 }£86] 12d00) ‘01 $961 UOSIIN "6 (sG61 staeq ui
POI) Ob61 SHIGOW '8 ‘7961 WOAUSY PUE R L ‘8S6T IANSTIVIN '9 “LL6T UIAISTION PUE S[BR °6 ‘0661 PIOWIV ¥ (€861 UOSIAN UT PAIIS) 1861 9BUOK "€ ‘€561 UUAMD T 7961 JOJABL °[ :sMOJ[0f SE AJE 10Ny

88 9] PIppE 9¢°C =X /C (99 a MA<

88 I 9 a v

88  (p =AN) 96°¢ = ¥ [onuod 1 (9 Ty

88 e[ WX I © a 4

88 9B WAI 9L°¢C =X €/€ 9 oY | mouiredg sa1] ueseIng
Lz SNONUIIUO0D JI UMOUY 10U 1A (C19] 1 bt | 9 oA SNUDIUOUL 1ISSDJ
16 °[ psppe S 8r=% a vty

16 (ST =N) 31’ = ¥ [onuod 9] pappe Cl Tr=% oty

68 I ®» a Yy

16 30°¢ = ¥ ‘TAX £0 JIJ PILIASIP U] €/T 9@ a e

wal $2 Jaye

16 PawIasap U ‘sded p p—T Yiim (9¢—¢) S195 UT pre| €/T & a u..NM

06 (961 12ye) Sulke| SULINP PILIISIP UQ] 91/9 (9 a R

06 {96-1 19ye) Bure| 3uLINp PIISIP U [/ ©) a !

06 P 4oed | Usy} ‘7 p U0 97 wail 4 (§) «a i

68 de3 py Yim (3p ) 5198 T PrE I &) a =

88 wax a1e| I © a e

L8 uoIsS30INS UI 6171 “PrE[ 30S A ((19] I d

LT u Auew 1e Suike] paddols sapeurd) 1< on 1 qd moiredg asnoy
98 SNONUNIUO0I JT UMOUY JOU A (16) 1 A [ A SNONISIULOP 4ISSDY

10U} SJUWO)) s1saU Jo osuodsoy juduUnBAI]  yoInpd wst sa103dg
-ny IsquinpN [ewaoN -lisered
pooxg

‘panunuo) XIANAddVY



