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The problem of the mechanisms controlling cessation of laying eggs has intrigued 
ornithologists for years. Some birds continue to lay eggs even though the eggs are con- 
tinually removed but other species lay a definite number irrespective of removals. The 
first type has been called indeterminate (Cole, 1917, 1930) and apparently occurs in 
gallinaceous birds and some woodpeckers. The second type is called determinate and 
has been found (Davis, 1942~) in Herring Gulls (Larzcs urgent&us), which lay three 
eggs, except in rare instances. But many birds, especially passerines, lay a variable 
number of eggs, three to five for example, and some of these species may be indetermi- 
nate layers. The procedure for testing this hypothesis is to add eggs to the nest and aho 
to remove eggs from the nest. If the species is an indeterminate layer the addition of 
eggs should result in a reduction of clutch size and the removal should result in an in- 
crease. If the species is determinate, the clutch size should not differ significantly from 
the reference clutches. A species will be considered determinate if during laying the 
addition of eggs to some nests and the removal of eggs from others both fail to produce 
a difference between the number of eggs laid consecutively in such nests and the num- 
ber laid consecutively in an unmolested clutch. Series of eggs with gaps in the daily 
sequence are assumed to consist of several clutches. 

By this standard no species is known to be indeterminate. It is recognized that this - 
standard may be too rigid and that eventually evidence may show that a species may be 
indeterminate in the sense that removal results in an increased number of eggs but 
that addition has no effect. However, for the present it seems best to use the more 
stringent definition. No systematic experiment on chickens is reported in the literature 
although anecdotes about cessation of laying are common. Craig ( 1913) contrasts the 

. determinate laying of pigeons with the indeterminate laying of the domestic fowl but 
does not cite specific experiments. 

A likely candidate for indeterminate laying is a species that lays a variable and 
large number of eggs. Variability may indicate that external stimuli control ovulation. 
A large number permits more time for experimentation in each clutch. 

Barn Swallows (Hirundo rustica) were chosen because this species nests colonially 
in readily accessible places. The particular barn used in this study, from 1952 to 1954, 
was about 16 miles northwest of Baltimore, Maryland, and was a conventional cowbarn 
with ample nesting sites on the rafters. The procedure was simply to remove eggs as 
laid from certain nests and to add them to other nests. Some nests were undisturbed to 
serve as reference nests. In the “removal” nests the second and subsequent eggs were 
taken, thus always leaving one egg. To the “addition” nests a number (4-S) of eggs 
was added on the day the first egg was laid. The reason that the removals and additions 
were done at the start of laying is that several days are required for the hormonal mech- 
anisms to act upon ovulation ; hence manipulations on the next to last day of laying 
could have no effect on the number of eggs laid. 

Data for Black-billed Magpies (Pica pica) were obtained by the Montana Fish and 
Game Commission as part of a study of the control of magpies. The raw data were 
printed in the Quarterly Report for April-June, 1950. Permission to use these data was 
generously granted by Mr. Wynn Freeman. 

The results of the experiments are given in table 1 for both species. It requires no 
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elaborate analysis to show that the removal of eggs did not stimulate laying in either 
species. It is true that in both species less than the normal number of eggs was laid in 
the nests to which eggs were added, thus suggesting that the addition of eggs inhibited 
laying. However, a detailed consideration of the record for each nest suggests that loss 
of eggs or interference by the observer may be responsible for the reduced number. At 
any rate, without a clear demonstration of a continuation of laying when eggs are 
removed, these species cannot be called indeterminate. 

Table 1 

Number of Eggs Laid per Clutch by Barn Swallows and Magpies under Normal 
and Experimental Conditions 

Number of Barn Swallow nests Number of Magpie nests 

Total nests 

Mean size 
of clutch 

Standard 
deviation 

N0rtd 

0 
0 

3 

‘I 
3 

- 

13 

5.0 

0.67 

EgeS 
removed 

1 

1 

4 

5 

4 
- 

15 

4.7 

1.21 

0 

0 

4 

6 

0 
- 

10 

4.6 

0.63 

Total nests 

Mean size 
of clutch 

Standard 
deviation 

NOrId 

0 

0 

2 

14 

6 

0 
- 
22 

All eggs 
removed 1-2 eggs 

daily left daily 

0 1 

1 0 

3 4 

6 4 

5 4 

0 1 
- - 

15 14 

7.2 7.0 6.9 

0.58 1.07 

Em 
added 

1 

3 

3 

2 

1 

0 
- 

10 

5.9 

1.14 

Since these species are determinate layers, the variability in clutch size found must 
be explained by appealing to varying physiological conditions due to age, nutrition, 
temperature, or other factors. For Barn Swallows in this particular cowbarn, the clutch- 
size for 80 normal clutches (1949 to 1953) averaged 4.64 (standard deviation = 1.00) 
with a range of 2 to 6. While possibly the 2- and 3-egg clutches had lost some eggs, 
there were 15 4-egg clutches, 42 S-egg clutches and 12 6-egg clutches. This variation 
may be considered normal. In other barns near Baltimore, 45 nests averaged 4.55 eggs 
(standard deviation = .76). 

It seems desirable to bring together as many data as possible concerning the topic 
of determinate laying, for the literature is widely scattered and often located in old or 
obscure journals. Some data were presented in tabular form by Laven (1940b). The 
papers mentioned by Laven have been checked in the original (except Altum, 1869, 
and Eisenhut and Lutz, 1936). Unfortunately, Laven did not clearly distinguish be- 
tween laying of eggs daily and laying of several clutches in the same nest. 

Apparently some species may be shown to be indeterminate. The Yellow-shafted 
Flicker (Colaptes auratus) may actually lay up to 71 eggs (Phillips, 1887) consecu- 
tively. Burns (1900) compiled a list of seven cases in which the eggs were taken daily 
and the total number of eggs laid varied from 17 to 71. Burns also listed 11 cases in 
which the eggs were collected in sets; these varied from 1.5 to 48 eggs per nest. For 
the Wryneck (Jyn~ torquillu), Alderson (1897) reported a case of 62 eggs laid con- 
secutively, Warga (1925) reported 33, and Hanke (see Jull, 1940), reported 48. Witschi 
(1935) reported that House Sparrows (Passer domesticus) laid up to 50 eggs, in some 
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cases 12 to 19 being consecutive. Puhlman ( 19 14) did not state clearly that he re- 
moved eggs consecutively but found that Passer domesticus and Passer montanecs never 
went above twice the “clutch-size.” Kreymborg (1911) found 16 eggs in a House 
Sparrow nest but no proof of consecutive laying. Bishop (1923) reported a sparrow 
that laid 29 eggs in 7 clutches and Wenzel (see Jull, 1940) got 51 eggs from a sparrow. 
Roberts (1940b) stated that the Gentoo Penguin (Pygoscelis papua) can replace eggs 
that are taken from the nest, but he gave no data. Gwynn ( 1953) found that the Gentoo 
Penguin laid a third egg in 4 out of 8 cases when the 2 eggs were removed as laid. Also, 
when only the first egg was removed, 2 more eggs were laid in 2 out of 8 cases. But when 
only the second egg was removed no more eggs were laid in 10 cases. These data sug- 
gest that this species is indeterminate. Thus far the species mentioned are the only ones 
for which data actually suggest indeterminate laying. But in no case was the addition 
of eggs tried. 

In many instances it is clear that several sets were laid in the same nest but usually 
there is no proof that the same bird laid the various sets. For this type of work banded 
birds must be used. Burns ( 1900) quoted C. L. Rawson’s observations that in 14 species 
the seasonal total when eggs were removed as laid was no more than 2 to 4 sets, except 
a Sharp-shinned Hawk (Accipiter striatus) which laid 17 eggs in one nest in 5 sets. 
Riviere (1897) reported that a Starling (Sturnus vuZgaris) laid 2 sets with an interval 
of 5 days between. Kreymborg ( 1911) reported a magpie laying 20 eggs but said noth- 
ing about consecutiveness. Grabham (1897) took 28 eggs from a nest of a Dipper 
(@z&s cinclus) but said nothing about the details. Miller (1910) took 36 eggs from 
a Gallinule (GaZZinuZa chloropus) nest in 3 visits. Groebbels ( 193 7: 243) listed several 
observations that appear to be consecutive laying of sets rather than continual laying. 
Burrows ( 1945 : 40) quoted a statement in an old book by Jesse that the Long-tailed Tit 
(Aegithalos caudatus) laid 30 eggs in succession as the set was depleted. 

Some species have been tested a few times by regular removal. Puhlman ( 19 14) 
stated that the European Coot (Fulica atra) lays only 4 eggs. Bankes (1897) found 
that a Redshank (Totanus totaws) laid 5 clutches of 4 eggs. Roberts ( 1940~) reported 
that the Wilson Petrel (Oceanites oceanicus), and all known procellariiform birds, do 
not replace their egg after destruction. Laven (1940~) found that the Ringed Plover 
(Charadrius hiaticula) laid only 4 when an egg was removed daily. The same was true 
for VaneZEus vaneZZus (Laven, 1940a). Nash (1942) found that an Eastern Bluebird 
(Sialia sialis) laid only 5 eggs. A cuckoo (G&a guira) mentioned by Farley (1924) 
probably laid several clutches. Nice (1937) commented that the addition of Cowbird 
(Molothrus ater) eggs to sets of the Song Sparrow (Melospiza meZodia) did not inhibit 
the latter from laying the usual complement of eggs. Howell (1942: 561) removed eggs 
from nests of three American Robins (Turdus migratmius) without any increase in 
number laid. He commented that the ovaries of several birds that had laid full clutches 
contained ova with large yolk. Berndt (1943) merely stated that the addition or re- 
moval of eggs from the nest of the Pied Flycatcher (Muscicapa hypoleuca) had hardly 
any effect on the number of eggs laid. A number of miscellaneous experiments have 
been done by the author over a period of years on five species of passerine birds with no 
indication of indeterminacy. From this review of the literature it is obvious that very 
few species have received the detailed study of many nests that is necessary to deter- 
mine the results in respect to determinacy. 

The problem of determinacy naturally arises for the domestic fowl, but no series of 
experiments has been found reported and consequently a series has been started. Craig 
( 1913) merely stated that hens continue to lay. There are many studies of the time 
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interval between eggs which show that 24 to 28 hours may separate layings. The number 
of consecutive days of laying comprises a cycle whose length depends upon the separa- 
tion of eggs in hours. Birds that have 28 hours between eggs perforce lay only 2 in a 
cycle because darkness interrupts a sequence, whereas birds with a 24-hour separation 
may lay as many as 69 (Heywang, 1938). Unfortunately, the cycle is often confused 
with a clutch. The latter term should be used to refer to the number of eggs laid up to 
the time of brooding, whether they are laid daily or not. Thus, some passerine birds 
have been known to miss a day in the laying of a clutch and many non-passerine birds 
regularly lay at two-day intervals. The number of hours between eggs may be an im- 
portant aspect in the control of clutch size since in some species the cycle length may 
determine the clutch size. 

Domesticated ducks apparently are similar to domesticated fowls such as chickens 
and turkeys. An old report (see Jull, 1940:292) states that a wild Mallard lays 80 to 
100 eggs if one is removed daily. 

Stieve ( 19 18 : 557) showed that a hen has a series of ova of decreasing size in the 
ovary while she is laying in contrast to the situation in the Jackdaw (Corvus monedula) 
(Stieve, 19 19)) which has only a certain number of ova that reach large size. 

The problem of determinacy in gulls has been studied by several persons. Salomon- 
sen (1939) reported that Herring Gulls may lay as many as 16 eggs in a season. In 
some cases 4 eggs were laid consecutively in one nest. Spear (1942) found up to 12 
eggs in some nests. Goethe ( 193 7: 5 1) stated that if eggs are added to a gull’s nest, it will 
continue laying even though 5 or 6 eggs are in the nest. Davis (1942a) performed ap- 
parently the first experiment designed to test the determinacy of laying. He added eggs 
and removed eggs and found that Herring Gulls laid only 3; Von Torne (1940) reported 
5 eggs for one Lams cams, which species normally lays 3. 

.Cowbirds, although social parasites, apparently lay eggs in clutches. Davis (1942b) 
examined the ovaries histologically and found that the old follicles were in chronological 
groups of 4 or 5. Nice (1949), from her observations on Cowbird eggs in Song Sparrow 
nests and from Walkinshaw’s (1949) data, concluded that Cowbirds lay in clutches. 
The communistic cuckoos of the subfamily Crotophaginae must be determinate layers 
(Davis, 1942~) because several females lay in one nest but each female lays 5 to 7 eggs. 

Lack (1933) called attention to the fact that variations in local conditions may 
affect the maturing of the eggs in the ovary. Indeed, laying may actually be suspended 
as was found by Pitt (1929) for Turdus jilaris, by Timmerman (1932) for Phylloscopus 
collybita, and by Weydemeyer (1934) for Tree Swallows (Zridoprocne bicolor). 

Rowan’s (1918) report of apparent suspension may be a case of two birds laying in 
the same nest. This suspension of laying certainly raises questions about the changes 
in the ovary during these days. 

Frances Hammerstrom kindly permitted the use of some unpublished data on House 
Wrens (Troglodytes aifdon). In 1913 L. J. Cole removed eggs as laid by a wren. This 
bird laid 13 eggs, rested 4 days, laid 7, rested 4 days, laid 5, rested 5 days, laid 5, and 
stopped. In a subsequent experiment the addition of 7 eggs on the day that the first 
egg was laid did not prevent the laying of 7 eggs. Recently Hammerstrom removed 
eggs daily from the nests of 13 females. The average of 20 clutches was 6.2 eggs (range 
4 to 9). Kendeigh (MS) summarizes this work and adds some data of his own. He hg- 
gests the interesting possibility that wrens are indeterminate in the early part of the 
season but not in the late part, because when eggs were removed there were more large 
clutches (8-9 eggs) in the early part of the season than in the late part. However, the 
normal seasonal decline in clutch size is perhaps a factor. 
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SUMMARY 

The problem of determinate laying has been investigated for two species that lay 
a variable number of eggs in the nest: Barn Swallows (Hirun& rustica) and Black- 
billed Magpies (Pica pica). A species may be considered an indeterminate layer if the 
addition of eggs to the nest at the start of laying results in a reduction of clutch size 
a.nd if the daily removal of eggs results in an increase. For Barn Swallows the normal 
(unmolested) clutch size was 5.0. Nests from which eggs were removed averaged 4.7 
while nests to which eggs were added averaged 4.6. The corresponding values for mag- 
pies were 7.2, 7.0 and 5.9. It is concluded that these species are determinate layers. 

A thorough review of the literature shows no clear proof that any species is inde- 
terminate by these standards, although flickers, Wrynecks, House Sparrows, and the 
domestic fowl may be. 

LITERATURE CITED 

Alderson, H. 
1897. Wonderful egg producing powers of the wryneck. Zoologist, ser. 4, 1:512-513. 

Bankes, A. 
1897. Egg producing powers of the common redshank. Zoologist, ser. 4, 1:575. 

Berndt, R. 
1943. Wie reagiert der Trauerfliegenschnapper, &fuscicapa h. hypoleuca (Pall) auf die Fortnahme 

seines Geleges wahrend der Legperiode. Beit. Fortpfl. Vogel, 19:77-83. 
B&hop, T. 

1923. FeconditC du moineau domestique Passer domesticus domesticus (L.)‘. Le Gerfaut, 13:23. 
Burns, F. L. 

1900. A monograph of the flicker. Wilson Bull., 7:1-82. 
Burrows, H. 

1945. Biological actions of sex hormones (Cambridge. Cambridge Univ. Press). 
Cole, L. J. 

1917. Determinate and indeterminate laying cycles in birds. Anat. Rec., 11:504-503. 
1930. The laying cycle in the house wren. Wilson Bull., 42:78. 

Craig, W. 
1913. The stimulation and the inhibition of ovulation in birds and mammals. Jour. Anim. 

Behav., 3:215-221. 
Davis, D. E. 

1942a. Number of eggs laid by herring gulls. Auk, 59:549-554. 
19426. The number of eggs laid by cowbirds. Condor, 44:10-12. 
1942c. The phylogeny of social nesting habits in the Crotophaginae. Quart. Rev. Biol., 17:115-134. 

Farley, J. A. 
1924. Argentine birds. Auk, 41: 169-170. 

Goethe, F. 
1937. Beobachtungen und Untersuchungen zur Biologie der SilbermGwe (L&us a. argentatzts 

Pontopp.) auf der Vogelinsel Memmerstand. Jour. f. Ornith., 85:1-119. 
Grabham, 0. 

1897. Egg producing powers of the dipper. Zoologist, ser. 4, 1:575. 
Groebbels, F. 

1937. Der Vogel. II. Geschlecht und Fortpflanzung (Berlin, Gebriider Borntraeger). 
Gwynn, A. M. 

1953. The egg-laying and incubation periods of rockhopper, macaroni and gentoo penguins. 
Australian Nat. Antarctic Res. Exped. Rept., ser. B, l:l-29. 



86 THE CONDOR Vol. 57 

Heywang, B. W. 
1938. The time factor in egg production. Poultry Sci., 17:24&247. 

Howell, J. C. 
1942. Notes on the nesting habits of the American robin (Twdus migratorizrs) Amer. Midl. Nat., 

28:529-6&t. 
JuII, M. A. 

1940. Poultry breeding (New York, John Wiley and Sons). 

Kreymborg, A. 
1911. Ueber das sich-tot-legen-Iassen von Vogeln. Ornith. Monatsschrift., 36:86-88. 

Lack, D. 
1933. Nesting conditions as a factor controlling breeding time in birds. Proc. ZobI. Sot. London, 

103:231-237. 
Laven, H. 

1940a. Beitrage zur Biologie des Sandregenpfeifers (Charadrilts hiatimda) . Jour. f. Ornith., 
88: 184-286. 

194Ob. Ueber Nachlegen und Weiterlegen. Omith. Monatsber., 48: 131-136. 
Miller, R. F. 

1910. Notes on the Florida ga.iiinule (GallinuZu gakata) in Philadelphia County, Pa. Auk, 27: 
181-184. 

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

Nice, M. M. 
1937. Studies in the life history of the song sparrow. Trans. Linn. Sot. N. Y., 4:iv + 247 pp. 
1949. The laying rhythm of cowbirds. Wilson Bull., 61:231-234. 

Phillips, C. L. 
1887. Egg-laying extraordinary in Colaptes auratus. Auk, 4~346. 

Pitt, F. 
1929. Notes on the effect of temperature upon the breeding behavior of birds. Ibis, 71:53-71. 

Puhlman, E. 
1914. Das sich-tot-legen-lassen von Vogeln. Omith. Monatsschrift, 39:512-515. 

Riviere, B. 
1897. Egg producing powers of birds. Zoologist, ser. 4, 1:.575. 

Roberts, B. 
1940~: The life cycle of Wilson’s petrel Oceanites oceanicus (Kuhi) . Brit. Graham Land Exp. Sci. 

Rept., 1: 141-194. 
19406. The breeding behavior of penguins with special references to Pygoscelis ~U#UU (Forster). 

Brit. Graham Land Exp. Sci. Rept., 1: 195-254. 
Rowan, W. 

1918. Power of control over deposition of eggs. Brit. Birds, 12:42-43. 

Salomonsen, F. 
1939. Oological studies in gulls. 1. Egg-producing power of Larus argentotus Pont. Dansk. 

Ornith. For. Tidsskr., 33 : 113-133. 
Spear, I. M. 

1942. Herring gull control experiments. Rept. Bowdoin Sci. Station, Bull. 8: 15-31. 
Stieve, H. 

1918. Ueber experimentell, durch veranderte aussere Bedingungen, bervorgerufene Ruchbikiings- 
vorgange am Eierstock des Haushuhnes (GoUzcs domesticus). Arch. Entmech. Org., 44: 
530-588. 

1919. Die Entwichlung des Eierstockeies der Dohle (Coloeus monedzrla). Arckiv. mikr. Anat., 

92:137-288. 
Timmermann, G. 

1932. Ueber den Einfluss der mittleren tagestemperature auf das Fortpflanzungsgeschaft des 
Weidenlaubvogeis. Beitr. Vogel, 8:214-217. 



Mar., 1955 DETERMINATE LAYING 87 

Von Torne, H. 
1940. Wie reagiert die Sturmowe auf dis Eierfortnehmen? Deutsche Vogelwelt, 65 :38-46. 

Waikinshaw, L. H. 
1949. Twenty-five eggs apparently laid by a cowbird. Wilson Bull., 61:82-S. 

Warga, K. 
1925. Viergelege eines Wendehaises. Aquila, 32-33:290. 

Weydemeyer, W. 
1934. Tree swallows at home in Montana. Bird Lore, 36:100-105. 

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

The Johns Hopkins School of Hygiene and Public Health, Baltimore, Maryland, 
September 15,1954. 


