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Variable laying times among King Rails (Rallus elegans)

Katie M. Schroeder1 and Susan B. McRae1*

ABSTRACT—Female birds tend to lay consecutive eggs

in a clutch 24 h apart. Typically, this spacing results in

individuals laying within a narrow interval corresponding to

a time of day generalizable at the population level. In

contrast to this trend, we found that females in a coastal-

breeding population of King Rails (Rallus elegans) showed

considerable variability in laying times. Variable laying

times reveal that female King Rails are not constrained to a

specific laying hour by circadian patterns of activity, as has

been suggested for other species. We call for researchers to

report temporal data on egg laying to revisit the evolutionary

significance of laying times and to determine what factors

affect, or are affected by, laying at a specific time of day.
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Variación del tiempo entre puestas del rascón Rallus

elegans

RESUMEN (Spanish)—En las aves, las hembras tienden a poner

huevos de manera consecutiva, espaciados a 24 h entre sı́.

Tı́picamente esto resulta en individuos que ponen a intervalos

breves que corresponden a una hora del dı́a, generalizable a nivel de

población. En contraste con esta tendencia, encontramos que las

hembras en una población del rascón Rallus elegans que anida en la

costa muestran una variación considerable en el tiempo de sus

puestas. Dicha variación nos revela que este rascón no está sujeto a

una hora especı́fica de puesta que sigue patrones circadianos de

actividad, tal y como ha sido sugerido para otras especies. Hacemos

un llamado a investigadores para que reporten datos temporales que

nos permitan revisar el significado evolutivo de la temporalidad de la

puesta y para determinar qué factores afectan, o son afectados por, la

puesta a una hora especı́fica del dı́a.

Palabras clave: Ecologı́a evolutiva, parasitismo de puesta

conespecı́fico, puesta de huevos en aves, Rallidae, tiempo de la

puesta.

Birds are limited to laying no more than 1 egg

per day. Eggshell formation is the rate-limiting

developmental stage, taking up to 20 h (Warren

and Scott 1935). Egg production is energetically

costly to females and can be activity-limiting

because egg mass can be up to 25% of the

female’s body mass in some species (Lack 1968).

The constraint of a minimum 24 h interval

between eggs causes females in a population to

converge on a conventional laying hour (e.g.,

Schifferli 1979, McMaster et al. 2004). For

example, most passerines tend to lay early in the

morning (McMaster et al. 2004, but see exceptions

in Weatherhead et al. 1991) while other avian taxa

may lay midday (e.g., Japanese Quail [Coturnix

japonica], Houdelier et al. 2004) or in the evening

(e.g., Common Gull [Larus canus], Barth 1955;

Common Moorhen [Gallinula chloropus chloro-

pus], McRae 1996).

Various hypotheses have been proposed to

explain why females lay eggs at a certain time of

day. A study in which female House Sparrows

(Passer domesticus) were handled during different

periods in the process of egg development

revealed the importance of avoiding disturbance

as formation of the delicate final components of

the egg proceeded, suggesting an advantage of the

female’s inactivity at night to avoid egg damage

(Schifferli 1979). Laying times may alternatively

be shaped by an advantage to the female of

copulating within an ‘‘insemination window’’

when new sperm are least likely to experience

competition from stored sperm for fertilization of

the next egg (e.g., Cheng et al. 1983, but see

Birkhead et al. 1996). Laying just before foraging

periods may reduce body mass for increased

efficiency (Meijer 1992). Moreover, birds could

avoid egg predation by laying at times when

predation is lowest (Watson et al. 1993). Conspe-

cific brood parasites might benefit by laying at

times of day when host nests are guarded less or

when parasites and their eggs are less conspicuous,

such as after dark (McRae 1996). Lastly, laying

times might simply be an artifact of constraint on

physiological mechanisms (Oppenheimer et al.

1996). A comparative analysis of laying times in

several passerine species identified a weak positive

association between female body size and laying
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later in the day, and that species with larger eggs

relative to body size laid earlier (closer to dawn;

McMaster et al. 2004). The above hypotheses have

not explicitly been tested, however, and no

comparative analysis has included nonpasserines,

presumably because of a paucity of data resulting

from the difficulty of determining laying times in

wild birds.

Determining laying times precisely is labor-

intensive and requires frequent visits to active

nests, thus increasing the likelihood of parental

desertion and nest predation. Nevertheless, laying

times are an important life history trait that can

provide insight into a bird’s reproductive strate-

gies. Here we report laying times of King Rails

(Rallus elegans) collected during an ongoing study

on the behavior and conservation of a mid-Atlantic

coast population since 2011. We provide possible

explanations for our observations and suggestions

for future research.

Methods

Study population and data collection

We studied King Rails breeding in the freshwa-

ter marshes of Mackay Island National Wildlife

Refuge (NWR) in coastal North Carolina

(368310N, 758580W). King Rails have been studied

at this site for the past 7 years (Brackett et al. 2013;

Clauser and McRae 2016, 2017; Kolts and McRae

2017). Laying time data were collected based on

observations taken in May and June during the

2011 through 2017 breeding seasons. Mean clutch

size (SE) in this population during this period was

8.02 (0.15), n ¼ 149 complete clutches over 7

years.

Each year, nests were located using a variety of

methods including intensive nest searches by

walking transects through emergent vegetation

during the King Rail breeding seasons (Apr–Jul;

see Clauser and McRae 2016 for details). Nests

found during the laying period were visited every

1 to 2 d until clutch completion. Intervals between

nest checks were relatively long because our

principal aim was only to establish the order in

which eggs were laid with minimal disruption to

the breeders; however, we visited the nest twice in

1 day on a few occasions in an effort to get a better

estimate of laying times. More frequent visits were

impractical because of the difficulty of navigating

the marsh terrain and the increased risk of

attracting nest predators. During each visit, we

recorded the date, time, number of eggs in the nest,

whether the eggs were ambient temperature or

warm, and if an incubating adult was present.

When new eggs appeared in the nest, each was

described and measured with calipers (length and

width [61 mm]), weighed (60.1 g), and marked

on the large pole with an individually unique

number in indelible ink. After clutch completion,

the full clutch of eggs was placed in rows on a flat

surface and photographed with size and color

standards. To minimize disturbance thereafter,

nests were visited every 3 d until hatching or

failure. Nest initiation date and onset of incubation

were estimated, and clutch size, hatching success,

and nest fate were determined for each nest.

As part of the long-term study, video cameras

were deployed at some nests to collect information

on incubation behavior (Clauser and McRae

2016), nest building (Clauser and McRae 2017),

and communication (Schroeder 2018). We also

captured some breeding females using targeted

mist netting at the nest within a few days of

hatching initiation (see Clauser and McRae 2016

for further details). We obtained morphometric

data on these breeders including weight (65 g).

Laying time interval estimation

Egg laying times were estimated from the

interval between nest checks; the discovery of a

new egg in the nest meant it must have been laid in

the interval since the previous nest check (Direct).

Because nests were generally checked once daily,

however, intervals between checks were typically

long. Therefore, we deduced the time of laying for

some eggs by comparing measures of laying

intervals for multiple eggs in a clutch. Using

deductive reasoning, we developed 2 additional

methods to estimate laying times. These necessar-

ily made the assumption that female King Rails lay

at 24 h intervals, for which we present evidence

(discussed later). Our first method posited that the

overlapping time period common to each mea-

sured direct interval for eggs in a laying sequence

was a reasonable estimate of the female’s laying

interval (Deduction 1; for example, if egg A is laid

between 1100 and 1900 h and egg B in the same

clutch is laid between 1500 and 1100 h the next

day, we conclude that the actual laying time is

during the narrower interval between 1500 and
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1900 h). By the same logic, if 2 new eggs were

found during a check .24 h but ,30 h before the

previous check, the laying time is likely during the

interval between visits (Deduction 2; for example,

if 5 eggs were in a nest at 0900 h one day and 7

eggs at 1200 h the next day, the laying interval of

the newest egg was assumed to be between 0900

and 1200 h). To exclude the possibility that one of

these was the egg of a conspecific brood parasite,

we verified from standard photographs, dimen-

sions, and descriptive data that each was similar in

appearance and size to the others in the clutch and

that the rate of clutch accumulation did not exceed

the 1-egg-per-day paradigm.

Opportunistic methods were also used to

determine laying times. On one occasion, we

visited a nest early in the morning and found a new

egg warm and dry while the rest of the clutch was

cool and dew-covered. We estimated conserva-

tively that this egg was laid within the 30 min

preceding the visit (Freshly laid). One laying

event, identified by the distinctive movements of

the mother, was captured on video in 2017

(Video). All times are reported as Eastern Daylight

Time (EDT).

Results

Of 295 King Rail nests with eggs found

between 2011 and 2017, 49 were found during

the laying period. We could confidently estimate

laying intervals of �6 h for 11 nests (Table 1).

Laying times within our population did not

converge on a consistent time of day: 4 of the

females laid in the morning, 3 at midday, and 4 in

the afternoon.

To determine any seasonal trends, we plotted

these intervals against date (Fig. 1). Using the

midpoint of the laying intervals, Spearman’s rank

correlations showed no significant relation be-

tween laying times and the time of sunrise (P ¼
0.77) or date (P¼ 0.88).

We found no evidence to suggest that King

Rails deviated from a pattern of 24 h intervals

between eggs. Hens in our population generally

laid 1 egg per day. Of 182 eggs in 49 nests found

and monitored during the hen’s laying period, only

7 were known to have been laid .24 h after the

previous egg. In each case, this longer interval was

Table 1. Laying time intervals for 11 King Rail eggs. Only intervals �6 h were documented. Times are EDT. Nest initiation

date and laying interval estimation method are indicated. Methods 1 and 2 refer to deduction methods described in the text.

Year Nest initiation date Nest ID Time of day Laying interval Method

2011 May 29 11-12 Morning or early afternoon 0720–1320* 1

2012 May 31 12-34 Morning 0620–1135 1

2012 June 4 12-35 Early morning 0640–0730 2

2013 May 1 13-07 Late morning or early afternoon 1015–1534 Direct

2013 June 2 13-37 Late morning or early afternoon 0930–1523* 2

2013 June 6 13-45 Early afternoon 1215–1307 2

2014 May 12 14-12 Late afternoon or evening 1442–1915 1

2014 June 2 14-31 Morning 0822–0845 2

2016 May 15 16-20 Afternoon 1132–1730 2

2017 May 7 17-06 Early morning 0634–0704 Freshly Laid

2017 June 24 17-42 Early afternoon 1258 (exact time) Video

* Interval determined for the last-laid egg in the clutch.

Figure 1. Egg-laying time intervals of �6 h are represented

by vertical bars for 11 King Rail nests in relation to Julian

date. The shaded area below represents the period before

sunrise, and the shaded area above represents after sunset at

Mackay Island NWR in 2017 (Sunrise-Sunset 2018).
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due to 1 or more skipped day(s) in the laying

sequence (i.e., a laying interval of ~48 h). In each

of 3 additional nests, 2 new eggs appeared within

24 h of the previous egg. We were unable to rule

out conspecific brood parasitism in these cases.

To estimate the relative burden on female King

Rails of carrying a developing egg, we calculated

the ratio of egg to female weight for 44 freshly laid

eggs (mean ¼ 22.5 [SE 0.3] g) from 11 females,

each captured and weighed at the end of their

incubation period (mean¼ 307 [7] g). On average,

King Rail eggs weighed 7% (range¼6–9%) of the

mother’s body weight.

Discussion

Laying times were inconsistent among King

Rails. Those we could estimate within a 6 h

interval laid in the morning or afternoon; however,

we were unable to exclude any particular range of

times in the 24 h day, including periods after dark,

to some extent determined by the sampling regime

and particularly the lack of nocturnal nest checks.

Nevertheless, female King Rails are clearly

catholic in their laying times. This variability

suggests a reduced selective pressure on laying

time in King Rails compared to other species

studied so far, and understanding why could help

provide insights into the selective forces shaping

laying times in birds generally.

Previous arguments suggest that laying times

are selected based on avoidance of periods of

elevated activity during the final stages of eggshell

deposition (Schifferli 1979). Our observations

during the nesting period suggest that activity

occurs throughout the day, but that peaks of

activity occur within 3 h of dawn and at dusk when

they forage out in the open and vocalize more

often. If laying times were related to activity level,

we would expect convergence of egg laying at

dawn or in the late afternoon. For example, female

Yellow Warblers (Setophaga petechial) consistent-

ly lay just after sunrise after a period of nocturnal

inactivity, and they have relatively large eggs in

relation to body size (McMaster et al. 1999). By

contrast, our results suggest King Rails are not

constrained to these times, but their eggs are

comparatively small relative to the female’s body

size. In addition, King Rails seldom fly during the

nesting season, preferring to skulk in and out the

reeds while foraging. For these reasons, activity

level is likely not a strong selective pressure for

this species.

Laying times might have evolved in relation to

selection favoring particular time periods for

copulation (e.g., Birkhead et al. 1987, Weather-

head et al. 1991), but because studies now show

that copulation close to the time of egg-laying may

reduce sperm retention by females, and hence

subsequent fertilization efficacy (Birkhead et al.

1996), this hypothesis counters the suggestion that

the 2 events should be temporally proximate. King

Rail copulations were observed rarely during our

study but at disparate times of day, as early as

0613 h (A.J. Clauser and SBM, East Carolina

University, 2015, unpubl. data) and as late as 1847

h (C.L. Brackett and SBM, East Carolina Univer-

sity, 2011, unpubl. data). Thus, the timing of both

copulation and laying seems to be highly variable

in King Rails.

Laying time may vary in relation to other

physiological and behavioral traits. Conspecific

brood parasitism is thought to have a selective

effect on laying time in the confamilial Common

Moorhen. McRae (1996) hypothesized that an

evening laying time aids females parasitizing

conspecific nests. Incubation duty prevents males

from guarding the territory at this time, and the

cover of darkness can help conceal parasites.

Similarly, laying after sunset prevents hosts from

visually comparing parasitic eggs to the rest of the

clutch because females tend to have distinctive egg

appearances (McRae 1995). Our estimates of the

parasitism rate in this population of King Rails are

relatively low (SBM, 2017, unpubl. data). How-

ever, rates of conspecific brood parasitism are also

related to nest density (Eadie and Fryxell 1992,

McRae 1997, Roy et al. 2009), and parasitism

could have been more prevalent historically when

King Rail population densities were higher.

Flexibility and variation among females in laying

time could be advantageous for conspecific brood

parasites trying to gain access to host nests.

We found no evidence for laying intervals

.24 h by female King Rails. Over 7 seasons,

relatively few exceptions were found for the

pattern of 1 egg appearing in the nest each day

when nests were checked daily during the laying

period. Meanley (1969) also reported 1 egg per

day based on 5 King Rail nests in an Arkansas

population. Although we cannot exclude the
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possibility of slightly longer intervals such as seen

in Common Eiders (Somateria mollissima; Watson

et al. 1993), this possibility seems unlikely. Female

Common Moorhens, with similar body size and

body-to-egg size ratios to King Rails, also lay at

~24 h intervals (McRae 1995, 1996). Laying

intervals .24 h tend to occur in taxa that lay much

larger eggs, such as Sphenisciformes, Pelecani-

formes, Falconiformes, and Strigiformes (As-

theimer 1985), and cranes (Grus, Belearica, and

Anthropoides spp.; Walkinshaw 1973) that, like

King Rails, are in Gruiformes. Moreover, it seems

unlikely that eggshell deposition would be rate-

limiting in King Rails given their calcium-rich diet

composed mainly of crustaceans, mollusks, and

fish (Meanley 1969).

The last egg in a clutch is often laid slightly later

than earlier eggs in the same clutch (McRae 1996,

Cooper et al. 2009). In our sample, last egg laying

intervals of �6 h were measured in 2 nests, and

these were within the range of our other estimated

laying times.

Although laying times have been studied in

relatively few species, in most bird populations,

females converge on a typical laying time (e.g.,

just after sunrise in Yellow Warblers; McMaster et

al. 1999) or in the evening in Common Moorhens

(McRae 1996). By contrast, egg laying times were

extremely variable in the King Rail, suggesting

that the factors imposing selection for a consistent

laying time in other populations are weak or absent

in our population. This supposition may be true for

other species as well. We call on researchers to

report timing of laying in their study populations.

Only through the accumulation of data across a

wider variety of taxa, with varied reproductive

strategies, in different environments, and under

different selective regimes, can future studies

compare consistency within and among popula-

tions in laying time. Many studies now make use

of nest cameras, providing a minimally invasive

way to observe laying times. Data from diverse

taxa will enable us to determine the underlying

physiological, social, and ecological constraints

that shape the evolution of laying times in birds.
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