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By counting and measuring the major ova of 
breeding birds at autopsy and combining 
these data with time intervals between ovi- 
positions, rough estimates have been made 
of the time required to form yolk in some 
non-captive birds (King 1973). Direct stud- 
ies have been made in domestic fowl (Gal- 
1~s gallus var. domesticus; Gilbert 1972), 
turkeys (Meleagris gallopavo; Bacon and 
Cherms 1968), and Common Quail (Cotur- 
nix coturnix; Bacon and Koontz 1971), by 
feeding the birds a capsule containing dye 
each day, and counting dye rings in the 
yolks after the eggs have been hardcooked. 
Recently developed methods of fixing and 
staining eggs have revealed differences in 
yolk deposited during day and night, thus 
permitting another estimation of the num- 
ber of days during which yolk was depos- 
ited, and without direct contact with the fe- 
male (Grau 1976). In eggs from chickens 
and quail that had been fed dyes, yolk that 
stained darkly with dichromate was shown 
to be deposited during the active daytime 
feeding periods, while pale-staining yolk 
was deposited during the night. Thus, pairs 
of light and dark rings, which together take 
a day to be deposited, may be counted to 
estimate time of yolk formation. 

In the present study we have applied the 
yolk ring method of estimating the number 
of days during which the bulk of the yolk is 
deposited around the central white core 
(Grau 1976) to the eggs of some shorebirds, 
gulls, terns and alcids. 

MATERIALS AND METHODS 

Eggs were collected near Old Chevak on the Clarence 
Rhode National Wildlife Range (Alaska) in 1975, on 
Southeast Farallon Island (California) in 1976 and 
1977, in Canada near Lakes Huron and Ontario and 
from the Bay of Fundy area, New Brunswick in 1977, 
and from Middleton Island in the Gulf of Alaska in 
1978. 

Dates of peak arrival of birds and of first egg-laying 
of Chevak, Alaska species were recorded. Most eggs 
were gathered before incubation began, and when pos- 

sible, the order of laying of each egg in the clutch was 
noted. 

Eggs of Great Black-backed Gull, Herring Gull, 
Ring-billed Gull, and Black Guillemot were collected 
in Canada; eggs of Western Gull, Pigeon Guillemot, 
and Cassin’s Auklet on the Farallon Islands; and eggs 
of Glaucous-winged Gull, Black-legged Kittiwake, 
Common Murre, and Tufted Puffin on Middleton Is- 
land, Alaska. The remainder of the eggs came from the 
area near Chevak. Linear measurements were made 
only on Alaskan and Canadian eggs. 

Eggs from Alaska and the Farallon Islands were 
shipped to Davis, California in boxes filled with blocks 
of foam rubber packing material in which cylindrical 
holes were cut to keep each egg at least 4 cm from the 
sides and from other eggs. The temperature of the eggs 
was not controlled until eggs arrived at the laboratory. 
They were degassed in a vacuum chamber for 16 h to 
avoid air bubbles in the final preparation, frozen in air 
at -20°C. fixed in 4% formalin for 16 h at 65°C. cut in 
half, and one half stained by 6% potassium dichromate 
for 16 h at 65°C (Grau 1976). The Canadian eggs were 
degassed, frozen, fixed in formalin, and then trans- 
ported to Davis and stained. Unstained yolk halves 
were retained for comparison with stained halves. 

Profiles were drawn of the ring sequences of stained 
yolks. Dark-staining material was presented as peaks 
and pale-staining material as valleys. Differences in 
peak heights were ignored, but variation along the hor- 
izontal axis was used to estimate time. Several attempts 
were made to obtain more accurate profiles through 
the use of a transmission densitometer applied to pho- 
tographic negatives or to color transparencies. These 
were not as useful in interpreting observations as hand- 
drawn profiles. The peak-valley pairs-each repre- 
senting one day-were counted to determine the total 
number of days required for yolk formation. Observa- 
tions were also made of unstained yolk halves, with 
particular notice taken of patterns of naturally occur- 
ring pigments or variation in the texture of yolk com- 
prising a ring. 

RESULTS 

The stained slices of yolks from different 
species differed greatly in appearance. 
However, all showed alternating pale and 
dark rings (Fig. la) that are characteristic of 
yolk formation over a 24-hour period (Grau 
1976). The periods of rapid yolk deposition 
and mean egg dimensions are given in Ta- 
ble 1. In general, smaller birds had shorter 
periods of rapid yolk formation. 
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FIGURE 1. A. Photograph of a cross section of a di- 
chromate-stained Bar-tailed Godwit yolk. This yolk re- 
quired 12 days for formation. The curving of the rings 
toward the center of the yolk on the left side of the 
photograph was caused by the neck of the latebra-a 
structure resulting from non-uniform yolk deposition 
in the region of the blastodisc. Spots on the yolk are 
gas bubbles. This particular egg was not degassed com- 
pletely. B. An enlargement of the outlined part of A 
showing part of the yolk from the center (left side of 
the photograph) to the outside. C. The hand-drawn 
profile represents dark-staining yolk as peaks and pale- 
staining yolk as valleys. Numbers indicate the days of 
yolk formation. 

The yolks of many shorebirds and sea- 
birds were found to have rings of highly pig- 
mented yolk. Colors ranged from yellow 
through orange to red. 

In order to illustrate the variations in ring 
appearances and the profiles that were de- 
rived from observing slices of stained yolks, 
Figure lb includes a photograph of a slice 
of Bartailed Godwit yolk and the profile that 
represents it. 

Under some conditions, it is possible to 
deduce the sequence of laying of several 
eggs of a clutch. In Figures 2, 3, 4 and 5, 
profiles of the yolks of a Mew Gull, a West- 
ern Gull, a Bar-tailed Godwit and a Western 
Sandpiper are presented in the order in 
which the eggs were laid. The order of lay- 
ing of the Mew Gull and Western Gull eggs 
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FIGURE 2. Yolk profiles of three Mew Gull eggs 
found in the nest on June 1, 3 and 4, leaving two days 
between the laying of the first and second eggs. Mew 
Gulls generally required seven days for yolk formation. 
However, delay in the onset of yolk formation of egg 
2 and simultaneous onset of yolk deposition of eggs 2 
and 3 may have caused a delay in ovulation of yolk 3. 
Although yolk 3 had been undergoing rapid deposition 
long enough to be ovulated, it was held and yolk de- 
position continued uninterrupted for an extra day. 

was known from daily observation, whereas 
the godwit and sandpiper eggs had already 
been laid when the nests were found. Roud- 
ybush and Grau (unpubl. data) have verified 
the order in which eggs were laid, deduced 
from ring structure, in known sequences of 
eggs of geese, quail, chickens, ducks, gulls, 
and shorebirds. 

The order of laying of eggs in a clutch was 
deduced by selecting characteristic rings in 
sections of the eggs, and counting the days 
between these rings and the outer margin 
of the yolk. Recognizable yolk rings depos- 
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FIGURE 3. Yolk profiles of three eggs of a Western 
Gull, which were laid and collected on 2, 4 and 6 May 
1976. Working separately, without reference to the 
known order of laying two authors were able to ascer- 
tain the order in which the eggs were laid. Some of the 
characteristic rings indicated on these profiles by let- 
ters were found on either unstained or ferrocyanide- 
stained yolk slices. They were marked on the dichro- 
mate-stained yolk profiles to show the relative position 
of all characteristic rings found in these yolks: A) Slaty 
grey dichromate-stained ring. B) Light brown dichro- 
mate-staining ring. C) Double peak deposited on one 
day; two similar very fine rings on dichromate-stained 
slices. This peak pair was not as symmetrical in the 
second egg as in the third, and was missing in the first 
egg. D) Dichromate-stained double peak similar to C. 
E) Distinct slate-colored dichromate peak. F) Broad 
yellow ring on unstained slice. G) Distinct bright yel- 
low ring on unstained slice. H) Area of large yolk 
spheres observed on ferrocyanide-stained yolk. I) Dark 
center characteristic of the first egg laid. 
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TABLE 1. Time required for the rapid phase of yolk formation, and egg size, in some seabirds and shorebirds. 

Species 

SCOLOPACIDAE 

Bar-tailed Godwit (Limosu lupponicu) 
Ruddy Turnstone (Arenuriu interpres) 
Western Sandpiper (Calidris muuri) 

PHALAROPODIDAE 

Red Phalarope (Phalaropus jidicarius) 
Northern Phalarope (Lobipes lobatus) 

LARIDAE 

Glaucous Gull (Laws hyperboreus) 
Great Black-backed Gull (L. marinus) 
Glaucous-winged Gull (I,. gluucescens) 
Western Gull (L. occidentalis) 
Herring Gull (L. argentutus) 
Ring-billed Gull (L. deluwurensis) 
Mew Gull (L. cunus) 
Black-legged Kittiwake (Rissa triductyla) 
Sabine’s Gull (Xemu subini) 
Arctic Tern (Sternu parudisueu) 

ALCIDAE 

Common Murre (Uriu aulge) 
Black Guillemot (Cepphus grylle) 
Pigeon Guillemot (C. columbu) 
Cassin’s Auklet (Ptychorumphus uleuticus) 
Tufted Puffin (Lundu cirrhutu) 

Time for yolk 
formation (days) 

8-12 (8)’ 
5-6 (4) 
5-8 (9) 

4-5 (5) 
6-7 (7) 

I2 (2) 
I3 (I) 
I2 (2) 

lo-11 (8) 
11-13 (17) 

12 (1) 
5-8 (6) 

9 (3) 
7-8 (4) 

6 (2) 

12-18 (7) 
8 (I) 

IO (2) 
8 (4) 

12-13 (2) 

Clutch size 

4 
4 
4 

4 
4 

3 
3 
3 
3 
3 
3 
3 
2 
2 
2 

1 
2 
2 
1 
1 

Egg size* 
(mm) 

56.1 x 39.0 
40.6 x 30.2 
32.1 x 22.0 

31.4 x 22.2 
28.4 x 20.2 

72.9 x 53.0 
85.0 x 54.3 

70.9 x 49.9 
60.0 x 43.6 
60.0 x 42.5 

34.8 x 28.8 
38.6 x 29.6 

’ The number of eggs examined 
2 The mean length and width. 

ited simultaneously in several consecutive 
yolks of a clutch are defined as characteris- 
tic rings. Yolk properties that were useful in 
identifying characteristic rings were varia- 
tion in pigmentation, sensitivity to staining, 
and variation in texture. In the earliest laid 
egg the characteristic ring was nearest the 
margin. 

When a characteristic ring was deposited, 
each yolk being formed received character- 
istic ring material as part of the outer ring 
of the follicle. Because each follicle was at 
a different stage of development, the dis- 
tance from the characteristic ring to the out- 
er margin of the yolk differed among yolks. 
For example, if a bird laid four eggs over a 
four-day period, and seven days were re- 
quired for rapid yolk formation, plus one 
day for albumen and shell formation, then 
the bird must have started forming yolks on 
days 1, 2, 3, and 4 to be able to lay eggs on 
days 9, 10, 11, and 12. If a characteristic ring 
were deposited on day 6, yolk A would have 
shown that characteristic ring as occurring 
one day before ovulation; yolk B, two days 
before ovulation; yolk C, three days and 
yolk D, four days. By noting how many days 
before ovulation the same characteristic 
ring occurred in each of the different eggs 
of the same clutch, it was possible to deduce 
the sequence in which the eggs were laid. 

An example is presented in Figure 4, 
which shows profiles of three eggs from the 
nest of a Bar-tailed Godwit. A ring with a 
recognizable color or structure was chosen 
as the characteristic ring. Its position with 
respect to the outer margin and to other 
rings was determined. By using several 
such characteristic rings at different dis- 
tances from the margin, the likelihood of 
deducing the correct sequence was en- 
hanced. Details of a few characteristic ring 
types are illustrated in Figure 3. These 
methods were applied to the eggs illustrat- 
ed in Figure 4, and to other clutches not 
presented. In cases where the actual order 
of laying was known, placing the eggs in 
order using the sequence deduced from the 
characteristic rings agreed with the known 
order. This has been accomplished in sev- 
eral clutches of eggs of Western Gulls, Mew 
Gulls, Ruddy Turnstones, and three species 
of geese. This has also been done to a lim- 
ited extent in clutches of eggs in which 
some eggs were laid before the nest was 
discovered but in which eggs were still 
being laid. Species in which this has been 
done include Red and Northern phalaropes 
and Western Sandpipers. 

Characteristic rings were also useful in 
deducing probable intervals between ovi- 
positions. A delay of a day in the initiation 
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TABLE 2. Peak arrival and first egg laying with re- 
spect to time required for the rapid phase of yolk for- 
mation (1975). 

Time 
Dif- of yolk 

Peak First ference form- 
Species arrival laying (days) tion 

FIGURE 4. Yolk profiles of three Bar-tailed Godwit 
eggs which had been laid before the nest was discov- Glaucous Gull 9 May 10 June 32 12 

ered. By examination of these stained slices and others Bar-tailed Godwit 10 May 30 May 20 8-12 

that are not stained, the sequence of laying was de- Ruddy Turnstone 11 May 30 May 19 5-6 

duced (see text). The widths of the rings on 24-28 May Western Sandpiper 10 May 29 May 19 5-8 

1975 in the three eggs were variable, and the profiles Mew Gull 10 May 1 June 22 5-8 

appear confusing. Direct observation of ring properties Sabine’s Gull 10 May 1 June 22 8 

(which are not apparent in yolk profiles) such as color, Arctic Tern 10 May 12 June 33 6 

texture and yolk granule size, however, left little doubt Northern Phalarope 13 May 1 June 18 6-7 

that the sequence was correct. Red Phalarope 26 May 3 June 8 4-5 

of rapid yolk deposition is the most likely 
reason for a delay in oviposition. Firm evi- 
dence on this point is available only from 
observations in domestic fowl (Gilbert 
1972). 

Table 2 shows that for all species pre- 
sented, the time of yolk formation is less 
than the time between peak arrival and first 
egg laying. 

DISCUSSION 

The internal yolk structures of the charad- 
riiform eggs available for this study were 
similar to those of gallinaceous birds and 
geese (Grau 1976). There was considerable 
variation in the red, orange, and yellow 
colors in the rings of various eggs as well as 
variation in color and clarity of rings stained 
by dichromate. As far as could be told from 
internal evidence of ring appearance in 
eggs of a clutch in relation to day of ovipo- 
sition, a pair of rings (one pale-staining and 
one dark-staining with dichromate) was de- 
posited each day. Presumably in species 
which breed at high latitudes these rings 
relate more to activity than to photoperiod. 

Color variations in yolks are presumed to 
result from the ingestion of food containing 
natural pigments (Fox 1976). Some fat-sol- 
uble dyes (Denton 1940) as well as natural- 

First Egg 

-June 1975 

Second Egg 

a 1975 

30 3lMoy I 2 3 June 1975 

Third Egg 

FIGURE 5. Yolk profiles of three Western Sandpiper 
eggs found in one nest. The sequence was deduced 
from appearance of characteristic rings. The double 
bump on May 30th served as the initial characteristic 
ring which could be recognized in other yolks. 

ly occurring pigments (Grimbleby and Black 
1952) have been shown to be readily de- 
posited in yolk when they are fed to birds 
who are forming yolk. The time required for 
absorption and deposition of pigments such 
as Sudan IV is approximately four hours in 
quail (Bacon and Koontz 1971), and chick- 
ens (Gilbert 1972). The composition of 
shorebird and seabird yolk pigments is not 
known, but astaxanthin and related carot- 
enoids (Fox 1976) are the most likely 
materials. These red pigments are normal 
components of crustacea, some other inver- 
tebrates, and some fish. Fox (1976) found no 
astaxanthin in yolks of flamingos fed astax- 
anthin, but Johnson, Lewis and Grau (per- 
sonal observ.) found that astaxanthin is de- 
posited in the yolks of chickens. 

Even though the source of yolk pigment 
is not known in these samples, some esti- 
mate can be made of the time of day when 
the pigments were consumed. If the dark 
and pale rings of dichromate-stained yolk 
halves, corresponding to day and night, are 
compared to the unstained halves of the 
same yolks, the pigments are generally 
present in dark-staining rings and often only 
in the beginning of these rings (Fig. 6). This 
suggests that most natural pigments were 
consumed in the early morning, because 
that is the time when dark-staining rings are 
deposited in eggs of chickens and quail 
(Grau 1976). 

These methods of studying egg formation, 
applied here to some seabirds and shore- 
birds, provide for the first time estimates of 
the time required for the rapid period of yolk 
deposition. The indirect estimates summa- 
rized by King (1973) on the Herring Gull, 
the only species in which comparisons with 
the present work are possible, suggested a 
shorter time than found by counting rings. 

The validity of applying techniques such 
as ours, developed first with captive or do- 
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FIGURE 6. Yolk profiles of a single Bar-tailed God- 
wit egg. Above is the dichromate-stained half of the 
yolk and below is the unstained half. The arrows in- 
dicate a crack that was found after the yolk was cut in 
half; this crack extended into both halves of the yolk 
and was used as an additional reference mark. Note 
correlations between some of the pigmented areas and 
peaks on the dichromate-stained half. Because darkly 
staining material (dichromate stain) is laid down dur- 
ing the day, it is concluded that most of the natural 
pigments of this yolk were ingested during the early 
morning. 

species in the time required to form yolks. 
In general within families, smaller birds re- 
quired less time, but notable exceptions ex- 
ist. For example, the Mew Gull, a relatively 
large larid of those sampled, formed eggs 
rapidly. Nor did the relationship between 
egg size and yolk formation time hold true 
when birds of different families were com- 
pared. For example the Bar-tailed Godwit 
required as much time to form yolks as did 
the large gulls. There was no clearly direct 
relationship to clutch or egg size (Table 1). 

mestic birds, to wild birds must be ques- 
tioned until corroborative data can be ob- 
tained by using independent measurements 
such as feeding dyes in daily doses. 

In attempting to relate time of arrival on 
the breeding ground, or environmental 
events at the nesting site, to structure or 
composition of yolk rings, assumptions have 
been made of the intervals between com- 
pletion of yolk formation and oviposition, 
and of the continuous nature of yolk depo- 
sition. In domestic birds that lay an egg dai- 
ly in a large clutch, the timing of events has 
been well documented (Gilbert 1971). In 
chickens, for example, ovulation usually oc- 
curs within a few hours after yolk formation 
is complete, and some 30 min after ovipo- 
sition of the previous egg. Formation of al- 
bumen, shell membranes, and shell takes 
approximately 24 h, 20 h of which is taken 
up by shell deposition. No comparable in- 
formation is available for wild birds, but it 
is likely that similar times are required in 
birds that lay an egg each day until the 
clutch of several eggs is complete. Gilbert 
(1970) reported that in about 20% of the 
first-laid of a sequence of chicken eggs, yolk 
deposition ceased 24 h before ovulation. We 
have some preliminary evidence from some 
nongallinaceous birds that the period be- 
tween completion of yolk deposition and 
oviposition may be several days instead of 
the single day assumed here. 

The only relationship to the time be- 
tween arrival and laying (Table 2), was that 
it always equaled or exceeded the time of 
yolk formation. This means that all yolk for- 
mation can occur on the breeding grounds. 
This observation is similar to that with 
Cackling Geese (Brunta canadensis mini- 
ma) reported by Raveling (1978). The abil- 
ity to determine the amount of time re- 
quired for egg formation, as described in 
this paper, may ultimately help us to un- 
derstand better the ecology and energetics 
of avian reproduction. 

SUMMARY 

Variation in appearance of yolk rings was 
used to determine duration of the rapid yolk 
formation period in several shorebirds and 
seabirds. After freezing, yolks were fixed in 
formalin, and unstained and dichromate- 
stained slices were examined. The range in 
days required to deposit the yolk was esti- 
mated by counting pairs of pale and dark 
rings, which represent one day per pair. 
With some exceptions, yolk formation in 
small alcids required from 8 to 10 days; in 
large gulls from 10 to 13 days; in small gulls 
from 5 to 8 days; and in small shorebirds 
from 4 to 7 days. This type of analysis can 
also yield information on the sequence of 
egg laying in a clutch and the timing of de- 
position of natural pigments in the yolk. 
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