
., ~ Got1dor, 81:293-208 
© The Cooper Ornlthologicnl Society 1979 

YOLK FORMATION IN SOME CHARADRIIFORM BIRDS 

T. E. ROUDYBUSH 
C.R. GRAU 
M. R. PETERSEN 
D. G. AINLEY 

K. V. HIRSCH 
A. P. GILMAN 
AND 

S. M. PATTEN 

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 H)73). Direct stud
ies have been made in domestic fowl (Gal
lus gallus var. d01nesticus; Gilbert 1972), 
turkeys (M eleagris gallopavo; Bacon and 
Chcrms 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 hardcookecl. 
Hecently 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 clays 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 clichromate 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. 

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

Eggs of Great Black-backed Gull, Herring Gull, 
Hing-hilled Gull, and Black Guillemot were collected 
in Canada; eggs of Western Gull, Pigeon Guillemot, 
and Cassin\ Anklet on the Farallon Islands; and eggs 
of Gh1ucous-winged Gull, Black-legged Kittiwakc, 
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 blocb 
of foam rubber packing material in whieh cylindrical 
holes wcrn cut to keep each egg at least 4 em from the 
sides un<l from other eggs. The temperature of tlw eggs 
was not controlled until eggs arrived nt the laboratory. 
They were degassed in a vacuum-chamber for l6 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 hat 65°C (Grau 1976). The Cana<lhm eggs were 
degassed, frozen, fixed in formalin, and the~ trans
ported to Davis and .~tained. Unstained yolk halves 
were retained f'o1· compari~on with stained halves. 

Proflles were drawn of the ring sequences of shtined 
yolks. Dark-staining material w;ts presented as peaks 
and pale•staining mi1terinl as valleys. DiffeH·necs in 
penk heights were ignored, hut variation along the hor
izontal axis was used to estimate time . .Several attempts 
were made to obt;1in more accurate profiles thrnugh 
the use of a transmission densitometer applied to pho
tographic negatives or to color transparcncit~s. These 
were not as useful in interpreting observations as hand· 
dniwn 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 mitde of unstained yolk halves, with 
pa,ticulr:1 notice taken of patterns of naturally occur
ring pign1ents or variation in the textme of yolk com
prising a ring. 

RESULTS 
MATERIALS AND METHODS 

The stained slices of yolks from different 
Eggs were collected near Old Chevak rm the Clarence species differed greatly in appearance. 
Hhode National Wildlife Hangc (Alaska) in 1975, on 
Sou1hcast Farallon Island (Californi\i) in l'J76 and However, all showed alternating pale and 
Hl77, in Canada near Lakes Huron and Ontario nnd dark rings (Fig. la) that are charaeteristic of 
from the Bay of Fundy llrea, New Brnnswick in I977, yolk formation over a 24-hour period (Grau 
and from Middldon Island in the Gulf of Alaska in 1976). The periods of rapid yolk deposition 
1978. cl 1 an mean egTgr c imensions are given in TaDatc~ of peak arrival of birds and of first egg-laying 
of Chevak, Alnska st}ecies were recorded. Most egg!i ble 1. In general, smaller birds had shorter 
were gathered before incubation began, and when pos- periods of rapid yolk formation. 

[293] 
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FIGUHE 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 <:enter of the yolk on the left side of the 
photograph was caused by the neck of the lntebrn-a 
structure resulting from non-unifrmn yolk deposition 
Ill the region of the blasto<lisc. 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 profile1". that were de
rived from observing slices of stained yolks, 
Figure 1 b includes a photograph of a slice 
of Bartailed God wit 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 oflay
ing of the Mew Gull and Western Gull eggs 

25 26 27 28 29 30 31 May 1975 

Firs! Egq ~ 
27 28 29 30 31 May I 2 June 1975 

Second Egg ~ 
27 28 29 30May I 3June 1975 

Thifd Egg 

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 simult.mcous onset of yolk deposition of eggs 2 
and 3 may have eaused 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 unintenuptcd for an extra day. 

was known from daily observation, whereas 
the godwit and sandpiper eggs had ,dready 
been laid when the nests were found. H.oucl
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, clucks, 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-

First Egg 
I 
Moi 1976 

Second Egg 

Third Egg 

1976 

FIGUHE 3. Yolk profiles of three eggs of n Western 
Gull, which were laid and coJlected on 2, 4 and 6 1'.foy 
1976. Working scparntely, without reforenee to the 
known order of laying two authors were able to ascer
tain the order in which the eggs wern laid. Some of the 
charneteristie rings indicated on these proHles by let
ters were found on either unstained or ferroeyanide
stained yolk slices. They were mnrked on the dkhro
mate-stained yolk pwflles to show the relative position 
of all eharaeteristic rings found in these yolks: A) Slaty 
grey diehromate-stnined riug. B) Light brown <liehro
mate-staining ring. C) Double peak deposited on one 
day; two sirnilal' 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) Distinet slate-colored dichromate peak. F) Broad 
yellow ring on unstained sliee. G) Distinct bright yel
low ring on unstained slice. H) Area of large yolk 
spheres observed on ferrocyanidc-stained yolk. I) Dark 
center charaderistic of the first egg laid. 
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TABLE l. Time required for the rapid phase of yolk formation, and egg_,size, in some seabirds und shorebirds, 

Species 

SCOLOPACIDAE 
Bar-tailed Godwit (Umosa lopponica) 
Huddy Turnstone (Arenaria iriterpres) 
Western Sandpiper ( Cal_idris mauri) 

PHALAHOPODIDAE 
Heel Phalarope (Pha/aro1ws fulicarius) 
Northern Phnlarope (Lohipes lobotus) 

LAHIDAE 
Glaucous Gull (Larns hypcrbureus) 
Great Black-backed Gull (L. marinus) 
Glm1co11s·winged Gull (L. glaucescens) 
Western Gull (L. occidentalfa) 
Herring Gull (L. argentatus) 
Hing-billed Gull (L cfola warensis) 
Mew Gull (L catws) 
Ulack-legged Kittiwake (Ri.~sa tridactyla) . 
Sabine's Gllll (Xenw .rnl;ini) 
Arctie Tern (Stema paradisaea) 

ALCIDAE 
Common Mnrre ( Uria aa{ge} 
Black Guillemot (Cepphus gq1lle) 
Pigeon Gnillemot (C. columba) · 
Cassin'!; Auklet (Ptr1chorampl111s ale11tict1s) 
Tutlecl Puffin (Ltmda cirrlwta) 

1 The numht•r of eggs examined. 
'The mean length and Wi(hh. 

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 clays were re
quired for rapid yolk formation, plus one 
clay for albumen and shell formation, then 
the bird must have started forming yolks on 
days l, 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 di.fferent eggs 
of the same clutch, it "vns possible to deduce 
the sequence in which the eggs were laid. 

Time for yolk 
Clutch size 

Egg size' 
fonuntlon (days} (mm) 

8-12 (8)1 4 56,l X 39.0 
5-6 (4) 4 40.6 X 30.2 
5-8 (9) 4 32.1 X 22.0 

4-5 (5) 4 31.4 X 22.2 
6-7 (7) 4 28.4 X 20.2 

12 (2) 3 72.9 X ,'53.0 
13 ( 1) 3 85.0 X 54.3 
12 (2) 3 

10-11 (8) 3 
11-13 (17) 3 70.9 X 49.9 

12 ( 1) 3 60.0 X 43.6 
,'5-8 (6) 3 60.0 X 42.5 

9 (3) 2 
7-8 (4) 2 34,8 X 28.8 

6 (2) 2 38,6 X 29.6 

12-18 (7) 1 
8 ( l) 2 

10 (2) 2 
8 (4) 1 

12-13 (2) l 

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 wm: 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 ilhistrat
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 ,vith the known 
order. This has been accomplished in sev
eral clutches of eggs of Western Gulls, Mew 
Gulls, Ruddy Turnstoncs, and three species 
of geese, This has also been done to a lim
ited extent in dutches of eggs in which 
some eggs were laid before the nest was 
discovered but in \'vhich eggs were still 
being H:jd. Species in which this bas been 
done include Heel and Northern phalaropcs 
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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First Egg 

Second Egg 

Third Egg , i ./ / / j i 
!8 1920 21 22 23 24 

! : 
25 26 27 28 29 :fo Moyl975 

FIGURE 4. Yolk profiles of three Bar-tailed Godwit 
eggs which had been bid before the nest was discov
ered. By examination of these stained slices and others 
that arc not stained, the sequence of laying was de
duced (.see text). The widths of the rings on 24-28 May 
1975 in the three eggs were varinble, and the profiles 
appear confusing. Direct observation of ring properties 
(which are not apparent in yolk prnfiles) such as color, 
texture and yolk granule size, however, left little doubt 
that the sequenee was correct. 

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 chnra<l
riiform eggs avaihible for this st11~dy 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-

28 29 30 31Moy I June 1975 

First Egg ~ 

Second Egg 

29 30 31May I 2 Juoe 1975 
~ 

30 3!May I 2 3June 1975 

~ Third Egg 

FlGUHE 5. Yolk profiles of three \Vestern Sandpiper 
eggs found in one ne~t. The sequence was dedueed 
from appearance of charncteri~tic rings. The double 
bump on May 30th served as the initial characteristic: 
ring which could be recognized in other yolks. 

TABLE 2. Peak arrival and first egg laying with re
~pect to tirne required for the rapid phase of yolk for
mation (H.)75). 

Tiine 
Dif- of;-o!k 

Peak }i'jrst l'en:m·t1 forntn· 
Specks nrdviil layiug (days) Hon 

Glaucous Gull 9 May .10 June 32 12 
Bar-tailed Codwit 10 May 30 May 20 8-12 
Huddy Turmtone 11 Muy 30 May 19 5-6 
Western Sandpiper 10 May 20 May H) 5-8 
Mew Gull lO May l June 22 5-8 
Sabine's Gull lO May l June 22 8 
Aretie Tern 10 May 12 June 33 6 
Northern Phalarope 13 May l June 18 6-7 
Hed Phalarope 26 May 3 June 8 4-5 

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
enoicls (Fox 1976) are the most likely 
materials. These reel pigments are normal 
components of crustncea, 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-shlined 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 hei'e to some seabirds and shore
birds, provide for the first time estimates of 
the time required for the rnpicl 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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FIGUHE 6. Yolk profiles of n 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 nfter the yolk was c:ut in 
half; this cnick extended into both halves of the yolk 
and was used as nn additional reference mark. Note 
correlations between some of the pigmented areas and 
peaks on the dichromate-stoined h\1lf, Because d,ukly 
staining material (clichromatc stain) is laid down dur
ing the clay, it is concluded that most of the natural 
pigments of this yolk were ingested during the early 
morning, 

mestic birds, to wild birds must be ques
tioned until corroborative data cnn be obM 
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 clepoM 
sition. In domestic birds that lay an egg dai
ly in a large dutch, the timing of events has 
been well documented (Gilbert 1971). In 
chickens, for example, ovul.ttion usually oc
curs within a few hours after yolk formation 
is complete, and some 30 rnin 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 tbat 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 he several days instead of 
the single clay assumed here. 

Once initiated, the major part of yolk for
mation is a continuous process in chickens 
(Gilbert 1972), and presumably in other 
birds. We know of no evidence that yolk 
deposition may stop for one or more days, 
and then be resumed, but this possibility 
cannot he disregarded. 

Table l demonstrates variation among 
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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 Jarid 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). 

The only relationship to the time be
tween arrival and laying (Table 2), was that 
it al ways 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 (Branta 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 dichrornatcM 
stained slices were examined. The range in 
days required to deposit the yolk was esti
mated by~ counting pairs of pale and dark 
· 1 .,) l 1 nngs, w 11c 1 represent one cay 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 natmal pigments in the yolk. 
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searchers studying tlw ecology ()f forest birds. 

Grcensbunks,-Desmond and Muirnie Nt!lhernole
Thompsou. U:l70. Buteo Books, Vermillion, South Da· 
kotn. 275 p, $27.50. Few birds, pnrtieubrly shorebirds, 
have received such long, intensive, and affoctionate 
study as has the Grcenshauk from Desmund Nether
sole-Thompson. His work rm this specit·s-the Euro
pei1n counterpart of the Greater Ydlowlegs-began in 
1932 and led lo his first book, The Gree11slw11k (Col
li11s, London, Hl5'J), This new book is tlw culmination 
of fresh research begun in W61, in the highlm1(.h of 
northwestern Seotbnd. Collaborative fieldwork by all 
members of tlie family has yielded new infi:;rmation 
and insights into the biology of these birds. Yet the 
book is not provincial, the ,1uthors' findings being in
tegrated with others from dsewhere in the species' 
range. lvlany tables and appendixes report additional 
data. David Pnrmelee has written a gradous and per
sonal preface, and several other workers have contrib
uted special sections. The bird and Hs environment are 
shown in many drawings and four lovely color plates 
by Donald Watson, and in pietures by severnl photog
raphers. Maps, graphs, sonagrams, seleeted bibliog
raphy, and index. Altogether, this is an exemplary ae-. 
count of a single species and an essenthd !wok for 
shorebird specialists. 


