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ArsTRACT. — The pre- and early posi-
hatching development of the hatehing
muscle, M. complexus, is described for
eight spocies of ducks. Its pattern of
change in conformalion and mass is
gimilar to that known for other hirds.
The time of occurrence of certain cvents
in development appears to be correlatod
witl length of incubation period rather
than with biomass. Movement of lymph
into and out of the hatching muscle
conalitutes ithe major faetor in the
changes in hulk of the musecle. Actual
weight of the musele at the time of
pipping is roughly corvefated with
thickness of egg shell in ducks, as it
18 in grebes, but these correlations ex-
igt only within eclosely related phyio-
menstic lines in birds. It is suggested
thai genetic hackground and factors
auch as humidity and composition of
the shell are also significant in the his
tory of the halching mechanism.

The time roguired for a single epp
Lo hateh (frem pip to emergence) is
highly variable with species, seasou,
chronological position in the cluteh and,
in Americau Coots at least, wilh the
nnmber of eggs in tho cluteh. Hatching
time of a cluteh (time from pip of
firat egg to emergence of last duekiing)
appears to he specifically and scason-
ally variable, us is emersence timo
(pariod of emergence from first to last
duckling), but the latter iime is much
shorter in precocial species.

The hatehing mechanism in the Rud-
dy Duck (Oxvurinae) shows major dif-
ferences from that in the Anatinae and
the Aythyinae in which it iz similar.

The hatehing musele in birds wes
first considerad to he the caput part
of the M, cuenllaris of Fiarbringer
{1888.:1046). Since it iz a tre skel-
etal musele in its own right and has

been called M. complexus, George
and Terger (19G€.:272) favor re-
tention of the latter name. 1 agree,

Harly modern studies of M. ¢om-
plexus aroused a minor eontroversy
about Its funetion. Rosenstadt
{1912) regarded it as a reliet with
no funectional significance, but Keibel
(1912 believed that it furnished the
power to thrust the ege-toolh of the
embryo agalust the inmer surface
of the egg shell and thus effect the
first break in the shell. Pohlman
(1919:101) stated that the muselo
was ¢, relaxed at the tine of
picking through the shell,’” and con-
segquently the musele could not be a
functional part of the hatchine
mechanism.

In a geries of studies in 1958, 1961,
and 1962, H. I. TMsher suggested
that: 17 M. complexus was indeed
the powoer for the eza-tooth ; and 2)
it was likely that lymph, infiltrating
the musele just befare hatehing, car-
ried nutrients for the temporarily
high energy requirements of the mus-
ele.

Driver (1960) working with the
Common Fider (Someteric molfis-
sima}, the Oldsquaw (Clengula hye-
malis), and the Redbreasted Mer-
ganser (Mergus serrafor) reported
that the “upward wuod’ was the
mosl obvions movement of the head
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in the immediate pre-haleh stage
and that this “‘nod’” did bring the
epe-tooth agaiust the shell in typieal
pipping motions.

Ll 19688 Ueorge and Type found
Hipase activity and a high glycogen
content in M. complesns of the chick
at the time of hatehing, as well as
in the pectoralis muscles. Their con-
clugion was that the hatehing mus-
ele powered the pipping process and
aided in the final emergence from
the shell but that the peeforalis mus-
¢les probably were the primary lac-
tor i the actual emergence of the
chick.

Bmbryos of all avian species must
in gome way escape from the heavy,
caleified shell, but all the experi-
mental studies of haiching have thus
Far concerncd themselves only with
the domestic chicken. The prescnce
of a hatehing muscle with a develop-
mental history that would make pos-
sible a contribution fo hatehing has
heen  demonstrated only in  the:
domestie  chicken (H. 1. Hisher,
19568) 3 American Cootl (Fulica ames-
ferna) {(J. R. Wisgher, 1962} ; Frank-
lin’g Chall (Larus piptrean), Com-
mon Tern (Sterna hivgndo), and
Black Torn {Chlidonias niger) (I1,
I. Fisher, 1962% ; and in five speeics
of North American grebes {IFamily
Podicipedidae) (H. T. Fisher, 1961).

When the mechanical and physio-
logical aspeets of hatehing berome
known in more spocies of birds, we
shall undoubtadly diseover consider-
able varlation, As yel we arc i1 no
position To gencralize — ag is indi-
eated by the observations of Wether-
:bee and Bartletr. {1962) who found
in the American Woodeock (Philo-
mene wminor) and the Willet (Cafop-
trophoris  semapolmoetusy lhat the
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neural processes of the cervieal and
thoracie vertebrae formed a ridee
that ripped the shell longitudinally,

Conseyuently, it remaing desirable
{0 stndy additional groups of birds
to determine the method of emci-
gence, the veeurrence of the musele
and the eross features of its de-
velopment, with partieular empha-
ses on the time of maximum size and
ot the amonnt and period of infil-
tration of Jyrmph.

The prrpose of this paper is to re-
port investigations of the cmbryo-
logical features of the hatehing mus-
¢le in some North American ducks
and, as adjuncls of the study, to
present information on the thickness
of the ewe shell at hatching, hateh-
ing times for e¢lutches aud Lor single
cgs, body weights at hatehing, fer-
tility and hatchability.

Mrtrops AND MATERIALS

Duck eggs collecled fTor ihig study
ineluded: Mallard 44, Gadwall 39, Pin-
tuil 43, Blue-winged MTeal 123, Shoveler
57, Redhead 1823, Canvasback 3, and
Ruddy Duck 6% The actual numher of
cach specieg used for each aspeet of the
investigation iy indicated in the figures
and tablez, Canvashuacks were rarc anil
o attempt was made to gecurc an ade-
yuale series. Allhough Redheads were
alzo searce and extensive eollecting Thus
undesirable, it was possible to obfain
a significant number of eggs from
“dump nests,” egga doposited by several
females and which represented vepro-
ductive “losses” in any event since they
gre usnally nol ineubated. T'he collec-
tions were made in the marshes al the
soulh end of lake Maniloba between
the wvillages of Delta and St. Ambroise,
Manitoba, Canada, and in the “Pothole
Country” neatr Minnedosa, AManitoba.

hethods and eonditions employed for
inenhation ol eggs and siudy of the size
of the hatching mnscle were the same
uy  those emploved by H. I. Fisher
(1461). At the time of this study in
1980 the possible elfects on hatching
time of physical contact hetwecn the
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eggs of a cluteh (Vince, 1964) or of
vocalizations  (Vince, 196G6) had not
been postulated. The duek egegs of a
clutelhh were arranged in linear fashion
in g single trongh in the incubator and.
although thers was no contact with eges
of other clutches of the gamce or other
gpesies, eggs of soveral cluiches were
at times within the audio range of
sounds made by warious ducklings.

Sinee =tudy of synehronization of
hatching within a clutch wasg not an
objective of this inveatigation and since
the only possible effects vel attributed
ta contact and sound are reporied to
oceur in the 24 hours prior to hatching,
it geems likely thut the random contacis
and sounds produced, if anything, only
an increased vuriahility in the raiios of
hatehing muscle to body weiphts,

The thickness of the shell was meas-
ured in ten thousandths of an ineh wi:h
machinist's dial calipers. Each shell
wags neasnred lmmodiately after hatch-
ing, The thickness wasg determined hy
averaging the messurements of three
randomly-selected areas at the “pip end”
of the egg: variation hetween these
thres thicknesses was less than 109,
but it is recognized that the shells may
have thinned during incubation.

lomputation of the “lymph area” was
made by multiplying greatest length b
greatest width. Since the width was
variable, and the glands often roughly
triangnlar in ghape, “area” simply Tep-
regented u convenient and approximate
compogite index to wize rather than an
accurate meagurement of gpace covored,

Weights of dueklings “at hatehing™
were made Lefore 10 honrs of age. Since
intraded volk was included at hatehing
and not with any smhryos before hatel-
ing, the apparent increasc hetween T
ping and hatehing weights was ot veul.

Tnformation on the hatching proecess,
@articularly the time span between the
Arst pipping of an egs and (he eme~
gence of the duckling and the tine De-
tween emergence of the first and last
ducklings in a brood, wag obtained by
continuous ohservation of the colulch
after the first egz pipped. Time was
not available to watch all clutehes nzed
in this study. Our conclusions were
based on watching the process in: 4
cluteches of Ruddy Duek eggs. 4 of Red-
heads, 7 of Bluewinged Teals, 1 of
Shovelers, and 2 of Pintailg, Observes
tions were also made on 15 cluiches of
Fravklin's CGulls, Larus pipircan (1.1
Fisher, 1962} and of 5 clutches of the
Amorican Coot, Fufice wmericona {J.R.
Fisher, 1962),
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Incobalion of clulches of fhe same
spocies, Taid at difforent times, made
feasible a few obsgervationg on possible
seasond! ditferences in hatchability and
hatching time.

Data on  fertility and hatchability
were kept on all elutches, All egpes were
candled before being put in the incu-
bators, but all were incobaled for a
weel before any wore discarded as in-
fertile.

(OBSFRVATTONE ON THR
TTawciaxe Musenw

Genergl fediures. — B complexuy jn
all species investizgaled was a throe-szeg-
tent, occagionally Tour-, paired musele
on the dorsal aspeect of the neck | Figs.
1,2), Most anteriorly it spread Jaterally
and ventrally Lo cover a bit of the side
of the neck in the rogion of vertebrae
1 and 2. It was superficial to the hi-
ventor cervicis and spinalis museles,
Without exeeption, each muscle of the
pair was widesl anteriorly whero it in-
serted fleshily on the posterior, parietal
crest ol the skull hetween the origins
of the two depressor mandibularvis mus-
cleg and belwecen the most dorsal Lips
of the hyoid apparains.

The origin of the muscle was, for the
most part, tendinous and from the dor-
dal surfaccs of the iransgversge procosses
of cervical vertebrae 3 and 4, but there
was  some  fAbrous attachment to the
lateral surfaces of the neural spines
ol (hese vertehrae,

Segmentatiogn, — Sepmoentation of the
muszcle wag firgt indicated by a frans-
verse line between segments 1 and 2;
in all speeles this occurred when hody
weight reached 5 1o % grams. Within a
gpecies the time of firgl appearunce of
sogmentation was even nlove Nniform—
Loy example, between 6 and 8 gramsg in
the LRedhead and b to 7 in the Tlue-
winged Teal and CGadwall,

Scgmentl 3 showed when hody weight
Became 1 or 2 grams grealer (7T 1o i1
grams) except in the Mallard in which
it appeared with a 12-gram body weight,

1t wag only at the prepip =tage that
the Tourth szcgment (hot found in the
Ruddy Duck) Lecame vigible in the Mal-
lard, Shovelesr, and CGadwall. In the
Blue-winged Teal and Redhead, gsegment
4 showed only atter hatebing, but it was
presenl at the prepip and jusgi-hatehod
slages In the Pintail,

Segmentation wus faint or completely
magked, temporarily, at the time of pip-



208
Unﬂ I
7 GMS 3 GMS, 12 GMS.
BEADY TG PIP PIFPEDR JUST HATCHED
DEPR. &5
MAND,%(
.-'l 1
Hrenn” ||I
l| I
I||.|- a
2 ORYS & DAYS 23 bavs
Figuui 1. Sketches of dovsal views

Blue-winged
{Weights

of hatching muscles in
Teals of different ages. X3,
indicated are body weights.}

ping, reappeared during hatching, and
hecame progressively obscure (Fig. 1,
Blue-winged Teal) or absent within 34
days after hatching (Fig. 2, Mallard).
In the Shoveler, segments were not visi-
Pble after & davs of age, and wmany af
the Blue-winged Teals showed to scg-
nientalion afiter 9 dayse,

Ttelative sives of the segments for the
Hlue-winged Teal are illustrated in Fig-
ure 1: ithey ave typical of all the ducks
studied. Scgment 4, when pregent, wuas
a much-attenvated struocture no more
than hall the aize of segment 3 (Fig.
2, Redhead).

Although there was liltle or no change
in lhiz relative size of the segments
during development. the segments in-
creased in absolute size (Flg. 1). The
expansion wad in all dimensions, ‘hut pri-
marily in width and in thickness.

The most eusily observed Indicalion

of this rapid growth was the degree of

medial extension and the extent to which
ihe gepments hid from view the under-
Iving Mm. biventer cervices.

In the Blue-winged Teal. a typical spe-
eies in these developnients, embryos of
2 prams tofal weipght nosscssed hatch-
ing muscley consisting of two thin bands
lying side by side and touching cach
other throughoul their length. Betwesn
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the 4- and 6-gram stages the muscle
bands bepan lo scparate from one an-
other, and they were usually completely
apart at 7 grams of body weight. With-
in the span of a day or so, and an in-
erease of onc or twg gramg in body
weight, the anterior ends of the pair of
muscles were again in contact alung
their medial sdges (Fig. 1). Contact
hetween the muscles continued pro-
gressively candad until the pipping and
hatehing stages when, in more than
half the embryod, the inner edges
towched throughout their lengtih, In the
fourth or filth day of age the muscles

12 HOURS 4 DAYS

RECHEAD

| DAY 3 DAYS
RUDDY

30 DaAYS

5 DayYs

JUST HATCHED
MAaLLARD

6 DAYS EARLY PIP

SHOVELER PINTAIL

Fieuge 2. Skelches of dorsal viows of
hatehing museles in five speocies of
ducks, X3,
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of the two sides separated permanently;
this diszoeciation beguan at the posterior
end and proceeded anteriorly to the
junciion of segments 1 and 2 while a
slower digengagament was initisted at
the anterior end. The process iz shown
for the Ruddy Duck in Figure 2.

The Bhoveler's development in this re-
gard was the same ag the Blue-winged
Teal's except that medial contacl le-
tween the two sides was initially lost at
Y grams of body weight. and final sep-
aration tool place 2 days afler hatching,
The only vaviation hetween the Teal
und the Pintail was that the body weight
in the laltter wag approximately [2
grame when the muscles first separated,
Embryos of the Oadwall exhibited graat
individual wvariation in the degree of
contact between the Lwo sides, hnt in
all instances ihe contaer wasg leaz tlhan
in the other gpecies.

In the Redhead the initial, complete
separation was found in only a few
specimens; most mainlained contacl in
the middle third of the muscles’ length.
Another major wvariation from the pat-
tern of the Blue-winged Teal was that
the muscles of the two sides bocame (lis-
tinet and completely weparate entities
within honrs after hatehing (Fig., 23,
and cceasionally even before hatching.

Neither the Mallard nor the Ruddy
Duck exlibited the iirst separation of
the mmuscles and a greater degree of
contacl was maintained for a longe,
post-hatehing period. In the Ruddy, oven
at 13 days, the mudeles still toucked
each other.

Infiltration of Iymph, — Indications of
the presence of lymph wero geveral: A
chunge in the color of lhe moscle from
dark pink to wellowpink to straw-vel-
low; un inerease in the mumber ol
“lymph areas™; greater rize of the ArCis;
and finally, to be digcussed later, en-
largement of the muscle masses ag nleas-
urcd by weight and turgidity.

The presumed, immediate source of
this lymph was a gland, roughly triangu-
lar in ghape, thaf laid along the lateral
eflge of either muscle and a lymph spot
that appeared hetweon the separated an-
terior ends of the Mm. biventer cervices
#nd deep to the halehing musele, In all
the species the lateral lvmph arcas wore
present, though small, at the time the
hatching muscles became distinet to the
unaided cyve.

The firgt intimation of aclnal move-
ment of lymph ‘nto the muscle was a
change in ihe coler ol segmeni. 1. This
happened in the varions specior al the
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following hody weights:  1Hlue-winged
Teal, 7-8 grams; Shoveler and Pintail,
9-10 grams; Gadwall, 13-14; Mallard, 10-
12; Redhead, 15-20; and Ruddy Duck,
20-25 grams,

The medial lymph spot appeared in
each spevies when body weights were
2 1o 5 grams greater than those just
given, With increcsed age the spot
clongated and broacened and extended
posteriorly belween Mm. biventer cer-
vices and Mm. complexi. For example,
in the Blue-winged Teal it somectimes
formed a band 2 mm, by ¢ to 10 mm.
at the prepipping maximum, It dis-
appearad near the end of the pipping
aclivity, during hatching, or within 86
hourg of hatching.

Extraordinarily rapid changes in the
lateral lymph arcas also look place.
Those changes in the Redhead were fair-
l¥ iy¥pical, Data in Table 1 dllusirate
the continuous and quick increments in
size through the prepip stage. What was
not eviden| in this gpecies, but was trme
of all others, was that the decline in
I¥mph area hegan during pipping of the
egr. In the Buddy Duck the areas did
not exhibit the contizuceus buildup prior
to pipping; most of the inerease occurred
a% hody weight increased b grams in the
prepip stage. The areas in just-hatehed
ducklings of all species were signilicant-
ly smaller than in ducklings sampled
during pipping. In ihe week following
hatehing the areas decreased rapidly.
bt in the second week they began a zee-
ound surge of growlal ohserved to con-
tinue, at least in thz Blue-winged Teal
and Mallard, through 30 days of age,

The Ruddy Duck vwwag again an excep-
tion. Ty all relative and absolute stand-
ards the areas of Iymph in il were very
significantly greater than,in any other
speeies.  Further, the latéral areas in-
vaded the region heneath the outer edges
of the hatching musele just prior io
hatching., But, by the fourth or fifth day
after hatehing, vellow fat replaced most
of the lymph and covered the remainder.

Cuanges in muscle mass. — The data
presented for the Fedhead (Table 1)
were repredentalive of the changes in
absolute weights ol the hatching mus-
c¢le and alse In the relative weights
shown in Figures 3, 4, and 5.

Absolule weights inereszed during de-
velopment through the prepip stage,
dropped significantly during halching
{particularly in the pipping stage), do-
clined for 3 to 8 days after hatehing,
and increased thercafter, In the two
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Fioure 3. Scaitergram showing changes in size of hatehing muscles relative
to body weights of Blue-winged Teals. (lach encireled gronp represents a single

brood.)

gpeeies kept as long as a month after
hatching, the muscle was 2.5 times hea-
vier than at pipping in the Blue-winged
Teal and twice as heavy in the Mallard.
BPut in the Buddy Nuck at 13 days of
age the muscle weight was #lightly less
{han half that at pipping.

The pre-hatehing ineresses wero Inei-
ther steady nor uniform, and they wero
prealer than the relative incrcments in
hody weight, DBetween average body
weighty in the Redhead of 18 and 23
grams {increase of 2%¥9%), muscle
weights gained 4994, and when average
hody welght increased 289 (23- to 28
gram stages) iuscle welghts went up
55%.. The major gaing took place dur-
ing the prepip phase; body weight went
up 25%% and the muscle weight advanced
12991

A third of the muscle masg was lost
efore 24 hours of age and another third

in the next 24-hourv period. The decline
in the next few days was slight and even,
but by the end of lhe first week, in the
Reidhead, the preecss wasg reversed and
the daily gain in muscle weight was
about 15¢. The post-hatching less of
weight was slower in the Ruddy Duck;
not until 4 or 5 days did the musecle re-
duce to a third of its mass at pipping.

The relative size of the muscle was
gindied in two ways: compared to
I¥ymph area and to hody welght, When
niusele weight was plotted against lymph
aren, il beeame obvious that the two in-
creased in a straight-line relationship
during the period the embryo gained
half itg hatching welght. However, body
welghi inereased twice as fast as lymph
area in the latfer part of the ineubation
period. The post-hatching regression of
lI¥mph and muscle was again directly
and uniformly correlaied. but the fol-
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lowing recrudescence of musele was
much more rapid than that of the lymph
area (Fig, 6).

The data in Figures 3, 4, and 5 and
Tahle 1 revealed that, despite a constant,
pre-hatching inercase in musele masg,
there was in all ypecies a period of de-
eline in the relative size of the musecle
that continued until half the haiching
welght had been attained. Thereaftar
the gain in muasele weight was relatively
much more rapid than the gain in body
weaight. ’

Without cxception the greatest vela-
tive mass of the muscle way present in
the prepip and early pipping stages (Ta-
ble 23, It was algo evident in Table 2
that relative muscle woight dropped

!

markedly during ihe hatiéhing procesds
in most species, but significant varia-
fiong did occur in the percentage de-
crease bhetween the pipping and just-
hatched stages. Shovelers and IMintails
ghowed declines during hatching of 4%
and 43%, respectivelr, the Blue-winged
Teals 369%, and Mallards and Redheads
22 and 28%. The musclo in the Ruddy
Duck did not exhibit this regression he-
iween pipping and emergence.

The data indicated that relative mus-
cle size decressed greatly during pip-
ping, at least in gome species. (See Din-
Lall, Bluc-winged Teal, aud Ruddy Duck
in Table 2.3

When the gain in relative size of the
hatching muscle, from its lowest pre-
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hatehing level Lo its mass at the com-
bined pipping and pre-pipping stages,
was compared for the species studied,
major diversities were revealed (Table
3, top). Gains ranged from 26 to 221%!
When percentage Inerease in relative
size wag calculated simply asg the gain
from least to greatlest (Table &, bottom),
a similar degree of variation was deman-

" oslrated.

Congiderable uniformity was exhibited
{Table 3), however, in the least rela-
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tive sizes of the muscle before hatch-
ing (0.33-0.43% of body weight) except
for the Ruddy Duck (0.5%%) and in the
relative sizes immediately after hatch-
ing (Table 2, 0.44 to 0.64% of body
weight) with the cxceptions of the Red-
head (0.73%) and the Ruddy Duck
(0.77%).

The Similﬂ.ritY between preatesi rela-
tive weights of the hatching muscle was
not g0 evident (Tahle 3); 1hose welghts
ranged from 0.89% of body weight in

Tanrr 1, Quantitative Changes in the Hatching Muscle and Lymph Areas Dur-

ing Development in the Redhead.

Body wt. Muscle wt, Ratin, muscle: | Lymph arca
N {irmns.) or stage {gms.} bady wts. {mm?)
S & 10 0.047 (0.037-0.063)10.62 (0. 46-0.77} 15
T 11-13 0.062 {0.030-0.070} 0.52 (0.36-0.03) 36
1. 16-20 0.068 (0.052-0.08230.39 (0.33-0.48) 6f)
1o 21-25 0.101 {0.071-0.1373(0.44 {0.34-0.58) 90
1 S 26:-30 0.157 (0.101- 0.2313/0.55 {0.39-0.76) 96
S Pre-pip 0.360 (0.216-0.655)(1.11 (0.68-1.96) 118
e Pipping 0.348 (0.282-0.394)10.9¢ (0. 81-1.10} 121
S e Just hatched | 0.308 {0.225-0.375)(0.73 (0.63-0.79) 103
I dav £.241 (0.174-0.3221|0.63 (0.50-0.80) 86
2o 2 days 0.137 (0.128-0.143}0.32 (0.29-0.36) 57
e 3 days 0.129 {0.119-0.1391(0.30 (0.29-0.30) 7
P 4 days 0.106 {(0.096-0.116310.24 {0.22-0.27) 11
K 5 days 0.101 (0.084-0.1207|0.22 (0.20-0.24) 25
S i days 0.128 (0.030-0.140)(0.23 (D.19-0.28) 25
2 ! 9 days 0.181 (0.152-0.210)(0. 17 (0.16 0.1%) 63
3o 17 days 0.300 (0.239-0.335}10.14 (0.14-0.15} 75
O Tamk 2. liatio of Welght of Hatching IMusele to Body Weight

Pre-pip Pip Just-hatched

N {Mean| N |[Mean) N | Mean

Mallard. L e 3 0.63 f (.89 4 0.54

Gadwall. .. e N 0.37 2 0,51 1 0.44

Pintail. oL 5 1.24 2 .49 4 0.51

Blue-winged Teal. ... .. oo oo 4 1.17 5 0.69 3 (.44

MavWeler. o e 4 0.74 4 0.92 2 0.45

RedREad. .o v vt & (L] s |ostl 6 |0

Ruddy Duck. ... 7 1.03 4 0.73 301097

|
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Frarre b—8catiergram showing changes in size of hatehing muecles relative
to hody weights of Ruddy Ducks, {Rach encircled group reprosents a single hrood.)

Lthe Baullard to 1.24%; in the Pintail, if
one digeounted the 0.51% in the Gadwall
s being based on an inadeguate sam-
pla.

Within a day or so after hatching, the
relative weight of the muscle was at or
below its lowest pre-hatching level, The
mags of the rmusele continued to lose
relative size atf Jeast for a month in
dome species. At the end of thig time it
wad down to approximately 0.10% of
body weight,

The decline In relative gize of the
muzcle during the hiatching proeess and
later wag (urther substantiated hy sam-
pling of menibers of the same clutch
or brood which constitnted samples that
could he expedted to he more genetieally
uniform {(Figs, 4§, 4, and £), All 14

broods or ¢lutehes of dueks sampled at
two or more stages oxhibited the de-
ereage.,

Bovy WeIcHT A1 Thwe oF
Puwrixg ano HarcHING

The data are in Table 4. It was not
pussible to attach any significance to in-
cregges in weight helween the pipping
and hatched stages; inclusion ol yolk
with the latter ducklings may have been
rezponsible for these differences. It was
holeworthy that the Mallard and 1tnd-
iy Duck exhihited no increase despite
the inclusion of the yolk. During sam-
pling it was observed that yolk sacs of
the Redhead were much heavier than
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those of any other apecies. Weights of
5 from the Reodhead averaged 7.3 grams
compared to 4.9 for 5 of the Mallard
and 5.4 grams tor 4 sacs taken {rom
Ruddy Ducks. The data may mean a
dlower and later intrusion of yolk in the
Redhead and may suggest that these
weight relationships of the Redhead
should be considered similar to those
in the Ruddy and Mallard.

Transaetions Illinoty

THICKkNESS OF Kas SEELT
AT HATCIING

The data are in Table 5. The shell in
the Ruddy Duck was significantly thick-

TanLe 3. Gain in Relative Hize of the

Academy of Seience

est of lhe species investigated; thatl of
the Redhead was mext thickest. The
gshell in the DMallard wad intermediate
tn these two apecies and the Shoveler.
There was no gignificant difference be-
tween the Pintail and the Blue-winged
Teal which had the thinnest ghells.

Harommg TIME
or Sixars Boos

Blue-winged "Teal: Of 68 eggs of 7
clutehes the sbortest time between pip-
ping and emergence was 4.0 hours and
the longest wag 35.5 hours (mean, 9.0+
1.8).

Hatching Muscle During Incubation.

Per cent muscle ix ol body weight at:

- N Per

Pree-pip Towest cont

4+ pip pre-hateh | of

N stages N stage gain
Blallard. . oo 6 0.63 & G.39 62
Gadwall. .. 4 0.44 11 0.33 26
PIREAI v s 106 6| 033 22
Blue-winged Teal.. .o e 9 0.50 0 8 0.42 | 114
Bhoveler. .. oo e B 085 13 0.43 £l
Redhead. . ooy vri e 10 1.03 11 R 164
Ruddy Duck. ..o | 11 0.492 3 0.59 36

[

Greater, Per

pre-pip Lowest | cent

or pip pre-hateh | of

N stape N stage galw
Blallard . ..o oo e £ 0.59 O 0.3% 5 124
Gadwatl. ... o 2 0.51 i3 .23 4
Pintail, . e e s 5 1.24 f 0.33 276
Blue-winged Teal. ... ... .o oo 4 1.17 8 (.42 179
SROVELEr . L e e e ! + 0.92 L0 0.43 114
Redhead. .. oo 8 il 11 L 039 18%
Ruddy ek, oo 7 1.03 5 | 0,.5% 73
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Tantr 4, Body Weights in Grams at Pipping and Hatching.

Tipping Hatched
N | Mean Range ¢ N [Alean Range
O o I R -
Dallard, .. ..ooooo o 51364 35.5-38.3 4| 3.4 34.1-39.2
Gadwall. ......... ... o 2258 24.0-27.6 1260 | oo
Pintail. . ... o o 2]24.9| 20.8-25.1 4 7.9 24.5-30.5
Bluc-winged Teal. . ... ... .. ... ... D561 | 13175 | 8 18.3 17.3-19.8
Showeler.. ... ... . oL 6| 193 17.5-21.8 | 2 l 221 20.1-24.2
Redbead. ... ... oo 5036.9° 33.042.1 | 6418 | 36.0-46.3
Buddy Duck. ... ... ... . 4| 48.2 | 46.3-51.3 3| 44.8 40, 5-47.8
i I

Redhead: Forty-one cggs showed a
mezn time of 2642+ 3.1 hours (1i-48)
from pip to hatel.

Ruddy Duck: Hevenleen egps, in tvwo
fregh elutches taken June 10, had a mean
time from pip to hatelh of 56+ 0.30
hourg {2.5-9.0). Two clutches, incubated
less than one wezk and collected June
23, showed in their 19 eggs a variatinn
from 5.5 to 40.0 hours {mean 12.4+ 1.%),
In Table 6 ig the chronology of a cluteh
collacted on June 23, It illustrated the
great divetrsity in hatehing time between
egps of the same cluteh and the longer
mean hatehing time late in the season.

Bhoveler: The mean time between
pipping and hatching of an egg in u
gample of 11 from one ¢lutch was 10,8+
1.1 (7.8-12.2) hours. ]

Pintail: From pip to hatch reguired
@ mean of 1263 1.3 hours (8.6-14.1)
ameng 19 eggs of 2 clutches collected in
mid-June.

Franklin’s Gull: Tho 20 eggs in the
2-egp clutches showed a mean time Trom
Dip to emergenee of 8.6 hours (5.5-17.071 ;
in the 3-egg clutches (15 eggs) it was
7.4 hours (5.5-14.5). There was no sip-
nificant differenee in time between first
and second or first and third eggs in a
cluteh,

American Coot: Mean hatching time
of 60 egga was 9.4 hours but the range
was very great—#+.5 to 20 hours. Eggs
in the §- 10--and 1l-egg clutches aver-
aged 11.6 hours; in the 14- and 17- egg
clutehes the mean 'was 7.9 hours, In all
clutehes the Iast half of the number of

egge to pip had gignificantly shorter
hatching times than the first eggs that
pipped.

Hameming oF Extinn CLUTCHES

Blue-winged Teal: Seven elutclhies had
a mean time of 314 hours (21.5-35.5)
between pipping of the first egg and
haiching of the last duckling (hatching
time), but all ducklings in a eluteh
emerged within a span of 11.61.3 hours
(8.0-16.5) (emergence time).

Redhead: One clutech of 8 hatched
within 31 hours. The three other
clutches showed times of 39 (12 eges),
61 (10 eggzs}, and 72 hours (11 cEEa),
The ducklings of the frst elutch (early
June) emcrged within a 10-hour period,
the second set in a 24-hour span, the
third sel within 46 hours, and the time
from first {o last emergence In the last
cluteh {third week of June) was @0
hours. In Table 7 are data indicaling
that in a clutch the hatehing was quick-
er in eggs which start the process laler.

Ruddy Duck: Fonur clutches with g
totul of 36 egos showed a mean hateching
timespan of 184121 hours {10.,5-40.0)
between pipping of the first egg and
emergence of the last duckling. How-
evor, if the clutch with the 40-hour span
was climinated, the dats were: mean,
14.6£0.8; range, 105-22.0. The two
clutehes (17 eggs) o June 10 showed
& mean time of 13.¢f hours (9.3-13.9).
The two c¢lutchey of June 23 (19 eggs)
took an average of 22.2 hours,
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TarLe 5. Thickness of Epgr Shell (Ten-
thoungandths of an Inch) at Halchlug.

N M
Ducks
Mallard . ... oL 91 111=2
Pintail, ................ 11 7R=2
Blue-winged Teal. ... . ... 45 7itl
Shoveler. .o ovvoenrne, 13| 831
Redhead. ... ... o 37 129412
Ruddy.........oocvit 19| 14242
Franklin's Gull. . ... .. ... 13 71+4
American Coot. ... ... 34 M=l
Grebes
Morned. ... ... oot 3 7743
Fared. .. ... o el 4 38=1
Pied-billed. ......... ... . R 9142
Red-necked. ... ... 2 97
Western. ..o ool 4 126

Shoveler; The one cluteh of 11 oggs
emerged in 11.5 lhours, bul the hatehing
time was 17 hours,

Pintail: Two clutehes {11 und 8 eges)
emerged in 12,5 and 13.5 hours. Elapsed
time betweoen pipping of the fivsl egg
and batching of the last cgg was 16.5
{11.0-22.0) hours.

Franklin’s Gull: Ten ciutches of 2
eggzs each showed meal emergeues timoes
of 24.2 hours {18.0-27.3), and b cluiches
of & cges each had elapsed times of
46.0 hours (40.5-37.53. Hatehing times
for 2-egy clutehes averaged 31.4 hours
(26.5-26.5); lor 3-egg clutches the times
ranged from 5% to 72 hours (mean, 61).

American Coot: Because the number
of eggs was so different in the various
clittches, no numerical meuns for hatch-
ing and ermcrgence times were ealeu-
lated. Hatehing times by clulehes were:
8 eggn, ¢ days; 10 cgew, & days: 11 cges,
9 days; 14 eggs, 10 days; and 17 egas,
14 davs,

Academy of Science

FERTILITY AND HATCITADILITY

Blue-winged Teal: No infertile eggy
werc found among the 123 incubaled.
Six eggs fuiled to hated: one was from
a partly ineubated cluteh of § collected
June 3, 2 from a fresh cluleh of 7 taken
on June 21, and 3 {rom a cluteh of 8
that had Bbeen inceubated for perhaps o
days betfore being enllected on July 4.

Redhead: 0Of 117 eggs laken from 3
dump nests 61 were infertile. Thirty em-
bryos died within seven days aiter being
placed in the incubators; these deaths
geenrred in three different incubators
and at body weighty varying from 3.6
Lo 210 grams. loviy-one of 43 egps
tronm “clean, down-covered” nests hatch-
ed; one egg wag infertile and one em-
bryo died at 255 grams.

Ruddy Duck: All 69 eggs colleeted
were fertile and produced viable em-
bryos to the time of sampling.

Shoveler: Ouly two of the BT eggs
were infertile and the embryog in all
others were viable to the time of sam-
pling.

Pintail: One of 43 eggs was infertile
and 2 cges had dead cmbryos at the
titne of gampling (5.8 and 11.4 grams).

Gadwall: Three of 3% cggs were in-
fertile and b died during incubation.

TIEC URETON AND S17M M ARY

The hatching wmusele: wmorphology
and segmentation. - As in all birds
thus far studied, AL complexus is
made up of three segmenty in ducks;
the fourth scgment is small even in
ity oceasional ceeurrance. The con-
formation, origin and ingertion, in
general, are the same in the species
of duecks studied and closcly similar
to the hatehing museles in the chiek
(IL. I. Fisher, 1958), in grebes (11 T
Iigher, 19617, the American Coot
(J. R. Wisher, 1362}, and I'ranklin’s
(Gull, and the Common and Dlack
terns (H. T, Misher, 1962).

In all species the flrst evidence of
gegmentation is the fibrous line he-
twoen segments 1 and 2, and it ig a
gurions and thus far inexplicable
laet that in all species the seginentia-
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Tarrz 6. Chronology of Pipping and Hatching Times for a Cluteh of Ruddy
Duck Kggs Collected June 23,

= Elapred
time

lige First pip Haich {hours)
.................................... 80 a.n—July 20 | 130 pom—Tuly 20 | 5.5
e 730 am-- 7 7 | 1100 pm- 7?0 155
e B0 ame-- 07 300 pou— 207 7.0
e 300 pm— 7 7 800 am—- " 21 15.0
e 130 pm.— " " | 12330 son— ™ 7 23.0
5 200 pm— 600 am— 7 22 | 40,0
A, I am— " 21| 13 am. T 21 7.5
= 100 am, - ™ 21 400 poo— 7 21 6.0
e 1.00 2.m— 7 21 200 pm.— 21 15.0

Tapen 7, Chvomelogy of Tipping and Hatehing Times for a Cluteh

of Redhead

Heggs Collectod June 27.
) Elapsed
time
Egy Iirst pip Hatch {hours})
1.. 3} p.m—July 23 10 pon. —July 24 N
e ipm. 7 7 10 p.m— ” il
3 Spm. - " Ypm.— " ¥ 30
o 7 am— " 24 pm—" 7 16
e gam-- " 7 Jam-—- " 25 19
T 8 am-— 7" §am - 7 24
D 9 ann— 7 7am— " 7 22
O &am- -’ ! Il pom - 24 13
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The Relationship Belween the Length of ihe Incubation Period and

tho Welght of the Hatehing Muscle when Segmontation first appears.

Skoveler, Blue-winged Teal, Pintail. .. .. ... ..
Grebes, .. e
Gadwall, Mallard, Redhead, . ... ..o
Ruddy. ..o

Incuba-| Muscle wt.
Lion at sep,
{days) (gme.}
..................... 13 20 M- 07

1 05 - 08

..................... 2023 .03 - .08

22-15 A2 - .05
25280 .03 - 06

30 07 - .09

tion first appears when the cmbryo
weighs 5 to 9 grams, exeept in the
erebes in which il ig already prosent
at 2 to 3 grams body weight. TUni-
formity of time of appearance of
nwmgelo segments in a species, with-
in o renge of 2 grains of body weight,
might, be expected, but not in a range
of kindg of birds from terns to dueks
which vary so preatly in weighls at
hatehing time (Common Tern, 14
gmg. versus Ruddy Duck, 45 gms.)
and in weights of adults.

Tt iz well known that differcut
kinds of tissue tend to differcntiale
on topoeraphieal and time schedules
or patierns. In the present instance
the patitern may refale to funcilonal
Sneed' or mass of the structure, We
can only gpeenlate on the physio-
Togical or morphologieal Dbasis Torv
“peed’’ at the time of the first seg-
mentation, but we can consider the
possitility that when the absolute
mass of the muscle reaches a certain
level the hatehing muscle beging its
segmentation in all species, Tlow-
ever, segmentation shows first at the
following absolute woeighly of fhe
hateling musele: ——grebes, 0.020-

0.050 grams; guil, 0.044-0.070; Gad-
wall, 0.026-0.049; American Coot,
0.045-0.076; Mallard, 0.031-0.059;
and Ruddy Duek, 0.073-0.090, 1o cite
a few examples. First segmentation
of the musele, then, does not oceur at
# wuilorm, inferspeeific biomasy of
the musele, and there are the afore-
mentionod facts suggesting fhat it
takes place at a falrly uniform bio-
mass of the cmbryo, exeept in grebes.

Nor ig there any evidence that thig
event correlates in any way with al-
tainment of a certain proportion of
adult weight or of balehing weight.

1t iz also possible. even likely, thal
time of segmentation is relafed to
total poeried of development, that is,
the incubation period. If this bhe
true, segmcntation of the halching
mnsele would follow the general pat-
tern of funetional development of
vertehrates illustrated, tor example,
by the lact that the heart first be-
ging to beat in such diverse organ-
isins as the ¢hick and the buman
when approximately one-tenth of the
embryonic period for the organism
has elapsed,
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Woe may arrange the spocles by re-
ported ineubation periods (Table &)
to show that there is among ibo
dneks a rough ecorrelation between
the weight of the harehing museic
at the Alme of fivst segmentation
and the length of the incubation pe.
riod. However, the grebes ars still
#n exceplion, #nd the acot and pnll
relate more closely in sive of nnssle
to the larger dweks with loneer in-
subalion periods than they do ro the
small dueks that have periods sim-
Har to those of the eoot and eull

Megmentation it completed rela-
tively quickly, with an joereass nsu-
ally of only a gram or two in hody
welght, except for segment 4 which
first appears to the nnaided oye at
the prepip stage.

The geguienis retain throughout
their existenee a cline of decreasing
size from auterior 1o posterior, but
inn the pre-hatching peviod absolute
gize inereases in all dimensions. Most
marked are the mediad extensions
which bring into midline contact 1he
comparable segnents of 1he two sides
and hide from domal view the ur-
derlying biventer cerviets and spi-
aalis mmseles. The contact frst oo
cars between e seamenis of pair 1,
gshortly after the first indieations of
semnentation, and progresses  pos-
teriorly uutil at the time of pippinge
or batehing the muscles of the two
sides touek throughout the lensth of
their medial edges in most duck em-
bryos, as they do carlier in develop-
uwnt.  This i the pattern, with
minor variations, in hatf of the duelks
investigated; the Gadwall cexhibity
mch less medial contact and is ex-
tremely variable in this regard,

Tnitiul sepavation of the pair of
museles beging prior to or af tho
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Lime the firet muscle segments appear
it the Bhie-winged Teal, but in the
other species that show this disjune-
tion it takes place leler. In the Red-
head the museles in only a few em:
bryos ave apart befcre hatehine, and
in the Mallard and Ruddy Thaek
there is no separvarion during em-
bryonie development. It i believed
the ahsence ol initiz] separalion is a
correlate of the fnherentiy larger
musele mass and the thicker ege
shells in these species, as will be
discussed later,

After hatching, repression of the
musele results in permancut loss of
medial contact. The time this seeond
separation oceurs is highly variable
interspecifically- at 4 or 5 days of
age in the Blue-winged Teal, at 2
days in the Shoveler, before the end
of the first day in the Redhead, and
as long after hatehing as 13 days in
the Ruddy Duck and nearly a week
in 1he Mallard. The possible Rignifi-
eance of the variation will be dis-
cussed in connection with changes in
total muscle mass,

The gecond most noticeable change
L segment size duving the ambry-
owie phase is inereased thicknesy doe
n large part to ihe infiltration of
Iruph although, as 1T indicated n
1858 for the vhick, there i some in-
erease in the numbe: and size of the
muscle fibers. So oreat ure the fue-
gdity und mass produeed by lymph
in the musecle that segmentation is
only faintly visible or completely
hidden in the prepip ue pip stagos,

Alter hateling ard the depletion
af the Iymph thretgeh use as a nu-
trient for musenlar activity (Geo rg
and lype, 19637 ap perhaps as a vo-
sult of its being forced ont by pow-
erful conteibutions f M, complexny,
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gegmentation reappears temporarily
and the sepwments ave thin. By the
end of a woeslk only traces of segmen-
tation are vistble 1n such ducks as
the Tilue-winged Teal and Shoveler;
traces persist Tor as long as 13 days
in the Ruddy Duek, 22-30 days in
the Mallard, and 14-19 days in the
Redbead. It appears that the reten-
tion of segmentation, in these lattor
species, is still another correlate of
Targer musele mass and thicker ege
shell.

The infiltralion of lymph. — The
evidenee for the filtration of lymph
inte the hatlching muscle in dueks,
ag in eoots, gulls, and chickens, is
strong, though presuniptive and nu-
guauntified, Even in the grebes in
which T (1961} found no lymph
areas eomparable to those of ducks
and in the American Coot whera J.
I&. Fisher {1962} reported only seat-
tered kernels or lobes of lymph
glands, the muscle assumes a yvellow-
ish, lvmph-color prior to hatching
ari] is filled with a thin viseous fluid
that pushes apart the wusele fibers
(1T, 1. Kisher, 1953).

Transactions Illinots Academy of Science

The changes in the sizes of the
Lymph glands and the hatehing mus-
eles in chicks are dirvectly correlated,
i almost a straight-line relationship
during the first two-thirds of pre-
hatehing development (Fig. 6, Ta-
ble 11, Inereages in lymph area in
thig time ave greater than those in
musele size and tend to precede the
latter. I'n the phascs Just belore pre-
pip, muscle size nereases more rap-
idly than Iymph ares, perhaps in-
dicative of a more rapid movemaent
of lymph from Lymph area to mnus-
¢le than from the body as a whole
to lymph area. With the exigeneies
of hatehing over, absolute muscle
size and lvmph area regress equally
uniil approximately two weeks of
age. at which time both inereasc; bnt
mmscle size increases more rvapidly
than lymph area {Fig. 6.

Mass of the hotehing nuscle, —
Size of muosele relative to embryo
welght follows in ducks the pattern
established by previous stndies for
other species. Alter a period of ear.
Iy development in which the muscle
is relatively wvery small beeause of

saof PIPPING
HATCHING /" -.:)
- AGE 1T DAYS ®
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Fioime §.—The relationship between actual weight of the hatehing muscle and
grea of lymph during three periods of change in the Redhead.
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the greater size of the anterior part
of the embryo, the muscle gains in
relative size until the prepip or early
pipping stage, The greatest relative
gize the muscle ever atiaing is varia-
ble Interspocifically, ranging from
1.51% of body weight in the Gad-
wall (small sample) to more than
1.0% in the I'intail, Blue-winged
Tezl, Redhead, and Ruddy Tuck
{(Table 3). Tn most of the speeies
of dneks, however, the muscle may
well  eonstitute 1.04%: of body
weight, which i% considerably lesy
than in the Amorican Coot {1.20%,
112-1.64) or the chicken (1.93%,
0,70-3.41% but more than in grebes
(0.65-0.90%%) or gulls and terns
((L80-1.0%: ). Tn this same table are
data showing that the pre-hatehing
gain in relative sive from the pra-
natal low is also variable, from 46
to 276%.

Tt ig diffieuit 10 explain these in-
terspecifiec variations in relative mass,
They do net ecrrelate with differ-
enees In welght at hatching; the
Ruddy has a muscle equal to 1.09%
of hody weight and hatchog at 45
grams, while the Pinftail’s velative
muscle welght s 1.24% and it
hatehes at 28 grams. Comparison of
weight of adult birds and of hateb-
ing muscles indizates no correlation
the light-weight tern and gull have
hatehing museles the relative size
of those in the Teal and the Mallard,
and the Mallard, despite an adult
weight approximately the same as
the Roedhead s, has 2 musele one-fifth
Lo one-fourth smaller,

Alhough the muscle shows cone
tinuons gaing ip actual weighis, it
15 just previous to pipping that it
reaches its maxivanm, In the day or
80 Previous to the first pip of the
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ego the muscle may double in welght,
but onvce pipplng starls the moscle
usnally fails to pain weight and, most
offten, beging  to shrink. During
hatehing the loss in musenlar weight
Inereases;in the 24-honr period after
ernergence one-fourth 1o ome-half the
mass digappears, and in the next day
a similar, proporticnal loss occurs,

Al these rapid fluetuations are
caused by the movement of Iymph
info or out of the hatching mussles,
Ti is not until after the post-natal
low that the muscle hewing io add
weight in normal fashion and to pro-
ceed to its adult Tunction of extend-
ing the head.

Thickness of egy shell. — Thick-
ness of ege shell micht be judged
to be a factor at least partly influen-
cing the power of the mechanism
designed to break the shell, although
to demonstrate any certain relalion-
sliip wonld regquire very large sam-
ples sinee it is known in chickens at
least (Romanoff and Romanoff, 1949 .
115, 116, 1193, that theve is great
individual wvariation in the wshells
within a specics and even in the
shells of the cups Jaid by the same
individual. Further, there ig in-
creased  fragility -with incubation
and changes In orzanie and inor-
ganic constituents, the kind and ex-
tent of which are largely unknown
i wild birds.

Study of the data in Tables 3 and
D reveals no corrclations in ducks
between thickness of shell and vela-
tive size of the hatehing wusele; 1he
Blue-winged Teal, lor example, has
a relatively larger muscle but a thin-
ner shell than the Shovaler, Mal-
fard or Redhead. Ilowever, thore ig
a rough correlation helween shell
thickness and aetual weight of the
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hatehing musele.  The Ruddy and
Redhead have the heaviest shells
and muoseles weighing (L35 and 0.36
grams, respectively. The Mallard
has the next thickest shell and a
musele of 0.32 grams, and the Blue-
winged Teal has the smallest mus-
ele (011 gms.) and thinnest shedl
The Shoveler has a shell heavier
than the Blue-winged Teal’s and a
larger muscele (0,14 owms). Only the
Pintail, of the ducks whose shells
were nieastured, does not conformn
ils shell is L0078 inches thick, in-
termediate to tho Shoveler’s and
Teal’s, but its mnscle is nearly twice
a8 heavy (.22 oms.),

The Cool, however, has a shell
(L0105 inehes thick and a musecle of
only 0.19 grams or approximately
half as large as the Mallard which
has essentially the same thicknesy of
sheil; il does not fit inte the duck
series. Nortwright {1943:233) noted
ther exeeptional hardness and tough-
ness of the epe of the Redbead, and
I sngoested (1961:283) that cges of
prebes were, ags compared to other
species of water birds, soft and rather
eagily broken and that some of the
difference in these features within
the orebe gronp might relate to the
differences in the amount of wet veg-
ctation the wvarious specles used 1o
cover the eges when the incubating
birds lell the nest. '

Subsequent measurcment of whell
thickness in the grebes (Table 5}
showed by far the heaviest ghell in
the Wegtern and lhe next thickest in
the Rod-necked, but the muscle was
larger In the latler. However, both
these grebes had museles twice as
large {(0.16-0.24 gms.) ag those in the
smaller erebes (0.08-0.09 oms.), all

.

of which had significantly fthinner-
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shefled eges, IThus, within the grebes
as in the ducks there iz a pross cor-
relation between size of hatching
musele and thickness of cgwe shell.

Frankliv’s Gull has a musele of
0.17 grams, and its shell ig compara-
ble in thickness {0072 inches) to
that of the Blue-winged Teal which
bhas a muscle of 011 grams. More-
over, the ieal’s egy is lald on land
and might be presumed to be harder
than the gull’s cge which les on g
water-soaked mat of vegetation.

1f onc plots relative muscle size
against presumed place in avian phy-
logeny, the factors determining wus-
¢le size are even less nnderstandable.
It iz obvious that genetie and en-
vironmental Lactors, such ag humid-
ity in the nest, are interacting and
thai no oneline, simple correlation
g present,

Body aweight of hofching. — Ab-
gence of any nerease in body weight
belween the pipping and hatching
stages in the Mallard, Ruddy Duck,
and perhaps in the Redbead, may be
related to two faetors: 17 There may
he a greater ntilization of eneryy iu
pipping and eracking the thicker
shelly in these spocies; or 2) there
may be a difference in the time at
which the wolk sac is intraded, If
the yolk enters the body early in the
pipping process in the Mallard and
Buddy and much later in the others,
especially the Redhead, il could be
the =ole faclor.

Il the few data on weights of yolls
gcs are truly significant, and it the
differential coniparison between these
weights [or the Redhead, Mallard
and Ruddy Duek are valid, they sug-
resl that ducklings weighing ap-
proximately 40 grams at hatehine
may expend the egunivalent energy
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of 2 grams of body weight in fresing
themselves from the egg.

ITatehing welght cquals: 2.8 to
3.0%: of adult weight in the Mallard,
Gadwall and Pintall; 3.4 and 3.7 in
the Bhoveler and Redhead, respoe-
tively; 4.3% in 1he Blue-winged
Teul; und 7.3 in the Wuddy, Thus,
there iv no diree. eorrelation between
hatehing welght and adult weight.

Hatehing  tie:  single eggs. —
The fact that all eges woere artifi-
cially incubated may have influenced
the actual time reqoired for a duck-
[ing Lo emerge aftor the first pip of
the egg, but ginee all cgos used n
this part of the siudy were incubated
under the game eonditions the rela-
tive fimes arc considered valid,

Tees pipped frst at any time of
the day and dncklings cmerged atl
random fimes; no diaronal chythm
was observed in either process.

Bluc-winged Teals hateh most ra-
pidly, in less than half the time va-
quiced by their not-too-distant rela-
tives the Shoveler and the Pintail
whose eggos have comparable shells.
Of the five speeies of ducks whose
hatehing times were sludied, the Re:l-
head had lhe longest period (264
hrgy, and the Ruddy Duek, which
lhatches at nearly the same body
weight and lias a somewhat thicker
ghell, emerges in 5.6 honrs. Since
the specieg of the ““teal gronp’™ nest
under similar conditions and tle
Redhead and Ruddy in nearly identi-
cal wituations, the differences in
hatching time do not appear to he
the resnit of dilfsrent environmental
factorms, Nor are they apparently ro-
iated fo shell thickness, ceg sixe,
hody welght at hatehing or adu' i
welght,
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There 1 some indication in the
Ruddy Ducek and in the Redhead
that omhryos from eges laid late in
the season may falie longer in the
crergence process, but the data are
few, Tntil & greater series of spoe-
cies and of individnals are stwdied
early and laie in the seagon il iz im-
possible to generalize.

Bups in two-egg cluteches of Frank-
lin’s Gull had a mean halching time
of 8.6 hours which (s not significant-
Ty different lrom the 7.9 hours re-
quired by eggs In 3-ege clufches.
Times for first and last cges that
pipped were not dilferent.

In Aweriean lonts, the hatching
time of individual egps appears to
vary with the number of cggs in the
cluteh ; eges in elutches of 8 to 11
oges hatehed in 11.5 hours and eggs
in 14 to 17-cgp e utches averaged
only 7.% hours. I'aether, within the
clutches there was a ¢line of hateh-
ing fimes; the first eges fo pip had
gignificantly longer hatehing times
than did the eggs that pipped later,

Huatehing time: exdire clufoh. —
Two aspeets are ol importance here,
First is the toral elapsed time be-
tween pipping of the first ego and
etnergence of the last one (hatching
time). The second i3 the tine be-
tweaen emergenes of the first and last
dueklings from a c¢loteh (emergence
time’d.

The Bluc-winged Teal and Red-
head had tetal hatehing times of 31
hours, the Runddy 18 hours, and the
Blhoveler and Pintail approximately
17 hours, in elutehes Jaid throughout
the month eof Junc. ITowever, late-
June clutches of Hedheads and Rod-
dics had significantly longer times.
Whether this was o direct seasonal
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-elfect or the result of more than onc
female laying in a nest, 2 habit these
spoecies have, iy not lnown,

The period in which the dueklings
cmerged was much more uniform,
within and berween specics, and
mueh shorter than fotal hatching
time.  IMarther, the ehronologios of
the hatching of individual clutehes
of dnek cees and of clutches of
American Coot eggs showed that in
most instances the first eges to pip
took the Jongest time o emerge. This
wag not true for clutehes of Frank-
lin’s Gully, however. Thus, the evi-
dence, thouph seanty, indicales. as
Vinee (1964, 1966) hayg suggoested,
that in precocial speeies emergence
of the young from late-pipping eggs
is In gome way speeded-up, perhaps
by the actlivities of the early-pipping
emhryos.  The evidence from five
clutches of Coot egax further sug-
ewested that the faeilitation might be,
in part at least, a function of cluweh
wize,

Obviously, any shortening of ibe
emergence period in precocial birds
means greater survival, TP it is gen-
erally true for ducks that emergence
time tnereases with season {Redhead
—10, 24, 46, and 60 hours), the de-
ereased survival might be a major
faetor in limiting the length of the
breeding scason and In explaining
why re-nestings in ducks are nol too
Traguenily undertaken,

Fertility and Aalchability, — Of
374 egos taken from mormal rnests
only 7 ecgps proved to be infertile
(3 Gadwall, 2 Shoveler, 1 Pinlail,
and 1 Hedhead). The overall infer.
tility rate was 1.99, but it varied
interspeeifically s it was zero in 123
agas of Blue-winged Teals and in 69
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of Ruddies, but approached 8% in
Gadwall eges.

adwalls also had the highest rate
of deaths of embryos (13625, Al
fertile epoy of Ruddy Ducks hatehed.
Haltchability appears to decline with
the scason, if the series of egps of
Blue-winged Teals iy 1ypical.

However, these are but straws of
evidence and until larwe-seale con-
trolled experiments are undertaken
we can draw no conclusions. We
know little or nothing of the effects
al differenil stages of incubalion of
humidity, intermittent cooling, agita-
tion or movement of eges as In wov-
g them from ficld to laboratory, or
indeed of the temperatures most suit-
able Lor sach species,

General comments. — Although
the stady was not designed o bring
out taxonomie differences and moem-
bers of only threc subfamilics were
represented, some dilferences may be
mentioned.

The Ruddy Duck (subfamily Ox-
yurinae) in its hatehing mechanism
varies markedly from the ducks vep-
resenting the Anatinae and the
Avthyinge, The wuscle is always
prenatal, at hatehing and post-hatch-
ing—significantily largest. The mus-
cle shows the Teast relative loskes in
weight during the hatehing procoess.
No fourth gogment is present. Liymph
moves into the musele miich more
rapidly and later, and there 1s great-
or infiltration of Iymph into tissues
surrounding the hatehing muscles.
Only in the Ruddy are the lateral
lymph arcas covered by wyellow fal
in the immediate post-hatching pe-
rind. Regression of M, complexus is
slowest ; medial contact between the
mugcles of the two sides Is main-
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tained for at least 13 days, and the
muscle loses less weight and more
slowly. The shell of the egy iv sig-
nificantly thickest and, of course, the
epz g the largast,

The Redhead. representative of the
Avthyinae, demenstrated no constant
differences fromm the five species of
the Anatinae, snd we may eonelude
thalt these twn families are more
closely related to each other than
cither 1s to the Oxyvuriunae, insolar
as the hatching mechanism is eon-
eerned.
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