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THE pip, or first break in the eggshellby the hatchingbird, is the initial
phaseof hatching. It furnishesthe bird with a weakenedpoint at which
to begin cutting the shell and complete the hatching process. Th'e typical
pip on a chickeneggis a flatly conicalarea about one-third of the distance
from the large end, near the widest portion of the egg. Approximately
0.2 cm in height and 1 cm in diameter, it is proscribedby cracks in the
shell, and has four or five additional cracks radiating from the center.
The cracksare parted to varying degrees,dependingupon the force from
inside the shell that causedthe pip. Sometime after pipping the chick
beginsto rotate within the egg and, starting at the pip, to jab with the
egg tooth and beak tip and cut away the shell and shell membranealmost
completely around the egg. It then pushes off the loosenedcap thus

formedat the largeendof the eggand tumblesout of the shell,terminating hatching.
The Musculus complexusor "hatching muscle" is a paired structure
located on the anterodorsalportion of the neck in birds, originating on
several anterior cervical vertebrae and inserting on the occipital crest at

the rear of the skull (Fisher, 1958; Bockand Hikida, 1968). In chickens
this muscle,aswell as the subcutaneous
area aroundit, startsto swellwith
lymph a few days prior to hatching until it reachesits peak size at the
time of pipping. It then losesthe fluid in a few days and assumesthe
appearance of normal muscle rather than being clear or yellowish and
bulbous.

In the adult bird it functions to raise or elevate the head. The

M. complexusis probably present in enlarged form at hatching in most

birds, having been describedin grebes (Fisher, 1961), ducks (Keibel,
1912; Fisher, 1966), the coot,Fulica americana(J. Fisher, 1962), Franklin's Gull, Larus pipixcan (H. Fisher, 1962), the Bobwhite,Colinus virginianus(Johnson,19'69),chicken(Fisher, 1958, and many others), and
possiblyin the.HouseSparrow,Passerdomesticus,
and Red-wingedBlackbird, Agelaiusphoeniceus(Fisher, 1958).
As the peak in fluid content of the M. complexusis concurrentwith
pipping, it is difficult to discountthe idea that it must have somerole
here. Keibel (1912) was apparentlythe first to attribute the functionof
breaking the eggshellto the M. complexus,and he felt that the pip was
due to a contraction of the muscle, lifting and extending the beak to
forcethe eggtooth throughthe shell. Pohlman (1919: 103) believedthat
the muscle could not contract because of its turgid condition and that
• This researchwas supported by a grant from Ripon College.
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pippingcameabout by "pressurerather than a suddenmusculareffort."
Fisher (1958: 399) felt that the "M. complexusprovidesthe power" for
the initial break in the shell.

Smail (1964: 499) believedthe pip was the result of steady pressure
rather than a suddenjab. He placedthe M. complexus
in a direct role
by proposingthat it pressedagainstonesideof the shelland, as it swelled
with fluid, forcedthe beak tip, by "hydraulicpressure,"to push against
the oppositesideuntil it brokethrough.He alternativelyspeculated
that
if this were not the actionof the muscle,then it probablyfunctionedas
a "turgid cushionagainstwhich contractionsof the other muscles. . .
[underlyingthe M. complexus]. . . or even of its own musclefibers
would effect the same result." Bock and Hikida (1969: 105) conclude
that the muscleservesas a "cushionto bracethe head when the eggtooth

is forcedagainstthe shell,"an indirectrole,but they do not entirelydiscountthe possibilitythat its contractionaids in pipping. Hamburgerand
Oppenheim (1967) also agree that the M. complexusacts as a turgid
cushionbut, in addition,imply that it is activein the pippingprocessby
stating(p. 184) that "there is no doubtthat the crackingof the shellis
accomplishedby backward thrusts of the beak." This puts the muscle
in a direct rather than the passiverole proposedby Smail.
Studies involving injection of steroids into 19-day chick embryos

(Brooks,MS) castdoubton a directrole of the musclein pipping. Althoughcertainsteroidsbroughtaboutincreasedfluid uptakeby the muscle,
makingit relativelylarger,pippingin treatedchicksoccurredlater, or at
least no earlier, than in controlchicks,but the percentagethat pipped
was higher than that of the controls. These resultswere interpretedto
meanthat the M. complexus
hasno hydraulicactionbut, whenmoreturgid,
has greater ability to function as a cushionor brace.
METHODS

AND MATERIALS

White leghorn chicken eggswere incubated in a cabinet-type incubator with close
temperatureand humidity control. To watch pipping directly it was necessaryto cut

an openingin each egg and place a sealedwindow over it. Windowi.ngeggsis a
standardprocedurein embryologicalstudies,but the windowsare generallyquite small
so that gaseous(oxygenand carbondioxide) exchangethroughthe porousshellis only
slightlyhampered,allowingthe embryoto respireand live. Our study requireda large
oval opening,at least 3 X 2.5 cm, to show as great a portion as possibleof the chick
within. Cutting throughthe calcifiedportion of the shellon the sideof the egg near
the large end with a small electricrotary saw, we left the shell membraneintact, and
then sealed to the shell the lower edge of a strip of pliable styrofoam (0.5 cm wide)

that had beenpreviouslyformedinto a ring or collarand coatedwith paraffin. Then
cutting the shellmembrane,we removedthe flap of shellfrom the openingand sealed
a slightlywarmed glassplate (4 X 4 cm) to the top edgeof the collar,leaving the
undersideof the glassplate 0-1 cm above the embryo.
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Hamburger and Oppenheim (1967), whose work was unknown to us at the time
of the experiments, did not cover their windows with glass plates. We found through
experimentation that it was advisable to have a solid substitute for the shell at the
proper level, so that the chick's normal pipping position was not altered by part of
its body protruding from the opening. Consequentlywe placed all our later windows
0 cm above the chick.

The sealed window and collar covered approximately 20 to 25 per cent of the egg,
greatly reducing the area for gaseousexchange. Becausegravity pulls the blastodisc
or developing embryo to the upper side of the egg, therefore to the relatively airless
side beneath the window, in eggs incubated less than 14 days the lack of oxygen
killed the embryos a day or two after windowing. Considerableexperimentationshows
it necessary to incubate the eggs for at least 15 days until the highly vascularized
embryonic membranes, where gaseous exchange occurs, have enlarged and extended
completely around the egg. Mortality was approximately 50 per cent, even in eggs
windowed o.n day 17 of incubation, so that finally we did not window the eggsuntil
the scheduledday of pipping (day 19 in these experiments). Windowing on this day
afforded the additional advantage of allowing the chick no time to move into an
unfavorable position relative to the window, e.g. beak protruding into the window
spaceor wedgedunder the waxed area, and if the chick initially was in an undesirable
position it could be gently rotated and usually did not return to that position before
pipping. Also sterile conditionswere unnecessarybecausethe chickswould pip before
any introduced diseasebecamesufficiently advancedto causesicknessor death.
Nearly constantobservationof the windowed eggsin the incubator commencedon

day 19 of incubationand continueduntil they pipped, usually by day 20. Generally
a dozen eggswas the maximum number windowed on any one day, as there was
neither spacenor enougheyesto watch a greater number at one time. Mirrors placed
beneath and besidethe eggsmade it possibleto see almost the entire shell. Watching
for the pip was facilitated by marking the shell at the approximateposition that it
would appear. This was determinedby viewing the portion of the chick visible
through the window and comparingit with the normal embryo position. The estimated positionof the pip was not always easily determinedand many pips were
missed becausethey were %ff-target."
RESULTS

Of about 70 eggswindowed,approximately30 pipped. Of these we
actually witnessedonly four in the act of pipping. Severalothers we
missedby a few minutesand in thesewe notedonly the behaviorand
positionof the chickup to and after, but not during,pipping. The others
were missedcompletelybecausethey pippedeither "off-target"or during
intermissionsin the observationperiod.
Three aspectsof pipping are in questionhere: (1) whether the pip is
causedby a muscularcontraction,and if so, which musclesare involved,
(2) wh•etherthe M. complexuscontractsor can contract,and (3) the
exactpositionof the chickat the time of pipping. Observations
concerning these aspectsare taken up in order following the descriptionsbelow.
These descriptionsare taken from notes recordedat the time of pipping
in each of the four eggsin which this was seen. The observationswere
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quite consistentwith each other and with observationsof the pre- and
postpippingbehaviorof the majority of chicksthat pipped but were not
actuallywitnesseddoingso. Thereforethey are believedto be representative.

Chick /.--For a few minutesimmediatelyprecedingthe pip there was
increasedactivity in the egg in the form of suddenstrongoverall body
convulsions(rapid, extensivemuscular contraction), each causing the
body to expandonce and th'enimmediatelyrelax. Concurrentwith one
of theseconvulsions
the pip appeared.Subsequent
activity was similar
to that prior to the pip, overall body convulsionsoccurringat regular
intervals.

Chick 2.--Single strongwhole-bodyconvulsions
interspersed
with short
boutsof body quiveringwere seenfor sometime prior to the pip. There
was no movementimmediatelybefore the pip, but at the time the shell
was broken there was a strongwhole-bodyconvulsion,apparentlyincluding contractionof the M. complexus,
whichwas pressedagainstthe glass
window (the musclewidened,and althoughwe could not see it shorten
becauseit was partially obscuredby the shell, we have interpreted the
movementas a contraction. We saw th'e muscleshortenin other chicks,
see below). The chick was quiet for about 30 seconds,then movements
continuedsimilar to thoseseenbeforethe pip.
Chick &--Little activity was seen during the 2 hours precedingthe
pip. At the time of the pip the chick made one strongwhole-bodyconvulsion; it then remainedquiet except for normal breathingmovements.
Chick 4.--Intermittent strongoverall body convulsions
and short bouts
of quiveringprecededpipping. The pip was accompaniedby a single,
sudden,andstrongmovementof the entirechick. After pippingthe amount
of activity within the egg increased.
It is noteworthythat in all thesecasesthe pip was accompaniedby a
violent convulsionapparently causedby contractionof the musclesof the
entirebody. Althoughthe pippingconvulsion
may have beenmorepowerful, it was not noticeablydifferent from similar onesseenbefore and after

th'epip. Suchconvulsions
werewitnessed,
not only in thesefour eggsbut
in the majorityof eggswindowed.Theseconvulsions
seemto correspond
to the Hamburgerand Oppenheim(1967) type III motility pattern, althoughwe consideredthem quite rapid.
It will also be noted that in two cases intermittent

short bouts of

quivering(one of the type II motility pattern "startles"of Hamburger
and Oppenheim)were manifestedfor a variable period before and after
the pip. Althoughnot presentin all cases,this seemsto be fairly characteristicbehavior,as it was noticedin mostother eggsnear the time of
pipping. In severalcaseswhere the pip appearedunseenon a nonvisible
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Figure 1. The normal pipping position of the 19-day chicken embryo i.n the egg.
The Musculus complexusis apparent as a sizable bulge on the back of the neck at
the top of the shell. a, Side view showing chick laying on back, with right wing
covering right side of head. Bill tip is wedged between shell and side of body near
baseof wing. b, End view from the large end of the egg showingthe bill tip with
egg tooth approximately at the 4 o'clock position o.n the side of the egg.

portion of the shell or "off-target," the fact that a pip was about to occur
or had occurred was surmised because of this behavior.

We noted in one case that the M. complexuscontractedappreciably
during the pipping convulsion.It was also seento contract (shorten and

bulge) with concomitantslightlifting of the head in severalother chicks
duringbody convulsions
that did not producepips, particularlyin chicks
whoseentire muscleprotrudedinto the window space. We were able to
make the musclecontractsimplyby jabbing it with a needleshortly after
pipping, and contractionhas also been causedby electrical stimulation
(Bock and Hikida, 1968). Thus the musclecan and apparentlydoescontract at pipping,contraryto what Pohlman(1919) and othershave contended.

The positionof the chick in the egg at the time of pipping was determined for most of the eggsby openingthe shell after the pip and by observationthrough the window. The position (Figure 1) in all caseswas

nearly as describedby Smail (1964: 502) with• the important exception
that the tip of the beak was never "directed at the shell at a point opposite the side contactedby the neck." If the egg is viewed from the
large end and if the M. complexusis pressedagainst the exact top of the
shell,we foundthat the eggtoothandbeaktip are adjacentto the shell(and
thepip occurs)at aboutthe4 o'clockposition(Figurelb) ratherthan the 6
o'clockpositionthat Smail's descriptionwould require. In addition, the
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distancefrom the back of the neck to the beak tip is not so great as that
acrossthe egg at the place in the egg where the head is located at the
time of pipping.
In most of the eggswe observed,the pip did not occur as near the
large end of the egg as variousother workershave indicated. It was generally locatedas shownin Figure la, althoughin somecasesit was nearer
the large end. As the chick moves around within the egg, th'is position
no doubt variesprior to pipping,but it appearedto be the usual position
attained at the time of pipping in our experiments. A slight movement
of the head to the left is all that is necessary.
DISCUSSION

AND CONCLUSIONS

Our data support the contentionof Bock and Hikida (1969) that
the hypotheses
of Keibel (1912), Pohlman (1919'), and Fisher (1958), as
well as Smail's (1964) hydraulic pressurehypothesis,are no longer tenable. The probable contractionof the M. complexus(also implied by
Hamburgerand Oppenheim,1967), alongwith a whole-bodyconvulsion
simultaneous
with the appearanceof the pip, providethis support.
Smail'shypothesisis also weakenedby clarificationof the positionof
the chick in the egg at pipping and by the fact that in somecaseswe have
seena chick pip twice--shortly after the first pip it produceda second
typical pip mark overlappingor near the first. In these casesthe initial
break in the shell is generallyincomplete;little bulging occursand the
cracksare not parted. Bock and Hikida (1969) alsomentiona somewhat
similar situation with other birds. Too little time elapsesbetweenpips
for the M. complexusto build up pressureand, in addition,the muscle
is probably at peak turgidity at the time of the first pip.
We found that at time of pipping the tip of the beak and the egg
tooth were always in contact with the inside of th'e shell, rather than a
few mm away as Hamburger and Oppenheim (1967: 174, 184) suggest.
This was seenclearly in caseswhere the beak tip was lodgedunder the
shell only a short distancefrom the edge of the window. Smail's (1964)
work also indicates that the beak tip is wedged against the shell. (See
also the discussionof the egg tooth, below.)
Our hypothesison the mechanismof pipping is as follows: The beak
tip is wedgedbetweenthe shell and the chick's dorsolateralthoracic area
(ventral to the scapula) at this time, with the egg tooth directed toward
and touching th'e shell (Figure 1). The strong whole-body convulsions
occurringprior to and at the time of actual pipping producetwo important actionshere. Expansionof the thoracic area of the body underlying
the entire beak forcesthe dorsumof the beak, and especiallythe beak tip,
hard againstthe shell. This body expansiontoward the beak may come
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about as a result of inhalation (as in the Bobwhite: Johnson,1969), or
of arching the body and bracing or pushingwith the tarsi so that the
shoulderregionis bracedstronglyagainst the shell (a very important part
of the mechanism)as describedby Hamburgerand Oppenheim(1967),
or likely a combinationof both. At the same time contraction of the
dorsalcervicalmusculature,at least of the M. complexus,elevatesthe
beak and forcesits tip in the samedirection. The latter contractionwould
also tend to pull the head backward to someextent, but this is prevented
by the turgidity of the M. complexusbracing itself against the shell.
Successive
convulsions
prior to pipping probably weakenthe shell at the
beak tip, providingthat the tip is kept at or very near the samepoint
on the shell, until eventually a convulsioncausesthe shell to break. The
pip thus is not the result of a jab, but rather of pressure,as Pohlman
(1919') and Smail (1964) proposed.However the pressureis neitherpassive nor steady.
This mechanismdiffers from that proposedby Hamburger and Oppen-

heim (1967), and althoughit is very difficult to repudiatetheir excellent
work, we feel that our inclusionof a glassplate as a shell substituteis an
important difference--one that might well have brought about some of
the discrepanciesnoted. The mechanismdescribedherein is supportedby
our observations,and also by the fact that when body weight and size
are lessthan normal at the scheduledtime of hatching,pipping is delayed
until they do becomenormal (Romanoff, 1960). The body in thesecases
may be too small to pressthe beak against the shell with sufficient force
to break

it.

A major problem of the chick at this time is holding the beak tip at
the same location on the shell during successive
body convulsions.The
egg tooth and M. complexusprobably function here. The small, sharp
point of the tooth is directed forward, so that it catcheson the shell membrane if the head moves forward

but not if the head moves toward

the

rear or the side. If, as Hamburgerand Oppenheimstate, the beak tip is
usually held a few mm away from the shell, this would naturally preclude
the function of the egg tooth as we, Smail (1964), and others have advancedit. The tooth is small and light, and thesecharacteristicscoupled
with the forward direction of its point indicate that it could not function
satisfactorilyas a pick or hammer. The point of the tooth would be unnecessaryif the structure were present only to protect the beak from
abrasionor other damage. It also appearsremote to suggestthat its major

functionis to penetrateand cut the variousmembranes,in particular the
shell membrane. Although the latter membraneis resilient and does not
break easily, the beak could probably break through without the tooth.
In this connection,also,the point wouldnot needto project forwardrath'er
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than vertically; indeedit might even be expectedto project rearward,
as the head motiondescribedby Hamburgerand Oppenheimis in that
direction.

As the eggtooth normallymustcatchand hold at oneplacefor successive convulsions
to be effective,and becausethe head tends to be displaced backwardby the body convulsions,the M. complexuspressing
against the shell at the back of the neck and head functions to counteract

this tendencyand hold the beak tip at one place. Becauseit contracts
simultaneously
with the rest of the body musculature
duringa convulsion,
it becomesthicker and more firm at the time displacementof the beak
wouldoccurandretardsany substantialdisplacement
that mightbe caused
by its own contractionor by pressurefrom the body (this latter displacement of the conicalbeak would be similar to the action of squeezinga
slipperybar of soapin the hand). In additionits turgidity may give it
a shock-absorbing
functionthat bringsthe egg tooth back to the original
point from any shortdistancethat it may be displaced.That the turgidity
of the M. complexus
is necessary
for pippingis demonstrated
by the fact
that windowedeggswere not pipped when the collar held the window
away from the chick, and when the M. complexusextendedinto the window space. In thesecasesthe musclewas not braced against any solid
support,and with eachbody convulsionthe head and neck movedrapidly
backwardinto the windowspace,then returned forward after relaxing.
The beak was never held firmly in the sameplace during the repeated
convulsions.

The egg tooth, found almostuniversallyamongbirds, appearsto be a
structurefunctioningto catch and hold the beak tip at one point on the

shell,as Small (1964) suggested.
That it is not absolutelynecessary
for
pippingis shownby certainbreedsof chickensthat have geneticallylost
the egg tooth; in thesepippingstill occurs,althoughthe percentageis
greatly reduced(Landauer, 1948 in Smail, 1964). The M. complexus
seemsto functionin part to keep backwarddisplacement
of the beak tip
at a minimum,and to return it to its original positionshouldit be dis-

placedslightlyby a bodyconvulsion.The pip or openingitselfis brought
aboutby whole-bodyconvulsions
in whichthe M. complexus(and probably other dorsalcervicalmuscles)contracts,and the thoracicregionexpandstowardthe beak to pressit stronglyagainstthe shell,repeatedlyif
necessary,
until the weakenedshellbreaksat the point wherethe beak tip
washeld. Here the positionof the chickin the eggis very important.The
beak tip must be wedgedbetweenthe shell and the thoracicregionof
the body for the convulsionsto have their maximum effect.

Althoughthis studyhas utilizedthe chickenas the experimental
bird,
the structuresand the body positioninvolvedin pipping are found in
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most, if not all, other birds, with only slight modification.Thus the
mechanismdescribedhere probablyappliesto birds in general.
SUMMARY

The pippingprocessof the chickwasinvestigatedby direct observation
througha windowcut in the eggshell.We witnessed4 of 30 chicksin
the act of pipping. The pip is apparentlyproducedby one of a seriesof
strongwhole-body
convulsions
that presses
the beak tip throughthe shell.
The beak at this time is wedgedbetweenthe shell and the chick'slateral
thoracicarea. The beak tip is probablyheld at one point on the shell by
combinedaction of the egg tooth and the Musculuscomplexus,
ensuring
that the pressureproducedby the repeatedconvulsionsis applied to one
locationon the shell,therebysuccessively
weakeningit.
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