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Structural and mechanical properties of the egg
membranes of Salmo gairdneriRich. in the period
of hatching were investigated.

Only local action of hatching enzyme upon the
egg membrane and local decrease of its strength
was observed. Inthe places, which were not under
the action of the enzyme, egg shell keeps its
structure unchanged aswellasits great strength.
The differences in the thickness of egg shells of
the same female and even of the same egg were ob-
served., No correlation between the thickness of
the egg shell and its strength was found.

Mechanical properties of the egg membranes of Salmonid fishes are ge-
nerally quite well known, Itis alsofoundthat during the first hours and days
after spawning they show rather great strength which is well kept during the
whole period of developmentandfalls downto zero only just before the moment
of hatching (Hein, 1908; Gray, 1932; Hayes, 1942; Zotin,
1953a; Winnicki and Domurat, 1964). Such a decrease in the
strength of egg membrane before hatching of larvas is caused by a special
chemical substance, named by its discover "hatching enzyme" (Wintré-
bert 1912). The enzymeis produced by special glands placed in the skin
of the head, upon frontal parts of larva and upon the surface of yolk sack
Wintrédbert, 1926; Bourdin, 1926a,b,c,d; Ishida, 1944;
Zotin, 1953b; Ignateva, 195a,b; Baburina and Bu-
znikov, 1957; Buznikov, 1957,1959).

Hatching enzyme causes the "digestion" of the inside part of the egg mem-
brane (Wintrébert, 1912; Hayes, 1942; Milkman-et al,
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1961), thus larva can easily liberateitself from the shell. Haye s (1942)
even introduces some kind of "thrill of terror", proving that hatching enzyme
acts bilateraly: upon the shell and upon the larva itself, thus the result de-
pends only upon the fact-which one of them digested quicker - the shell or
the larva. Nota bene: neither Hayes, nor any one else have ever observed
such, even partially "digested" embryo. It is believed that essential role on
the process of hatching of larval fishes play the movements of the embryo.
Gottwald and Nagied (1967) state, that as the result of violent mo-
vements of the embryo the egg membrane is broken and thus embryo is re-
leased. It seems that the truth lies somewhere in the middle. Probably hat-
ching enzyme acts upon interproteinbounds (Fi s h e r, 1963) and thus con-
siderably weakens the shell. On the other hand, the embryoitself with the aid
of violent movements '"squeezes'" outthe enzyme directly upon the egg mem-
brane Hayes, 1942).

The structure of the egg membranes is quite well studied. Generally, it
is said that in the case of Salmonid fishes it is 30-40 n thick with radialy
situated canals (uponthis characteris basedthe name "zonaradiata"),through
which the exchange of substances with the environment takes place (R u n-
nstrom, 19203 Gray,1932; Hayes, 1942; Shanklin, 1959;
Armstrong a. Child, 1965). Kaighn (1964) stated that those
canals are only artefacts caused by the different refraction of the light in the
substances filling them., The canals, as they are, do exist, but only in the
ovocytular period, as it has been found by Muller and Sterba
(1963) by means of the electron microscope.

Although,there is rather abundant literature concerning egg membranes,
very little is reported onthe structural and mechanical properties of the egg
shell in the moment of hatching, thatisinthe momentwhich is critical for the
organism - since it is connected with violent change of the conditions. Such
a lack is probably caused by the fact that during the hatching, in the eggs de-
riving even from the same female, can be observed enormeus differences much
greater than any time before, such as relating to the manners of leaving the
egg shells by the embryosandtoits final destruction at the time of hatching.

The study of the morphological properties of egg membranes and the re-
sulting changes in mechanical properties may be very significant. Some
previous observations of several authors showed,thatthicknessandstrength
of the egg membrane during the period of hatching is not always equal upon
its whole area. The present work is a trial for explanation those morpho-
-functional changes andtheirindependence inthe egg shell during the hatch-
ing of larval fishes.

MATERIAL AND METHODS

Experiments were carried out during the spring of 1966 and 1967 at the
Department of Fish Physiology of the Agricultural College in Olsztyn.
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The eggs of rainbow trout were de-
rived from the River Biological Station
of the Institute of Inland Fisheries at
Gdanisk They were brought in Dewar
flasks to our laboratory right after the
formation of eye spots and incubated to
the moment of hatching.

Atabout 60 D° before hatching,eggs
were measured and their average
strength was investigated. After 30 D°
(thatis also 30 D° before the theoreti-
cal moment of hatching) all experiments
were started. All eggs were measured
(three diameters: the shortest one,the
longest and the height of an egg) and
their strength on mechanical pressure
was examined. The shells were fixed
for histological investigations.

Diameter measurements of eggswere
made by means of the measurement mi-

Fig.1l.Apparatus for measuring
croscope up to within 0,01 mm.

of egg strength, 1 - scale of a

The strength of egg shells (strength spring balance; 2 - plexig}ass
of the whole egg onmechanical pressure saucers; 3 - egg; 4 - plastic
was measured by the method of Scha- disk; 5 - lever

perclaus (1940) and modified by authors

(Fig.1) in a following way: a special plexiglass saucer (2) with a hollow in
the middle for the egg (3) was placed on the subject scale of a spring balance
(1); a plastic disk (4) was lowered on the egg and then pushed with the hand
(5) until egg was broken.

The egg membranes after breaking were washedin a solution (0,6 g NaCl,
0,5 ml of glacial acetic acid, 100ml of distilled water), fixed in 4% formalin,
dehydrated in alcohol and finally embedded in paraffin. Cut sections (perpen-

diculary to the surface of an egg) 8 j thick were stained with hematoxylin
and eosine.

The thickness of eacheggshell wasmeasured (in about 15 points). 20% of
all measurements weretakenfromthe brokenplacesofeggs. Thickness meas-
urements were made by means of the microscope up to within 0,5 n.

Apart from theabove, wealsoinvestigated the egg shells (or rather their
remnants ), from which fishes already hatched, and eggs which showed "nought"
strength. Histological method was the same., The strength of such shells was
measured according to the modified method of Z otin (1953b), as it is
illustrated on figure 2. The shell (m) was placed upon slightly widen and
grinded end of vertically standing tube (p); the external diameter of the
tube was 4 mm, internal - 2,5 mm, The sides of tested shell were bonded with
a thread. Metal bar (s) withthe rounded end, l mmin diameter was lowered
on the shell, The bar was connected to the moving arm of the lever (g) , which
was fixed at the tripbd axis (a) and balanced with a bob (w). At the end of
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laboring arm of the lever, a scale, shapedlike a flass vessel (b) was hung.
From the vessel (v) standing just next, water was dropped into the scale
until shell was broken. That amount of water was the measure of strength of

the membrane (the length of arms was considered).

Fig.2. Apparatus for measuring of strength of the egg membranes

after the hatching of larvas (scheme). a - axis; b - glass vessel;

g - lever, m - membrane; p - glass tube; s - metal bar; v -vessel
with the water; w - bob

RESULTS

Data concerning the thickness: of egg membranes during the period of
hatching of larval fishes are given in Table 1.

Table 1

The differences in the thickness of egg shells of Salmo gairdneri

The thickness of egg shell The difference

Material
minimal maximal average in mm in %
average value 27.41 46.60 35.95 19.20 70.00
on 50
eggs individual
differences 21,25 56.25 - 35.00 164,00
on one minim. ,
ege differences 30.00 32.50 31.60 2.50 8.30

max.differences 21.25 38.75 32.99 17.50 82.00

Although the tested material was rather homogenous (the eggs were taken
from the same female), the table shows a great differences in the thickness
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of egg shells. The differences could be dividedinto two groups : the differences
inthe thickness of the same egg shell, and of shells of different eggs.

From the data in Tablel it follows, that a definite thickness of egg shell
of the rainbow trout is quite out of question. Individual differences are so
great, that in extreme cases the maximal thickness is 164% of the minimal.
In numerical values, the thickest shell was 35 u more thick than the thinest
one with the average thickness of 35 j, which gives the difference (in plus,
or in minus) of about 50%.

Simultaneously, from this Tableit follows, that the shell of the same egg
does not have the equal thickness on its whole area. Minimal differences in
the thickness of one egg membrane are greater than 8%; in extreme cases
even 10 times (82%) greater. The imposition of the differences inthe thickness
of the membrane of one egg and of individual eggs, give such enormous dif-
ferences between maximal and minimal values.

Fig.3. Egg membrane of Salmo gairdneri (the narrowing)

Fig.3 shows a cross-section of the egg membrane with visible narrowing
in the middle. Such narrowings are not frequent and rather rarely occur in
the egg shells. Generally, the shells grow thinner gradually, so the process
is almost invisible and only measurements of many sections of the egg shell
can show the differences in the thickness. Such narrowings and thickening
of the egg membrane are seemed tobe the normal thing and has nothing to do
with the hatching, because they occur a long time before hatching, in the
period, when egg membrane still has very great strength.

An interesting fact could be observed during the time,when a membrane
strength of the eggs is zero or near zero., Then could be seen a local nar-
rowings of the membrane, butthey are of completely different character than
described above (Fig.4). The surface of the shell remains intact, but its
lower parts seem to be partially digested or loosen (Fig.5 and 6), The egg
shell breaks exactly in those places whereit seems to be partially destroyed
from the inside (Fig.7). It should be stated though, that breaking of the egg
membrane by mechanical pressure before hatching, whenit still has its great
strength, very rarely takes place in the thinnest parts. Generally in such
conditions, the shell breaks in its thicker places (Fig.8). Moreover, the
thickness measurements of the egg membrane in the breaking places showed,
that in those places it is about 7,8% (in extreme cases even 210,4%) thicker
than the average thickness. On the other hand, in the period just before
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Fig.4. Local narrowing of egg membrane caused with the hatching enzyme

Fig.5. The egg membrane after hatching of larvae
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Fig.6, Loosen part of the egg membrane after the action of hatching enzyme

Fig.7. The place of destroying of the membrane (nearby the narrowing)
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Fig.8. The typical show of breaking place of the membrane

hatching, absolutely opposite fact can be observed: the shell breaks in the
thinnest part (of course, the breaking of the breaking of the shell takes place
in the parts, which were slightly destructed from the inside).

Thickness measurements of the egg shells from whichlarval fishes already
hatched showed, that generally the shell keeps its normal structure for a few
hours (up to 8 hrs at 10°C) and thenis gradually destroyed from the inside.

Fig.9 shows the section of the egg membrane in the final state of the de-
composition (8 hours after hatching at 10°C) . Inthis case, the membrane has
been destroyed upon its whole length and from the inside. The characteristic,
ring-like rolled end of the sectionindicates, other, things the above statement
to be right, and indicates also, that the external part of the membrane has

been less loosen, thus the rolling is caused by the swelling of the internal
part of the membrane,

Qur investigations in the period before hatching did not show any correla-
tion between the strength of the egg membrane and its thickness. In Table 2,
data concerning eggs, however show a great differences inpression strength,
nevertheless, do not give any reason for concluding about such correlation.
There are cases when eggs with none strength have the shell with average
thickness of 38 1 (Table 2, eggnumber 11); onthe other hand the egg showing
a strength of 4700 g has the shell of average thickness of 34 p (egg No 2).
Similarly, the thickness of the egg shell does not correlate with its size, The
eggs, as it is shown in Table 2, were generally of the same size (the dif-
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which were not destructed by the hatching enzyme and were placed ata distance
of the site of breaking. Calculation showed, that in some cases, the strength
reached (in terms on the whole membrane) 6233 g (!), and thus was equal to
the maximal strength of eggmembranes during the whole period of embryonic
development,

DISCUSSION OF THE RESULTS AND CONCLUSIONS

The conviction of many authors ,that the strength of salmonid egg membranes
falls to "zero" in the moment of hatchingis notvalid, as it showed the obtained
results. Evidently, the eggmembrane must become weak to bé broken; other-
wise,; the hatching would be impossible. However, sucha weakening does not
concern the whole egg, butonly some (rather small) parts of it. Such a local
action of the hatching enzymeupon the egg shell is caused by the character-
istic distribution of hatching glands, which in the embryos trout are placed
upon the head and upon some parts of the yolk adjoining the head.

Areas of egg shells, whicharenotunder the action of hatching enzyme do
not change their structural and mechanical properties (that is the strength,
turgor and elasticity dependent upon the lastone (Winnicki, 1967).

In view of the above, itmightbe presumed, thathatching enzyme produced
in hatching glands does not dissolvein perivitelline liquid, but by the direct
contact of the glands with the membraneis, ina way "squashed" upon it. The
above suggestion would confirm the hypothesis of Hayes (1942), that
hatching enzyme acts upon the eggmembrane only in the medium with definite
pH, while in pH characteristic for perivitelline liquid it is inactive. In the
case of direct contact with the membrane the slime from emryo’s skin gives
the possibility of changing pH in the place of the enzymatic action.

The character of destruction of the egg shell from the inside, leads into
the conclusion that poliproteinmicellar structure (Fisher, 1963) is broken
under the action of the enzyme. This is followed by the softening of lower
(interior) layers and in consequence - tearing away of the whole slices
(Fig.6). Such breaking of course, helpsthe enzyme topenetrate into deeper
parts of the egg membrane,

Local action of the hatching enzyme upon the egg shell involves changes
in its mechanical properties, but only in the place of the enzymatic action.
Beyond this place, the properties of the egg shell remain unchanged. Only
after the hatching, the egg membranes are gradually, during a few or even
some scores of hours (according to the temperature and number of bacteria
present) fully destroyed.

The obtained results showed, that there is no correlation between the
thickness of the egg membrane and its strength; it was also showed that the
membrane thickness of given species, population, individual or even one egg
cannot be expressed in the definite number of microns. Since a great dif-
ferences were observed in the thickness of eggmembranes of one female, and
even of individual eggs, only approximate numbers can be given.
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ferences arrived only t05,3%) - this compared with the great differences in
the thickness (up to 164%) of the shell excludes any dependence between the

two quantities.

Fig.9. The final state of the decomposition of egg membrane

The strength of egg membranes, their thickness and dimensions of eggs
in the day of hatching
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29,92
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39.78
32,17
46.6

37.83
38.07

2

Thickness of the egg membrane (u)

Measurments of the strength of the alone egg membranes after hatching
showed, that all shells kept greater strength, of course only in those parts
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Winding up the above, it may be concluded that:

a) Hatching enzyme in the eggs of Salmo gairdneri does not act upon the
whole egg shell, but onlyupon its small parts, where hatching glands are in
direct contact with the membrane,

b) Decrease of the strength of the egg membrane during hatching is not
observed in the whole membrane, but only in the places which were under the
direct action of hatching enzyme,

¢) In the moment of hatching and just after the parts of egg shells which
were not under the action of the enzyme do not change their structural and
mechanical properties.

d) The shells of eggs deriving from the same female are not of the same
thickness and in the extreme cases the differences may reach even 162%,

e) The shell of the same egg is not all over of the same thickness. The
differences in its thickness in several cases vere over 80%.

f) There is no correlation between the thickness of the eggmembranes and
their strength (in the eggs of the same female),
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STRUKTURALNE I MECHANICZNE ZMIANY ZACHODZACE
W OSEL.ONKACH JAJOWYCH PSTRAGA TECZOWEGO
{Salmo gairdneri Rich.)
W OKRESIE WYKLUWANIA SIE LARW

Streszczenie

U jaj pstraga teczowego (Salmo gairdneri Rich,) badano morfologiczne i
mechaniczne wladciwos$ci ostonek w okresie bezpoérednio poprzedzajgcym wy -
leg w momencie wyklucia oraz w okresie tuz po wykluciu sie larw.

Stwierdzono, ze ferment wyklucianie oddzialywuje na calg ostonke, lecz
tylko na niewielkie jej partie w miejscach,gdzie gruczoly wyklucia wchodza
w bezpodredni kontakt z ostonkg. Podobnie i proces spadku wytrzymatosci
ostonki w okresie wykluwania sie larw nie dotyczy catoéci ostonki, lecz je-
dynie miejsc, ktdre byly poddane bezposredniemu dzialaniu fermentu wyklu-
cia.

W momencie wykluwania sie larw jak rédwniez tuz po wylegu ostonka nie
dotknieta dzialaniem fermentuwyklucia zachowuje w niezmiennym stanie za-
réwno swa strukture jak i swe wlasciwo$éci mechaniczne,

Ostonki larw tej samej samicy nie sg jednakowo grube i réznice w skraj-
nych przypadkach siegaja 1601 wigecejprocent. To samo dotyczy ostonki po-
jedynczego jaja, aczkolwiek w mniejszym stopniu i maksymalne réznice w
grubos$ci dochodzg do 80%.

Nie stwierdzono zadnejkorelacjimiedzy grubo$cig ostonek a ich wytrzy-
maloScig w obrebie jaj tej samej samicy.
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CTEYI{TYPHBIE 1 MEXAHUUECKUE WSMEHEHIA B ANLIEBHX OBONOUKAX
PAZIVEHO! OOPENI (SALMO GAIRDNERI RICH.) B IIEPU OF BHKIEBA IITYNHOK

Pesnoue

lzyuanu MOPQOJIOTUUYECKUE U MEXaHUUECHKle CBOiCTBa fAllleBHX 000JOUEK pa-
IyxHO# Gopesu mepex BHEKIEBOM, BO BPEMA BHKJNEBA a TaKKe  HEMOCPELCTBEHHO
IOCHe BHXOZ3 JUUUHOK W3 AU,

YcTaHOBUMM, UTO (PEPMEHT BHIYNNEHUA He ZellCTBYyeT HA BCH OGONOUKY HO
TONBKO JUWL HAa HeOONbUNe €€ yyaCTKU B MECTaX, ILe KEele3H BHIYIJIEHUA BCTy-
[NalT B HENOCPELCTBEHHH{I KOHTAKT C 00O0JOuKOll, TOUHO Taxke U mpouecc Ia—
ZeHV NPOUYHOCTU OCONOUKYM B IEPUOZ BHKJIEBA JNYVHOK HE 38XBATHBAET BCK
000J0UYKY, TONBKO Te €& YyUaCTKW, KOTOPHE HAXOZATCA H0Z  HEIOCPEZCTBEHHHM
BO3ZeficTBUEM (JEPMEHTA BHIYIJIEHUSA .

B MOMEHT BHKIEBA IUUMHOK, a TAKKE Cpa3y [OCJe BHKIEBA, fiileBasg 000I0Y-
Ka He TpPOHyTa BO3ZelicTBueM (epMeHTa BHIYNJIEHUA COXpPaHAET B HEU3MEHHOM
COCTOfIHUM KaK CTPYKTYPY TAK U CBOUM MEXAHWUECKUE CBOMCTBA.

OGomouru Aul ToOl e camoff caMiu He ONUHAKOBH. MO TOJNNMUHE X DASHUIE B
TONMVEE B SKCTPEMANBHHX CIyYadX ZOCTUTALT 160% u Gomsme., TO e  camoe
KacaeTcAa OGOMOUKM OTZAENBHOTO fAlina, XOTA B MEHBUEl CTeneHu, X MaKCUMAJb-
Has pasHUIa B TOJNNUHE DA3HHX €& yuacTKOB zocTuraeT 80%.

He Hawiy HUKAKO! KOpeNAUMU MEXZy TONMUHON OCOJOUEK U UX NPOYHOCTEK
Cpenn AMI NPOUCXOLANUX OT OZHOWM caMKu,
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