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Differential survival of male and female dove embryos in in-
creased and decreased pressures of oxygen: A test of the
metabolic theory of sex.

By OscArR RIDDLE.

[From the Carnegie Station for Experimental Evolution, Cold
Spring Harbor, N. V.]

Several kinds of evidence have been accumulated which
indicate a metabolic difference between the ova (egg-yolks)
which give rise to the two sexes in doves. A corresponding dif-
ference was also found in more limited investigations of adults of
the two sexes. Our previous work has rather consistently indi-
cated that female-producing eggs and female adults have a lower
metabolism, males a higher metabolism. Since no metabolic
studies upon male and female embryos have hitherto been made
this study was carried out as a further necessary test of the com-
plete applicability of the metabolic theory of sex to pigeons.

A method or means of measuring the metabolic differences
between embryos of the two sexes is an enormously difficult thing
to devise; and probably no plan is devisable at present which
does not involve very much work. The many sources of error
and difficulty in any attempt to measure heat-production, O,-
consumption of CO.-production became embarrassingly evident
when the unmeasurable and continually changing mass of the
embryonic tissue is considered. The plan adopted by us was to
subject—during one complete year—all or practically all of the
embryos produced by the ring-doves and common pigeons of our
collection to reduced and increased concentrations of oxygen
(or to expose them to protracted periods of cold) and make such
measurements and records as would probably reveal any relation
of sex to survival under these conditions. Theoretically, if female
embryos have a lower metabolism, i.e., lower minimum oxygen
requirement than males, the female embryos should withstand
diminished pressures of oxygen somewhat better than male em-
bryos. Similarly—since we had earlier learned that high pressures
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of oxygen result in the death of some embryos—the male embryos
should be somewhat better able than female embryos to withstand
an increased concentration of oxygen. Again, if males have a
higher metabolism than females the reduced metabolism induced
by cooling should perhaps prove more harmful to the male embryos.

Embryos aged 3 minutes to 12 days have been used; but most
frequently the age was between 1 hour and 4 days. Increased
concentrations of oxygen varying from 26.8 per cent. to 96.6
per cent., and decreased concentrations varying from 18.3 per
cent. to 0.15 per cent., were used. The time during which embryos
were subjected to the altered pressures of oxygen varied from one
to five days. For o.15 per cent. O, the time was 15 minutes to
8 hours. Embryos were normally incubated under birds except
during the period of treatment when moisture and temperature
(39.4°) conditions were carefully controlled in the experimental
chamber. In survival tests under ‘“‘cooling” the eggs were
either left at cold room temperature (50°-65° Fahr.) from 10-13
hours daily during several days or were placed at ice-box tem-
peratures (8°-15° C.) during 18-24 hours. Sixty-five groups were
tested in oxygen, 12 in cooling.

The age of the embryo has been found the most important
factor in survival under alteration of the gaseous environment.
Older embryos are most affected by reduced pressures of oxygen;
younger embryos by increased pressures of oxygen. It is prob-
able that the adequacy or thickness of the shell is also a factor in
such survival. This adequacy of the shell has been painstakingly
measured in all of the treated embryos.

The sex data from the reduced oxygen series have one notable
defect. Eight embryos in which color was sex-linked were
killed at an age when they should have shown eye-pigment or the
lack of it which would declare their sex. Unfortunately, greatly
reduced pressures of oxygen have been shown! wholly to prevent
the post-mortem formation of this pigment and we have evidence
that it at least interferes with its formation in these embryos.
These eight embryos therefore could not be definitely classified
and are omitted from the table. Embryos of known sex were
not killed in about one half of the experiments. The lower half

1 Riddle and La Mer, Amer. Jour. Physiol., 1918, xlvii, p. 103.



SCIENTIFIC PROCEEDINGS (I11).

90

L'z 00I | 801X — | —|S6L }o0Lg S'1z | O€f €0 Ley _— 0°9S — | *rjuad 1Bg
4 €6 fo1 _— —| €L 69 oz e 1 ob1 —_ Lgr vee ‘sjejor, |*°c * - 3uioo)
Lot oor | €68 |1LL |z€9 |z€g | 6oOL 8°01 1'62 8'I o-gt 1L b 24 — | **3u30 I3g
£ 1€1 L1t 101 YL 601 €8 zz ve 8 S1z z€ €61 ghy |*-:--sejol |° - o "I
S6 o001 | L°€€x |¥og |L6L |6Sg |oLlg 1'v1 | o'f1 0 Lgb g8 €€ 161 — |"* **3u3d 13g
oz z6 £z1 VL 86 6L Lox €1 _ 91 z (43 ¢4 zS1 08 oSy |*°*-‘srejol |*° " %0 "IOU]
PN SIPRPIAIPUT |, PIXIS,, TUIMOYS SIUIMILIEXTT KU
1€ 001 | S'vor —_ — | &Yy | LS4 LSt € ve L &) 181 —_— z g — |** 13U 13g
L €1 ob1 —_ — €11 901 1z ve z [s144 —_— [2¢4 obb {**-*-srejol [**° * “Buoo)
z'6 00y | 1I'66 | 1vg |9'gL | €06 |gVy L6 z'S1 €1 g'vS I8 6'S€ — |"* *jud0 13g
ot 9zz | bze 061 oL1 Yoz 061 zz ve o1 vey 9 1414 z6L |- cspejog |- %0 103Qq
oL 001 | 9°6z1 | g'g8 |S'gg |1'V6 |V¥6 6'S 9°S €0 €65 Sve LSt — |***3uad 13g
9€ zze Lgz 861 121 60z 1lz €1 91 £ 918 fiz of1 898 (- 's[ejox | %0 ‘Iuj
-] ° [ P [ L [] L -200
“umouy L ON | pramng | HEST | PP | ssokiq
-ﬂD R <IN ._duo.—.- .vuﬁouwm .vo)mzq—m .vc_:V— ' -wy .uﬂoﬁ:ahh. Jo nkﬂuﬂz
‘pAIng Jo 'oN
*S9X9G *sokiquigy

v0q 2191dwo)

SINANIIAIXH ONITOOD) ANV NIADAX(Q WOAJd VIV XIS J0 XAVAKNNS



A Test oF THE METABOLIC THEORY OF SEX. 91

of the table has therefore been constructed to eliminate those
unrepresented experiments.

The table supplies a summary of the chief data obtained
concerning sex. [t will be understood that the sex of many em-
bryos which were killed, and even of some which survived treat-
ment but died too soon thereafter, could not be ascertained.
It is clear that embryos which survive treatment with increased
oxygen are about equally capable of completing the remainder of
their embryonic development (hatching) regardless of sex. Per-
haps the ability to ‘“hatch,” after proved survival, should not be
considered as within the range of effects of treatment; but these
data are given. The quite different sex ratios obtained from the
increased oxygen experiments (129.6 &'d': 10099) and from
the decreased (99.15' & : 100 Q) is perhaps good evidence that
the large number of killed and “unsexed’ embryos of the first
group contained disproportionate numbers of females, while the
killed embryos of the second group probably included more males.
The sex ratio from embryos subjected to cooling is of such quantity
as to leave it a matter of doubt as to whether the killed and ‘‘un-
sexed’ embryos differed in sex ratio from the survivors. This
ratio nevertheless markedly differs from that obtained from
increased oxygen. The known sex of the killed and of the sur-
vivors of this group also indicate clearly that the advantage here
rests with the females.

The results are not wholly decisive but give some evidence
that sex is also a factor in survival; further, that it is the males
which best survive increased pressures of oxygen and females
which best survive decreased pressures and cooling. Nearly
all of the possible comparisons give the above result. The few
figures which are opposed or seem questionable are placed in
italics in the table.



