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had previously been called Zwischenmirbelbein 
by Von Ileyer in flplrenosa~c~us, and, long be- 
fore, Egerton, in 1836, had proposed the phrase 
'subvertebral wedge-bone' for the same element 
in the ichthyosaurs. I t  may be of interest to 
observe that ;Llarsh, as early as 1878 (Aazer. 
Journ. Sci., May), correctly recognized his 
( intercentral bones ' in the so-called hypapo- 
physes of the Mosasaurs, though Boulenger, as 
late as 1891, denied their identity. Hypapo-
physis is yet frequently used- for the inter-
centrum of the atlas, following O~i~en,and 
' hypocentrum,' ( basiventral bone,' etc., are 
frequent and superfluous synonyms of inter-
centrum. 

There is yet another anatornical term which 
bids fair to become confused in its application 
-splenial. Owell proposed the tern1 ('Arche- 
type and Ronlologies,' p. 15) in place of the 
Cuverian ' opercular,' a term inadmissible be- 
cause of its double use in the fishes, for the 
splint-like element on the inner side of the 
mandible, and figured as typical of the man- 
dible i a  the crocodile and ostrich. Baur, cor- 
rectly, I believe, recognizing that the so-called 
splenial of the turtle is not morphologically 
identical with the splenial ill the crocodile and 
lizard, but rather a dermal element separated 
from the articular, gave to i t  (improperly, 
I think) the name of angular, while the real 
angular he called the splenial, and for the real 
splenial he proposed the new name (pre-
splenial.' Lambe, recently, in his descriptioil 

TIJE ORIGIX O F  FI.'EA~ATJE4XD \iTORIIER ANTS ,FROM 

THE EGGS O F  PARTIIEXOGEXETIC WORKERS. 

I)ZIF,RZO~'Scelebrated theory, according to 
which the unfertilized eggs of the honey-bee 
give rise to males, or drones, whereas fertilized 
eggs develop into females (queens or morliers), 
has not only become one of the established 
tenets of apiculturists, but has also been ex-
panded by theorists to include other social in- 
sects, such as the ants and social wasps. Nor 
is this expansion merely the result of a tempt- 
ing analogy. Forele and Lubbock? long ago 
showed that the eggs of parthenogenetic 
worker ants may develop into males, and more 
recently similar observations have been made 
by Miss Fie1de.t These facts certainly con-
firm the Dzierzon theory and appear to justify 
its extension to the ants. 

The further question, however, as to whether 
the unfertilized eggs of bees and ants may not, 
under certain conditions, give rise to workers, 
is still unanswered.# I n  other words, the 
observation of a number of cases in which 
males developed from unfertilized eggs, is 
not in itself sufficient to preclude the pos-
sibility of tbe development of females 
or workers from such eggs under other cir-
cumstances. We know that this possibility 
is realized in the autumn broods of plant-lice, 
water-fleas, etc. That it may also be realized 
in ants is shown by the following ob~ervations 
made independently by three different observ- 
ers and here quoted a s  a basis of suggestion 
for future experimental work. I t  is, per-of the mandibular elements in D~?~ptosa~c~.us,  

retains the names previously used in the 
turtles, but calls the liiost anterior element, 
sometililes also present in the turtles, the pre- 
splenial. But, this is inadmissible. There 
can be little if any doubt but that the pre- 
splenial of Drypfosazcrzts and the testudiiiates 
is morphologically identical with the real 
splpnial of the crocodiles and the lizards, and 
it must receive the same name. If  we call 
it the presplenial. then Baur's arbitrary change 
of the angular must also be accepted, other- 
wise the crocodile, to whose mandible the name 
splenial was originally applied, is jukgled out 
of a splenial entirely ! 
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haps, timely to stress these observations, for 
theorizing on sex determination is rnuch in 
v o g u ~  and is being indulged in by some who 
seem to derive their facts from any but the 
original sources. That some of these obser- 
vations have been ' snowed under '--todtge- 
scllwieyen, as the Germans say-is not a mat- 
ter of surprise when we consider the blinding 

" 'Les Fonrmis de la Suisse,' 1874, pp. 328, 329. 
t 'Ants,  Bees and Wasps,' London, 1558, pp. 

36-40, 
$ ' A  Study of an Ant,' Proceed. Accrd. Nut .  Xci. 

Philcr., July, 1901, p. 439. 
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effec~tr of a brilliant theory like t h a t  of 
IJzicrzon, backed by the weighty :xrgnmenta-
tion of a von Sicbold, and the way it flatters 
our ineradicable tendency to formulate, con-
ceptualize and schenlatizc i n  advance of all 
exhaustive study of nature's proccsscs.* 

[ find the following obscrvatio~is on a 
lungus-raising ant, the  ' Sauba ' ( A t t a  
cepl~alo tes)of Trinidad, recorded by Tanner:? 

My ' B '  nest had neither queen nor male when 
i t  was set up on the 4th July; a few larvze and 
pup% were pat into the nekt a t  starting. The 
last of these became an ant on the 14th August, 
41 days after capture. 

The first eggs were seen 19 clays after the cap- 
ture, viz., on the 23tl July. Very many small, 
medium-si7ed and large ants were matured from 
these eggs before its [the nest's] destruction on 
the 6th November, in periods oi from 57 days for 
the smallest to 74 days for the larger ones. On 
the 20th October a male was matured, on the 3d 
November there were 25 males. On the 2d No- 
vember a queen was matured, and another on the 
Bth, three days later, and their period was about 
84 days. Thus, there are about 10 days for the 
egg, as a larva i t  varies from 27 days for the 
smallest workers, 44 days for the ordinary work- 
ers and 54 for males or queens and 20 days for the 
pupa stage. '" + 

It is, thcrefore, as far as this experiment goes, 
conc.lusive, that worlrkers, talien as these were 
from a nest which had been living in community 

" Absence of critical caution in accepting the 
Dzierzon theory is seen, for example, in works 
like Castle's ' Heredity of Sex,' when the author 
makes the following apodictic statement (p. 
191) : 'That the spermatozoon also bears sex is 
manifest in the case of animals like the honey- 
bee, for the egg of the bee, if unfertilized, invari- 
ably develops into a male, but if fertilized into 
a female. I'rofessor T. 11. Morgan, in his re-
cent work, 'Evolution and Adaptation,' pp. 424, 
426, makes a similar statement: ' I n  the honey- 
bee all the ferlilized eggs produce females and the 
unfertilized eggs males'; although he proceeds 
to cite thc cortditions in an insect of the dame 
natural order as the bees and ants, namely 
the currant-ily ( N e n ~ a l u sKbcs i i ) ,  which may, un- 
der certain conditions, produce both males and 
females from parthenogenetic eggs. 

t f3codoma cephalotcs. Second paper. Trini-
dad Field Naturalists' Club, Vol. I., No. 6, De-
cember, 1892, pp. 123-127. 

with males, do lay eggs, and that from them they 
can produce males and qnccns. 

Tanner's observations go to show that  the 
eggs of A l t o  cephnlotes workbrs may give rise 
to ants  of all thrcc sexual fonns, tha t  is, mkles, 
females and workers of the different castes so 
remarlcably developed i n  these large fungns- 
raising ants. The  implication i n  t h e  last 
quoted paragraph, tha t  t h e  production of all  
these forms depended on the fcrtilc workers 
having cornc frorn a colony containing males, 
rnay bc gratuitous ( v i d e  i n f r a ) .  

More important observations on this sub-
ject have been recently made by H. Iteichcn-
bacll, a very conseierltious worker.* 

I quote his results i n  fu l l :  

In the spring of 1899 1 placed in an empty 
artificial nest of the Janet pattern eleven workers 
of Lusius nigcr I,., more for the purpose of show- 
ing my pupils the commonest of our ants, than 
for the purpose of conducting definite observa-
tions. :I. fed them with invert sugar and hashed 
meal-worms. Xven after a few days I noticed 
several packets of eggs which had been laid by 
the workers. This was nothing new to me, and 
:I. expected that to happen which had happened 
in my other colonies, namely, tha t .  the larvze 
'rratching from such eggs would succumb to the 
cannibalis111 of tlie ants. At most I supposed 
that I might obtain males, since it  has long been 
known that males arise from unfertilized eggs

- ~ 

laid by worliers, as in the case of the honey-bee 
and the social wasps. 

But to mg astonishment, the larvtx pnpated 
and produced typical loorkers, which agreed with 
their progenitrices even in size. A few days 
later they had acquired their mature coloration 
and began to take part diligently in the labors of 
the colony. 

rl'ktbs i t  i s  possible that  zrorlcers m a y  dewclop 
from ~rnfertiliced cggs h i d  by  zc;orlccrs. 

A little later the numiter of egg-packets in- 
creased, and towards the end of ,June the nam-
ber of worliers had risen to  over a hundred, and 
a number of larvre and papm were being busily 
carried about, assorted, fed and licked; the ants' 
appetite was excelleiit, the glass manger was 
found licked clean every morning; pupa-cases, 

" ' Ueber Parthenogenese bei Ameisc~n und 
andeie Beohachtungen an A~ueisenltolonien in 
liiinstlichen Nestern,' Biol. Centrallil., 22. Bd., 
1002, pp. 461-463. 
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remains of meal-worms, etc., were very neatly 
piled up in a particular corner of the midclle 
chamber;-in brief, the life and activity of the 
ants were perfectly normal, notwithstanding the 
rather peculiar provenience of lnost of the inmates 
of the nest. 

During the normal course of colonial life the 
following occurrences were noticed: 

During tlie last meek of August, a i t  Trere on 
the very day, when in the gardens and streets of 
Frankfurth,  winged males and females of Lasitcs 
n i g e ~  creep about as  xea ry  relicts of the nu l~ t i a l  
flights, about a. dozen fine, shining males hatched 
in nly colony. \Then they had taken on their ' 

adult  coloration, they sought the illunlined cham- 
ber and xvalked about nimbly. Had i t  been 
possible for them to escape, they ~vould certainly 
hare  joined in the  nuptial flight of tlie mass of 
their species out-of-doors. 

The lnales lived only a few ~veeks;  most of 
them met with an  accidental death through be-
conling glued do1r.n with their wings. 

The colony passed the winter in goocl condition, 
and in the spring of 1900 a rapid increase again 
toolc place from eggs laid by the workers. On 
the  1st of August I Tvas able to  announce to our 
natural  history society t ha t  the nest again con-
tained 300 lrorkers and tmo t o  three dozen males. 
This year, also, the appearance of the males coin- 
cided with the swarming time out-of-doors. 

During the year 1901 the same events were re-
peated, vritli the difierenee tha t  the number of 
individuals had fallen off; still there were a f e v  
lnales tomards the end of July. By the  spring 
of 1002 only about twenty workers surl-ired; 
larl-z n-ere still being reared, but toll-ards the end 
of April, for sorne u n k n o ~ ~ nreasop, the whole 
colony became extinct. 

Worthy of note, Ihele[ol.e, is  the coincidence, 
tlrtee times in szcccession, in the appeai.aizce of 
?nc~les a t  Ihe typical tiitzr of st[;ccnniii,g for  ozc~ 
+zcighborhood. From this we must conclude tha t  
the conditions in my colony did not depend on 
degenerative or similar causes. On the contrary, 
tliis decided periodicity points to normal pro-
cesses, ~vliicli probably also occur in .,xrild colonies, 
whose worlcers, in all likelihood, take part  in 
producing males. Of course, these conditions re- 
quire furthel. in~-estigation. 

He xvho takes for granted the completeness of 
our knowledge of propagation in ants, nlore 
particularly of mating and fertilization, rill re-
gard all the workers of my Lusizts'colony as  hau- 
ing developed from unfertilized eggs. But the 
qiiestion ariies, n~hetlier, after the males made 

their appearance, sonic kind of copulation could 
not take place within the nest, or n-hether, in fact, 
sonle of the eleven ~vo~,lcerst h a t  founded the 
colony were not fertilized. Slany n-ill deny this 
IT-it11 indignation and horror; but one is  becorning 
accustomed to surprises, especially in sexual phe- 
nomena. AIoreover, fertilization a l~vays  occurs 
normally within the nest in the case of Anwgates 
a t ~ a t u l u s  Schenck, wliich exhibits str ict  in-and-in 
breeding. Fore1 also opens up this question 
( '  Les Fourinis de la Silisse,' p. 401).  At  any 
rate, a careful anato~nical  and microscopic anal-
ysis of tlie oripositing workers, which are  per-
haps to be regarded a s  ergatogynous females, and 
ilieir eggs, is  in ex-ery respect important, and 
tliis alone ~vould give value to the above obserra- 
tions. 

T h a t  Reichenbach's supposit ion of a fer t i l -
iza t ion  of t h e  worliers b y  the i r  ma le  progeny 
in h i s  nes t  i s  unnecessary,  is shown b y  t h e  fol- 
l o r i n g  o l~servat ions  k ind ly  s e n t  m e  b y  Mrs.  
A. B. Cornstock, a n d  published wi th  he r  con-
sen t  : 

About the rniddle of August I colonized sonle 
ants of the species Lasilts qaigel. L. var. awneri-
conus Emery, in a glass nest in nly roo111 for the 
purpose of giving pupils in nature study an  
opportunity for observing the habits of ants. I 
found this species common under the stones on a 
dry side hill, ancl I brought in, with the n.orkel:s, 
pupw and larvze of two sizes and some eggs still 
unliatch6d. 3Iy prisoners soon put their nest in 
order and placed the pupw in tmo separate heaps, 
and separated the 1x1-z into tmo groups accord- 
ing to size, and also placed the eggs by them-
sell-es. After a day or tn-o the eggs hatched 
and these young larve  mere kept i n  a group away 
from the others. A few days later Inore eggs 
appeared. I a t  once loolced for the queen but 
found none. Ifo one ant  in my colony mas any 
larger than her sisters, and I was mystified as  
to the source of these eggs. However, they con-
tinued to  appear;  and there hare  been reared in  
this nest up to  date a t  least three complete broods. 
TTe naturally expected tha t  the eggs ~ rh i ch  mere 
eridently laid by workers ~vould produce rnales 
as is the case n-ith bees. I3ut this tlieory was 
wrong, for all the eggs licicl by the zclo~kers in this 
~ e s t  have clevelopecl into ?rorke,.s. I hare  never 
hcen able to  observe the actual process of egg 
laying. I am rather inclined to believe tha t  the  
eggs were uiu;llly produced during the night. 
There was nothing in actions or appearance tha t  
enabled me to distinguish the egg-laying indi-
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viduals from their sisters. I have noticed that 
when eggs were being produced :z lalge munl)er 
of the ants were crowded together in one corner 
of the nest, and only a, few seemed to be on duty 
as  nurses. Whether this segregation has to do 
with the egg laying or not I clo riot know. 

I n  this case no males have as yet made their 
appearance. So accomplished an entomologist 
as Mrs. Co~nstocli could not have overlooked 
either these or a queen in hcr colony, especially 
as the latter sex in Lasilts is very much larger 
and more conspicuous than the worlier. 

While the observations above quoted are by 
no means final, they are, neverthelesr, of suffi- 
cient value to call a halt to all speculation 
based on the Dzierzon theory formulated in 
the usual text-book style. As thus expressed 
this theory can at most be valid for the honey- 
bee only. The probability that worker ants 
can really pmduce other workers or even 
queens parthenogenetically is of ominous im- 
port, not only to some current views on sex 
determination, but also to many fine-spun 
theories of instinct and organic development. 
I t  has been generally admitted that worker 
insects have their own specific instincts (a 
proposition not strictly true, as I have en-
deavored to sl~ow;~ since the instincts of the 
queen ant include all or nearly all the impor- 
tant worker instincts), and that these insects 
are smitten with such con~plete sterility as 
to be absolutely incapable of transmitting 
thrir inherited or acquired psychical or phys- 
ical characteristics. Hence, i t  is urged, we 
can explain the existence of these worker 
traits only by resorting to a natural selection 
among the queens as bearers of characters 
which they do not themselves exhibit or ex-
ercise. Hence the additional sets nf ids, etc., 
hypostasized in the germ-plasma of the queens. 
Or, if we have an innate repugnance to natural 
selection, we are requested. to fall back on 
something like orthogenesis, some Aristotelian 
principle of perfectibility or Naegelian 'Ver- 
vollkommnungsprincip.' But after reveling 
in this tenuous atmosphere of hypothesis, 
which 1; would be the lmt to deprecate, since 
it is the only free playground of the living 

"The Compound aiid Mixed Nests of Ameri-
call Ants,' Am. Xuturalist, 1901, p. 798. 

and struggling scientific imagination, are we 
not now bound to return to the cold facts and 
the drudgery of experiment and observation, 
if only to gain strength for another flight? 

T~T?ILLIAM M~BTONWIIEELER. 
AMERICAN MUSEC~IOF NATURALHISTORY. 

THE CARNEGIE INSTITUTION. 

THE trustees of the Carnegie Institution 
held their second annual meeting at  Wash-
ington on Deceinber 9. Nothing that has be- 
come known in regard to this meeting will 
tend to allay the anxiety with which inen of 
science are watching the administration of 
this great'trust. I t  is reported that Dr. Gil- 
nlan presented a letter to the trustees an-
nouncing his intention to resign the presi-
dency at the close of next year. The 
institution will consequently drift along for 
another year, and its irnmediale future will in 
large measure depend on the president then 
chosen. There is no reason to doubt the 
ultimate outcome, and even the present con-
ditions are only what might have been ex-
pectrcl. S~ec ia l  creations are no longer re-
garded as feasible. The rrply may be called 
to mind of the little boy, who, on being asked 
who made him, said ' God made me one foot 
big, and 1gowed the rcqt.' A new founda- 
tion such as Mr. Carnegie's can only grad- 
ually become a true organism adjusted to the 
environment. 

Nr. Carnegie's original plan of establishing 
a research university at  Washington was com- 
paratively plain sailing. The trustees are now 
divided as to policy, some wishing to establish 
certain laboratories at  Washington, and others 
perferring to distribute subsidies throughout 
the country. The latter plan has been 
adopted; it has the obvious advantage of not 
corntnitting the institution as to tlie future. 
No special objection can be made to the way 
the subsidies have been allotted. It is quite 
certain, for example, that the EIarvard, Lick, 
Yerkes, Dudley and Princeton observatories 
can spend to advantage any money that may 
be entrusted to them. Almost any grant for 
research made to men of science of established 
reputation will bear fruit a hurtdredfold. 


