
the  clay's work ; wllicll is equivalent to say- 
ing that the efficiency of this vital machine, 
consiclerecl simply as prime mover, is 233 
per cent. If cfficiency of co~~versionof 
potential into djnamic energy of muscular 
work, internal as well as external, is con- 
sidered, it is very possible t,llat this figure 
may be cloubled, and the efficiency to be 
taken in comparison with that of heat-
engines may be somen~hcre between forty 
ancl fifty per cent. I f  the internal n~o1.k of 
tllougllt ancl of brain and nerve power is 
considerecl useful work, ancl the total com-
pared with the energy supply, the efficiency 
will be a still Iligller figure, perhaps fifty or 
even sixt>y per cent.* 

But the higllest total efficiency of the 
best steam-engine yet constructed is but 
about twenty per cent., with its thermody- 
namic rangc of abollt 200' F. (111' C.) 
degrees, Fahr., and that of the bcst gas-cn- 
ginc is but about the same, \I-it11 a rangc 
of ten times that extent. If the vital ma- 
clline be a engine, therc- thermodj~~amic 
fore, its known cfficiency, with no recog- 
niiecl temperature, rangc of heat 'let donu,' 
is not less than twenty-five per cent. Iligher 
rthan, and may be twice as high as, the bcst 
heat-engines constructccl by man. This is 
recognized by engineer and tllermodyna- 
mist alike, as a ~eclzcctio acl cibszcrclzon, and the 
vital engine is certainly not a heat-engine. 

The facts regarding tllc distribution of 
potential energy to the various organs of 
the body; the dovelopmcnt by each organ 
of its special form of product in new compo- 
sitions or in a special energy; the localiza- 
tion of energy-transformations in the cells 
of tlle muscle, or otller energy-producer; 
t he  accompanying liberation of carbon-
clioxidc from col~sumption of glycosic ma- 
terial ; tlie utilimtion of s telegrapllic, or 
rather a scmaplloric, system communication 

*TTTeisbach's Bf eclianics of Engineering ;Rankine's 
Prime hlovers ; Thurston's Arlimnl ns n Prime Notor ; 
Reynolds' Ifenloir of Jonle. 

between the mind or the interior automaton 
of the spine and cerebellum and the point 
of useful application of energy all : tllese 
are familiar to all p11ysiologists.* Beyond 
tllese known pllcnolncnn lie the mysteries 
which the engineers, if possible nlore than 
.the pllysiologists themselves, most clesire 
to see completely solved. TTThen they are 
thorougllly investigated m d  the operations 
of the vital ~llaclline become fully known, 
in all their detnils of energy-transformation, 
i t  may be possible to secure new prime 
movers of similarly lligll efficiency ancl thus 
to double the life of the race by prolonging 
the period marking the endurance of our 
supplies of potential energy in  the coal-
fields of the world. Slionld i t  prove that 
only by preliminary manufacture of fuel, 
in the form of sugars, can this result be 
attained, i t  may seem unlikely that, even 
when tllcse operations arc no longer mys- 
teries, coinmcrcial applications of nature's 
methods can be expected to prove snccess- 
ful; yet wllen i t  is considered that the 
sugal-s arc simply carbon ancl water, i t  will 
not be deniccl by eitllcr engineer, cllemist 
or physiologist that a possibility still rc-
mains of effecting so enormously important 
an aclvance in the prime motors. If, further, 
nature's economies in light-production can 
be paralleled, the engineer may ultimately 
furnisll heat, light and power, the three 
great products of his special labors of most 
value to the race, with insignificant wastes 
and approximately perfect efficiency and 
maximum cheapness. Given perfect effi- 
ciency of power-production and the main 
problem is solved. R. H. THURSTOK. 

CORKELLURIVCRSITT. 

WARSITBERGEX OAT TBE OEIGIAT01.' OUR 
J7EEAnALFLORA. 

B r  way of s rcview of a paper by Mr. 
Henry L. Clarke, in the American A'atzcral-

+Foster's Physiology; Cncyclopredin Britannia, 
Art. Pliysiolog~; Chauvenu's Le Travail Blusculairc. 



ist for September, 1893, XXTTII., 769-7S1, 
entitled ( The Pllilosoplly of Flonlcr Sea-
sons,' I have just contributecl an article to 
the same jounlal, Fcb., 1895, XXIX.,  97- 
117, giving tlle results of local observations 
on the same suhect. After my paper was 
in type, I found a short article in ATattc~e,' 
XXVII. ,  7, by J. E. Taylor, entitled ( The 
Origin of our Vernal Flora,' nrhieli sug-
gested some reflections bearing upon the 
problem. These, 31-it11 other tllonghts re- 
lating to tlie subject, were too late to be in-
corporatecl in an article whicll was already 
of considerable length. A consideration of 
these items, honrcver, may not be out of 
place in connection with an examination of 
the article by Mr. Harshberger, in Scrch-CE, 
Jan.  25, lS95 ; Kern Series, I., 92-98. 

Commenting upon the fact that it is usual 
to assign an Arctic origin to our mountain 
flora, but withont giving references, Nr. 
Taylor says : "Seeiilg that tcmperat~we is 
so largely influential in explaining the dis- 
tribution of flowering plants, it occurs to me 
that not only may Ilcigllt above the sea- 
level answer to nortllcrn distribution, but 
sec~sonal OCCZITI.~IIC~ as IJ-ell." Briefly, this 
covers Mr. Harshberger7s propositions nnm- 
berecl 1,2 and 3 on page 95. 

Mr. Taylor observes that the early flow- 
ering plants blossom two or three months 
earlier in Great Britain than within the 
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of the same lcngtli, it seems probable that  
the flowering would be later in consequence 
of this period beginning later. 

Mr. Clarke's paper is an elaboration of the 
iclea of the preponclerance oftlle less-special- 
ized flon~crs in the early part of the season 
and of the Inore lligllly specializecl flowers 
in summer alld autumn, ancl I have eriti- 
cised this tlleory from the standpoint of the 
local flora of nly 1leig11borliood, and have 
~ulclertaken to account for flov-er seasons a s  
a result of the competition of flo~vcrs among 
themselves and in correlation wit11 tlie 
flight of the anthopliilous insect fauna. 
The rcacler is referred to these papers for a 
more extended discussion of the relations of 
flower seasons ancl the specializations of 
floral structure. 

Nr.  Harsllbcrger's observations npon the 
lull or break in tlie continuitr of the floral 
procession, whicll he says at  times occurs, 
is quite interesting. E c  says: "Sue11 a 
break seems to occur in tlic neigl~borl~ood 
of Pllilaclelpllia between the twenty-fifth 
clay of May and the tent11 or fifteenth clay 
of June, hen the first true summer plants 
appear. Curiously enough, this period cor- 
rcspollcls ~ ~ i t h  the time of the ice saints in 
tlie United States, when there is a possi- 
bility of frost over a large portion of o~ur 
eolltinental area." 

There is a lull, Ilowever, which, a t  least a s  
polar circle. For example, Clt~yso~le~ziz~m regards the entomophilous flora, takes place, 
oppositifolizinl and C. cilfern~olizi)~lbloom ' in 
I Ia rd i  or April ; within the Arctic circle 
not until June and July, and even so late 
as  August.' This suggests n general re- 
tarclation of flon-cr seasons as we go north- 
ward, and I liarc usecl this assumption as 
in part explaining the late blooming of some 
of the luxuriant, higllly specialized groups, 
~vl-hich~ l a e ~ l i l l a n *  I ncalls 'north-bound.' 
Inany of these, flowering is preceded by a 
long vegetative period. I n  the northward 
movement, if the vegetative period remains 

7Higlier Seed-Plants of the JIinncsotn h l l e y ,  1892. 

not at  times,' but regularly. Tlie frost 
may, indeed, in many cases hare  a very 
definite effect in preventing plants from acl- 
vancing into the spring months, probably 
indirectly, however, through its influence 
npon the vegetative state which precedes 
flowering. The time of tlie ice saints, ac- 
cording to Earrington,:# is from Nay 19th 
to 24t11, while the floral depression is later. 

I n  the neighborhood of Carlinvillc, Ill., 
tlie entomopl~ilous flora shows a slight cle- 

"Hcq~cr'sNont1111/, LXXXVIII., 676'. 1601. Ar-
ticle cited by Hnrshbcrger. 



cline in Jnne, ancl many of the gronps show 
well marked Jnne depressio~ls, as  mill be 
seen from my curves (in article citecl). 
The dominant fanlilies shon- maxinla before 
June  or after, but not one of them shows a 
June maximum. Tlie clepression some-
times occurs in  very liomogeneous g r o q s ,  
as  the Scrophnlariacez, there being no par- 
ticular distinctions between the early and 
late ones. The gap sometimes separates 
species of the sanle genus. As a rule, tlle 
vernal flowers belong to plants of low llabit 
wliich bloom in tlie woodlancls, whicll are 
ilow warm and sunny, or upon tlle open 
grounds. About June the former become 
overshadonred by tlie leaves ~vhicli liave ap- 
peared on the trees, and thelatter by tlle later 
more lnxnriant vegetation. Thus tlie species 
of Triola ancl Litliospe~~mi~,t prodnee attractive 
flowers uiltil about this time, when tliey 
either stop blooming altogether, or resort to 
tlie production of cleistogamic flott-ers. 

One fact, ~ ~ l i i c l i  was not mentioned in my 
paper, but  is s1lon-n in my cnrvcs, is that 
the gronps of anthophilous insects show 
tlle same tendency to form early or late 
maxima, n.liicli emphasizes tlie inlportance 
of the correlations of the two sets of more 
or less mutually dependent organisms. 
Tlie Syrphidre, Empidm and Andrelliclz 
sho~v early maxima, while all of the other 
families shon- late ones. I11tlie case of tlie 
dominant genera of bees, Bntl~oplto~a, Sytthci-
lonia ancl Oarnici reach their lnalrilna mrly, 
bnt tlie other genera preclominate late. 
ATomnda breaks into a large early group and 
a small late one, just like A~zclrenn, upon 
wllicli it is parasitic. 

In  tlie case of our trees, I suspect that 
tho flowers were always prodnced before 
tllc appearance of the l e&~es ,  an arrange- 
ment n-hicli would bc most favorable to their 
anemopliilons pollination. Mr. Harsbber- 
ger certainly seems very nicle of the mark 
in explaining the retention by trees of their 
adaptation for wind aid in transferring their 

pollen, I n  tlie first place, tlieir heigllt ex- 
poses them to tlie wind in sncli a way as 
to make wind pollillation quite favorable, 
while' tlie wind may also interfere n-itli in- 
sect visits. The fact that the most highly 
specialized flower visiting insects are not 
so abnndant in spring m i l l  not do, for they 
are not the insects which are most likely to 
favor incipient stages of entomophily. The 
less specialized bees (Andrenidz) and the 
flower flies (Syrpl i id~) are most abnndant 
in spring, and tliejr ~ ~ o u l c l  be the most fa-
vorable guests in tlie less specializecl states 
of insect-adaptation. 3Ioreover, flower-
loving insects are very abundant in tlle 
~~oocllanclsin the spring before the leaves 
appear, and that is the very time that  the 
wind pollinated trees are in bloom. By re- 
sorting to entomophily, the trees ~vonlcl only 
come in competition with tlie terrestrial 
flora, wllicll is more favorably situated for 
insect visits ancl is very attractive to the 
early insect fauna. 

Tlle author states that (( Trees of abnor- 
mal habit frequently sllom atavism, flo~t-er- 
iug in the late autumn, if exceptionally 
warm." Such cases as  Hnnzumelis are ex- 
amples. I am inclined to li'oerste's* view 
that tlie autumnal blooming is a case of 
precocious development of a spring flower. 
According to him, Hu?nanlelis has distinct 
l~ibernacnla ancl in cold autumns holds over 
until next spring. 

If the generally acceptecl flower theory is 
true, one wonlcl expect to find tlie highest 
specialized flowers at  that part of the sea- 
son when the most liigllly specializecl flower 
visiting insects are most abnndant. But i t  
is llard to nnclorstancl how Mr. Earslibor- 
ger conld attribute this modification to 
the  Lepidoptera. As far as adaptation for 
flower-pollination is concerned, the bees are 
beyoncl qnest,ion tlie most highly special- 
ized. 3liillert says : "Bees, as the most 
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skilful and diligent visitors, liare playecl 
tlle cllief part in the evolntion of flowers ; 

owe to them tlle most numcrons, most 
rariecl ancl most specialized forms." ' Tlle 
Lepidoptera have given rise to some highly 
spccializecl flo~vers, but I tliinl: i t  would be 
llard in a single case to show a probability 
that the incipient stages of irregularity 
were induced by their visits. 

That  tlle less specialized flowers are 
spring flowers is only true in a general way. 
From my present data i t  appears that the 
maximnm of tlle entomopllilous Cl~oripeta- 
Ife is in August, tliongh further observa-
tions may shonr a greater number in spring. 
Including the anemopliilons species, the 
Choripetalzc v i l l  certainly show an  early 
maximum, and tliat is tlle extent of the 
justification of their being called spring 
plants. The same is true of the entomo- 
philons 3lonocotyledons. If the blooming 
seasons of all of the Nonocotyleclons of a 
giren neigllborhood be ~vorked out, I doubt 
if they will show a vernal maximum, 
though the position of Cctrez may accom- 
plish this result. Tlle Gamopetalzc have 
a late maximum, but none of them are free 
from the competition of the lIonocotyledons 
or the Choripetalze. 
, I t  seems to me that llr. Harshberger has 
contributed an  important point in reference 
to the general positions of the flower groups 
by indicating the influence of the retreat of 
glacial winter. Making use of this sugges- 
tion v e  may suppose that, as tlle warm sea- 
sons became longer, a large proportion of the 
Nonocot~ledons and Clloripetalzc moved 
northrrard, climbecl the mountains or open- 
ed their flowers early. While tlle more 
highly specializecl groups were by no means 
thus relieved from the competition of the less 
specializeel, there can he little doubt but 
that  in the later montlls they fonnd a time 
x~hcn tliat competition was less severe. 
This may aid us in explaining what llas 

liabits of the flora of nly neigllbor11ood. I 
have indieatecl that tlle introdncecl plants, 
tlle aquatics ancl the degraded entomophi- 
lous f l o ~ ~ ~ e r s  tend to prolong their blooming 
seasons, and have snpposecl that this results 
from their being more relie\-ecl from the con- 
petition wliiell besets the other flowers. Al-
thongh the clata have not been arrangcil t o  
test tlie point thoroughly, it lias occurred to 
me that tlle later plants in general bloom 
longer than the early ones. (In investiga- 
ting this proposition, i t  may be proper to 
eliminate some of tlle w r y  late ones, whose 
seasons are not cut short by competition, 
but by Yay of preparation for the approach- 
ing winter.) The later species thus appear 
to have entered a position where competi- 
tion was less severe. It may be, however, 
that they sllo~v tlle effects of competition 
Icss, merely on account of tlieir superiority. 

Mr. Harshberger attributes floral modifi- 
cations to the 'imitating: action of insects 
on vegetal protoplasm.' This suggests 
Henslow's* theory. As far as I know, 
that theory has not been accepted by any 
one nrho has nlade a seriolls investigation 
of the relations of flowers and insects, and 
for that reason i t  has not seemed justifiable 
to cliscuss i t  a t  length. It seems safe to 
say that i t  lias not been sllown that clircct 
insect contact will indncc floral modifica- 
tions, or that the theory will account for 
the nlost ordinary facts of floral stmctnre. 

Finally, with regard to tllc literature, I 
notice that l l r .  Earshberger quotes 31ac- 
Nillan (1. c.) n-itllout giving references. 
On consulting this antllor, I fincl that  tlle 
general proposition of the early blooming of 
the less specialized plants anel the late 
blooming of the Inore highly specialized is 
a t  least strongly snggestecl, ancl that too 
ericlently on the authority of persons cited 
in  a bibliographical list. Tlle an tu rn -
flonrering of the Co~npositzc is distinctly 
stated. From his observations in Pla~lders, 
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SCIENCE. 


MacLeod* concludes that the less special-
ized flowers, as well as insects, prefer the 
springtime, while the more highly special-
ized prefer the later months. This antici-
pates my statement of the same general 
result. 

CHARLESROBERTSON. 
CARLINVILLE, ILLINOIS. 

BRISSON'S GEiiTERAOF IIIAMMALS, 1762. 

IN1756 Brisson published, in Paris, the 
mammal volume of his ( Regnum Aniqnale in 
Classes IXDistributu?n.' I t  is a quarto, with 
the descriptive matter in French and Latin, 
in parallel columns, and contains a folding 
table or key on which the generic names 
are given in proper Latin form. But since 
the work antedates by two years the 10th 
edition of Linnwus' Systenza Natzirce, which 
by common consent is accepted as the start-
ing point in Zo6logical nomenclature, the 
names cannot be used. Six years later, how-
ever, a second edition of Brisson appeared. 
I t  is a rare octavo, wholly in Lalin, and was 
printed a t  Leyden in 1762-f. It is of special 
importance because i t  falls between the two 
editions of Linnzeus that are available in 
Zoiilogical nomenclature (10th Ed., 1758; 
12th Ed., 1766), and hence may be con-
sidered, so far as the genera of mammals are 
concerned, as a part of the foundation of the 
nomenclature. The specific names are not 
exclusively binomial and cannot be used, 
but the generic names given in the Beys 
(pp. 12-13 and 218) are in due Latin form, 
and are entitled to recognition. 

Although the work was not printed until 
four years after the 10theditiou of Linnzus, 
the 6th edition (1748) is the only one quot-
ed. Still 25 of the 46 genera given are the 
same as those published by Linnzeus in the 

*Over de bevruchting der bloemen in het Kempisch 
gedeelte van Vlaanderen. Bot. Jmrboek, TI., 1894. 

t Regnnm Aniinale in Classes IX. Distributum 
. . . Quadrupedurn Rs Cetaceorum . . . A. D. Bris-

son . . . Eclitiodtera auctior . . . Lngdnni Bata7.0-
rum . . . 1762. 

10th Ed. (1758). Of the remaining 21, ten 
are strictly synonymous with and antedated 
by Linnzan genera, and consequently can-
not be used either in a generic or sub-gen-
eric sense. These are : 

Brisson, 1762. Linnreus, 1758. 
-Pholidotus - Manis 


Tardigradus = Bradypus 

Cataphractus = Dasypus 

Hircus -- Capra 

Aries -- Ovis 


-Musaraneus - Sorex 
Prosimia -- Lemur 
Philander -- Didelphis 
Cetus -- Physeter 
Cera'todon -- Monodon 
The remaining eleven are introduced by 

Brisson for the first time and are entitled 
to recognition. They are: 

Odobenus Glis 
Giraffa Pteropus 
Tragulus Hywna 
Hydrochcerus Meles 
Tapirus Lutra 
Cuniculus 
Most of these are now in current use, but 

are attributed to later writers, and in 
several cases wrong species are taken as 
types. Carrying the date back to 1762 not 
only gives them greater stability, but also 
establishes the types in a satisfactory 
manner. All but one of the genera take 
Linnzean species for types, as follows: 

The type of Oclobenus is 0. odobenus Bris-
son =Plboca rosnzarus Linn., which becomes 
Odobenus rosmarus (Liw.)  1758. It thus 
seems as if the Walrus, after oscillatiiig for 
a century and a half between Odobenus and 
Trichechus, might fairly claim a permanent 
abiding place. 

The type of Girafa is G. girctfa Brisson= 
Cervus carnelopardalis Linn., which becomes 
Girafa ca?nelopardalis (Linn.) 1758. 

The type of Tragzcltcsis T. indicus Brisson= 
Caprapyg71zeaLinn., which becomes Tragulus 
pygmeus (Linn.) 1758. 


