
developing. A t  present there are few men 
whose opinion on such a subject is worth any 
thiiig, and the number constantly grows less. 

The greatest difficulty partly expresses itself 
in, and l~art ly arises from, the multiplication of 
societies whioh inclucle specialists as members, 
and specialties as the subjects of t h e ~ r  discus- 
sions. We no longer hare rriuch life in the old 
academies, where inen of diverse learning once 
sought to give ancl receive the most varied teach- 
ing. The geologists herd apart from the zoolo- 
gists : and in zoology the entomologists have a 
kingdom to themselves ; so have the 01-nithol- 
ogists, the ichthj-ologists, and otlier stucleuts. 
' That is not my department,' is an excuse for 
almost entire ignora~~ce of any but one nar-
row field. If naturalists would recognize this 
' pigeon-holing,' not only of their work, but of 
their interests, as an evil, we might hope to see 
a betterment. Until they corne to seehow much 
is clenied them in this shutting-out of the broacl 
view of nature, there is no hope of any change. 
Special societies 15411 n~ultiply ; men of this sort 
of learning mill understancl their problems less 
and less yell ; until all science mill be ' caviare 
to the general,' eve11 when the general includes 
nearly all others beyond the dozen e x ~ e r t s  in 
the partic~llar line of research. 

The best remedy for this narrowing of the 
scientific motive nronlil be for each man of sci- 
ence deliberately to devote himself, not to one, 

The efforts now being made for the enclonr- 
ment of research mill, if successf~~l, alead to 
still further tendency to limit the fields of sci- 
entific labor. A better project would be to 
keep that connection between inqairy and es- 
position from which science has had so much 
profit in by-gone times. 

HIBERL&~ATIONO F  T H E  LOWER VER-
TEBRATES. 

I x  a recent article in Scie?zce, I gsre  the 
details of a series of observations of the habit 
of hihernatioil as it occurs among oar mam-
mals, aucl encleavored to sliotv that this habit 
was not so fixed and regular as is co~llmorily 
supposed. 

When nre come to stody, in their n a t i ~e 
haunts, our reptiles ancl other lower verte-
brates, it ~vill be found that the same is trne 
of them also. For ins t~nce  : the turtles, as a 
class, are supposecl to hibernate ; bnt this is 
not strictly true of a11 of thern. Thcxre are 
niile species of these animals, more or less 
ab~uiclant, in my neighborhood. One, the 
conlmoil box-tortoise, is strictla terrene ; n-hile 
the others are either aquatic or scmi-aquatic. 
The bos-tortoise niore regularly ancl system- 
atically hibernates than do ally of the aquatic 
species, After two or three hard frosts, it 
burrom quite deeply into the earth, ancl selclorn 
quits its hiding-place until every vestige of 
winter has disapl~eared. The appearance of 
the box-tortoise is the best sign ' of settled 
spring weather that I linom, though i t  some- 
times fails ; bnt to assert that " tortoises 

but to two ideals ; i.e., thorough iadivid~~alworlc creep deep into the ground, so as to com-
in some one field. and souncl comprehensioa of 
the ~ o r l i  of his fellows in the wide clornain of 
learning, -not all learning, of course, for life 
and labor have limits, but of selected fields. 
I n  such a systeill there n-ill be one society-life 
meant for the promotion of special research, 
and another meant for the broader and equally 
commendable worIc of general comprehension. 

I t  is in a certain way ~lnfort~ulate that inves- 
tigation is to a great extent l?assi~ig out of the 
ha~lds  of teachers. This, too, is a part of the 
subdivisio~i ~vorlc ; but it is in its general effects 
the most nnhappy part of it. As long as tile 
investigator is a teacher, he is sure to be kept 
on a micler ficlcl than when he becomes a solitary 
special ~vorlier in one department. 

pletely conceal thenlselres from view wile11 a 
severe minter is to follow," nut1 that '. they go 
down j~ls t  far enough to protect the opening of 
their shells " when it is to be mild, is aon-
sense. The water and mr~d turtles, of which 
I have caref~~lly studied eight species. appear, 
on the ap1xoacll of cold weather, to bury them- 
selves (leeply in the nntd at  the bottoills of 
poi~ds and streams, and to remain there until 
spring. This is the colnnlon impression ; ancl 
a sup~rficial glance at  their haunts clnring the 
winter seen~s  confirinntory of it. I s  it. how- 
ever, strictly t r~ le  of these turtles? The habit 
of hibernating is at  least affected very mate- 
rially by the severity of the minter. Fnrther-
more, in most poacls of any considerable 
extent, freq~leated by turtles. there are sure to 
be one or more deep holes wherein marly of the 

I Sign'~1 elbs.service notes, S o .  iv. : TTen the~-p~o \  1883. 
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turtles take refuge after the first hard or plant- some six months of each year ; and, again, 
killing frost. There they remain in the deeper it is certain that the species mentioned as 
and warmer water, when the shallo~rerportions actire during the winter, do also, under certain 
of the poncl are coatecl with ice. Do they lie conditions, regularly hibernate. The most, 
in the mud, in these holes, in a torpid con- therefore, that can be claimed from my ob-
dition ? servations, is, that the habit, in some spe-

Throughout the winter I have found that cies, if not all, is under the control of the 
many of our fish d s o  congregate in these same animal, and that its exercise is optional. 
deep holes, and the turtles prey to a certain Snakes, I find, are by far the most sensitive 
extent upon them ; the snapping-turtles (Che- to cold of all our animals, and avoid exposure 
lydra serpentina) occasionally catching one, to it by every available means. Certain of 
and the other turtles feeding upon the remains them, when hibernating, are stiff, cold, and 
of the snapper's feast. What first gave me unyielding, their condition more nearly resem-
this impression was the fact, that even in mid- bling death than that of other animals under 
winter, in nets set under the ice, I frequently like conditions. Still me see a difference in 
found fishes that had been partially eaten ; anel, the conditions allen we compare the habit as 
as this also occurs in summer, I took i t  exercised by different species. The water-
for granted that the offender was the same snakes hibernate quite differ-
in each case. Led by this inference, I baited 
hooks, and placed them in the deep holes 
of a large pond, ancl in several in-
stances succeeded in catching 
specimens of the stinking or 
musk t.urtle (Ozotheca 
odorata) and of the 

ernum pennsylranicum) . In the same 
snapping-turtles have been caught, cluring 

--- severest cold weather, in deep holes, ancl 
about large springs that discharge their waters 
on level gronnd. It would seem, therefore, 

' that, if the water remains above the freezing-
point, these turtles can remain in a fairly 
active state, even though they do not find any 
large amount of food. I11 such spring-holes 
the grass remains green throughout winter ; a 
few frogs linger in the waters ; an occasional 
bittern haunts the spot ; pike. too, are not un-
usual; and the snapper, therefore, has com-
pany a t  least, ancl occasion all^ he makes a 
meal of some one of the hardy visitors, which, 
like himself, brave the winter, and do not seek 
to avoid its rigors by a protractecl torpid sleep. 
As I have not found specimens of each of 
the aquatic and mud turtles under such cir-
cumstances, i t  mag be that some of them are 
less hardy, and clo regularly hibernate for 

ently from upland snakes. The former seek 
refuge from the cold in mud beneath water : the 
latter burrow into dry earth. The former, when 
disturbed, or on exposure to the atmosphere, 

come to ' almost immediately : the latter may 
be literally broken into pieces without giving 
evidence of life. By ' water-snakes ' I mean, 
not one or two species of Tropidonotus, that are 
strictly aquatic, but the several garter-snakes 
(Eutaenia) ,and all those that readily take to 
the water when pursued, as distinguished from 
the terrestrial species proper, such as the black 
snake, adder, calico-snake, and others. In-
deed, I have sometimes wondered if the true 
water-snake (Tropidonotas sipedon) really 
hibernates at all. By dipping a foot or two 
beneath the sand of any spring-hole, we can 
usually find one or more of these snakes ; and, 
though somewhat sluggish in their movements, 
they are not slow to swim off when released, 
howerer cold the water may be. I have 
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noticed, further, that this species and the 
common garter-snake (Eutaenia sirtalis) are 
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the first to re-appear in the sprii~g ; and, of all 
our serpents, these-sleep least profoundly. 

Passing now to the batrachians, my obser- 
vations upon the hibernation of the turtles 
applies equally to the frogs and salamanders. 
The toads and tree-toads, terrestrial and ar- 
boreal animals, are more sensitive to a low 
temperature than the frogs and salamanders, 
and therefore disappear quite promptly after 
a few frosts in autumn, and are seldom seen 
again until the weather is uniformly mild. On 
the other hand, this does not hold with the 
aquatic batrachians. When the ice begins to 
form along the edges of the ponds, and hoar- 
frost has wilted the grass, frogs and salaman- 
ders withdraw to the deeper and warmer 
waters, -the former to the bottoms of ponds 
and deep ditches ; the latter to the uniform 
temperature of the springs, and its adjacent 
mud. They do not, at this time, enter direct- 
ly into a torpid condition. They appear, rather, 
to be sleeping lightly, and, when disturbed, 
respond by hopping or running off, as the case 
may be. Of course, the warm spots about 
bubbling spiings soon become crowded, and 
hibernation proper is the only alternative ; but 
those that can retain their positions in such 
springs quietly remain from autumn until 

spring, sleeping, it may be, but never becoming 
torpid. During the winter I have found all of 
our frogs, and three species of salamanders, 
congregated in a hogshead sunk in the ground 
to collect the waters of a spring. Here I 
have watched them closely during the winter 
months ; and the only variation from their ordi- 
nary habits of the rest of the year was, that 
they kept close to the bottom of the hogshead, 
and seldom voluntarily moved about. All their 
functions were, of course, very sluggish ; and 
life was sustained by skin respiration, as with 
the turtles under like circumstances. 

I t  is scarcely necessary to pursue this sub- 
ject further. What has already been said of 
the aquatic reptiles and batrachians is appli- 
cable to fishes. To a certain extent, these hi- 
bernate in the true sense of the term; but i t  
is the exception rather than the rule. The 
first evidence of a change is seen in the with- 
drawal from their usual haunts as the water 
becomes chilled; but, if we follow this move- 
ment, it will be found to be a change from 
shallow to deep waters ; and, unless the cold is 
very intense, a further change from deep water 
to mud is not adopted. A remarkable feature 
of the hibernation of fishes consists in the fact, 
that, while many individuals of a given species 
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may sometimes be found lying in the mud in a 
torpid condition, others of the same species, 
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frequenting the same stream, may simply con- 
gregate about some bubbling spring, that, issu- 
ing from the bccl of the pond or creek, tempers 
the surrounding waters, and renders it Iriab-
itable during the severest weather. This, it 
seems to me, is a marked instance of the ex-
ercise of choice on the part of fishes, and has 
an important bearing on the cyuestion of their 
i~ltelligence; and it is, furthermore, corrobora- 
tive of the statement, made at the commence-
ment of our former article, that hibernation is a 
faculty which many a~limals possess, the eser-
cise of which is largely, if not n~holly, optional. 

CIIAIZLESC. A n n o ~ r ,J1.D. 

TAIT'S HEAT 

Heat. By P. G. TAIT. London, Macmillan, 1884. 
368 p. 8O. 

THE author says in his preface, " Clerli; Mas- 
well's work is on the theory of heat, aucl is 
specially fitted for the study ; that of Stewart 
is rather for the physical laboratory: so that 
there still remains an opening for a work 
suited to the lecture-room." 

The book before us is the best test-book 
for a student who is beginning the study of 
heat that we have seen. The author begins 
by giving the reader a good idea of force and 
energy, of the nature of heat, and of the dif- 
ference between heat and temperature. Heat 
is a form of energy : temperature must a t  first 
be 1ooli;ed on " as a mere conclition which cle- 
termines which of two bodies, put in contact, 
shall part with heat to the other." 

We do not, hon~erer, think that a student can 
get a clear idea of the second law of thermo- 
dynamics, and of absolute temperature, from 
the brief sketch given in chap. iv. In  order to 
have confidence in tlie deductions from Carnot's 
cycle, a much more thorough study of thermo- 
dynamics is necessary.. Chap. xi., on thermo- 
electricity, contains a very good account of the 
tlleo~~yancl of the experimental part of tlie sub- 
ject. The results of Tait's experiments upon 
the form of the thermo-electric lines at high 
temperatures are given, and also a table of the 
calculated specific heats of electricity for many 
metals. 

The chapter upon combination and dissocia- 
tion, showillg the application of the two laws 
of thermo-dynamics to chemical combination, 
is  valaable, as such a cliscussioi~ is not often 
to be found in text-hoolis. 

This book is not everywhere easy reading. 
Though by far the greater part can be nnder- 
stood by a student who has no l~nowledge of 

differential calculus, yet there are certain parts 
-as in the application of Fourier's method to 
determine the temperature of the earth's crust, 
and in chap. sxi . ,  on the elements of thermo- 
dynamics -where a bnowledge of calculus is 
necessary. 

MERRIMAN'S METHOD OF LEAST 

SQUARES. 


A text-book on the methocl of least squares. By Maxs-
FIELD MERRIMAN. New Pork, Wiley, 1584. 
S t 1 9 4  p. So. 

T I - ~ I ~author publisher1 his Elements of the 
method of least squares in 1577. I t  was faTror- 
ably received ; and, the edition having been 
exhausted, the work has been now recast, and 
republished under the above title. In  the ori- 
ginal work the author attempted, in the first 
part, to explain the method, and its application 
to the combination of observations, and, in 
the second part, to establish analytically the 
mathematical principles of the subject. I n  the 
present worli; the principles are first developed, 
and the applications follow : this order of ar-
rangement must, on the whole, be better than 
the other. The endeavor to have the reader 
become practically acquainted with the subject 
before he makes any extended analytical study 
of it, may possibly enable the student who is 
somewhat deficient in his mathematical train- 
ing to obtain a comrnand of the method when 
otherwise it mould be beyond his reach ; but it 
does not seem worth while to assume that those 
who are to use this method are such poor 
mathematicians that the work should be modi- 
fied in this may for their benefit. The author 
has done well in this new work in making a 
straightforward, logical derelopment of the 
method and its applications. I n  a cursory 
examinatioil of the work, it does not appear 
that the author has, in general, enlarged the 
book by materially adding to the theoretical 
part, which was al~eaciy sufficient for the pnr- 
poses in view. The additions are fouild in the 
practical portion of the worli-, and are of a 
nature to considerably eiihance its value to the 
civil engineer, for whom the book is primarily 
intended. 

I t  has seemecl to the writer that the introduc- 
tory chapter, which treats of the general prin- 
ciples of probability, might h a ~ ~ e  been enlarged 
to advantage, or at least that the reader should 
have heen referred to some goocl source of in- 
formatioa, such as the excellent little book of 
Whitworth 011 choice and chance ; as this is  a 
subject respecting which he probably has little 
or no previous knowledge. Tnkcn as a whole, 


