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I n  (4) the coefficient of \/--'1may have any sub-tropical land came and pasaed by, k&m 
my collection could boast of a single spec&^&magnitude, and in (5) the coeacient of \/z
representing the Amphiumida : indeed, i%wasis the reciprocal of that magnitude. And since 

from any cubic (Theorem I.) (4) or (5) may 
be obtained, it follows, that, when the real part 
is unity, the coefficient of \/I1may be made 
less than unity, and real (Theorem 11.). 

Put n = coefficient of (L1,me have, by 
expansion, 
( l + n ) %+ ( ~ - n ) ~= 

2-4 ( 3 3  n 2 - --- 4(3.:::.12)?~4-

not until April had almost made its appear- 
ance that a superannuated ~ l d  negro presented 
himself one morning with a live but rather 
small specimen of the threetoed siren, the 
subject of this essay. 

He called i t  a Congo eel,' -a name which' 
is indifferently appli& by every one here, 
intelligent as well as ignorant, to both this 
reptile and Amphiuma means. Long before 
this, reports had come to me from far and near 
of the dreaded ' Congo ,' or lamprey ' as it is  

18)n6, etc. 

The series, already converging, is made doubly 

4(3 . ;.'97:;;.';;. often called. It was universally said that ita 
bite was invariably fatal. T o  such an extent 
was this believed, that, I am told, a physi- 

converging by the high powers of n, since n 
has been made a fraction. Putting n, for 
example, no smaller than &, the correction 
for the sum of the series a t  the eighth term 

1

I 

would be less than 1,400,000,000,000,000,000' 
And, as the precision of the value of x is de- 
termined proportionally to the accuracy with 
which the series is summed, i t  follows that a 
good approximation to x may be obtained by 
wing a very few first terms of the series. 

A. N. SAWIN. 

THE HABITS OF MURAENOPSIS TRI-
DACTI'LUS IN  CAPTIVITY;  WITH OB- 
SER VATIONS ON ITS ANATOMY. 

THE Louisianihn district of the Austrori- 
parian region is a particularly rich field for 
the herpetologist. Thirty-six species of rep- 
tiles are known to be confined to its limits 
alone, not to mention a 
long list of others that 
range generally over the 
southern states ; and to 
these we must add those 
species which are men- 
tioned by the old French 
authors, but have not 
J-et been t a k e n  b y  
imerican naturalists. a 
knowledge of which fact 
always enhances the in- 
terest of a country in 

cian of the city, of undoubted reputation in 
his profession, and a capital chemist, but pos- 
sessing nothing more than a genera1 knowledge 
of natural science, was actually making experi- 
ments with the view of examining the venom 
of this innocent amphibian. When my aims 
became pretty thoroughly known throughout 
my section of the country, I applied a very 
different kind o f  analysis to this problem: a 
good round sum of money was o&red to aay 
one who would bring me the .full record of a ,  
well authenticated case of death from the bite 
of the Congo snake, or eel. I t  is almost need-
less to add, that I never had to pay the re- 
ward. One person, more mercenary than well 
informed in such matters, did bring forward a 
case of an hysterical old colored woman who 
had been bitten several years ago by a Congo 
eel, and died s b  months after the infliction of 
the wound, in spasms ! 

The small one, which now came into mv 

the eyes of the explorer, Frc.. 1 - L f e  slse head uf Muraenopeis tndactylua; adult, Drawn from the llrlng ~pec imen.  
who pushes his way 
through its tangled jun- 
gles, or visits its unfrequented spots and its 
sultry forests, for the first time. 

After my arrival in New Orleans, the months 
that are included i: the pseudo-winter of this 

by the author. 

possession, was placed in water, in a large 
comfortable ressel, for observations upon hb 
habits, before he was finally consigned 'to his 
tank of alcohol. .I. handling him, he r b l Y  
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offered to bite, unless the examination was pro- 
longed or 'roughly conducted ; then he would 
curl up, slowly open his mouth, and make an 
awkward longe at the fingers or hand that 
held him. Sometimes he would only open his 
mouth, and hiss in a subdued manner. On 
one occasion, however, this reptile succeeded in 

etting out of his tub during the night. When 
found him, in the morning, in a distant part 

=of the room, he snapped a t  me quite savage- 
ly several times betbre he was retaken. I t  
waa amnsing to see the way in mhich he suc- 
ceedecl in leaping out of his piace of confine- 
ment, -a large till bath-tub, nith the water 
seven or eight inches below the brim. He 
swam round anel round with increasing rapitl- 
ity till the necessary impetus was acquired, 
when he wor~ld prettily make a sort of spring 
over the side of his tub on the floor, where lie 
would squirm round like an eel until lie was 
replaced. I n  such situations he uses his legs 
50 the full extent to wliich they seem capable 
of being put ; in the water, too, these members 
are constantly brought into use, -the fore-pair 
when he desires to move very slowly forward, 
in which case he may or may not, generally 
not, use the hind-pair in aiding the action. 
Tlle fore-pair are also used alternately to push 
himself one way or another, when he wishes 
,to change his course. A common use for the 
hind-pair, is to throw them forward, and brace 
them against the ground he may be passing 
over, in order to check his onward movement 
either partially or entirelx. I n  swimming 
about he has all the appearance of the com-
mon eel; and during these times he draws 
both pairs of limbs close beside his bocly, when 
his action is graceful and interesting to behold. 

When these sirens are at rest, they either 
stretch out in gentle curves, sluggishly along the 
bottom, or, what is not very uncommon for 
them to do, curl up tightly, in a spiral manner, 
the latter two thirds of tl~eir length, while the 
head and remaining third is protrucled for- 
ward in a direct line. I n  tliis curious position 
they float near the surface, the liead being 
lowermost. If two occupy the same vessel, 
they often curl about each other in a rather 
affectionate manner; but I hare never wit-
nessed them quarrel or fight. One time I 
threw a dead king-snake into the tub of my 
first small specimen, the snake being at least 
three times as long as the siren. Imagine my 
surprise to see 11im fly at the intrucler, seize 
him just below tile head, straighten out as stiff 
as he could, then rapidly whirl round, as a 
drill does. causing the dead snake to be spiralljr 
coiled about his body. A moment of quietude 

followed this strange manoeuvre,'during which 
time one could see a crunching movement on 
the part of the j ~ w s  of the siren going o n ;  
but, finding his enemy showed no resistance, 
he slowly let go his hold, and, freeing himself 
from the dead snake's coils, swam about the 
tub without paying him any further attention. 
In  a few moments, however, I repeated the 
expeiiment, when he made the same attack 
with just as much vigor as before ; but all sub- 
sequent trials failed, and I could never induce 
him to take further heed of such a harmless 
encing. 

Tliis siren will eat crayfish in confinement ; 
but I could never induce ane to take any thing 
else, although raw me$ is the commom bait 
used by the negroes in catching them for me. 
Sometimes before a meal, or may be after, your 
cap t i~ewill swim gr$cefi~lly about his limited 
quarters, and occasionally rise to the surface, 
stick his nose out of the water, and give 
rent to a loud blowing sound, that may be 
heard a n p h e r e  in a large room, even if con-
versation be going on. As remarked above, 
my collectors usually took such specimens as 
were bronglit me, with the ordinary hook and 
line, baited with fresh meat;  but very often 
they are cal~tured in hand dip-nets, or even 
thrown out of a shallow drain or b a ~ o u  with a 
stick. They are most numerous after heavy 
rains, when their usual pkaces of resort are 
flooded over. When taken by others than 
those who are collecting for me, they are in- 
variably despatched on the spot, and dread- 
fully and wantonly mutilated, so deep-seated 
is the detestation and dread of this harmless 
creature in the minds of all the people here- 
about. 

In a large, shallow tank of water, I have be- 
fore me now two fine living specimens of this 
siren, which have been under my observation 
for nearly a fortnight. The larger of these 
two has a total length of eighty centimetres, 
with a mid-girth of fourteen centimetres. I 
have kept specimens alive that measured a 
hundred or more centimetres, but they have 
since been consigned to alcohol. The speci- 
men now before me, just measured, is of a dark 
olirweous brown above, and entirely so on all 
the parts beyond the hind-pair of limbs. A 
patch of this color is also found upon the 
throat. The color of the under parts is a dull, 
whitish leaden hue, being mottled with an in- 
termediate shade as it joins the darker and 
more sombre color of the dorsal aspect of the 
bocly. This mottling grows denser as it ap- 
proaches the hinder limbs, where finally i t  
merges into the general tint of the upper sur- 
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face, wl~ich is carried over the tail. A faint 
lateral crease is found along the mid-third of 
the body, with feeble corrugations crossing it 
vertically, that are quite erident as  tlie crea-
ture writl~es about, and the eel-like slime that 
naturally covers his entire body partially dries. 
The limbs are pretty well developed : each is 
three-fingered, or, better, each possesses three 
digits. The liiailer limbs are larger than the 
fore ones, and stronger in erery may. The 
body tapers to a tail beyond tlie genitnl fissure, 
but no well-1na11ced constriction indicates to us 
its exact coininence~ne~it, or attacllment to the 
bocly. I t  is rou~~clecl beneath, and fi~iishccl off 
along the nleclian clorsal 11ne Tit11 a thick-
enecl, feebly pronou~icecl crest. Sections made 
tliroagli the l~ody itself, h c t w e e ~ ~  the Sore and 
llincl limbs, are ellil,tical, with the major axes 
in the horizontal plane. I have talien other 
measurements from this specimen, wliicli I 
present in tlie form of a table. 
Total lcligtlr . . . . . . . . . . . . . . . 80.0 cent. 

Nid-girth . . . . . . . . . . . . . . . . 14.0 " 


Lsngtli of fore-limb . . . . . . . . . . . . . 1.7 " 


" " 11i1id-limb . . . . . . . . . . . . 2.5 " 


I' " h e a d  . . . . . . . . . . . . . . 6.5 
 I' 

Diatance hctwcen tlre eyes . . . . . . . . . .  2.0 " 

" (' ~ios t~ . i l s. . . . . . . . .  .6 " 

" nrid-l)oi~~ts  2.2bet'n eye8 and noatrila, " 
Gill-cleft from eye . . . . . . . . . . . . . 4.2 " 

Bore-legs apart . . . . . . . . . . . . . .  3.1 " 


Hind-legs " . . . . . . . . . . . . . .  2.2 " 


Lcngtl~of genital fissure . . . . . . . . . . .  1.2  
 " 
Commiaalire of j a w from qill-cleft. . . . . . . .  3.0 " 

From a point midnrity between hind-linrbs to tip of tail, 20.0 " 

The nasal apertnres are very small, and the 
exes are black, rouncl, a little more than a 
milliinetre in d i ame t~r ,  and cleroicl of lids. 

I may reiiiarli here, that, while engaged in 
taltinp these measurelnents, this specimen suc- 
ceeded in seizing my thumb ia his moutli, and 
iin~necliately counlnenced his peculiar gyrations, 
t ~ ~ r n i i ~ ghimself in the long axis of his body ; 
hut I was too strong for him, aucl soon clisen- 
gaged myself. The bite causecl no more in-
conrcaience than those I hare received from 
alligators a month old. 

The upper lips of the three-fingered siren are 
thin-erlgetl and penclulous, c~xtencling from 
the c o ~ n ~ n i s s ~ u e  a point nearly of the jaw to 
o~pos i t e  tlie nostril on either side, where they 
meige into the rou~decl  snout. The lower lips 
do not meet in front b j  a centimetre. They are 

body. We find the gill-clefts with two 
obliquely placed lips, with which they can be 
closed, the anterior one being the larger. The 
internal openings to the gill-clefts are far back 
in the pliarjnx, nearly opposite tlie ruclimen- 
t a g  and partially cartilaginons larynx, wliich 
latter corninuiiicates directly with the superior 
extremities of the membranous pulinona~~y air-
pa~sages.  A pair of normal lungs are among 
the most exquisite of stractnres in any rerte- 
brate. TIere they are particularly beautiful, 
being very loilg, c j  linclrical in form, extending 
far clo~vn into the abdomen, to terminate in 
lsointed extremities. The right is thirteen cen- 
titnctres longer than thc left, and is  carried 
~iearly clo~v~i to a point opposite the cloaca. 
Frorn one encl to the otlicr, tlie alimentary tract 
is iienrly or quite a straight tnbe. The oesoph- 
ageal portion is rather small ancl tubular, with 
a few circular constrictions in its lower third. 
Tllis rlirision soon dilates into a spindle-shaped 
stornach of some size, ~ l i i c h ,  in the specimen 
before me, is fburtee11 centimetres below the 
pharj-11gm1 a1)erture. Below this last dilation 
thc inlestinal tract is  carried straight to the 
cloaca, or rectal enlargement, into which tlie 
urinary and genital organs open. h ~ e r y  
peculiar feature is noticeable in the circular 
coiist~ictions that occur in the intestine a t  ir- 
regular intervals aloi~g its length. Very dark 
in color, the many-lobed liver is about twetlty- 
six centimetres long, a11cI covers a t  its lower 
tenth, or thicker extremity, an ellipsoidal gall- 
bladder of 110 small size. &Ian j  features of 
interest ancl irnportance present themsel~es in 
the circulatory and renal systems ; but our space 
will not permit us to  enter upon them here, as 
we have so~netlli~lg to say abont the osteology 
of Rluraenopsis. Among otlier organs, a nrcll- 
developecl pallcreas is to be observed ; ancl the 
Wolfinn bodies are present, ancl their clilated 
uljper extremities are about opposite the lower 
end of the liver. 

The tongue in this siren is in an extremely 
ruclimentarj stage ot development. Iwill close 
this brief slcetch of the anatomy of the soft 
parts- yet i t  can harclly be termed a sketch, 
for 1na11y structures hare not ere11 been alluded 
to -by calling tlie reader's attelltioil to the 
remarkable length of time that uerrous excita- 
bility, if I may apply such a term to the phe- 

likewise thiclr. ancl sharp-eclged, o~erhanging nomenon, was liel~t up. &Iy speciinen was 
the colnmon intega~neiit of the lower jaw, ancl killeil with cliloroform. That  of itself took a 
originating posteriorly within the co~n~nissure long time, forty minrltes or more ; but what 
ancl beneath the upper lips. Minute glanclalar is  this, compared with the fact that its 
openings are seen on the head above, and in heart continuecl to  p ~ ~ l s a t e  i11 good rhytlimical 
the maxillary space beneath, symmetrically time during three hours and a half of my 
arranged in rows, as  on other parts of the operations, and after the most extensive dis- 
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sections had been ~ n a d e ?  And four hours and 
a half after, when all the organs had been re- 
movecl, and inroads made upon the tru1111, this 
creature would still writhe vigorouslj by simply 
pinching his tail, or close his jaws like a vice 
in a way that would put the hardiest of eels to 
shame, and crush any claim the latter might 
have in standing a t  the head of the list of those 
animals most tenacious of life. \fTe fiucl the 
cranium of Muraenopsis very thoroughly ossi- 
fied, and many of the sutures observabl'e only 
after close inspection. The teeth are of the 
pleurodont txpe, and may be seen in all stages 
of development in the deep grooves that exist 
in the mandible, the maxilla, the premasilla 
(which usually sulsports twelve), and the entire 
inner margins of the descending plates of the 
vomers, which meet each other anteriorly (fig. 
2 ,  A) .  A long, slcnder, sphen-ethinoicl is in- 
serted between these last bones, quite disti~ietly 
seen on the inferior aspect. 

The premasilla throws backward a nasal 
process that overlaps the frontals above, ancl 
passes hetween the nasals. These latter seg- 
ments are yery inuch honeycombed aild grooved, 
-a cliaracteristic which is adopted by the an- 
terior extremities of the frontals and the upper 

B 	 parts of the maxilla on either side. The co- 
ronal suture is seen beyond, a deini-lozenge 
shaped and elcvatecl plate, dereloped by the 
united frontals, directed bacliward (fig. 2, B). 
Each outer lnnrgiri of the parietal region 
is raised into a curlir~g crest, as if pushed 
up by the unusually large squamosz~ls, which 
lencl t,o the lateral aspect of the skull of this 
creature such a massive appearance. As  i11 
other Urodcln, n large colan~ella auris is seen 
on either side, external to tlic extensire pro- 
cesses that project backward, to  bear the 
occipital condyles (fig. 2 ,  D) .  A pro-otic is 
well developecl ; but it is difficult to cleterrniile 
in tlie adult cranium IT-hether a separate epi- 
otic al1c1 opisthotic exist or not, though I a111 
strongly incliaccl to thiilli they do not. Thc 
pterg'goids are con~pletely ossifiecl, and quite 
extensive, horizontally flat,tenecl, ancl curreil 
plates of bone, tlleir anterior es t re~i~i t ies  

c?.% 

being 
,, ,. prolonged with a fibrous tissue to form the floors _ - I  

of the orbits. The lower rnaxill:~ is very cleep 
and solicl : and, although the lneetiiig of the 

FI~. ventral, lateral, views of the 2.-Dorsnl, and posterior 
skull of tl.idactyl,ls respectively rep. dentary elements anteriorly is quite extensire, 
resented in A, B, C ,  and D, where like lettering has the same the sj-mphysis is llot Iirm. Nearly the entire 
indication in each vie--. Pnu:,premaxillary ; Y o , 7 or~ier;wzz, . maxillary; s. e ,  splen.etllmoid; s,pal.nspllenoid;~ t ,  b a s i ~ ~ a i ~ i a l  is occupiecl by the wide- ptery. region
goid; sq, sqiiamosnl; ca, columella auris; e . 0 ,  exoccipital; spreading alld allteriorly 13roc111ced. parasl~he- o, c, occipita, cordy]e; pn, foramen for exit of pneumogastric 
and g~osso-pharyngeal nerves; ma, external nasal aperture; l~oid (fig. 2, A ) ,  TV-hich,with its serrated margin. 
Xa, nasal; F, frontal; p, parietal; on, forarnen for the pas- with parallel vomerine Platessage of of the orbito-nasalnerve, the first division of the fifth 

pair, to the rhinal cavity; os, orbito-sphenoidal region; PT.o, begonc1.

pro-otic; d,dental eleinent of mandible; an, angulae; fm, 

foramen magnum; pl, roof of the mouth. 	 \Ve ha^-e presented us for exami~iation in 
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the llyoidean apparatus (fig. 3) two reniform 
h j  po-hyals in cartilage, surmountecl by a triple 
piece of the same material tbat occupies the 
urnal site of the glosso-hpl. I n  the meclian 
line we have a thoroughly ossifiecl basi-hyal ; 
~ h i l ecnrvecl bony cerato-hyals, a i th  expanclecl 
cartilaginous anterior encls, are suspendecl from 
tile 11yl)o-hyals. Four branchial arches are 
rel)l.eseiltecl ; the first pair being long, curved 
I)ones, alzd the remaining ones cartilage. The 
gill-clefts open to the rear of the last pair on 
either siclt:. 

The spinal column of aa ac l~~l t  AIuraenopsis 
coiltains one llunclrccl ancl ten well-ossified 
vertebrae. The secol~cl and third of these have 
suspendecl from tllcii. transverse processes free 
rills, of which the anterio13 pair is the larger. 
11 strongly marliecl intercondyloid process is 
formed between the two concave facets on the 
slzterior aspect of the atlas. As  a rule, all 
these ~e r t eb rae ,  except the first and tllc ex-
tremely rnclilneiztarg candal ones, are of the 
amphicoelo~is t j  pc, nit11 lofty ~ienral spines,-- 
far-spreading traasvel-secl processes that become 
horizoiltally broadened in mid-sl~irial region, -
and with yell-marlied zyga1)ophysial processes 
to link the series together. Xone of these 
vertebrae are illoclified to form a sacinrn in con- 

FIG.3.-Hyoidcau and hrancliial appal.atua of hh~racnopsis 
tridaotyllls; life-size; dottcd parts ill cartilage; gh, rudi-
mentary glonso-hgal; I L ~ ,hypo-ilyal; clr, cerato-hynl; b', b2, 
773, anrl b4, brar~cl~iaiarches; gc, gill-cleft. 

nection with thc pel3 is in the precaadal region ; 

remarlruble manner, forming one bone, with 
nearly all tlie parts clouble. The al3pcndicular 
sleeleton is representecl by extremely roclimen- 
tary shoulcler aizcl pelvic girclles, supportiag 
equally feebly clevelol~ed limbs, with their seg- 
ments arranged as seen in fig. 4. We  find 

YIG. 4.-A, right fore-lirnb s o d  rudimentary shoulder-girdle; 
13, right hind-limb and rudimentary pclvia, both slightly en-
largcd, of hl. tridaotylus. From dissections by tho author. 

the carpus has three cartilaginous elements in 
its strncture,-tnro in the proximal row, and 
on11 one in the clistal. This number is in-
creased by an adclitional segment i n  the tarsus, 
which has two elements in each row, articulat- 
ing with the digits, as shown in the figure. 

Osseous tissue of an  elementary character 
may be deposited in the hiuilzerus, the femur, 
ancl certain points in the pelvis, more particu- 
larly the projecting roc1 that appears to repre- 
sent the pabic bone ; otherwise all this part of 
the slieletoiz in our siren remains in cartilage 
throughout life. R. W. SHUFELDT. 

THE G R E A T  T E R M I N A L  M O R A I N E  

A CROSS P i Z l W S Y L  VANIA.1 


AFTER describing the investigations which else- 
where had demonstrated the existence of a true ter- 
milial nloraine to the glacier covering north-eastern 
America, the author stated, that having obtained the 
aid of the geological survey of Pennsylvania, and, 
during a ort ti on of his work, the assistance of Prof. 
G.  B. VJright, he had been able to follow and define 
the southern limit of glaciation for the first time in 
a continuous line four hundred miles in length, and 
to find that it was everywhere marked by a remark- 
able accu~nu la t io~~  of glaciated material, which, wind- 
ing across mountains and valleys, from the lom1,znds 
of the Delaware to the great Alleghany plateau, was 
continuous from end to end, and formed a true ter- 
minal moraine. 

There is a marked distinctio~l between the glaci- 
ated portion of Pennsylvania and that region south 

11e~ond which, each segment throws clom~~of glacial action. Although the general topography 
parial hapapophysial processes, which are not 
lost, as me proceecl backmards, until me arrive 
a t  the ultimate i~odules that colllplete the tip 
of the tail. 

I n  my specimen the thirty-thircl ancl thirty- 
fourth vertebrae have coalesced in the most 

of the two regions is alike, the varied superficial 
features due to glacial agencies, the far travelled 
and scratched bowlders, the smoothed and striated 

1 Abstract of a paper bcfore the A~ncl ican  association for 
the advancement of science, in Montreal, August, 1882. By Prof. 
H. CARVILLTABWIR. 


