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ON THE
REDUCTION OF THE B‘ B
TO SEA LE

s

(LATE FELLOW QF ET. JONX'S COLL, CAMB.) '

Deputy Superintendent of the Meteorological Service of Ca: I
~l 7,

The application of an approximately correct reduction to baro-
metric readings, taken at various levels, in order to reduce them to
what they would have been at one specified level, is absolutely
necessary for their intercomparison. In the following paper several
formulee which have been employed for this purpose are examined ;
and tables are appended by means of which, with very little calcu-
lation, a sufficiently correct reduction may be obtained, and which
are, moreover, peculiarly adapted to the computation of tables of
reduction for individual stations.

Guyot's Tables* D, XVI. and XIX".,, are commonly employed, on
this continent, for the purpase of effecting the reduction. These give
the height, in English fect, of a column of air corresponding to a tenth
of an inch in the barometer at various temperatures, the barometric
pressure at the bese of the column being from 22 inches to 304
inches.

A formula is given for use with Table XVI., which may be
written

Z 8
E=¥ * 105’
where R represents the required reduction in inches, Z the differ-
® once of height between the two stations, or the height above the sea

§ (expressed in feet), N the number in the table, 8 the observed reading
of the barometer reduced to 32° Fahr., and & the pressure on which
the tabular number & is based,t that is, 30 inches.

i)

@ Mcteorological and Physical Tables. Third edition. Washington,1859. By Arnold Guyot,
P.D., LL.D., Professor of Geology and Physical Geography, College of New Jersey.
{Guryot defines what is here represented by b, as ““the normal height of barometer at the sea- /
B2 level,” and in an example which he gives, he employs 80 in. It is, however, only because the
BB tablo is based on a barometric reading of 80 in., that this valuse of 3 is 10 be cmployed.
(Proceed. Can. Inst. Vol.I. Partd)




2 ON THE REDUCTION OF THE

No formula is given for use with Teble XIX.’, but it is stated
that the table may be employed for reducing barometrical observa-
tions to the level of the sea, and also to any other level by a similar
process.” An example is, however, given, applying tables in French
messure, corresponding to XIX.’, the method of which example may
be represented by the formula

2 N 'l_d ’ (ﬁ‘)

where 3N¢ is the number in the table corresponding to the baro-

metric reading* and temperature at the upper station, and BN P that

corresponding to those at the lower station ; an approximate reduced
barometric reading and temperature being employed in taking out
the latter quantity.

Formula (i.) may also be employed with Table XTX., b being any
height and & the number in the table corresponding to & No advan-
tage is, however, gained, by using this table instead of Table XVI,
with formula (L), unless & be taken nearly equal to 8, so that we
may have, nearly

z

R:-——-—loN.

Laplace’s formula for computing differences of elevation from baro-
metrical observations, from which each of the above is deduced, may
be written

B
Z:Azlogﬁ, (i)

where At is a constant, depending on the mean between the tem-

peratures at the upper and lower stations. Strictly, it also depends
upon the latitude of the station, and on the height above the sea;
“but the variations due to these may be neglected, unless the height
is very considerable.

Now the number bNt , In the above mentioned tables, for baro-

meter reading b, and temperature ¢, is the difference of elevation

" *Throughout this paper, when a barometric reading is spoken of, tho reading xeduced to
‘temp. 82° Fahr. is to be understood.
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of two stations, the temperature being ¢, the barometer reading at
lower station &, and at the upper station b — 75. *Hence, by (iii.),

N _ b
b‘_AtIOgb—-ﬂa'

Also B being the reduction, (iii.) may be written

_ B+ R
Z_Atlog B

Combining these, we get

R z 105
log (l-i---) = —= log s
8 2, 106 ~ 1
z z
R 106 |\ —— 1) -
hance, 1+ = (10b-'1) W, = (1 10b) A
2
Z 1 1 zZ
=1+ "% ‘103 1.2';1\7;"bN‘+ 105 ‘

—— “2 Al
Y 2z 1 1 z Z 1. . i)
SR=EBL N T T T ¥, * 108 RRREN RC
1

Formula (i.) is deduced from (iv.), by neglecting all terms beyond
the first; and making b = 30 inches, if used with Table XVT. ; but,

1 if used with Table XIX.’, b may be any reading within the range of
{ the table, and bNt the corresponding number from the table,

Although (i.) is sufficiently accurate for small heights, it is evident,

4 on comparing it with the full formula (iv.), that it becomes more and
/§ more inaccurate as the height increnses.

If, in (i.), the reduced height B, were substituted for the observed
height B, the error would be relatively less; for Laplace’s formula
may also be éxpanded in the form

_2 .
‘| Z 1 1 z Z 1
R=B‘(E‘W“W'T‘ b +) (=)
i




4 ON THE REDUCTION OF THE
In this formula each term, after the first, is relatively smaller

than the corresponding term in (iv.); and if —g— is large, the terms
. bt .
having sensible magnitude, are alternately positive and negative.
Therefore the errar, introduced by neglecting all terms beyond the
first, js relatively less in (v.) than in (iv.); but, since B is not
known until B has been determined, this formula could only be
employed by successive approximation, and is therefore inconvenient.

It may be seen by inspection that, in Table XIX.’, BNt is very

nearly equal to g BN That this should be so, may be proveci
thus :—
As already explained

108
BN A log ——— 0B =

103
3N A log ———— 08 <

lo—lO—B—- 1o, l——1 !
N, Bwz-1i | "3

. B — — 0
TN, T 15 - 1) C
14 -
g log - n— Ty log (1 IOﬁ)_
.2
LS | _1_|+
0B 2° 108 "
1,1 I’li
0B 2° 108 7"
8 .
= = neatly, (vi)
. 8
. BN : T F ﬁNt nearly, as above stated,
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From (iv.) and (v.), together with (vi.), we may deduce (ii.), thus:
In (iv.), let b = B, we obuain

B= . — 4 — s . 41 + .
; g 07 TT N OF, 1005
1 Z Z 1
ﬁf”}"‘-—lo’“ﬁ‘m“gg“'m,e*

4
2z 1 Z z z 11
-, + N fd — — . o, eA—re e — ——
- (pN B t)R TR R T (mp,BNt 10B. BN"’w;s“‘"lozz)+

j But from (vi) B. BN = B ﬁN , neatly.

2Z 1 Z [1 1
) N, = —_— et e —
A (ﬁNt+B f)R 01z’ ® (mp +1019) nearly,

or, neglecting the second term on the right,

5 =22 L o
: e+ gl 10 Y

3 Here ¢t is the mean hetween the temperatures at the upper and
‘#lower stations; whilst in (iL) these two temperatures are -respec-
tively employed, in taking out the two numbers. The difference
thus introduced is very trifling ; as may easily be seen, if the value
:2given below for A , be substituted in the expression for N

Formulo. (i), hke (v. ), obgectxonable in tlm it assumes & a know-
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The foregoing formule being all either inconvenient, or not suffi-
ciently accurate except for small elevations, I have formed the accom-
panying tables (A and B), to facilitate the calculation of the reduction.

It will be noticed from the form of (iii.) that, at any place, the
temperature being constant, the reduced reading, and therefore also
the reduction, varies as f. 1t is, therefore, sufficient to calculate the
reduction ZNt’ for one barometer reading (b) only; from which that

for any other reading may be obtained by a simple proportion. It
is immaterial whether the value adopted for & be one which could be
attained, or not; it may therefore be chosen with reference to con-
venience alone. In Table A, b is taken equal to 100 inches, so that
the reduction for any reading (f) of the barometer, may be obtained
by the formula

g
R:-ib—(-)-ﬂ ZNt.

Table A was calculated by means of formula (iii.), the value of 4,

t-32
450

quantity ZNt , for values of Z equal to 100, 200, 300, &c. feet,

for every second degree of temperature from —40° to 100° Fahr.,
and also, the difference for the next 100 feet at each height. Itis
sufficient to employ first differences only, in using the table.,

Table B is intended to diminish the labour in applying formula
(iii.), as will be explained in the sequel.

Since caleulating these tables, my attention has been called to a
paper by Lieut. H. H. C. Dunwoody, U. 8. Army, in the Report of
the Chief Signal Officer, Washington, 1876. In this paper tables are
given, based in part on observations taken by direction of the Chief
Signal Officer, U. 8. A., on Mount Washington, Mount Mitchell, and
Pikes Peak,

In the first table is given the decreass of temperature for each
100 feet of elevation at each hour in the day. In the second table
is given the “weight of a column of air 100 feet high, at different
barometric pressures and temperatures, expressed in decimals of
inch, calenlated for north latitude 40°” The third table “shows a

being taken as* €0345.51 (1 + ) . Tn this table is given the

# S3ee Guyot’a Paper D, pp. 9 and 88.
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small empirical correction, determined from saccurate comparison of
reduced readings and actual observations, to be applied to Table I1.”
A formula is also given, which may be written £ = (¥ + 2N’} Z, in
which &V is the number from Table I1., and N’ that from Table III.

If we compare this formula with (iv.), i i3 evident that some cor-
raction to IV is necessary, since & does not vary as Z. The correction
should, however, depend on the reading of the barometer () as well
a8 on Z and ¢; but the empirical corvection N’ is given without
regard to 5.

The constants and formula, on which Table II. is based, are not
given; and the rate of variation of the numbers, with the pressure,
seems to deviate more than it should, from Boyle’s Law.

Lieut. Dunwoody’s Tables have not, so far as T am aware, been
anywhere brought into use. The results given by his Tables IT. and
IIL. do not, however, differ much at moderate altitudes from those
given by Table A, as will be seen from the following examples :

EXAMPLES OF THE USE OF TABLE A.

Example (1).—A% a station 815 ft. above the sea, the reading of
the barometer being 29.112 in., the temperature of the air 46° Fabr.,
to find the reduced reading.

From Table A we find . N = 3.0047, and the difference for

800 46
100 ft. =0.3819.
Hence the reduction,
} R= (3.0047 + -%0-56' x 0.3819 ) x 0.29112 = 3.0620 x 0.29112

= 0.891,

4 and the reduced reading is 30.003.

Guyot’s tables D, XVI. and XIX. used with formula (i.), each
give, for this reduction, 0.876 in. Lieut. Dunwoody’s tables (ii.) and
(iii.) give 0.890.

Example (2).—At a station 1100 ft. above the sea, the reading of

*{ the barometer being 28 in., the temperature of the air 30° Fahr., to

find the reduction to sea level.

T e . 3
Here 10001\ 50 = 3.9071, and the difference for 100 ft. iy 0.3990,

hence R =(3.9071 + 0.3990) x 0'28 = 4.3061 x 0.28
= 1.206.
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Guyot's Tables D, XVI. and XIX.', if extended, used with for-
mula (i.), would give in this case 1179, and Lieut. Dunwoody’s
give 1.204.

The value of Table A does not, however, consist 8o much in.sup-
plying = basis for working out isolated examples, as in furnishing
data, in a convenient form, for the calculation of tables of reduction
to sea level, for individual stations. To constrauct these all that is
necessary is, first, to obtain the numbers ZNt for every second

degree of temperature, the value assigned to Z being the height of
the cistern of the barometer above the sen; and then, to multiply

these numbers by -%0-, and tabulate the values of the reduction so

obtained for values of 3, between convenient limits, and at larger or
smaller intervals, according as the station is at a slight or consider-
able elevation above the sea. The products for any given tempera-
ture need not be 'obtained separately, but may be found, one from
another, by continued addition, and the whole process may be very
quickly performed with the aid of the Arithmometer of Thomas de
Colmnar, for use with which the table is specially adapted.

The time occupied in forming a table in this way, is less than one
half of what is required if the formula of Laplace (iii. of this paper)
be employed.

For stations more than 1100 ft. above the sea, Table B (from which
Table A. was deduced) may be employed. In this table the values

100 000

of ave given; so that if N is the number in the table for

¢
temperature ¢, formula iii. becomes

B zZ
log = = fo0,000 2
zZ
orlogB = ——— 00,000 N +logf.

For isolated examples this form is sufficiently convenient; but, in
constructing a table for any station, it is better ‘to make 8 = 100.
The formula then becomes

10g(100+ZNt) 100’000 +2a
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gnd the table may be calculated from the value of N in the same

way as when Table A is employed.

A table for reducing the barometer to sea level is furnished from
the Central Office, Toronto, to each station in connection with the
Meteorological Service of the Dominion.

Formerly these were computed directly from formula. ili. (using
o slightly different constant from that given above.) The accom-
panying tables were recently calculated to diminish the labour of
computation.

In Canada, no reduction for height is applied to the observed
temperature of the air; as, although some correction might be of
advantage, it is by no means certain that a correction, obtained from
observations on a mountain, would be suited to a station on an
elevated table-land. The correction, if it were applied, would, how-
ever, be very small at nearly all our stations.

I hope to discuss, more fully, on some future occasion the question
of the necessity for a correction to the observed temperature of tha
air in reducing barometric readings.
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TABLE A.
Giving the value osz for various temperatures and elevations, and the difference

t
for an additional 100 feet at each height.

g 100 FEET. 200 Feer. 300 FekeT. 400 FERT. 500 FEET. s

Z £

2 Diff. Diff. oift. |- Dift. nir. | &

g N 1 N f N o N f N a8

g1z oo 2t |100m] Z¢ [0t 2 ¢ {roree] 2 ¢ 10%)& &
—49 0.4553|.4573 0.9126(.4595| 1.3721|.4615 | 1.8336.4636| 2.2972,. 4658 | —48
—3810.4529..454910.9078|.4570}1.3648|.4590] 1.8238].4612]2.2850,.4632} —38
—36]0.4505 .4525)0.9030{.454611.3576|.4566]1.8142].4587 2.2’.'29|.4607 —36
—3410.4482 .4501 }0.8983.4522] 1.3505|.4542] 1.8047}.4562] 2.2609,.4583 | —34
2.2491{.4558¢§ —32

—32 0.4458‘.4478 0.89306/.4496 | 1.3434(.451941.7953(.4538

—30]0.4435.445510.58901.4475]1.3365 .4494]1.7559,.4515]2.23741.4534] —30
—2810.4412'.443210.5844{.4452}1.3296 .4471]1.7767(.4491(2.2258,.4510 —28|
—2610.4390-.4409}0.8799.4428]1.3227 .444511.7675).446S ‘2.2143“4—487 —26,
—2410.436S .4386 0.8754!.4406 1.3160 .4425]1.7585(.4444§2.2029 .4464{ —24
—2210.4345.4365]0.8710;.4383]1.3093,.44021 1.7495].44222.1917(.4440} —22

—2010.4324'.4342]0.8666.43( 1 11.3027..4350{1.7407,.439S 2.18051.4418 —20
—1810.4302 .4320}0.8622.4339]1.2961 .4358]1.7319,.4376]2.1695 .4395] —18
—1610.4280 .4299 0.8579|.43l7 1.2896 .4336|1.7232,.4354]2.1586.4373{ —16
—14]0.4259 .4277]0.5535".429611.2632 .4314}1.7146}.4332 2.1478).4351 —14
—1210.4238;.425610.5494(.4274]1.2765.4293] 1.7061(.4310} 2.1371.4329| —12

—1010.4217.4235]0.84521.4253]1.2705.427111.6976.4269 2.1265‘.4307 —10
— 810.4197 .4214]0.84111.423211.2643..4250}1.6893|.4267 2.1160|.4286 — 8
— 6§0.4176 .4194]0.8370:.4211{1.25811.422911.6510/.4247 2.1057,.42641 — 6
L
L

— 4]0.4156 .4173]0.5329..4191 | 1.2520 .4205]1.6728(.422612.0954 .4243| — 4|
— 2]0.4136,.4153] 0.5289].4171 | 1.2460,. 4187} 1.6647]. 4205} 2.0552!. 4222] — 9!

.07511.4202 0,

010.4116 .413310.5249 .415111.2400'.4167]1.6567|.4184}2

210.4097 .411310.8210 .413011.2340,.41471.6487.416412.0651 (. 4182 2!

4]10.4077.4094]0.8171.4110]1.2281'.4128}1.6409].4144{2.0553 4160 4"

610.4058 .407410.5132,.4091 {1.2223(.4107{1.6330(.4125{2.0455 . 4141 6

§10.4039.4055 10.5094,.4071 }1.2165|.4058] 1.6253|.4105] 2.0358 .4121 Sli
}.

10}0.4020'.4036]0.5056 . 4052{1.2108|.4069{1.6177|. 4085{ 2.0262'. 4101} 10"

12]0.4001:.4017 | 0.5018 .4033}1.2051}.4050{1.6101].4065}2.0166'.4082] 12
14 10.3982 .3999]0.7951 .401411.1995{.4031}1.6026{.4046 2.0072:.4063 14
1610.3964'.3950§0.7944 .39961.1940/.4011}1.5951|.4028]1.9979'.4043| 16
1819.3946!.3961]0.7907 .3978{ 1. 1885/.3992 1.5577|. 4009 1.95S6/.4025| 1S

2010.3928'.3943}0.7871 .3959}11.1830}.3974§1.5804/.3990§1.9794'.4006] 20’
2210.39101.3925{0.7535..3941 | 1.1776/.3956}1.5732(.3972[1.9704.3987| 22
2410.3592.3905]0.7800 .3922]1.17221.3935}1.5660,.3954] 1.9614!.3968] 24
1
1

2610.3875'.386910.7764,.3905]1.1669].3920 1.5589,.3935 1.9524'.3951 26
28 0.3857‘.3872 0.7729i.3888 .1617/.3902 1.5519l.3917 l.9436i.3932 2
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TABLE A.—Continued.

1%

] 600 FEET. 700 FeFT. 800 FEET. 900 FEET. 1000 FEeEeT. g
g 3
£ g8
& Diff. Dff. Diff. Difl. Dif. | &
N N N vy | T ~ |2 g
é’ Zt |om| 2 oot ] Z¢ oorf 2 ¢ oot Z ¢ fron| &
—4§]2.7630.4678)3.2308).4700{3.7008,.4721 14.1729]. 4713 |4.6472|.4764| —4d
—382.74821.465313.2135..46753.6810,.4695 |4. 15054717 | 4.6222) 4738 35 :
—362.7320.462913.1965|.4649[3.6614| 4670 |4. 1284|.4690 4.5074).4713 ) —36
—34]2.7192(.4603]3.1795/.46243.6419,.4645 |4.1064(.4666 | 4.5730(.4686 | —34
—32|2.70490.45793.1628}.4599 | 3.6227|.4620 |4.0847.4640} 4.5487(.4661 | —32
—30]2.6908".4555 | 3.1463).45743.6037].4595 | 4.0632|.4616 | 4.5245.4636] —30
—93|2.6768'.4531 |3.1299!. 4550 | 3.5849].4571 |4.0420(.4591 } 4.5011].4611 {-—28 |
—26{2.6630]-4507 |3.1137|.452613.5663].4546 14.0209,.4567 | 4.4776/.4536] —26 !
—2412.6493).4483)3.0976!.4503{3.5479|.4522{4.0001|.4543 |4.4544{.4562{ —24 |
—22(2.6357!.4460]3.08171.4480 | 3.5297,.449513.9795/.4519 | 4.4314].4538] —22 ;
—202.6223!.4437]3.0660]. 4456 |3.5116}.4475 |3.9591).4495 1 4.4086}. 4514} —20
—1812.6090].441413.0504'.443313.4937,.445313.9390|.4471 |4. 3561 . 4490| —18 |
—16|2.5959!.439113.0350!.4411 [3.4761.442913.9190}.4418 | 4.3638|. 4467} —16
—1412.58291.4369§3.0198|. 4358 | 3.4586,.4406 | 3.8992.44254.3417|. 4444} —14
—12]2.5700!.4347]3.0047|.4365{3.4412|.4384]3.8796].4403 | 4.3199/.4421 ] —12
—10]2.5572.432512.98071. 4344 3.42411.43623.8603|.438014.29831.4398| —10
— 8]2.5446].4303]2.9749.432213.4071.4340]3.8411/.43584.2769|. 4376} — §
— 6]2.53211.426212,9603|.4300| 3.3903,.4318 | 3.52211.4336 14.2557|.4354| — 6
— 4]2.5197.4261 | 2.9458).4275} 3.3736/.429713.5033!.4314 |4.2317(.4332] — ¢
— 212.50741.42402.9314.4257] 3.3571,.4275]3.7646/. 4293 4.2139].4310} — 2
0]2.4953].4219]2.91721.4236 3.3408,.42543.7662|.4271 {4.1933}.4280] 0
22.46331.419312.9031).4215|3.3246/.4233 | 3.7479].4250 | 4.17291.4268] 2
 4]2.4713|.4178|2.83911.4195) 3.3086/.4212 | 3.72981.42304.1525).4246| 4
¥ 612.4596|.4157|2.8753.4175 3.2928].4191 3.7119/.42094.1325/.4225| 6
8]2.4479|.4137[2.56161.4153 3‘2769[4173 3.6942|.4185]4.1130,.4205| §
1012.4363(.4118]2.8481|.41343.2615 .4151 | 3.6766,.4168 | 4.0934|.4184] 10
12 2.4245].4095 1 2.8346}.4115 3.2461’.4131 3.6592.414714.0739].4165] 12
142.4135!.4078]2.8213).4095 |3.2305 . 4111 |3.6419,.4128 {4.0547|.4144| 14
16 2.4022.4059 |2.5081|. 4076 { 3.2157 . 4092 3.6249,.4107 (4.0356/.4125| 16
1812.3911|.4040{2.7951.4056 3.2007‘.4072 3.60791.4089 14.016S).4104} 18
20 ]2.3500{.4021 §2.7521(.4038 3.1859'.4053 3.5912.40691{3.9981{.4085] 20
gi! 3.369(1) .mg:z} 2.;693 .40(1)3 3.171%.2{0)34 3.5;«;{13..:11832 gg’ésl)g,zggg ‘2,2
2.35<2' 3984}2.7566/.4000]3.1566'.4015]3.5 .9612;. 2
26 12.34751.3965{2.7440].3981 }3.1421'.3997 3.5418.4012|3.94300 4027| 26
28}2.3365/.3948]2.7316/.3962 3.127Sl.3978 3.52561.3994 3.9250‘.4008 28l
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TABLE A.—Continued.

Temporaturoe,

l 100 FesT.

200 FeEr.

300 FeET.

400 FERT.

500 FEET.
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Zt

Diff.
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100 ft.

Diff.
th for
100 ft.

Diff.
for
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Zt |10t
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for
100 ft.

N
zZt

Difl.
ZNt for
100 ft.

Temperature.

]

30
32
34
36
38

BERES

0.3707,
0.3691

0.3614
0.3599

0.3496
0.3468

0.3454
0.3440
0.3426
0.3413
0.3399

0.3356
0.3372
0.3359
0.3346
0.3333

0.3320

0.3584,
0.3569,
0.3554,.3566
0.3539|.3552

0.3452]

0.3840,.3853
0.3523,.3538
0.3806,.3520
0.3789,.3804
0.3773,.3786

0.3756,.3770
0.3740,.3753
0.3723(.3738

.3722
.3700

0.3676,.3659
0.3660,

0.3644,
0.3629,:3642

.3673
.3658

-3627
.3611

-3596
.3551

0.3525,.3537
0.3510,

. 3523
.3508
3494
.3480

.3466
.3452
3438
.3424
L3411

.3397
.3384
L3371
.3358
.3344

L3332

0.7695/.3569
0.7661{.3852
0.7626{.3836
0-7593|.3818
0.7559|.3801

0.75261.3785
0.74931.376S
0.7461}.3751
0.7429/.3734
0.78971.3718

0.7365!.3703
0.7333,.3687
0.7302,.3671
0.7271,.3656
7241].3640

0.
0.7210,.3625
0.7150,-3609
0.7150,-3594
0.7120..3580
0.7091.3564
0.7062,.3550
0.7033,.3535
0.7004,.3521
0.6976,-3500
0.6948,.3192
0.6920,.3477
0.6892,.3464
0.6864;.3450
0.6537,.3436
0.6810,.3492

0.6753,.3409
0.6756,.3395
0.6730,.3382
0.6704,.3363
0.6677I.3356

0.6652,.3342

|

1.1564!.3885
1.1513,.3867
1.1462).3849
1.1411.3832
1.1360,.3816

1. 1311!.3793
1.1261).3782
1.1212/.3765
1.1163(.3749
1.1115/.3733

1.1068,-3716
1.1020,.3700
1.0973,.3685
1.0027,.3665
1.0881,.3553

1.0835,.3637
1.0759,.3623
1.0744.3607
1.0700;.3592
1.0655,.3577
1.06125.3562
105683547

.0525,.3533
1.0482):3518
1.0440].3504

1.0397|.3490
1.0356,.3475
1.0314: 3462
1.0273 3448
1.0232‘.3434

1.0192].3420
1.0151.3407
1.0112,3393
1.0072,:3360
1.0033, 3366

0.99941.3353

1.5449 3899
1.5360'.3882
1.5311).3864
1.5243.3847
1.5176,.3830

1.5109.3813
1.5043'.3796
1.4977.3780
1.4912!. 3763
1.4848 3746

1.4784..3730
1.47201.3714
1.4655'.3698
1.4595|.3682
1.4534.3666

1.4472,.3651
1.44121.3635
1.4351,:3620
1.4292!.3604
1.4232/:3590

1.4174'.3574
1.41157.3560
1.4058'.3545
1.4000/.3531
1.3944.3516

1.3587,.3502
1.3831'.3188
1.3776 .3473
1.3721..3459
1.3666 .3446

1.3612.3432
1.3558 .3418
1.3505.3404
1.3452'.3391
1.3399'.3378

1 8347l.3365

1.9348!.3915
1.9262].3896
1.9175'.3879
1.9090!.3862
1.9006!.3844

1.8922!.3827
1.8839.3810
1.8757].3793
1.8675.3777
1.8594/:3760

1.8514,.374
1.8434/.3728
1.8356/.3711
1.8277].3696
1.8200(.3679

1.8123].3664
1.8047.364S
1.7971'.3633
1.7896'.3618
1.7822!.3602

1.7748,.3588
1.7675'.3573
1.7603{.3557
1.75311.3543
1.7460!.3529

1.7389,.3514
1.7319' 3499
1.7249'.3436
1.7180".3471
1.7112!.3457

1.7044!.3443
1.6976'.3430
1.6909'.3416
1.6843:.3403
1.6777'.3359

].67l2|.3376
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Tcmpcmturo.T
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2.3158,-3912
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2.2550,.3859

2.2749,.3842
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2.2550..3507
2.9452.3790
2.2354 3774

|

2,9958,.3757
2.2162..3741
2.9067 3725
2.1973..3709
2.1879,.3693
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2.1695,.3661
2.1604,.3646
2.1514,.3630
2.1424 3616
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&
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2.0903/.3526
2.0815}.3512
2.0735|.3497
2.0651).348¢
2.0569,.3469

2.0487.3455
2.0406{. 3441
2.0325/.3428
2.0246/.3414
2.0166).3401

2.0088}.3387

2.7192,.3945
2.7070,.3926
2,6943,.3909
6823891
£709,.3673

2.

2,

2.6591,.3555
2.6473.-3539
2.6357 .3522
2.6242,.3505
2.6125,.3758

2.6015,.3771
2.5908,.3735
2.5792,.3738
2.5652,.3722
2.5572..3706

2.5464,.3690
2.5356,.3615
2.5250,-3659
2.5144,.3644
2.5040,.3627

2.4936,.3613
2.4833,.3597
2.4730,.3553

5|2.4629,.3365

2.4529,.3552

2.4429(.3538
2.4330).3524
2.42321. 3509
2.4135.3495
2.4035(.3451

2.3942(.3467
2.3847(.3453
2.3753|-3439
2.3660)- 3425
2.3567]-3411

2.3475).3398

3.1137..3959
3.0096.3941
3.0857,.3923
3.0719,.3905
3.0582..3885

3.0446..3871
3.0312..3853
3.0179,.3536
3.0047,.3819
2.9916,.3502

2 9756,.3785
2.6658,.3765
2.9330}.3752
2.9404,.3735
2.927%,.3720

2.9154|.3704
2.9031,.3685
2.8909,.3672
2.8785,.3G56
2.8667-3641

2.8549,.3625
2.8430,.3610
2.8313,.3595
2.5197,.3550
2.8051(.3566

2.7967.3551
275543535
2.7741[ 3522
2.7630, 3507
9.7519,.3493

2.7409,-3479
2.7300,-3465
2.7192,.3451
2,7055..3437
2.6975;.3424

2, 6873l. 3409

3.5096..3975
3.4937,.3957
3.4750,.3939
3.4624,.3921
3.4470,.3903

3.4317,.3585
3.4165,.3568
3.4015..3850
3.3566,.3833
3.3715,.3516

3.3571..3799
3.3426,.3783
3.3282,.3766
3.3139..3750
3.2995..3733

3.9855,.3717
3.2719,.3700
3.2351,.3685
3.2414,.3669
3.230,. 3654

3.2174,.3638
3.2040,.3623
3.1908,.3605
3.1777,.3592
3.1647,.3577

3.1518/.3562
3.1389(.3548
3.1263).3533
3.11371.3518
3.1012).3504

3.0888/.3490
3.0765.3476
3.0643}.3462
3.0522(. 344>
4.0402/.3434

3.0282).3421

3.9071{.3390
3.5594|.3972
3.87191.3953
3.5545(.335
3.8373.3917

3.8202/.3599
3.50331.3552
3.78063..3864
3.7699..3547
3. 7534‘.3530

3.7870..3813
3.7209..3796
3.7045..3779
3.6559..3763
3.0731,.3747

3.6575..3730
3.6419..3715
3.4266,.3695
3.6113,.3652
3.5952'.3686

3.5812,.3651
3.5663..3636
3.5516:.3620
3.5369..3605
3.5224:.3590

3.5080.-3575
3.4937 .3561
3.4796..3545
3.4655..3531
3.4516,.3514

3.4375..3502
3.4241,.3488
3.4105..3474
3.3970..3460
3.3536;. 3446

3.3703l.3432
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TABLE B,

100,00
Giving the value of 4 0 for various values of ¢, the value of 4, being

t—
60345.51 { 1+ __§g }

g g g

"g: 100,000 § 100,000 ~§ 100,000

4 2 Ay a &
—40 | 1972767 § | 1750483 | 56 | 1.573219
—38 | 1962384 | 10 | 1.742308 | 58 | 1.566609
—36 | 1952110 } 12 | 1.734200 | 60 | 1.560054
—34 | ro419¢2 | 14 | 1726171 | 62 | 1.553564
" 32 | 1931880 | 16 | 1.718216 | 64 | 1.547108
—30 | 1921922 | 18 | 1710335 | 66 | 1.540715
—28 | 1.912066 § 20 | 1702525 | 68 | 1.534374
—96 | 1902311 [ 22 | 1.694786 | 70 | 1.525086
—24 | 1.80254 | 24 | 1687117 ' 72 | 1.521549
—922 | 1.883096 | 26 | 1.679518 | 74 | 1.515662

—20 1.873633 28 1.671986 76 1.509526
—18 1.864265 30 1.664522 78 1.503439
—16 1.854990 32 1.657124 80 1.497401
—~14 1.845807 34 1.649792 82 1.491412
—12 1.836714 36 1.642524 84 1.485470
~10 1.827710 38 1.635320 86 1.479575
—8 1.818795 40 1.628179 88 1.473727
— 6 1.809966 42 1.621100 90 1.467925
— 4 1.801222 44 1.614082 92 1.462168
2 1.792562 46 1.607125 94 1.456457
0 1.783985 48 1.600227 96 | 1.450790
2 1.775490 50 1.5633¢9 98 1.445166
4 1.767075 52 1.586608 | 100 1.439587
6 1.758740 54 1.579885
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THE®

AFFILIATION OF THE ALGONQUIN
LANGUAGES.

BY JOHN CAMPBELL, M.A.,
Professor of Churck History, Preshyteriam College, Montreal.

One of the modern schools of philologists has not heeded the
scholastic maxim concerning enéta, but has shown itself ready to
multiply origins indefinitely without cause. Catlin, the artist, who,
however, was very far from being a philologist, saw no necessivy for
showing how the Americans came to America, or that they ever came
there at all. And at a conference on American subjects, held some
three years ago, the President of the Anthropological Society of Paris
found o warm reception for the statement, that the true solution of
the question concerning the peopling of America is that the Americans
are neither Hindoos, nor Phenicians, nor Chinese, nor Europeans—
1 they are Americans. An exception has been almost universally made
'3 in favour of the Esquimaux families of the far north, whose relations,
physical and linguistic, with the Aleutan islanders and the Asiatic
Tchukichi are too striking to permit denial. In order to maintain
the independent origin of the American tribes, it has been found
necessary to deny the existence of any true likeness between the
Janguages of the Old World and those of the New. The peculiar
agglutination or synthetical character of American grammar, which,
from the Athabascan area of the north to the Fuegian in the south,
§ presents innumerable shades and broad lines of difference, has been
-3 represented as without parallel on the Eastern continent. Yet there
-1 are synthetic languages in Europe, Asia, Africa, Australia and the
.1 Islands of the Sea. At one time the Indo-European and Semitic
-{ grammars were the only systems compared with those of other families
4 of speech. To these tho Ural-Altaic, comprising the Ugrian of

Europe and the Tartar-Mongolian of Asia, arid the Monosyllabic, xepres
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sented by the Chinese, have been added. But these <o not exhaust
the systems of the Eastern hemisphere. Wild as have been the
statements made regarding the construction of languages, they have
not equalled in folly the hasty utterances on the subject of their
vocabularies. Messrs. Rivero and Tschudi, in their work on Peruvian
Antiquities, write as follows: “The analogy so inuch relied on between
the words of the American languages and those of the ancient con-
tinent have induced us to make an approximate estimate, as far as
our means would permit, of the numerical value of the idioms of both
hemispheres ; and the result was that, from between eight and nine
thousand American words, one only could be found analogous in sense
and sound to a word of any idiom of the ancient continent.” It is
evident that these gentlemen, who deserve well for their services to
ethnological science, never consulted even the imperfect lists of the
Mithridates, and pursued their researches within such a narrow field
as to falsify the doctrine of chances itself. Mr. Hubert H. Bancroft,
to whom we owe a work of great value, “The Native Races of the
Pacific States,” allows himself to be led away to somewhat similar
conclusions ; but as he furnishes us with 2 list of so-called Darien
numerals which are almost pure Gaelic, without noticing the pheno-
menon, it is to be presumed that, while a diligent and successful
collector, Mr. Bancroft is no philologist.

Tuwrning from philological to physical ethnology, we find that all
the American families have been called Mongolian, and that nearly
all attempts to affiliate the tribes of the Northern Continent have led
inquirers to the Mongolian area in Eastern Asia. Even Dr. Latham,
than whom there is no better authority on this subject, terms his
large American class, American Mongolide. Yet, after stating that
the Esquimaux are essentially Mongols, he adds: “On the other
hand, in his most typicel form, the American Indian is not Mongol
in physiognomy. With the same black straight hair, he has an
aquiline nose, a prominent profile, and a skin more red or copper-
coloured than either yellow or brown. Putting this along with other
marked characteristics, moral as well as physical, it is not surprising
that the American should have been taken as the type and sample of
a variety in contrast with the Mongolian.”

It is not my intention in this paper to deal in a loose and general
manner with the subject of American ethnology, but to confine myself
to the connections of a single but large family of the aborigines of
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; the Northern Continent with the Old World. This is the extensive

© Algonquin family, reaching from Newfoundland to the Rocky Moun-
i taing, and‘from the Labrador Esquimaux and Hudson’s Bay Atha-
3 bascans to the Choctaw area in the Carolinas. Their collective name
; was Wapanachli, or men of the east, a term which still designates the

+ Abenaki tribe of Maine. Their tiaditions universally refer to a

'; migration from the far west, and the Great Spirit whom they wor-

-. shlpped had his home in no forest, prairie or lake, but on an island

1 i in the distant ocean. The principal tribe of this large family from

; . the earliest period to which traditions refer was that of the Lenni

' Lenape, or Delawares. Closely allied to ther in language are the

 Tllinois, including the Miami, Piankashaws and other clans. The
"iword Illinois, like the Lenni of Lenni Lenape, signifies men. The
{Shawnoes, who have been removed from Kentucky to the Western
Reservation, speak a somewhat similar tongue, also using the word
ﬁlenm to designate man, but favouring the lisping % in place of the s,
a.nd cognate letters of other tribes. The Missisaguas, who originally,

: «Qheld the site of Toronto and the coast of Lake Ontario down to its

9outletm the St. Lawrerce, were likewise linneeh. North of these
iwe find the Ojibbeway or Chippewa tribe, with whose name, appear-
ance and language, Canadians are most familiar. They make a
. sparing use of the letter /, and term man eneneh, replacing that letter
by n. The Crees, who call themselves Nekethowuck, and border on
the Ojibbeways to the west of Lake Superior, thence spreading to the
Esqmmmu. in the east and the Athabascans in the west, differ much
?mon« themselves in their pronunciation of certain liquids. The
Athabascan Crees in the west turn the Lenape [ into #; the Wood
Cxees, into ¢h; the Hudson’s Bay Crees, into y, the Plain Crees
v mto n; while those of Labrador retain the Lenape form. At the
same time the Cree has a tendency towards a species of alliteration
m the same word, repeating the characteristic letter in place of the

s consonant which follows it. Thus the ennt of the Illinois and

:
i

Shawnoes becomes indeed inenew among the Plain Crees, éthinew
- among the Wood Crees, and eyinew among those of Hudson’s Bay;
Sut at Moose Factory it is ililew, and eyiyew on the East Main coast.
:E’assm« over the Nipissings, Ottawas and Algonquins proper, whose
- Ianguages are closely allied and resemble more or less the Ojibbeway,
“we meet with the Micmacs of Nova Scotia, New Brunswick, &c., whose

gpeech connects with the Lenape through the Abenaki, Etchemin,
2

e ~.»...~Qa’»n.w£w\
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Passamaquoddy and Penobscot of Maine. They also use the form
alnew for man. Many extinet tribes, such as the Mohicans, Narra-
gansets, Massachusetts, &c., once inhabited the New England States.
Other tribes, like the Menomenies and Potawatomies, dwell south of
Lakes Superior and Michigan in the Western States. Four tribes
have lately been added to the Algonquin family. One of thess, the
Bethucks of Newfoundland, is extinet. The others are the Blackfoots
on the Saskatchewan, extending west to the Rocky Mountains; and
the Arrapahoes and Shyennes farther to the south. Dr. Latham has
suggested a connection of the Blackfoot with the Hailtsa in the neigh-
bourhood of Vancouver’s Island, thus linking the Algonquin with the
Nas languages of the Pacific coast. It is but a suggestion, however,
and I bave not been able to verify the connection. But there seem
good reasons for finding Algonquin resemblances among the Sahaptin
or Nez Percé tribes, whose habitat lies farther south on the same side
of the Rocky Mountains, over against the Blackfoot and Shyenne
country. Let this be established, and the Algonquin area extends
across the whole continent from the east to the extreme west. To
the Sabhaptin relationship I make for the present no reference.

The Old World family of languages with which I have affiliated the
Algonquin dialects is the Malay-Folynesian, a vast group extending
from the Malayan peninsula to New Zealand, and from Madagascar
to Taster Island. My vocabularies, while sufficiently extensive to
indicate the relationship of the two families, are not sufficiently so to
permit me to point out the particular divisions, Malay or Polynesian,
Micronesian or Polynesian proper,with which the Algonquins coincide.
Nor do I imagine for a moment that the Algonquins are the only
American tribes whose course of migration is to be found in the line
of Malay-Polynesian languages and influence. In the tables which
accompany this paper I have taken a selection of words, thirty in all,
representing nouns, adjectives and verbs, the most simple and charac.
teristic, and thus least liable to suffer from foreign influences ; and,
grouping them according to their varying Algonquin forms, have
compared them with analogous forms occurring within the Malay-
Polynesian languages. They will be found to present such close and
widespread resemblances as, I think, to render difficult the task of
the objector. At the same time, the very partial representution of
the Malay-Polynesian languages which my materials have enabled
me to give, leads to the belief that, with a more extensive stock of
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vocabylaries, still more striking and definite results might have been
obtained. To the thirty words above mentioned I have added the
| numerals of the Algonquin languages up to Zn, similarly comparing

; them, but with results not quite so favourable. Siill, even in this
1 difficult field of comparison, important analagies appear. To exhibit
‘the negative side of the argument, I have placed over against the
AIganum and Malay-Polynesmn words the cmrespondmg terms in
zthe Asiatic and allied languages from which the American forms of
{speech might naturally be expected to take their derivation. Such
‘%&re the Ugrian, Mongol, Tartar and Mantchu tongues, forming the
* i0ral-Altaic class; the Samoied, Yenisei and Yukagir, conveniently
:;termed Asiatic-Hyperborean ; and the Japanese, Aino, Tchuktchi
and Kamtschatdale, which are grouped as Peninsular. While a few
anslogies appear among some of these, their dissimilarity from the
families under consideration is well worthy of attention. Here also
QlI must confess that the imperfection of my lists, which are not selec-
. tlons, but contain all the material at present in my possession, hinders
.ine from drawing too strict a line of demarcation. Lest it might be
supposed that the analogy of the Algonquin with the Mdlay-Poly-
zgesxan languages to which I have compared them is shared by other
,é.mencan families of speech, I have set forth the prevailing forms of
‘the terms chosen for comparison in the Athabascan or Tinneh, the
‘Wyandot-Iroquois, the Dacotah or Sioux, and the Choctaw classes,
?grith all of which the Algonquin tongues are in geographical relation.
" .1 As far as my knowledge of the Malay-Polynesian languages ex-
' bénds, and it is very limited, I must admit that the striking lexical
&iﬁmtles are not borne out by equally close resemblances in the
mucture of language, as we compare for instance the grammar of the
{lgonquin with that of the Malays or of the Tonga islanders. There

. G.re however, many widely differing grammatical forms among the
“Iarge Oceanic class to which these belong. The Tagala spoken in the
Plnhppme islands is, according to Dr. Latham, « essennally agglu-
? *smate in respect to its inflection ;” and I must leave to those who
; aﬁe better versed in these tongues the task of comparing their agglu-
-ﬁnatxon with that of the Algonquin languages. While far from
» dxsparamw the value of grammatical forms in such connections as
kﬁ‘ht under consideration, I am as far from believing in their perma-
hénce. Words are the bones of language, ad we might as well take

ﬂie whale and the bat out of the Mammalia as to separate tongues
3

R
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using identical common terms on account of minor differences in
grammatical combination. The resemblances between the Algonquin
and the Malay-Polynesian vocabularies are the rule, not the exception;
and on this ground I believe that an exhaustive analysis of the
grommatical forms of the latter will yet exhibit at least a near
approach to Algonguin structure,
Inaddition to the agglutination of the Tagala and kindred languages,
a festure that appears more or less in all the Polynesian tongues, there
are many points of resemblance as well as of difference between.the
Malay-Polynesian .and the Algonquin. They agree in the absence of
anything like true gender, and in the substitution for it of a distinction
of nouns into animate and inanimate. The Algonquin languages,
however, have s termination for the plural, while, as far as I am
aware, the Malay-Polynesian mark plurality by a prefixed article or
particle, or by the sufix of a numeral adjective. The Algonquin
nouns have properly speaking no declension, and this is true of the
Malay-Polynesian. But when case is marked in the latter, it is by
forms of the article or by prefixed prepositions which frequently
coalesce, while in the former the locative is denoted by a suffix. The
genitive also precedes the nominative in Algonquin, but follows itin .
the Malay-Polynesian. The Malay-Polynesian languages have pre-
positions, and such are many of the Algonquin particles; but other
are postpositions. This would seem, with other points of a simila
character, to indicate the position of the Algonquin languages as one
midway between the postponing Turanians of Asia and the preposin; -
Malay-Polynesians. The Athabascans, Iroquois, Dacotahs and Choy
taws, who surround the Algonquins on every side,all use postpositiony
and their influence in this and other directions may have tends . -
largely to render the Algonquin grammar somewhat Turanian. Th
substantive and the verb are but feebly distinguished in the tw -
families under consideration, and in many cases not at all. In tk .
formation of derivative nouns the Malay employs a prefix as wells .
an affix, and has been contrasted with the Algonquin, which make.
use of the suffix only. Thus from Malay tidor, to sleep, comes pe A
tidor-an, a bed ; while from Cree nipow, to sleep, is derived nipawi - ‘
a bed. The Po]ynesmns do not follow the Malays in this respe’ .
for the Tonga moke, to sleep, gives us molhenga, a bed, in a form - -
is thoroughly Algonquin. In both families the adjective isinvar: jall - |
but in the Malay-Polynesian its place is gemerally after the nov( :

{
1
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while in the Algonquin it generally precedesit. There are, however,
suffix particles that take the place of adjectives in the latter class, and

' in most cases they are represented by verbs. The Malay-Polynesian
- adjectives are often hard to distinguish from substantives and verbs.
: The sign of comparison precedes the adjective in Algonquin, but

. follows in Tonga. But the accusative or object of the verb follows it
i in both Algonquin and Polynesian, and this separates them from the

4 Turanian Janguages. Tense is designated by special marks in each

s case. These are Algonquin perfect k7, gi, future ka, ga; in Tonga
' present gooa, perfect na, future fe. A. larger acquaintance with
* Algonquin and Malay-Polynesian forms might reduce the differences
betweon these. In the Tonga the index of tense is placed before the
personal pronoun which precedes the verbal root, e.g., makee, give;
na-0o-makee, I gave; na-ger-makes, thow gavest; te-oo-makee, I shall
1 give; te-ger-makee, thou wilt give. In Algonquin the temporal
indices -come between the pronoun and the verbal root, e.g., makew,

_ ,gwe ni-ki-makew, 7 geve; ki-ki-makew, thow gavest; ni-ki-makew,

I shall giv., ki-ka-makew, thou wilt give. In spite of the difference
.m the order-of pronoun and temporal index, the two classes agree in
*phcmfr both these before the verbal root, thus entirely disagreeing

- 5Wlth the Turanian languages in their Ural-Altaic and Dravidian

“divisions. The possessive pronoun or its equivalent precedes in the
i Algonquin, and either precedes or follows in the Malay-Polynesian
anguages. These languages also agree in dispensing with the relative
pronoun. The forms of the demonstrative in Cree and Tonga are not

E tml\ke ; Tonga, this aheni, that ahena; Cree, this anah, that naha,

The same is true of the interrogative ; Tonga ahai, coeha who, whick;

. ‘Cree awewe, kekway. The Polvnesum languages have an article,

snd have on account of it been affiliated with the Bantu or Caffre
,Jianguages of Southern Africa. Duponceau and other writers have

" fnsisted that the initial A7 of many Algonquin nouns, which generally
.7 precedes those that are not in a construct state, is the article. Others
a is firmly deny the statement, but have not accounted for the frequent

IR Fe e e

&ropping of this letter, e.g., mistik, @ free; meyw-atik, @ good tree;
-tauch-atik, @ bad free; facs, mikwakun; my face, ni-kwakun. Un-
! ifoubtedly there is some analogy here with the common Bantu prefixes
‘.z,o, ma, me, and the Tagala article ang. The Caffre analogies, apart
‘from language, with the Algonquins are striking. One important

“3gbmt of re.emblance between the Algonquins and the Malay-Poly-

u—n&)@

1
1
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nesian is that both employ the pronoun of the first person plural in
an inclusive and in an exclusive form :
Algonquin—ninawint, they and I.
kinawint, you and I.
Tonga—mow, gimowoa, they and I.
tow, gitowoa, you and I,
I may also add that both families of language have special terms to
denote elder and younger brother, sister, &c. Such arve the main
points of agreement and diversity that have occurred to me, agree-
ments which I think no more extended research can invalidate, and
differences which, if not due to purely American influences derived

from Northern Asia in the manner already indicated, mey disappear °

in the progress of investigation. In any case the difficuliies in the

way of connecting the Malay-Polynesian and the Algonquin systems
are far from insuperable. One important feature which the two
classes possess in common, and by which they are distinguished from

other families, Asiatic and American, is the absence of harsh sounds—

the softness, which has been called the distinguishing characteristic

of the Polynesian tongues, and which has attracted the attention of

all who are in any way familiar with Algonquin speech.

T have not had time to investigate the relations subsisting between
the manners, customs, superstitions, &c., of the Algonquins on the '
one hand and of the Malay-Polynestans on the other. Some of these, ,

as tree worship, the use of totems and similar points, have been
indicated by Sir John Lubbock. Dr. Pickering makes, I know not
on what grounds, but doubtless for very satisfactory reasons, the
following statement: “If any actual remnant of the Malay race exists
in the eastern part of North America, it is probably to be looked for
among the Chippewas and the Cherokees.” The Chippewas or Ojib-
beways are the Algonquins with whom it is likely the distinguished

ethnologist was most familiar. The long black straight hair, the :
prominent features, the practice of depilation, and even the copper |-

colour of the American Indian in general, are found in Polynesia;

and the moral traits of the Algonquins find many analogies in the }.
same region. The stage of culture attained by both peoples coincides. |
The maritime habits of the Malay-Polynesians have simply changed |

to the fluviatile and lacustrine in the Algonquin, while they serve to

indicate the means by which the islander became the inhabitant of a |
continent. Dr. Pickering testifies with others to the long sea voyages g

oa
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of many Polynesians, and thus designates the point at which such
voyages might end on the American coast: *The Polynesian groups
are everywhere separated from South America by a vast expanse of
ocean, where rough waves and perpetually adverse winds and currents-
oppose access from the west. In attempting from any part of Poly-
nesin to reach Americe, a canoe would naturally and almost neces-
sarily be conveyed to the northern extreme of California ; and this is
the precise limit where the second physical race of inen makes its
appearance, So well understood is this course of navigation, that San
Franecisco, I am informed, is commonly regarded in Mexico as being
on the route to Manilla.”

Dr. Edkins, of Pekin, in “China’s Place in Philology,” says: “On
the American continent, Turanien and Polynesian linguistic prin-
ciples meet in the various Indian languages.” And elsawhere he
1 affirms that “we are warranted by linguistic data in concluding that
¢ there was a Polynesian immigration from the Ocean, and a Turanian
'] immigration by the Aleutan Islands, and by Iceland and Greenland,
' which united to form the population of the American continent.”
Yet, like many other writers, Dr. Edkins seeks his Polynesians in
1 Mexico and Pern, and would relegate the Algonquin origines to a
4 DMongolian source.

Mr. Wallace, in his “Malay Archipelago,” thus describes the
peculiarities of Malay feature and character: * The colour of all these
-} varied tribes i¢ a light reddish brown, with more or less of an olive
'} tinge, not varying in any important degree cver an extent of country
as large as all Southern Europe. The bhair is equally eonstant, being
invariably black and straight, and of a rather coarse textwre, so that
-4 any lighter tint, or any wave or curl in it, is an almost ceriain proof
1 of the admixture of some foreign blood. The face is nearly destitute
4 of beard, and limbs are free from hair, The stature is tolerably equal,
'§ and is always considerably below that of the average European; the
body is robust, the breast well developed, the feet small, thick and
short, the hands small and rather deliecate. The face is a little broad
"1 and incliued to be flat; the forehead is ratber rounded, the brows
‘4 low, the eyes black and very slightly oblique; the nose is rather
: } small, not preminent, but straight and well shapcd, the apex a little
;¢ rounded, the nostrils broad and slightly exposed ; the cheek bones
4 are rather prominent, the mouth large, the lips broad and well cut,
but not protruding, the chin round anG well formed.
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“Tn this description there seems little to object to on the score of
beauty, and yet, on the whole, the Malays ave certainly not handsome.
In youth, however, they are often very good-looking, and many of the
boys and gixls up to twelve or fifteen years of age are very pleasing,
and some have countenances which are in their way almost perfect.
I am inclined to think they lose much of their good looks by bad
habits and irregular living. At a very early age they chew betel
and tobacco almost incessantly ; they suffer much want and exposure
in their fishing and other excursions ; their lives are often passed in
alternate starvation and feasting, idleness and excessive Jabour; and
this naturally produces premature old age and harshness of features.

“In character the Malay is impassive. He exhibits a reserve,
diffidence, and even bashfulness, which is in some degree attractive,
and leads the observer to think that the ferocious and bloodthirsty
character imputed to the race must be grossly exaggerated. He is
not demonstrative. His feelings of surprise, admiration or fear are
never openly manifested, and are probably not strongly felt. He is
slow and deliberate in speech, and cireuitous in introducing the sub-
jeet he has come expressly to discuss. These axe the main features
of his moral nature, and exhibit themselves in every action of his
life.

¢ Children and women are timid, and scream and run ab the unex-
pected sight of a Turopean. In the company of men they are silent,
and are generally quiet and obedient. 'When alone the Malay is
taciturn ; he neither talks nor sings to himselft When several are
paddling in a canoe, they occasionally chant 2 monotonous and plain-
tive song. He is cautious of giving offence to his equals. Practical
joking is utterly repugnant to his disposition, for he is particularly
sensitive to breaches of etiquette, or any interference with the personal
liberty of himself or another. As an example, I may mention that ]
have often found it very difficult to get one Malay servant to waken
another. He will call as loud as he can, but will hardly touch, much
less shake, his comrade.

“The intellect of the Malay race seems rather deficient. They ar
incapable of anything beyond the simpless combination of ideas, and
have little taste or energy for the acquirement of knowledge. Thei
civilization, such as it is, does not seem to be indigenous, as it is
entirely confined to those nations who have been converted to the
Mahometan cr Brahminical religions.”
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There is hardly a single particular in all the above description
which is not equally applicable to the Ojibbeway or any other mem-
ber of the Algonquin family.

The precise form Lenni Lenape I have not yet met with in any

3 Malay or Polynesian locality as a national or tribal designation, but

the anslogous forms Oran Benua, Oran Malaya, Oran Akkye, suffi-

| ciently shew whence the Delawares derived their title. The Javanese

and Malagasy forms lanan and ulun, which take the place of the
Malay oran, help to make the coincidence all but complete. As
confirmatory evidence of the connection which I have established, X
add comparisons of the personal pronouns and of a number of mis-
cellaneous words in the two families related, comparisons which might
be indefinitely extended.

The preparation of this paper having been made somewhat hurriedly
in the midst of many other engagements, in order to bring the facts
discovered as soon as possible before the Institute, I crave the
indulgence of its members for unavoidable inperfections, trusting
that the results obtained may not be without value to students of
American antiquities and the science of comparative philology.
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1
Thou

We

you

they

before
below

behind

near

at

against, about
concerning.

all
alone
ant
arrow

ashes
awake

axe

basket

tO bﬁ

belly

bone

boat, canoe
hody

bow

bread, food

‘Yreast
vird

AFFILIATION OF THE ALGONQUIN LANGUAGES.

VOCABULARY IIL
Comparison of Proncuns.

ALGONQUIN,
neya, Cree
kcya: “
ki, Delaware ; keo, Shawno
ki, Ojibleway
noh, Natick; ncha, Delaware
weya, Cree
0o, Shaumo
keyanow, Cree
kenawun, Natick
mow, Micmac
Kistahnon, Blackfoot
neyunovw, Cree
keyawow, Cree
kennau, Natick
Kinawa, Qjibbevay
nahoh, Natick
winawa, Ojibbeway

MALAY-POL SESTIAN.
naak, Pelew
kow, Pelew; kowe, Ponape
koe, New Zealand; coy, Tonga
koai, M(f!ay

na,

iya, Tagala, Malay

aia, Tonga

cawi, Tagala ; kami, Malay
gimowoon, Zonga

mow, Tonga

kita, Ponape; keota, Malay
naie, Malagasy X
koe-ee-00, Malay

kamo, Tagala; kamu, Malay
gimooa, Tonga

now, .

ginowooa, Tonga

Prepositions and Adverbs.

amooya, Cree

utamik, Cree

atas,
chupuscs, Cree: tabassish, Ojibbeway da-baona,

ootak, “
teik, Algonquin; cheke, Cree
kekek, Cree

ooche, Cree

mwa, Tahiti; gi-mooa, Tonga
dee-mooea, M{l‘lay

“«

tooa, Tonga
dekat, Malay
k"' [

gi, Tonga

TOCABULARY OF MISCELLANEOUS TERMS.

Algonguin and Malay-Polynesian.

ALGONQUIN.
misewa, Mamo, Cree
pikoo, Cree
ayik, ¢

Xanouins, anwi, Algonquin
wepema, Miam?

utoos, attouche, Cree

pekootao, Cree; pingwi, Ojitbeway

pakoenao, Cree
w%\kunk, Algonquin
koksakir, Blackfoot
agucwet, Ojibbeway
wutupewut, Cree
itow, Cree

wachtey, Delaware
mutei, Cree
ocbkunne, Shawno
wuskiwoose, Cree
oot, Uree

missolv, Miami
ecio, 0 fawa ; yoa, Gjibbeway
iniwia, Blackfoot
uchape, Cree
meckim,
ayukoonow, Cree
pummeh, Mohican
totosh, Ojibbeway
penasew, Cree
pethesew, ¢
benasew, Ojibbeway; pinasy, Algongu:

MALAY-POUYNESIAN.

mau, Tahiti
be, Tonga
kakai, Amblaw; osea, Celebes
gnahow, Tonga
pana, Malay, Java
dota, Ombay
aptai, Bourn; aftuha, Sula
kapok, Galela
peekeeis, Pelew : bangou, Mulay
togi, Tonga
kisseem, Pelew
ikiti, Batamerak
tampat, Malay
ada, Malay
wutan, Java; butah, Baju
motni, Mysol
koknatea, Amblaw
wog, Gani; vaka, Mariannes, Tongn
oti, Tidore
mallayae, Pelew
aoh, Menado; awah, Jaw
inawallah, Saparua; nangu, Ambdlaw
jobi-jobi, Tidore; djub, Su
macunnan, Molay
kinnon, Bissayan
fafanga, T'onga
tetm, Malay; toot, Pelew
namo-bangou, Tidore
‘pitek, Java (fowl)

in. manok, Java, &



brother
blue

blanket
butterily
Lrain
bring
broom
brush
clothes
cold

chew
clmb
cloth
comhb
crooked
deer

die

dog

deceeit

division
dreamn
dry
earth
end
face

father

fear
flesh

fish

forchead
fatigue
feather
to fly
finger

foreflnger
flower
tlee

fight
grass
grind
hair

heart

heaven
hot

house

hate
hard
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ALQONQUIN.

thetha, Shawno

netahcan, Mohican

sayin, Otlawa

ounis, Vjibbeway

kasqutc)l Cree

chemtnk “

pokoowayo, Cree; pikocko, dlgonquin
clapao, Cree

ukoop,
Rwakwapisew, C'ree
ootip,

pacheweyao, ‘¢

wapuhikun, ¢

siniku tukuhikun, Cree

fqulchm,l)danure* weyachikuna,Cree
eu

tckl Abenaki; tegnke, Micinac
misemao, mamakwamno, Cree
ukoosew, Cree

munitooakin, Cree

sekoohoon, «
wakisew, “
hipasto, Blackfoot

nipew, Cree

ayim, Narraganset

anum, Natick; alinem, Ojibbewuy
ameeteh, Blackfoo
\vuyusche\vuwin. Cree
kukuyawisew “

puska, «
powamewin, Cree; kebahwahnon, 0jid.
pasoo, Cree

pockki, Delaware
iswapewyoo, klsep'no, Cree
sisseguk, Aber
mikwakun, Cree
keelingeh, ‘Miami
oeh, Delaware
ootawemow, Cree
meetungus, I’cnobscot nootha,Shawno
ninnah, Blackﬁzot
Koostachew, Cree
nuucchcwin, “
wiauthee, Shawno
wonunya, Arrapaho
ojoos, Delaware
Elgo O)zbbeway
kinoosas, C
hakulu, Pcnnsylrania
n]askoosew, Cree
oopewai, «“
pimeyow, “
ycyoklclnchan, «
kinoochichan, ‘¢
itoohikun, “
wapikwune, ¢
tupusew, “
masekao, “
muskoose, Cree, mijack, Algonquin
anpoo)ao

issis, Oszbeway
milach, Delaware
neleethe, Shawno

weehauknum, Mekican

entahhee, Miami

uteh, Mo’ucan

heynug, Shaw fquoddy
epekit, Mu:muc kesipetai, Passama-
kisisoo, Cree

opee, Shawno

muyai, Blackfoot

pukwatao, Cree

muskowisew, “

MALAY-POLYNESIAN,
tacae, Tahiti
tuakana, New Zealand
tehina, mega
fonao,
kottceww, Pelew
mn-bida, Menado
fachi, Tonga; pata, Malay
lombov, 3 alm
cafoo, Ionga
kupukupu, Mclay; kokop, Teor
ooto, Tonga outae, Malay
bwu'l Mulay
sappoo,
seceat,
caguee, Mulay ; kakahu, New Zealand
toetoe, Talitt
tijok, diguin, Malay
mamah, Malay y s mamma, Tonga
caca, Tonga
gnatoo, ¢
cissar, Malay
bico, Tonga
paiow, Baju
pohi, Takiti
yem, Mysol
anjing, Malay
muntoa, Bouton
W almlm, Sandwich
kaka, Tonga
vahe, ¢
memmbee, Malay
pau, Tahiti
buchit, Malay; pihta, Rejang
abio, Malay y; hopea, Tuhiti
hihikn, Liang
muka, Malay; nwwaka, Morelle
lugi, Sula
uah, Baju
tamai, Tonga
Y, Sandwich;
nama, Wahat
coquet, Mdday
manuvache, Tonga
waouti, Awmya
‘vnmut, AMysol
gusi, Sanguir; isi, Baju, &c.
Jugo, Salayer ; lko, Itrnga
kena, Sula; ikan, Malay, &ec.
alis, Mala/
lessoo Malay
busllook Pelew; bulu, Malay
boona, T onga
kakowana, Sula
kaniuke, Aysol
toohoo, Tonga
bungs, Meley; kembang, Java
sweebuk, Pelew
mokamat,
moochie, 'Ionga
tunboe, Malay
low, Tonga
u\volethamo, Awaiya
wultafun, Teor
volundoha, Malagasy
wooko, Balanghttam
yanton, Malay
ati, Bugis
lmrani Sandwwh
aputu, Batanwrah &e.
sasahu, Tidore
abi, Tonga
ulnah Jave
benl\ee, Malay .
mnkehhy,Celcbcs,&c. '

e

, Tahits
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iron

if
insect
island
journey
kindle
knife

lizard

load (a canoe)
louse

love

mat

morning
1mosquito
mother

mountain
mouse
much
neck

name

navel
nail (finger)
nut

odour
oil

open
pinch

partak (portion)
partake (portion
paddle
plenty

prosperity
to place
plain
peel
quiet
Tiver
ring
ris¢

rod

Tud
reckon
rcranant
road

root
sit
serpent
skin

star

stone

swond
sing
smoke
slog,
stin
suck

ALGONQUIN.
Eewapis’x, Cree
zespin, Cree
munichoos, Cree
ministik, Cree; minnis, Ojibbewsy
Rupamatiscwin. Crec
cwakootao, Cree
mokoman, Ojibbeway
sapapistasis, Blackfoot
oosikeyas, Cree
pooschao,
{kwa,
sakehao,
anakan, Ojidbeway
wapun, Cree
sukiwao, Cree
mikawe,
niugah, Miamt
nana, Potawatomt
niwa, Shawono
wahehiwi, Shewno
apikooses, Cree
ayewak,

«
«

AFFILIATION OF THE ALGONQUIN LANGUAGES.

MALAY-POLYNESIAN.

busi, Malay, &c.
capow, Tongn
wmonga-monga, Tonge
nusa, Boure, Amboyna, &c.
fononga, Tonga
cacaha, “
macouosim, Alfuros

isau, Malay
f’ihia,. T“

owagt, Tonga
okuta,’Bouton
souka, Malay
junguto, (I}ulcl?
popongi, Raratonga
sngcti,gbouru ; gumoms, Galela
mako, Bajw
inungi, Sanguir
inana, Bouton
nafa, Tonga
vobhits, Malagasy
bokoti, Bouton (rat)

ecpack, Pelew

kwegan, 4 igonquin; ohkokin, Blackfoot !l;aki, New Zealand

oguiow, Cree

issenikasoowin, Cree
weloowin, Cree

weroowin, ‘¢

mitse, “

okanj, dlgonquin

miskuse, Cree

pukan, «

Ineyamao, *

memaye, Micmac

pemnce, Abenaki; pime, Cree
pasketa, Cree

chestipatao, Cree

pasich, Cree

puke,

upwoi,

mistuhe, <

mechatew, Cree

meyooayawin, Cree

ayao, -
itoone,
petaopitao,
kelasnisew,
sibi, Ojibberay
achunis, Cree
wuniskow, Cree
seskuhoon, *
§iS00nA0,
itayetum, ‘¢
pewipichickun, Crec
mikana, Qjibbeway
wutupe, Cree
oonupew,
kenabeg, Qjibbeway
wusukai, Crec
utai, .«
wian, Algonquin

ahnungoon, Cjibbeway

watawesa, A4 benaki

alangua, Miami

alank, Qjibbeway; alaqua, Shawno
attack, Ctl-tc .

anang, algonquin

wu«li%x, Ojibbercay

penapse, Abrnaki

simakun, Cree

nikumoa, **

ukwapatao, Cree

nebat, Alicmac

wechakisew, Cree

s00s00pCMAc,

.«
o

a“”

guya, Tonga

]lirﬁou, Tonga

gonlan, Tagala

pouranama, Malay

bito, Tonga

kanuko, Celebes

kuku, Malay

pooc, Pelew; beequee, Malay
namon, Tonga

nmineac, Malay

fango, Tonga

buca, Malay

tehoubat, Malay

pike, Malny -

baguce, Halay

fohie, Tonga ; pagayo, Malay
mataund, Malay

maka, New Zealand
mooong, Zonga

¥ “

tonoo, “

fohifohi,

lolougo, **

sawan, Sanguir; uve, Boufon
tchintehin, A!a‘luy

bangou,

seeca, “
gossv, “
ceton, “

Iebignan, “

nzko, Galcla

tefito, Tonga

nofo, ¢

nife, Anblaw; pok, Mysol
pisi, Menado; usa, Lariki
kutai, Saparue

unin, Wahat

kingkong, Timlora

fetoo, Tonga ; tahwettn, Tahiti
alamnatana, Batamerah
lintang, Jave; meleno, Telutd
abbthduk, Pelew

oona, Awaiya

bahtn, Bugis

papa, Tahiti

songai, Batle

mignizguee, Malay

acep, o

moopat, Pelew

boussouc, Mala

tioup, “



sure
swear
sweep
spesr

soft

sour

salt

soul
squint
strong
strike

tree
to-morrow
throw

tail
thoughtful
turtle
unlucky
water

wind

well (adverb)
where
workman
write

wing

work

walk

awell

AFFILIATION OF THE ALGONQUIN LANGUAGES.

ALGONQUIN.
kachenahoo, Cree
ugpimoo, ¢
wapuwao,
usimakun, ¢
takuchikun, *
munookow,
sewisew, «

“
.

MALAY-PGLYNESIAN.
Mualay

“

songao,
sonmpan,
sappou,
sanoko, Camariun
tawaeki, 4 mblatw
tnusikomi, Seaguir
assam, Malay

I

sewetakun,Cree; civitagun, 4 lgonquin simuto, Bolanghitant

achak, Cree
utitapew, Cree
sepisew, ¢
ootamuwao, Cree
abassi, A benaki; apass, Passama-
wapuke, Cree

pimoosinzo, Cr‘-cc

00500,
mawitoonayetum, Cree
mikinak, “
malovkoosew, i

bi, Delaware; bij, Pennsylvania
sipe, abo, Gjibbeway
ohkeah, Blackfoot
orenpeoe, Souriquois
notin, Algonquin
awaunwee, Miami
meyoo, Cree

tanewa, ¢
ootutooskno, Crec
ojibiige, Ojitbeway
ootutukoon, Cree
aputisew, “
ecoonne, Black foo’
walipayan, Cree

{quoddy

aho, Tuhiti

tepa, Tonga

fefcca, ‘¢

ta, toogi, Tonga

pohoo, Malay; bougo, Tonga
bass, Malay; borgi-bongi, Tonga
bomgeetee, Pelcw

igov, Tonga

manatoo-natoo, Tonga
pignoo, Malay

malaia, Tonga

boi, Baju; vai, New Zealand
pape, Tahiti; evi, Easter
akei, Menado

rano, Malugosy

matangin, Tonga

anguin, Malay

behai,

deemana, Malay

toucan, ¢

papai, Tahiti

ilioti, A mboyna, &e.
yct.:hiol, Mal.; faatuba, Tongz
hahani, Tahiti

lepa, Tornga
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CONTRIBUTIONS TO AMERICAN
HELMINTHOLOGY.

BY R. RAMSAY WRIGHT, M.A., B.Sc.,
Professor in University College, Toronto.

No. 1.

he observations recorded in the following pages were made for the
most part during the months of September and October of the present
year. Teaching duties have, however, prevented the completion of
many of them ; and it is only in consideration of the difficulty of pro-
curing, during the winter, fresh material with which these might be
supplemented, and of the fact that certain other interesting forms
(which I hope shortly to describe to the Institute) have recently
engaged my attention, that I publish these notes in their present
fragmentary condition.

The work was undertaken with the desire of contributing towards
a wider knowledge of the anatomy of Trematodes. In the attempt,
however, to ciagnose the forms that presented themselves for examina-
tion, it became apparent that in spite of the extensive contributions
of Dr. Joseph Leidy, much work of a faunistic character remains to
be done in this department on this continent.

The present paper has assumed in this way more of a systematic
character than was originally intended ; although there are, it is
hoped, some points of interest to the general zoologist.

Certain important memoirs are not accessible to me here; owing
to which ‘here are, no doubt, misstatements or omissions which might
otherwise have been rectified.

TREMATODES.
1st SuB-OrRDER—Di1GENEA. Vax BEx.

1.—DISTOMUM HETEROSTOMUM. Rud.
I refer provisionally to this species certain worms which I have
found on two occasions firmly adhering to the mucous membrane

oo
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of the mouth of the American Bittern (Botaurus minor, Gm.) at the
gides of and below the tongue.

The following species, according to V. Linstow’s excellent ¢ Com-
pendium,” have been found in the cavity of the mouth or in the
wsophagus of Ciconiee :

1. D. complantaum ........ esoph .......... Axdea cinerea.
2. D. heterostomum ........ sablirrua ...... A, purpures.
3. D.hians ................ esoph ........ .. Cic. alba.

4. D, dimorphum .......... e A.-cocol.

These forms are closely related ; indeed, Dujardin® regards the first
two as identical with the third, and Diesing® seems t. suggest that
the first and fourth are also related. The separation by Diesing of
D. hians from these congeners, on account of the relative size of the
suckers, may possibly be grounded on a mistake. The anterior end
of the worm which I possess resembles closely that of D. dimorphum
(see Diesing’s figure),® and it is more than probable that the promi-
nent border which surrounds the mouth in these forms has been
taken for the anterior sucker. This it seems to replace functionally
in part in my specimens; for during life it undergoes rapid changes in
shape, sometimes having a oircular sometimes a triangular aperture,
and plays an active part in the locomotion of the animal; while the
anterior sucker is quite distinct, although small, and is immersed in
the papilla which springs from the anterior depression. (See Fig. 1).

The following points in the description of D. heterostomum induce
me to refer my specimens to it until a comparison can bhe made:
the habitat, size, two lateral lines, form of anterior end of body, of
neck and of ventral sucker, position of genital organs and apertures.

The details which follow are for the most part taken from dead
specimens.

The form of the body is subject to much variation. Fig. 1 repre-
sents it at rest. Length, 6.85 mm.; greatest breadth, 1.5 mm. It
may, however, lengthen into a much more linear form. The anterior
sucker is 0.3 mm. in diameter, its aperture transversely elliptical.
The pharynx has thin walls, is still smaller, and gives off the intes-
tinal coeca immediately, which are very conspicuous from the deep
brown pigment in their walls. They bave the further peculiarity of

1 Helminthes, p. 899. 2System. Helm, L. 854.
3 Neunzchn Arten Tremat. X, B. Denksohr, d. k, Akad, in Wien., Tof. IIL, 2 & 8.
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being provided on each side, at any vate in the trunk, with short,
sometimes branched, diverticula (Fig. 2), which, however, project
much less in the most extended condition of the animal. This
character seems to be shared by D. dimorphum,* and although pre-
sent in many Polystomeze (Epibdella, Diplozoon, Onchocotyle, &c.),
is by no means common in Distomeze.®

The ventral sucker is situated 0.8 mm. behind the anterior, and is
0.8 mm. in diameter. Its cavity is deep and gaping during life;
frequently its orifice j¢ circular from strong contraction of the radial
fibres, usually shield-shaped or triangular. ‘

The excretory system has a large caudal pore, and two much convo-
luted lateral stems, which run along the sides to the neck. During
life I observed that the granules contained in these also cireulated
through the vacuolated parenchyma of the body, although they did
not seem to enter the plexus of fine canals which could be seen
immediately under the outermost investment. The parenchyma
reminded me of that which I have myself observed, and which has
been described by Fol and others, in the foot of embryonic Gastro-
pods. This connection between water-vascular system and paren-
chyma spaces has been insisted on by Sedgwick Minot.°

I have not been able to follow <a.txsfactonly all of the genital
organs. The vitellogens (see Fig. 1) are in the form of racemose
glands grouped Yound the intestinal coeca, and occupying the inter-
val between these at the hinder end of the body. The testes (¢) are
two in number, and between them are the ovary, first convolutions
of the oviduct, and a retort-shaped receptaculum seminis, from which
Iam inclined to believe a canal (vagina?) passes upwards towards
the back, although I bhave failed to detect this in my preserved
specimens, Towards the right side of the anterior testis is a struc-
ture whose function I bave not been able to determine. It is pos-
sibly the thickened end of the oviduct at its junction with the uterus;
at any rate the thickened tube projects into the bottom of the thin
walled uterus, and is subject to a regular and slow evagination of
the anterior part of its inner surface, recalling the gradual eversion
of the peristome in a Vorticella. This is followsd by a rapid retrac-

4 Diesing’s fig., loc. cit.

6 Schmarda, Zoologie, attributes this character to D. cygnoides and clavigerum of the Frog;
Pagenstecher’s figures (Trematodenlarven und Trematoden) do not corroborate this.

6 On Distomum crassicolle, Merna, Bost. 8oc, N. H., Vol. IIL, p. 5.
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tion. It may be similar to the Schluck-ceflnung” observed by
Vogt in certain marine Trematodes.”

The genital orifice, as in D. dimorphum, is situated behind the
ventral sucker about 1 mm. No cirrus was detected. The oval
eggs have a thickish yellow shell; with a lid at the narrow end, and
measure 0.099 mm. by 0.066 mm.

2,—DISTOMUM ASPERUM, 2. $P.

One of the two examples of Botaurus minor above referred to
yielded ten specimens of a Distome occupying two varicose dilata-
tions of the bile-duct, recalling the swollen bile-ducts described by
Cobbold® in a Porpoise. The worms proved to belong to Dujardin’s
sub-genus Echinostoma; and T at first believed that they might be
D. ferox, Zeder, first detected by Goeze in dilated intestinal follicles
of Ardea stellaris. I was more inclined to do so from discrepancies
in the various descriptions of this form.? Certain peculiarities, how-
over, secem to me to mark it off from that species, of which it is
undoubtedly a near relative, and I accordingly propose the specific
name “asperum ” for my specimens.

Descrreriox (Figs. 3, 4, 5),—Body yellowish white, 8.19 mm. long,
1.8 mm. broad in middle, tapering gradually to each end; the head
and anterior part of neck narrower than tail ; covered entirely with
persistent spines 0.054 mm. long, somewhat sparse posteriorly ; head
reniform, with a coronet of 27 obtusely-pointed spines, four of which
on each side of a median ventral notch are larger (0.155—0.16 mm.)
than the others (0.117 mm.), and radiate from nearly a common point
of origin; anterior sucker terminal, with projecting circular lip 0.14
mm. in diam. ; ventral large (0.75 mm. ), situated at junction of anterior
and middle thirds of body. Vitelligenous glands chiefly in neck, but
accompanying intestinal coeca to posterior end.

The orbicular neck of D. ferox, its deciduous spines only present
anteriorly, the position of its ventral sucker, and the constriction of
the body there, together with the arrangement of the coronal spines,
§ seem *to distinguish it effectually from D. asperum.” The genital

7 Zeit. f. Wiss, Zool., 8. XXX., Suppl., p. 807, f.

8Jour. Linn, Soc. XIIL, p. 39.

9For lit. see Dies. Syst I., p. 887; Lsolin. Denkschr. d. k. Akad in Wien XIX., p. 219;
Olsson, Kongl. Svensk. Vetensk, Akad. Handlingar. XIV., p. 22. 1 have not access to Van
Benedon's paper, “Sur la cicogne Llanche et ses parasites.” Bull. Acad. Belg. XXV.

10Cf, Fig. 4 with Olsson’s Fig. 60 loc. cit.; also V. Linstow’s deser. Trosch. Archiv., 1878,
P 106, and Dujardin’s,
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organs answer well to Olsson’s description of D. ferox; the eggs,
however, measure 0.096 mm. x 0.069 mm., while the followmg are
measurements given for D. ferox:

0.092 - 0,102 mm. x .049 mm. {Dujardin).
0.06 mm. x 0.04 mm. (Olsson).

The penis, exserted in all my specimens, is smooth, and measures
about 2 mm. in length.

The pharynx is pistilliform ; the intestine bifurcates 2.08 mm.
from the anterior end, and is very easily distinguishable from its
dark brown contents (probably broken down epithelium and blood
corpuscles).

3.—D1sTOMUM RETICULATUM, 2% SP.

The Assistant Curator of the University Museum, while preparirg
a specimen of the Belted Kingfisher (Ceryle alcyon, Boie) in April,
found two Trematode worms “on the surface of the lung,” which
present in many respects a remarkable resemblance to D. hepaticum,
L. I believe them to be hitherto undescribed, and I propose for them
the specific name “reticulatum,” referring to the beautiful network
formed by the branching and anastomosing testicular tubes shining
through the translucent testicular area.

Descrrerion (Fig. 6)..—Body ovate, flat, or slightly concave ven-
trally, separated by a conmstriction and by a large and projecting
dcetabulum from the upturned neck. Total length, 14 mm. ; greatest
breadth, 8 mm. Entirely covered with recurved rounded 0.025 mm,
long spines, which are closer and smaller on anterior part of neck.
Anterior sucker bowl-shaped, 0.9 mm. wide. Acetabulum 1.3 mm,
diameter, orifice circular., Pharynx oval, thick-walled, 0.48 mm.
wido. Intestinal coeca unbranched (?). Bifurcation shortly behind
pharynx. Genitalorifice immediately in front of acetabulum. Penis (2).
Uterine gyri overlying and extending behind the acetabulum. Testes,
in the form of branched tubes, occupying a ‘ranslucent oval area,
with black borders narrower posteriorly, formed by the vitelligenous
glands, which are disposed in a racemose manuer round a dorsal and
a ventral longitudinal stem on each side. Eggs average 0.1 mm.
% 0.065 mm.

The above description contains most of the points which can be
observed by studying this worm entire by the aid of a compressorium.
Probably slicing will give better results as to the disposition of the
genital apparatus and intestinal coeca. The ease with which the

Wy
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intestine can be made out in D. hepaticum depends entirely on the
dark contents: the bifurcation was here observed from the dorsal
surface, but the branches were empty. The longitudinal museular
fibres are strongly developed on the ventral surface, and the ventral
surface of the neck has two sets of oblique decussating fibres, as in
D. hepaticum.!!  The transverse vitello-duct can be easily seen with
the naked eye. The right half is longer than the left, and the com-
mon duct, leading obliquely upwards (towards an Qotype ¥), is nar-
rower than either.

4,—DISTOMUM VARIBGATOM. Rud.

In looking for Polystomum-eggs from a specimen of Rana halecina,
Kalm, in the way recommended by Zeller,” T found that a worm
bad been voided by the frog, which twrned out to be D. variegatum,
Rud. It had been partly macerated from exposure to the water;
the acetabulum was consequently even more than ordinarily difficalt
to make out, and the characteristic coloration was destroyed. The
application of picrocarminate, however, is particularly sucecessful in
rendering distinet the different organs in Trematodes, and probably
more so in such a case as this from the previous bleaching.®

The intestina: coeca were entirely destitute of contents, and their
epithelial lining (average individual cells of which [Fig. 7] measured
superficially 0.03 mm. x 0.021 mm.) was well seen.

- The left lung of the same a,mmal yielded only one well-coloured
example of the worm.

My examples agree well with Pagenstecher’s description and
measurements,’* except that the ventral sucker was easily discover-
able in the fresh worm, and that the testés, three in number, which
seemed to be composed of flask-shaped cells empty of their contents,
and with the neck of the flasks converging to the vas deferens, conld
hardly be called small. The vitelligenous glands, as Blanchard has
already figured,’® are in the form of six or seven scattered racemose
clumps on each side, with a connecting longitudinal stem.

W Leuck. Mensch. Par., L., 537.

12Zeit. fur. wiss. Zool. XXVIL, p. 255, f. n.

BAfter writing the above, 1 notice that the use of picrocarminate has been alveady recom-
mended by Dr. G. Duchamp (Jourral de Micrographie, July, 1678).

!4 Trematodenlarven und Trematoden, p. 41.

15 Ann, des Sci. Nat. 88, VIIL, PL 18, 1. 1.
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5.—DISTOMUM GRACILE. Diesing.
CLINOSTOMUM GRACILE. Leidy.

This worm was first described by Dr. Leidy,'® who regarded it as
gencrically different from Distomum. He records it from the in-
testines of a Pike, and from cysts in the gills, fins and muscles of
Pomotis vulgaris (auritus), Giinther. I have found the same worm
in cysts on the branchiostegal membrane and anterior fins of Perca
flavescens, Cuv. This species appears to me to belong to the same
group as D. heterostomum and D. dimorphum, from the structure of
the anterior end, and of the ventral sucker. In a specimen of 6.45
mm. in length, with a greatest breadth of 1.8 mm. across, the mouth
sucker measures 0.338 mm. across, and the prominent border which
surrounds it 0.975 mm. The large ventral sucker (0.91 mmn.) is situ-
ated in the middla of a constriction dividing the neck from the
body, and has a triangular aperture. Its cavity is lessened by three
triangular tongues, which project into it so as nearly to meet each
other. The anterior of these points with its apex backwards; all
are formel chiefly of radial fibres, and they must undoubtedly
increase the efficiency of the sucking apparatus very considerably.

The species of Distomum which have been found included in cysts
are either fully mature (D. agamos, V. Linst.,'” D. Okenii, Koll,
D. crassicolle, R. [Pontallié]), or have only one part of the sexual
apparatus ripe (D. hystrix., Dujard., the testes), or are finally quite [
immature. In the last category fall D. annuligerum, Nordm., D. §
diffusocalciferum, Gastaldi, . dimorphum, Diesing, and, as I believe, f§-
D. gracile. No mention of generative organs is made in Leidy’s f
description, and I have failed to detect any trace of such. The Sun- §
fish and Perch can consequently bhardly be regarded as the definitive
hosts of this worm. Probably the sexually mature worm is to be
sought for in the intestine of some larger fish (Pike?) or piscivorous §
bird. In the latter case, the relationship between the immature §
and mature form would resemble the two forms of D. dimorphun |
described by Diesing. 1

The intestinal coeca are large, and extend nearly to the posterior §
end ; the contents are yellowish-brown, and include some lozenge f
shaped concretions. ’

16 Proc. Ac, Sci. Phil. VIIL,, p. 45.
17 Trosch. Arch. XXXVIIL, B. 1., p. 1, f.

° 0
18 Olsson, Lund’s Univers. Arsskr. IY., p. 62. E
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The water-vascular system bas a wide median stem, which con-
tinues from the caudal pore half way to the ventral sucker, giving
off in its course lateral branches, which communicate with the finer
canals of the system. One of my specimens, which had been preserved
in alcohol, was placed in a diluted carmine solution resemvling
Beale’s, but the fluid, instead of staining the tissues to any extent,
entered the water-vascular stem and injected the subcuticular mesh-
work, resulting in a beautiful preparation resembling the actual
injections from which Blanchard’s figures of the water-vascular system
in various Trematodes are taken.” Rounded calcareous corpuscles oc-
curred in great numbers in the median stem and its primary branches;
these seem to be especially abundant in immature Trematodes.

On the ventral surface behind the acetabulum were several series
of dark granular spots—perhaps the optical expression of cutaneous
glands.
25D SusB-OrRDER—DMoNoGENEA. VaN BEN.
1.—OcCToBOTORIGY SAGITTATOM. XF.-S. Leuck.
PLACOPLECTANUM SAGITTATUM. Diesing.

I possess several specimiens of a worm from the gills of one of our
fresh water fishes here, probably Catostomus teres, Le S., which were,
unfortunately, preserved without any label, and as to the habitat of
which T am consequently uncertain.

A comparison of Fig. 19, PL I, with Leuckart’s ﬁfrure of Octo-
bothrium sagittatam,® will show the great similavity between the
appearance of the worms. I eannot reconcile certain points in his
description with what I have ascertained from these specimens; but
1 propese to refer to these provisionally under this heading until I
bave access to @ more satisfactory description of the worm living on
the gills of the European brook trout, and until I secure fresh speci-
mens of the form taken hexe.

The body is arrow-shaped, 6 mm. in length, with a greatest breadth
of 1.5 mm. The body is separated by a marked constriction from
the caudal dise, which is notched posteriorly, and has four suckers
on each side of its ventral face.

The structure of these suckers is at varience with Leuckart’s de-
£ 1 ecription. It is with great difficulty that one can succeed in getting
k1 2 satisfactory view of the chitinous framework, under a cover glass,

1 Loc. eit., Pls. JX. and X.
2 Zoolog. Bruchstiicke, 1L, Tal V.
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without distorting some part of it. The only way to obtain a correct
view of the strucvuré of the suckers, is to examine them in the first
place with incident light before they have been subjected to pressure.
I believe that Fig. 8 conveys a correct interpretation of the disposition
of the parts of the frampework.

The suckers have short muscular pedicels and an oval aperture,
the long axis of which is directed transversely to the caudal disc, and
which has a nearly continuous chitinous ring. This ring is interrupted
by hinges at four points in its course, viz.,, the middle points of the
outer and inner borders, from each of which a hook arches over the
aperture of the sucker, and the middle points of the anterior and
posterior borders, where it meets with a mesial piece which traverses
the concave floor of the sucker. I hiave never been able to establish
the continuity of this with the anterior border of the ring, and am
inclined to believe that they do not meet.

The aperture of the sucker may be narrowed so as only to leave a
chink between its approximated anterior and posterior borders. This
is effected by the outer and inner hinges, and the appearance of the
framework is changed by the greater curvature thus given to the
mesial piece, and by the free hooks being pressed backwards toward
the posterior border. I believe that Leuckart’s figure is drawn
from the fiamework in this position ; in which case it is possible to
identify the pieces shown in both figures.

The aperbure of the sucker may also be narrowed in a divection at
right angles to the above, in which case the hinges from which the
free hooks project become more apparent. This seems to agree better
with Olsson’s figures (loc. cit.) of the suckers in various species of
Octobothrium. ~

The mouth-sucker: are somewhat peculiarly formed, the muscular
tissue being interrupted at the inner margin of each (Fig. 20, P1. IL.).

The intestinal coeca are invested throughout by a thick layer of
vitelligenous glands, forming two dark-coloured stripes in-the body,
on each side of and between which a somewhat more translucent area
is to be seen.

The abundance and opacity of these glands render the examination
of the genital organs difficult; the following points were, however,
made out.

The only genital orifice detected is situated 0.7S mm. from the
anterior end. It is a circular sucker of 0.135 mm. diameter, which,
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when viewed superficially, shows radial fibres and »n frregular quad-
rangular orifice ; but when the glass is pushed deeper, shows a doubly
contoured ring 0.0135 mm. diameter, surrounded by ecircular fibres.
(Fig.. 21.) The ovary is somewhat bilobed, the ovarian eggs are
polygonal from mutual pressure, and measure 0.009 mm. The fully
formed egg differs much from Leuckart’s figure, and approaches those
desvribed by Olsson for various species of Octobothrium. Its oval
body measures 0.195 mm. in length, while the whole egg is 1.04 mm.
long. (Fig. 28.)

The testis lies behind the ovary, and its vas deferens, surrounded
by strong circular fibres, is continued forwards near the dorsal surface
of the body. It probably opens by the same aperture as the oviduct ;
at any rate, I have not been able to detect any trace of & second genital
aperture.

2,~POLYSTOMUM OBLONGUN, 7. 8p.

In September I had the opportunity of dissecting a single specimen
of the Musk Turtle (Aromochelys [Sternothaerus] odoratus, Gray) :
the only parasites obtained from it were four examples of an unde-
seribed species of Polystomnm found in the urinary bladder. No
Helminths, as far as I am aware, have been hitherto obtained from
this organ in Chelonia; the fact, however, that P. ocellatum is
described from the cavity of the mouth in two Old World Turtles,
suggested to me that I had perhaps in these a bladder stage of that
worm, and that the two known species of Polystomum had in this
way a precisely parallel history.® A closer examination and com-
parison with the characters of the two described species, showed that
the worms presented peculiarities of specific value. I hope shortly
to have the opportunity of examining the other turtles (Chrysemys
picta, Chelydra serpentina) which are common in this neighbourhood,
and have no doubt that Polystomes will be found in the oral cavity
as well.  An examination of the urinary bladder of Emys Europaea
might not be without results in this respect.

Descrrertox (Figs. 9, 10. 11).—Body oblong, mouth on the ventral
surface of the rounded anterior end. Pharynx bowl-shaped. Intes-
tinal coeca without anastomoses or branches. Generative outlets in
Jront of the line of tho lateral vaginme. Cirrus-coronet of sixtecn alter-
nately small and large sabre-shaped pieces. Viviparous. Length up

to 2.5 mm., breadth to 1.5 mm. Egg, greenish, 0.235 mm. x 0.195
mm. Larva ocellate 0.5 mm. in length.

2 For life-history of P. integerrimum, v. Zeller. Zeit. wiss. Zool. XXVII., p. 238 f.
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The general outline of the body is somewhat oblong when the worm
is at rest; in motion, however, its form is capable of considerable
variation, and it is especially then that the constriction corresponding
to the position of Zeller’s “ Seitenwiilste ” is noticeable. The caudal
lamina is somewhat narrower than the greutest width of the body,
and is shorter than it is broad. The body parrows considerably at
its junction with the caudal lamina.

The hooks and suckers are disposed very much as in P. integerri-
mum. The suckers (0.2 mm. in diameter) seem to project rather
more than in that species, and their prominent rim bears a series of
rounded apertures similar to those spoken of above in describing the
suckers of Qctobothrium sagittatum. The smaller hooks (Fig. 11)
measure 0.015 mm. in length. The six anterior of these are situated
in pairs between the two anterior suckers. They have a knobbed
attached cud, with an arm (longer than represented in the figure) pro-
jecting at right angles not far from the middle of the hook. The four
posterior (situated between the larger hooks) are capable of more
independent action than the others. This was evident when the
worm endeavoured to free itself from the piece of thin glass by which
it was covered. The two large hooks measure 0.15 m., and have a
proportionaf:ely deeper noteh than those of P. integerrimum.”

No eye-spots were observed in the adult worm. The longitudinal
system of muscular fibres seemed to be most developed.

The mouth is transversely oval, and is : urrounded by a well-marked
sucker, in which radial and vertical fibres preponderate. It leads
immediately into a bowlshaped pharynx, the walils of whicl possess
merely weak circular fibres, and from this the simple intestinal coeca
arch backwards divectly. The coeca of all the observed specimens
were empty.

Only the convoluted lateral stems of the water-vascular system
were observed near the anterior end.

The lobes of the vitellogen are more scattered than in P. integerri-
mum, and do ‘not extend into the caudal lamina. The transverse
duct seemed to pass inwards dorsally from the intestinal coeca ; but I
have been unable to determine the relationship of the internal geners-
tive organs, partly from the fact that my specimens were taken from
the turtle the day after it was killed, and consequently had very little
vitalisy.

22 Cf. Zeller, loc. cit., Taf. XVIL p.12.
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The testis is a solid gland situated in the posterior third of the body.
The course of the vas deferens is shown in the figure. No internal
vas deferens was observed. The male outlet lies immediately behind
the bifurcation of the intestine, and is armed with sixteen alternately
large and small hooks, which differ considerably in form from those
of P. integerrimum. The free end of each piece is sharply curved ;
the attached end is shaped like a cross, the transverse piece of which
is longer on one side than the other. The longer pieces measure 0.02
mm., and the shorter ones 0.015 mm. Whether there is any connec-
tion between the attached ends, I am unable to say.

The comparative transparency of the body would render the examin-
ation of the internal organs of this species of Polystomum particularly
easy. I failed, however, to satisfy myself as to their disposition, from
the cause noted above.

As in P. integerrimum, there are two lateral cushions, in this case
sach situated in a depression, which communicate with canals (vagine)
leading towards the middle of the body. The inner ends of these I
could nob follow. A third canal, originating from an oval body with
brown contents (shell-gland 1), situated on the left side of the middle
line (ov, Fig. 9), likewise was observed to take the same direction.
The ovary (not represented in the figure) is situated in front of the
testis on the right side of the body. The short oviduct terminates
in 2 wide uterus, in which only a single egg can be accommodated at
one time. Tho sge-shell is somewhat thin, is destitute of the short
siump present in that of P. integerrimum, but has a ra.her large
operculumn.

; In each of the two most active specimens of the worm which I
B secured, a Gyrodactylus-like larva, similar to that of P. integerrimum,

% ¢ and with eye-spots disposed in the same fashion, had already escaped
%1 from the shell, and was moving actively within the uterine chamber.®
B { The motions seemed to depend entirely on the muscles and the hooks
& 4 of the caudal disc. This had a rounded outline, except posteriorly,

1 where there was a square projection bearing the four posterior small

y 1hooks. The disc measured 0.114 mm. across, and the twelve anterior

= \ccordmgw Zeller (loc. cit., p. 269, note), ** die Eier bei den jitngsten fortpflanzungsfihigen
& {Har t durct hen ihre Entwickelung noch innerhalb des Eierleiters.” Iam
B {uat sure whethcr to conclude from this that, as in the present instance, Jarva and egg-sheil are
N utmded separately from the uterns. Iam inclined to believe, however, taking into considera-
3 t:on the size and advanced state of developmont of the larva, the absonce of cilia, and the thin-
42¢s8 of the egg-shell, that this viviparous method is the normal in P. oblongum.

o
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small hooks were disposed nt regular intervals on the margin of the
rounded pavt of the disc. There was no trace of suckers. The small
hooks had already attained their definitive size and form; the two
large ones, on the other hand, situated considerably further in from
the margin than in the adult, measured only 0.024 mm. instead
of 0.15 mm. This difference in length is owing to the shortness
of the immersed portion, in which, however, the notch is already
formed.

It will be seen that in respect of the state of development of the
large caudal hooks, this larva differs considerably from that of
P. integervimum, It is also larger, measuring 0.5 mm. in length,
instead of 0.3 mm,

SPHYRANURA OSLERI, n0v. gen. et spec.

I have lately received from my friend Professor Osler, of Mon-
treal, several specimens of a worm taken from the gills and cavity
of the mouth of our common Lake-Lizard (Necturus [Menobranchus)
lateralis, Raf.) These had been preserved for eight years in Goad-
by's fluid, and proved comparatively useless for further examination,
having become quite opaque and black in colour. From some speci-
mens, in a good state of preservation, mounted by Dr. Osler for
microscopical examination, and also from his notes and sketches made
on observation of the fresh specimens, I am able to communicate the
following. The only specimen of Necturus which I have had the
opportunity of examining since receiving these did not yield any of
the worms.

According to Diesing'’s conspectus (Revision der Myzhelminthen),
the worms ought to fall into his genus Diplectanum. I have not
access to Wagener’s later descriptions of the two species of this genus.
It is evident, however, from a study of Van Beneden’s* and Vogt's®
figures and descriptions of D. sequans, that this form cannot be re-
ferred to Diplectanum. It resembles Polystomum, and differs from
Dactylogyrus and Diplectanum in the following points: (1) The siz
and shapse of the egg; (2) the structure of the suckers; (3) the dis
position and number of the caudal hooks. It differs from Polystomum
in the general form, the number of suckers, and the structure of the

24 Rech, sur les Tremat. warins, p. 122, Pl. XII1.
25 Zeit filr wiss. Zool., Suppl. XXX, Taf. XIV. 2, XVIL 1,
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genital apparatus, and I propose for its reception the generic name
“Sphyranura,” with the following characters :
Body depressed, somewhat clongate, expanded posteriorly into a
caudal lamina, considerably wider than the body, bearing two im-
mersed acetabula, two large hooks behind these, and sixteen small
hooks (seven along each side of the lamina, and one in the centre of
each acetabulum). Mouth ventral anterior, somewhat funnel-shaped,
intestine with two branches anastomosing posteriorly. Excretory
pore between the acetabula, two contractile bladders anteriorly.
Oviparous. Parasitic on the gills aad in the mouth of perenni-
branchiate Amphibia.
The specific characters in the allied genera are derived chiefly from
the size, the caudal and genital armature, and the size and shape of
the egas. I accordingly note the following as characteristic of this
species, which I propose to associate with the name of Dr. Osler as
8. Osleri, n. sp.  (Figs. 12, 13, 14.)
Body 2.6 mm. in length by 0.7 mm. in breadth, narrowed at
each end, especially where it joins the candal lamina, which measures
1 rom, across, and about 0.45 mm. in length. Large hooks 0.2 mnm.
long. Oviduct occupying the interval between the intestinal coeca,
with numerous eggs; uterus with single mature egg, oval, with
brownish-yellow shell, 0.364 mm. x 0.247 mmn.
I am not aware that any monogeneous Trewmatode, with the ex-
ception of Polystomum integerrimum, has been hitherto found in
any amphibian; and this seems to be restricted to the tailless forms.
A caveful examination of the gills, mouth-cavity, and wrinary bladder
of both perennibranchiate and caducibranchiate Urodela would pro-
bably yield intevesting results with regard to this family of Trema-
todes.
I regard the form under consideration as of great interest in view
of the frequently asserted® relationship between Dactylogyrus and
Gyrodactylus on the one hand, and Polystomum on the other, and I
propose to recur to this after detailing the facts which I have been
able to elucidate with the material at my disposal.

2 Von Siebold, Untersuchungen iiber Gyrodactylus.  Van Beneden, Avimal Parasites, Eng.
Ed, p. 261. Willemoes-Suhm, Zeit. f. wiss. Zool. XXI. 1 have not scen this paper. The
following is from Hofmann und Schwalbe’s Jahresberichte fur 1872, p. 274: * Hat Zeller den
Lebenslaul der Thiere vorziiglich aufgeklirt so gebuhry Willemoes-Suhm die Prioritit der
Publicirung der Beschreibung der Larve, sowic die Andertung, dass dic Aehnlichkeit derselben
¥ { Mit cinem Gyrodactylus cine phylogenctische Entwickelung von Poly m und Gyrodactylus
8- 4 3us ciger Blamwform wahrscteivlich mache.”
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The measurements on Fig. 12 are taken from a specimen in which
the eggs are nearly ripe. The worm somewhat resembles a hammer
in shape, the body forming the shaft of the hammer and the tail-
piece the head. This vesemblance is greater in tho hardly-mature
specimens, where the oviduct is not dilated with eggs, and the body
consequently more linear in outline.

The caudal lamina is considerably wider than the body. It is
longest at each side, and somewhat shorter in the middle through the
presence of a posterior notch, which may become considerably deeper,
dividing the disc into two very well marked halves when tke large
caudal hooks are in vigorous action, owing to the course of the
muscular bands which are attached especially to the innermost forks
of these. The suckers resemble in all respects those of Polystomum ;
the prominent rims do not present the rounded apertures which I
have noticed above in P. oblongum. The diameter of the suckers
is 0.27 mm. The large hooks (Fig. 13) differ in forra from those of
Polystomum or of any species of Dactylogyrus; and, in fact, except
for the impair trabecula present in the latter genus, the hooks of some
forms of Dactylogyrus and of Polystomum resemble each other more
closely than they do those under consideration. The attached end of
the hook is divided into two pieces: one—the longer—a thin, flat,
somewhat linear splint in the continuation of the axis of the rounded
body of the hook; the other, thicker, shorter and rounder, standing
at an angle of 45° from that axis, with two prominences for muscular
attachment. T observe that the splint-like portion is bent in some
specimens; this is perhaps due to pressure in mounting. The free
portion of the hook, just in front of the bend, bears two little curved
teeth, one rising from the surface of the other, which probably assist
in securing the attachment of the animal. Similar teeth seem to be
present on the hooks of Dactylogyrus monenteron, Wagener.?

1 have not been able to elucidate very successfully the structure of
the smaller hooks. I have only attempted to indicate their position
in Fig. 12. Even their number remains somewhat doubtful ; only
in one small specimen have I succeeded in making out sixteen.
They are much less easy to observe in the larger worms; perhaps
their functional importance diminishes with age, as I am inclined to
believe of the corresponding structures in Polystomum. Especially

those lying behind the large hooks seem to be important in the small

37 Beitriige z. Entwick, d. Eingeweldewiirme, PL XIII., Fig. 8.
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worms, as I find in two specimens the substance of the lamina pro-
jecting beyond the level of the rest with the base of the hook lodged
in it.

Of the marginal hooks, most seem to have a trifurcate base, as
represented in Fig. 14 (b) ; in others (¢ and ¢), there would seem to be
a cbitinous ring at the point of attachment similar to those noticed in
the large hooks of Dactylogyrus by Wagener and V. Linstow.® The
hooks situated in the centre of the suckers (@) appear to be slightly
different from the othérs, additional chitinous rings of smaller size
being present. The hooks measure about 0.025 mm. in length,

The mouth is situated in the middle of a somewhat funnel-shaped
sucker upon the ventral surface of the head. From Dr. Osler’s
sketch I make out that the pharynx is situated shortly behind the
mouth, and that the intestinal coeca diverge immediately from this
to arch into each other (as in some forms of Monostomum) in the
posterior fourth of the body.

The following is extracted from Dr. Osler's notes:

**The water-vascalar system is well developed, beginning as a ramification
of vessels about the anterior dise, and uniting to form two vessels, which run
the whole length of the body, joining b.!ow, and opening somewhere between
the posterior dises. Cilia are to be distinctly seen in the water-vaseular sys-
tem, especially at the junction of the tubes below. At the upper third of the
body, on a level with the generative orifice, are seen on ecach side curious
pulsating organs, which are undoubtedly connected with the water-vascular
system, the pulsation oecurring about once every minute and a half.”

From the sketch aeccompanying this, these contractile bladders
would seem to resemble in form, position and relative size, those
represented in Epibdella Hippoglossi, by Van Beneden®
The lobes of the vitellogen oceupy the sides of the body, but de
not extend into the caudal lamina, nor further forward than the
generative aperture.

This is situated immediately behind the bifurcation of the intes-
tine. I have only been able to determine its position from the

§ cirrus-coronet in the mounted specimens, Dr. Osler, however, saw

the female aperture quite close to this, leading inte & ‘“marrow,

'} slightlycurved vagina.” This I have represented in Fig. 13; it is
: probably the unexpanded uterus.

Y. Linstow, Trosch. Archiv., 1878, 4hese teem also to be indieated in Zeller’s figure, loc.

4 et Taf. XVIL, Fig. 8.

2 Mémoire sur les Vers Intestinaux, PL IL, Fig. 2
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The structure of the cirrus-covonet is difficult to ascertain on ac-
count of the semi-opacity of my mounted specimens. The pieces do
not seem to be more than eight in number; they converge anteriorly
where they are narrow and pointed; posteriorly they are wider,
with somewhat axrow-head shaped ends, which fit into the terrainal
bulbous portion of the vas deferens. I have been unable to follow
the vest of this tube, or to find any trace of the testes.

Sphyranura resembles P. obloagum and the precocious gill-cavity
stage of P.integerrimum, in possessing only one complete shell-
invested egg in the uterus at one time. This is very large (v.
supra) in relation to the size of the worm, being considerably larger
than the eggs of either P. integerrimum or P. oblongum. It con-
sequently forms a noticeable feature in the worms possessing it, and
is readily detectable with the naked eye. Numerous other eggs
may be seen in the oviduct formed of the ovarian ova with the in-
vesting foodyolk-balls, and by mutual cor.pruszion assuming various
forms. What I suppose to be the ovary is represented in the figure
to the right hand of the base of the muscular tube. I cannot find
any trace of shell-gland, transverse vitello-duct, or of a vagina. All
of these would undoubtedly be easily seen in fresh or well preserved
specimens.

I regard the genera Gyrodactylus, Dactylogyrus, Sphyranura and
Polystomum, as forming a very natural assemblage. All probably
live on the blood of their hosts, being found in pesitions where there
is a more or less close superficial vascular plexus; all possess a caudal
disc armed with fourteen to sixteen small and two (varely more)
large hooks, which enable the fish-parasites to secure themselves
firmly to the gill-filaments of their hosts. Those which possess
suckers formed around the smaller hooks are found attached to
smoother surfaces (mucous membrane of mouth and urinary bladder),
where the small hooks alone would have little purchase; even these
forms, however, pass through a suckerless stage in which they inhabit
the anterior respivatory part of the intestinal tract.® The resem-
blance of the Polystomum-larva to Gyrodactylus is very striking, so
that if any phylogenetic speculations may be made from the obser-
vation of the ontogeny of an animal, the assumption is surely just:

01t must be remembered that the mucous membrane covering the hyoid arches of many
Chelonia has still a high respiratory significance. Fide Agassiz: Contrib, Nal. Hist., U.&
Vol. I, Rt. ii., pp. 271-284,
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fied that Polystomum is descended from a Gyrodactylus-like ancestral
form. The suckers of Polystomum are not developed simultaneously,
and Sphyranura is a transition form, where the formation of these is
restricted to one pair.

The consideration of the probable relationships of the hosts of
these forms lends additional anthority to such a conclusion. If the
piscine ancestors of Amphibia had Gyrodactylus-like gill-parasites,
these would probably be transmitted to their descendants, and we
should not be surprised that among the oldest representatives of
these, two (the Frog-larva and Necturus) should possess such. The
texture of the gills in Necturus might account for the change in the
caudal armature. The loss of the gills in the Frog is necessarily
accompanied by a change of habitaculum on the part of the parasite;
and it is not surprising that the emigrating worms should have pros-
pered so well in a locality where so many favourable conditions
obtain as in the urinary bladder of the same host. That some
Chelonia are the only reptiles in which parasites belonging to the
same series have been found is probably to be accounted for by their
aquatic babits.

Dactylogyrus may be regarded as a divergent form marked by its
peculiar genital armature, the shape of the eggs, and the arrange-
ment of the caudal hooks. In all of these points the three other
genera approach each other more closely, and as Gyrodactylus is
evidently nearer the stem-form than the othexs, all might be received
into Van Beneden's family “ Gyrodactylida.”

CESTODES.
TAENIA DISPAR. Goeze.

I have to record another habitaculum for this worm. The speci-
men of Rana halecina above veferred to (p. 6), expelled several ripe
proglottides which seem to be much smaller than usual, as will be
seen from the measwrements given below. In the intestine of the
frog were found several chains about an inch and a half in length,
and also many scolices and immature chains of different lengths.
Many more worms in the two latter conditions were also found in
the body cavity between the viscera ; whether these become mature

in this position I am unable to say—they certainly frequently occur
here.

# Becherches sur les Trematodes warins, Van Ben. and Hesse, p. 121,
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The head does not measure more than 0.5 mrn. across in any of
my preserved specimens, nor in fact does any part of the chain, In
life it is very variable in form, and bears & distinct unarmed rostellum,
which is frequently completed retracted, so as to escape motice, but
acts much like a fifth sucker. This is merely indicated in Van
Beneden's figure, and its existence is negetived in Diesing's and
Dujardin’s descriptions,

The only ripe proglottides observed were mostly of the form repre-
sented in Fig. 15, and measured 0.4 x 0.16 mm. Instead-of containing
a se