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I.

Catalogue of the Magnitudes of Southern Stars from 0° to —SO" Declination, to the
w

Magnitude 7-0 inclusive.

By EDWIN F. SAWYER

J ' -

Presented May 11, 1892.

INTRODUCTION.

The present work comprises a determination of the magnitudes of all stars as

bright as the magnitude 7.0 in the belt from the equator to south declination 30\

ther with some a few degrees outside of these li The work was undertaken

the beg of 1882, and was substantially finished in 1887, although for the

purpose of complet many additional obser were made in 1888, and t.

t^ations included is 13,654

d the number of stars in the Catalogue is 3,415, the average number of obser

few in 1889 and 1890. The total number of obser

vations to^ each star being 4.0

The general has bee to observe every star three times. A reference

to the Catalogue and the notes will show that there is only a small proport

wh at least this number of obse h not been ed h on the

trary, mor

I was incited to

half of th

and ertake

have been observed four times more

the

indtending a review of

Argentina early in the previous decade

•k by a g nnp of the value at-

the ground gone over by Dr. Gould in the U?

in this latitude I its pt I had

least so much of it as

in mind to occupy a

could be

somew

red

der

belt than that here included, and had, indeed, begun the series wiith obse

extended to the thern boundary of the Uranomeiria Argentina, -flO°. Afterwards

it was deemed best to restrict myself to the region belo the

to bring the undertaking more conveniently within the time at my disposal

quator, in order

for

the pletion of scheme within a
r

able period. The magnitudes here

derived are founded upon the system of the U) Argentina ; and fact

VOL xir. 1

Mo. Bot. Garden.
1«&7.



2 CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS.

the present Catalogue may be regarded as an Independent revision of Dr. Gould's

work, within the described limits. With the exception of the stars a Cams Majoris,

a Scorpii, and 102-3 (U. A.) Ormiis, which were considered too difficult to obtain

trustworthy observations of, it is beheved that every star has been observed within

the limits named, to the magnitude 7.0 inclusive. Many stars, generally fainter

companions, whose positions are given in the U. A. Catalogue, but not there

numbered, have also been included in the general work, although no attempt has

been made to include all such cases, as these will receive attention in a later

work. The observations were almost wholly discontinued during the years 1S83

and 1885, owing to injury to the eyes from the trying nature of the work.

Method of Observation.

The first step was to enter upon the charts of the Uranometria Aj'gcntina the

numbers of the U. A. Catalogue. The stars were then observed in sequences, by

Argelander's method of step-estimations ; each sequence comprising adjacent stars

within a moderate range of magnitude. Each sequence comprised about ten stars

;

sometimes, in case of isolated groups, only five or six ; and occasionally, where

there were many stars In the vicinity, more than twenty. The brightest star in

the region was first selected, then the next brighter, and so on down, other stars

being afterwards inserted in their appropriate places.

The various differences of brightness were estimated in steps. When all stars

in the neighborhood which could be conveniently observed had been included, a
new sequence was begun, and so on. In those parts of the sequence near the limit

of 7*^.0, after all the U. A. stars had been included, any stars in the sky which
were as bright as the fiiinter stars of the sequence were Inserted in their proper
places. During the first year's observations, in which nearly half of the whole
work was done, an opera-glass was exclusively used. Afterwards a field l^I ass
was employed for the fainter

fainter. But no change of instrument was made during any sequence j that is

f a sequence was begun at about 5« with the opera-glass, this L^lass was used to

sequen stars of 6^ -or

the lower limit of the sequence, even if it extended to below 6^ The obscr
-tions were consistently made with the instrument placed
expan ks of lig

htly out of foe

method, after repeated appearmg to give the most trustworthy results, especially for colored stars. Tl.e ob
servatious were generally made during evenings free from
and liaze, and between G" and 12'' mean time.

;,. ..v^ .luiu moonliglit, cloud
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Method of Reduction,

The reduction of the sequences was j^erformed graphically by plotting each

sequence on squared paper, the U, A. magnitudes helncr used as ordinates. andQ...^««v..^ ^y.^^,>

the observed differences of brightness, expressed in. steps, as abscissas. Thus,

in the sequence a2b3cld2eS/, the several stars would be indicated in the

plotting by dots with the abscissas a = 0, h = 2, c= 5, d = ^, e = 8, and /= 11,

and ordinates corresponding to the U. A. magnitudes for the several stars. The
middle points between these dots, taken two and two, were then carefully in-

serted by measurement, and a straight line drawn so as to represent as well

as possible all these points of bisection. The value of tlie ordinate, to the

nearest half-tenth, was then read off, corresponding to the abscissa for each

star. The magnitudes so deduced were then entered against the several stars

in the record-book, and are the same as appear in the present Catalogue. The
process thus described was uniformly pursued in the reduction of the sequences.

There were, however, many observations made not in the form of regular

sequences, consisting of comparisons of particular stars with several neighbors.

Most of these observations were made in the final revision, in the case of in-

sufficiently observed stars, or where large discordances gave rise to suspicion of

variability. The magnitudes deduced in such cases were found simply by taking

the means of the results of the separate comparisons.

Formation of the Catalogue*

The results of the observations were now collected to form the Catalogue.

The stars w^ere copied from the record-book upon cards. Each card contained

the U. A. number of the star, its position and magnitude, and my separate

observations. It w^as during this process that the stars which had been insuffi-

ciently observed were detected.

The cards were then arranged according to right ascension, and the results

copied in the Catalogue. Those stars not contained in the U. A. Catalogue, al--

though as bright as T\ were inserted in their proper places.

In the first column of the Catalogue is the current number of the star.

The second contains the U. A. Catalogue number.

The third contains the constellation.

In the fourth and fifth columns are the rig-ht ascensions and declinations for
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the mean equinox of 1875.0, given, respectively, to the nearest tenth of a minute

of time and the nearest minute of arc.

The sixth contains the number of observations.

The seventh contains the mean ' determined magnitude.

The eighth contains the U. A. magnitude.

The remaining columns contain the dates of the separate observations (month,
«

day, and year), and the magnitudes.

Where there were more than three observations (6th column), the additional

observations are given in the notes following the Catalogue.

Vakiable Stars.

During the progress of the -work eight variable stars have been discovered,

including two of the Al^ol type, namely: U OpMucJii in 1881, U Ceti in 1885,

U Aqnilce and Y Sagittani in 1886, B Canis Majoris in 1887, Y Oj)hmcM and
W Bijdrm in 1888, and (?) Lejpork in 1891.

In addition, there are many cases of large discordance, notably numbers 53,

138, 384, 400, 415, 512, 514, 525, 543, 606, 609, 610, 611, 716, 757, 855, 944,

1107, 1229, 1234, 1253, 1357, 1449, 1513, 1562, 1646, 1890, 1931, 2002, 2078,
2219, 2231, 2285, 2499, 2506, 2542, 2580, 2582, 2610, 2632, 2641, 2668, 2670,
2781, 2822, 2880, 2931, 2932, 3023, 3077, 3368. I think it probable that varia-
bility will be found in some of these cases. These stars are worthy of special
attention, but other work has prevented my systematically observing them.

There are yet other suspicious cases, mentioned in the notes accompanyin
the Catalogue

Cf

Summary of Results.

The total number of stars contained in the Catalogue is 3,415, as already

fi« f• .. " Tl "' '°°*'^"'^ ^" ^'- ^°"^°'« Catalogue, the remaining
68 being those ^h.ch were added on account of their being at least equal

L-l "f!. \ 1
''"' '" *' P"''""' ^^''^'''g"^' "^^t^'de of the prescribed

Tabk I gives the distribution of the stars and the observations according
to right
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TABLE I.

Table II. gives a classification of the stars according to the number of obser-

vations indicated in the first column.

TABLE II.

No. Observationg,

1

2

3

4

5

6

7

. 8

9

10 or more.

No. Stars.

3

4

282

1221

1048

491

194

80

56

28

28
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Table III. g lysis of the deviations (Gould— Sawyer) of the magni

tudes of the two Cataloo^ues, arranged according to the size of these diffe
o

^

indicated in the first column. The last four columns g

according to the groupings indicated by the headings.

the number of stars

TABLE III.

m

By means of this table we find that the average difference

ignitudes assigned by this Catalogue and that of Dr. Gould, is ±0

between the

088.M

Assuming the magnitudes . of the two
precision, we hav 0*^059 as the value of the average

talogues to have an ecj[ual degree of

mmation of magnitude in each Catalogue

error of a single de

accidental

This of course includes, besides the

the effect of systematic difference



CATALOGUE.

J

U.A.

m

Name.

is'i:i.

No.

^__t^ ___-^^_ _

Separaf* Otaervationt.

£Su, No.

9

R. A. Decl.
Ob8.

3

Mean
Obs'd.

U.A. Data. yiz^. Date. Mag. Dftte. Bfag.

I

1 Ceti

A. ffl:

0.4 -23 48 6.2 6.3 11 9 84 6.2 10 22 86 6.2 10 19 87 6.2
2 10 U 0.9 18 5 6 6.2 6.3 12 29 82 6.35 10 21 80 0.1 11 18 %Q 6.5
3 49 Sculjjtoris 1.0 26 3 3 6.9 6.9 9 26 S4 6.9 10 22 86 7.0 12 2 88 6.8
4 65 Piscium 1.3 3 15 4 6.5 6.5 1 9 82 6.5 12 29 82 G.55 10 13 84 6.6
5 11 Ceti 1.4 23 12 3 6.0 5.9 11 9 84 6.0 10 22 86 5.95 11 7 88 0.05
6 66 PUcinm 1.8 3 9 4 6.5 6.4 1 9 82 6.4 12 29 82 6.4 10 n 84 C(i
7 12 Ceti 1.9 9 31 4 6.3 6.2 12 29 82 6.2 10 23 86 6.4 11 28 86 6.35
8 13 u 2.2 18 16 4 6.15 6.2 12 29 82 6.35 10 21 86 6.4 10 19 87 6.6
9 51 Sculptorls 3.0 28 41 4 5.4 5.5 9 26 84 5.3 10 21 86 5.4 10 19 87 5.4
10 67 Piscium 8.9 5 57 4 6.1 6.1 10 13 84 0.2 10 21 86 0.0 10 19 87 6.05
11 14 Ceti ' 4.3 13 16 4 6.0 5.9 1 3 83 6.0 10 23 80 6.0 11 7 88 0.0
12 • • Piscium 4.8 4 1 4 6.9 i * 12 29 82 6.8 10 IS 84 6.9 10 22 86 6.9
13 15 Ceti 4.9

1

16 9 6 4.85 5.1 12 29 82 5.0 10 21 86 5.0 11 18 86 4.75
14 16 u 5.2 19 18 3 7.0 7.0 12 29 82 7.0 10 22 86 6.95 10 23 86 7.0 1

15 52 Sculptoris 5.2 28 30 3 5.6 5.4 ' 9 26 84 5.55 10 21 80 5.6 12 2 88 5.7
16 17 Ceti 5.7 14 30 4 6.8 6.8 1 3 83 6.7 10 23 86 6.9 10 19 87 6.75
17 18

19
20
55 Sculptoris

5.8

6.7

7.4

7.4

18 38
23 10

23 55
26 43

2
2
2
3

5.5

7.0

7.0

6.2

5.4

6.9

7.0

6.0

12 29 82
11 9 84
11 9 84
9 26 84

5.5

7.0

10 21 86
10 22 86

5.5

7.0

7.0

6.1

18
4 # 4

19 7.0 10 22 86
6.2 10 22 86

• • •

^k ^ ^

20 10 19 87
• •

6.25
21 56 a 7.4 26 59 4 6.25 6.3 9 26 84 6.3 10 22 86 6.2 10 19 87 6.2
22

1

1

69 Piscium 7.4 + 41
1

3 6.9 7.0 1 9 82 6.95 11 27 86 6.9 10 19 87 6.9
23 68 a 8.0 - 2 54 9 7.25

1

7.0 1 9 82 7.1 12 29 82 7.2 10 18 84 7.1
24 21 Ceti 8.0 21 53 4 6.95 7.0 11 9 84 0.9

1

10 22 86 6.95 10 23 86 7.0
25 22 (C 8.1 8 29 4 6.5 5.4 12 29 82 5.5 10 21 80 5.4 10 23 86 5.5 1

26 23 u
8.1 • 15 7 9 7.0 7.0 1 3 83 7.3 10 23 86 6.9 11 15 86 7.1 1

27 P • Phcium 8.2 + 36 3 6.9 7.1 1 9 82 6.95 11 27 86 6.9 10 19 87 6.9
128 •24 Ceti 8.3 -15 30 3 6.8 6.8 13 8;; 6.7 10 23 86 0.9 11 9 87 6.851

29 25 u 8.3 19 38 8 4.65 4.3 12 29 82 4.1 : 10 21 80 4.6 11 15 86 4.9 1

30 26 C€
8.5 14 52 3 6.9 6.9 1 3 83 6.9 10 23 86 6.9 10 19 87 6.9 1

31 27 U
8.5 10 16 5 5.7 5.9 12 29 82 5.9 j 10 23 86 5.7 10 19 87 5.7 1

32 * *
((

8.5 8 43 4 6.9 • • 12 29 82 6.8 10 18 84 6.9 10 22 86 6.9
1

33 70 Piscium 8.5 + 88 4 5.9 5.8 1 7 82 5.7 1 9 82 5.9 11 27 86 1 6.0 I
34 71 a 9.2 5 9 3 7.0 7.0 1 9 82 7.05 11 27 86 7.0 12 6 88 7.0 1
35 72 Ki 9.5 3 33 4 6.85 6.8 11 27 86 6.9 12 21 86 6.75 11 12 87 6.851
36 58

73
Sciilptoris

PisciuT/i

9.8

10.2

-82 8
+ 7 33

2
3

6.0

6.25

5.9 11 9 84^6.0 i 10 22 86
11 27 86

6.0

6.237 6.3 1 9 82 6.25 12 6 88 6.351
38 74 u 10.3 1 9 5 7.1 7.0 1 9 82 7.2 11 27 86 7.0 12 21 86 1 7.2 |

39 28 Ceti 10.4 -20 54 4 6.6 6.5 11 9 84 6.6 10 22 86 6.5 10 23 86 0.65

1

40 75 Piscium 11.0 + 8 11 4 6.9 6.9 1 9 82 6.8 11 27 86 6.95 11 17 87 7.0 1

41 29 Ceti 11.2 -19 45 4 6.7 6.6 12 29 82 Q.Q 10 22 86 Q.d> 10 23 86 6.7 1
42 76 Piscwm 11.4 + 1 3 6.45 6.4 1 9 82 6.45 11 27 m 6.4 11 7 88 6.5

1
43 «

(i 11.4 - 2 34 5 7.05 7.1 1 9 82 7.0 12 29 82 7.05 10 18 84 7.0
1

44 30 Ceti 11.5 14 9 4 Q.Q 6.7 1 3 83
[

6.6 10 23 86 6.5 U 9 87 6.6
1^^^l^^^^ I !

\
f

.4. rrf^-.k" J-LV»_L « -^ y in^ Fit_^ ^-j ---T*HrH.^i
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Na Name.

Pucmm
PisciuTk

Ceti

Piscium

Ceti

Piscium
Sculptoris

Ceti

P'lscmm
Ceti

cc

Sculptoris

Piscium

Sculptoris

Piscium
Ceti

Sculptoris

Ceti

Sciclj)foris

Ceti

Sculptoris

Ceti

Piscium
Ceti

Piscium
Sculptoris

Ceti

Sculptoris

Ceti

1875.

7n,

11.7

11.9

12.0

12.2

13.1

13.2

13.5

13.8

14.2

14.5

14.7

15.2

15.4

15.9

16.5

16.7

17.0

17.1

18.1

19.0

19.3

19.5

19.9

20.1

20,2

20.7

21.0

21.1

21.3

22.0

22.1

22,2

22.2

23.1

23.3

23.5

23.7

23.7

24.1

24.7

25.3

26.0

26.4

27.2

27.5

28.1

28.1

28.8

29.1

29.6

29.8

29.9

2 43
21 50
8 45
9 31

7 55

3 11

6 36
2 20

7 30
24 19
3 36

29 40
20 45
5 53

12 54
16 38
31 44
30 32

2 55

28 24

19 23
45

5 42
26 14

28 56
20 50
29 44

11 56

29 59

4 10

3 32
15 33

4 39
4 10

24 29
10 47
2 29
6 16

1 20
30 15

ft 14
7 11

4 17

6 15
15 40
23 32

Mag.

Mean
Obs'd.

7.15

6.65

6.95

6.95

6.95

7.35

5,55

6.75

var.

6.35

6.85

6.45

6.85

6.75

6.35

6.75

6.65

6.85

6.15

6.05

5.25

6.85

6.85

6.85

5.95

6.65

6.15

U.A.

•

Date. Mag.

3.45

6.55

Separate Observations.

6,85

Date.

2 29
22
23

28.

2 29
1 27

22
2 29
22

23
22
22
22

2 29

22

22
25
25
22
22
22
22
22
23
22
25
25
22

1 11
2 21

22
23
25

1 11

12

22

25

25
25
22
22

Mag

6.75

6.85

C.95

6.55

5.25

6.85

6.95

6.85

6.35

6.85

7.15

6.85

6.85

6.85

6.15

6.85

5.85

Date.

6 88

18 84
23 86
9 87

21 86
9 87

18 84
6 88

26 86
17 87

18 84
9 87

o

I

Mag.

6.95

6.65

6.65

6.95

6.85

6.85

6.95

6.85

6.85

6.95

6.85

6.15

6.65

6.85

6.85

5.65

6.15
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1. 1

' r—
187 5,

«

Mag.

——~—
Separate Observations

U.A.
No. Kame

No
Obs HT 1

1

No.

129

R.A. Decl.

3

Mean
Obs'd.

U.A

7.0

Date. Mag.

6.9

Date. Mag. Date. Mag.

— — - -
,

204 Ceti

h. m.

1 14.5

o /

-14 33 6.95 11 11 84 10 23 86 6.95 12 24 88 6.95

205 130 U 15.0 6 49 7 6.8- 6.6 2 8 82 6.7 11 11 84 7.0 11 17 84 6.7

206 131 u 16.2 + 1 5 5 6.55 6.8 1 30 82 6.6 11 24 86 6.5 11 26 86 6.45

207 132 (( 16.2 -16 3 6.8 6.7 1 30 82 6.8 11 18 86 6.8 12 4 88 6.8

208 133 u 16.5 19 44 3 6.4 6.4 11 11 84 6.4 10 23 86 6.35 12 22 88 6.4

209 184 '^ 17.6 25 3 6.65 6.5 11 11 84 6.6 12 20 86 6.7 12 22 88 6.65

210 135 " 17.7 8 39 3 6.8 6.9 11 14 84 6.7 10 23 86 6.9 11 12 87 6.8

211 109 Seulptoris 17.7 31 36 4 6.3 6.0 11 14 84 6.3 10 23 86
1

6.3 11 9 87 6.3

212 136 Ceti 17.8 8 50 7 3.5 3.2 11 9 84 3.45 11 11 84 3.6 10 23 86 3.5

213 137 4( \

1

18.1 7 34 5 5.95 5.9 2 8 82 6.05 11 11 84 5.9 10 23 86 6.0

214 110 Seulptoris 18.4 32 28 3 6.8 6.8 11 14 84 6.7 10 23 86 6.75 12 28 88 6.9

215 138 Ceti 18.5 3 30 3 6.4 6.4 1 30 82 6.4 11 18 86 6.45 12 4 88 6.4

216 139 (( 18.5 16 19 3 6.3 6.4 11 11 84 6.3 10 23 86 6.35 12 24 88
1

6.2

217 140 u 18.7 6 36 7 6.55 6.5 2 8 82 6.6 11 11 84 6.8 11 17 84 6.4

218
^

116 PisciiiTn 19.2 + 2 19 4 6.85 7.0 1 30 82 6.8 11 24 86 6.8 11 26 86 6.95

219 141 Ceti 19.5 -15 15 3 5.15 5.1
1

1 3 83 5.1 10 23 86 5.25 11 26 86 5.15

220 142 u 19.5 4 37 33 6.65 var. 1 30 82 6.6 11 28 86 6.65 2 6 88 6.75

221 143 u 19.7 9 9 4 6.9 7.0 11 14 84 6.8 10 23 86 7.0 11 12 87 7.05

222 144 <( 20.1 1 3 3 6.6 6.6 1 30 82 6.6 11 18 86 6.55 12 4 88 6.6

223 117 Plscium 20.4 + 2 53 5 6.55 6.6 1 30 82 6.6 11 24 86 6.6 11 26 86 6.45

224 145 Ceti 20.7 -13 42 5 5.5 5.5 1 3 83 5.7 10 23 86 5.45 11 18 86 5.5

225 > •
' Scidj^^toris 20.7 30 56 3 7.3 7.5' 11 14 84 7.3 10 23 86 7.4 12 28 88 7.2

226 146 Ceti 21.2 9 57 3 6.9 6.7 11 14 84 6.9 10 23 86 6.9 12 2 88 6.9

227
1

112 Sculptoris 21.3 30 53 4 6.9 6.9 11 14 84 7.1 10 23 86 6.85 11 9 87 0.85

228 147 Ceti 21.4
1

21 5 7.0 6.9 11 11 84 6.9 10 23 86 6.9 12 22 89 7.1

229 148 a 21.4 22 59 3 6.6
1

6.6 11 11 84 6.6 10 23 86 6.6 12 22 88 6.65

230 149 u 21.5 11 33 5 6.35 6.2 1 3 83 6.4 10 23 86 6.25 11 18 86 6.4

231 150 u 21.7 2 41 8 6.8 6.8 1 30 82 6.8 11 18 86 6.8 12 4 88 6.8

232 118 JPlsciiim 21.8 + 7 19 3 6.05 5.9 2 8 82 6.1 12 21 86 6.0 12 24 88 6.1

233 151 Ceti 22.0 -22 41 3 6.6 6.7 11 11 84 6.6 10 23 86 6.6 12 22 88 6.65

234 152 u 22.1 12 54 3 6.75 6.8 1 3 83 6.8 10 23 86 6.7 11 27 86 6.75

235 119 Pisciian 22.5 + 6 39 4 6.55
1

6.6 2 8 82 6.45
1

12 21 86 6.6 11 17 87 6.45

1

236 153 Ceti 22.9 -18 35 3 6.6 6.5 11 11 84 6.7 10 23 86 6.5 10 12 87 6.6 1

237 154 u 22.9 25 27 3 6.95 6.9 11 11 84 6.9 10 23 86 6.95 12 22 88 6.95

1

238 155 u 23.3 10 8 3 6.9 6.9 11 14 84 6.9 10 23 86 6.9 12 2 88 6.95

1

239 * A *
(£ 23.5 13 52 5 7.0 • « 1 3 83 7.0 10 23 86 7.05 11 27 86 7.0

1

240 156 u 23.6 6 15 3 6.55 6.6 2 8 82 6.6 11 18 86 6.5 12 22 88 6.5
1

241 157 u 23.6 22 17 5 5.05 5.3 11 11 84 4.9 10 23 86 5.2 11 18 86 5.0
1

242 120
1

Plsciiim 23.6
1

+ 5 30 3 5.05 5.0 1 27 82 5.0 12 19 86 5.1 12 21 86 5.1
1

243 115 Seulptoris 23.8 -26 16 5 6.55 6.6 11 11 84 6.5 10 23 86 6.45 12 24 88 6.7 1

244 116 44 24.5 26 51 3 6.2 6.2 11 11 84 6.2 10 23 86 6.2 12 24 88 6.15

1

245 158 Ceti 24.7 5 36 4 6.85 7.0 2 8 82 6.95 11 18 86 6.8 11 17 87 6.85

1

246 159
1

1

44 25.5 12 54 3 7.0 6.9 1 3 83 7.0
1

10 23 86 7.05 11 27 86 6.9
1

247 160
1

(4
1

25.7 7 22 4 7.4 6.9 11 14 84 7.2 11 28 86 7.4 11 17 87 7.5
1

248 117 Seulptoris 25.7 30 38 3 6.85 6.8 11 14 84 6.8 10 23 86 6.85 12 28 88
i

6.851

249 118
1

44 25.9 30 56 4 6.05 6.0 11 14 84 6.0 10 23 86 6.15 11 9 87 6.051

250 161
1

Ceti 26.2 24 17 3 7.0 7.0 11 11 84 7.0 10 23 86 6.95 12 22 88 7.0
1

251 162 44 25.5 19 40 3 6.35 6.3 11 11 84 6.3 10 23 86 6.35 12 22 88 6.35

1

252 163 44 26.8 9 40 3 6.5 6.5 11 14 84 6.5 10 23 86 6.55 12 2 88 6.45

1

253 121 Pisciuvi 26.8 + 7 34 3 6.85 6.7 2 8 82 6.8 12 21 86 6.85 12 24 88 6.851

254 164 Ceti 27.3 -24 49 3 6.95 7.0 11 11 84 7.0 10 23 86 6.95 12 22 88 6.95

1

255 165 44 27.4 7 40 4 5.9 5.9 2 8 82 5.8 11 14 84 5.9 11 18 86 5.951

256 166 44 1 28.-5 4 10 3 6.55 6.5 2 8 82 6.6 11 18 86 6.5 12 24 88 6.5 1

,.--.-? ilTT
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No.

310

312
313

315

318

322

324
325

329
330

332
333
334
335
336
337
338
339
340

342
343
344
345
34G

350

352
353
354
355
356
357
358
359
360

362

» «

202

206

212

213
214

215
216

• «

219
220

OOQ

225
226

228
229
230
2.31

232
234

Name.

Ceti

Fornacis
Plscium

Fornacis
Ceti

Fornacis
Ceti

Fornacis
Ceti

Fiscium
oDiacis

Pisciuni

Ceti

Fornacis
Ceti

Fornacis
Ceti
u

((

Fijmac is

Ceti

1815.

DccL

54.2

54.6

54.9

55.3

55.6

55.7

56.5

56.8

56.8

56.9

57.0

57.1

57.4

58.1

58.2

58.9

59.2

59.6

21 41

2 10

30 36
2 59

22 31
28

30 IG

15 55
24 29
4 42

5G
12 28

29 54
6 26

10 52

34
9 12

19 44
1 12

10 38

28 10

18 22
3 11

24 56
7 69

15 40
28 49
2 52
2 25

10 38
19 54
18 20

18 19
8 16

2 59
4 26

21 35
31 19

9 39

lO.l

10.8

11.5

13.4 4 55

OU*d.

I

3.55

5.45

6.65

6.05

6.65

5.85

6.55

6.55

6.65

6.85

6.65

6.55

6.45

6.75

6.05

5.95

6.75

6.75

5.55

U.A Date.

6.75

6.75

6.85

5.95

6.85

6.85

5.55

6.85

6.85

Sepwata Obtwmt ions.

5.5

5.35

6.95

6.95

5.95

4.55

6.25

DiM.

10 23 fi6 J.15

5.65

12 24 b8|7.3

3.65

6.65

6.85

6.65

6.65

7.05

6.65

• •

6.95

5.95

6.76

4.65

12 25 88 6.7

12 12 87 6.35

11 28 86 6.8

12 25 86 6.6

12 25 86 6.45

12 25 88 6.65

12 25 86 5.5

11 26 86 6.2

11 21 86 6.5

L-L ' K^b?J jib-l ^-^ x~ r r ^A _ ^iJ, '^1%..
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No.

364

^81

384

405

U. A
No.

244

249

255

9

269

• •

272
*

273

i

Name

Fornacis

Ceti

Fornacis

Ceti

Fornacis

Ceti

Fornacis

Ceti

Fornacis
Ceti

Fornacis
Ceti

1875.

15.4

15.5

15.9

15.9

16.2

16.8

17.1

17.2

17.8

18.1

18.2

18.7

18.7

18.7

19.7

19.9

20.1

20.8

20.8

21,5

21.6

22.7

22.9

23.5

24.2

24.4

24.6

24.9

25.0

25.2

25.8

26.2

27.7

27.9

27.9

28.4

28.5

28.5

28.9

29.1

29.2

29.3

29.3

29.7

29.8

30.0

30.1

30.3

30.6

31.1

31.4

31.4

MAGNITUDES OF SOUTHERN" STARS.

No.
Blag.

K

Separate Obserrations.

>-^ ~^_"-- HI T3a^^^^^^^^^^^^H

Ob8.

4

Mean
Obs'd

U A

6.5

Date. ^rag. Date. -Mag. Date. Mag.

6.45 12 7 84 6.4 11 19 86 6.6 12 12 87 6.45

3 6.7 0.7 12 16 84 6.6 11 18 SO 6.8 12 25 86 6.7

5 6.0 5.8 2 14 82 5.8 1 26 84 6.0 11 24 86 6.05

7 5.7 5.9 2 14 82 5.95 1 26 84 5.8 11 24 86 5.65

2 5.2 5.4 12 16 84 5.2 U 21 86 5.2 • • •

3 6.05 5.9 12 IG 84 6.0 U 18 86 6.1 ri 12 87 6.0

3 5.25 5.4 11 18 86 5.25 11 19 86 5.15 12 12 87 5.35

2

3

6.25

6.95

6.3

6.9

12 16 84
11 21 80

6.25

7.0

11 18 SO
12 20 SO

6.25

6.9

^ A A

12 25 88 6.9

3 6.7 6.8 12 7 84 6.6 U 19 86 6.8 12 12 87 6.7

6 7.1 7.0 2 14 82 7.1 1 26 84 7.1 11 21 86 7.151

3 6.65 6.4 12 16 85 6.7 U 21 86 6.7 11 26 86 6.6
1

4 6.85 7.0 2 14 82 6.8 1 26 84 7.0 U 21 86 6.8
1

6 6.55 6.5 2 14 82 6.35 1 26 84 6.5 11 21 86 6.65

1

3 6.6 6.6 12 7 84 6.6 11 19 86 6.6 12 12 87 6.6

4 6.8 6.9 2 15 82 6.7 12 20 80 6.9 12 25 86 6.8

3 4.65 4.6 12 16 84 4.7 2 23 SO 4.6 11 18 86 4.65

3 5.6 5.7 12 16 84 5.6 11 21 86 5.55 12 25 88 5.6

5 6.6 6.7 2 15 82 0.5 11 26 86 6.45 12 13 87 6.65

1

2

7

5.9

4.3

6.0

4.4

12 16 84
2 15 82

5.9

4.4

U 19 86
2 21 86

5.9

4.35

m 9 ¥ 1

11 21 86 4.15

9 6.8 6.9 2 15 82 6.5 1 24 86 6.9 11 28 86 6.75

5 7.0 6.9 12 16 84 7.1 11 19 86 7.0 12 26 se 6.95

7 6.35 6.4 2 15 82 6.8 11 26 86 6.2 11 28 86 6.2

2

3
1

7.0

6.75

6.9

6.7

12 16 84
12 16 84

7.0

6.8

11 19 86
11 19 86

7.0

6.7

• • *

12 25 88 6.7

8 6.35 6.5 2 15 ^2 6.5 1 26 8t 6.4 11 24 86 6.25

3 6.4 6.5 12 7 84 C.4 11 19 86 6.3 12 12 87 6.45

3 6.4 6.3 12 16 84 6.45 11 19 86 6.35 12 25 88 6.35

10 5.9 5.7 2 15 ^2 5.3 11 24 86 6.95 11 26 86 5.9

4 6.9 9 m 2 15 82 6.8 11 24 H6 7.0 12 25 se 6.8

5 5.7 5.9 2 15 82 6.5 1 26 84 5,8 11 24 86 5.75

3 4.65

var.

4.8
1

12 16 84 4.6 2 23 86 4.7 11 18 86 4.65

• * *

3 6.75 6.7 12 16 84 6.8 11 19 86
« «

6.7 12 25 86 6.75

2 6.2 6.1 12 16 84 6.2 11 19 86 6.2 * '

5 5.05 4.9 11 14 84 5.0 11 18 86 6.1 11 19 86 5.3

5
Mr

6.35 5.9 2 15 82 6.5 11 26 86 6.35 12 20 86 6.8

7 5.8 5.5 12 16 84 5.6 11 21 8G 6.1 11 24 80 5.7

3 7.0 7.0 12 16 84 7.0 11 19 8G 7.0 12 25 88 7.0

5 6.95 7.0 2 15 82 6.8 1 26 84 7.0 11 21 86
^•s3

rv
6.05 6.0 2 15 82 6.1 11 26 86 6.0 1 29 89 6.0

3 6.85 6.7 12 16 84 6.8 U 21 86 6.95 12 12 87 6.75

6 5.15 5.1 2 15 82 4.9 11 21 86 5.3 11 24 86 5.3
1

4
1

7.0 1 10 85 6.8 11 19 ^6 7.0 12 25 86 7.0

6 5.6 5.4 12 16 84 5.6 11 21 86 5.8 11 21 86 5.5

7

2

6.1 5.6 2 15 82 6.3 11 26 86 6.05 11 28 86 6.1

6.9
« • 12 27 86 6.9 1 16 88 6.9 • * •

3

4
1

3

4
1

, 7

6.75 6.7 12 16 84 6.8 11 19 86 6.7 12 25 88 6.7D

6.9 7.0 1 10 85 6.8 11 19 86

-

_6.9 12 25 80 6.90

6.95 7.0 12 16 84 7.0 11 19 86 6.9 12 25 88 7.U
.A J

6.4 6.5 2 15 82 6.5 11 26 86 6.35 12 25 86 6.4

6.256.05
1

6.0 2 15 82 5.7 1 26 84 6.1 U 21 86 1
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No.
U.A.
No

r

Name.

416 278 Ceti

417 279
418 280
419 281

420 282
421 283
422 284
423 285 *'

424 286
425 287
426 288
427 289

1

432

435
436

410

442

444
445
446
447
448
449
450

452
453
454

456

458
459

462
463
464
465
466

293

299
^^8

300

304
305

306

«

Fornacis

Get i

JEridajii

Get i

Eridani

Geti

Eridani
Fornacis

Eridani

Geti

Eridani

Geti

Eridani
Ceti

Fornacis
Eridan i

Geti

Eridani
Fornacis

Eridani

1875.

R.A, Decl

32.1

32.8

32.9

33.1

33.1

33.5

33.7

34.1

34.5

34.8

35.5

85.6

36.8

37.2

87.8]

88.2

38.2

38.3

38.7

38.8

39.3

39.4

39.6

40.8

41.1

41.6

43.2

44.1

44.3

44.5

45.4

46.5

46.8

47.1

47.2

47.7

48.0

48.1

48.4

48.6

49.0

49.1

49.6

50.0

50.3

50.4

50.5

50.8

51.8

51.8

51.9

52.2

OO

O.)

No.
>Iag.

Mean tt a
ObsU ^ ^

6.75

6.75

4.75

6.35

5.55

6.65

6.15

6.05

6.85

6.75

4.05

6.85

7.35

7.15

4.95

6.95

6.95

6.25

6.35

6.75

i

Se]>s\rtite Obttervatioiis

Date.

82

Mag.

6.75

6.35

Date, Mag,

4.75

3.15

4.15

6.85

6.35

6.45

6.85

6.25

6.85

6.65

6.65

Date. Mag.

12 25 88

12 25

12 25
12 25
11 24

11 18

11 28

11 24
12 25
11 24

11 21

12 24
11 24

11 21

12 24

11 24

11 18

12 28

6.95

4.65

6.35

6.65

6.25

6.45

-If

3.15

4.15

i

11 28 86

2 23 86
12 25 86

* « «

6.2

4.4

7.05

12 28 88

12 28 88
'

7.3

C.7

-- *- ^

12 25 86
12 25 86

12 12 87

7.2

7.1

6.45

* « •

12 28 88
» •

24 86
25 88

25 86

4.95

r.05

28 88

26 86
25 86

16 88

6.25

12 20
12 25

12 28

12 16

6.35

12 28

12 28

6.75

6.65

6.85

..^-.-E>.^-rL...-tr^ -
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472

• * •

313

Name.

- 74

m

Eridani

Ceti

Eridani

Fornacis

Erida n i

Fornacis

Eridani

Ceti

(C

Eridani
u

Fornacis
Eridani

Ceti

Eridani
Ceti

Eridani

Ceti

Fornacis
Eridani

Ceti

Eridani
Fornacis
Eridani
Fornacis

Eridani

Ceti

Eridani
Ceti

Fomac is

1875.

52.4

52.5

52.7

53.0

53.4

58.5

53.8

54.0

54.6

55.0

55.3

55.8

55.8

56.2

56.6

56.9

56.9

57.2

58.2

59.1

10.2

10.2

10.5

10.5

10.7

11.8

12.0

12.8

12.8

3 17

10 17

8 25

2 58

7 41
29 24
14 11

25 47
8 23

4 51

3 36
3 52

10 27

6 59
28 34
8 11

5 44
5 38

8 46
6 34

10 44
14 14

+ 7 59
-28

4 17

24 13

13 44
16 80
6 11

29 29
20 30

30 16
26 34
20 29
9 17

6 23
6 12

4 45
9 37
6 20

23 59

2 55
29 15

No.
Obs.

Mag,

Mean
Obs'd

5.25

6.25

6.25

4.75

7.05

5.85

6.75

6.05

6.75

3.95

5.35

6.75

5.85

6.85

6.15

6.75

3.75

6.95

6.75

6.45

6.35

4.65

6.35

6.85

7.15

6.35

5.65

U.A

O

Date.

2 15 82
1 10 85

12 16 84
2 15 82
2 15 82

7 82
10 85
10 85
10 85
10 85
7 82

2 15 82
2 24 86
2 15 82
1 10 85

1 10 85

6 82
2 15 82
2 15 82

7 82
2 15 82

7 82
10 85
10 85

2 15 82
10" 85

2 15 82
10 85

1 10 85
10 85

2 15 82
2 15 82

10 85
11 19 86

10 85
10 85

1 10 85
10 85

1 10 85
7 82

10 85
1 10 85
2 15 82

10 85
2 15 82
2 15 82
1 10 85
2 15 82
2 15 82
1 10 85

Separate Observatious,

Mag,

5.85

6.45

5.85

6.75

6.35

6.75

6.45

5.35

6.45

6.95

6.85

6.95

Date. Mag.

5.45

5.95

5.45

6.75

5.25

6.55

O 6.85

7.05

6.85

Date

O

0.95

2.65

6.15

• •

11

•

26

•

86

* « •

6.8

11 26 86 5.8

1 16 87 6.85

• •

12
m »

28
> •

88 6.56

11

• •

19

« «

86

ft «

6.2

• •

• • •

12 ^8



CATALOGUE OF THE MAGNITUDES OF SOUTIIEKN STAliS. 1

BHH
*

1875. 1 M.'ig. SejarateOlrtiervn?loT}».

No.
U. A.
No. Name. . No. \

^m ^ 1 II f 1

.

E.A. Docl.

6

Mean
Ob»«l.

U A

5.3

D.ite. Mag. Date.

5.3

Dftf^. ilas.

522 79 Eridani
ft. VI,

3 12.9

/

-22 68 5.15 2 6 82 5.0 1 10 85 2 23 86 5.15
523 80 (C 13.0 19 1 3 5.8 6.8 1 10 86 6.9 11 19 86 5.7 1 in 87 5.8
524 320 Ceti 13.8 + 45 6 7.0 7.0 2 15 82 6.96 11 27 86 7.1 12 25 SG G.8''

525 81 Eridani 14.0 -22 13 10 3.8 34 2 G 82 3.6 2 22 86 3.9 2 24 SG 3.7
526 83 Fornacis 14.1 24 35 3 0.05 5.9 1 10 85 ! 6.0 11 19 86JG.1 12 28 SS 6.06
527 321 Ceti 14.6 + 3 14 5 6.2 6.2 2 15 82 6.1 11 24 86 6.4 11 28 86 6.1 1

528 85 Foniacls 15.4 -26 45 4 6.9 7.0 1 10 85 6.9 11 19 86 7.0 1 16 87 6.8
529 86 " 15.4 27 4 6 6.55 6.5 1 10 85 6.45 11 19 86 6.6 1 16 87 6.6
530 83 Eridani 15.9 24 5 2 5.7 5.7 1 10 85 5.7 11 19 86 5.7 • • *

531 84 u 10.1 20 47 4 6.7 6.6 1 10 85 6.75 11 19 86 6.7 12 25 cq ' r,.6 |

532 85 C( 16.7 21 33 3 6.95 6.9 1 10 85 6.9 11 19 86 6.9 12 25 88 7.0
533 87 Fornacis 16.0 26 2 4 6.4 6.5 1 10 85

1

6.4 11 19 80 6.3 1 16 87 6.4
1

534 1 Tauri
1

17.1 + 4 26 3 6.65 6.6 2 15 82
1

6.6 11 28 80 6.75 2 24 87 6.65

1

535 2
86

1

i

Eridani
17.2

17.2

28
- 8 14

2
7

6.95

6.55

6.9

6.5

2 15 82
1 10 85

6.95 11 *>7 8fi 6.95 1

536 6.45 1 18 85 6.8 11 26 80 6.7 1

537 87
1

17.6 17 53 4 6.85 6.8 1 10 85 7.0 11 19 86 6.7 12 21 86 6.0

538 88 u 18.6 14 26 4 6.85 6.9 3 7 82 6.9 12 25 86 6.85 12 25 88 6.8

539 90 Fornacis 21.1 27 46 4 6.1 6.1 1 10 85 6.2 11 10 86 6.0 1 16 87 6.2 1

540 90 Eridani 21.9 14 48 3 6.95 6.9 3 7 82 6.95 12 25 86 6.0 12 25 88 7.0 1

541 91 (C 22.1 11 43 4 6.1 5.9 3 7 82 6.1 2 22 86 6.1 1 IS 87 6.1 1

542 5 T<iiiri 22.6 + 2 49 3 6.7 6.8 1 28 86 6.75 2 13 87 6.6 2 24 87 6.75

1

543 93 Eridani 23.5 - 7 14 9 6.35 6.1 1 10 85 6.45 1 18 85 6.4 11 26 86 6.3 1

544 94 u 23.7 13 6 4 5.7 5.8 3 7 82 5.8 2 22 86 5.7 12 25 88 5.6
1

545 95 a 24.1 23 55 3 6.85 6.9 1 10 85 6.9 11 19 86 6.85 12 25 88 6.85

1

546 6 Tauri 24.1 + 5 46 3 6.4 6.3 2 15 82 6.45 11 28 86 6.45 2 13 87 6.35

1

547 96 Erldafii 24.3 -12 4 3 6.85 6.8
1

3 7 82 6.9 2 22 80 6.8 12 25 88 6.8 1

548 98 u 24.3 22 56 5 7.0 7.0
1

1 10 85 6.9 11 19 86 7.05 1 18 87 7.1 1

549 97 C( 24.4 5 30 4 4.8 4.7 2 15 82 4.9 2 22 86 4.7 2 23 86 4.7
1

550 7 Tauri 24.7 55 5 6.6 7.0 2 15 82 6.5 11 27 86 6.6 2 13 87 6. 65

1

5S1 8 u 25.8 + 8 57 4 6.0 6.0 2 15 82 6.1 2 13 87 5.9 2 24 87 5.9
1

552 94 Fornacis 26.6 -26 2 4
1

6.25 6.3 1 10 85 6.2 11 10 86 6.25 1 18 87 6.4
1

553 95 a 27.1 25 3
1

8
1

6.9 6.9 1 10 85
1

6.95 11 19 86 6.8 2 3 88 6.05

1

554 101 Eridani 27.1 9 53 5 3.55 3.6 2 6 82 3.5 8 7 82 3.55 2 22 86 3.5
1

555 102 a 27.4 15 58 5
i

7.0 7.0
1

1 10 85 7.0 12 25 86 7.05 1 18 87 7.05

1

556 • V
ii 27.6 7 50 6 7.0

1

• 11 26 86 6.8 12 21 86 7.05 1 18 87 7.0 1

557 9 Tauri 28.2 + 60 3 6.8 6.8 2 15 82 6.8 11 28 86 6.75 2 13 87 6.« 1

558 103 Eridani 28.3 -22 3 9 3.95 4.5 2 6 82 4.1 2 22 86 3.7 2 24 86 3.05
i

559 104 a 28.6 10 17 4 6.4 6.3 3 7 82 6.4 2 22 86 6.4 12 25 86 6.4
1

560 97 Fornacis 29.5 26 4 6.5 6.5 1 10 ^b 6.4 11 19 86 6.5 2 3 88 6.5 1

561 105 Eridani 29.8 5 33 5 6.85 6.7 2 15 82 7.0 11 26 86 6.7 12 26 86 6.9
1

562 106 u 30.0 11 37 4 5.9 5.8 3 7 82 5.95 2 22 .86 5.8 1 lb .N 6.05

1

563 10 Tauri 30.4 + It 5 6.5 6.5 2 15 82 6.3 11 27 86 6.6 2 13 87 6.5 1

564 11 « 30.5 1 4 4.4 4.5 2 15 82 4.4 2 22 86 4.4 2 24 86 4.4
1

565 107 Eridani 30.6 -17 53 4 6.2 5.3 I 10 85 5.15 2 22 86 5.2 2 23 86 5.251
566 108 (( 32.0 15 54 3 7.0 7.0 1 10 85 7.0 12 25 S6 7.05 12 25 88 7.0 1

567 * t « Tauri 32.2 + 2 19 4 7.4 7.4 2 15 82 7.15 2 13 87 7.35 2 6 88 7.551

568 109 Eridani 32.4 - 7 48 7 6.1 6.1 1 10 85 6.45 1 18 85 5.8 11 26 86 6.1 1

569 12 lauri 32.4 + 2 21 3 7.15 7.0 2 15 82 7.15 2 13 87 7.15 12 28 88 7.2
1

570 111 Eridani 32.8 --6 2 4I6.4 6.4 2 15 82 6.5 11 26 86 6.45 12 25 88 6.0'> 1

571 112 (( 33.4 3 48 6 6.65 6.6 2 15 82 6.9 11 27 86 6.65 j 12 25 86 6.55

1

572 13 Tauri 33.4 + 2 39 3 6.0 6.1 2 15 82 6.0 2 13 87 6.1 1 20 89 5.9

1

573 113 Eridani 33.5 -10 51 3 6.55 6.5 3 7 82 6.6 2 22 «6 6.5 12 25 88 6.5

1

574 101 Fornacis a 83.6 28 21 3 5.85 5.8 1 10 85 5.8 1 1 1 86 5.9 12 28 88 5.8

1

1

VOL. X ri.

__j,mmmmmm^mmMMMM

^
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No.
U.A.
No.

*

592

595

597 104

129

602

604

609 134

611

« •

626

Name,

Tauri
Eridani
Tauri
Eridojtii

Fornacis

Eridani

Tauri

Eridani
Fornac is

Eridani

Fomac is

n

Eridani

Fornac is

Eridayii

((

IST."*

B.A.

33.6

33.7

33.9

33.9

34.4

34.0

34.6

34.6

35.1

35.3

35.8

35.8

36.1

36.6

38.2

38.5

38.6

39.0

89.5

l)«cl.

Now
Ubs.

40.3

41.4

41.5

42.2

42.3

42.3

42.3

42.7

42.9

43.0

43.1

43.8

43.9

45.8

45.9

46.0

46.3

46.5

47.0

47.4'

47.6

48.0

48.4

48.6

49.4

50.6

50.G

50.6

52.2

52.7

53.6

5 44

Mag.

6.95

6.55

0.(0

7.15

5.45

G.05

7.15

6.85

5.45

6.75

6.35

•

6.75

6.95

6.95

6.75

6.55

6.25

6.05

V •

% *

i

V #

Sep»r»t« OteerTAllnnii

2 15
11 26

2 15

1 10

1 10

2 15

M.^

1 10
>

i

S2 ' n.7

1 10

82 S.O.^

2 15 82,5.5
2 15 _

2 15 S2'

2 15 81! h.^

2 15 82 6.45

^2 4.5

2 15

5.45

1 10
1 10
1 10

Q'»
i>.<)

3 14 -2

2 17

2 17

2 17

3 14
2 17

r..45

5.65

3 14

2 17

3 14 6.65

6.45

2 17

5.95

D»te.

t

oo

no
;i.">

• >•>

• >.»

OO

.^Tut,

6.85

7.05

6.55

86 I 7.05

»

i

C.75

.s.fifi

6.95

7.15
I

86 ! .Vi

6.85

»

7.05

6.65

6,25

*>

»>o

oo

>

6.85

C.95

6.55

i

- /S

6.45

6.75

6.75

5.85

5.75

5.45

6.85

^ f-'
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No.

629

632

634

636

642

645
64G

648

650

652
653
654

656

658

660

662
663
664
665

669

672

675
676
677

679

U.A
No

179

•

192
194

198
199
200

203
205
206
208
209

213

215
216

221

ooo

Name.

E^'idani
(i

((

a uvi

Eridani
Tauri
Eridani
Tau ri

187.5.

55.2

56.2

67.9

58.5

68.5

59.2

59.9

10.4

10.5

10.2

12.8

13.3

13.5

14.5

14.5

14.7

15.1

15.2

15.5

16.3

17.5

17.9

20.5

21.3

21.6

21.7

22.1

24 22
1 54

37

20 29

16 56

No.
Obs.

Mag.

20 43

9 12

20 51

18 23
10 20

6 21
22 19
16 43
3 54

8 14
8 16

7 15

9 10

20 41

17 36

23 27
10 34
16 30
7 51

16 46
23 33
22 28
6 47

23 17

8 25
16 44
6 33
7 54

23
20 56
6 35

t ^rT^..^-c^

25 11

1 48
18 56
1 35

24 22

Meat!
Obs'd.

U.A

6.35

6.45

5.85

6.85

6.95

7.05

5.85

6.05

4.15

6.65

5.75

6.75

5.15

4.65

6.85

6.65

6.35

6.95

6.75

6.05

6.65

7.15

6.15

5.95

• •

Separate Observations.

Date Mag.

6 82
2 17 82
2 17 82

1 10

3 13
5.95

3 13

1 10

2 17

3 13

1 10

6.95

6.95

7 82
7 82

3 13 82
10 85

2 17 82
3 13 82
3 13 82

7 82
1 10 85

7 82
1 10 85
3 13 82
3 13 82

5.65

5.85

5.15

4.65

3 13 82
3 13 82

7 82
1 10 85

7 82
7 82

2 17 82
3 13 82

7 82
3 14 82
2 17

3 14 82

2 17

3 14 82
2 17

3 14 82
2 17 82

6.95

5.85

6.85

5.85

5.55

Date.

3 14 82
2 22 86
2 22 86

11 26
11 26

12 27
U 26
11 26
11 26
12 27
12 27

11 26
11 26
1 23

2 24
12 27
2 22

12 27

11 26
2 22

2 22
11 26
11 26

2 24
11 26

12 27

2 24
2 24

5.85

11 26
2 24

11 26
1 27 87

11 26
2 13

1 19
2 13 87

11 26
1 27 87

Mag.

6.15

6.75

5.95

6.25

Date

6.75

6.65

5.45

2 22 86
2 24 86
2 24 SQ

1 27 87

12 25
12 25

12 25
1 18 87

12 25

6.85

5.85

6.35

5.75

6.75

6.65

4.95

2 6 88' 6.9

1 18 87 6.95

1 18 87 6.95

12 27 86 7.1

11 27 87 6.65

1 18 87 6.55

dk . m

1 29 89

* » •

7.2

1 23 90 7.2

11 27 86 6.0

1 18 87 6.2

2 24 86 4.2

1 29 89 6.6

1 18 87 5.8

6.C5

6.75

7.05

6.85

6.65

87 I 6.35

6.25

6.45

5.35

12 27

6.05

6.35

1 27 87

1 27 87

2 13 87
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No.

225

235

240

248

252

V #

254
255

Name

Erldani

((

u

u

iC

cc

u

u

c;

C4

(C

4(

C(

C(

C(

u

Ctell

Eriilani

u

nonis
Eridani

cc

Orionis

Eridani

Ononis

1875.

R. A.

4 22.4

22.5

23.1

24.4

25.3

25.5

25.7

26.4

27.3

27.5

27.5

27.6

27.8

28.2

28.2

28.2

29.1

29.3

29.4

29.5

29.8

30.1

30.1

31.3

32.2

32.0

32.5

33.1

33.4

33.6

34.9

35.0

35.9

36.0

37.6

38.1

38.3

38.6

39.2

39.3

39.7

40.2

41.4

42.0

42.4

42.9

43.0

43.0

44.0

44.5

44.6

44.6

15 28
21 47
19 44
13 20

13 52
23 IS

19

13 55

3 29
12 49

7 15

8 31

8 30

9 14

28 43

24 18

3 52
24 48
3 37
2 43

13 17

30 58
14 33
12 22
1 18

14 36
24 44
19 55
12 43
1 10

8 44

18 54
27 49
3 29

21 31
3 11

28 19

5 53
16 33
6 45

30 15
13 59

16 26
5 23

No.
Obs.

Mag.

')

Mean
Obs'd.

6.95

6.95

6.45

7.05

6.25

6.85

5.45

5.55

6.95

6.35

6.75

6.55

6.05

3.85

6.95

6.65

5.65

5.75

6.35

6.25

5.55

6.95

3.95

5.25

U.A

k^T^T%^fc.rf I
I

Separate ObBerv.itionB.

Date.

1 19 87
3 14 82
3 14 82

7 82

7 8:

14 82

2 17 82
7 82

2 27

Mag.

)

7.15

7.15

6.45

7 82
7 82 6.45
7 82

7 82
7 82

7 82
7 82

3 13 82 6.95

6.45
3 14 82
3 14 82
2 27 86
3 14 82

13 82
2 27 86

6 88

13 82
3 13 82
2 27 86
3 13 82
3 14 82
3 13 82
3 13 82
2 27 86
3 13 82
3 13 82
3 13 82

7.15

3.85

6.75

5.55

3 13

3 13

3 13

3 17
3 13

3 13

3 13
3 13
2 28
3 13

3 13

3 13

3 13
2 28

6.95

4.05

3.25

Date.

i

7

OO

1

Miig.

7.05

6.95

6.55

5.55

6.65

6.95

4.75

5.55

-

Date.

1 89 6.95

27 87 6.9

1 89 6.3

19 87 5.3

A ^ H

1 27 87

2 13 87

2 1 89

6.75

5.3

6.4

2 6 88

t

7.1

1 27 87 6.3

1 27 87 6.9

6.95

6.75

O

6.75

3.15

5.25

V • » »
# •
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22 CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS

792

41-2

• •

Name.

Leporis

Ononis
Leporis

Orion is

Columhoe
Leporis

rlonis

Leporis

Columhoe

Leporis

u

Orion is

Leporis

Oreonis

Leporis
u

Orion is

Columlce

Leporis

Orion is

it

Leporis

Orionis

Leporis

Orionis

Leporis

Orion is

Leporis

Orionis

Leporis

Orionis

Leporis

Orionis

Leporis

Orionis

1875

10.3

10.3

10.4

10.5

11.3

11.5

11.9

11.9

11.9

13.3

13.3

13.8

13.8

14.2

14.3

14.4

15.1

15.2

15.4

16.1

16.4

16.6

17.3

17.3

17.5

17.8

17.9

18.1

18.2

18.2

18.4

18.9

19.1

19.6

19.9

20.6

21.3

22.3

22.4

22.7

22.9

5-28.2

Decl.

No.
01)8.

Mag.

^[ean
Obs'd.

6.65

4.35

6.85

6.55

6.85

6.95

6.65

3.85

6.05

6.55

4.25

5.85

4.95

5.15

6.25

6.85

5.65

6.55

6.15

2.95

U.A

• •

Separate Observations.

Date. Mag.

6.65

6.55

6.75

5.95

6.55

6.65

5.05

6.75

5.55

5.65

Date.

o.>

OO

Mag.

6.75

6.85

6.55

5.55

6.85

5.85

6.75

6.65

6.25

5.55

5.95

G.G5

6.15

6.55

6.85

Date.

19 87

22 86

14 87

22
22 86
23 89

2 89
2 89

Mag.

6.65

6.85

6.85

6.55

1 89

28 86

2 89

21 87

21 87

2 89

2 89

21 87

22 86

24 86

14 87

21 87

24 86

22 87

19 87

21 87

12 87

22 87

22 87

24 86

7 86

14 87

2 89

3 SO

1 21 87

19 87

23 89

2 89

13 87

2 89

2 29 88

2 22 86

2 14 87

2 24 87 6.8

6.45

_ -^ Li-n-4J
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No.

839
840

842
843

847

852
853
854

856

862

864
865
866

872

879
880

882
883
884

886
887
888
889
890

U.A
No.

112
115

124

126

133

Name,

Ononis

u

ColiunhcB

Leporis

Orton is

Leporis
Orlonls

Leporis

Orionis

Columhce
Orionis

Leporis

Orionis

Colurnhce

Leporis
Orionis

Colitinhce

Orionis

CoIunibcB

Orionis

Lep>oris

Orionis

Leporis
Orionis
Leporis

Orionis

187r5.

m.

23.4

24.3

24.3

24.4

25.3

25.6

25.8

25.9

26.2

26.4

27.2

27.2

27.7

27.8

28.1

28.2

20.1

20.1

29.2

29.2

29.2

29.3

29.3

29.5

29.4

29.8

29.9

30.5

31.3

31.3

31.3

31.7

32.3

32.5

32.6

32.8

32.9

33.1

33.3

33.6

33.8

34.4

34.5

34.5

34.9

35.3

35.4

36.1

36.7

36.8

36.8

1 12

7 32

6 48

24
20 57

7 24

17 55

4 54
5 28

29 56

4 31

4 35

4 55

5 30

4 56
3 20

15 49

28-47

4 54

2 40
6 39
7 17

28 46

3 38
9 47

2 54

10 29
20 22
2 58

16 47

1 40
6 52

Mag.

Mean
tH>8'd.

6.95

5.95

6.95

6.25

U.A

var

6.75

7.15

6.45

6.95

6.95

2.85

3 6.05

6.75

6.85

6.45

6.75

4.05

5.55

6.35

6.55

6.85

G.15

Separak OUwnratlotia.

Dat*.

3 14
3 15

3 14

3 14

3 13

3 14

Mag.

3 13

3 17

8 15

3 15

3 15

3 15

3 17

3 19

3 14

2 10

2 19

2 19

2 19
2 19

2 19

2 19

2 19
3 14

3 14

2 19

8 14

2 19

3 14

3 14
3 17

3 14

3 13

3 17

3 17

3 14
3 13

3 17

3 13

3 13

3 17

3 19

6.65

7.35

5.15

6.85

6.65

6.35

6.85

6.85

6.65

Date.

oo

oo

2 22

2i3

Mng.

6.85

0.85

6.05

6.75

2.25

5.95

6.25

2.85

6.45

6.65

6.35

6.45

6.55

6.85

6.75

6.85

Date.

8 22
2 13

Mng

95

2
oo

2 14
2 19

f?.05

6.95

2.35

2 14
2 13

2 13

2 22
2 14

3 23
3 24
2 14

8 23
2 13

6.95

2 11

2 13

2 14

3 23
3 23
2 13

2 13

2 13

2 14
2 14

2 14

6.45

6.95

7.05

6.95

2.85

6.0^

V •

6.75

6.75

5.35

2 13 88 6.3

• •

2 28 86

2 13 87

2 14 87

2 2 89

^ ^ ^

1.85

5.55

6.6

6.85

6.75

.—3.^*i j*nm;i.TT7 r- -*_ 'H.'i
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^D5

':J3

UJ5

1>12

ij^in^'tA-

Name.

Leporis

ColumhiC

r «

Orion is

Columbm
Leporis

u.

Orion is

Columhcc
Orion is

L 62)0vis

Cola ))i hcB

rion is

Leporis

rion is

eporis

Colunibce

Orion is

Leporis

Orionis

Columhce
Leporis

4(

rion IS

Leporis

Monocerotis

Orionis

\m

Leporis
MonncprntlS

Leporis

Monocerotis
Leporis
Orionis

fporis

89.3

40.5

41.5

41.G

41.8

42.2

42.2

42.4

48.0

43.9

44.7

45.2

45.3

45.9

46.2

46.3

46.4

47.2

48.4

48.4

48.6

48.9

49.3

49.3

49.4

49.4

49.7

50.G

50.7

50.9

51.0

51.4

51.8

52.1

53.1

53.1

53.3

53.8

54.5

56.0

56.1

56.9
5S.2

58.2

58.4

59.4

Decl.

22 26
^^6

18 37

20 11

22 29

21 43

4 19
31 43

14 52

16 17

10 35
9 43

8 26
28 41

14 21

14 31

30 40
7 33

20 53

22 58
15 32
29 29

+ 7 23
-19 40
11 48
4 51

4 38
4 49

29 10
26 41

21 42
14 12

22 52
23 14

No.
Obs.

9 24
9 34
1 27

12 54

10 36
25 25

30

26 17

1 34
16 29

Mag.

JMean
Obs'd.

6.35

6.75

3.55

6.95

6.85

6.85

5.95

6.75

5.95

6.35

6.65

6.75

6.75

6.25

7.45

6.65

6.95

3.75

6.45

6.95

5.85

6.35

6.25

5.45

UA.

var

Separate Observations.

Date,

3 13 82
3 14 82
3 13 82
3 13 82

6 82
3 13 82
3 19 82
3 14 82

6 82
3 14 82

3 14 82
6 82

3 14 82

3 14 82
S 19 82
3 14 82
3 14 82
3 13 82
3 14 82
3 14 82

6 82
3 14 82
3 13 82
3 14 82
3 14 82
3 19 82
2 28 86
3 13 82
3 14 82
3 19 82
3 19 82
3 19 82
3 14 82
3 13 82
2 29 88

6 82
3 13 82
3 13 82
3 13 82
3 19 82
3 13 82
3 14 82
3 14 82
3 19 82
3 17 82
8 14 82
3 14 82
3 13 82
3 13 82
3 14 82
3 13 82
3 19 82

6 82

Mag

6.35

7.45

5.75

6.95

6.95

6.95

5.85

6.55

5.35

Date,

2 19 87

2 13 87

2 12 87

2 19 87

3 14 82

2 19 87

2 13 87

2 13 87

3 14 82
2 12 87

2 13 87

2 14 87

2 13 87

2 12 87

2 13 87

2 19 87

2 19 87

2 19 87

2 13 87

3 14 82
2 13 87

2 19 87

2 19 87

2 12 87
2 13 87
2 14 87

2 19 87
2 19
2 13 87
2 13 87
2 13 87
2 12 87
2 10 87

2 89
3 14 82
2 19 87
2 19 87
2 19 87

6 85
2 19 87
2 13 87
2 13 87

6 85
2 28 80
2 19 87
2 13 87

2 28 86
2 28 86
2 13 87
8 13 82

Mag.

6.25

6.85

2.25

5.95

6.35

6.05

6.85

7.45

6.05

5.55

5.45

6.65

Date.

2 13

2 13

2 13

Mag.

2 22

2 14

6.05

6.75

6.85

2 19 87 3.6

2 13 88 6.7

2 14 87 6.5

3 13 87 2.3

2 22 87 7.1

2 13 88
* k V

6.4

2 2 89 6.9

3 1 89 6.0

2 2 89 6.2

2 2 89 6.75

2 13
2 22
3 23

1 14
2 13 87
3 23

5.95

6.35

6.65

3 23
2 13

2 22
2 25
2 13

6.75

6.25

6.45

3 23

2 19

2 13

2 24
2 13

2 25
3 23
3 23
2 13

2 13

5.85

3 23

2 24
2 13

2 19
3 23
2 27

5.55

6.95
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No.

945
946

949

954

956
957

962

964
965
966

984
985

988

990

993

89-90

* •

175

Name

Monocerotis

Leporis
Monocevi
Leporis
Orion is

Monocer^
Leporis

ColuvibiB

Leporis

u

Mc

li.

Leporis

Monocerotis
Leporis
Monocerotis
Leporis
Monocerotis
Leporis

nonis
Monocerotis
Can is Majo
Orionis

Mon
Majo r is

erotis

Majoris

Monocerotis
''lonis

Monocerotis

Canis Majoris

u

Monocerotis

1875.

59.6

10.0

10.6

10.9

11.1

11.8

12.1

12.3

12.8

12.9

Decl

10 14

14 56
4 11

24 11

3 20

6 11

11 10

29 45
21 48

6 48

8 17

5 42
22 24

14 34
22 45

26 41

6 44

4 38

15 46
6 31

26 27

18 10

2 29
8 42

17 44
3 43

15 21

4 32

22
6 14

28

4 53

29 34

18 26
11 52
13 41
16 35

29 45
22 40
16 46

19 55

9 20

Mag.

o

5.75

var.

6.95

6,95

6.35

5.95

6.95

D.7o

6.65

6.25

5.95

6.65

6.35

7.05

6.95

6.75

6.15

6.45

6.45

6.35

6.45

5.95

5.2

Sejiarate Obscivatiom.

6.95

5.75

o

6.05

82 6.55

82 6.2

82 6.4

82 6.9

82 6.0

82 6.2
1

82 6.9

82 6.7

87 6.95

6.55

7.05

Date.

2 13 87

3 13 82
2 28 86
2 19 87
2 13 87
3 24 84
2 13 87
2 28 86
2 13 87

2 19 87

2 19 87

2 13 87

2 13 b7

2 13 87

2 13 87
2 13 87

2 28 86

2 19 87

2 19 87

2 28 86

2 19 87

2 19 87

2 13 87

2 19 87

2 13 87
2 19 87

2 28 86

2 19 87

2 19 87

6 85

2 13 88

2 19 87

2 13 87

2 19 87
2 28 86
2 13 87

2 25 87

6 85

2 28 86
2 13 87

2 13 87,

2 19 87

2 19 87

2 24 87

2 27 86

2 19 S7

2 24 87

2 19 87

6.85

6.95

6.35

7.05

6.65

7.05

6.75

6.45

6.95

7.05

6.45

6.45

6.85

7.15

2 24 87

2 19 87

2 19 87

2 19 87

2 13 87

6.45

Date. Ua^

0.55

24 87

24 87

13 88

23 89

24 87

6.<*5

2 19

3 23
2 24

2 19

2 13

6.75

6.C5

6.05

2 19 87 6.6

2 13 88 6.35

2 19 87!

(

6.35

3 29 88 6.75

2 24 87 7.05

2 13 87

2 19 87

2 13

2 13 87 6.6

3 26

2 19

3 24

3 24

2 19

2 24
3 26
2 13

2 13

2 13

3 13

6.45

6.75

5.35

7.15

7.06

)

« • * « •

3 23 89 . 6.15

'-"'r— 1- -.-. ,i;afl^ ,fffWt-wn ii *tift^iMfciBwwy

»-j#*^^t;.—
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2G CATALOGUE THE MAGNITUDES SOUTHERN" STARS.

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

lOU
1015

1016
1017
1018

1019
1020

1021

1022
1023

1024
10-25

1026

1027

1028

1029

1030

1031

1032

1034
1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1040

1047

1048

1049
1050

U.A
No.

• *

« «

* «

M»W*i

Name

Monocerotis

Cants Majoris

on IS

2Ionocerotis

Cants Majoris
c;

u

a

Monocerotis

Cants Majoris
u

(C

u

1Monocerotis

Canis Majoris
Monocerotis

Canis M/joris

Monocerotis
Canis Majoris

Monocerotis

Canis Majoris

Monocerotis
Canis JIajoris

Monocerotis
Canis Majoris
Monocerotis
Ca7iis JIajoris

1875-

m.

13.2

13.2

13.7

13.7

13.7

13.8

14.2

14.4

15.5

15.6

16.1

16.8

17.2

17.2

18.1

18.1

18.4

18.4

18.6

18.7

18.8

18.9

18.9

19.3

19.6

19.9

19.9

20.0

20.3

20.4

20.8

20.8

20.9

20.9

21.0

21.8

22.2

22.2

24.3

24.8

24.8

24.8

25.6

25.8

25.8

26.2

26.3

26.7

8 32
14 59

20 53

2 54

7 46
24 58

24 55

11 43

29 37

3 13

4 38

17 54

16 24

19 43
12 54
29 48
16 10
25 31

52

No,
Obti.

o

Mas.

Jlean
Obs'd.

6.55

7.25

7.35

6.05

6.95

5.85

6.15

6.85

6.25

6.25

6.85

6.85

6.95

6.05

6.85

6.05

U A.

o o

Sep.-irate Observations,

Date

(

i

Mag.

6.55
6.7'

6.85

6.15

6.65

6.95

6.15

Date.

2 13 87
2 19 87
2 19 87
2 28 86
2 28 86
2 24 87
2 24 87
2 24 87
3 14 82
2 27 86

13 87
2 25 87
2 25 87
3 14 82
2 24 87
2 24 87
2 27 86
2 24 87
2 24 87
2 13 87
2 24 87
2 24 87
2 25 87
2 25 87
2 25 S7

2 20 87
2 13 87
2 13 87
2 25 87

2 25 87
2 13 87
2 25 87
2 25 87
2 25 87
2 13 87

2 24 87
2 28 86
2 24 87
3 13 87

2 25 87
2 25 87
2 24 87
3 17 82
2 13 87
3 17 82
2 24 87
2 24 87
2

2 13 87
2 13 87
3 17 82
2 28 86

6 85

Mag.

6.55

6.65

7.35

6.85

5.85

6.85

7.05

6.95

6.85

6.85

6.85

5.45

6.95

/

)

Date. Mag

2 24 87

2 13 87
2 13

2 13

2 13

2 27
2 22
2 19

7.35

7.35

3 20 87

3 20 87
2 13 88

7.0

6.9

2.2

2 13 88
2 24 87
3 24 89

• A

6.9

5.8

6.9

3 13

2 19

2 29

8 20
3 20 87

6.15

2 19
2 24
3 23
3 20
2 24
2 13
3 20

3 20

6.85

0.75

3 24
2 25 87
> • • « * •

8 24 89

6.55

6.95

2 25
4.25
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No.

1051

1052
1053
1054
1055
1056
1057
1058
1059
lOGO
1061
1062
1063
1064
1065
1066

1069
1070
1071

1072
1078
1074
1075
1076
1077
1078
1079
1080
1081

1082
1083
1084
1085
1086
1087
1088
1089
1090
1091

1092
1093
1094
1095
1096
1097

1098
1099
1100
1101
1102
1103

U.A.
No.

• 9

• • •

i

i *

Name

Can IS Mojoi'is

Mo)iocerotls

Ctinis Majorls

Monocerotls

Caiiis 3fajoris

Monocerotls
Cants Majorls

u

3Ionocerotls

Cants Majorls

Monocerotls

Cants Majorls
Mo7iocerotis

Cants Majorls

Monocerotls

Cants Majorls
Monocerotls

Cants Majorls
Monocerotls

Cants Majorls
Monocerotls

Cants Majorls
Monocerotls

Cants Majoris

4i

Monocerotls

Oanis Majorts
it

Monocerotls

Cants Majorts

a

Monocerotls

Ca n Is Majoris

187.1.

27.3

28.1

20.8

30.2

30.4

30.9

31.0

31.2

31.4

31.9

32.1

32.4

33.0

33.2

33.6

34.4

36.0

86.1

3G.6

36.6

37.5

39.5

39.9

40.2

40.3

40.7

41.2

41.6

41.7

42.0

43.0

43.3

44.4

44.6

44.7

44.7

44.8

45.1

45.4

45.5

45.5

46.2

40.2

47.9

47.9

48.0

48.0

48.1

48.2

48.2

48.4

48.4

O.)

Xo.
Obs

o

J\r;ig.

AFeaii it a

6.85

5.65

6.85

4.75

6.75

4.95

6.85

5.55

6.55

7.15

7.25

6.95

6.65

7.05

6.75

6.15

6.65

6.55

6.65

6.85

6.85

5.05

6.85

6.55 i

Se]i;i^:it« Obaorv.'itioiis.

Date

I

7

/

4.85

7.05

5.75

5.75

G.35

Dale.

2 'Z.)

<>

K»J

OO

25-87

i

I

"Siiig.

6.95

0.15

6.65

6.75

5.65

6.55

5.85

5.15

6.85

4.65

DuLo M>ff

3 13

3 23

O «)«)

3 24

8 13

3 13

3 20

2 27

3 13

2 27

3 20

6.85

6.85

2 24 87

2 22 86

6.95

6.65

6.55

6.85

6.85

6.75

6.55

E^ -r ^-ll&- J%^V

—x'*rfl»l*5-
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So.

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

1114

1115

1116

1117

1118

1119
1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133
1134
1135

1136
1137

1138

1139
1140

1141

1142

1143

1144

1145

1146

1147

1148

1149
1150

1151

1152
1153

1154

1155

1156

I

124

Name.

Caftis Majoris

((

Monocerotis

Can is Majoris
a

Monocerotis

Canis Majoris

Monocerotis

Canis Majoris
Monocerotis

Canis Majoris

Monocerotis

Canis Majoris

Monocerotis

Canis MajoHs
Monocerotis

IC

Canis Majoris
u

Monocerotis

Canis Major is

Monocerotis

Canis Majoris
it

Monocerotis

Canis Majoris
it

Monocerotis

Canis Majoris
Monocerotis
Canis Majoris

1873.

m.

Canis Majoris 6 48.6

3Ionocerotis 48.7

48.8

49.0

49.7

50.2

50.4

50.5

50.6

51.0

51.6

52.0

52.2

52.4

52.7

53.1

53.5

53.7

54.2

54.3

54.4

54.7

54.7

55.0

55.2

55.5

55.8

56.0

56.0

56.7

56.7

57.8

57.9

58.0

58.1

59.5

59.9

Decl.

2 39

20 15

19 59
13 53

22 47

16 54

19 16

24 28
27 22

25 15

28 48
5 12

21 26

8 14

19 59

21 57
20 28

5 33

25 24

27 45

39

9 56

15 27
21 51

10 28

12 12

24 46
23 39
26 12

23 51

18 29
3 42

27 17

17

Xo.
Obs.

Mag.

6.55

4.15

6.35

5.55

5.85

7.05

6.95

6.55

6.75

6.65

6.85

4.05

5.45

6.75

4.25

6.75

6.75

5.95

6.55

6.95

6.75

6.95

t

QO

3.75

i

4.25

Separate ObserratSons.

7.05

6.35

Date.

2 28

2 25 oi

2 28
8 14

3 13 87

2 22
3 13

3 13

2 24
2 28
2 2^ 87

2 2S

2 28

2 25
3 13

2 24
8 13

3 13

2 25

2 25
2 28

2 22
2 25
3 22
2 25 87

2 24 87
2 22

8 13

2 24
2 24

2 21

3 13

3 U
2 24
3 13

8 24
2 25 87
3 13

3 24
2 25

2 25
3 13

2 25
3 24

5.05

6.95

7.05

i

6.85

5.35

6.75

6.45

<

>rag.

i

oo

6.55

5.75

G.55

3 13 87 6.55

3 13 87 5.9
o 22 86 1.65

3 20 87 6.65

t f *WW WW w T

* *• *

8
WW WW

4 88 6.7

6.85

C 1

•)>)

5.45

6.35

6.75

6.75

5.95

»)0

O 5.65

88 6.0

m

f



CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS. 59

No. No.

1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171

1172
1173
1174
1175
1176
1177

1173
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191

1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209

132
119
184
120

136
121
139

122
143
144
145-6

124
125

126

129
160
162

169

130

172
132
173
175

Name.

w ^

Canis Majoris
((

Monocerotls

Canis Majoris
Monocerotis

Canis Majoris

Monocerotis

Canis Majoris

Monocerotis

Canis Majoris

Monocerotis
Canis Majoris

Monocerotis

Canis Majoris

Monocerotis

Canis Majoris

a

Monocerotis

Canis Majoris
3Iojiocerofis

Canis Majoris

10.6

10.6

11.4

11.4

11.6

12.7

13.5

13.5

13.6

13.7

13.8

13.8

15.3

15.3

15.5

15.6

15.9

15.9

16.0

16.0

16.1

16.3

16.7

18.5

19.0

19.0

19.0

19.2

19.3

19.4

19.7

19.7

19.9

20.0

20.2

20.3

21.4

21.6

21.7

22.0

No
Obs

:Mag.

6.55

6.45

6.75

6.25

4.15

6.45

6.75

6.15

5.35

6.85

5.45

6.95

5.95

var.

6.25

6.85

5.55

6.15

6.75

5.85

2.85

6.75

6.45

XJ.A

6.45

6.05

6.25

Separate Observatloni.

i

Date.

t

Mag.

6.75

6.75

3 17 82

8 17 82

3 17 82

3 19 82

3 17

3 17 82

3 17

3 17 82

3 17 82

3 14 82

3 17

3 17 82
3 17

3 19 82
3 17 82

3 19 82

3 17 82
3 17 82

2 22 86

3 17 82

3 19 82

3 19 82

3 17

3 19 82

3 19 82

3 19 82 6.75

3 19 82

3 17 82

3 17 82

3 17

3 19 82

3 19 82

3 19 82
3 19 82

3 19 82

8 17

8 17 82

8 19 82

3 13 87

6 82

3 19 82

3 19 82

3 19 82

3 19 82

3 19 82

3 19 82

8 19 82

3 17 82

3 17 82

3 19 82

3 17 82

8 24 87

7.05

6.6

2.85

6.35

6.35

Date

3 24 87

8 13 87

2 24 87

2 25 87

3 13 87

2 24 87

3 13 87

2 24 87

2 2'. )

2 22 86

3 13 87

2 24 87

3 13 87

3 24 87

2 22 86

2 25 87

3 13 87

3 13 87

3 17

2 22 86

3 24 87

3 24 87

3 13 87

3 24 87

3 24 87

2 25 87

2 25 87

3 23 87

3 13 87

3 13 87

2 25 87

2 25 87

2 25 87

2 25 87

3 24 87

3 13 87

3 23 87

3 24 87

3 23 87

3 14 82

3 24 87

3 24 87

3 23 87

2 25 87

2 25 87

3 23 87

2 25 87

3 13 87

3 23 87

8 24 87

7 86

4 13 87

Mag.

6.25

4.15

6.85

5.45

4.65

6.85

6.65

6.85

5.85

6.25

DtU.

8 26

6.65

8 24
8 20 6.45

6.75

6.45

}

3 22 89 6.75

3 23 89 6.8

3 4 88 7.0

4 19 87 6.6

8 4 88 6.8

3 20 87 6.45

8 22 89 6.7c»

8 20 87 6.8

3 26 87 5.55

4 19

3 22

4 13

4 13

3 20

3 23
oo

5.85

6.85

6.35

7.15

6.45

G.75

i

.u,u.^ .-^ '

'

^ n ^n T ^
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^-—'"'^
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1210

1211

1-213

I2U
1215

1216
1-217

1218

1219
1220
1221

1 228
1 22

1

1225
1 226
1227

1 22^

1 229
1230
1231

1 232
1 233
1 231

1 235
.236

U. A

« «

130

»

139

112

109
11 1 -2

116

122

132
133-1

1237 119
1 238

1239

1210

12 U
1 2 12

12t3

12U
1215

1 2 16

1217

1248

1249

1250

1251

1252

1253

1254

1255

1 256

1257

1258

1259

1260

1261

1262

Cants Mr/Jon's

^[i> HOC*: rotis

Pltpj) Is

Monocerotls

Pup2^is

Munorerotis

I'uppis

((

Monocerotls
Puppis

Monoeerotis
Puppis
Monoeerotis
Ptfppis

Mntiocerotls

Pupp is

Monoi'f'rotls

Pujjpis

AfoHocerotis

Puj)j)is

<(

Monoeerotis
Pupp is

1875.

22.4

22.0

23.0

23.0

23.4

23.4

23.7

23.7

24.6

24.7

24.7

24.8

24.9

25.0

26.1

26.5

27.8

27.9

28.1

2^.7

29.0

29.3

29.5

30.2

30.3

30.4

30.4

30.9

31.1

31.2

31.8

33.1

33.(5

33.7

33.7

3.3.8

31.3

34.4

34.6

34.7

35.5

36.0

37.2

37.4

37.4

87.7

38.5

Docl

>>.>

•»•>

oo

No.
Obs.

Mag.

Mean irr «

6.95

6.15

6.45

7.15

6.75

7.05

var.

6.75

6.35

7.05

6.55

6.35

6.95

6.95

6.95

6.95

5.35

6.95

5.45

var

7.05

i

7,05

G.55

5.55

Separate Observation?.

Date.

24 87

17 82

19 82

19 82

19 82

19 82

19 82

19 82

19 82

17 82

19 82

19 82

19 82
19 82

19 82

19 82

19 82

19 82

19 82
19 82
19 82

19 82

19 82
19 82
19 82
19 82
19 82
19 82

19 82
19 82
19 82

Mag

7.05

5.15

6.75

6.65

7 ';

oo
7.05

6.45

Date.

4 13 87

3 23 87

2 25 87

2 25 87

4 13 87

2 25 87

2 26 87
4 19 87

3 24 87
7 86

2 25 87
2 25 87
3 25 87
2 25 87
2 25 87
2 25 87
2 25 87
3 24 87
4 13 87
3 24 87

7 86
3 24 87

3 24 87
3 24 87
2 25 87

3 24 87

7 86
3 24 87
3 24 87
2 25 87
3 24 87
2 25 87
3 24 87
4 19 87

3 24 87

Mag.

6.45

6.45

7.15

6.75

6.95

6.35

6.45

6.95

7.15

3 20 87
3 24 87

3 24 87

3 24 87
2 25 87 I 6.25

3 24 87
3 24 87
2 25 87
4 19 87
4 27 87
4 19 87
3 24 87
3 20 87
3 24 87

6.85

5.55

-'T'lmiijifrn

Date*

2 11 90

3 22
3 23

4 19

3 22
3 20 87
3 28

3 23 87

3 20

4 17 87

4 13

3 20 87

3 23
4 13

3 29

7 88
22 89
29 88
29 88
23 87

Mag,

6.75

6.55

7.15

5.45

6.75

3 20 87 7.2

3 23 89
• • *

6.9

3 22 89 7.05

3 7 88 6.2

3 20 87 6.8

3 7 88 6.4

3 7 88 6.55

4 13 87 5.3

3 23 87 5.0

7.05

6.95

6.95

23 87
23 89

29 88

29 88

7 88

19 87

3.95

6.35

30 89
30 89
30 89
13 87

26 87
7 88

23 87

I
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1268

12G4

1265

1266

1267

1268

1269

1270

1271

1272

1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

U. A
No.

» « ft

• *

Name

Puppis
u

Monocerotis
Puppis
Monocerotis

Pupp is

Monocerotis

Puppis

Monocerotis

Puppis

Monocerotis
Puppis

Monocerotis
Puppis

Monocerotis

Monocerotis
Pupp is

u

Monocerotis
(C

u

(;

Pupj) is

Monocerotis
u

Puppis
a

Monocerotis
u

vpp Js

1875.

R.A.

39.0

39.0

39.3

39.6

39.7

39.9

40.2

40.6

40.7

40.7

40.9

41.8

42.1

42.1

42.2

42.9

43.7

43.8

44.0

44.0

44.2

44.2

44.3

44.6

45.0

45.7

45.8

46.0

46.3

46.6

46.6

48.3

48.3

51.4

51.5

52.7

53.5

53.7

54.3

54.5

54.9

54.9

56.3

5C.6

59.1

59.5

o o

28 39
23 36

24 23

5 23
14 23
6 28

14 16

23 57
22 50

22 57

12 22
22 13

15 42

6 28
25 38

24 36
16 55

24 33

19 12

8 52

19 53

19 13

10 49
24 13

12 30
13 35

20 51

14 32

22 52

22 59

29 57

22 33

3 20
22 58

2 32

5 59

5 59
19 23

13

8 53
20 12

23 57

2 37

10 59

23 15

No.
Obs.

Mag.

Mean
Oba'd.

4.35

6.15

7.35

6.85

6.45

6.05

5.15

5.95

3.55

6.95

6.25

6.75

6.75

6.85

5.65

7.85

6.85

5.55

5.85

6.85

7.15

5.75

3.05

U.A.

Separate Observations,

Date.

3 23
3 23

3 19

3 23

3 19

3 22

3 19

3 22

3 23

3 23

3 23

3 22

3 23

3 22

3 22
3 20

3 23

3 22
3 23
3 22
3 22

3 22
3 22
3 22
3 22
3 22
3 23

3 22

4 17

3 22

3 22

4 27

3 23

3 23

3 23

8 23

3 23

4 27

3 23

3 22

4 27

4 27

4 27

4 27

3 22

4 27

4 27

3 22

3 22

4 27

4 27
3 22

Mag.

6.05

t

6.45

5.25

5.55

7.05

6.85

4.75

5.85

7.15

6.35

6.65

Date.

4 19 87

3 20

3 24
3 20

2

2 25

3 24

3 29

4 19

4 19

4 17

4 19

4 17

4 17

3 26

4 17

4 19

4 19

8 20

4 19

4 19

3 20

3 24

4 17

4 19

4 19

4 17

2 25

4 19

4 19

4 19

3 22

2 25

4 19

3 26

2 25

3 20

3 20

3 20

4 19

3 26

3 20

4 19

2 25

3 26

4 19

i

JIag.

4.25

6.55

6.95

3,55

6.25

6.65

5.75

6.85

4.85

5.85

5.35

6.85

Date.

3 23 87

3 29

3 20

3 29

3 29

3 29

4 19

3 29

3 29

3 23

3 29

4 24

3 23

3 26

29 88

24 87

24 87

29 88

20 87

2 88

2 88

7 88

28 89

7 88

26 87

7 88

Mag

4.35

6.95

6.95

7.05

6.85

6.45

5.95

6.35

6.85

6.35

4 6 88

3 29 88

3 7 88

• • »

4.95

5.5

5.55

• • •

t • •

6.75

6.45

6.95

^^itfi it^^

latardJi^ —^— —
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PY" ^*^*Fi^|-^-Tp*J^'-g*->r^^O -. Hi^-.l . I I
w^^l-ir^-^

Separate Observations

Date,

3 22 84
3 22 84

3 25 84

3 25 84
3 22 84
3 25 84
3 25 84

4 27 84

4 27 84
3 25 84
3 25 84

4 27 84

4 27 84

4 27 84
3 25 84
3 22 84

3 25 84

3 25 84
3 25 84
4 27 84

4 27 84
3 22 84
4 27 84
4 27 84
3 22 84
4 27 84

3 22 84

4 27 84
3 25 84
4 27

4 27 84
3 25 84
3 25 84
4 27 84
4 27 84
3 25 84
3 25 84
3 25 84
4 27 84
3 22 84
4 27 84
3 22 84
3 22 84
3 25 84
4 27 84
4
3 25 84
4 27 84
3 25 84
4 27 84
3 25 84
3 25 84
3 22 84

Mag.

7.35

6.75

6.65

6.35

6.15

6.25

6.95

6.15

Date,

4 19 87

3 25 87

4 19 87

4 19

3 25 87

3 25 87

3 20 87

3 25 87

3 25 87
4 19 87

3 25 87
3 25 87

3 25 87

4 19 87

3 25 87

3 25 87
3 25 87
4 19 87
3 25 87

3 25 87
3 25 87
3 25 87

3 25 87
4 16 85
3 25 87
4 16 85
3 25 87

3 25 87
3 25 87
3 25 87
3 25 87

2 88
4 20 87
3 25 87
4 19 87
3 25 87
3 25 87
4 20 87
3 25 87
3 25 87
3 25 84
4 16 85
3 25 87
3 25 87
3 25 87
3 25 87
4 20 87
3 25 87
3 25 87
3 25 87
4 19 87
4 16 85

Mag.

5.05

5.95

5.75

6.85

6.45

6.45

6.15

6.85

6.85

6.85

6.35

6.15

Data Mag.

4.85

2 88
4 19 87

7.15

3 25 87 5.85

8 26 87

2 88

4 19
3 24
4 20

2 88
2 88

24 89
26 87
16 90
2 88

26 87
25 87
24 89
25 87

24 89
2 88
2 88
6 88

6 88

4 20 87

2 88
19 87
27 87
19 87
24 89
25 87
25 87
16 90
20 87
24 89
2 88

4 19
4 20

6.55

6.75

6.75

6.55

6.55

7.05

3 25
6.85
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1369

1370

1871

187-2

1873

1374

1375

1376

1377

1378

1379

1380

1381

1382

1383

1384

1385

1386

1387

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

140U

1401

1402

1403

1404

1405

1406

1407

1408

1400

1410

1411

1412

1413

1414

1415

1416

1419
1 420
1421

TJ.A.
!No.

•

< •

Name

Hydroi
ii

Pyxldis
HydrcB

Fyx idis

Ilydrcb

Pyxidls

Hydrce
Pyxidis
Hydrce
Pyx Id is

IlydroQ

Pyxidis
a

Hydrce
Pyxidis
Hydrce

Pyxidis
Hydrce

Pyxidis
Hydrce

Pyxidis
Hydrce

Pyx idis

Hydrce

Pyxidis

1875.

22..3

22.6

22.8

23.1

23.2

23.3

24.2

25.9

26.8

20.8

27.0

27.8

27.7

27.7

29.2

29.4

30.2

31.2

31.7

31.7

31.8

32.1

32.2

32.5

33.0

33.3

33.7

34.1

34.2

34.5

35.0

35.9

36.2

37.5

39.0

39.3

39.7

40.1

40.4

40.5

40.9

41.1

41.6

41.9

42.3

43.0

43.1

43.6

44.1

44.8

45.1

45.2

8 24
25 43
9 20

33
22 39
20 32
26 55

14 37

4 48
15 41

1 44
24 11

26 40
7 33

26 25
4 30

25 59

6 22

6 14
25 49
19 18

12 18

22 14

16 51

8 37

15 30

11 31

6 47

20 43

10 33

24 56

18 18

10 36

35

28 U
2 59
8 10

20 35

27 15

No.
Obs.

Mag.

Meat!
Obs'd.

6.75

5.45

6.25

6.75

7.85

6.85

6.85

U.A

6.85

6.85

5.55

5.25

4.95

6.55

4.55

5.65

6.85

6.75

6.75

Date,

4 27

4 27

3 25

4 27

4 27

3 22

3 22

3 25

3 25
3 25

3 25
4 27

3 25

4 27

4 27

3 25

4 27

3 25
4 27

3 25

3 25
3 25

3 25

4 14

3 25

3 25

3 25

4 14
4 14
4 14

4 27
3 25

4 27
4 14

3 25

4 14

4 27
3 25

4 14

3 25

3 25

3 25

4 27

4 27

3 25

3 25

3 25

3 25

Separate Obecrvations.

INfag.

0.95

6.95

6.25

6.95

6.55

Date.

3 25 87

3 25 87

4 16 85

3 25 b7

3 25 87

4 16 85

3 25 87

4 16 85

n5 87

3 25 87

4 20 87

4 20 87

3 25 87

4 16 85

4 17 87

3 25 87

4 10 85

4 20 87

4 17 87

4 14 84

4 20 87

4 14 84

4 20 87

7 86

4 19 87

4 14 84

4 19 87

6 85

4 14 S4

7 86

4 27 84

6 85

3 20 87

4 27 84

3 25 87

4 19 87

3 25 87

8 26 87

4 19 87

3 25 87

3 25 87

3 26 87

3 26 87

4 27 84

4 27 84

4 17 te7

3 25 87

4 20 87

4 19 87

4 17 87

4 17 87

7 86

Mag.

5.55

6.95

0.25

0.75

5.45

5.16

6.75

5.85

]>ate. M8C

4 20

3 24

4 17

4 20

2 88

9 87

12 87

2 88

19 87

19 89

4 17

4 16

4 16

4 17

4 10

4 24

3 25

4 16

4 17

4 10

3 25

3 25

7 88

20 87

3 88

26 87

25 87

3 88

6 88

3 88

8 88

17 87

0.65

6.45

6.45

6.75

7.46

5.55

4.85

4.05

6.85

6.45

T^^^^^^^^E^^^^^il li^^^iHT- '.V^ki.r. I J 1*4^ ^^4 iLAm" r T nkp ' ^ h L^AJ-J
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1424

1426

I I'll

1128
I42f)

mo
1 1 :i I

1432

1433

1431

1 135

1436

U37
1438
1 43"

)

lUO
Mil
11 12

in3
14 U
111.3

14 47

1U8
1149
l4-'»ii

IIM
1452

1453
1 45 4

11.55

1456

1457

1458
1159
1460

1161
l-itj2

1463
1461
1466
1166
Uu7
1468
1469
1470

I

• t

1474

Xaine.

Jlj'lrw

Pyr idls

Pyxidk

Ilydrce

Pyx idls

Jlydnv
PyxIdis

ITf/drm

Pifcidls

IlydriB

Pyr'Jis
Ifydr n

Pyxidig

If*fdrm

PyxidU

u

ffydrm

Pyridis
a

Tff/'fiW
ii

1875

R.A.

m.

45.4

46.4

46.6

47.3

48.2

48.6

49.3

49.4

49.5

50.1

50.2

50.4

50.8

51.1

51.7

62.9

53.1

54.0

54.0

54.3

54.7

55.0

55.0

55.4

55.6

55.8

56.4

57.3

57.5

57.7

i- 58.0

25

Mag.

Ml^^ U.A
Obsil.

5.85

6.95

6.65

6.45

6.95

5.15

6.75

6.85

7.05

7.05

7.05

6.05

6.75

7.15

6.95

6.95

6.25

6.15

5.85

6.85

6.85

6.75

Separate Observations,

Date, Mag.

7.05

6.65

:-_ ^ _ L_ _^.,

Date.

3 25 87

4 20 87
3 26 87

3 26 87

4 20 87

3 26 87

3 26 87

4 20 87
3 26 87
4 22 84

8 88

8 26 87

4 20 87

4 20 87
3 26 87

4 22 84
3 26 87

4 17 87

6 88

4 20 87

4 20 87

8 88
8 88

4 20 87
4 19 87

6 85

4 20 87

4 20 87
4 19 87
3 26 87
3 26 87
4 17

3 26 87
4 14 84

6 85
4 26 86
3 26 87
4 14 84
3 26 87
4 17 87
4 19 87

6.15 4 17 87

Mag,

7.05

6.75

6.35

5.15

7.05

6.75

6.95

6.95

6 88

4 17 85
3 26 87

4 17 87
4 17 87
4 29 86
4 17

4 29 86
4 17

Date.

4 28

4 28
4 20

4 19
4 19

4 19

4 28

4 28
4 20
4 26

3 26
4 19
4 29

Mag.

6.55

6.85

5 9 87 6.5

4 20 87 6.3

4 6 85 6.8

4 17 87 5.15

4 19 89 6.75

4 3 88 6.65

4 3 88 6.8

4 3 88 6.85

4 3 88 6.2

4 6 85 7.0

ABAV

m A A

4 8 88
*

7.0

4 3 88 7.0

4 3 88 7.1

7.05

6.75

6.85

4 17

4 28
4 8 88
4 3 88

6.8

6.3

4 19 87
• • •

6.8

3 26 87
m w 9

6.8

3 26
4 20 87
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1475

1476

1477

1478

1479

1480

1481

1482

1483

1484

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

1504

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524
1525

1526

1527

U.A
No.

i

• •

»

Name

Hydrce

u

u

Pyxidis
Hydroe,

Pyxidis
IIydr(B

Pyxidis
Ilydrce

Pyxidis
HydrcB
Pyxidis
HydrcB
Hydrce

Leonis
Hydrce

;(

£C

Antlice

Hydrce

Antlice

Hydrce

Antlice

Hydrce

1875-

m.

10.5

10.6

10.9

11.2

13.1

18.5

13.7

13.8

14.4

15.0

15.4

16.0

16.6

16.8

17.8

18.0

19.2

19.7

20.0

20.1

21.0

21.0

21.1

21.3

21.5

21.6

21.6

21.8

22.

22.2

22.7

22.8

23.1

23.3

23.5

24.'.

24.4

24.5

2t.6

24.5

24.7

25.2

25.6

25.6

25.9

26.5

26.8

26.9

26.9

27.2

27.5

)

Decl.

k)

o

o

'^S

No.
Obs.

Mag.

Mean
Obs'd.

6.95

6.65

6.15

6.65

6.65

6.85

6.75

5.25

6.95

6.85

2.05

6.15

7.35

6.35

6.95

6.25

4.85

6.55

var.

6.65

6.65

U.A

6.95

# •

Date.

4 13

4 13

4 13

4 18

4 18

4 13

4 13

4 13

4 13

4 13

4 14

3 25

4 13

4 13

3 25
4 14

4 14

4 17

4 14

4 14

4 26
3 25

3 26

4 13

4 26

4 29

3 25

4 14

4 13

4 13

4 14

4 14

4 14

4 14

3 25

3 25

3 25
3 25

4 14

4 17

3 25

4 14

4 13

4 13

3 25

3 25

4 13

4 14

4 14

3 25

3 25

Separate Observations.

>! ag. Date.

4 29
4 17

4 17

4 29
3 26

4 17
o

4 17

4 17

4 29

4 17

4 29

4 17

4 17

4 20

4 17

4 29

4 26
4 13

4 13

4 29

4 26

4 28

5 12

4 13

I

4 17

4 17

4 26

4 26

4 20

4 26

4 17

4 13

2 26

4 26

4 17

4 26
4 26

Mag.

5.15

7.35

6.55

Date.

fi.S.')

5.75

8 88

20 87

3 88

3 88

26 87

6 80

6.85

6.05

5.25

0.55

4 26

3 26

4 26

4 20

4 17

4 17

4 17

4 20

3 26

3 26

4 26

4 29

3 30

3 26

4 29

4 17

4 20

4 17

3 26

3 26

>

6.95

3 26 87 (

6.55

6.25

9 87

9 87

29 86

6 80

6.55

6.65
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ir»28

1520

15:? I

If).'}:?

1534
15;}5

1536
i

1530
1510
1511

1512
1543
1544

1548

1
•> 40

1550
1551

1555
155t>l 178
1?\57

1 553
1 5 59

15tiU

15.; I

15G2
1563
I5r4

IS I

15t>9

1 .570

«'71

1 572
1578
1574

157 5
1 576
1 .>77

1 57H

1580

«ii

1^0

Kame.

IhjdrtB
u

Antlln

AntJifB

Antlim
44

Sexfantis

Antli
Tfydrfp

Tlydroi

ffydrtB

Stxtantls

AntliiB

Tfl/drm

SextantU

Hydice
An film

ilydi'm

Iff/drm

Anflim

18T5*

28.3

28.8

29.8

30.9

31.4

31.5

31.7

33.1

33.5

33.7

31.2

u 1.3

35.6

30.4
3n.«

37.7

S8.6

39.9

41.0

41.1

42.0

42.6

43.1

43.1

43.5

44.9

45.1

45.5

45.6

46.0
4t5.3

47.2

48.5

48.6

48.7

49.0

40.0

40.6

49.9

51.1

51.3

51.4

51.7

52.5

5n.4
5i>.4

56.7

57.2

57.6

Docl.

Mag.

6.75

6.55

5.05

6.95

5.05

6.95

6.65

6.85

5.35

6.55

6.55

6.55

6.95

6.95

6.35

6.65

t

3 25 84
4 14 84
4 14 84
3 25 84
3 25 84

3 25 84
4 14 84
4 13 84
4 14 84
4 14 84

4 13
4 13 84

4 14 84
3 25 84
3 25 84
3 25 84
3 25 84
3 25 84
3 25 84
4 28 84
4 28 84
4 28 84
4 28 84
4 28 84
3 25 84
4 28 84
4 28 84
4 28 84
4 14

4 28 84
4 13 84
4 22 84
4 28 84
4 13 84
3 25 84
4 28 84
3 25 84
3 25 84
4 13 84
4 13 84
4 28 84
4 28 84
3 25 84
3 25 84
4 28 84
4 13 84
3 25 84
3 25 84
4 13 84
4 28 84

4 13 84

^Jst-a

Separate Observations.

]\rag.

6.15

Date.

4 26 86

4 28 84
4 13 87

4 26 86
4 26 86
4 26 86
4 17

6 85

4 26 86

6.65

4 18 87

4 13 84

4 22 86
4 26 87
4 13

4 26 86

4 26 87
4 13 84
4 13

4 13 87
4 13 87

4 IB 87

4 13 87

4 13 87
4 13 84
4 13 87

4 13 87

4 13 87

4 22 84
4 13 87

6 85
4 28 84
4 13 87
4 13 87
4 13 84
4 20 87
4 13 84
4 13 84
4 26 86
4 20 87

4 13 87

4 13 87
4 13 84
4 13 84

6-65
1 4 21 87

6 85
4 13 84
4 13 84
4 14 87

'•" 4 21

4 14 87
4 19 87
4 21 87

6.65

Mag.

6.75

6.55

6.95

7.05

7.05

6.75

6.95

6.75

6.95

Bate,

4 17

8 26 87
4 29
4 29

Mag

6.25

6.75

6.45

3 6 86 4.2

3 30 89 6.45

3 30 89 6.5

3 6 86 5.4

3 26 87 5.1

4 6 88 7.05

8 26 87 5.4

4 € 88 6.95

3 7 86 5.0

4 6 88 6.7

4 24 87 7.0

4 8 88
A * *

6.75

4 8 88 6.85
4 24 87 7.0

4 13 87 6.95

4 6 88 7.0

3 30 89 6.75

6 86
8 88 6.75

22 86
8 88 I 7.05

19 87
13 87
6 88

6 88

26 86
20 87

9 87
8 88

6.65

5.35

7.05

6.75

4 13

4 28
6.55

4 28
4 24

4 20
4 24

6. 95

6.95
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1581

1582

1583

1584

1585

1586

1587

1588

1589

1590

1591

1592

1593

1594

1595

1596

1597

1598

1599

1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619
1620

1621

1622
1623

1624
1625

1626

1627

1628

1629

1630

1631

1632

1633

U. A
No.

* *

« * »

• »

• • •

• «

« •

> •

Name.

Hydrce

Antlim
HydrcB
Antllce

Hydrce

Sextantis

MydrcB
U "

Sextantis

Hydrce,
(C

Sextantis

Hydrm
Antlice

Hydrce

Sextantis

Hydrce

Sextantis

Antll

Hydrce
Sextantis

Hydrce
it

Sextantis

1875.

58.1

58.6

58.6

59.0

59.2

59.5

10.0

10.6

10.9

11.4

12.4

13.1

13.8

13.3

13.8

14.5

14.8

15.1

15.1

15.5

15.6

15.7

16.0

16.1

16.2

17.1

17.1

17.1

17.2

Dexl

24 43
17 30
23 41

27 46
12 28

27 35

27 35
16 50

16 32

20 39

14
10 16

14 52
17 31

7 48
12 12

11 44

6 42
18 20
27 59
18 32

26 25
23 12
10 35
18 41

7 27
28 22
11 54
4 29
4 36
8 26

4 45
4 47

13 10

24 45

21 54
17 24
12 47
19 14
23 42

16
3 27

No.
Obs.

Mag.

7.35

6.75

6.25

6.95

6.65

6.65

6.05

6.95

6.75

6.35

7.45

6.45

6.95

6.55

6.45

6.85

6.15

6.95

IT.A.

»

Date

3 25 84

4 13 84
3 25 84
3 25 84

4 22 84

3 25 84
3 25 84

4 13 84

4 13 84

4 13 84

4 28 84
4 28 84

4 17 85
4 22 84
4 13 84
4 13 84
4 13 84
4 22 84
4 28 84
4 22 84

4 14 84

4 13 84
4 28 84

4 28 84

3 25 84

4 13 84

4 13 87

3 25 84

4 16 85

4 22 84

4 13 84

4 13 84

4 28 84

3 25 84

4 22 84

4 28 84

4 28 84

4 28 84

4 28 84

4 28 84

4 13 84

4 22 84

4 16 85

4 16 85

4 16 85

4 13 84

4 22 84

4 13 84

4 16 85

4 28 84

4 28 84

4 28 84

Separate Observations.

Mag.

7.35

5.55

6.55

7.15

7.05

Date. Mii^.

4.65

6.95

6.95

6.25

4 13

4 13 87

4 13 84

4 13 87

6 86

4 13 87

4 13 87

4 13 87

4 13 87

4 14 87

4 21

4 21

6 86

6 85

6 85

4 20 87

4 13 87

6 85

4 22 86

4 20 87

4 22 84

4 13 87

4 22 86

4 22 86

4 13 87

4 13 87

4 13 87

4 20 87

4 13 87

4 26 86

6 85

4 13 87

4 13 87

4 22 86

4 13 87

4 20 87

4 21 87

4 21 87

4 22 86

4 21 87

4 21 87

4 19 87

4 16 85

4 26 86 6.85

4 26 86

4 26 86

6.35

4 19 87

4 20 87

4 13 87

4 14 87

4 21 87

4 21 87

4 21

6.85

6.45

Pate.

6.75

7.3f

4.85

4 6 88

4 8 88

5 9 87

7.0

6.7

C.3

3 23 00 7.4

4 28 89

4 21 87

4 21 87

6.9

4.4

6.7

* * •W ^ W

4 • V

4 8 88

5 9 87

4 21 87

6.86

6.6

5.9

4 • •

3 6 86

T ™^ ^

3.4

8 88 6.85

8 88. 6.85

6.75

6.85

14 87

21 87

8 88 1 6.75

6.65

5.76

8 88

21 87

8 88

8 88 1 6.45

4 28

4 21

4 24

4 24

4 20

4 14

4 14

4 14

6.Sb

7.05

4 24

4 24

n.45

6.05
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V A

ilia; •2 -JO

1 633
1039

IGiO

IG42 ooo

ICU
iGt5

1 c i r,

lGi7
IGIS

1619
16.-0

1 0,-, t

1 r>55

I r,5«

IG:.7

1 6:>9

ir»6o

166

1

1G.-/2

I l>6:i

O .1 !,

OO "^

•229

280

23-2

2 :? 3

IG('»5

I6»;ti

iGr

234
235

1670

1 67 -2

1675

1679

Kaui0.

J///di(r

AiUllcB

Sextantis

ffi/dnc

Srstiuitls

ITijilfm

Srxtantls

Jtijthw

AntfuB
Si'jrttuifis

Srj'fffnfiS

llf/'lrm

UJB

Serf

llydrm

Sextan^ IS

SrxfantU
JIfjdrCB

)

1681

1682

16^1
inx:>

Sextant is

Ffi/'lrtr

Sr.rf'infis

ir>/<lr(E

2:>i

4 • *

i>

SfTfn n f i.f

1875.

I)«cl

19.6

20.0

20.1

20.2

20.5

21.4

21.4

22.4

22 .

6

23.1

23.7

23.8

23.9

21.7

24.9

25.0

2»).0

26.2

27.0

27.1

28.1

28.5

29.0

29.2

29.6

30.1

30.2

30.2

30.3

30.8
41

30.9

31.0

31.1

31.4

82.

5

32.7

35.1

36.0

86.2

Mag.

Mean tt a

6.55

4.05

36.9

38.5

40.8

40.S

41.5

41.5

42.7

4C.0

36

•>

6.95

6.95

5.45

6.75

6.95

6.65

6.65

6.95

Separate Observationa.

Date. Mag.

var. var.

6.65

6.95

6.95

6.35

6.65

5.35

oo

22 84

6.65

84 i 6.6

6.65

22 84

oo
5.15

oo

16 85
84 6.95

O.)

•)0

5 16 84

5 16 84

6.35

Date

4 20 87

4 13 87

4 21

4 13 87

4 21 87
6 86

4 21 87

4 21 87

4 19 87

4 19 87

4 21

4 19 87

4 17

6 85
6 85

4 17

4 21

4 22 86
4 14 87

6 85

4 21
4 26 86
4 22 86

4 26 86

4 21 87

4 26 86
4 22 86
4 19 87
4 22 86

4 19 87

6 85

4 22 86
4 14
4 21 87

4 14 87

4 22 86

4 26 86

4 22 86
4 22 86
4 21 87

4 20 87
4 21

4 20 87

4 14 87
4 14 87
4 22 86
4 14 87
4 20 87
4 20 87

4 21 87

4 21 87

4 21 87

Mag.

6.05

3.95

6.55

7.15

6.85

6.65

6.65

6.95

5.65

7.25

6.35

Date.

9 87

4 19 87

4 24 87

5 12 87

4 24 87

4 22 86

9 88

8 88

9 88

8 88

6 86
4 13

4 13

6 86

4 27

4 17

8 88
4 14 87

4 24 87

8 88

4 17

8 88
9 88

4 14 87

4 17

8 88

4 21 87

14 87

17 87

8 88

I I

8 88
17 87

17 87

8 88

Mag.

6.95

6.85

6.95

6.35

6.95

5.75

6.75

6.95

7.05

5.25

4 9 88 5.25

4 17 87 6.5

4 9 88 6.6

4 27 87 6.95

4 9 88 6.7

4 8 88 6.95

4 8 88 6.9

5 9 87 5.8

4 8 88 6.95

4 9 88 6.6

4 9 88 7.25

4 24 87

* •

7.2

4 9 88 6.6

»
^'
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706

722

I

266

275

Name

Hydrce

Sextantls

Leonis

Hydr(B
Crateris

Hydrca
Crateris

HydrcB
Leonis

HydrcB
Leonis
Hydrce
Crateris

Leonis
Hydrce
Crateris

Leonis
Crateris

Hydrce

Crateris

HydrcB

Leonis
Hydrce

Crateris

Leon is

Crateris

ff>/d?'ce

Crateris

HydrcB
u

Crateris

Leon is

Crateris

18T5.

43.0

43.5

43.5

44.0

44.7

45.0

47.0

47.1

47.4

47.4

47.4

48.1

49.1

52.8

53.3

53.7

54.0

54.8

54.8

55.5

56.3

56.4

56.9

57.0

57.0

57.2

57.3

57.4

57.8

57.9

59.3

59.3

59.9

Mag.

6.95

6.05

6.35

6.85

5.95

5.55

6.75

6.85

6.35

6.65

6.35

5.45

6.45

5.75

6.35

6.85

6.55

6.95

6.25

6.95

6.95

6.65

6.95

7.05

4.65

5.75

V.A.

Separate Observations.

Date.

4 16
4 22
5 16

5 16

4 22
4 22
5 16

5 16

4 22
4 26
4 26
4 22
4 26
4 26

4 26
4 26
4 26
4 22
5 16

5 16

4 22
5 16

4 22
4 26
5 16
4 22
4 26

4 26
5 16
4 26

4 22
4 22
4 26

4 22
4 22

4 22

5 16

4 22

4 26

5 16

4 22
4 22

4 26

4 22
4 22

4 26

4 26

4 26

Mag.

6.35

6.35

6.35

7.05

6.75

6.75

6.85

Date.

4 14 87

4 26 84

4 21

4 21

4 21 87

4 20 87

4 20 87

4 21 87

6 86

4 22 86

4 21

4 21 87

4 20 87

4 21

4 21

6 86

4 21

4 21 87

4 20 87

5 86

5 86

9 87

5 86

9 87

4 21

5 86

4 20 87

4 21

4 21 87

4 21 87

9 87

5 12

4 21

4 19 87

4 19 87

20 87

5 86

4 19 87

4 19 87

12 87

4 21 87

5 86

4 22 87

4 20 87

4 19 87

4 22 86

5 12 87

4 20 87

4 21 87

4 21 87

4 22 87

4 21 87

Mag

6.35

6.35

6.35

6.75

6.55

6.75

6.75

5.75

6.55

6.75

6.55

6.25

5.65

Mag

7.05

6.85

7.05

6.45

oo

(

6.65

6.95

6.55

6.76

6.75

6.25

87 4.95

6.65

00

5.75

5 12

4 13

4 13

4 30

5 12

6.65

r ^ --_L ^> ^L^^T '^ - ^
-v:?"-^-^-' "

-^ ^'- -T-^'
^i-^^jM*:j^'
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I7J0

17!1

IT 12

7

I7U

1710

Naiuu

CratvrU

Leon is

it

CraterU

ITiO Cm tens

175;$

1754
it:)5

u

17.'«

1750
I7G0

17U1
17G2

1 7 153

1764
1765
1 7 66
1767

Lton is

Crah vis

Ilt/drce
^^ f

1770

ITT a

tTTl
1 7 7 . >

I77»)

1777

ff>/drfB

Cratr'ris

Craff^ris

u

Crnfrrh
ffydrm
CmterU

t

on i#

Cntfens

17^4

1785

1789
a mm

1791
179-2

Cra* '-is

Virgin is

Cruteris

• • •

Iff/drm

Cnif^ris

1S75>

10.2

10.3

10.7

12.5

13.0

13.1

14.2

16.2

17.2

18.0

18.3

18.6

18.7

10.6

20.3

20.9

21.4

21.5

21.7

28.1

2C.i

23.1)

24.1

24.3

25.6
25,(',

2G.1

26.2

26.4

27.8

2«.0

28.6

80.4

30.8

82.0

82 3

82.7

83.1

35.5
R^7
86.8

37.2

Dec!

JIu^-

6.85

6.75

6.85

C.05

6.85

5.45

6.75

6.05

6.95

6.15

5.15

6.85

6.05

6.85

5.25

6.35

5.75

6.25

7

6.85

6.85

4.85

4.55

6.85

6.75

7.05

6.25

6.65

U.A

6.85

Separate Observations.

Date

26 84
16 84
16 84

26 84
26 84
16 84
26 84
16 84
16 84
16 84
22 84
26 84
IG 84
22 84
V) 84
16 84
16 84
16 84
16 84
16 84
26 84
5 86
16 84
26 84
16 84
16 84

22 84

26 84
16 84
16 84

Mag.

6.85

6.85

3.65

5.55

5.25

5.25

6.25

Date.

5 86
4 21 87

4 21

5 86

5 86

4 22 87
4 21

5 86
4 22 86
4 22 87

4 22 87
4 22 86

5 86

5 86
4 22 86
4 22 87

4 21 87

4 21 87

4 22 87

4 20 87
5 86
5 86

4 20 87
5 12 87

5 86
4 20 87
4 22 87

5 86
4 22 87
4 20 87

4 20 87

5 86
4 20 87
4 21 87
4 21 87

5 86
5 86
5 86
5 86

5 12 87
5 14 87
4 21

5 12 87
4 21 87
4 21 87
4 21 87
4 20 87
5 12 87
5 12 87
4 22 87
4 21 87

Mag,

6.55

6.85

4.05

6.85

6.85

5.25

5.75

7.15

6.65

7.15

5.75

Date.

4 22
4 29
5 12
5 12
4 22
4 22

4 13

5 14

4 30
4 20
4 22 87

6.35 5 12
4 13
5 12
4 22

Mag.

4 22 87 7.0

4 22 87
i

6.6

A B A

4 21 87

• P

7.2

4 21 87 6.8

5 12
m

87 4.1

M M A• • * • » ^ ^ V r V

* #

4 22 87

4 22 87

5.55

6.8

AAAV

^ ^ A

4 22 87

4 22 87
5 14 87

V tf 4

6.9

6.7

6.0

^ ^ ^

4 22 87

4 22 87

V V

6.6

6.9

5.25

4 22
5 12 87

oo

4 22
5 12

6.85

4.55) 5 12

5 14
5 23
4 30
4 30
4 13
4 13
4 13

5 23

6.95

6.25

6.65

4 13 88 6.95
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1793

1794

1795

1796

1797

1798

1799

1800

1801

1802

1803

1804

1805

1806

1807

1808

1809

1810

1811

1812

1813

1814

1815

1816

1817

1B18

1819

1820

1821

1822

1 823

i824

1825

I82G

1827

1828

1829

1830

1831

1832

1833

1834

1835

1836

1839

1842

1S43

1844

1845

r-KK.̂^

U.A.
No.

> •

« •

' • *

^6

^'OL. xir.

Name

Virgims
Hydrce
Crateris

Hl/drcE

Cmter'is

Hydrce
Crateris

Virgin is

Hydros,

Virgin is

Crateris

Hydrce

Virginis

Crateris

Hydrce
Crateris

Hydrm
Corvi

Virginis

HydrcB
Virginis

u

Hydrce

Virginis

Hydrce
Virginis

a

Corvi

'gin IS

Corvi
(I

Virginis

Corvi

Virginis

1875.

R.A.

37.5

87.7

38.1

38.4

41.0

42.1

42.3

42.5

44.0

44.2

44.3

44.7

45.1

45.4

48.4

49.0

49.2

49.3

49.7

50.4

50.5

50.6

50.6

51.2

51.4

61.7

51.7

52.5

52.8

53.0

53.2

54.3

64.3

64.5

64.6

56.5

57.2

57.6

59.2

59.6

Decl

o

No
Obs

Mag.

Mean rr *

Obs'd.
^'

5.15

6.35

5.75

7.05

5.45

6.65

7.05

7.05

6.95

7.05

7.05

6.45

6.65

6.75

6.55

6.95

5.75

6.85

6.95

r #

Separate Observatious,

Date. Mftg

6.35

6.95

6.55

3.35

Date

4 20

4 22
4 22

4 20

4 21

4 21

4 20

4 21

5 23

4 20

4 21

4 20

4 20

5 14

4 20

4 20

4 22

4 20

4 21

4 21

4 20

4 20

4 20

4 20

4 27

4 26

6 16

4 26

4 29

4 29

4 27

5 16

4 26

Ma«

i

6.55

6.55

86 7.0

6.85

4 26

5 16

5.85

*

t *

7 88

13 88

7 88

13 88

5 12

5 18

4 30

5 18

5 12

5 12

4 13

5 12

4 27

t

4 27

5 12

5 14

5 18

4 27

• #

Date. MajE.

^ M m

5 12 87

6 7 88

4 22 87

• W •

7.05

6.86

5.1

» *

6.35

7.05

6.55

6.35

7.05

5 22 87 7.1

5 18 89

6.55



4 CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS.

Name.

I84f;)

1847

1848

1841)

1850

1851

1852

1853

1854

1855

1856

1857

1858

1859

1860

ISGl

18G2
1303
1864
1865
13G6

Virgin is

Corvi

IIydree
Virij In Is

'orvi

a

Virginis

1869
1870
1871
1872
1873
1874
1875
187G

77

1 >78
IS79

1881
18^2
1^83

B

• « »

1886

l5S^

1889
1890

1891

1892
1893

1894
1895
1S9G
ISD7
1S08

Hydrce
Virginis

Corvi

Virginis

Hydrce

Vlrgin is

•ifVI

Virginis

Corvi

ITydrcB

Vin/iUis

Corvi

Ilydrce

Corvi

Virgliils

Coi*vi

Virginis

Corvi

y t n 18

JJf/drm

Corvi

1875. Mag.

28 32
9 35

19 50
22 39
16 51

10.6

11.5

11.8

12.3

12.9

13.4

13.5

13.7

14.1

14.5

15.8

16.7

16.8

1G.9

16.9

17.3

18.7

18.8

18.8

21.3

21.5

21.5

22.8

23.4

23.7

23.8

25.0

25.2.

25.7

25.7

26.0

26.2

26.2

26.9

27.1

27.3

27.8

28.0

29.2

29.4

30.4

80.7

30.9

31.1

32.2

23 19
3 15

8 13

21 29
21 31

o12 5

14 52
6 36
4 17

29 39
25 18

10 55
15 5G
3 55
7 59
1 44

15 49
12 42

30 18
>o

15 30

20 31

29 21

8 46
22 42

43

19 50

1 38
7 87

17 34

U.A.

6.85

6.95

6.75

6.15

6.95

6.85

3.85

6.45

5.C5

6.85

6.95

5.95

6.75

6.85

6.15

6.65

6.95

2.85

6.35

6.05

6.45

6.85

6.25

^\

6.85

6.85

5.55

6.15

• • »

Date.

5 25
5 25

4 26
5 25

4 26

4 27
5 25
5 25
4 26
5 25

5 25
4 27

4 26
4 26
4 26

4 27
5 25
4 27

4 26
4 27
4 26
4 27

4 26

Separate Observations

2,35

2.95

4 27
2.75

4 27
4 27

4 26

Date,

6.95

6.95

26 84 2.95

5 14

5 14
5 14
4 27

4 29
4 29

9 85
26 84

Mag,

6.55

6.85

4 22 86 7.1

5 14 87 6.2

AAA

5 14 87

• • w

7.0

5 14 87 6.85

6 5 86 4.0

5 9 85 6.3

4 22 86 5.8

6.95

6.85

29 86
9 85

22 86
14 87

6.95

7 88

6.55

29 86

9 85
14 87
9 85
9 85

15 87

29 86

6.95

7 88
9 85

6.95

9 85

6.85

5.55
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1899

1900

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

43-4

75-6

• •

• 9

Name

Virgmis
Hydrce
Virginis

Corvi

Virgmis

Corvi

Vii^ginis

Corvi

Hydrm
Virginis

IIydr(B

Virginis

Corvi

Virginis

Hydrce

Corvi

Virginis

JTydrm
Virginis

Corvi

Virginis

HydrcB
Corvi

Virginis

Hydrce
Virginis

Hydrce

Vi^^ginis

Hydrm

rgims
u

Hydrce

1875.

3±3
32.4

32.6

32.8

33.1

34.1

84.8

35.3

35.3

35,5

37.0

37,2

37.3

37,4

37.4

37.8

38,G

38.9

39.3

40.1

4L1
41.3

41.3

41.8

43.2

43.7

44.9

45.3

46.8

47.1

47.4

47.8

47.9

48.8

49.3

49.3

49.3

49.8

49.8

)

50.8

50.9

51.5

52.'2

52,3

53.2

54.2

55.G

65.C

57.1

No.
Obs.

Mag.

Mean
Obs' a.

6.75

5.05

6.95

5.45

6.15

6.35

6.75

6.55

6.05

6.95

6.95

6.65

6.55

6.85

6.85

6.65

6.05

6.65

6.95

6.85

5.85

6.05

U.A.

Separate Observations.

Date,

4 27

4 26
4 27

4 27

5 25

4 27

4 26

4 27

4 26

4 27

4 26
4 26
4 26

4 26

4 26

4 26

4 26
4 26

5 25

4 26

5 24

4 26
4 26

6 13

4 26

4 26

6 13

4 26

Mag

6.95

6.65

6.05

6.85

6.75

3.85

6.85

Date. Mag.

6.65

6.95

6.65

6.65

6.95

6.15

6.35

6.65

6.95

6.85

Date.

14 87

9 85

9 85

9 85

9 85

15 87

9 86

9 85

9 85

12 87

12 87

12 87

4 86

7 88

23 87

15 87

12 87

15 87

17 87

23 87

23 87

15 87

1 88

5 28 86

I\Iag.

6.75

5.05

7.05

6.55

6.35

5.95

6.95

6.55

6.85

6.35

6.55

6.95

6.55

6.95

6.95

6.55

p!' ^^WSy^SFl*!*^'

'•"^
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VT^- LJHPh V



44 CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS.

No.

1953

195;')

1956

1957

1958

1959
1960

1961

t902

1963
1961

I0G5

1966
1 9(;7

L9r.^

19G9
1970

1 1*7

1

1 'j7 -j:

1973

1974
1975
197G
1977
197S
1979
1980
1981

1982
1 983
1984
1985
lasG

118-9

5?ame.

Viry litis-

(4

ITydr<B

Virfjtnis

Ili/dne

Virgin is

Ilf/drcB

Virybils

fff/drw

Virtjlius

JlijJrm

Vinjims

i

1'.t-9

1w« >

1091

1992
1903

1004
1995

1996
1997
1098

10D0
•2000

2001
2002
2003
2004

U9
ITijih-rr'

Virginls

l.'T

JTydrm
VirfjhhU

ITifdrm

Vlrglnh

9

1875.

B.A. Decl

No.
Obs.

Mag.

58

10.0

10.8

10.9

10.9

11.1

11.5

11.9

12.1

13.8

14.8

16.0

16.3

16.8

17.2

18.1

19.4

19.8

20.1

20.8

21.1

22.7

22.8

23.9

25.3

25.5

25.6

2t;.2

20.1

26.9

20.9

27.H

28.0

27.9

8 19
oo 07

8 52

15 51

9 40
4 52

16 25
25 53

15 31

IS 10

19 17

23 37

9 42

10 42

19 17

44
10 49

14 53

9 53

27 40
17 37

22 31

10 39
18 50
5 82

4 16
20 16

4 31
16 13

33

Mean
Ob»'d.

U-A

5.35

6.55

6.75

6.35

4.55

5.35

5.65

6.85

6.95

6.85

6.55

6.85

5.05

6.45

6.95

6.75

5.25

6.05

6.95

6.95

6.15

7.15

Separate Observations,

1

Date. Mag;

var.

6.65

6.85

6.05

6.25

Date. Mag.

5 15 87

5 31

5 31 86
5 86

5 31

5 28 86
5 31 86

5 86
5 28 86

5 86
5 28 86
5 28 86
4 26 84

5 86
5 25 84
5 25 84
5 28

5 86
5 25 84
5 28 86

5 25 84

6.65

5.75

5 28 86
4 29 86
5 25 84
5 28 86

6.95

5 28 86
5 86

5 28 86
5 86

5 28 86
5 86

5 31

5 28 86
5 16 85

5 28 86

5 86

7 82

4 86
5 16 85

28 86
5 31

5 IG 85

5 16 85
5 28 m
5 31

7 82

7 82

5.65

6.75

6.25

4 20 82

5 86 7.15

Bate

• •

2 88
15 87

8 87
23 87

5 28

5 23 87

5 15

6 20

5 23

5 15

V »

6 29

5 31

« «

6 19
4 23 82
6 15 87

Mag.

^ «

5.95

6.55

5.45

6.45

5.65

6.95

6.85

5.75

•

5.05

7.25

6.75
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2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

2051

2052

2053

2055

2056

2057

» *

« »

• •

Name

Virgin is

(4

Hf/drcB

Virg in is

Hydrce

Virgiiiis

Hydrce

Virgin is

Hgdrm
Virgin is

HydrcB
Virginis

HydrcB
Virginis

Hydrce

Virginis
a

Hydrce

Vii^gin is

Ilydrce

Virgin L

Hydrfj^

Virginis

JJydrm

Virginis

18T5

m.

28.3

28.7

29.0

29.9

29.9

80.3

31.3

81.4

31.7

34.6

35.1

87.0

87.4

37.8

37.8

38.7

38.9

39.3

40.4

40.6

40.6

40.9

41.8

42.0

42.2

43.0

43.7

44.5

45.8

47.2

47.2

47.6

47.6

48.3

48.4

49.2

49.3

49.4

49.8

60.1

50.5

50.9

51.5

51.8

53.0

53.3
'53.5

53.5

55.3

56.3

56.9

57.7

Oba.

o.i

^9

oo

Mag.

MeaTi
Obs'd

6.95

6.25

5.75

6.85

5.65

6.55

6.05

6.35

5.85

6.85

6.55

5.85

6.95

6.45

5.45

6.65

6.65

7.05

6.55

6.85

5.65

6.55

6.95

6.85

6.25

6.55

6.65

6.55

U.A.

• • •

Separate Observations.

Date.

25 84

17 84

13 82

24 84
17 84
17 84

24 84

17 84

17 84

17 84

13 82

24 84

24 84
21 82

17 84

17 84

21 82

21 82

21 82

5 86

24 84
24 84

5 24
5 17

6 21

6 21

5 17

6 21

5 17

5 17

6 21

5 17

5 24
7 13

7 13

7 13

5 17

5 24
5 17

5 17

5 17

6 21

5 17

6 21

7 13

5 17

5 17

6 21

5 17

Mag

6.55

6.05

Date Mag.

6.95

6.95

i.i

Bate. Mug.

6 %^

5 23 87

6 29

6.85

6.55

6.05

5.85

7.15

6.85

6.95

7.05
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U. A,
No.

• •

2060
2061

2U62
206:3

2064
2065
2066
2067

2068
20GO

2070

207

1

2072
2073
20 7 4

I

225
2075 22i>

2076 22<^

219

(

223

220
230

232
• •

233
234
235
236

2077
207«
21)79

2080
2081
20S2
2083

2U85
2A86
2087
2nN3

2000
:

2:'.0

2i»!»l
i 210

2ii!)2

"Uy:5 375
200 t

2005
20%

>'^ ^»

* *

2\1

STanio

Virgin IS

a

Hydrcc
Vlry la Is

Jhj'lnt^
L&

(C

VirfjiHis

TTj'Irm

Vtrfjhii^

Hydrm

Virgrinis

-1103

2104

::107

2109

2U0

Ilf/ffrm

Virffinis

* «

Virgin is

L ih rrp

378
S79

Librm

Ibjdrm
(4

Virginia

Virgin is

1875.

m.

13 57.7

57.7

58.4

50.3

50.7

50.0

10.0

10:2

10.3

10.6

10.2

10.7

11.4

11.7

11.0

11.0

12.4

13.1

13.3

13.3

15.5

15.9

16.0

in.i

16.6

16.7

16.9

17.0

17.1

17.7

IS.O

18.2

1^.5

li.5

1«.6

20.9

4 47

8 39
15 44

8 18

13 36
8 43

9 45
15 43
23 46
26 40

9 42
15

28 42
5 22

17 37

5 24

2 37

5 10

8 18

8 27

6 57

26 34
25 15

12 48
1 41

58
6 10

1 25

No.
Obs.

7 12

1 50

15 32
24 14

21.S

2^ 20
19 24
12 47
26 17
•2^ 56
5 33
12 48
1 40

Mag,

6.85

6.65

3.55

6.85

6.95

5.55

6.85

«

6.25

6.75

6.75

7.15

6.75

6.75

5.15

6.05 1 7.0

6.85

5.65

6.45

6.95

4.85

Separate Observations.

5 24
7 13

6 21

7 13

7 13

6 21

5 17
5 17

5 17

6 21
7 12

5 17

7 12
6 21

6 21

7 12
7 12

6 21

7 12

7 12
7 12
7 12

6 21

5 17

5 17
6 21

7 12
7 12

5 17

7 12

7 12
5 17

7 12
7 12

5 17

5 17

6 21

6 17

6 17

7 12

7 12

Mag.

6.75

5.05

Date.

o

6.35

4.65

5.25

8 88
3 88

3 88

8 87

6 30 86

4 88
4 88
4 88
4 88

6 86
6 30 86

8 88
6 30 86
6 20 86

4 88
6 88

6 30 86
4 88 6.95

6 30 86
5 86

6 10

6 30
6 10 87

Mag

6.85

6.55

3.45

6 3 88 6.6

5 14 87 6.85

AAA

5 18 89
^ V ^

6.9

5 23 87 6.95

6 20 86 5.6

5 23 87 6.9

6 4 88 5.5

6 4 88 6.7

5 23 87 4.7

6 30 86 6.3

6 4 88 6.45

6 4 88 6.8

6 4 88 5.9

6 8 88 4.2

4 88 6.65

6.95

7.15

4.75

6.55

6 30

6 10 87

6.65

6 10 87
5 86

6 30 86
4 88

6 10
6 20 86

6.75

6.35

5.35
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2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

2126

2127

2128

2129

2130

2131

2132

2133

2134

2135

2136

2139

2140

2141

2142

2143

2146

2147

2148

2149

2150

2151

2152

2153

2154

2157

2158

2159

2160

2162

2163

F.A.
No.

• • *

« P

382^

t •

Name.

Librae

Virginis
(4

U

Lihrm
((

HydroR

L ibrm

Virginis

Lihrm
Virginis

Librce

HgdriB
Virginis

LibrcB

•gmis

Hydrce
LibroB

Hydrce

Virginis

Librce

Hydrce
Librce

Virginis

Librce

Hydrce

rce

Hydrce

Virginis

1875.

21.9

22.1

22.3

23.5

23.5

24.0

27.8

30.4

82.3

32.4

33.2

35.3

36.0

36.5

36.7

37.6

38.1

38.8

38.8

38.9

39.1

39.1

39.1

39.9

40.1

40.1

40.5

40.7

40.8

41.1

41.6

42.1

42.5

42.5

42.8

48.0

43.8

44.0

44.5

44.6

44.6

44.9

46.4

47.0

47.1

47.6

49.6

49.8

50.0

50.2

50.7

51.1

51.1

9 27
6 20
4 40

3 41

3 30
19 53
11 47

26 11

25 43
11 42
24 28

9 10

7 44
9 10

24 55
53

22 37

14 56
20 39

2 35

20 48
25 34

12 19
16 49
23 44
13 38

20

27 26
15 29
15 31

1 47
17 16

16
17 50
27 53

27 50

11 23
25 47
28 39
10 54
20 51

3 50

16 52
20

No.
Obs.

Mag.

Mean
Obs'd.

U.A.

6.25

6.95

6.95

7.05

6.85

6.95

6.35

6.25

6.55

5.55

6.05

6.95

6.15

6.55

5.75

6.45

5.95

6.95

« A

Date.

7 12 82

7 12 82

7 12 82

7 12 82

7 12 82

7 82

7 12 82

7 12 82

6 21 82

6 21 82

7 12 82

6 21 82

7 12 82

7 12 82

7 12 82

7 12 82

6 21 82

7 12 82

7 82
7 82

7 82

7 12 82

7 12 82

6 21 82

7 82

6 21

6 21 82

5 23 87
7 82

7 82

7 82

7 82

7 12 82

7 12 82

6 21 82

7 82

8 88

7 12 82

7 82

7 12 82

7 82

6 21 82

6 21 82

7 82

7 82

6 21 82

6 21 82

7 82

7 82

7 12 82

7 82

7 12

Mag,

6.15

Separate Observations.

Date.

5 25 84

25 84

23 87

6 30 86

Mag.

6.75

6.55

6.95

6.85

6.65

5.35

6.25

6.95

6 26

6 26

6 26 86

26 86

6 30 86

Date

10 87

30 86

6.85

6.05

6.65

4 88

8 88

8 88

8 88

20 86

6.95

6.85

6 30 86

« « •

5.9

5 23 87 4.0

6 8 88 0.85

6 8 88 6.9

6 30

6 10 87

6 20

6.35

5.55

6.05

6.15

6.25

6.45

30 86

4 88

4 88

5.95

—^'^LI^^ 1 — . -I r-n.-i XI l-'^^ r^ n i ^^fn^T ^ b L I h'J fcTJ T l-F" r^,



48 CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS.

2104
21 G5
•-'

1 G6

1 1 G8
1

1 09

• •

-172

2174

2177
2178
2171)

2180
2181

21HH
21^1
1 1 H.'S

2157
2188

9 «

• «

2101

2102
2 1 on

2101
2195
2 1 U6
2 1 07

2108
2199
22no

2201
2'^0"

2203
2204
2205
2200
22 1 >7

2209
2210 1 7

•J2 1

1

1-1 1 w

1875.

Name
RA. Decl

Jfi/di'CC

Librce

Hydras
Librce

irr/inis

Librce
44

I

«

51.5

52.2

52.4

54.3

54.7

54.8

55.1

65.4

55.4

55.5

55.9

5G.3

56.6

56.8

58.5

58.9

59.2

o9.7

59.9

L ibrm

i^f^riu'HtU Cnp

Libras

S, r^ ^tU Offp.
Lihrm

i«

10.2

10.3

12,0

12.5

13.0

13.8

1 :i.8

14.0

14.0

14.4

15.2

15.5

15 17.0

24 47

23 39

15 46

8 5.->

Mag.

25 32

14 41

Mean
Obs'd

6.45

vur. var.

6.85

6.15

6.75

7.05

6.55

6.95

6.15

4.85

6.95

6.45

G.85

6.25

6.45

G.So

4.65

6.4.'>

6.95

6.25

6.65

6.85

Separate Observations,

6 21

7 12
6 21

7 12

7 12
7 12

)

5 26

5 20

5 26

5 26

6.85

4.95

5 26

5 24
6 21

5 26

(

5 21
5 24

6 18 84
6 26 86
6 26 86
6 30 86

6 21

6 18 84

6 30 86
6 30 86
6 30 86
6 30 86
6 30 86
6 30 86
6 30 86

5 23 87

5 86
6 26 86

6 26 86

6 26 86
6 26 86
6 26 86
6 26 86
6 26 86
6 11

4.95 1 6 10 87
6 18 84
6 20 86
6 26 86
6 26 86

6 10 87
6 21 86
6 11

6 18 84
6 20 86
6 10 87

6 26 86
6 26 86
6 26 86
6 10 87
6 19 90
7 16 84
6 10 87
6 10 87
6 26 86
6 26 86
6 18 84

6.25

6.85

6.15

6.85

6.65

7.05

6.95

6.65

6.85

7.05

7.05

9 88
3 88

6 20 86
4 88
9 88

9 88

9 88
9 88

6 20 86
6 20 86

4 88
6 26 87

9 88
6 10 87
6 10 87
6 26 87
6 20 90
G 30 86

Mag.

4 86
10 87 7.15

6 10 87 6.45

6 10 87 6.1

6 30 86 5.1

6 4 86 6.2

6 10 87 6.3

k A

6 8 88
W P •

7.1

6 4 88 6.15

6 8 88 6.55

6 10 87 6.75

6 10 87 6.7

6 8 88 4.8

5 23 87 3.75

6 9 88 6.8

6 9 88 7.1

6 10 87 6.6

6 10 87 5.65

6 10 87 6.65

6 9 88 7.35

6 9 88 6.9

6.05

6.95

6.65

6.85

6.15

6.45

6.85

3.05
6.45 6 26 87 6.45

6 26 87
6 10 87

6 10 87

6 20 86
6 26 86 6.85 6 10 87
6 26 86 6.S 6 4 88
6 10 87
6 10 87
6 26 86
6 26 86
6 26 86
6 21 86

6.65
6 27 87
6 26 87

9 88
9 88
4 88
9 88

6.15

6.75

7.05

'I'n n .^ -u
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U A.
No. No

2217 12

2218 76

2219 7T

2220 78
1

2221
1

79

2222

2224

2225

2226

2227

2228

2229

2230

2231

2232

2233

2234

2235

2236

2237

2238

2239

2240

2241

2242

2243

2244

2245

2246

2247

2248

2253

2254

2257

2258

2259

2260

2261

2262

2265

V • *

102-3

2263

Kame.

1875.

Serpent is Cap,

LlbrcB

a

Serpentis Cap
Libiw

Serpentis Cap
LibrcB

Serpentis Cap.
Lihrm

• •

rpii

Librae

Ser2)entis Cap.
Scorp i I

Serpentis Cap.
LibrcjB

Scor2ni

LibrcB

VI

17.3

17.4

21.2

21.4

21.4

22.5

23.4

23.6

24.6

25.4

25.5

25.8

25.9

26.5

27.1

27.3

27.7

27.8

28.5

29.4

30.0

30.2

30.2

30.5

80.7

31.0

31.0

31.3

31.5

31.7

31.9

32.0

32.9

34.3

34.8

36.2

36.4

37.1

38.6

39.6

40.1

41.0

42.4

43.1

43.5

44.5

44.7

44.8

461
46.1

46.4

46.5

4G.7

VOL. xn.

'^0

"8

No
Obs

Mag.

00

oo

Mean
Obs'd.

6.05

6.95

6.65

U A

6.15

5.95

6.05

^^^-r*;

.5.25

5.65

6.85

6.45

6.85

3.85

7.05

6.25

5.65

6.95

6.85

6.65

6.75

7.05

6.65

5.05

5.95

5.95

4.85

Separate OLscrvaUuns.

Date,

5 26

5 24

5 24

)2 8-

2 82

2 82

2 82

24 84

2 82

2 8:)

5 26 84

6 11

5 24 84

5 24 84

5 26 84

6 26 86

6 13 82

6 11 85

2 82

5 26 84

2 82

6 11

6 13 82

2 82

2 82

5 24 84

2 82

5 24 84

2 82

2 82

5 24 84

2 82

5 24 84

5 24 84

5 24 84

6 11

5 26 84

6 17 84

2 82

5 26 84

6 82

2 82

3 88

5 24 84

5 26 84

2 82

2 82

2 82

2 82

6 82

31ag

7.25

6.75

5.35

.-.satif^--

Date

6 21

6 20

6 21

6 26

Brag

6.45

6.15

6 20

6 20

6 20
6 20

6 21

6 20

6 20

6 10

6 10

6 21

6 21

6 26

6 10

6 20

6 10

6 20

G 26

6 20

6 20

6 26

6 20

6 21

6 20

6 20

6 26

6 26

6 26

6 26

6 12

6 10

6 26

6 18

6 10

6 26

6.15

6.55

6.05

6.85

6.65

6.85

7.05

6.15

Date

6 26 87 6.45

26 86

6.95

5.95

7.05

6.56

26 86

26 87

10 87

6 12

6 26

6 26

6 26

6.75

4

3.95

6.35

10 87

6.85

6.95

7.05

6.25

18 90

12 S7

• • *

6.05

6.85

5.55

7

Mo. Bot. Garden,

1897.
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)

2272
221

H

2274
2275
2276
277

2278
2279

22H2
2283
2284
2285
2286
2-Js7

2288
•2'i89

2290
2291

2203
(

2296
2297
2298
•z299

2300

2303
2304
'2305

:!;^06

2307

2310

2311
23 1

2

2313
2314
•2315

2316
•2;; 1

7

•2313

2 :i 1

9

2321)

2321

Name,

1875.

II.A.

Scorj) it

'jrcv
•

L three

Serpentis Cap,
Llbrm
Scarp I i

Llhrm
Scarp ii

L if) rtjB

Scorpii

Ophiuehi
Scorpii

Ser2)€ntis O^p
Scorp i i

Ophiuehi

• •

f rp i I

S*^rp' )f^Js Cap
Scor2)ii

15 46.9

47.2

47.8

48.0

49.2

49.2

49.4

49.5

50.4

51.1

51.2

51.3

53.0

53.0

53.3

54.1

54.9

55.8

56,4

57.5

58.2

58.0

58.7

59.1

59.4

15 59.5

I

Ophiuehi
Srorpii

Ophiuehi
Scorpii

Sfrprnfis Cftp.

No.
Obs.

2G 58
24 52

Mag.

IVIean ITT A

ObsU ^•*

25 54

28 51

14 28

20 37

24 28
13 55
25 45
22 16

6 57

16 10

28 47

3 25
25 31

24 23

19 28

3 11

23 16
5 57

5 48
20 20
20 32
13 44

25 59
12 2i
23 21

9 46
26 35
21 15

9 44
8 13

3 54
11 31

7 48
20 47

18 13

6.75

6.35

4.45

6.45

6.05

7.05

6.85

7.05

6.35

6.75

4,55

6.65

6.25

6.85

5.25

5.35

5.75

7.05

6,75

6.85

6.85

Date.

2 82
2 82

6 26 86
2 82

6 13 82
6 82

6 17 84

6 82
6 82
2 82

6 82
6 13 82
6 13 82
6 17

6 82
6 17 84

3 82
6 17 84

2 82
6 82
6 82

6 13 82
6 17

7 6 82
6 17
6 17

6 13 82
6 13 82

6 82
6 82
3 82
6 82

6 82
6 82

3 82
6 82
6 82
3 82

6 17 84
3 S2

Separate Observations.

Mag.

6.55

4.75

3 82 5.25
6 13 82
7 6 82

^^V^tf^^

Date.

5.25

2.95

6 18 84
6 18 84
6 12 87

6 18 84
4 86

5 24 84
6 12 87
5 24 84
5 25 87

6 86
6 26 86
6 16 84
6 16 84
6 12 87
6 26 86
6 26 86
6 26 86
6 28 86

6 86
6 86

6 28 86
6 16 84
6 28 86
6 26 86
6 28 86
6 28 86 6.75

6 16 84
6 16 84
7 16 84

JIag.

5.95

6.35

6 26 86
6 26 86
6 28 86
6 26 86
6 28 86

26 86
6 26 86
6 2-6 86
6 26 86
6 28 86
6 26 86
6 26 86
6 16 84
6 2« 86
6 28 86
6 26 86
6 26 86
6 28 86
6 28 86
6 28 86
6 26 86
6 12 87
6 26 86
6 26 86

6.65

6.25

6.65

6.75

6.75

6.35

Date

6 12
6 12

6 18

6 18

6 28

6 14 87
6 10 87

Blag,

7 16 84 7.0

6 6 86 6.8

6 27 87 6.4

6 6 86 6.2

5 25 87 4.4

6 26 86 6.6

# * *

6 26 86
^ ^ w

6.45

6 26 86 6.0

6 28 86 5.2

6 18 84 3.1

6 18 84 2.3

6 12 87

^ w ^

6.0

6 12 87 5.8

6 9 88 6.75
1

6 12 87 7.0

6 26 86 5.9

6 26 86 6.9

6 12 87 4.6

6 18 84 2.6

6 12 87 7.0

6 12 87 6.3

6.25

6 12 87 6.05
6 14

6 30

6 14

6 12

6 12

6.75

6.85

6.85

5.85

6 18

6 12

6 12

6 12 87
6 12
6 12

6.G5

7.15

6 14

6.85

6.45

6.85

r^m- "E^^—:; —J.'-L^^-^ =^-ii'_.
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2323

2324

2325

2326

2327

2328

2329

2330

2331

2332

2333

2334

2335

2336

2337

2338

2339

2340

23a
2342

2343

2344

2345

2346

2347

2348

2349

2350

2352

2353

2354

2355

2356

2357

2358

2359

2360

2361

2362

2364

2365

2366

2368

2369

2370

2371

2375

U.A.
No

•

12-13

• •

* « I

Name.

0])hiuchi

Scorpii

Serpentis Cap,
Ophhichi
Scorjpii

1875.

Ophiuchi
Sco)p ii

Ophiuchi
u

Scorpii

Ophiuchi
(4

Scorpii

Ophiuchi

Scorpii

Ophiuchi

Scorpii

Ophiuchi

Scorj^ii

Ophiuchi

VI

10.4

10.6

10.9

11.0

11.6

11.7

11.8

12.0

13.1

13.5

13.6

15.7

16.2

16.8

16.8

18.1

18.2

19.8

21.0

21.1

22.1

22^6

22.7

22.9

23.7

23.8

24.0

24.7

28.1

29.7

29.8

30.3

31.2

31.3

32.0

32.1

32.2

32.8

33.4

33.9

34.0

34.1

34.2

34.4

34.6

34.7

3 22
14 32

23 58
20 59

19 48

n

No.
Obs.

28 18 3

13 4 5

13 8 5

30 36 3

4 23 3

19 55 3

14 34 3

23 52 8

12 37 2

25 17 6

16 43 3

1 47 4
19 45 5

29 25 5

23 9 4
2 12 5

18 10 9

7 19 4

8 5 3

7 51 4

24 50 5

14 17 3

10 51 6

26 16 2

7 14 5

16 20 4
21 12 4
27 57 5

8 36 6

2 3 2

10 19 3

17 58 3

6 17 5

8 22 5

59 4
20 10 4

9 18 4

5 50 4

27 34 4

24 13 4

17 49 4

8
'4 3

17 30 6

19 41 3

45 3

Mag.

Mean
Obs'd.

2.95

6.35

6.95

6.95

7.16

6.85

5.45

7.25

6.95

5.15

3.55

6.65

4.95

4.75

4.85

6.75

6.65

3.25

6.95

2.65

6.95

6.95

6.95

G.95

U A

i

*

Separate Observations*

Date.

6 82

6 82
6 82

6 82
6 82

6 82

17 84

17 84
3 82

6 82

6 82

3 82

6 82

7 6 82

6 82

3 82

6 82

13 82

7 6 82

17 84

3 82

3 82

3 82

17 84

7 3 82

13 82

13 82

13 82

3 82

6 82

10 85

6 82

7 13 82

7 3 82

3 82

13 82

10 85

3 82

6 82

6 82

3 82

6 82

13 82

13 82

6 82

6 82

6 82

13 82

3 82

6 82'

3 82

Mag

6.35

4.75

6.65

4.75

4.75

6.95

Date. aiag.

6.45

6.95

6.95

6.85

5.45

6.75

6.05

6.65

6.65

6.55

6.55

6.55

6.95

6.95

D&t«

6 14

6 28

6 28

6 30

6 12

18 84

9 88

12 87

5 86

12 87

14 87

18 87

5 86

80 86

11 88

30 86

5 86

9 88

30 86

14 87

14 87

18 84

6 30

6.95 6 11

6.25 16 13

6 13

6 13

6 13

6 13

I

6 30

6 12 87 I 6.25

9 10

6 13

6 28

6 n
6 11

6.85

6.85

5.45

7.25

7.25

5.75

6.55

7.05

4.85

5.85

4.95

5.85

6.95

4.55

6.95

9 •

6.85

6.95

5.55

6.55

^^-

1

.m->. n - »-- f-'TT'^
- —- ..._:?: ^ '_ -iit^'-c:^-.L. -J. •-z^f-,--- '• -n

'~''~Z~
^ ' f'^
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I

No.

i>376

2377
23 7 8

2381

2384
2385
12380

2387
2388

2389
2390
•2r;oi

2392
2303

2394
2395
2390
2397
2398
2399
2400
2401

2402
2403 7

2404
2405
2400
2407

2i0il 7
24(19

2110
2111
2U2
2113
24U
2415
2 4 1

6

Name

Scorpli

Ophtnchl
(C

U42:.

2420
2427 1 loi)

242H

(C

u

1875.

36.2

36.5

37.2

39.2

41.4

42.1

42.3

42.9

43.7

43.9

45.6

46.1

46.7

No.
Obs.

Mag.

Mean
Obs'd

6.95

6.75

U. A.

6.25

6.85

6.55

48.8

49.3

49.7

50.5

51.6

52.3

52.5

52.5

54.5

54.G

56.3

56.6

57.0

57.3

57.4

58.0

58.7

5S.9

59.2

6.65

6.55

6.55

6.35

6.15

6.75

6.85

2.3

43
21) 21

29
17 27

55
8 43

19 17

15 34
12 32

39
26 53

6.45

6.25

5.95

6.45

6.05

5.75

27 36
27 39
26 50
15 25

31

.44.'

2.55

6.95

6.65

6.S5

6.85

Separate Observations.

Date, Mag,

6 82
6 82
6 82
6 82

19 82

6 82
7 19 82
7 13 82
7 19 82

3 82
3 82 6.85 6 30
6 82
3 82 6.85

3 82
7 19 82
7 19 82
7 19 82
7 19 82

19 82
7 19 82
7 19 82
7 19 82
7 19 82

19 82 6.25 6 30
7 19 82

9 82
7 19 82
7 19 82
7 19 82
7 19 82 6.65

7 20 82
7 19 82
7 19 82
7 19 82

2 82

7 19 82
7 2 82
7 19 82

2 82
7 20 82
7 20 82
7 19 82

6 82
7 20 82
7 20 82 7

7 13 82
7 13 82
7 13 82
7 13 82
7 13 82

7 19 82 6.85 6 28
2 82

Date

6 26
6 26
6 26
6 26
6 28

6 28
6 30
6 28
6 30

2 82 5.85 7 20

6 30
6 30
6 13
6 30
6 13

6 28
6 30
6 28
6 13

6 28
6 30

6 28

6 28
6 30
6 30

"0

6 13

6 13
6 13

'^O

6 28

7 20
9 10

9 10
9 10

7 16

9 10

6 30
6 30
6 30
6 30
6 30
6 30

Mag. Date.

6.75

6.65

6.55

6 11

9 10

6 11

6 13

6 11

6 11

6 11

6 28

6 11

6.85 6 13
6 30

6.85 6 11

6 11

6 11
6.65 6 11

6.55 6 11

6 11

6 30
6 30
6 13

6 30
6.55 9 10

6 30
6 29

5.75

9 15 87
6 30

9 16

Mag

6.75

6.45

7.05

6.85

5.15

6.35

6 11 88 6.95

6 11 88 6.5

9 8 87 6.7

6 13 87 5.6

9 8 87 6.9

6 11 88 6.65

6 13 87 5.9

6 13 87 6.6

4

6 11 88 6.5

6 13 87 6.15

6.35

6.75

5.45

)./0

6.75

7.15

6.55

6.25

6.45

6.25

5.75

9 10
6.65 9 10

9 10

9 10
9 10

9 24
6 30

6.95

6.25

6.95

6.95

I

I

--'
Ji ."^^ " L JT'Ii
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U.A.
No.

2429

2430

2431

2432

2433

2434

2435

2436

2437

2438

1034

• •

112-3

2440

2441

2442

2443

2444

2445

2446

2447

2448

2450

2451

2452

2453

2454

2455

2456

2458

2459

2461

2462

2463

2464

2465

2466

2467

2468

2469

2470

2471

2474

2475

2476

2478

2479

2480

Name.

Ophiuchi

u

Serpentis Cau

Ophiuchi

u

Serpentis Cau.
Ophiuchi

Serpent 'fi Cau.

Ophiuchi

Serpentis Cau
u

Ophiuchi
SerjMntls Cau

Ophiuchi

1873.

10.0

10.2

10.2

10.4

10.5

11.1

11.3

12.3

12.6

13.2

13.5

13.8

13.9

14.0

14.3

15.5

15.5

16.3

16.3

16.4

17.2

17.3

17.5

18.7

19.2

19.3

19.5

19.4

19.7

20.0

20.0

20.0

21.3

22.5

23.1

23.7

23.8

24.0

24.0

26.8

27.8

27.8

28.1

29.0

30.4

30.4

31.1

Mag.

• «

6.95

I

var.

5.15

5.55

6.95

6.65

6.85

4.45

6.55

6.95

3.75

5.85

6.95

6.45

6.95

6.95

4.75

6.95

6.65

5.15

5.85

3.85

U.A

« I

var.

Separate Observations.

Date. Mag.

6.35

6.85

6.85

6.95

6.85

6.35

6.95

)

6.95

Date.

30 86

28 86

10 87

10 87

18 86

Mag.

6.45

7.05

6.95

6.05

6.85

9 10 87

6 30 86

6 30 86

6 28 86

9 10 87

9 10 87

9 10 87

9 10 87

9 18 86

6 30 86

6 30 86

6 30 86

9 16 87

9 10 87

6 30 86

9 16 87

9 18 86

9 16 87

6 28 86

9 12 86

9 16 87

9 27 88

6 30 86

6 80 86

9 18 86

9 16 87

9 16 87

9 16 87

6 30 86

6 28 86

6 30 86

9 18 86

9 16 87

9 18 86

9 18 86

6 30 86

9 16 87

6 30 86

9 18 86

9 21 86 6.65

6 30 86

6.45

6.65

4.75

6.55

6 30 86

9 18 86

9 30 86

6 30 86

6 30 86

6.75

Date. Mag

6.45

5.55

6.85

6.85

5.95

6 29 88

6 88

9 10 87

9 10 87

6 88

6 29 88

9 15 87

6 88

9 10 87

9 10 87

9 30 86

6 29 88

9 28 88

9 16 87

9 16 87

6 88

6 88

6 29 88

6 29 88

6 30 86

10 13 87

9 28 89

9 16 87

6 88

6 88

6 29 88

6 88

10 13 87

9 30 86

9 10 87

9 16 87

9 16 87

10 13 87

9 i& 87

6 29 88

6 88

6 29 88

9 16 87

6 29 88 5.95

6 88

9 16 87

9 16 87

6 29 88

9 16 87

9 30 80

9 30 86

6.65

6.95

6.95

6.55

- \ _r. _-^j ftj— ^ * -• 'L^.'riB^ 4>
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'. i^2

i487

24!fJ

•24;>7

2 1'.H

-^ —

^JUJ

-'»Ut>

mnf

p I

*}Jo 1

1

2.' 1

3

25 1

4

2515
2^) ! f>

I

>

I

- ' '21

252>>

» V

^
^ i^

\jf

S t

53-H

NikxuA.

IH^:%.

K.A.

u

u

S*'rpentii< Caw.

SngUtnrii
SrrpmfiA Cau,
Ophlurhi
Sagittarii

St^rpentU Cau.
Safjlttiirii

Opliiuchi

Ophiuchi
41

Scrj^'-ntU Cau.
k*

Oph**f''hi

u

(Ophiuchi
it

««

Ophiucki
Suylt fit »* >

Ii4

Ophiuehi
«4

i«

H
u

tt

Serp^ntU Cu
Opkiuth i

i^^ hinthi

it

*4

Strp^nf^ Ci-^ < r

;n.2

31.2

88.5

88.7

ao.4

86.0

36.9

3G.8

37.0

40.2

40.5

40.7

42.5

44.4
45.5

45.7

46.0

46.0

46.1

47.2

47.6

48.G

48.8

4S.>i

40.

1

60.2

60.7

60.7

61.1

52.2

52 .

2

62.«

53.0

5??9

53.9

5n
54.3

OU.2

i>.>.5

56.3

56.7

57.0

67.&

No.

o.,

*>'>

Wag.

Mean it *

6.15

6.65

ul 3 6.65

6.55

7.05

6.85

6.65

6.75

var.

6.95

6.85

6.85

5.95

>

6.35

4.95

5.^6

6.95

6.85

5,25

6.95

var.

i

var.

Date.

Separate Observatiaiis.

Mair. Date.

2 6.45 . 7 10 84

82 ! 7.0

t>0

6 30 80
9 21 86 6.65

9 10 87

9 16 87

6 30 86 4.55

Mag.

6.85

9 16 87

9 21 86 6.85

6 30 86
9 18 86
9 21

6 30 86
7 10 84

7.25 7 16 84
9 22 86

6.75 9 20 86
6.45 7 16 84

9 IS 86
9 18 86
6 30 86
6 30 86 6.75

9 22 86
6.85 9 20 86 6.85
6.95 9 22 86

9 12 86 5.95
9 22 86 7

5.85 9 30 86
18 86

9 20 8G
7 16 84
9 21

9 20 S6
9 22 86
9 22 86
9 18 86
9 23 86
9 20 86
9 16 87 7

9 22 86

Date,

9 21

7 10

9 30
7 10

10 19
10 19

Mag.

6.55

G.75

6.05

6.05

6.65

6.05

5.95

3.35

6 20
7 10

,
9 16

9 22 86 7.25 9 16

4.95

6.95 1 9 22 86
9 22 86
9 22 86

6.95

,
7 10

7 15 84 6.85 9 20
9 18 86

6.95

10 19
9 16 87

h^

9 22 86
9 21

10 13 87

7 82
9 20 SG

10 13 87
7 10
9 24
7 10

9 15

5.25
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U.A.
No.

2535

2536

•2537

2538

2539

2540

2541

2542

1

2543

2544

2545

2546

2549

2550

2551

2552

2553

2556

2559

2560

2561

2562

2567

2568

2569

2570

2572

2573

2574

2575

2576

2579

• t

* «

Name.

Serpent is Cau.

Sagittarii

Serpent is Cau
Sagittarii

((

((

Serpent is Cau

Sagittarii
u

Serpentis Cau.
Sagittarii

Serpentis Cau.
Sagittarii

.

«

Serpentis Cau
Sagittarii

Serpentis Cau
u

Sagittarii

Serpentis Cau.
Sagittarii

Serpentis Cau

Sagittarii

Serpentis Cau
Sagittarii

Serpentis Cau.
Scuti

Sagittarii

Serpentis Cau.
Scuti

Sagittarii

Serpentis Cau.
SagIttarii

(.(,

((

1875.

E.A.

59.6

59.7

59.7

10.2

10.2

10.3

10.5

10.5

11.0

11.1

11.4

13.0

13.0

13.3

13.4

13.8

14.0

14.1

14.8

16.1

16.2

16.8

17.0

17.5

17.9

17.9

18.5

19.8

19.9

20.3

20.3

Decl.

21 28

30 45
2 56

13 57

19 52
23 43
5 14

21 45
20 46
20 25
18 42
3 39

28 42
17 25

30

9 48
18 51

25 39
12 17

18 40

13 50

15 53
29 53

24 58
18 55

28 29
2 56

10 17

SO 49
3 39

20 36

29 53

26 42
25 29
26 50

No.
Oba.

m *

Mag.

Mean
Obs'd.

o /

4 46 5

27 3

21 27 4
28 28 3

17 10 4
3 15 3

5.95

6.55

6.95

6.95

var.?

6.95

5.65

6.15

6.25

6.55

6.55

6.95

6.45

6.95

6.75

^05

var.

6.45

5.15

5.95

6.25

U.A.

var.

Date,

Sefiarate Observatio

Mag.

6.65

5.05

5.85

6.05

5.75

7.05

6.45

7.05

7.05

5.85

82 ! 6.8

6.15

82 1
6.2

5.85

4.95

6.25
o

Date.

9 18

9 20

9 22

9 21

9 22

9 22

9 21

7 15

9 20

9 22

9 20

22

9 22

22

9 20

9 22

9 16

9 16

9 21

9 30

9 16

9 30

9 15

9 20

9 21

9 15

9 20

9 20

9 20

ilag

6.95

5.95

6.95

5.55

6.75

6.75

C.25

6.65

6.55

9 20

9 20

9 22

9 20

6.75

9 21

9 21

Diite.

6 29

9 30

9 20

8 29

• •

O

* •

7 10

8 29

0.95

i

C.S5

9 16 87

9 10 87

6.66

o

6.75

6.55

6.75

6.65

6.95

6.35

7.05

G.75

• • *

9 16 87

6.G5

9 14

9 14
6.05

9 15

8 29

10 16

8 30
7 10

7 16 F4

6.45

6.15

«;^

-X^

^
-^>-'^^^"'^™^

^TKb^^^^^X -% -->
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2588

2*02

2508
2594

•ilk)2

ym
2n«> I

2'. 10

2n 1

1

-ol2
2H|;5

2r. 1 .»

2tUr,

2»; 1

7

mo
202

1

2»i".: -J

2»V_' 1

2»»25

2t--;'i

2tV'^

2f>:o

2«Ml
2»«!2

*

*>

:
''

1

«

• «

fe>^»

I

KftOM.

Scutt

jSufjUtarii

Sf'ffti

Snf/iffarn

SerppfUis Cau
Srffti
SI

•, . 4 •

Setiti

Sruil

S'f*/*ff'rrii

f
' *UL^ Crtn

S^'^ftf^'^rii
^ k « IsCa «

S' ty^fh Cau.

Scuii

22.1

2i!.l>

2;}.G

21.5

Scrpnitls Cau. 25.5
iV' ' ; / ,' t 2f>6

Snfjittaril 26.3
Sruti 26.5

II
2n.T

i^ffjUtarU 2«.l)
kfc

27.9
11

2H.0
o^ 1

2^ \

2^.8
Of) it

80.4

30.S)

ni.o

31.0

si.i

:i 1 .2

31.

t

8i.9

82.5

33.2

3 1.2

34.6

35.4

35.6

im.g

87.1
« ^

< *

87.9
oHM.2

3^,5

• X

"0

. *

,

>^,.. .^.i.^^^.'^---^.-- .^ri

Mag

^^eaT^

ObsM.

.')

5.65

6.95

4.75

C.65

5.85

6.05

6.45

6.85

t;.s5

5.05
3.75

6.05

6.05

6.05

6.15

6.95

U.A

6.5

...

Separate Observations.

Date.

8 13
9 17

9 17

9 17

9 14

8 13

8 12

8 13

8 13

8 13
9 14

9 17

8 1*2

8 18

M.ig.

6.45

6.25

6.45

3.55

6.05

6.85

6.55

6.05

6.25

6.55

82 1
6.P5

8 12 8215.55
8 n

5.85

8 13 -^2
I
6.45

fc2,7.1

8217.1
8 13

Dato, Mag,

9 20 86
9 22
9 20
9 21

9 21

9 14 87
9 29 86
9 22 86
9 20 86
9 20
9 22 86
9 20 86
9 29 80
9 20 8G
9 29 86
9 21

9 20 86
9 20 86
9 21

9 15 87

6.75

6.15

5.95

17

9 20 86
21 86

9 15
9 21

9 21
9 86

9 20 86
9 20 86
9 21

5.35

3.85

Date.

9 14 87

10 16 86

16 86
30 88
14 87

16 87

14 87
14 87
15 87
23 86
16 87

14 87
14 87

16 87
10 88
16 87

20 86
24 86
13 87

7 10
7 10
8 30
9 14

8 30
8 30

,
8 30

9 15 ««7 6.25 10 13
9 21

9 21

9 15 87
9 20 86
9 21

9 29 86
9 21

4 82
9 15 87
9 20 86

4 82
9 15 87
9 20 86
9 21

8 30
8 30
9 16

10 23

10 23

6.05

6.95

9 20 86
9 20 86
9 21

9 15 87

5.95

9 20
10 18 87
9 U 87
9 20
10 13 87
9 14
9 16

6.65 9 15 87
9 16 87
9 14

10 13

^lag

8 30 88 5.6

^ ^ ^

7 10

• *

88

# 4 #

7.0

7 10 88 6.8

8 29 88 4.8

9 14 87 6.7

6.15

6.05

6.15

6.45

6.45

6.75

7.05

6.45

6.95

6.05

6.35

6.65

6.75

6.85
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2648

2049

2650

2651

2652

2653

2654

2655

2656

2657

2658

2659

2660

2662

2663

2664

2665

2666

2668

2669

2670

2671

2672

2673

•2674

2675

2676

2678

2679

2641 99

2642 23

2643 3

2C44 24

2645 103

2046 26

2647
1

104

• *

2682

2683

^'OL. XII.

Name.

Sagittarii

Sciiti

Aqiiilce

Scitti

Sagittarii

Scuti

Sagittarii

Scuti

Aquilce

Sagittarii

Scuti

Aquilce

Sagittarii

u

Aquilce

Scuti

Sagittarii

Scitti

Sagittarii

AquilcB

Sagittarii

Scuti

Sagittarii

AquilcB

Sagittarii

Aquilce

Sagittarii

Aquilm
Sagittarii

Aquilce

Sagittarii

Aquilce

38.8

39.8

40.0

40.5

41.4

42.0

42.3

43.0

43.3

43.3

43.5

44.1

44.5

44.6

44.7

44.7

44.8

46.2

46.5

46.6

47.5

47.6

47.6

48.3

48.4

48.5

49.9

49.9

50.3

50.4

50.7

50.9

52.0

52.1

52.4

52.8

54.1

54.4

54.7

54.8

55.0

55.7

55.7

55.8

56.3

56.7

57.2

57.9

58.4

58.5

58.8

59.1

59.2

oo

o

Mag.
0.

Obs.
Mean
Obs'd.

6.25

6.55

6.85

6.65

6.45

7.35

6.75

6.95

5.15

3.65

5.25

6.35

5.75

2.75

4.05

7.05

5.85

6.95

7.25

U.A.

Separate Observations.

Date

o

O

o

o

o

Mag.

6.25

6.85

6.35

5.05

5.65

6.35

6.95

6.35

6.95

5.75

6.65

6.15

5.85

Date.

9 14

9 21

9 20

9 15

9 14

9 22

9 14

9 14

7 IG

9 29

9 14

9 21

9 29

9 29

9 21

9 14

9 24

9 21

9 30

9 29

9 24

9 24

9 24

9 20

9 24

9 29

9 20

9 14

9 24

9 24

9 21

9 16

9 21

9 24

9 21

9 14
J

6.25

4.15

6.85

6.65

G.75

6.45

6.65

5.35

5.55

5.75

6.85

Date

9 20 86

9 •

9 14

10 30

10 12

9 20

9 14

6.45110 12

10 19

9 20

10 30

8 30

10 12

9 20

9 20

9 20

8 29

9 16

9 20

10 13

10 30

9 20

9 14

9 20

9 16

8 29

10 30

9 20

8 29

9 24

10 12

9 15

9 30

9 20

i

6.25

8 30 88 C.L."

9 80

8 29

9 14

10 22

C.G5

6.45

6.25

3.65

5.15

6.26

6.95

bl-V^^Wflj^Ji^WW
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2G04

2G96
2007

2098

2090
)

i

2701

2702

27U3
2704

2705

270G

2707

2708
•-:700

2710
-711

2712

2713

U.A
No.

t

2716
2717

2718

2719
2720
2721
2722
2723
2724
2725
2720
27 27

2728
2729
2730
2731
2732
2733

* •

* *

Name-

Ul^^fi

u

Sff^iffarii

Sagittaril

Aqnihe
Safflttaril

14

Sagittarii
((

Aquilm
Snrjittaril

A^/ It lice

(4

Sagittaril

Aquilce

Sag ittara
44

Aq ft lice

105 I Saghtarii
a

A
(J
a IIic

187*"». j\rag.

IS 59.;-}

59,G

59.6

59J
59,8

173
Saglttarii

27 3 8
2739
*)

Aqullm
t

4(

2711
1*7 42

*J7 \ r5

2744
•2745

2716

i Saglttarii

9 49

o

Obs.
?ileaii

6.G5

G.25

U.A.

Separate Observations

Date. ISTag. Date.

9 15

8 12

o

7.05

9 15

8 12
6.25

30

10.3

10.5

10.9

11.2

11.9

12.1

12.2

12.5

13.2

13.7

13.9

14.0

14.2

1 4 .2

14.3

14.4

14.6

14.G

15.0

15.0

).<

17.2

19 18.2

5.85

6.85

8 12

6.75

6.35

8 12

8 12

8 12

8 12

5.95

5.55

5.45

6.95

7.25

7.45

6.65

6.95

6.95

5. 55
6.75

6.95

6.45

4.25

9 14 87

9 20 86
9 29 8G
9 24 86
9 24 86
9 21

9 29 86
9 21

9 24 86
9 29 86

5 82
9 24 86
9 29 86
9 29 86
9 21 86
9 21

9 29 86
9 29 86
9 21
9 29
9 17

10 22 86
9 21

9 29
6.55 I 9 29 86

9 17
9 21

9 29 86
9 17

9 17 87
10 12 87

6.15

5.55

0.65

6.85

9 17

6.85

9 29 86
9 29 86
9 21

9 29 86
9 17 87

Mag

6.65

5.55

5.45

6.75

6.75

Date.

8 29

9 15 87

9 30 86
9 26 88

9 26 88
9 26 88
9 17

9 26 88
9 15 87

9 87

9 17 87
10 19 80

9 30 88
10 19 87
10 17 89
9 30 88
9 26 88

10 19 86
9 17 87
9 17 87

9 17 87

9 30 86
9 26 88
9 26 88
9 17 87

6 88

Mag.

6.75

6.15

9 6 88 2.9

8 29 88 6.6

9 17 87 6.7

9 17 87 6.3

> # *

9 17 87 7.0

7.05

5.35

7.05

6.95

6.75

7.05

5.85

9 29 86 4.45 9 26 88

...

6.35

9 17 87 6.55

9 29 80
9 21

5.25

6.95

6.95

r^T J.-j^^

^gi- -—^rz -i^t ^ '"^

I

9 21

9 29 86
9 29 86
9 29 86

29 86
9 29 86

\35

6.05

10 12 87

9 26 88
9 17
9 26 88

9 17 87

6 88
6 88

10 19 86

10 19 86

6 88

6.55

6.55

4.65

6.75

6.35

6.75

5.25
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2747

2748

2749

2750

2751

2752

2754

2755

275(5

2757

2758

2759

2760

2761

2762

•2764

2765

2766

/

2771

2772

2773

2774

2775

2776

2779

2780

2781

2782

2783

2792

2799

• *

• •

Name.

Safjittarli

Aquilm '

Sar/ittarii
a

a

Aqtlllw

Saglttarii

Aquilce

Safflttarii
u

<(,

Aqutlce

Saglttarii

Aqullm
a

Saglttarii
;4

Aqiiike

Saglttarii

AqUllcB

Saglttarii

u

u

u

Aqiiilce

Saglttarii

u

Aqullce

Saglttarii

u

Aqutloi
u

Saglttarii

AqulliB
Sag Iffaril

AquilfB

Saglttarii

AqidlcB

Sa a L r

1875.

m.

18.3

18.4

18.9

19.0

19.1

19.2

19.3

20.1

20.4

20.8

21.5

22.1

22.6

22.6

22.9

23.5

24.1

24.8

27.0

28.2

28.2

28.4

28.0

28.8

29.1

29.2

29.8

30.0

30.1

30.2

80.3

30.5

30.8

31.1

31.2

31.9

32.0

32.3

32.0

32.8

Obs.

Mag.

33.6

33.7

34.3

34.8

35.2

35.4

36.3

36.4

39.1

89.2

89.3

40.0

23

30

<)

ft •

6.25

6.75

6.05

5.85

3.35

6.85

6.95

var.

6.75

6.35

5.65

5.75

6.65

6.65

4.65

6.25

6.05

6.95

5.65

6.95

5.75

6.85

6.95

5.55

6.85

5.35

5.75

5.35

6.55

var

o

Separate Observations.

9 15

9 15

9 15

9 24

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

9 15

o

2

Mag.

3.25

6.65

0.35

5.65

6.C5

4.95

6.35

Date.

9 29

9 21

9 29

9 29

9 29

9 17

9 29

9 24

9 17

9 17 87

9 29

9 29

9 29

9 21

9 29

9 29

9 29

9 21

9 29

9 29

9 21

9 29

9 29

9 Z9
9 29

9 29

9 21

9 24

9 29

9 29

9 29

9 21

9 21

9 29

9 20

9 29

9 29

9 29

9 29

9 21

9 29

9 21

9 29

9 21

9 29

9 29

9 17

aijig.

G.25

0.95

6.05

4.65

6.85

Inite.

19 86

» «

6 88

6 8S

30 88

25 88

30 88

19 86

9 20

9 30

9 20

(

/

• •

^i

oo

^4

15 87

26 88

15 87

6 88

y}ng

)

6.75

5.7^^1

3.45

7.05

5.85

7.05

6.35

7.25

B

6.66

5.55

i

5.85

9 17 87

9 17 87 1
6.8

.m

:s:^i^^:*
_ _-i _> J
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m

2600

2a05

2:1 '2

2H8

»

212

23f>

2S09
2810
2811

28 1

2

28 1

3

•N14

2815
28 IR

2817

2818
2810
- H-J

2821

2b23
2S24
2825
2S'_M',

2827 I 100
-328
2S29 2fU
2sr.o

2 ^ ?, 1

2^H3 I 2r»l>

255

>

2*;r»>

<*

27 :i

luti

2SJ8
> J Q '^ r\

2^
{

I

2^45

* *

« ' -

h^O-

* I

-MR

f^nme

SitfjUtarll

Aqnilije

Saglttarii

Aqiiilm

Sayittani
Aquilcc

Sarjittaril
u

A'luUm

r/

Saf/iffarii

AfjifUa

250
j
SftrfUfarii

Sdfjlttarii
u

Sngittnril

Siifjitturii

Aqntf'v

Sagiftnfii

Aqnif

il

I

Cnpricorni
Aqtt tfrr;

''rpric&rni

Aq If f7«

^'pri'-nr/n

Aqnihi;

187S

K. A.

19 40.

G

41.0

42.2

43!3

43.9

44.2

44.6

44.7

41.0

45.2

4 n 1

46.1

46.8

46.8

47.4

47.9

48.1

48.2

48.3

48.6

49.3

51.3

52.2

53.0

53.2

51.0

55.0

55.0

57 3
57.G
680
58.2

58.5

59.0

50.6

Duel.

No.
Ob».

•T.)

)

''S

22 57

Mag.

Mean
Obs'd.

U.A

0.85

6.25

7.05

0.35

7.05

6.65

7.05

6.65

7.05

6.25

4.95

6.75

6.65

6.15

6 95
G.u5

6,15

6.75

6.75

6. 25

var.

i

Sep.arate Observations.

Date.

6.7 10

Mag.

7.05

6.35

4.95

6.35

7.2

6.65

6.35

6.75

Date.

6.95
I

9 29
9 24
9 17

9 17 87
9 24
9 24
9 24

9 24

9 29
9 24
9 17

9 24
9 29

9 21
9 21

9 29
9 29
9 17
9 29
9 29
9 29
9 24
9 29
9 29
9 24

9 29
9 29
9 24
9 26

9 29
9 26
9 29
9 24

9 24
9 27
9 20

Mag. Date.

6.15

6.55

9 26
9 26

10 13

9 26
9 26
9 26
9 26
9 27
9 17
9 27

6.45 110 19
9 26

4.65

6.35

5.65

4.95

6.85

9 26
9 26

9 27

9 26

6.75

7.35

19 86
17 87
17 87
26 88
3 88
9 87

Mag.

6.35

5.85

6.75

6.75

6.25

7.05

6.85

6.35

5.15

6.05

5.85
6.95i

6.75

9 29

9 29

6.95
27 88
27 89
27 88

6.65

9 16

9 20
9 24
9 24

6.95

9 17 87

9 29

9 16
9 26

12 25
6.85

6.15

i
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2853

2854

2855

2856

2857

2858

2859

2860

2861

2862

2863

2864

2865

2866

2867

2868

2869

2870

2871

2872

2873

2874

2875

2878

2879

2880

2881

2882

2883

2884

2885

2886

2887

2888

2889

2890

•

* *

* 9

« t

Name

V
Aqtdlce

(4

U

Capricoimi

Aqnilce

Sagitiarii

Aqtdlce

Capricorni

Aquilm
Capricorni

4(

Aquilm
Sagittarii

AqidlcB

Capricorni

Aqnilw
Capricorni

Sagittarii

Aquilm

Capricorni

Aqit ilcc

Capricorni

u

AqnilcB

Capricorni

Aquilm
Capricorni
Aquilm
Microscopium
Capricorni

Microscopium
Capri

1875.

iGorm

Microscopium
Capriworm

VI.

10.3

10.7

10.7

11.1

12.1

12.2

12.2

12.8

13.3

13.7

13.8

14.0

16.2

16.5

17.0

17.3

17.8

18.3

18.3

19.2

20.2

20.5

21.0

21.1

21.3

21.7

21.7

21.9

22.3

22 7

23^1

23.3

23.6

24.1

25.1

25.4

25.6

26.2

27.1

o

No.
Obs.

Mag.

Mean
Obs'd.

6.95

6.95

6.05

6.55

6.95

6.15

4.55

6.85

6.95

5.15

3.15

6.75

6.85

6.25

6.25

6.45

5.55

6.65

5.25

6.15

5.85

5.15

6.55

-^SW^ ^^*:^«

6.45

6.95

6.95

U.A.

var

Separate ObBervatioiis.

Date.

82

o

Mag.

6.95

5.85

6.85

6.95

6.65

6.75

82 6.5

86 7.5

82 6.5

82 7.1

82 6.4

82 5.85

82 6.85

82 7.0

Date. Mag.

O
6.95

5.95

Date. Mag.

9 16

9 16 87

9 27

10 19

(

o
6.75

6.95

10 19 86

9 27 88

6.25

4.55

6.75

0.85

6.85

3.75

5.15

6.85

6.95

6.25

6.35

6.95

7.05

9 16

10 12

9 16

9 27

6.75

6.1^

9 24

9 27

G.45

6.95

10 13

9 27

9 17 87 j
6.65

9 24

9 27

9 27 7.2.1

5.05

10 13

7 87 1 6.95

6.55

9 24

9 16

oo

6.45

10 IS

10 13

5.05

9 27

9 17

6.45

J:
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•>

•200G

•Jno 7

•JUUS

2009
2UJ0

2912
2913
29U
29 1

5

2916
2917

2918
2910
2920
2;»2l

292:5

20-i 1

2925
2'. 21')

2927
2928
2929
2030
2931

2'.':55

29:!r,

2037

29 10

2912
294:;

20? 5

2940
29 17

xi^

2saillO

1875.

JliC)'OScopmm

)

• *

Capriconu
AqalUe
Capricomi

Aquilce

Capricomi
4(

U

2949

2*J56

2^^57

AqvUcn
Cajjricortii

Aqviliu

Capricoiiu

Aquanl

Cnprirovnl

Aquarll
Capricorn I

Mlcroscopium
Caprinjrfil

Atjff'fril

^'fpricorni

Aqtifiril

•craseopnfm

Mirroscopiuni,

Ca^s'icorrf
u

.Ljiiftril

• «

Caprlrornl
44

Aquarii
Capri^o rn I

Microsrnjn rrm

unrorn
« «

Caprif'nrni

Af/ Ifaril
44

27.2

27.9

28.5

29.4

30.2

30.3

30.4

30.7

No.
Obs.

30 54

6 16

16 57

12 49
2 59

25 33
24 40

17 33
20

31.1

31.G

31.9

32.3

32.

5

32.7

82.8

32.9

33.0

33.1

33.3

3R.5

38.7

34.7

33.9

34.9

36.0

35.7

37.7

37.7
3S.2

4 49
1 32

15 24
5 22
2 51

24 14

18 35

2-^ 59
16 34

2 46
29 52

I

30.0

30 56 .

16 15

25 43
21 58

41.1

41.1

n.2
41 3

41.9
42.'!

43.1
43.S

44.1

4M
44.1

44.4

41,8

45.1

45.2

5.5

2 57
9 57
5 29
19 43
16 59
18 40
26 14
18 30

•l*ny.

'}

Mug.

Mean
OhsM.

6.95

7.05

4.55

0.55

5.55

0.65

6.15

6.85

6.65

0.95

6.75

4.15

6.85

6.95

6.85

6.85

5.65

U.A.

Separate Observations.

Date. Mag.

6.9

14 84
3 82

2 80
3 82
3 82

14 84
3 82
3 82
3 82
3 82

14 84

3 82
14 84
14 84
2 82
4 82
4 82
3 82
2 82

14 84
16 82

14 84
3 82
4 82
4 82
16 82
4 82 6.95

4 82

14 84
16 82
14 84
3 82
10 82

3 82
16 82

4 82
2 82

14 84
3 82
3 82

3 82 6.85
16 82

3 82
16 82
4 82
16 82
14 84
14 84 ,

6.85

Date.

2 86

2 80

2 86
2 86
2 86
16 87

2 86

2 80
2 86

2 86

21 86
21 84
2 86

2 86
2 86

1 86

2 86

2 86
24 86
2

2 80
2 86

2 80

2 86

2 86

Mag.

6.55

7.05

5.55

6.65

5.75

6.05

6.65

7.15

6.85

6.95

6.95

Date

16 87

2 87

19 86

2 86

18 86
9 27
9 17

9 27
11 27 86

9 87

10 25 88

9 17

9 27
9 27

9 27 88

9 17

2 86

9 27
9 27 88

2 86

2 86

9 27
9 18 87
9 18 87
9 27
9 27
9 27

11 18 86
2 86

6.65

6.95

2 86
2 86

2 86
2 86 5.65

9 27

10 19

11 24

9 27
9 27

Mag.

6.45

0.85

7.05

0.95

6.95

7.15

6.95

6.75

6.85

4.85

6.95

0.95

6.05

6.95
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2959

2960

2961

2962

2963

2964

2965

2966

2967

2968

2969

2970

2971

2972

2974

2975

2976

2978

2979

2980

2982

2983

«

• • •

> « t

* «

i

Name

Capricorni

Microscopiam
Aquarii

u

Capricorni

Microscopiitm

Aquarii

u

Capricorni

Aquarii

Capricorni

Aquarii
a

Capricorni

Aquarii

Capricorni

Aquarii

Microscopiuni

Capricorni

Aquarii

Capric

Aquarii
orni

Miavscojjium

Aquarii

Caqyricorjii

Aquarii
Capricorni

Microscopium
Oaqmcorni

Aquarii

Caj}ricomt

Aquarii

Ca2)ricor7ii

1875.

E.A.

7?l.

45.7

45.8

45.0

4G.3

46.4

40. G

47.3

47.3

47.5

47.7

47,7

48.1

48.7

48.8

49.1

49.4

49.8

50.2

50.2

50.7

50.8

61.8

52.2

52.5

53.1

53.5

53.8

54.0

64.0

64.3

54.3

55.2

55.4

55.7

5G.6

66.7

67.0

67.0

67.3

67.5

67.8

58.5

58.9

69.6

59.8

t

No.
Oi>s.

Mag.

Mean
Obs'd.

6.55

6.65

6.65

6.85

6.65

6.45

6.55

5.95

6.35

6.55

6.35

6.35

6.25

6.95

7.15

5.05

7.16

6.15

4.85

7.15

6.45

6.85

6.85

> •

Bate.

16 82

14 84

2 82

4 82

3 82

14 84

4 82

4 82

4 82

3 82

3 82

4 82

4 82

3 82

3 82

16 82

4 82

.4 82

4 82

3 82

4 82

4 82

4 82

3 82

14 84

3 82

4 82

4 82

4 82
o16 8

4 82

14 84

14 84

4 82

4 82

4 82

18 87

3 82

14 84

16 82

16 82

16 82

4 S2

16 82

3 82

4 82

4 82

4 82

4 82

16 82

Mag.

6.85

6.65

5.8

Separate Observations.

Date.

9 24 86

2 86

2 80

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 17 86

2 86

2 8G

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

1 86

2 86

1 86

2 86

2 86

2 86

12 87

2 86

2 86

Mag.

6.65

6.75

6.65

7.45

5.75

7.05

7.05

6.05

5.75

3.85

2 86

1 86

2 S6

2 S6 ;
6.95

2 S6

20 SQ

2 86

24 86

2 86

1 86

Date.

9 27

11 24

11 24

9 18

9 18

9 28

11 26

9 29

12 20

9 18

9 29

9 28

9 28

9 28

# 9

Mag.

0.85

4.85

6.95

6.G5

7.05

6.85

6.45

7.05

6.55

7.35

6.55

5.85

6.15

7.05

6.35

6.45

6.9b

6.6b

6.55

10 22

10 15 8717.15

9 29

29

9 18

9 29

10 20

9 29
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m'A^^'itfxJ -Xij. .K iM-ii-Ai- ^IbLL Sr~^C>WZZ InaE^IiirLL ^u^. ^v^akV ^ hd

No. Name.

1875«

no 1

3

3014
3015
3016
3017

3018

3019
3020
3021
3022
3023 I

3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3012
3043
3044
3045
3046
o

K.A.

A'piarii

Capricorni

Aqiiarll

Capricorni

Microsrop'iiim

Aquarii

3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
30GO
3061
nt HV2

until

* «

Microscopium
Aquarii
Ccqn'lcomi

qnarii
it

Capricorni

AquarH

Caprieomi

Mieros^opium
Aquarii
Caprieomi

u

Aquarii
ii

21irroseopium
Aqtiarii

Cnprxrorni

Aquarii

Capricorni
Aquffrii

Capricorn i

Aquarii

Capricorni
Aqtiarii

a

Caprirnrni
Aqnarii

10.2

10.2

10.4

11.0

ii.4

11.5

11.6

12.5

12.5

13.0

13.2

13.3

14.4

14.5

15.3

15.3

ID.

5

15.8

16.0

16.2

16.7

17.0

17.1

17.1

17.4

18.4

18.5

18.6

18.6

18.8

19.5

19.5

19.6

21 20.1

20 42

30 14

No.
Obs.

Sfag.

Mean
Obs'd.

6.95

44
9 52

14 59

6.55

6.95

U. A

17 52

25

5.85

21 10

15 41

9 38
13 43
9 44

10 39

13 48

18 30
20 51

29 17

26 52
14 33
13 31

29 42

17 22
9 51

50
23 12

3 40
9 51

25 44
23 17

21 23
24 57
13 25
3 56
10 17

24 22
14 49
4 5

22 57
12 38

+ 34

6.85

5.85

6.95

6.85

6.55

5.45

6.95

6.55

6.95

6.95

6.35

6.65

6.55

3.85

6.95

W W

Separate Observations

Date Mag.

4 82
9 16 82

4 82
9 16 82
9 14 84

2 82

4 82
4 82
3 82

9 16 82

4 82
3 82

4 82
4 82

9 16 82

3 82
4 82
3 82

4 82
4 82
4 82

3 82-

9 16 82
9 16 82
9 14 84

4 82
9 16 82
9 16 82

3 82
3 82
3 82

9 14 84
4 82

9 16 82
4 82

9 17 84
9 16 82

4 82
4 82

9 16 82
9 16 82
9 16 82
9 16 82

3 82

4 82

4 82
9 16 82

3 82

4 82
9 17 84
9 16 82

3 82
9 17 84

5.65

6.85

6.85

6.95

6.95

4.35

6.75

5.55

6.95

Date. Mag.

2 86
2 86
2 86
2 86

6.85

6.85

24 86
2 86

20 86

2 86 6.55

14 84
20 86

2 25 86
2 86
2 86

9 18 87
20 86
2 86

20 86

6.75

6.85

5.75

2 86 6.85

20 86
2 86
2 86

2 86 6.95

2 86

2 86
2 86
2 86

6.85

2 86
6.85

o 86

2 86

4.35

2 86
20 86

2 86

6.05

6.75

2 86

2 86
2 86

20 86

2 86
2 17 86

5.75

6.85

5.75

6.55
2 86 5

2 86

2 86
2 86

6.55

Date.

9 29

9 29
9 29
9 18

Mag

9 18 87 6.9

9 18 87 6.95

10 10 88 6.5

9 29 88 6.95

B

9 29 88

V V V

6.7
1

10 25 88 6.55

12 17 86 6.5

10 1 86 5.8

9 29 88 6.75

9 18 87 6.7

9 29 88 6.85

10 15 87 7.0

10 2 86 5.65

10 13

4 ft

87 5.95

• *

9 29 88 6.95

9 29 88 6.85

V * ^

9 29 88 6.55

9 29 88 5.5

9 29 88 6.95

9 29 88 6.55

9 18 87 5.7

9 18 87 6.8

9 29 88 6.75
9 29 88 6.95

6.15

6.65

6.45

5.65

6.75

6.55

6.55
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r

(J. A.
No. No.

3065 94

3066 95

3067 96

3068
4

97

3069 98

3070 1

3071 99
307-2

3073

3074

3075

3076

3077

3078

3079

3080

3081

3082

3083

3084

3085

3086

3087

3088

3089

3090

3091

3092

3093

3094

3095

3096

117-8

• •

Name

1875.

Capricorni
((

u

t,i

Piscis Austrini

Cajyriconii

Aqnarii
Capricorni

Aquani
Pise isA usfrini

Aquaril

Capricorni

Aquavit

Piscis Aitstrini

Capricorni

Aquaril

Piscis Austrini

Capricorni

Aquaril
Capricorni

Aquarii
Piscis Austrini
Capricorni

Aquaril
Capricorni

quarii

Capricorni
44

(C

Aquarii

Piscis Austriini

m.

20.2

20.6

20.9

21.5

21.6

21.6

22.8

VOL. xn.

2f>.0

25.4

25.6

27.0

27.5

27.6

27.8

27.8

27.9

28.1

28.4

28.8

28.9

80.1

30.7

31.1

31.2

31.9

32.8

33.1

33.2

33.2

34.0

34.8

34.9

35.7

35.8

36.2

36.3

37.2

37.9

38.3

38.6

39.6

39.8

40.0

40.1

40.1

40.6

40.9

41.1

42.5

42.7

No.
Obs.

Mag.

Mean
Obs'd

6.85

7.05

4.''5

6.G5

6.85

6.25

6.05

7.35

6.85

6.45

5.55

5.55

5.95

5.35

5.75

U.A

2.65

6.35

Separate OUservatious.

Date.

9 16 82

3 82

3 82

3 82

9 16 82

9 14 84

3 82

9 16 82

3 82

9 16 82

2 82

9 16 82

3 82

9 17 84

9 14 84

4 82

4 82

9 16 82

9 16 82

9 16 82

9 17 84

4 82

9 14 84

9 16 82

9 16 82

9 16 82

9 17

9 14 84

9 16 82

9 17 84

9 16 82

9 17 84

9 14 84

9 16 82

9 16 82

9 16 82

9 17 84

9 16 82

9 16 82

9 16 82

10 10 82

9 16 82

9 16 82

9 16 82

9 16 82

9 16 82

2 82

10 10 82

10 10 82

10 10 82

10 10 82

10 10 82

9 14 84

Mag

6.95

6.75

6.45

5.45

6.35

5.45

5.75

Date.

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

21 84

21 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 86

2 17

2 86

2 25 86

2 86

1 24

2 86

2 86

2 86

2 86

*2 86

2 86

2 86

14 84

2 86

2 86

2 86

2 86

20 86

2 86

2 86

2 86

2 86

2 86

20 86

20 86

20 86

20 86

20 86

2 86

Mag.

6.55

6.65

6.75

6.65

6.05

6.65

6.05

6.15

Date,

10 13

9 29

9 29

11 18

9 29

9 29

9 29

9 26

9 29

9 29

9 29 88

9 29 88

9 29

9 29

9 29

9 29

10 15

9 29

9 15

11 26

9 18

9 29

9 18

9 30

9 29

9 15

9 29

9 18

9 29

11 18

9 29

^ s^AZ

Mag.

4.75

7.15

2.55

6.45

6.65

6.15

6.45

5.55

6.25

6,55

5.75

7.35

.

9
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So.
U.A

Nuiua.

3ll^ l-2i
Iiiio'vr.

3120
3121
3t2'2

3123
312 J

^ 1 25

3120
3127
312^

3129

12G

127

128

91

92

12.)

130

131

O'fi'lcurul

3130 01

05

132

133

06

3131

3132
«> 1 !•>

3 1 31
31 !>.) 1 13-1

3l3ti^ 97
I
Aquayli

31:57

a

Aqiiaril

Cffjtrirorni

Afjuarii

Orprlcorni

Aqua r it
14

C(fpriconii

Afjuarii

C'/i*r!('orni

i^m

Decl

No.
Obs.

Mag. Separate Observations.

98
313b 21 FisclsAustriiu
H139 99
3140,100
3141 I 101

3142
31 13

3141
3145

Aquarii

PUclsAustrinl
102

I
Aqii'irii

103
23

31 IG 21
3 1 47

PhcU Austnni]
U it

25
3us! 104

31 19
I
105

3lu0 106
31.' 1 lu7

\:^-i 108

1

:U53. 110

m ft

I

3i:.4: 111
31.')-. 112
3iri»i liS

;157

3 1 58
3i.=.n

114

31
115

PiftrlsAuafrini

31U01116
31611 117
3162 his
3163,119
31Hi' 120 I

(ini
t4

43.3

43.9

44.2

44.3

44.8

45.2

45.9

40.2

46.3

46.5

46.9

1.^

4^<.l

40.9

51.0

51.7

51.8

52.2

52.4

53.7

54.7

55.3

55.6

56. 1

1

56.7

56.9

57.2

57.4

57.5

OIisM.

6.45

6.85

7.45

6.85

6.35

6.65

Date. Mag. Date.

59.4

310u
3166

88
121
34

PUcUA
A'/f'ffrii

Phnf f .« i»#<p^ raiii

:u»;^' i^!>! A
* m

3 1 r,o

3170

* 1

I

1**
^ *

i I

^u,urn

Pi,fris Jffs^vin!
>*)

6.05

6.85

6.45

Mag.

6.85

6.35

02

6.45

6.05

5.45

6.45

6.65

6.45

5.65

6.55

5.S5

4.85

6.95

6.15

'^0

*>o
4.15

6.95

6.85

0.95

. 8 5
• -T

0.,

6.55 6.5

5.65

)

o

>

')

t

.")
. 85

2 86
2 86
2 86

9 18 87

2 86
2 86

10 20 86
10 20 86 6.65

10 20 86

2 86
2 86
2 86

10 20 86

10 20 86
;

6.55

2 86 1 6.55

2 86
10 20 86 ' 6.35

12 25 86
10 19 86
10 20 86 6.55

10 19 86
10 20 86

2 86 6.55

2 86 6.55

10 19 SO
10 20 86
9 26 84 4.75

10 19 86 6.95

10 19 86 ; 6.95

10 19 86
20 86

9 20 84

10 19 86 7

10 19 86
10 19 86 7

6.85 10 19 86
10 19 86 6.95

2 86 5.85
10 19 86
10 20 86
10 19 86 6.75
10 20 86 6.65
10 19 86
10 19 86
10 20 86
10 19 86
10 19 86
10 19 86
10 20 86 ; 6.65
10 19 86
10 19 86
10 19 86
10 19 86

i>.75

*'^.^'^ —

.

-jrf*-F"^ri^

Date.

9 18 87

Mag.

9 29
10 15

9 29
9 29

18
9 18

9 18 87 6.95

9 18

9 29
9 20 87 6.35

6.25

6.55

6.75

9 18 6.05

9 18 87 6.5

9 29 88 6.65

9 29 88 6.5

9 18 87 6.4

• •

6.45

6.05

6.55

6.05

5.85

6.95

4.15

6.95

6.95

5.95

15 87 6.95

29 88
10 15 87 6.5

9 29 88 6.85

9 29 88 5.6

10 15 87 6.45

* #

11 24 86
W ^ ^

6.2

11 26 86 6.3

11 26 86 6.75

11 26 86 6.1

^

11 26 86
W ^ ^

5.45

11 18 86 5.8

_ ^-iJ^'A'U. _
"~

-H_l^' ^i---^ Kij- _V —U^^^W.'- b d A
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U.A.
No.

3171

3172

3173

3174

3175

3176

3177

3178

3179

3180

3181

3182

3183

3184

3185

3186

3187

3188

3189

3190

3191

3192

3193

3104

3195

3196

3197

3198

3199

3200

3201

3202

3203

3204

3205

3206

3207

3208

3209

3210

145-6

» ' •

150-1

3212

3213

3214

3218

Name.

1875. Mas'

R. A.

Aquarii

Piscis Austrini

Aquarii

Piscis Austrini

Aquarii

«

((

((

Piscis Austrini
Aquarii

u

Piscis Austrini
Aq uarii

Piscis Austrini
Aquarii
Piscis Austrini
Aquarii
Piscis Austrini

ni.

Decl

10.0

10.1

10.1

10.2

10.3

10.6

11.7

12.3

12.3

13.6

14.7

15.2

16.6

17.0

17.6

17.8

18.2

18.9

19.0

19.3

19.8

19.8

20.0

20.1

20.7

22.4

22 .

8

23.3

23.6

24.0

24.0

24.9

24.8

25.1

26.0

27.5

27.0

7.9

28.7

28.9

29.1

29.4

81.3

81.8

31.8

32.7

32.

8

33.5

22 33.7

O

9 40

t

45

24 19

o

40

No.

26 43
33

Mean TT A

Separate Obsiervalious.

i

6.55

6.55

5.85

4.35

6.95

5.45

5.55

3.75

6.35

5.75

6.05

6.95

6.55

6.35

4.85

6.55

7.05

6.15

5.55

6.25

3.95

6.65

*

Date.

6.45

')

6.85

6.45

6.85

4.05

9 82

9 82

9 14 84

9 82

9 82

9 82

9 21 84

9 82

9 21 84

9 21

9 21 84

9 82

9 14 84

9 82

9 82

9 82

10 10

9 21

9 21

9 82

9 21

9 82

10 10 82

10 10 82

9 82

9 21 85

9 21 84

9 82

9 21 84

9 82

9 14 84

9 82

9 82

9 82

9 14 84

9 21 84

9 21 84

9 82

9 21 84

9 21 84

9 21 84

10 10 82

10 10 82

9 82

10 10 82

10 10 82

9 21 84

9 21 84

9 21 84

9 21

9 21 84

9 21 84

9 21

aiag.

7.05

3.85

6.45

5.65

Bat Mag.

19

19

19

19

19

19

20

19

20

20

20

19

19

9 21

19

9 12

19

20

20

19

20

9 12

19

19

19

20

i

20

9 21

15

19

19

19

19

20

20

1 24

20

20

19

19

9 12

19

19

20

19

20

19

9 26

10 19

6.25

6.95

3.75

6.15

5.45

Date.

10 15

10 15

11 26
9 29

9 29

12 17

Mag.

6.65

C.15

C.95

11 24

11 24

12 17

26 84

3 88

15 87

6.85

6.45

11 24 86

8S ' 6.8

6.15

88 O.Q

87 6.75

88 , 0.8

-'6.45

6.85

4.05

..,^T-^rW(&,^
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'Ux.- Jj ,-i^ ^'

187i"»

44

* fl

PfsrisAuitrini

Aqiiarii

h T

.S'lA (
»

- > ^O - ^

rUcuAnUrlni

44

• t

:5J40

-.216

:i2i: I I'^R

Pinris Aimfrini
• *

Pistis Austriui
Aqintrii

PUci^ Anstrini

Aquavii
4*

32 JO
I

;

' , »

>.,-,

1 [
, >

1P2

1 :>3

i^r>*)

.- i

:';r>7

.;::>al

» lua

^•!r>

Aqmnrii
4

Aqnnrii

^ ^n

^^1? y \

rn
t

Affunrii

Pis* i< fw«^rin«
44 44

^ 1*M|

piSi I urn

200

'2f»l

/*<-)'.< Jy.<ifnni
* 4

^« »

-W

^-^^^rffr-SflW^ -OT^-

34.2

34.a

35.4

85.G

80.3

36.4

30.5

86.7

86.9

38.7

89.7

25
8 58

7 87
10 21)

40.9

41.1

41. L

41.1

41.6

41.0

42.5

43.0

26 34

23 45
14 15

45.9

40.1

46.2
4n.9

47.0

47.4

47.5

8 15

>

6 30
19 50
12 51

16 20

ts.2

16 56

i

4^.7
24

5 39
20 48

.'i2

52.8

53.0

63.6

I

fl.O

26 18

9 33
29

20 31

22

6 28
10 13

Mag.

U.A

0.G5

6.55

6.85

6.C5

6.35

1. (5

i

6.85

6.G5

5.75

6.25

5.U5

6.45

6.65

6.55

r^^ -

6.55

6.05

6.65

Separate Observations.

Date. Mag.

6.15

6.75 7

6.55

6.55

10 10 82
9 21

9 21 84
9 21

9 21
9 21

9 21

9 21

9 82
9 21

9 21

10 10

9 82

9 82
9 21

9 21

9 21

9 21

10 10 82

9 82
9 21

10 10 82
9 82

9 21

9 21

9 21

10 82
9 21

9 82
9 21

10 10 82
10 10 82

9 84
9 21
10 10 82
10 21

21 84
9 84
9 84

9 21

9 21 84
9 84

9 26 84

5.05

7.05

6.75

5.05

6.55

Date.

9 21

20 86
19 86
20 86
20 86
20 86
20 86
20 86
19 86
19 86
20 86
19 86
in 86
20 86
19 86
20 86
19 86

9 26 84
10 80
2 86
19 86
19 SO
2 86
20 86

9 26 84
20 86
19 86
20 86

20 86
21

19 86
21 86
20 86
10 86

2 21

20 86
21 86
21 86
19 86

9 20 84
21 86

2 21 86
2 21 86

20 86
21 86
19 86
19 86
20 86
20 86
21

20 86
19 86

Mag.

5.15

6.45

6.75

5.45

6.45

6.45

6.65

6.35

6.95

6.35

6.45

6.45

Date. Mag.

5.05

6.95

5.75

6.55

6.85

4.55

10 21 86 3.95

10 13 88 6.9

10 20 86 5.95

10 15 87 6.9

9 30 88 6.85

* •

11 18 86 3.0

12 17 86 6.0

10 3 cq 5.8

11 26 86 6.8

10 15 87 6.2

10 15 87 5.95

11 26 86 6.8

12 25 86 6.3

10 15 87 6.6

9 29 88 6.4

9 29 88 6.45

9 29 88 6.05

10 20 86 6.65

9 29 88 5.7

9 29 88 6.25

« #
ft • • •

10 15 87 6.95

10 15 87 6.65

10 19 87 6.2

11 26 86 6.05

11 24 86 6.5

10 15 87 6.1

11 24 86 6.7

11 24 86 6.45

11 26 86 6.6

»

^/^e^tfflpjfTj^iFf^.-^
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I * fe

8830
3331
3832
8333

??335 239
3336

J339
3340

3312
33 13

'531 [

"15

# «

•^"17

* »

2iG
3310
33.SO I 248
*• I. > I

3352
;i353

240

Name.

Srtflpforla

Plsrlum

Aqunrli

Srulptorls

Plsciui/i

Jhiuarll

PU^'liiiii
• •

sf'iuni'
9 «

2.'n

3355
1
25

1

3356 2:)2

3r^?>7 253
3358 2.' I

3359 255
3360 2.'

6

330 1 257
83r.2 258
33H8 n.'.n

2^4

Sndpforis

q Itaril

Sculptoris

A'jnarii

i(

(C

. i |> .. «#

3368

Srif/jtfnris

Ai^ifrrrii

""r.a 2n'>

4371
OO—'-372

' 2i'.6

' * J I •>

r> O -*
I

i

^^70
f 2(W

SH77

8H78
'^'>
•• ..'9

3r?«o

'^')

• •

Aqffarl!

Aqvnni

Afjnnrii
44

270

1S75«

21.8

22.3

22.6

23.0

23.1

23.1

24.6

25.1

25.2

25.3

25.4

25.6

26.0

26.5

26.7

26.7

27.0

27.7

28.3

2S.3

20.1

20.1

20.6

29.6

31.2

31.6

SI.

8

33.3

34.4

34.7

35.1

35.3

86.0

36.2

S'^.O

80.

5

lO.H

41.5

42.1

42.

1

42.9

43.1

43.1

43.4

43.8

41.1

44.0

50.1

44.0

46.1

46.2

Decl.

9 57

2 29

No.
Obs.

51ag.

U. A.

Separate Observations

6.65

6.45

5 13

6 59

4 46

6.65

6.25

Date.

1

Jlag.

6.7

7.1

6.6

6.3

9 26 84
10 9 84

10 13 84
10 9 84

Date.

21 56
26 26 6.55

13 1«!

15 56
4 33

2«« 11

13 45

14 55

8 36
12 22
18 43

15 11

2t'>

5.85

6.55

6.45

6.95

6.95

6.15

5.85

5.35

5.75

5.65

6.85

6.15

7.05

7.15

9 82
9 84

9 84

9 84
10 10 82
10 10 82
9 26 84

9 84
10 13 84

9 84
9 82

10 13 84

9 84
d 84
9 82
9 84
13 84

9 26 84
13 84

9 26 84
10 13

9 82
10 13 84
10 21 86
10 13 84

13 84
9 82

i

6.05

5.45

99

99

6.25

6.35

11 24

7.35

6.55

5.15

5.75

5.65

90 5.65

I

6.05

22
oo

6.55

5.15

Mag.

6.95

6.45

6.45

6.55

6.25

6.55

7.35

6.75

6.95

6.65

5.85

6.85

6.85

7.05

5.35

6.45

6.85

6.05

6.55

1^--- : ... .?-:?S«*?a*«*7l*;~"



CATALOGUE OF THE MAGNITUDES OP SOUTHERN STARS "1
/

3383

3384

3385

3386

3387

3388

3389

3390

3391

3392

3393

3394

3395

3396

3397

3398

3399

urn

3402

3405

3406

3408

3409

3412

U.A.
No.

• •

• •

# *

t •

Name

Sculptoris

Aquarii
Pisomm
Aquarii
Seulpforis

Piscium
Aquarii

Sculptoris

Ceti

Piscium
Sculptoris

Piscium

Sculptoris

Piscium
(C

Ceti

Sculptoris

Piscium
u

Ceti

u

SadjHoris

Ceti

Sculptoris
u

Ceti

PiscAum

1875.

46.2

46.4

46.5

46.9

47.9

48.4

48.6

49.4

50.7

50.8

51.9

52.3

53.0

63.3

53.4

55.0

55.4

55.6

65.8

55.9

56.0

56.1

56.5

56.7

57.3

57.5

57.8

57.9

57.9

58.0

58.1

58.7

58.9

25 41

9 42
3 51

24 55
27 44

35

13 51

27 19

16 33

4 15
30 11

6 35
59

29 25
3 43
6 43

30 25
8 16

20 45
24 51

30 50

29 58

11 12

6 24

Mag.

6.15

6.25

6.65

6.05

7.15

4.95

6.45

6.85

5.95

6.45

Separate Observations.

6.55

4.65

9 26 84

9 26 84

10 18 84
10 13 84
10 13 84

9 26 84

9 84

12 29 82
10 13 84

9 26 84
10 13 84

10 18 84
9 26 84

11 13 84
10 13 84

10 13 84

9 26 84
9 82
9 82

9 84

9 84

12 29 82

9 26 84

9 26 84

12 29 82

9 26 84

10 21 86

12 29 82

10 18 84

10 13 84

5.15

Date. ivrag.

9 26 84
10 13 84
10 9 84

6.6

5.4

6.1

Date.

10 21

10 21

10 13

10 21

10 21

10 22

10 17

10 17

10 21

10 22

10 21

10 21

o

10 22
10 21

10 21

10 21

10 21

10 21

11 27

10 22
10 22

i 10 21

10 21

10 21

10 21

6.75

10 21

6.55

6.95

6.75

6.75

7.15

4.25

7.25

Dat».

OO

6.25

6.06

4.95

7.06

6.95

10 23 86

3 88 16.85

11 84

5.25
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NOTES.

10 Cell. 12.20.86,6.1; 12.25.86,6.1; 10.19.87,6.1.

65 PUciujrt. 10.22.8G, C.4.

66 " 10.22.86, 6.5.

12 Cell 11.7.88, 6.25.

'« 11.7.88,6.5.IS

51 Sculptoris. 12,2.88, 5.4.

67 Piscium. 11.7.88, 6.05.

14 Cell. 12.4.88, 5.85.

.

.

Piscium. 12.21.86, 6.9. Gould, Gen. Cat., No. 87.

15 Cell. 11.26.86,4.75-, 11.9.87,4.8; 11.7.88,4.8.

17

82 Piscium. 10.22.86, 6.9.

62 Sculptoris. 12.2.88, 5.2.

36 Ceti. Variability established by Chandler in 1882

and confirmed by my observations. Max. 5.0.

The character of theMin. 7.0. Period irregular.

(( 11.7.88, 6.95.

56 Sculptoris. 12.2.88, 6.35.

68 Put-rum. 10.22.86, 7.3; 12.21.86, 7.3; 10.19.87, 7.3;

variation resembles that of R Scuti.

83 Piscium. There appears to be no star in the place

of 83 Piscium brighter than 8", although the star

was apparently observed in a sequence, on January

9, 1882, as 6.8. In the same R.A. occurs a star

which was observed, inserted on the map, and des-

ignated 83 b Piscium. This star probably refers to

83, but the declination is -5° 53', instead of +5° 53'.

11.7.8S, 7.8; 12.2.3.88, 7.3; 1.19.89, 7.3. This star 84 Piscium. 10.22.86,6.5.

has not been found brighter than 7.1.

21 Ceti. 11.7.88, G.Oj.

22

23

«i

II

11.3.88, 6.6.

85

86

87

a

((

M

12.6.88, 5.75.

12.6.88, 6.95.

12.5.87, 6.55.

11.18.86, 7.15; 11.28.86, 7.0; 12.20.86, 7.0; 10 Sculptoris. 12.2.88,6.85.

10.19.87, 7.05; 11.7.88, 6.85; 12.1.33, 6.9. The es- Ai Ceti. 11.7.88,6.95.

Umates vary frum 6.85 to 7.S.

25 Ceti. tt.lS.86, 4.7; 11.26.86, 4.7; 12.25.86, 4.85;

10.19.87, 4.95; 11.9.87, 4.6. The estimates of this

red star vary from 4.1 to 4.05, yet are fairly ac-

45

50

«

((

11.7.88, 7.0; 12.4.88, 6.9.

11.7.88, 6.7.

conlant if we exclude the first observation made 1 77 Sculptoris. 12.2.88,5.85.

90 Piscium. 12.21.86, 5.4; 11.17.87, 5.4; 12.6.88, 5.3,

Ceti. 10.25.86, 7.0. Not in U. A. DM. -lo, 60, 7.6.

in T»*»2. 52 Ceti. 11.12.87, 6.85.

27 Ceti 11.3.88, 5.S; 12.23.88, 5.6. The observations 55 «

• «

exhibit a flight progressive brightening

Ceti 12.21.86, 6.9.

70 PUcium. 12.6.88, 5.9.

12.6.88f 6.85*

69

60

61

u

(I

11.12.87, 5.9; 11.7.88, 5.9.

2<l.o9y 5.9.

72

71

u

m 10.19.87, 6.9; 11.7.88, 7.1.

28 Cetu n.lH.^f^, 6J.

75 PUcium. 12.6.88, 6.85.

29 CetL 11.1^ «^, 6.7.

> •

69
« m Piscium. 10.22.86, 7.1; 12,22.88, 7-1.

SO Ceti 11.7,88,6,7.

• m Piscium. 10.22.86, 7.1.

33 Ceti. 11.2S.N6, 8.75; 12.20.86, 3.65. The estimates
of this star give values for the magnitude ranging 70 CeH. 11.27.86 «> 9

11.7.88, 6.75.

•• 11.21.86, 6.55; 11.28.86, 6.75; 12.20.86, 6.7;
12.25.86,6.7; 11.12.87,6.55; 12.4.88,6.8. Difficult;

no good comparison-stars near; observations vary
from 6.56 to 7.1.

Ceti. 12.23.88,6.8; 1.19.89,6.8.

" 11.28.86, 7.25; 12.20.86, 7.4; 11.12.87, 7.5.

Although this star is given as 7.0 by Gould, it has
not been observed brighter than 7.25. The esti-

mates range from 7.25 to 7.5, yet variability is not
suspected.

fi»m 3.3 to 8.75, yet its brightness may explain 73 u
the fiificordant result?,

78 Pisrium. 10.22.86, 6.9.

80 "

I 5

77 u

12.2.88, 5.25.

12.20.86,6.3; 11.7.88,6.25.

12.2.88,5.8.
IL17.87, 7-5; 12.6.88, 7.4.^ Although the 94 Piscium, 2.1.89,' 6.0.

grees
ilr«*t oh^wvatton of this red star, in 1882, a^
with the estimates of Gould, 7.0, subscquenr nu-
mprn.,«i estimates have invariably found the star
very faint 7.4 or 7.6 m.1^. This would iraDly va.

81 P,m«m. 12.R.SH.5.6. The o.timat<^. of this red star
are discordant, ranging from 5.3 to 5.7.

79 Cell. 11.17.87,6.55; 12.2.88,5.6.
96 Piscium. 12.6.88, 5.8.

87 Sculptoris. 12.22.88, 6.5.

80 Ceti. 12.2.88, 6.2.

81

82

«

M
11.7.88, 6.05.

11.18.86, 6.4; 11.21.86, 6.25; 11.28.86, 6.4;

12.20.86, 6.4.
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85 Ceti. 12.4.88, 6.95. 117 Piscium. 11.17.87,6.5; 12.21.88,6.5.

98 Piscium. 1.13.87, 6.4; 11.17.87,6.6; 2.6.88, 6.4 ; 145 Cert'. 11.26.86, 5.4; 12.22.S8, 5.45.

12.6.88, 6.7; 2.1.89, 6.5. Estimates are quite

discordant, and range from 6.25 to 6.7. Possibly

variable ?

88 Ceti. 12.2,88, 6.0.

n-2 Sculploris. 12.28.88,6.9.

147 Ceti. 12.23.89, 7.1; 1.21.90, 7.1.

149 " 11.27.86, 6.3; 12.2.88, 6.45.

89

90

97

99

100

101

ii

a

a

a

u

u

12.6.88, 5.3-

12.2.88, 6.55.

Out of position on chart.

11.7.88, 5.9.

12.4.88, 7.05.

11.17,87, 6.7; 12.2.88, 6.7.

119 Piscium. 12.24.88, 6.6.

« •

157

Ceti. 12.23.88, 7.0; 1.23.89, 7.0.

" 11.28.86, 5.2; 12.24.88, 5.0.

115 Sculptoris. 12.24.88, 6.7 ; 12.28.88, C.7; 2.1.89, 6.45,

158 Ceti. 12.22.88, 6.8.

160 " 12.2.88, 7.5. This star has never been eMi-

mated brighter than 7.2. Xumerous observalions

97 Sculptoris. 12.4.88, 6.3.

103 Ceti. 12.4.88, 5.8.

104 « 12.20.86, 6.2; 11.17.87, 6.3.

107 Piscium. 11.17,87, 6,9; 12.4.88, 6,8; 2.1.89, 6.85.

110 Cert', 11.28.86, 6.6; 12.20.86, 6.5; 12.25.86, 6.6;

12.4.88, 6,5. Six observations in 1886 and 1888

are fairly accordant, ranging only from 6.5 to 6.7
;

yet the star was estimated as bright as 6.2 on

January 7, 1882. Gould, 6.3.

108 Piscium. 12.4.88, 6.9.

109 «. 12.21.86, 5.55; 12.6.88, 5.65. Estimates

range from 5.4 to 5.8.

111 Cert'. 11.19.86, 3.25; 11.21.86, 3.35; 11.26.86, 3.4;

11.27.86, 3.3. Always observed brighter than

Gould.

110 Piscium. 12.4.88, 7.0.

112 Ceti. 11.28.86, 6.4; 11.12.87, 6.8; 12.22.88, 6,75;

2.1.89, 6.6. Observations are discordant, and range

from 6.4 to 6.8.

113 Cert'. 11.28.86, 6.25; 12.4.88, 6.2.
111 Piscium. 12.4.88, 7.0. The four estimates show a

slight progressive brightening from 7.2 to 7.0.

112 Piscium. 12.4.88, 6.6.

115 Cert'. 11.28.86, 6.55; 12.4.88, 6.6. Estimates vary
from 6.4 to 6.7.

114 Piscium. 12.6.88, 6,1.

120 Cert*. 11.17.87, 6.65; 12.4.88, 6.5.
128 « 12.2.88, 6.25.

^^^ " 10.23.86, 6.7; 11.18.86, 6.9; 11.28.86, 6.9;

12.22.88, 6.8.

131 Ceti.

109 Sculptoris. 12.28.88. 6.2.

11-17.87,6.65; 12.4.88,6.5.

136 Cert', 11.19.86, 3.5;
11.27.86, 3.4.

^" Cert'. 11.18.86,5.75; 12.22.88,6.0.

11.21.86, 3.5; 11.26.86, 3.5;

140
10.23.86, 6.5 11.18.86, 6.5; 11.28.86, 6.6;

12.22.88, 6.5.

6.4 to 6.8; but appear accordant in 1886-88.

Estimates in 1882-84 range from

lis Piscium.

1« Cert'.

12.24.88, 6.85.

Numerous observations (33 in number), from
882 to 1888, give very accordantly 6.65. Gould,

variable 6.5 to 8.0.
'^^ Cert'. 12.2.88, 6.8.

^01.. XII.

See A. J., No. 184.

not given in detail invariably make the »tar 7.4

or 7.5, Marked var,? by Gould in Catalogue, but

not in the notes,

118 Sculptoris. 12,28,88,6.0.

165 Cert'. 11.26.86, 5.95,

« 12.22.88,5.6; 2.1.89,5.5.167 "

122 Piscium. 12.24.88, 7.0.

169 Ceti. 12,22.88, 5.6,

121 Sculptorvi. 12,28.88,5,75.

170 Ceti. 12.2.88, 6.2.

171 12.20.86, 6.65; 11.17,87, 6.65; 12.24.88, 6.65.

Two observations in 1884-86 discordant, 6.4 and

6.8 ; four observations since are very accordant.

172 Cert'. 11.28.86, 5.5; 12.24.88, 5.6.

124 Sculptoris. 11.9.87, 7.2; 12.28.88, 7.1. Generally

seen below 7.0. Gould, 6.9, van?

173 Ceti. 12.24.88, 6.85.

175

177

<(

((

2.1.89, 5.2.

11.19.86, 3.15; 11.21.86,3.25; 11.26.86, 3.2;

11.27.86, 3.2.

178 Cert'. 12.24,88, 6,3.

127 Piscium. 2.1.89, 4.45.

it 12,24.88, 6.85 ; 2.1.S9, 6.75, Estimates dia-

130

cordant, 6.5 to 6,85.

131 Piscium. 12.24.88, 6.2.

183 Cert'. 12.24.88,6.9.

11.19.86, 3.7; 11.21.86, 3.7;

11.27.86, 3.5; 12.22.88,3.7. Estimates range from

3.5 to 3.9.

185 (t

11.26.86, 3.7;

133 Piscium.

189 Cert'. 1.29.89, 6.0.

1.29.89, 6.85. Gould, var.?

((

((

<(

12.28.88, 5.1.

2.1.89, 6.55.

11.21.86,6.4; 11,26.86,6.35,

190

191

192

134 Piscium.. 1.29.89,6,85.

195 Ceti. 12.22,88, 6.8,

135 Piscium. 12.24.88,6.95;

. . . Ceti. 12.24.88, 6.7.

1.29.89,6.15. Gould, van?

198
((

((

12.24.88, 5.55

12.23.89, 7.3.

136 Piscium. 1.29.89, 7.05.

J37
it 12.25.88, 3.6.

12 Fornacis. 12.28,88, 5,55

10
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199 Ceti. 11.21.86,6.8; 11.26.86,0.75.

•200

201

202

((

<i

it

11.12.87, 7.0.

11.21.86, 6.45; 11.20.80, 5.45.

12.24.88, 6.2; 2.1. S9, C.O.

14 Furnacis. 12.28.88,6.4.^).

208 Cell. 11.21.80,5.85; 11.20.86,5.8.

204 " 11.21.80, 6.2; 11.26.86, 6.2; 11.28.86, 5.95.

l.*5*^ Pisciitin. 1.29.89, 0.5.

1.29.89, 6.85.139

140

«

((
1.29.89, 6.6; 3.1.89, 6 8,

206 Ceti 2.1.89, 6.6.

207 u
11.21.86, 6.6; 11.26.86, 6.55; 11.28.86, 6.45;

12.25.86, 0.5.

210 Cell. 11.21.80,6.05; 11.20.80,6.9; 11.28.80,0.8.

16 Fornacis. 12.28.83, 7 0.

213 Ceti. 11.27.86, 6.55.

18 Fomnch. 12.12.87,6.45.
215 Ceti. 12.1.3.87, 5.6 ; 12.25.88, 5.5. This star has ap-

parently brightened from 5.95 in 1882, to 5.5 in

1888 ; yet lliis may be <lue to the difficulty experi-

enced in observing the star, there being no good
comparison-stars near.

21.7 Cell. 1.29.89, 6.7.

218 " 11.20.86,6.0.

• • • " r-*.25.8«», 7.4. Tlie observations are very dis-

cordant, ranging from 7.0 to 7.4. Tt liowevor lies

close to a bright star, and is very difficult to ob-
serve.

254 Ceti. 12.20.86, 6.3; 12.25.86, 6.25; 12.12.87, 6.4;

12.25.88, 6.35. While the observations of this star

are generally accordant, within the limits 6.2 to 6.4,

it was once estimated as 6.8.

256 Ceti. 11.26.86, 6.4; 12.25.80, 6.1; 12.27.86, 6.3;

12.13.87, 6.35; 12.24.88, 0.45. Estimates discord-

ant, and range from 6.1 to 6.5.

259 Ceti. 11.28.86, 5.95; 12.20.80, 6.1; 12.25.86, 5.9;

12.27.86,6.1; 12.13.87,5.95; 12.24.88,5.8; 1.29.89,

5.8. Observations generally accordant, but once es-

timated as 5.3.

Ceti. 1.16.88,6.9. Not in U.A. DM. +0°, 415,'7.5.

11.26.86, 5.75; 12.24.88, 5.8.

Discovered by me to be variable in 1885, period

• #

200

• *

U

((

233 d. Attains the magnitude 6.8 at maximum,

it

and is No. 893 iu Dr. Chandler's Catalogue.

34 Fornacis. 12.12.87, 5.0; 12.28.88, 4.9. Difficult, no

good comparison-stars near.

264 Cetu 12.13.87,6.35; 1.29.89,6.3,

11.26.86, 5,8; 11.28.86, 5.8; 12.20.86, 5.8;

12 25.86, 5.7. Generally observed between the

limits 5.6 to 5.8, but once estimated as 6.1.

267 Ceti. 11.24.86, 7,0; 11.26.86, 6.9.

270 *« 11.28.86, 5,05; 12.24.88, 5 1; 12.25.88,5.3. Es-

265

271

timates range from 4.9 to 5.3.

Ceti 1.16.88, 7.05. SDM, 15°, 458, 7.0.
((

1 1.26.86, 5.45 ; 12.12.87, 5,6 ; 12.24,88, 5.55. Es-
timates range from 5,45 to 5.8-

"'
'^t 'vL'f t^'i;:.'!f': ^.•L7^^"^'":''«°.-k^

c^"- ^^°-«°^. ^-^ ^^^^^^. V.s; u.^,.s:, ,,,-,from 1882 to 1887 show a flight progi-essive de-
crease in brightness from 4.4 to 4.7, Gould, CS.

224 Ceti 11.21.86, 5.6; 11.26,86, 5.5; 12,25.88,5.5.
225

227

228

229

231

11

cc

M

u

u

1.2f1.89, 6.D.

12.12.87,6.7; 12.25.88, 6.65.

12.12.87, 6.7. .

12.25.88, 6.35.

11.24.86, 6.55.

22 Fornacis. 12.2« -^, 6.4.

236 Ceti. 11.26.86,6.0; 12.2 J.S8, 6.1.

237 " 11.20.86, 5.G; 11.2H.su, i>.,) ;

12.21.88, 5.8. Ob
from 5,5 to 5.!)5.

12.25.80, 5.6;
•ations discordant, and ran^-e

242 Ceti. U.24.86, 7.1; 1.2.3.89, 7.1; 2.2.5.89, 7.1. Tlu

1 29.89, 6.1. Wbile
this star as 5.6, it has never been observed brio-hter
than 6.05 at Cambridge. The extreme range is

from 0.05 to 6.3, while the mean of seven obser-
vations is 6.1. Differences of half a magnitude
between Gould's estimates and mine are rare. Va-
riable ?

274 Ceti. 12.24.88, 6.95.

276

277

U

u
1.29.89, 6.3.

2tt Ceti. 11.24,86,6.8,

obst

215

246

2t9

251

u

a

u

H

11.24.86, 6.65; 12.2.5.86, 6.6 ; 12.24.88, 6 6

12.12.87, 6. 8.^

2.13.88,6.7; 12 2.5.S««, 6..55.

11.24. >s 4.2; 12.2f>.«6, 4.15; 12.12.S7, 4.3;

280

281

282

^
11.24.80, 6.15; 11.26.86, 6.0; 12.25.86, 6.3;

1-.24.88, 5.95. Estimates range from 5.7 to 6.3.
Variable ?

Ceti. 2.1.89, 7.0.

12.24.88,6.95.

,ool^'""^'^^'
^*^' ^-•^^•^^' ^-^^5 12.24.88, 6.65;

1.-9.89, 6.6. Estimates range from 6.6 to 7.0.

a

tt

283 Ceti. 12.25.88,3.9.

12.25.88, 4.35.

252 C,n. 12.25.86,6.8; 12.12.87, 7.1 ; 2.6.88. 6.75; 2.13 88
6.85; 12.25.88, 6.9; 1.29...0, 6.8. Estimates vory
dlscoI•dan^ and rnnge from 6.5 to 7.1. Will bf.ir
further watching.

253 Ceti. 12,13,87, 7.0.-
. 1 2.24.88, 7.0.

284

285

286

M

((

c«

11.28.86,4.6; 12.27.86,4.85.

12.25 86,6.35; 1.29.89,6.2.5.

5.65;

Esti-

288

289

11.2686, 5.5; 11.28.80, 5.5; 12.27.86,
1^1-87, 5.5; 12.24.88, 5.5; 12.25.88, 6 5.
mates range from 5.35 to 5 7

Ceti 11.20.86, 6.3
; 12.24.88, 6.1. While four esti-

"lates range only from 0.1 to 6.3, the star was
estKnated as bright as 5.9 on February 15, 1882.

Cel*. 11.24.86,6.45; 11.26.86,6.5.



CATALOGUE OF THE MAGNITUDES OF SOUTHERN STARS. ^0

290 Ceti. 1.29.89, 6.2.

291-2

293

295

((

((

a

12.25.88, 3.15.

11.24.86,6.9; 11.26.86,6.9; 12.24.88,6.85.

11.28.86, 4.43 ; 12.25.88, 4,45. Once estimated

as faint as 4.7.

12.12.87, 5.35; 12,28.88, 5.4. Observations dis-

cordant, and range from 5.1 to 5.6,

59 Erldanl 12.28.88, 6.95.

62 " 12.28.88, 6.95.

296 Cell 11.21.86, 3.95; 11.26.86, 3.95; 12.24.88, 4,0.

297 « 12.25.86,6.0; 12.27.86, 6,3 ; 12.25.88, 6.0. Es-

timates discordant, and range from 6.0 to 6.5.

298 Ceti. 12.25.88, 7.0.

314 Ceti. 3.1.89, 6.7.

69 Fornacis. 1.16.87, 6,05; 1.18.87, 6.1; 12.28.88, 6.1.

67 Eridani. 1.16.87, 6.5.

74 Fornacis. 1,18.87, 6.45.

299 (( 11.16.88, 7.05 ; 12.25.88, 6.9. Estimates range

76

78

((

((

1,18.87, 6.45.

1.18.87, 6.3.

from 6.85 to 7.2,

28 Eridani. 11.16.88, 7,2; 12.25.88, 7.2; 1.25 90, 7.1;

2.25.9O5 7.1. Always seen fainter than 7,0.

50 Fornacis. 12.28.88, 6.3. Estimates range from 6.3

to 6.6.

33 Eridani. 11.26.86, 6.5; 12.28.88, 6.4

301 Ceti. 1.16.88,6,9; 12.25.88,6.9.

37 Eridani. 12.21.86, 6.8; 12.28.88, 6.95. Estimates

range from 6.6 to 6.95.

302 Ceti. 1.16.88, 6.85 ; 12.25.88, 6,7.

303

304

73 Eridani. 2.24.86, 4.6; 11.26.86, 4.6; 12.21.86, 4.4;

1.16.87,4.7; 12.28.88,4.8. Estimates from

4.4 to 5.1.

u

((

12.25.88, 7.0.

1.16.88, 6.65; 12.25,88, 6.7.

3^ Eridani. 2.22.86, 4,0; 2.23.86, 3,9; 11.18.86, 3.65;

11.26,86, 4.05; 11,27.86, 3.7; 12.28,88, 4.1. Esti-

mates range from 3.65 to 4,1.

40 Eridani. 12,28.88, 5.1.

306 Ceti. 12.25,88, 6.7.

307 « 12,25.88, 6,7.

41 Eridani. 11.19.86, 5,7; 12.28,88, 5,6.

61 Fornacis. 1,18.87, 6,35,

45 Eridani. 12.28.88, 6.3.

303 Ceti. 12.25.88, 4,75.

74 Eridani. 1.18.87, 6.3; 12.28.88, 6.0; 3.1.89, 6.35.

Estimates range from 6.0 to 6.55. Should be fur-

ther watched.

76 Eridani. 2.3.88, 7.3; 12.28.88, 6.95; 3.1.89, 7.25;

3.23.89, 7.3, Observations discordant, and range

from 6.95 to 7.3. Var.?

318 Ceti. 12.27,86, 5,6 ; 12.28.88, 5.6. Four observations

accordantly 5.6, but once observed as 5.9,

319 Ceti. 12.28.88, 5,1; 3,1.89, 5.0. Difficult, no good

comparison-stars near.

82 Fornacis. 1.18,87, 6,0; 12,28.88, 6.1.

19 Eridani. 2.24.86, 5.2; 11.26.86, 5.15.

320 Ceti. 2.3.88, 7.15; 2.6.88, 7.15; 12.28.88,6.9. Esti-

mates range from 6.85 to 7,15.

81 Eridani. 11.18.86, 3.8 ;
11.19.86, 3.6; 11.26.86, 3.95;

1.18.87, 4.15; 1.27.87, 3.85 ; 2.3.88, 3.9; 12.25.88, 8.8.

Our numerous observations range from 3.6 to 4.15,

the average being 3.8, or nearly half a magnitude

fainter than the U. A. estimates. Variable /

iQ Eridani. 12.21,86, 5,5; 1.16,88, 5,5; 12.28,88, 5,6. 321 Ceti. 12.20.86,6,2; 12.28.88,6.1.

Generally observed as 5,5 or 5.6; but once esti- 85 Fornacis. 1,18.87,6,9.

mated as faint as 5.9,

47 Eridani. 12.28.88, 6.95.

63 Fornacis. 1,18.87, 6.3.

51 Eridani. 12.21.86, 6,85; 12.25.86, 6 95; 12.12.87,

6-9; 12.28.88, 6.95. Si.K observations give values

ranging only from 6.8 to 6.95 ; but once estimated

as bright as 6.45,

86 «

84 Eridani. 3.1,89, 6.7.

87 Fornacis. 1.18.87, 6.4.

86 Eridani.

1,18.87, 6.6 ;
12,28.88, 6.6.

10 21.86, 6.35; 1.16.87, 6.7; 1.18.87, 6.5;

10 25 88, 6.3. Estimates quite discordant and

ra"nge from 6.3 to 6.8. A difficult star to observe,

the comparison-stars not being well situated.

52 Eridani. 11.26.86, 6.1 ; 12.21.86, 6.2; 12.28.88, 5.95

Observations somewhat discordant, and range from
5.95 to 6.3.

310 Ceti. 12,25.88, 2,6.

3.1.89, 6.15. This star shows a progressive

brightening from 6.5 to 6.15, and should be further

observed,

5^ Eridani. 12.12.87, 6,0 ; 12.28.88, 6.1.
68 Fo

311 «

87 Eridani. 1.10.87, 6.85.

33 « 3.1.89, 6.85.

90 Fornacis. 1.18.87, 6.1.

rnacis. 1.16.87, 6.05; 1.18.87, 6.0; 12.28.88,

6.15.

55 Eridani. 11.26.86,5.7; 12.28.88,5,7.

CeU.
11-26.86,3.9; 12.25.88,4.1.

12.25.88, 7.2.

Eridani. 11.26.86, 5.2; 12,21.86, 5.4; 12.25.86, 5.4;

nEriam. --'^^^ ,,3,87, 6.4; 1.27.87, 6.5;

''
,, ''ffs'sS 6 • 12.25.88, 6.25. Estimates

'•''•';
'6

15 to 6 5,' and exhibit a progressive

94 Eridani. 3.1.89, 5.65.

98

97

it

ii

7 Tauri

8
a

1.27.87, 7.0; 12.25.88, 6.95.

2.24.86, 4.8.

2.3.88, 6.65; 12.25.88, 6.6.

1.29.89, 6,0.

•

94 Fornacis. 12.28.88, 6.25.
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101 Eridani. 2J3.86, 3.5; 11.26,86,3.6.

102 i(

• • •

2.3.88, 6.9; 12.25.88, 7.0. This star ap-

pears to be slightly out of position, both io the Cat-

alogue and oa the chart.

Eridani 2.3.88, 6.95; 1.3.90, 7.0; 1.29.90, 7,0. Not

in Gould's U. A. SDM. 7°, 624 and 625, 7.7 and

8.2.

103 Eridani. 11.18.86, 3.9; 11.19.86,4.0 ; 11.26.86, 3.95;

1.18.87, 4.05; 2.3.88, 4.05; 12.25.88, 4.05. Our

nine estimates of this star make it more than half a

magnitude brighter than the Cordoba estimates.

104 Eridani. 12.25.88, 6.5.

97 Furnacis. 12.28.88, 6.5.

405 Eridani. 1.18.87, 6.9; 12.25.88, 6.75.

109 u
12.25.88, 5.9.

10 Tuun. 2.3.88, 6.65; 12.25.88, 6.5. Estimates range

from 6.3 to 6.65.

11 Tauri. 11.27.86,4.4.

107 Eridani. 2.24.86, 5.2.

Tauri. 12.28.88,7.5, Estimates ranjre from 7.15 to
• • •

109 Eridani, 12.25.86, 6.1; 1.18.87, 6.15; 2.3 88, 6.1;

12.23.88, 6 15. Observations generally very accord-
ant C.l or 6.15; but observed once each in 1885 as
R.H and R Ifi8.8 and 6.15.

IS Tauri. Always seen fainter than 7.0.

Ill Eridani. 3.1.89,6.35.

_

U8.87, 6.7; 2.3.88, 6.55; 12.28.88, 6.7.
Estimates range from 6.55 to 6 9.

..Eridani, 2.3.88, 6.95; 1.3.90. 7.0
j 1.23.90, 6.9. Not

In U. A. SDM. 7', 654, 7.0.

15 Tauri. 2.G.88, 7.0.

^SDM\i';!V'''
'-''''''' Not in U. A.SDM. 17', 707, 6.8.

HI Eridani. 12.25,88,6.55.

115 Eridani.
i

H7 Eridani. 8.1.89,6.55.

"^
** 12-25.88,6.5.

^^ "
12.25.88,6.8.

1-18-87, 5.65; 2.3.88,5 65; 12.25.89, 5.8.
•• ™»ge from 5.6 to 6.0.

lui '^rnacu. 12.28.88, 6.9: 3 1 «q c o a

omfi.fitncft , .
l"'Jo'essi\ef-ling from 6.6 to 6.9 apparently shown'^-/an..

2.23.86. 3.3; li.2V.86. 3.2
8.1.H9,5.95.

M
n-27.86,5.5;

12.25.86,5.4.

-13.87,6.15;
12.25.88,6.1.

1ft

»«l Eridani 2.24 kR m- .

U..Msi.i.
12.25.88,405 ',,

'
'

"'
"f ' 4.2;

'
*'^^- Generally observed

130

164

fainter than 4.0 ; but once estimated as bright as

3.6.

129 Eridani. 2.13.87,6.35; 12.25.88,6.3.
« 2.21. 8G, 5.5; 11.19.86, 5.3; 11.26.86,5.45.

Estimates range from 5.1 to 5.6.

107 Fornacls. 12.28.88, 7.1. Always seen below 7.0,

131 Eridani. 1.18,87, 6.8; 2.6.88, 6.85; 12.25.88, 6.85.

Five observations give very accordantly 6.8 or 6.85;

but once estimated as 6.4.

132 Eridani. 3. 1.89, 6.35.

134 " 1.18.87, 6.65; 127.87, 6.6; 2.6 88, 6.6;

12.25.88,6.75. Estimates range from 6.4 to 6.75;

but always seen brighter than at Cordoba.

139 Eridani. 1.27.87, 6.75; 2.6 88, 6.9; 12.25.88, 6.9.

Never seen brighter than 6.6. At Cordoba 6.2.

140 Eridani. 12.25.86, 6.65; 2.6.88, 6.8; 12.25.88, 7,0.

Estimates range from 6.6 to 7.0. The discordant

results obtained in the observations of the group

embracing the stars 131, 134, 139, and 140 Eridani,

may possibly be explained if we infer one or more

of these stars to vary. Further observations are

desirable.

144 Eridani. 12.25.88, 5.7.

145 u 1-18.87, 6.7: 12 55.88, 6.65. Estimates

range from 6 4 to 6.7.

148 Eridani. 11.27.86, 4.8.

149 «" 2.24.86, 4.65; 11.18.86, 4.3; 11.19.86, 4.5;

11.26.86, 4.7; 12.25.88, 4.3. Observations discord-

ant, and range from 4.3 to 4.7.

150 Eridani. 12.25.88, 6.75.

152

154

155

158

159

IGO

161

((

((

a

((

((

1.27.87, 6.25 ; 12.25.88, 6.2.

2.12.87, 6.55; 12.25.88, 6.5.

12.25.88, 6.35.

2.23.86, 2.8; 11.26,86, 2.7.

12.25.88, 6.25.

2.3.88, 6.1; 12.25.88, 6.05.

"
2.24.86, 4.4; 11.18.86, 4.4; 11.19.86, 4.6;

11.26.86, 4.4; 12.25.88, 4.3. Estimates range from

4.1 to 4.G.

102 Eridani. 11.27.86,5.2.

11.27.86, 5.7.

12.25.88, 6.0; 3.1.89, 6.0.

12.25 88, 6.5.

2.6.88, 5.85.

12.25.88, 6.85.

2.0.88,6.95; 12.25.88,6.95.'

12.25.88, 6.95.

1.18.87, 7.05; 2.6.88, 7.0; 1.29,89, 7,0.
^

2.G.88, 5.45.

3.1.89, 7.15; 3.23.89, 7.2; 1.23.90, 7.2. Ibis

16(5-7 "

172

174

176

177

178

179

181

182

<;

i*

ii

a

(c

a

(t

Star lias apparently faded from 6.95 to 7.2.

183 Eridani 12/27.86,5.9; 2.6.88,5.85,

184

185

u

u
2.6.88, 6.1.

1.27,87, 4.0; 2.6.88, 4.0. Estimates range

from 4.0 to 4.4.
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^

R

187 Eridani. 2.6.88, 5.8.

189

191

192

194

((

u

«

((

12.25.88, 6.7.

1.29.89, 6.7.

1.29.89, 6.65.

1.18.87, 5.35; 1.27.87,5.15; 2.6.88,5.05;

1.29.89, 5.1. Estimates range from 4.95 to 6.4.

195 Eridani. 2.6.88, 7.1; 12.25.88, 6.95.

197

199

200

202

203

it

u

u

u

it

1.29.89, 4.55.

1,29.89, 6.65.

1.29.89, 6.9.

1.18.87, 6.45; 2.6.88, 6.5.

2.6.88, 6.5 ; 1.29.89, 6.4. This star lias ap-

parently diminished in brightness from 6.2 to 6.5

205 Eridnni. 2.6.88, 6.25. Generally seen as 6.25 or 6.3;

but once estimated as 6.0.

208 Eridani 2.6.88, 6.85 ; 12.25.88, 6.75.

209

210

?!1

213

{<

«

M

U

2.6.88, 6.6.

2.6.88, 6.1.

2.G.88, 6.3; 2.13.88, 6.35.

1.27.87, 6.5; 2.12.87, 6.6; 2.G.88, 6.7;

1.29.89, 6.65. Estimates vary from 6.5 to 6.85

2H Eridani. 2.25.87, 6.15; 2.6.88, 6.15; 1.29.89, 6.2.

Five observations arc quite accordant 6.15 and 6.2
;

but once observed as 5.85.

216 Eridani. 2.12.87, 6.35; 2.6.88, 6.25; 1.29.89, 6.4.

Five observations range only from 6.25 to 6.4, yet

it was estimated as bright as 6.0, ]\larch 14, 1882.

221 Eridani. 2.12.87, 7.2; 2.6.88, 7.05. Generally ob-

served below 7.0.

222 Eridani. 2.25.87, 6.3 ; 2.6.88, 6.25 ; 1.29.89, 6.2.

Once observed as bright as 5.85; generally 6.2 or 6.3.

225 Eridani. 2.6.88, 6.8 ; 1.29.89, 6.95. Although usually

observed as 6.8 or 6.9, it was once estimated as faint

as 7.15.

228

230

Eridani. 1.27.87,5.5; 2.6.88,5.6.

w 2.12.87, 6.9 ; 2.6.88, 6.8 ; 1.29.89, 6.85. Es-

235

timates range from 6.75 to 7.15.

Eridani. 2.6.88, 5.5.

" 2.1.89, 7.2. The light has apparently faded

Bince 1882, as the estimates progressively diminish

from 6.9 to 7.2.

236 Erulanl. 2.6.88, 6.1; 2.1.89, 6.3. Estimates range

250 Eridani. 2.28.86, 3.9.

• • •
(( This star, although not giTen in the U. A.

Catalogue, is inserted on the chart, Probabl) refers

to the pair 5220 and 5221 of the Gt neral CaUlogtM.

253 Eridani. 2.G.88, 6.5.

255

25G

257

258

259

((

u

«(

u

<t

2.6.88, 5.25.

2.9.88, 6.5.

2.9.88, 5.75.

2.25.87, 5.8; 2.6.88, 5.84; 1 29.89, 5.75.

2.9.88, 5.05 ; 2.1 R9, 4.5; 3.1.89, 4J. Tl.c

ePtimates of this red rtar are vprj* liisrorthnl, iin<i

range from 1.5 to 5.1. The scanitv uf ^ od

pari SDH-stars, togpiher witli \\n ulrunj^ roW, trndrrt

observations cxrocdlngly dilli<ult.

2G2 Eridani 2.25.87,6.2; 2.9.R8,C.3; 2.18J8,«.tl| tl-W,

6.2. While tix ..bM-.t *uil«tn» In l*""? vrA 1

range only from 6.2 fn 6.4, tha ttar wa» t-ilmau*'!

faint as C.f>, March ^, lb»2.

263 Eridanf. 2.25.M7, 6.85; ?''««». «.»; TltM, 5.».

EsLiniatrs very discordant for thff rwl »ur, and ran?*

fn nil 5.85 to 6.5. Vir.?

2G4 Eridani. 2.9.88, 5.\\ 2.13.88, 5.45; rX.'^^bA, K.

tiiiiiitcs range from 5.1 to 5A
266 Eridani 2.28.86, 8.9; 2.11.87, 4.05.

1 Ononis. 2.0.H8, 6.8; 2.2.Hr», f..R. DIH^' <.li !.. obAcrrp

as it lies close to a bri;;ht utar.

269 Eridani. 2.9.88, 5.9; 2.13.88, 5.8; 2.t.«?», 5 •• F-

timatcs range from 5. 4 to 5.9.

270 Eridani 1.27.87, C.3; 2.9.88, 6.2.

271 " 2.0.88, 6.0.

16 Cadi 2.C.88, 6.65.

273

274

275

276

Eridani 2.1.89, 7.1.

« 2.25.87, 5.4 ; 2.13.88, ftJ: 2 1^, «•»

timates range from 4.95 to 5.4. GouW. v. ?

Eridani 2.13.88, 7.1 ; 2.1.09, 7.1. Alwt.. «l.

fainter than 7.0. E«timal» range fnm J.l to 7 »

Eridani 2.28.86, 4.9; 1.27.87, 46; 12'. ^7,

^

2. 1 .89, 4. 75. £«timat«i dwoordant, aad rang

4.3 to 4,9.

El*.

-!

4Ji

078 Eridani 2.25 87,6.2; l** ««. •.*•

279 »« f.12.87, 6.15; 2.9.^-, 6»4-

280

f l}ii 6.1 to 6.45.

2i9 Eridani 1.27.87, 5.7; 2.25.87, 5.8 ; 2.6.88, 5.95. Es-

timates discordant, and range from 5.6 to 6.0.

2A0 Eridani 2.25.87, 6.35; 2.6.88, 6.4. Estimates range

from 6.2 to 6.55.

241 Eridani 1.27.87,5.5; 2.6.88,5.45.

2.1.89, 5.W'

1 LeporU. 2.21-87. 6.5; 2.6.88. 6.75; ll.M» «•'»•

20

Once ohserred

OrlonU. 2.1.89,6.6.

S Leporis. 2.19.87, 5.95.

282 Eridani

faint aa 7.15.

212

245

216

247

249

u

u

u

u

1.27.87, 5.5.

2.6.88, 6.4.

2.6.88, 6.7; 1.29.89, 6,75.

2,6.88, 6.5.

2.2.7.87, 6.85; 2.6.88, 6.9; 1.29.89, 6.85.

^Vhile five observations give accordantly 6.85 or 6.9,

it was estimated once as 7.15.

283
If

2 1 «o c<.f>^

l'27.87,5.25;2.l2^7.*«.26«»,M»

25 Orlonis. 2.1.89, #<.

284 Eridani 2.13.««. «5«; UM,iA.

26 Orionis. 3.23.89, ^ ••

KndanL 2.13.88,5.19.

2.12.87,7.0

2H5

286

5 LeporU

6

2.12.87,5.1; 2.l9-«7, 5.1, 24-88,1.2

1,2.^7.5.6;
ll9.87,M.22f.«7,4i;«.t» K
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5.65; 2.1.89, 5.45. Tliis star has apparently faded

from 5.1 in 1882 to 5.C5 in 1888.

9 Itpryris. 2.6.88, 6.95.

SI Ononis, 1.27.87, 6.5; 2.1.89, 6.45.

11 L'poris. 2.1.89, 7.3. Observations apparently show

c nro^n^psive fading from 7.05 in 1882 to 7.3 in 1889,

laZ.^jrw. 2.:il.«''?, 3.4; 2.28.86,8.35; 11.26.86, 3.3;

J.2.88, 3.6; 2.13.88,3.4.

t«8 Erirfani. 2.6.88, 5.55.

14 Leporit, 2,2,89, 6.2.

289 ErUIani. 2.13.88, 7.0.

15 Leporis. 3.1.89, 6.85; 3.22.89, 6.75.

18 •* 2.13.88, 7.15. Always seen fainter than 7.0.

'tn Eridani. 2.25.87, 5.8; 2.6.88, 5.75. Generally seen

as 5.7 or 5.8, but once estimated as bright as 5.45,

293 Eridanl 2.24.86, 3.85; 2.28.86, 4.25; 3.7.86, 4.3;

1.27.87,4.25; 2.12.87,4.35- 2.25.87,4,35; 2.6.88,

4.55. A difficult star to observe; estimates range

from 3.85 to 4.8.

tt *

from 6.0 to 6.4^

22 Leporis. 2J 3.88, 6.5.

21

23

1

M

U

27

S8

M

U

ii

Estimates range from 5.1 to 5.55.

S^ Ippnrls, 3.1,89, 6.05.

34 « 2.2.89, 6.25.

35

36 i(

The

2.2.89, 5.9.

2.24,86, 4.25; 2,28.86, 4.15; 2.19.87, 4.2.

4.5, but generally 4.2.

87 Leporis. 2.28.86, 6.0.

12 CoiuinbcB. 2.12.87, 6,0.

ranging

Lepo 2.19.87, 5.0.

61 Orhnis. 2.1.89, 5.2.

Leporis. 2.2,89, 6.9.

40

64 0.

66

4a L

u

M

2,2.89, 6,85.

2.13.88, 6.2.

2,13,88, 6.95.

2.28.86,5.8; 2.19.87,5.5.
63 Ononis. 2.14.87, 4.65.

'0 ** 3.22.89, 3,4.

46 Lepom. 2,2,89, 6,85; 1.14,90, 7.0; 2.9.90, 7.0.
75 Ononis. 3.24.89, 6.5.

61 Lepor-^. 2.24.86, 2.95; 2.28.86, 2.9; 11.26.86, 3.05.79 Ononis. 2.13.88, 6.6.

SO

81

u

It

3.21.89, 6.9.

2.14.87, 5.7; 2.22.87, 5.7; 2.13.88, 5.7: 2.1 89
5.75, 3.2.89, 6.0; 3.22.89, 5,65, Observiions ra\hc;

discordant, and range from 5.3 to 6.0. If, however,

we exclude the two extreme observations 5.3 and

6,0, made in the years 1882 and 1889 respectively,

the other seven estimates are quite accordant ran-

ging only from 5,65 to 5,9, Further observations

desirable.

87 Ononis. 3,24,89, 6.9,

53 Leporis. 2.13.88, 6.0; 2.2,89, 5.95,

90 Orionis. 2,22.87, 7.05 ; 2.13.88, 7,0; 3,4.88, 7,0; 2.1.89,

6.9; 3.23,89, 6,8; 3,24,89, 6,9. This red star has

generally been observed as 6.9 or 7.0 ; but once re-

corded as 6.65.

91 Orionis. 3.24.89, 5.95,

92 <( 2.13.88, 6.35; 3.23.89, 6.3; 3.24.89, 6,2.

5^ Leporis. 2.24.86,2,65; 2,28,86,2.65; 11.26.86,2.9;

Leporis. 2.2.S9, 7.25.

42 Orionis. 2,1.89, 6.35.

30 Leporis. 2.13.88, 6.4; 2.2.89, 6.3. Estimates range 1 100

2,19,87, 2,8.

from 2,4 to 2,9.

Estimates of this bright star range

93 Orionis. 2,22,87, 6,65; 4,13.87, 6.65; 2.13.88, 6.75;

3.23.89, 6.8; 3.24.89, 6,85.

6,65 to 7.0.

96 Orionis. 3.24.89, 6.8.

Estimates range from

2.28.86, 4.5.

2.2J.86, 3.1; 2.28.86, Z.\5; 11.26.86,3.1.

2,24,86, 4.55; 2,28.86, 4.25; 2.19.87, 4.3.

1.14.90,6.9; 2.9.90,6.9.

2.12.87,5.25; 2.19.87, 5.15; 2.13.88, 5.2, 1 105

« 2,13,88, 7,05; 3,23.89,6.95. This red star has

apparently brightened from 7.35 in 1882 to 6.95 in

1889. It will bear further watching. Now, 1890, 7,2.
•

102-3 Orionis. No estimations of brightness have been

attempted for this excessively difficult pair.

109

Orionis. 2.13.88, 7.05; 3.23.89, 6.95.

2,14.87, 5.45; 2,13.88, 5.5.
(C

« 2.22.87, 5.7; 2.13.88, 5.55. Always seen

fainter than at Cordoba by .3 or .4 of a magnitude.

108 Orionis. 3.30.89, 3.1. Very difficult to observe

111 «
3.2.89, 6.9; 3.22.89, 6.75; 3.23.89, 6.75;

S.24.89, 6.65. Gould, var.? My numerous obser-

vations furnish no evidence of change. See A. J.,

No. 184.

112 Orionis. 2.23,89, 1,9.

115

117

120

((

u
2,13.88, 6.6; 3,23,89, 6,6.

2.22.87, 6.65.

"
3.13,87, 6.45; 3.26.87, 6.45; 2,13.88, 6,4,

Five observations in 1887 and 1888 give accordantly

6,4 or 6,45; but the star was once estimated as

bright as 6,0 in 1882.

122 Orionis. 2,13,88, 5,25.

34 Columhce. 2,13,88, 5,55; 2,2,89, 5,45, Estimates rather

discordant, and range from 5,4 to 5.8. Comparison-

stars not well situated.

123 Orionis. 2,13,88,6.6; 3.24,89,6.5.

126 « 2.14.87, 1.8.

127 « 2.14.87, 5.45; 2,22,87, 5,6; 3.13,87, 5.5;

2.13.88, 5.6; 3.22.89, 5.75. The observations are

fairly accordant if we exclude two made in the years

1882 and 1886 of 6.0 and 5.3 respectively.

129 Orionis. 2.13.88,6,6; 3.23.89,6.5.

59 Leporis. 2.13.88, 6.5.

60 u
2.13.88, 6.7.
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134 Ononis. 2.22.87, 6.45 ; 3.13.87, 6.45 ; 3.26.87, 6.45
;

2.13.88, 6.4; 3.23.89, 6.65. Seven observations

range only from 6.4 to 6.65
;
yet it was once esti-

mated as bright as 6.0 in 1882.

61 Leporis. 2.2.89, 6.4.

64 <( 2.24.86, 3,6; 2.28.86, 3.6; 11.26.86, 3.45;

2.13.88,3.55.

from 3.4 to 3.8.

r

Difficult to observe ; estimates range

136 Ononis. 3.23.89, 6.8.

66 Leporis. 2.24.87, 3,6; 2.13.88, 3.45.

67 u 2.2.89, 6.65.

141 Ononis. 2.13.88, 2.2.

(( 3.23.89, 7.3. Estimates for this pair vary

from 6.9 to 7.3.

142 Orionis. 3.23.89,6.45.

146 « 2.22.87,5.85; 2.13.88, 5.9. Four observa-

tions fairly accordant 5.8 to 5.95 ; but once observed

in 1882 as faint as 6.2.

71 Leporis. 2.24.86, 3.9; 2.28.86, 4.05; 11.26.86, 3.6;

2.19.87, 4.1 ; 2.22.87, 4.05 ; 2.13.88, 4.05. The nine
L

estimates are very discordant and range from 3.6

to 4.1.

•

F

Leporis. 2.9.90, 7.2.

64 ColumhcB. 2.2.89, 6.75.

153 Orioms. 3.23.89, 7.45.

154 " 2.25.87, 6.0; 3.13.87, 6.05: 3.23.89, 6.05.

Estimates range from 5.75 to 6.25.

« • Ononis. 3.13.87, 6.6 ; 2.13.88, 6.6 ; 3.23.89, 6.45. Once

observed as faint as 7.0.

76 Leporis. 2.24.87, 3.8; 2.13.88, 3.65. Difficult to ob-

serve; estimates range from 3.5 to 4.1.'

77 Leporis. 3,23.89, 7.0.

79 «

157 Orionis.

from 6.4 to 6.8.

80 Leporis. 2.2.89, 6.85.

1 Monocerolis. AlthouQch observed as 7.0 and 6.9 in 1882

and 1887 respectively, it was once estimated as bright

as 6.45 in 1889.

2.13.88, 6.65.

2.22.87, 6.75 ; 2.13.88, 6.75. Estimates range

160

161

Orionis. 2.13.88, 6.8;, 8.23.89, 6.75.

2.22.87, 5.45 ; 4.13.87, 5.4 ; 2.13.88, 5.35
;

3.23.89, 5.35. If we exclude the first observation

made in 1882 (4.9), the others are fairly accordant,

ranging only from 5.35 to 5,55.

83 Leporis.

4

2.13.88, 6.9.

Monocerotis. 2.13.88, 5.65.

^^ Leporis. 2.28.86, 5.1; 2.19.87, 5.55; 2.22.87, 5.6;

2.13.88, 5.45; 2.2.89, 5.45; 2.28.89, 5.55; 8.1.89,

5.6. Eight observations made in the years 1882 to

1889 range only from 5.45 to 5.6; yet the star was

twice estimated as bright as 5.1 in the years 1882

and 1886. Variable?
86

87

Leporis. 2.19.87, 5.25; 2.13.88,5.3.

2.13.88, 7.05; 2.19.88, 7.2; 3.4.88, 7.2;

3.29.88, 7.15; 3.23.89, 7.0. Discovered to be a va-

riable, probably of the R Sculi typ«'. in 1891. Th*'

mean period ap])ears to bt very nearly sixty-nine

days, subject however to irregularities. Tlic varia-

tion is from about 6.7 to 7.5. See A. J., No. 2C3.

167 Orionis. 2.13.88, 6.95.

91 Leporis. 2.25.87, 6.4.

92

93

((

((

2.13.88, 6.0.

2.13.89,7.1; 1.20.90,6.8. Generally

fainter than 7.0.

9 Monocerotis. 1.20.90, 7.0.

10 M 2.13.88, 6.9; 1.20.90, 7.0.

96 Leporis. 2.13.88, 6.4 ; 3.23.89, 6.4. A dliglit jirogres-

sive fading apparently shown from 6.06 in 1882 to

6.4 in 1888-89.

97 Leporis. 3.23.89, 6.0.

98

100

«

u

3.23.89,6.95; 1.20.90, 7.1.

3.23.89, 6.35. than

Cordoba, but no signs of variability are apparent.

13 Monocerotis. 2.24.87, 6.5.

« 2.24.87, 5.8.14

leen103 Leporis. 3.4.88, 7.1 ; 3.23.89, 7.05.

fainter than 7.0.

Canis Majoris. 2.13.88, 6.8 ; 3.3.88, 7.1 ; 3.24.89, 7.0.

Generally observed fainter than 7.0.

• 3 Catiis Jilajoris. 2.13.88, 6.6; 2.29.88, 6.75.

178 Orioms. 2.22.87,6.1; 4.13.87,6.15; 2.13.^,6.1;

3.24.89, 6.1; 3.24.84, 6.2. Seven observations range

only from 6.1 to 6.3 ;
yet it was estimated once in

1882 as faint as 6.55.

17 Monocerotis. 2.19.87, 6.35 ; 2.24.«7, 6.25; 3.20.87, 6.3;

2.13.88, 6.3. Estimates range from 6.1 to 6.6.

18 Monocerotis. 8.23.89, 6.5.

4 rants Majoris. 2.29.88, 6.9.

6

9

« •

12

u

a

it

u

u

it

((

u

2.13.88, 6.35; 3.4,88,6.5.

2.13.88, 6.4.

2.13.88, 7.15.

4.13.87, 7.0; 2.13.88,6.95.

185 Orionis. 2.22.87, 5.95; 8.13.87, 5.9; 2.18.88, 6M;

8.24.89, 5.85.
observations

red star give values ranging only from 5.85 to 5.^:

,

}

fotmd the ttai

half a magnitude brighter, or 5.8

Mo
• •

ons

2.13.88,5.7; 3.23.89,5.85.

8.24.89, 7.25. Generally seen fainter

than at Cordoba.
« . ^r •. 9 9<>88 7 0; 3.24.89, 7.0. A pro-

16 Cams Majons 2-29-88'
;«_' _^ f' 6.7 in 1^82

gre.sive fading apparently shown from 6

t'o 7.0 in 1889.
^^^^_

mis Majons. 3.l«5-»^ ^^-t ^

varv from 3.0 to 8.4.

.^ If' -c S 24 87 6.1 : 3.24.89, 6.05.

%nis Majons. 2.i4.»^o.M

Estixsat^i

19

22

23
u

it 2.29.88, 7.0.

3.24.89, 6.8.

8.13.87, 5.9. Always seen faint«r

than at Cordoba.
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S7 Majorit. 2.29.88, 7.0; 3.21.89, 7.0.

u (I 2.13.88, 6.9.

&'i MonocerolU. 2.18.88, 6.8.

3i «« 2.13.88, 6.9.

80 CanU Mnjorm. 2.2D.88, 6.75.

85 Monocerutis. 2.13.88, 6.9.

40

49

81

(C

4(

2.13.88, 6.9.

8.21.87, 6.3 ; 3.23.87, 6.3.

oris. 2.29.88, 6.85.

Has apparently faded from 5.5 in 1882, to 6.0

in 1889.

82 Monocerolis. 3.4.88, 6.35.

IB Cams Major Is. 4.13.87, 6.6; 3.4.88, 6.75. Estimates

discordant, and range from 6.5 to 6.9; difficult; near

other stars. Cum.?

83 Monocerotis. 3.4.88, 6.4; 3.23.89, 6.65.

Canis Majoris. 3.13.87, 7.1.

1' Mmocerotls. 8.23.89, 5.55,

CanU Mnjoris. 2.24.87, 7.3.« •

48 Monocerotis, ??.13.87, 8.9; 2.13.88, 4.1. Estimates

vary from 3.9 to 4.4.

50 Mmoeerotis. 8.20.87,6.6; 2.13.88, 6.8; 3.4,88, 6.75.

Estirnntos vary from G.4.3 to 6,8. Always seen

fainter than at Cordoba.

44 Canh Majoris. 2.27.86, 4.4; 3.13.87,4.2; 2.25.87,4.4;

4.13.H7, 1.5; 2.29.88, 4.85.

4.2 to 4.7.

46 CanU Majoris. 2.29.88, 6.95.

79

Estimates range from

« « 3.13.87, 6.7; 3.4.88, 6,75; 3.23.89,

6.85. Estimates of this red star vary from 6.35 to

6.85 ; difficult ; no good comparison-stars

80 Canis Majoris, 3.24.89, 7.1. Always seen fainter

than 7.0.

82 Canis Majoris. 3.4.88, 6.75; 3.24.89, 6.7.

. . " " Combined light of this pair equal 7.0.

Separately the estimates are 7.5 and 7.35.

86 Cants Majoris. 2.6,88, 7.05.

Monocerotis, 3.20.87, 6.8; 3.4.88, 6.75.

Maj

49

51

2.27.86, 4.R; 8.28 89,4,8.

3.2 l.S?, 6.95.

2.27.86, 4.G; 8.5.86,4.3; 3.25.89, 4.4.

Tlie e^timatos of t!\is red star vary from 4.2 to 4.6.

44

H

U

U

88

90

a

ii

a

«

3.5.86, 5.0 ; 3.4.88, 6.75.

3,24.89, 6.85.

3.4.88, 6.6; 3.24.89, 6.8. Has appar-

ently decreased from 6.4 in 1882 to 6.8 in 1889

55 Cani^ Majoris. 0.21.89, 6.8.

57 M «« 3.24.84, 4.5 ; 2.27,86, 5.4; 3.5.86, 5.1

;

92 Monocerotis. 3.4.88, 6.55.

92 Cayiis Majoris. 2.27.86, 4.15; 3.4.88, 4.5; 3,23.89,

4.45. lias apparently faded from 3.75 in 1882, to

4.5 in 1888. Will bear further watnhinor.

3.13.87, 5.15; 4.13.87, 5.15; 2,29.88, 4.95 ; 3.23.89, 5.1. 95 Cams Majoris. 3.5.86, 5.3 ; 3.26.87, 5.15.

Observations very discordant, and range from 4.5 toj 98

6.4. A Ted star and difficult to observe.

u ii 2.27.86, 4.7; 3.5.86, 4.6; 3.24.89, 4.7.

61 Canis Mnjoris. S.13.87, 6.65; 3.26.87, 5.6; 4.13.87,

5.55; 2.29.88,6.75; 3.24.89,5.5. Estimates discord-

ant, aad range from 5.3 to 5.8.

Gi Canis Majoris. 2.29.88, 7.2; 3.23.89, 7.4; 8.24.89,

7.25; 1.20.90, 7.2; 2.9.90, 7.2. Has apparently

faded since 1882 from 7.0 to 7.3.

. . Canis Majoris. 3.23.89,7.4; 1.20-90,7.3; 2.9.90,7.3.

Estimates vary from 4.6 to 5.0.

Qi Monocerotis. 3.24.89,6.7. Difficult ; near other stars.

96 <(

70 Monocerotis. 8.23.89, 6.85; 3.24.89, 7.0. diiEcult

100 Canis Majoris. 2.9.90, 7.1.

103 «* « 3.4.88, 6.65.

105 « « 3.24.89, 5.9.

2.27.86, 1,7.

100 Monocerotis. 3.4.88, 6.7.

106 «*

3.4.88, 7.1. Always seen fainter than 7.0.

106 u a

Star to observe.

72 Monocerotis. 3.23.89, 7.15; S.24.89, 7.15. Has ap-

parently decrpfieed from 6.9 in 1882 to 7,15 in 1889.

68 CanisMajoris. 2.29.88,6.75; 4.6.88,6.85; 3.24.89,6.6.1 114 Canis Maj'oris. 3.13.8774.1 ^ 2.29788,"4jT"Estimate3

" 3.26.87, 6.2; 3.4.88, 6.15; 4.2.88,6.1;

3.23.89, 6.2. While this star was estimated as 5.7

in 1882, it has not been seen brighter than 6-0 since,

and always observed fainter than at Cordoba.

Estimated somewhat discordant, and ran<Te from 6.5

to 6.8.

69 Canis Majoris. 3.4.88, 6.8; 3.24.89, 6.75.

71 <( u

very discordant, and range from 3.7 to 4.2, This is

a very red star, quite bright, and difficult to observe.

108 Monocerotis. 3.4.88, 5.5.
S.13.87, 5.7; 4,13.87,5.65; 2.2d.8sA 115 Canis Majoris. 2.27.86, 3.55 ; 3.4.88, 3.4.

5.6; 3.24,89,5.7; 4.19.89,5.7. Generally observed
as 5.6 or 5.7; but twice estimated in 1886 as brio-ht

as 5.3; red.

75 Monocerotis. 3.26.87, 5.8; S.4.88, 5.6; 3.23.89, 5.7;

3.24.89, 5.75. Six observations range only from 5.6

to 5.8; but observed once in 1882 as 6.2. With the
exception of the estimation last mentioned, the star

has always been seen brighter than at Cordoba.
75 Cams Majoris. 3.13.87, 5.4; 4.13.87, 5.4.

77 Monocerotis. 3.26.87, 5.9; 3.4.88, 5.7: 3.23.89, 6.0.
Ml '

110 Monocerotis. 3.4.88, 6.2; 3.23.89,6.4. Estimates vary

from 6.1 to 6.4.

116 Canis Majoris. 3.5.86, 4.3 ; 3.4.88, 4.3.

118

123

u «

(( {(

3.4.88, 6.7.

2.27.86, 2.2.

114 Monocerotis. 3.24.89, 6.6.

124 Canis Majoris. 3.24.89, 7.0.

115 Monocerotis. 3.6.88,5.5,

127 CanU
116 Monc

Maj . 4.6.88, 6.65.

3.24.89, 6.9.
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117 Monocerotis. 3.20.87, 6.0. Estimates range from 5.8

to 6.2.

128 Cams Majoris. 3.24.89, 6.45.

118 Monoceroiis. 4.6.88, 4.2; 3.24.89, 4.3. A very diffi-

cult star to observe, as it lies close to another, and

there are no good comparison-stars near.

129 Canis Majoris. 4,6.88, 6.75.

132 Cams Majoris. 3.4.88, 6.45.

Ud Monocerotis. 4.2.88,6.7; 4.6.88,6.65; 3.24.89,6,7.

While two observations in 1882 and 1887 give ac-

cordantly 6.4, four observations in 1888 and 1889

invariably make the star somewhat fainter, or 6.65

to 6.7.

120 Monoceroiis. 3.4.88, 6,55.

139 Canis Majorls. 3.13.87, 5.3 ; 3.24.89, 5.45.

140 « «« « 3.17.87,4.2; 3.4.88,4.3; 3.24.89,4.25.

Five observations vary only from 4.1 to 4,3; but

once estimated as bright as 3.7.
H

141 Canis Majoris. 3.4.88,6.75,

122 Monoceroiis. 3.20.87, 6.5; 3.4.88, 6.55. Estimates

range from 6.2 to 6.55.

Mai 8.7.86, 5.3; 3.26.87, 5.6; 4.17.87,

5.6; 3.4.88,5.25; 4.2.88,5.4; 3.24.89,5.2. For this

double star the estimates of the joint light are quite

discordant, ranorinor from 5.0 to 5,6.

147 Canis Majoris. 3.4.88, 5.6; 4.2.88, 5.5; 3.24.89, 5.45.

Fer this red star the estimates range from 5.3 to 5.6.

149 Canis Majoris. 3.4.88, 6.95.

i50 « « 4.2.88, 5.4* 3.24.89, 5.45. Always

seen brighter than at Cordoba.

152

153

156

158

Maj
((

((

((

((

u

u

«

((

126 Monoceroiis. 3.23.89, 6.55.

3.4.88, 4.55; 3.24.89,4.6,

4.6.88, 6.75.

4.6.88,6.9; 2.11.90,7.1; 3.9.90,7.1.

3.4.88, 6.3.

3.4.88, 6.4 ; 4.2.88, 6.4 ; 3.24.89, 6.5.

127 "
3.24.89, 6.45.

160 Canis Majoris. 3.4.88, 5.55.
162 « »" " 4.19.87, 6.1; 8.4.88, 6.15. The esti-

mates of this red star range from 6.0 to 6.3.

^^T Canis Majoris. 2.22.86, 2.9 ; 2.27.86, 2.8.

^^^ " "
4.13.88, 6.75.

^^^ " "
3.4.88, 6.55 ; 4.2.88, 6.35. Difficult

to observe, as it lies close to other stars ; estimates

range from 6.35 to 6.6.

170 Canis Majoris. 3.4.88, 7.1. Generally seen below 7,0.

M.

173

175

176

177

Maj
3.23.89, 6.4.

is. 3.24.89, 6.7; 3.30,89, 6.7.

4.2.88, 6.4.

3.24.89, 7.05.

4.2.88, 6.2; 4.6.88, 6.35.

4.13.87, 6.1 ; 3.4.88, 6.1. This star

was estimated to be 5.85 and 5.9 in 1882 and 1886,

and 6.1 and 6.2 in 1887 and 1888. It has always
been seen fainter than at Cordoba.

U

a

u

u

ii

«

u

it

93 Puppis. 3.7.88, 6.05.

136 Monoceroiis. 3.22.89, 6.45.

07 Puppis. 3.4.88, 5.5; 3.24.89, 5.55.

137 Monoceroiis. 3.7.88,6.75; 3.23,89,6.7.

138 a 3.7.88, 7.05; 3.23.89, 6,95. Generally

seen fainter than 7.0.

141 Monoceroiis. 2.11.90, 7.0; 3.9.90, 7.0.
.J

4.2.88, 6.3 ; 4.9.88, 6.2.142

143

((

(( 3.23.89, 6.75.

105 Puppis. 3.24.89, 64; 3.30.89, 6.35.

106 « 3.24,89, 6.55. Always seen brighter than at

Cordoba.

107 Puppis. 3.7.88, 5.4; 3.28.89, 5.5; 4.19.89, 5.5. Ob-

servations discordant, and apparently exhibit a slow

progressive fading from 4.8 in 1882 to 5.5 in 1889.

Variable ?

108 Puppis. i

109 3.7.88, 7.0; 3.24.89, 7.0,

111-2 « 8.4.88, 5.6; 3.24.89, 5.75,

114

116

((

((

3.28.89, 7.0.

3.7.88, 6.8; 4.9.88, 6.7; 3.28.89, 6.5. Thi
- - / r

star was estimated as bright as 6.2 in 1882; since

which it has not been seen brighter than 6.5; and it

4F4^ 4 1 ^\

has been estimated as t

144 Monoceroiis. 3.7.88, 6.8.

122 Puppis. 3.30.89, 6.3.

119 "

Variable ?

8.25.87, 5.1 ; 4.13.87, 5.3 ; 3.30.89, 5.0. Es-

timates range from 5.0 to 5.5.

120 Puppis. 3.7.88, 7,0; 3.28.89, 7.0.

125

126

3.24.89, 6.15,

4.2.88, 7.0; 3.24.89, 7.2; 3.30.89, 7,a Five

observation? give values ranging only from 7.0 to 7.2

;

but once estimated in 1882 as 6.65.

m Puppis. 3.25.87,5.35; 3.30.89,5.2. Estimates range

from 5.2 to 5.5.

132 Puppis. 3.24.89, 6.85; 3.30.89, 6.85.

8.25.87,3.9; 3.30.89,3.9.

fis 2.12.90, 7.1; 3.17.90, 7.2. Generally
133-4

4 V «

147 Monoceroiis.

seen below 7.0.

135 Puppis. 3.30.89, 7.0.

139 " 3.30.89, 7.0 ; 4.13.87, 7.2.
^ ,, _

u 4.13.87 7.2; 3.30.89,7.2. This and the pre-

ceding star lie close together and also near the

bright double 133-4 Puppis, and are very difficult to

rf'^'-^^.A^l 5 65- 3.29.88, 5.65; 4.0.88,5.45;

quite discordant ranging from 5. to 5.7,

Estimates range

,41 P.m. 3-2^-M. «='
'

'"'•'' '"•

152 Puppis. 3.7.W, /.vj ^ »

from 6.9 to 7.2.

o ^ afl fi 55' 3.23.89, b.ao.

150 Monoceroiis. 3. -.88, 6.30, 3.

155
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3.29.88, 5.7; 3.30.89, 5.6. The first estimate of this

Btiir, made in 1882, agrees with the U. A. magni-

tude, or 5.0; since which it has not been estimated

brighter than 5.55, seven observations ranging only

from 5.55 to 5.75.

157 PuppU. S.25.87, 4.3; 3,30,89,4.35.

151 MonoccrotU. 2.12.90, 7.0-

152 it 2.12.90, 7.1.

166 Pttppis. 3.30 89, 6.3. Difficult; lies close to a bright

star, and the comparison-stars are not well situated.

153 Monoceroiis. 3.7.88, 6.2.

. . . Puppis. 3.30.89, 7.3.

3.30.89, 7.6.

3.30.89, 6.8; 2.13.90, 6.8.

3.30.89, 6,65. Double, and both components

• • •

170

179

(i

u

u

291 Puppis. 3.25.87, 6.7; 4,19.87, 6.55; 4.2.88, 6.6. This

red star always seen fainter than at Cordoba by

half a magnitude.

292 Puppis. 4.2.88, 6.0.

293 « 4.6.88,6.4; 4.19.89, 6.3, Always estimated

fainter than at Cordoba by nearly half a magni-

tude.

13 Hijdrce. 4.19.89, 6.3.

14 u
3.24.89, 6.4 ; 4.19.89, 6.7 ; 4.28.89, 6.65. Ob-

servations discordant.

298 Puppis. 4.19.89, 6.65.

16 Hydra. 4.2.88, 6.5 ; 4.19.89, 6.3." Always seen brighter

than at Cordoba by nearly half a magnitude.

...Puppis. 4.6.88,7.0. Not in U. A.
a

* •

• * M
e(iual ; always seen brighter than at Cordoba.

2.12.90, 7.0; 3.17.90, 7.0. Not in the

U.A. bDM. 6°, 2305, 7.1.

180 Puppis. 3.30.89, 5.95.

183 ((

««

it

8.25.87, 5.0; 3.29.88, 5.0; 4.19.89, 5.25,

3.30.89, 6.8.

3,25.87, 3.5.

4.2.88, 7.1. Not in U. A.

19 Hi/drce. 4.19.88,3.8. Difficult ; no good comparison

stars near.

301 Puppis. 4.3.88, 6.0.

302

186

191

154 Monoceroiis, 8.23.89, 6.15.

192 Puppis. 4.19.89, 6.95. '

155 Munocerods. 3.7.88, G.7,

203 Puppis. 3.30.89, 6.8.

206

204

206

U

u

it

4.2.88, 5.65; 3,30 89, 5.7.

4.19.89, 6.35.

8.30.89, 6.15.

156 Monoceroiis. 3.7.88, 6.15.

. .. Puppis. 4,19.89, 7.4; 4,28.89, 7.4. Generally seen
fainter than at Cordoba; but once estimated as
bright as 7.05.

" 4.2.88, 5.85; 4.19,89, 6.0. The estimates of

this red star are discordant, and range from 5,5 to

6.0, Variable?

303 Puppis. 4.19.89, 6.4.

21 Ilydne. 3.24.89, 7.0.

308 Puppis. 4.2.88, 6.15, The observations at Cordoba
on this red star indicate variability; but no con-

firmatory evidence is furnished by my observations,
which range only from 6.0 to 6.2.

24 Hydrce. 4.2,88, 6.85.

4,2.88, 6.6 ; 4.19.89, 6.55. A slight progres-
25 a

• • Puppis. 4.19.89, 7.3; 4.28.S9, 7.3. The preceding
star generally appears the fainter of the two, al°| 31 Hi/dr^."''4j.88,7.85.

sive brightening apparently shown from 6 9 in 1884
to 6.55 in 1889,

27 Hi/drce. 3.24.89, 6.2.

3 Pyxidis. 4.27.87, 6.7; 4.3.88,6.6. Observations dis-

cordant, and range from 6.5 to 6.9.

though the order is reversed in the U. A.
922 Puppis. 4.19.89, 4.55. Observations are discordant,

and range from 4.55 to 4.95 ; difGcult to observe.

» *
((

6.3.

2.16.90, 6.9. Not in U. A. SDM. 15°, 2494,

• « * Monoceroiis. Always estimated brighter than at Cor-
doba

;
but it lies close to a bright star, and hence is

difficult to observe.

\&5 Monoceroiis. 3.24,89,6.65.

254 Puppis. 4.19.89, G.95.

10 Pyxidis. 4.3.88, 6.4 ; 4.6.88, 6.5 ; 4.19.89, 6.66 ; 4.28.89
6.4. Difficult

; estimates range from 6.4 to 6.8.

15 Pyxidis. 4.3.88, 6.4; 4.19.89, 6.4. "

256

261

((

((

4.6.88,5.0. Difficult.

4.6.88, 7.0.

"
4.19.89, 7.3.

40 Hydrce. 3.26.87, 6.75.
*•

3.26.87, 6.75.41

• »

1 Hydrce. 3.25.87,5.85.

. " 4.19.89,6.65.

5 " 4.2.88, Q.8.

sligh t

28i Puppis. 4.6.88,6.65; 4.19.89; 6.5; 4.28.89, 6.55. A
' ' progressive brightening apparently shown
from 6.8 to 6.5.

285 Puppis. 4.19.89, 64.

7 Hydr(B. 4.19.89, 6.55.

16 Pyxidis. 4.19.87, 5.9 ; 4.24.87, 5.8; 4.3.88, 5.5 ; 5.7.88,

5.5; 4.19.89, 5.6. Observations somewhat discord-

ant, and range from 5.5 to 5.9 ; but generally seen
as 5.5 or 5.8,

18 Pyxidis. 2.21.90, 6.7.

Hyd. 3.26.87, 6.9.

8

9

u

«
4.2.88, 6.6.

4.19.89,6.7; 4.28.89, 6.65,

19 Pyxidis. 4.3.88, 5,35; 4,19.89, 5.4. Always seen

brighter than at Cordoba,
44 Hydrm. 4.2.87, 5.7 ; 4.3.88, 5,7. Estimated once each

in 1884 and 1885 as 5.5 ; but three observations in

1887 and 1888 give accordantly 5.7.
45 Hydrce. 3,26.87, 6.95; 2.21.90, 6.8,
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20 Pyxidis. 4.3.88,5.65. Gould, variable? My iom\ bO Pi/xidis. 3,7.8G, 5.0; 4.] 7.S7, 4.9 • 4.2i.«7 4.9 -i.j^ •«

observations, 1884 to 1888, give no indications of

variability.

46 Hyd:
«

5.9.87, 6.9.

4.3.88, 5.0. Difficult.51

25 Pyxidis. 4.8.86,6.6; 4.19.89,6.55.

56 Hyd CE. 4,3.88, 6.5; 4.6.88, 6.45; 5.7.88, 6.45. Ob-

served once in 1884 as 6.2; five observations since

give invariably 6.4 or 6.5.

60 HydrcB. 4.19.89, 4.7. Difficult. Two observations

in 1884 and 1887 agree with the Cordoba estimates,

4.9; 5.7.88, 4.95; 4.28.89, 4.85. Could, vnnuUt?

wi on I

V

1

uish

in light.

51 Pyxidis. Estimate? range from 7.0 to 7.3.

4.4; but the star has been estimated since as 4.65
.

and 4.7.

61 Hydrce. 4.30.89, 5.5, This star has apparently bright-

ened since 1887, for, while in 1884 and 1887 the

estimates are 5.8 and 5.85 respectively, it was esti-

mated twice in 1889 as 5,5.

62 Hydrce. 4,3.88, 6.75. Estimates range from 6.75

to 7.0.

65 Hydrce. 4.28.89, 6.8.

66 a 4.27.87, 6.8 ; 5.9.87, 6.8; 5.12.87, 6.8. Gen-

52 « 4.19.87, C.5 ; 4.3.88, 6.6; 4,28.89, 6.5. 0„r
six observations, 1884 to l«wf>j an* remarkaJ^Iy nc-

conlant, always 6-5, wliich agrees exactly with the

Cordoba estimates ; a good standard.

102 Hydrce. 4.6.88, 6.0; 4.28.89, 6.2. F'timnte« range

from 6.0 to 6.3.

103 Ilydrcc, 4.3.88, 5.85.

109 a 4.13.87,6.75; 4.20.87,6.8; 4.S.H8, 6.75. T.n-

timates discordant, ranging from 6.6 to 7.0.

Ill Hydrce, 4.3.88, 6.35.

4.3.88, 6.95.

erally seen as 6.8 ; but once estimated 6.5.

32 Pyxidis. 4.8.88, 6.8; 4.19.89, 6.75,

36 n 4.3.88, 4.45.

70 HydrcB. 5.7.88, 5.95. Gould, variable? My four ob-

servations, 1884 to 1888, give no signs of change.

72 Hydrce. 4.28.89, 6.95. Estimates vary from 6.8 to

7.1.

74

79

80

a

«

it

4.19.89, 6,95.

4.3,88, 6,4.

4.3.88, 6.0; 4.19.89, 6.05. Estimates range

from 6.0 to 6.3.

82 Hydrce. 3,26.87, 6.95; 4.3.88, 7.0; 4.19.89, 7.0.

40 Pyxidis. 4.3,88, 5*1. Always estimated brighter than

at Cordoba.

84 Hydrce. 4.19.89, 6.65.

85

88

((

«

((

4.19.89, 6.8.

4.19.89, 6.3.

3.26.87, 7.15 ; 4.3.88, 7.0 ; 4.19.89, 7.0 ; 2.22.90,

7.2 ; 3.18.90, 7.2. Always estimated brighter than

at Cordoba.

43 Pyxidis. 4.19.89, 7.05.

• # Hyd. 4.28.89, 7.2. Estimates range from 6.9 to 7.2,

and apparently show a slight progressive fading.

92 Hydrd. Difficult; no good comparison-stars near, yet

observations are quite accordant, 6.0 to 6.1, but give

values slightly brighter than at Cordoba.

. . Pyxidis. 4.3.88, 7.1.

91 Hydrx. 5.12.87, 7.15; 4.3.88, 6.95; 4.28.89, 7.2;

2.22.90, 7.25. Estimates for some reason are quite

discordant, ranging from 6.8 to 7.2, and suggest vari-

ability ?

47 Pyxidis. 5.7.88, 6.95.

94 Hydra. 4.19.89, 7.0.

113

114

118

121

126

127

((

«

«

((

((

((

Always seen brighter than at Conloba.

4.3.88, G.15.

4.3.88, CO.

4.3.88, 6.65.

4.28 89, 6.9.

61 Pyxidis. 3.7.86, 5.5; 4.13.87, 5.5. Always M;tn falnkr

than at Cordoba; red.

128 Hydrce. 4.3.88, 6.95.

62 Pyxidis. 3.7.86,5.15; 4.13.87,5.3.

133 Hydra. 5.9.87, 7.0; 5.12.87, 7.05; 4.3.88, 6.9. Gen-

erally estimated 6.9 to 7.1 ; but once obscn-ed as 6.7.

Hydrce. 8.21.90, 7.0. Not In U. A.

135

136

138

66

U

i<

((

4,28.89, 6.9.

4.3.88, 6.55 ; red.

4.6.88, 7-05.

Pyxidis. 4.3.88, 6.55 ; 4.6.88, 6.5 ; 5.7,88, 6.5. Hoiilrl,

variable? Our observations in 18^6 and J 888

give invariably 6.5 or 6.55 ; no evidence of varia-

bility-

141 Hydrce. 6.7,88, 5.4.

3 Leonis. 4.28.89, 6.3, good

seen
w

estimated in 1886 as 5.9.

145 Hydrce. 4,6.88, 4.7 ; 4.8.88, 4.7.

146 ** 4,3.88, 6.4. Always seen brighter than at

El

99 ii
4.3.88, 5.85.

Cordoba.

147 HydrcB. 4.3.88, 6,6.

148 " 4.19.87, 6.25 ; 4.6.88, 6.4.

3 Antlice. 3.7.86,5.9; 4.13.87,5.9.

5 « 4.13.87, 7.3; 4.19.87, 7.8; 4.3.88, 7.4; 4.13.^'.

7.S; 5.7.88, 7.4; 2.20.90, 7.5; 2.22.90, 7.6; 3.9.90,

7 5
•'

3 21.90, 7.5. Alwavs seen l«low 7.0. Variable ?

150 Hydm. 4.6.88, 6.1 ; 4.28.89, 6.3. Estimates range

from 6.1 to 6.4.

Hydrm. 4.6.88,6.95. Not in U. A Gould, 12953, 8 .

7 AntUcE. 4.13.87, 7.0.

152 Hydrce. 4.20.87,4.76; 1.8.88, 4.8.V

156 M 4.6.88, 6.15.
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12 AnlUce. 4.13.87, 6.J.

158 Jli/drce. 4.-.iS.89, 6.65.

159

ICl

168

165

«

U

{(

4.20.87,6.6; 4.6.88, 6.7.
j

4.6.88, 6.95.

4-6.88, 6.05.

4*6.88, 6.65.

15 Anilia. 4.13.87, 6.7; 4.6.88, 6.8.

M -
m

194 Hfjdrm. 5,7.88,4.6; 3.30.89, 4.65. Gould, variable?

Our numerous observationsj thirty-four in number,
r

give no indications of variability. See note, A. J.,

No. 184.

195 Hydrm. 4.8.88, 6.3; red.

. . . Sexlantis. 4.15.90, 7.4.

27 (( 4.8.88, 4.55. Always estimated brlgbter

16 ** 4.13.87,6.2; 4.19.87, 6.3; 4.6.88, 6.2. The

Mtimates of this red star are somewhat discordant,

ranging from G.15 to 6,4.

than at Cordoba by nearly half a magnitude

166 Ift/dr(e. S.80.89, 6.85.

170 4( 4.20.87, 4.3; 4.8.88, 4.25; 5.7.88, 4.3. AI-

198 Hydrce. 3,30.89, 6.9.

31 Sexlantis. 4.24.87, 5.95; 5.9.87, 5.95; 4.9.88, 6.15;
r"

4.28,89, 6.1. Estimates range from 5.9 to 6.3,

201 Hf/drce. 4.22.86, 3.4; r^d.

though the first estimate, made in 1884, agrees with
|
202

the U. A. magnitude (3.9), the star has since been

invariably cstimvited fainter, 4.2 or 4.3.

173 Ht/drce. 4,6.88, 5.4.

174

206

208

a

u

a

u

4.30.89, 6.9.

6.2.88,7.05. Not in U. A. Gould, 13917, 7f
4 20.87, 6.9; 3.30.89, 6.85.

3.30.89, 6 7*

a

ti

4.6.88, 5.05,

4.6.88, 5.2.175

2n AnUias. 8.7.86,5.0; 4,13.87,5.1.

4 Sextantis. 3.30.89, 6.9.

5

6

u

a
3.30.89, 6.9.

4.8.88, 6.95.

m Antlifg, 4.19.87, 6.9; 4.20.87, 6.9; 4.27.87, 6.95;

4.6.88, 7.0; 3.30, 89, 6.95.

177 IJydr(s. 4.28.89, 7.0.

178 «

36 Sexlantis. 4.28.89, 5,55.

59 Antlice. 3.30.89, 6.0. Estimates vary from 5.6 to

6.0.

209 Hydras. 3.30.89, 6.35.

38 Sextaniis. 4.9.88, 6.45.

« »

40

4.19.87, 4.1; 4.G.88, 4.4; 3.30.89, 4.3. Esti-

mate? range from 3.9 to 4.4.

13 Sexlantis. 4.8.88, 5.4.

ZZ AntUa:. 4.20.87, 6.65; 4.27.87, 6.65; 4.6.88, 6.7;

3.30.89, 6.6.

34 Antli^. 4.19.87, 6,9] 4.20.87, 6.9; 4.27.87, 6.95;

4.6.88, 7.0; 3.30.89, 6.95. Two observations in 1884

are very discordant, 6.4 and 7.1 ; six observations

only from 6.7 to 7.0: variable? Should

" 4.9.88, 7.0,

" 4.9.88, 7.0.

211 Ilydrce. 4.8.88, 6.65.

212

213

2U
215

218

4.20.87, 6.9 ; 4,8.88, 6.95.

4.20.87, 6.5; 4.8.88, 6.6.

4.20.87, 6.6; 4.8.88, 6.7.

3.30.89, 7.0.

4.8.88, 6.9.

42 Seztantis. 5.9.87, 6.85.

" 4.9.88, 6.2.

since vary only from 6.7 to 7.0;

receive further attention.

182 Hydrce. 4.19.87, 6.5; 4.6.88, 6.55.

184

185

u

u
4.6.88, 6.95 ; 4.28.89, 7.0.

4.19.87, 6.6 ; 4.20.87, 6.6 ; 4.27.87, 6.6 ; 4.6.88,

6.5; 3.30.89, 6.55.

37 AntlUe. 4.13.87,6.6; 4.19.87, 6.7; 4.20.87,6.7; 4.27.87,

6.65 ; 4.6.88, 6.7; 3.30.89, 6.6. Three observations

in 1884 and 1885 are perfectly accordant, 6.4, since

been

6.6 or 6.7.

43

219 Ilydree. 4.8.88, 6.75.

63 Antlice. 4.8.88, 6.7; 3.30.89, 6.55. Estimates range

from 6.3 to 6.7.

47 Sexlantis. 4.28.89,6.0,

220 Hijdm. 4.8.88, 7.2; 4.28.89, 7,15. Only once seen

as bright as at Cordoba, 6.9; four estimates give

7.1 to 7.2.

50 Sexlantis. 5.9,87, 7.0; 4.9.88,6.^.

221 Jlydrw. 4.19.87,4.1; red.

51 Sexlantis. 4.28.89, 6 8.

52

54

((

i<

4.28.89, 6.8.

4.22.86, 5 6; 4.21.87,5.45.

20 Sexlantis. 3.30.89, 6.45; 5.18.89, 6.65.

187 Hydrce. 4.19.87. 6.9; 4.27.87, 6.95.

188 « 4.26.86, 6.4; 4.13.87, 6.25; 4.19.87, 6,4;
3.30.89, 6.35.

190 Hydrce. 4.28.89, 6.9.

2S Sextaniis. 5.9.87, 6.75; 4.8.88,' 6.45 ; 4.28.89, 6.65,

3.23.90, 6.8 ; 4.11.90, 6.8; 4.15.90, 6.8. For this red
star the estimates range from 6.4 to 6,8.

191 ffydm. 4.19.87, 6.75
; 4.28.89, 6.85.

4.26.86, 6.1 ; 4.19.87, 5.9 ; 4.6.88, 6.0; 4.8.88,
193 «

6.0; 3.30.S9, 6.0.

224 Hydrce. 4.20.e7, 6.3; 4.8.88, 6.0; 4.28.89, 6.1. The
estimates of this red star vary from 6.0 to 6.3.

68 Anllice. 4.8.88, 5.45; 3.30.89, 5.65. A progressive

brightening from 5 9 in 1884 to 5.45 in 1888 is

apparently shown from the observations. Tlie star

is now, 1889, apparently fading again ; further obser-

vations desirable.

58 Sexlantis. 4.28.89, 6-7.

225 HydrcB. 5.9.87,5.9; 5.12.87, 5.9; 4.8.88,5.9; 4.28.89,

5.9 ; 4.30.89, 5.9. Six observations invariably give

5.9
; 3-et the star was observed once in 1884 as bright

as 5.6, and once in 1887 as 5.5.
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227

238

240

249

251

254

21

2

3

4

€

7

10

267

268

Hydrm. 4.20.87, 6.45 ; 4.8.88, 6.3. Estimates range

from 6.3 to 6.6.

60 Sextantis. 4.9.88, 6.9.

229 Hydrce. 4.9.88, 6.95.

231 «« 4.8.88, 6.3. Three observations give 6.3 ; but

once estimated as 6.6.

63 Sextantis. 4.27.87, 6.75.

ira Hydrce. 4.20.87, 6.45; 4.8.88, 6.55; 5.7.88, 6.7;

3.30.89, 6.5. Estimates range from 6.3 to 6.7.

236 Hydrce. 4.8.88, 6.25.

"
5.7.88, 6.95.

« 4.2.88,5.9; 4.9.88,5.8; 5.7.88,6.05; 3.30.89,

6.15. This very red star, marked variable in the

U. A. Catalogue, has been under observation as a

suspected variable since 1884. The star is very

difficult to observe, and no positive evidence of

variability was furnished by my observations until

1888. The range of variation appears slight, and
the period irregular.

242 Hydrce. 4.28.89, 5.2.

243 «" 4.8.88, 6.3.

67 Sextantis. 4.9.88, 6.9.

245 Hydrce. 5.7.88, 6.75.

«

«
4.9.88, 5.6 ; 4.28.89, 5.65.

4.28.89, 6.6.

71 Sextantis. 4.27.87, 7.15; 4.9.88, 7.1. Generally seen

below 7.0.

253 Hyd
«

6.7.88, 6.85.

4.22.86, 3.1 ; 4.9.88, 3.3. The estimates of

this bright red star ranse from 2.9 to 3.3.

74 Sextantis. 5.7.88, 5.85; 4.28.89, 6.0.

256 Hydrce. Always seen below 7.0.

20 Leonis. Difficult ; near another star.
((

4.9.88, 6.0.

257 HydrcB. 5.7.88, 5.6; 4.28.89, 5.65.
'

1 Crateris. 4.24.87, 6.75; 4.9.88, 6.8.

4.24.87, 6.0; 4.9.88, 6.0.

4.9.88, 7.05; 4.30.89, 7.05.

«

w

«

Cordoba.

4.24.87, 6.6. Always fainter than at

5 Crateris. 4.13.88,4.4; red.
((

((

4.24.87, 6.4; 4.9.88, 6.25.

4.24.87, 6.75.

28 Leonis. 4.9.88, 5.55.
29 " 4.30.89, 6.95.

261 Hydrce. 4.30.89, 6.35.

263 « 4.9.88, 6.85.

9 Crateris. 4.9.88, 6.6.

4.9.88, 6.65.
265 Hyd, 4.9.88, 6.2.

12 Crateris. 4.9.88, 6.7; 5.6.88, 6.65.
266 Hydrce. 5.7.88, 6.8.

4.13.88, 7.0; 5.7.88, 6.9.

5.7.88, 6.7.

((

((

35 Leonis. 5.7.88, 6.95.

269 HydrcB. 5.7.88, 6.7.

*
6.7.8S, C.5.270

13 Crateris. 4.9.88, 6.85.

272 Hydrce. 4.13.88, 6.1 ; 5.7.88, 6.1 ; 4.S0.89, 6.1. Gonld,
variable? This star has .apparently failed from
5.85 in 1884 to 6.1 in 1888 and 1889; Imf »),. range

ia too slijrUt to furnish cor.cluBivt' evidi'ticc of chnn'^.

2n Hydras. 4.13.88, 7.0; 5.7.88, 7.1, Generally iccn

fainter than 7.0.

274 Hydrce. 6.7.88, 6.8.

275

26

27

30

32

• •

69

* •

42

43

46

48

50

U
4.9.88, 6.7.

16 Crateris. 4.9.88, 6.3.

37 Leonis. 5.18.89, 5.63.

40 « 5.7.88, 7.0.

19 Crateris. 4.9.88, 6.65.

41 Leonis. 5.7.88, 7.2. Generally seen fainter tlian 7.0.

43 « 5.7.88, 4.2; 5.18.89, 4.1. Estimatr^ range

from 4.05 to 4.4.

23 Crateris. 5.7.88, 3.6.

a

a

it

ii

6.12.87,5.45; 4.13.88,5.4.

6.12.87, 5.4.

5.12,87, 6.8; 5.7.88, 6.85.

5.15.87, 6.0.

59 Leonis^ 6,7,88, 6.6.

33 Crateris. 5.7,88, 6.2. Always seen fainter than at

Cordoba,

62 Leonis. 5.18.89, 5.1. Difficult ; no good coniparii*on-

stars near. Estimates range from 5.0 to 5.3.

. Crateris. 5.22.90, 7.0. Kot in U.A. SDM. 12^,

3442, 7.2.

287 Hfjdrce. 4,19.88, 5.7.

36 Crateris. 6.12.87, 6.3; 4.13.88, 6.2.

37 a

brighter than 7.1.

S66fi

38 Crateris. 6,14.87, 4.75; 5.7,88, 4.75; 4.30.89, 4.7.

Five observations range only from 4.7 to 4.9 ;
but

once estimated as faint as 5.2.

Leonis. 5.7.88, 4.7; 4.30.89, 4.5; 5.18.89,4.6. Very

difficult; no good compari.^on-stars noar. The esti-

mates of this red star range from 4.2 to 4.7.

Crateris. 4.30.89, 7.1.

4.30.89, 6.2.

4.30.89, 6.75.

4.30.89, 6.95.

re. 5.7.88, 7.15; 4.30.89, 7.05. Double; e?ti-

ii

6i

U

296 Hyd

sive fading from 6.8 in 1884 to 7.15 in 1888.

47 Crateris. 4.30.89, 6.8.

progr* c.

(C

ii

b.UA-l, 5.15 ; 4.13.88, 5.2.

4.30.89, 7.0.

^98 HydrcB. 4.30.89, 5.5. A progre«»«ive brignten.n- «r

parently shown from b.^ in 1884 to 5.5 in 1889.
^

51 Crateris. 5.7.88, 6.5 ; 4.30.89, 6.4 ; 5.23.89, 6.4. Th«

gtar has also apparently brighten«l from 6.7 m 1^84

to 6.4 in 1889.
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12 Virffinis. 6.18.89, 6.0.

* « » Craterio. 4.20.90,6.4. Kotin U.A. SDM. 11^3190,

6.3.
t

. .. Firz/mi*. 4.20.90, 7.0. Not in U.A. Gould, 16226,

7.2; 80^1.4", 8162, 7.0.

62 Craferis. 5.7.88, 7.0.

SO i H^'Ilie. 6.7.88, 6.5j. Estimates range from 6.3 to 6.6.

« 6.7.88, 6.8 ; 5.18.89, 7.05. Estimates for this
« • •

double star range from 6.8 to 7J.

1 Coni 6.6.88, 6.7; 4.28.89, 6.65.

f " 5.7,88, 7.2; 4.28.89, LI. Generally seen

fainter than 7,0.

S06 Ilydrce. 6J.88, 6.9.

307 « 5.7,88, 7.1.

309 " 6.7.88, 7.15.

n Vlrginis. 5.8.89, 7.0,

8 Corvu 4.28.89, 6.3. Difficult ; no good comparison-

stars near. Estimates ranse from 6.3 to 6.6.

4 Corvu 4.13.88, 5.4.

28 Virginls. 6.2?».S9, 6.95.

SO u 5.7.88, 6.7,

6 Corel 5.14.87, 6,9; 5.7.88,6.7; 5.18.89, 6.9. Esti-

mates somewhat discordant, and range from 6,7

to 7.0.

. . . Cord. 6.21.00, 7.0. Not in U. A. SDM. 1 7°, 3562, 7.2.

11

13

«

M
5.7.88, 6,75.

4,27.87, 5.8,

iO Virginis. 6.1.88, 6.7; 5.23.89, 6.7. Estimates range
from 6.4 to 6.7.

15 Corvi 4.27.87, 6.2. Estimates vary from 6.1 to 6.4,

41 Virginis. 6.18.89,6,3.

17 CorvL 4.-22.86, 6,7; 4.27.87, 6.75.

19

20

45 Virginis. 5.15.87, 3.9; 5.23.87, 4,0 ; ^6,1,88, 3.6. Esti-

mates range from 3.6 to 4.0.

21 Corvi. 5.14.87,6.45; 6.7.88,6.4, Generally observed
n^ 6.3 or 6.4 ; but once estimated as 6.7. -

23 Corvl 6.4.86, 5.55; 4.22.86, 6.7.

24

M

it

5.11.87,6.25 ; 5.7.88,6.35.

4.27.87, 6.85. Estimates range from 6.8 to 7.1.

%b

a

u
6.16.R4, 6.8; 5.9.85, 6.8; 4.29.86, 6.9.

4.29.86, 5.9.

50 VlrglnU. 6.4.86, 6.15; 4.22.86, 6.05 ; 6.15.87,6.1.
27 Corvi. 5.9.85,6.7; 4.29,86,6.6.

80 « 5.6.88, 6.45 ; 5.7.88, 6.25 ; 6.2.88, 6.45 ; 6.3.88,

6.35; 6.4.88, 6.35. Gould, variable? Our eiglit

observations are quite accordant, and furnish °no

32 Corvl 5.7.88,6.5.

See

83 ii
4.22,86, 5.9; 5.1S.SD, 5.9. Estimates ran^e

fmm 5.9 to 6.2.

84 Com. 4.22.86,6.4; 4.29.86,6.4; 5.7.88, 6.5. Always
seen

,35 Corvi. 4.22.86, 5.9.

36 Numerous observations of this star in connec-
tion with the stars 1 2, l S, and 28 Cord (all four

of -which have been suspected to vary, from the

Cordoba observations) seem to furnish evidence of

change in No. 36 alone. See A. N., No, 2657.

40 Corvl 4.22.86, 6.4; 4,29.86, 6.3; 5.7.88, 6.2.

64 Virginis. 5.18.89, 6.9 ; 5.23.89, 7.0. My five esti-

mates of this star apparently show a slight progres-

sive fading from 6.7 in 1884 to 7.0 in 1889.

41 Corvl 4.22.86, 6.1 ; 4.29.86, 6.1 ; 5,7.88, 6,2.

71 Virginis. 5.18.89, 6.9; 5.23.89, 6.75. Estimates range

from 6.6 to 6.9.

42 Corvl 4.27.87, 6.9.

43-4 « 4.22.86, 5.65 ; 5.6.88, 5.35 ; 6.3.88, 5.45 ; 6.4.88,

6,45. Always seen brighter than at Cordoba,

45 Corvi. 4.22.86, 6.3; 4.29.86,6,2; 5,7.88,6.1. Esti-

mates range from 6.0 to 6.3.

46 Com. 4.27.87, 6.9; 5.6.88, 6.85.

47

48

c

w
5.6.88, 6.85.

4.27.87, 6.9.

330 HydroE. 6.3.88, 6.0 ; red ; estimates range from 5,8 to

6.1.

81 Virginis. 6,1.88, 6.75 ; 5,23.89, 6.6. Estimates range

from 6.6 to 6.9 ; doable.

49 Corvi. Always seen below 7.0.

332 Hydra. 6.3.88, 6.5.

51 Corvl 5.14.87, 6.9; 5.7.88, 7.0.

334 Eydrm. 6.1.88, 6.35.

90 FtV^jms. ' 6.1.88, 6.2.

92 "

93 «

"
6.1.88, 6.1.

"
6.1.88, 5.6; 6.3.88, 5.5 ; 5.23.89, 5.3. Esti-

mates of this red star range from 5.2 to 5.6. Vari-

able ?

53 Corvl 6.23.89, 6.45.

95 Virginis. Always seen fainter than at Cordoba.

96 (C
6.3.88, 6.85.

336 Hydrce. 5.18.89,6.7. Has apparently brightened from

7.0 to 6.7.

97 Virginis. 5.18.89,6.65.

98 " 6.1.88,6.8; 6.3.88,6.55; 6.4.88,6.5; 6.11.88,

6.5; 5.23.89, 6.75. Difficult; no good comparison-

stars near; estimates vary from 6.4 to 6.8.

337 HydrcE. 6.1.88, 6.6. Estimates range from .6.55 to

6.85.

102 Virginis. 6.1.88, 6.8; 6.3.88, 6.95. Estimates range

from 6.8 to 7.1.

. . . Hydrce. 5.18.89, 7.3. Observations apparently show

a progressive fading from 6.9 in 1884 to 7.3 in

1889.

112 Virginis. 6.1.88, 6.55.

113

114

115

((

it

u

6.29.88, 6.8.

5.6.88,6.45; 6.1.88, 6.3; red.

6.3,88,4.55; 6,29.88,4.65, Estimates range

from 4.4 to 4.8.

1 1 7 Virginis. 6,29,88, 5.3,

120

122

4(

«
6.1.88, 5.75: 6.29,88, 5.65..

6.1.88, 7.0. -



CATALOGUE OF THE MAGNITUDES OF SOUTUERN STARS. 87

123 Virginis, 6.1.88, 7.0.

126 " 6.1.88, 6.85.

128 ii

131

138

139

u

a

C(

6.1.88, 7.0.

Always seen brighter than at Cordoba.

6.1.88, 6.85,

5.6.88, 5.75 ; 6.1.88, 5.65. Gould, variable ?

My five estimates of this red star range only

from 5.65 to 5.8, and furnish no evidence of varia-

bility-

140 Virginis. 5.15.87, 6.45; 6.1.88, 6.45; 6.3.88, 6.4. Es-

timates discordant, and range from 6.2 to 6.6 ;
but

always seen fainter than at Cordoba.

141 Virginis. 6.29.88, 6.75. •

6.29.88, 6,0.

6.3.88, 6.0; 6.29.88, 6.05. Has apparently

« « ffX 6.4.88,7.0. Not in U. A. Goul

196 Virginis. 6.3.88,6.8; 6.29,88, 6.y.

198 « 6.3.88,5.7; 6,29.88,5.75.

201 « 6.HR7, 7.0; 6.8.88, 7.0. rang

from 6.7 to 7.0.

362 Iltjdrce. 6.2.88, 6.95.

<t 8MT1

Cordoba.

143

146

363 Hydrce. 6.2.88,6.4; C.3.88,8.5. Estimatr

6.4 to 6.7.

364 Hydrce. 6.3.88, 7.0; 6,29.88, «.?. T^tin

from 6.7 to 7.0.

2U3 Virjims. 6.29.^^, 6.9.

204 «

from

ttoi nmgi

5.28.87, 6.45; 6.3.88, 6.65; 6.29.88, C.C5.

« » * IlydrcE. 6.2,88, 7.05. ^'ol in IT. A. Gould, I
o/

i

brightened from 6.4 to 6.0, 367- Hydrce. 6.4.88, 6.0.

148 Virgliis. 6.1.88,5.;. Gould, variable ? No evidence 207 r/r^mi.-. 6.3.88, C.55
;
6.4.88, 6.^ ; 6 2;> «». 0.C5.

of change furnished by my four observations, which

range only from 5.0 to 5.1.

346 Hydrce. 6.2.88, 6.95.

I ^'d Virginis. 6.29.88,7.15. Always seen fainter than 7.0.

6.3.88, 6.55. Alw.nyF ?oon fainter iban at

Cordoba.

154 5.15.87, 6.45; 5.6.88, 6.45; 6.1.88, 6.45;

6.3.88, 6.3. Gould, variable ? My seven observa-

tions furnish no evidence of change; red. See

note, A. J., No. 184.

156 Virginis. 6,29.88, 6.2.

210

211

Virginis. 6.3.88, 6.75 ; 6.29.88, fiAb.

« 6.29.88, 7.0; 5.18.89,6.9.

progressively from 6.7 to 7.0.

range

212 Virginis. 6,29.88,6.75.

((214

368 IIydree.

6.4.88,6.8; 6.29.88,6.65,

red

157

158

159

161

164

«

((

«f

((

II

5.15.87, 5,2; 6,3.88, 5.3; red.

6.1.8oj 5, Jo.

6,20.86, 5.8.

6.1.88, 7.0.

Difficult; always seen fainter than 7.0.

215 Virginis. 6.29.88,6.75.

216 ' 6.29.88, 6.8.

• # •

218

219

t(

«

((

6.9.90, 7.0. Not in U. A.

6.8.87, 7.0.

5.23.87, 5.6; 6.8.88, 5.6; red ^neraUy

Variable ?

165 Virginis. 6.20.86, 6.2 ; 5.6.88, 6.1 ; 6.3.88, 6,0. Gould,

variable. My twenty observations range only from

6.0 to 6.8, and give but slight evidence of change.

See note, A. J., No. 184. .

\Q^ Virginis. 6.3.88, 7.25 ; 6.29.88, 7,15. Generally seen

fainter than 7,0.

169 Virginis. 6.1,88, 6.15 ; 6.29.88, 6,2.

351 Hydrce. 6,29,88, 5.75.

5.6 ; but once as 5,3.

369 Hydra. 6.8.88, 6.9.

223 Virginis. 6.8.88,4.6. Alwayl

Cordoba.

224 Virginia. 6.4.88, 6.25.

372 ffydrce. 6,8.88, 6.25.

226 Virginis. 6:8,88, 5.85.

n fainter than at

229

230

«

u

6.8.88, 6.75.

6.4; 6.4.««, 6.4; 7.3.88,6.4.

rffltly

353

354

355

u

«

ii

Always seen as 7. J.

6.2,88, 6.3.

6.29.88, 6.55.

firm variability; but further watch.ng i« necc...rr

to completely estabUsh this fa«t. See note, A. >>;

173 Virginis. 6.20.86, 5.7.
No. 184.

856 Hyd. 6.29.88, 6.55.
232 Virginis. 6.8.88, 7.1 ; 7.3.88, 6.85.

179 Virginis. 6.3.88, 6.3.

180 « 5.23.87, 5.8.

186 «* 6.29.88, 6.9.

368 Hydrce. Discovered to be variable from my observa-

tions of 1888 and 1889. Period about oneyear;

verj' red. See A. J., No. 204.

190 Virginis. 6,8,88, 5,6 ; 6.29,88, 5,4.

360 Hydrce. 6.29.88, 6,75.

195 Virginis. 6.29.88, 7.05. Estimates range from 6.7

to 7.0.

236
u 7.8.88, 6,2.

373 Hydrce. 6.4.88, 7,05.

374

237

238

It 6.4.88, 6.25

tltftp at Cordoba.

239

"T"- sTbI, 5.8; 6.4:88, 5,7. Gould variable 7

My observations furnish no evidence ofcUn^^^

F^il 6.30.86, 6.3; 5.6.88,6.45; 6.1.88, .4; 6AM

6 45 Gould, variable? No evidence of vanalion

obMrvations Sw note.

No, 184.
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241 Vtrginis. «.1.88, 7.0; 6.4.88, 6.9.

375 ll^drit. 6.14.87,5.0; C.2.88, 5.1 ; 6.4.88,5.15; once

ril).n,nred faint afl 5.5.

242 yirpnis. e.i.'*'*, 6.85,

an iii/dnt. e.4.8«, 7.05.

1 LibrcB. 6.4.88, 6.65.

243 Virginis. 4.2S.87, 6.6; 6.4.88, 6.75

from 6.6 to 6.9.

. . . Libra. 6.4.SS, 6.9.

Estimates range

2

4

<«

M

<l

6.8.88, 6.75.

6.4.88, 6.65.

877 H^jdrai. 6.4.88/7.05.

6 Lihrce, 6.4.88, 6.8.

878 UyilroE. 6.4.88, 6.95.

379 «*

6.1.88, 5.8; 6.8.88, 5.65; 6.11.88, 5.6.

6.2.88, 5.1; 6.3.88, 4.9; 6.4.88, 4.9; 7.6.88,

4.95. Estimates range from 4.6 to 5.1.

245 Virginia. 6.8.88, 6.35 ; 7.3.88, 6.5.

7 Libra. 6.4.88, 6,65.

246 Yirgin'is. 6.30.8G, 5.3; 5.23,87, 5.25; 6.2.88, 5.3;

6.4.88, 5.25 ; 6.8.88, 5.15 ; 7,3.88, 5.15. Gould, vari-

al)le. Of my nine observations, only one, the first,

made in 1882, is disoorJant, 5.6 ; the others range
only from 5.15 to 5.35, and furnish but slight evi-

dence of change. See A. J., No. 184.

8 Libra. 6,4.88, 6.9.

247 Virginis. 6.8.88,6,05; 7.3.88,6.1.

249

250

231

• • •

(i

It

6.8.88,6.65; 7.3.88,6.75.

5.23.87,6.25; 6.4.88,6.25.

6.8.88, 6.95 ; 7.3.88, 6.9.

6.8.88, 7.2; 7.3.88, 7.15.

330 H^drce. 5.14,87, 7.2; 6.8.88, 7.1; 7.6.88,6.85. Gen-
erally' seen below 7.0.

881 Ili/dra:. 6.8.88, 7.1 ; 7.6.88, 6.85,

12 Lihrce. 6.2.88, 6.0; 6.8.88, 5.95; 6.11.88, 5.95.
25&Virg{nis. 6.8.88, 3.85

; 7.3.88, 4.15. Estimates ranc^e
- from 3.85 to 4.2.

°

15 LibrcB. 5.23.87, 6.25; G.10.87, 6.2; 6.13.87, 6.25-
6.8.88, 6.15; 6.11.88, 6.3. Once estimated as 6 5-
but generally 6.15 to 6.3.

'

16 Libra. 6.13.sr, 6.7; 6,4.88, 6,75; 6,11,88, 6.75
6.6.88, 6.75; 6.11.88, 6.65. Always

18

brighter than at Cordoba.
seen

5,23,87, 6.55; 6.10.87, 6.7; 6.13.87, 6.45-
6.24.87,6,65; 6,8.88,6.55; 6.11,88, 6.55; 7,6.88, 6.7!Iwo observations in 1882 and 1884 agree ^ith
Cordoba estimates, 6.4 ; since which our numerous
estimates are quite discordant, ranging from 6.45
to 6.8.

3S6 Ih^ra. 6.2.88,5.9; 6.8.88,6.2.
19 Libra. 7.6.88, 6.75.

21

22

a

u
5.23.87,6.15; 6.8.88,6.1; G,11.88, 6.2.
6.13.87, 5.55; 6.4.88, 5.5; 6.11.88, 5,5. Al-

23 Libra. 6.8,88, 6.15
; 7.6.88, 6,15.

Cordob;

387 Hydra. 6.4.88,4,6,

25^Libra. 7.3.88,6,2. Very difficult ; near bright star;

estimates range from 6,2 to 6,6.

261 Virginis. 6.8.87, 6.65; 6.4.88, 6.45; 6.8.88, 6.45;

7.G.88, 6,5. than

estimates range from 6.4 to 6.7.

29 Libra. 7.3.88, 6.5.

388 Hydra. 6.2.88, 7,25 ; 6.8.88, 7.3. Always seen below

7.2, although Gould has 7,0.

30 Libra. 6.8,88, 5,85 ; 6,11,88, 5.8.

31 «
7.3.88, 6.05.

390 Hydra. 7.6,88, 6,9.

391 it 6.3.88, 6.5; 6.8.88, 6,4.

32 Libra. 6.11.88, 5.8.

33 «< 6.27,87, 6.15.

392 Hydra. 6.2.88, 6.0.

. . . Libra. 6.11,88, 6.9.

36 " 6.11.88, 6.5.

6,8.88, 6,2.37 ((

Cordoba,

Always seen brighter than at

39 Libra. 6.8.88, 6.3 ; 7.6,88, 6.25. Always seen fainter

than at Cordoba.

41 Libra. Always observed as 7,1.

45 « 6.10.87, 3.7; 6.8.88, 3.85; 7.6.88, 3.8. Diffi-

cult ; estimates range from 3.6 to 4.2 ; red.

. . Libra. 7.6.88, 7,0.

47

48

49

51

53

56

57

59

(C

«

»

((

«

((

6,9.88, 6,55 ; 7.6.88, 6,5.

6.4,88, 5.75.

6.4.88, 6.75. Difficult; near bright star.

7.6,88, 6,25.

6.4.88. 6.8.

7.6,88, 6.8. Double.

7.3.88, 6.45.

6.10.87, 6,2; 6.13.87, 6.25; 6,4,88, 6.25;

6.9.88, 6.2, Six observations range only from 6,15

to 6,25 ; but once estimated as 6.5.

60 Libra. 6.4,88, 6.7.

1 Serpentis Cap. 6.9.88, 6.8; 7.6,88, 6.9. Estimates

have progressively decreased from 6.6 to 6.9.

63 Libra. 6.8.88, 6,8.

3 Serpentis Cap. 6.9,88, 6.0.

65 Libra. 6.27.87, 2.8.

6 Serpentis Cap. 6,9.88, 6,55; 7.6.88, 6.5; red.

8 u t€
6.9.88, 6.85.

66 Libra. 6.9,88, 6.9,

67

68

70 u

6.9.88, 7,1. Generally seen below 7.0,

6.26.86, 6.65; 6.4.88,6.55.

7.3,88, 6.1. This star has apparently bright-

ened from 6,4 in 1884 to 6.1 in 1888.

71 Libra. 7.6,88, 6.0,

10 Serpentis Cap. 6.9,88, 6.65.

73 Libra. 7.6.88, 6,9.

75 «
7.6,88, 6.35. Generally 6.3 or 6.4 ; but once

estimated as 6.1.

12 Serpentis Cap. 6.9.88, 6.3.
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77 LihroR. 6.4.88, 6.25; 6.11.88, 5.85; 7.3.88,6.15. Es-

timates discordant, and

Variable ?

ge from 5.85 to C.25.

15 Librte. 6.27.87, 6.6 ; 6.9.88, 6.6.

80 « 6.26.8G, 7.1; 6.4.88, 6.8.

82 " €.4.88, 6.45 ; 6.11.88, 6.1 ; 7.3.88,6.15. Gen-

erally estimated as 6.1 or 6.15; but once seen as

6.45.

84 Librce. 7,3.88, 5.9.

85 " 7.3.88, 6.85.

86

87

88

11 Scorpii. 6.11.87,5.9; 6.18.87,5.3; 7.3.88,0.1, 7.7.88,

C.l ; red.

119 Lihrft. 6.9.88, 5.1 ."5.

12 Scorpii, 6,4.8G, 2.9; 6.30.RG, 3.35 j ft.2i.87, S.I5; 6.9 RR,

3.1 ; 7.3.88, 3.1. Estitn.iN'o range fnun 2.9 U> t *

13 Scorpii. 6.4.8C, 2.1; 6.« ••», 2.6 j 7.n »% f.«. r.Mi

mates ran";c from 2.3 to ?.B,

II

«
7.6.88, 6.6.

6.4.88, 5.75; 7.3.88, 5.75.

« 6.9.88, 6.05. The estimates of this red star

are discordant, ranging from 5.7 to 6.2. Variable?

90 LibrcB. 6.27.87, 5.6; 6.9.88, 5.75.

91 « 6.27.87,6.85; 7.3.88, 6.8.

92 « 6.11.88, 4.45; 7.6.88, 4.5.

6.20.86, 4.15; 6.9.88, 4.0.93

«

Estimates range

121 LihcE. 6.9.88, 6.1 ; 7.3.88, CO. Ct iKraH) ^' n a^ 6.0

or 6.1 ; but once estimatcl M 8.8.

122 Librce. 6.27.87, 6.9; C.9.88, 5.9. Eitima<oit d

ant, and range from 5.8 to C.3. VariabU-?

1 Ophiuchi. 6.27.87, 7.1; 6.9.88, 7.0; 7.J» "x, 7.1.

\5 Scorpii. 6.27.87, 5.85; 6.14.H7, 5.9; 7, 7.)^«, 5.. ... Ef-

tiniatcs range from .'J.C to 5.95.

16 Scorpii. 6.14.87, 6.85 ; 6.18.87, 6.9.

17

18

M

U

6.9.88, 4.55.

6.4.86, 2.6.

from 3.95 to 4,3.

94 Librce. 6.9.88, 6.45; 7.6.&8, 6.35. Estimates vary

from 6.35 to 6.65.

95 Librce. 6.4.88, 7.0 ; 7.6.88, 7.2. Generally observed

fainter .than 7.0.

19 Serpentis Cap. 7.6.88, 6.8.

96 Librce. 6.4.88, 6.5.

97 « 6.27.87,6,7. Difficult ; near bright star.

6.9.88, 3,7; 7.6.88, 3.95.

6.27.87, 6.4; 6,4.88, 6.5. Estimates range

37 Serpentis Cap. 9.8.87, 7,0; 6.9.f»«, 7.1 ; 7.S.PR, 7.1.

19 Scorpii. 6.14.87, C.l.'i; 6.1K.87, ^.4; 6.9 "^ 6.4?

7,3,88, 6,5! Estinia,t4it> range fmm 6.2 to 9.^.

2 OpJiiuchi. 9.8.87, 6.8; 6.9.KS, 6.8. .

3 (( 6.9.88, 6.9.

20 Scorpii. 6,5.86, 4.4 ; 6.9.88, 4.55.

((98

99 ««

from 6.3 to 6.6.

101 Librce. 7.3.88, 6.0.

102-3 «

104

106

21 a 6.5.86, 4.7; 6.20.86, 4.C5; 6.12.87, 4.75;

4.55: 7.3.88. 4.75. Estimales range troa

4.3 to 4.75.

22 Scorpii. 6.2.88, 6.5 ; 6.3.88, 6.6.

24

25

« 6.18.87, 6.7.

6.12.87, 6.25; 6.13.87, 6,25; 6.14.87, 6.15;

6.9.88, 6.35. Six obser\'ations range onlj from €.2.5

«

u

6.9.88, 6.2.

7.6.88, 6.65; 7.7.88, 6.7.

timated

26 Scorpii. 6.9.88, 6.1.

6.4.88, 5.45; 7,3.88, 5.75 ; red. Estimates 27

range from 5.35 to 5,75,

107 LibrcB. 6,27.87, 6.9 ; 6.9.88, 6.9; 6.11.88, 6,8,

109 (( 6,27.87, 5.7; 6.9.88, 5.75.

24 Serpentis Cap. 6.9.88, 5.8.

Ill Librce. Difficult; no good comparison-stars near.

1 Scorpii. 5.25.87, 7.1; 6.14.87, 7.2; 6.8.88, 7.1. Gen-

erally seen below 7.0.

27 Serpentis Cap. 6.27.87, 3.4,

2 Scorpii. 6.14.87, 5.3 ; 7.7.88, 5.3.

6.14.87, 5.1; 7.7.88, 5.1.

6.14.87, 5.9; 7.7.88, 5.9.

7.7.88, 6.0.

6.6.86, 6.8; 6.14,87, 6.6; 7,3.88, 6.6. Gen-

29

32

43

((

ti

ii

6.18.87,6.8; 6.9.88, 6.2.

8.27.89, 6.9.

6.18.87,6.9.

timated fwnt«r

than at Cordoba.

36 Scorpii 6,26.87,6,15; 6.2.88, 5.9; 6.4.88,6.9; 0.88,

pect

from

positiye cvidenre of chang

3

4

5

6

u

ii

H

<f

erally 6.6 or 6.8 ; but once observed as 7.0.

38 Scorpii 6.5.86,4.25; 6.12.87,4.15-

from 3.9 to 4.25.

39 Scorpii 6.9.88, 5.35.

41 *i 6.14.87,6.7; 6.1^-87,6.7.

5 Ophiuchi 9,8.87, 6.7; 6.9.88, 6.9.

mates rangv

TDat^

;:;:,i;;; <iec.:e ^0. e.^ ^ «« « ..» u.

7 Scorpii. "6.26.86, 6.55; 5.25.87, 6.5; 6.14.87, 6.6; 1888.
orpu. b.ae.atj, tj.55 ; 6.'io.»/, t).o ; o.i-i.o., «•",

. 6 9 88 5 75' red.

7.3.88, 6.7; 7.7.88, 6.65. Estimates range from 6.5 44 Sc^rpiu "••''
g.

to 6,8.

116 Librce. 6.25.88, 6.5; 7.6.88, 6.4; 8.29.88, 6,4.

8 Scorpii. 6,26,86, 6.25; 6.14.87, 6,4; 7.7.88, 6.3

9 <(
6.9.88, 4.4.

6 Ophiuchi. 9.8.87, 7.2; 6.9.88, 7,1.
•ectv

46

48

below 7.0.

liCTTft

117 Librce.' 6.9.88, 6.4; 6.11.88, 6.6.

118 U
6.9.88, 6.4; 6.11.88, 6.35; 7.6.88, 6.45. 50 Scarpa 6.18.87, 6.9.

VOL. xir.
12

«
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S«rp, 6.29.88, 7.2. Always seen fainter

tlian 7.0.

Oph 9.8.87, 6.9; 6.9.88, C.9. Generally Q.9
)

seen

... Scorptt. 7.1.89, 7.4; 8.27.80, 7.3.

" 7.1. H9, 7.5; 8.27.89, 7.4.

59 " 6.14.87,5.2; C.2.88, 5.45; 6.3.88, 5.2; 6.4.88,

5.2; 6.9.88, 5.1. Estimates of this red star vary

from 1-9 to 5.45 ; but generally 5.2.

61 5c,/,y>/<. 6.4.86,3.5; 6.3.86,3.5; 6.9.88, 3.55; red.

6.3 * Always seen below 7.0.

10 OphiuchL 9.8.87,6,6.

11 " 6.14.87,5.05; 6.9.88, 4.95.

67 Scorpii 6.13.87, 5.9; 6.14.87, 5.95.

12-13 Ophiuchi, 6.9.88,4.75.

14 «

59 Ophiuchi. 9.9.87, 6.9; 9.10.87, 6.85; 6.11.88, 6.9.

Generally 6.8 or 6.9 ; but once estimated as 6.5.

62 Ophiuchi. 6.11.88, &.Q.

68

70

below 7.0.

9.8.87, 7.1 ; 6.11.88, 7.0. Generally seen

15 Ophiuchi 6.13.87, 4.9; 6.14.87, 4.65; 6.2.88, 5.05;

6.3.88, 4.0.-.
; 6.4.88, 4.95 ; 6.9.88, 4.9. Gould, vari-

able ? My nine estimates range from 4.6 to 5.05

;

yet I see no reason to suspect variation.

\7 Ophiuchi. 6.9.88, 5.9: red.

6.11.88, 6.75.

Gould, variable. I have over forty obser-

vations of this star (not given in detail), and not the

slightest evidence of variability is furnished ; red.

See A. J., No. 184.

78 Ophiuchi, 6-11.88, 6.95.

6.11.88, 6.0.

6.11.88, 6.6.

6.11.88, 6.5.

6.11.88, 6.55.

6.11.88, 6.25; 6.29.88, 6.2.

6.11.88, 7.0.

9.16.87, 2.6.

7.6.88, 6.7; 9.28.88, 6.8. Always seen

82

80

84

85.

86

89

90

91

a

u

a

u

a

u

u

u

fainter than at Cordoba.

20 u
6.13.87, 6,75.

70 Scorpii 6.14.87,5.1; 6.9.88,4.95, Always estimated
brighter than at fordoha.

...Ophiuchi. 6.13.87,7.0; 7.L89, 7.0 ; 8.27.89, 7.0. Xot
ia U. A.

7f
23 Ophiuchi. 6.13.87, 6.7; 6.9.88, 6.65.

24

2G

ti

a
6.9.88, 4.65.

6.9.88, 4.7.

93 Ophiuchi. 6.11.88,6.9; 9.27.88,6.95; 9.28.88,6.95.

6.11.88, 6.65.

6.11.88, 6.35; 9.28.88, 6.3.

6.11.88, 6.9 ; 9.27.88, 6.95 ; 9.28.88, 6.95.

6.11.88, 6.95 ; 9.27.88, 6.95 i 9.28.88, 6.95.

6.27.88, 6.95; 6.28.88, 6.95.

9.24.88, 7.05; 9.28.88, 7.15. Generally

94

95

98

99

106

107

((

((

«

«

((

((

75 Scorpii. 6.4.86, 3.2 ; 6.9.88, 3.35.

• I Ophiuchi. 6.9.88, 6.95; 6.30.89, 6.9; 8.27.89 6.9.

U.A.
i; SDM. 16°, 4270, 6.8. Not ID

seen below 7.0.

. . . Ophiuchi. 9.28.88, 7.05. Not in U. A. Gould, 23408,

7.4.

110 Ophiuchi. Discovered to be a remarkable variable of

the Algol type in 1881. Period, O'' 20'' 7™ 4P.6 E
0^0002 £2; limits of variation, 6.0 to 6.7.

114 Ophiuchi. 9.28.88, 6.9.

80 Ophiuchi. 9.8.87, 6.3 ; 6.9.88, 6.2.

9.8.87,6,95; 6.9.88,6.95.
81

82

33

35

«

«

({

ti

6.11.88, 7.0.

8.11.88,6.6.

6.9.88, 6.8,

6.9.88, 6.8.

115

116

118

122

124

it

u

u

u

u

at Cordoba.

10.8.88, 6.8.

9.26,88, 6.9 ; 9.28.88, 69.

9.24.88, 6.6.

7.6.88, 6.6.

7.6.88, 4.75. Generally seen brighter than

82 Scorpii, 6.11.88, 6.95.

'' "'**:*•„ !:"''• "• ''«-" -" ?»°d oo™n.H-

1 Serpentis Cau. 6.29.88, 4.45.

125 Ophiuchi 10.8.88, 6.9; red; difficult.

126 «

Bon-stars near.

39

87 Ophiuchi 6.11.88, 7.05.

\ 6.12.87, 5.4; 6.13.87. 6.35;
Estimates range from 5,2 to 5.6.

88 Scorpii 6.11.88, 6.95.

«« " 6.11.88, 6.75.

90 « 6.11.88,6.45.

6.11.88, 7.05.

6.14.87, 5.5.

92 U

'*
7.6.88, 3.7; 9.28.88, 3.75. Difficult; no

good comparison-stars near.

127 Ophiuchi 6.29.88, 7.2. Difficult; near bright star;

yet always seen below 7.0.

128 Ophiuchi 9.26.88,5.9; red.

131 M
9.24.88, 6.55.

3 Serpentis Cau. 10.8.88, 6.8.

132 Ophiuchi 7.6.88,6.4; 9.28.88,6.35.

^J
Ophiuchi 6.9.88.6.75; 6.11.88,6.8.

!:'.!;,"',"/ G--^Iy»->5or5,2:butonce estimated as 4.8

Oph

67 it

6.11.88, 6..3.

6.11.88, 6.8.

133

135

136

13,9

140

((

li

t<

u

a

7.3.88, 6.45.

7.6.88,4.7; red.

9.28.88, 6.6.

9.28.88, 4.7.

6.11.88, 6.55,* 6.29.88, 6.5; 7.3.88, €.6.

Very difficult ; near bright star. Estimates very dis-

cordant, and range from 6.3 to 7,0.
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141 OphiuchL 6.29,88, 4.65. Always seen fainter than at

Cordoba.

4 Serpenlis Cau. 10.8.88, 6.8.

5 ti a 9.24.88, 6.65; 9.28.88, 6.46.

146 OphiuchL 6.29.88, 5.55. Generally seen as 5.5 j but

once estimated as 5.8.

147 OphiuchL 6.29.88, 6.8.

149 « 9.24.88, 5.15. Gould, variable? Wy four

observations are accordant, and furnish no evidence

of change.

150 OphiuchL 11.9.87, 5.75.

151 ti 7.6.88, 6.0; 9.24.88, 6.2. Difficult; esti-

mates range from 5.9 to 6.3.

153 OphiuchL 9.26.88, 5.8.

6 Serpenlis Cau. 9.24.88, 5.7.

9.24.88, 6.85.

7.6.88, 3.95.

7

8

9

it u

ti

it

it

u 9.10.87, 6.65; 9.16.87, 6.7; 6.29.88,

6.6 ; 9.24.88, 6.65. Difficult ; near brigbt star. Es-

timates discordant, and range from 6.5. to 6.9.

157 OphiuchL 7.3.88,4.7.

10 Serpenlis Cau. 9.24.88, 6.25.

158 Ophiuchi. 7.6.88, 6.65. Always seen brighter than

at Cordoba.

162 OphiuchL 7.6.88, 6.7; 9.24.88, 6.55.

11 Serpenlis Cau. 7.6.88, 4.45.

163 OphiuchL 9.16.87, 6.7; 6.11.88, 6.55. Always seen

brighter than at Cordoba.

165 OphiuchL 9.28.88, 5.4.

166 « 9.24.88, 6.9; 9.28.88, 7.2. Difficult.

1 SagillariL 9.24.88, 6.85.

12 Serpenlis Cau. 10,13.87, 6.8; 10.15.87,6.8; 10.17.87,

6.75
; 9.24.88, 6.65. Observations discordant, and

range from 6.4 to 6.8.

3 SagillariL 7.10.88, 6.75.

13 Seypenlis Cau. 9.24.88, 6.15.

4 SagillariL 9.16.87, 6.6 ; 6.11.88, 6.65. Four estimates

very accordant, 6.6 or 6.65; yet once observed as 6.9.

5 SagillariL 9.16.87, 7.1; 6.11.88, 7.0; 9.24.88,6.95;

9.26.88, 7.05. Generally seen below 7.0.

7 SagillariL 10.19.86, 7.2; 9.16.87, 7,0; 6.11.88, 6.85;

9.24.88,6,95; 9.26.88, 7.05. Observations very dis-

cordant, and range from 6.45 to 7.2. Variable?

175 OphiuchL 7.6.88, 6.95; 9.21.88, 6.4; 9.28.88, 6.6;

9.29.88, 6.65; 10.8.88, 6.45. Discovered to be a vari-

able of short period in 1888. (See A. J., No. 210.)

From a final discussion of all mv observations to the

present time (1891), I have adopted the following as

the best attainable elements : 1882, September 4.428

Green. M. T. +17^.125641 E for the epoch of max-

imum. The minimum occurs earlier by 6=^.250.

The variation is about eight tenths of a magnitude,

or from 6.2 to 6.95.

178 OphiuchL 9.16.87, 7.0; 7.6.88, 6,85.

15 Serpenlis Cau, 6.29.88, 6.8.

8 SagiitanL 7.S.88, C.45 ; 10.8.8$, 6.i. Pl/Tindt
, m

good CWnpftriv.M, .^;.*,^^ near.

9 SagittariL !A 2i.M(;^ c.64; 7.S.M, dM: •.J4.RP. r.r^;

9.26.88, C.C5; 9.27,88, ^'^n, n.28.R«, «.* . G
ally observed at 6.6 or 6.B5; but twice c^timntotl

faint as 6.95. Variable ?

10 SagitlariL 8.11.88, C.05; ».24>w 5.yi.

11 " 7.Cr^^, 7,0; 7.1'*^^. 0.

16 Serpentb C^n. 9.28.^^, (t.O.

183 Ophiuchi. 7.6.88, i.7.

13 SiKjiUarii 10.19.86, 6.4; 9.16.87,6.2; 6.1]>\ fi...,,;

9.21.88,6.2, Concrally 6.2 or 6.8; but nncp (Mi

21

• #

19

32

34

35

mated as bri^lit a 1

J

=J ^*=,.^t

14 SagitlariL 9.21.^^.0.6.

186 OphiuchL' 9.16.«7, 3,6.

16 SagillariL 10.24.8G, 6.75; 7.3.88, 6.75, L
rang!* from 6.6 t'^ ^.9.

187 OphiuchL 9.10.87, 6.S5; 7.fi.8«, 6.4. Alwnyi trrtj

fainter than at Cordoba.

18 SagillariL 9.24,8«, 7.0.

40

u

«

It

7.10.88,6.35; 9.?8.8H, 6.J6.

7.10.88, 7.2.

7.10.88, 6.9.

194 Ophiuchi. 9.16.87, 6.8; 6.29.8«, 6.85; 7.6.88, 6M.

Estimates (julte discordant, and ran-c from ^^.6 to 7.1.

24 Sajitlnrii. 10.1.3.87, 6.1; 7.10.88,6.6; 9.24.88, C.i.

Cum. ; difficult ; c'timatcfl rstngo {rvm 6.1 to •,«.

23 SagiUaril 10.15.87, 6.8; 6.10.88, 6.8; 8.27. "», 7.2;

9.19.89, 7.0. Difficult. N<-^' ^

28 Sagiltarii. 9.16.87,8.0; 7.8.^°, S.3. (JouM, varinLU-;

red. The estimates of this bright red tfnr range

from 3.0 to 8.4. Difficult; evidence of rhan

sidercd slight.

19 Serpenlis Cau. 6.29.88, 5.8; 9.21.«»*». <^.l ; 9 ?*?«", 6.1.

Difficult ; estiraates range from 5.8 to C.l

20 Serpenlis Cau. 6.W.88. 5.85 ; 7.6.88, 6.0.

30 Sagittarii. 9.24.88, 6.5.

10.8.88, 5.95.

10.13.87, 7.0; 10.17.87, 7.0; 10.19.87, 7 0.

This star was apparently oli'frrrd in th«

years 1882 and 1886, and . . .imatcd to Im> f^ "^and 7.1

respectively. A third r>b'fr

M

U

auon

be ^luervatiooi since

have invariablr found it either 7.9 or HA
^ mm t A 9

r«-|
1

-: ^\ff^

lauon

suspicion that a neigWwrin;; ^'-., ^ '!'' 2^C8^'
'^

was mistaken for 35 SagiHarli in the
-

w

Mid

rase <rf th«

'ir mav

also hnre been ob<^rT«l at Cordoba. It ^b M

receive further attention. Var. ?

37 SagitfaHi. 10.22.88, 5.9 ;
10.25 h8. ' n%

.A « 7 10.88.5.7. Difficult: red.

25 SerpcntkCau. 9.15.87, 7.0; 10.12.87, 7.0; i M.

6.9; 8.22.8D, 6-95. Thi^ ?tar has- app-irmily fad. d

from 6.6 in 1882 to 7.0 in 1B87.
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26 Serpentis Cau. 9.15.87, 6,7; 7.10.88, 6.75.

42 SayiUarii 7.3.88, 6,1 ; red.

43 « 7.3.88, 5.7.
.

4 J 7.10.88, 6.15; 9.24.88, 6,2. Always esti-

• nmted brighter than at Cordoba hy nearly half a

m.Tjrnltiide.

45 Sagittnrii 7.10.88, 6.3, This star also observed

bri^jditcr than at Cordoba.

27 Serpentis Cau. 9,15.87, 6.7; 7.10.88, 6.7; 8.22.89, QS.

Estimates range from 6.4 to 6.7.

49 Sagillarii 9.25,88, 6,7. Estimates vary from 6,4 to

6.7.

30 Sagittarii. 10,19.86, Q.Q^ 7.3.88, 6.65; 7,10.88, 6.5.

Estimates range from C.3 to 6.65.

51 Sagillarii. 9.16.87, 5.15; 7.10.88, 5.2 ; red. Difficult;

no good comparison-stars near.

52 SagiUariL 11.5.87, 6,95 ; 7.10.88, 6.9.

9 Scuti. 8.29,88, 5.9.

28 Serm

29

•

U ii

9.15.87, 6.5; 7.10.88,6.55-

9-24.88, 6.6.

SagittariL 9.24.88, 6.95.

80 Serpentis Cau. 9.26.88, 6.95. Cum.
. . SagiffarlL 9.24.88, 6.9. Difficult.

SI Serpentis Cau, 8.29.88, 6.75. IS'eb.; estimates range
from 6.65 to 6.9.

64 SagiUariL 7.3.88,3.0; red; always estimated fainter

than at Cordoba.

66 Sagittarii 10.1.:? 87, 6.9; 7.10.88, 6.7; 10.8.88, 6.9.

7^. My observations fur-

67

nish no evidence of channre.

igittant.

in 1886.

Discovered to be a variable of short period
Dr. Chandler's latest elements give for

the epoch of maximum, 1886, September 25'',31 -{-

5««.7690 E. The variation is from 5.8 to 6.6.

SI Serpentis Cau. 11.9.87, 3.5.

Z Scuti. 8.29.88, 5.05; 10.8.88, 5.4; 10.24,88, 5.05.
Estimates range from 5.0 to 5.4.

36 Serpenlii Cau. 10.12.87, 6.55 ; 10.15.87, 6,7; 10.17 87
6.65; 10.19.87; 6.55; 7.16.88, 6.45; 10.30,88, 6.8-
10.31.88, 6.8; 8.22.89, 6.55. The eleven estimates
of tins Star are quite discordant, ranging from 6.4
to 6.8. Variable ?

65 Sagittarii. 10.19.86,5.4; 9.16.87,^.4; 10.13.87, .5.35-
7.10.88, 5.3; very red. Estimates range from 4.95
to 5.4. Should be further watched.

67 Sagittarii 7.3.88, 3.1 ; red. Always estlmate'd fainter
than at Cordoba.

5 Scutl 8.29.88, 6.8.

3 Sagittarii 10.8.88, 6.8. Difficult.

7 Scuti 8.29.88, 6.55,

i

74 Sagittarii 9.16,87, 6.0- 7 10«s r^ p ^- .

from 6.0 to 6.3.
'•'^•^«' ^•^ Estimates range

8 Scuti. 8.30.88, 6.7.

-^^Saglaarii 10.13.87, 5.2; 7.10.88, 5,2. Estimates

it
• • 9.22.89,7.0; 10,16,89,7.0. NotinU.A. SDM

14^ 5098, 7.0.

48 Serpentis Cau. 8.30.88, 6.25.

10 Scuti. 10.24.86, 6.45; 9.14.87, 6.25; 10.17.87, 6.25;

10.19.87,6.25; 8.29.88,6.4; 9.26.88,6.3; Tery red

;

difficult. Eight observations range only from 6,25

to 6,45; but once estimated as 6.0.

78 Sagittarii. 7,10,88, 6,1 ; red,

11 Scuti. 10.12.87, 6.1; 10.17.87, 6.1; 10.19.87, 6.1;

8.29.88, 6.2. Estimates range from 6.0 to 6.3 and

always seen brighter than at Cordoba.

80 Sagittarii. 10.13.87, 6.8 ; red.

13 Scuti. 9.14.87, 5.75; 8.29.88, 5.5. Estimates range

from 5.35 to 5.8. Variable?

14 Scull. 9.14.87,3.7; 8.30.88,3.8; 9.26.88,3.6. Gould,

variable. Estimates range from 3.55 to 4.0; but

difficult to observe.

81 Sagittarii. 7.10.88,6.35. Neb. Always seen fainter

than at Cordoba.

15 Scuti. 8.29.88, 6.65.

86 Sagittarii. 7.10.88, 6.2.

87 (( 7.10.88, 7.0.

17 Scuti. 10.24.86, 6.8; 9.10.87, 6.6; 9.14.87, 6.5;

10.12.87,6.65; 10.19.87,6.65; 8.30.88,6.4; 9.22.89,

B.G] red. Estimates are very discordant, ranging

from 6,25 to 6.9. Variable ?

88 Sagittarii. 10.30.88, 6.45.

18 Scuti. 10.24.86, 6.9; 9.14,87, 6.6; 8.29.88, 6.65;

8.22.89, 6.7. Estimates range from 6.55 to 6.9.

19 Scutl. 9.14.87, 5.1 ; 8.30.88, 5,05; 9.26.88, 4.95.

89 Sagittarii. 7.10.88, 7,0.

20 Scutl. 8.30.88, 6.65.

21

95

" 9.14,87, 5,35; 8.29.88, 5.2; 8.30,88, 5.35;

9.26.88, 5,05; 10.30,88, 5.15; 9.22.89, 5.3, Esti-

mates quite discordant, and range from 5.05 to 5.55.

Variable ?

92 Sagittarii. 7.10.88, 7.0,

22 Scuti. 8.30.88, G.75.

94 Sagittarii. 10.13.87,6.1; 11.9.87,6.05; 7.10.88,5.9.

7.16.84, 3.2; 9.16.87, 3,2; 7.3.88, 3.2;

9,26,88, 3.45. Estimates range from 3.1 to 3.5. It

is always seen brighter than at Cordoba.
96 Sagillarii. 7.1 0.88, 6.75. From 6.45 in 1882, this

star apparently faded to 6.75 in 1888.

97 Sagittarii. 10.13.87, 7.0 ; 7.10.88, 7.0. Difficult.

1 Aqnllce. 10.12.87, 7.05.

98 Sagittarii. 7.10.88, 7.0.

99 " 10.19.86, 6.15; 9.10.87,5,7; 9.15.87, 5.8;

10.13.87, 5.65 ; 7.10.88, 5.65. The estimates of this

red star are discordant, and range from 5.65 to 6.25.

Variable ?
+

24 Scufi. 10.12.87, 4.6; 9.26.88, 4.5. Four estimates

vary only from 4.5 to 4.7; yet this star was once

estimated as bright as 4.15.
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27 Scuti 10.30.88, 6.5 ; 9.22.89, 6.55.

103 Sagittarii. 10.15.87, 6.45; 10.17.87, 6.55; 10.19.87,

6.45. The first observation of this star, made in

1882, agrees with the Cordoba results, 6.8; but sub-

sequent observations, five in number, all made in

1887, invariably make the star one third of a mag-

nitude brighter.

104 Sagittarii 10.18.88, 5.8; 10.24.88, 5.8. Gould, vari-

able? My estimates, five in number, range from 5.5

to 5.8; but do not f;

29

108

112

114

116

128

[Relent corroborativ

evidence of change ; further observations desirable.

27 Scuti. 10.30.88,6.5; 9.22.89,6.55.

4 Aquilce. 11.9.87, 6.5.

105 Sagittarii 9.15.87, 6.7; 7.10.88, 6.7.

28 Scuti. 10.12.87, 6.8. .

(( 8.30.88, 6.4.

. .. Aquilce. 10.22.86, 7.5; 11.22.86, 7.15; 10.12.87, 7.3;

8.30.88, 7.5 ; 8.22.89, 7.5. Estimates range from

7.1 to 7.5 ; difficult ; near another star.

106 Sagittarii. 9.15.87,6.95; 7.10.88,6.9.

(( 7.10.88, 6.5 ; red.

31 Scuti. 8.30.88, 6.75.

110 Sagittarii. 9.15.87, 6.4; 9.16.87, 6.45; 7.10.88, 6.5.

Always estimated much fainter than at Cordoba.

111 Sagittarii. 9.15.87,4.9.

« 7.16.84, 2.3; 7.3.88, 2.6, The estimates of

this bright star ransre from 2.2 to 2.6.

1 1 3 Sagittarii. 9. 1 5.8 7, 5 . 2 ; red.

((

t(

8.29.88, 5.8 ; 8.30.88, 5.8 ; 10.25.88, 5.7.

9.15.87, 6.05; 10.12.87,6.05; 7.10.88,6.1.

Estimates range from 6.05 to 6.4.

117 Sagittarii. 8.29.88, 7.0. This star is not on the charts,

although in the catalogue.

119 Sagittarii. 10.19.86, 5.1; 9.10.87, 5.0; 9.14.87, 5.0;

9.16.87, 4.9; 10.13.87, 5.3; 8.29.88, 5.3. Always

observed brighter than at Cordoba. Estimates dis-

cordant, and range from 4.9 to 5.5. Variable?

120 Sagittarii. 9.26.88, 3.75; 9.30.88, 3.75; 9.22.89, 3.6.

3d Scuti, 10.12.87, 5.15; 8.30.88, 5.35; 9.26.88, 5.3;

8.22.89, 5.4. The estimates of this red star range

from 5.1 to 5.5. Variable?

123 Sagittarii. 9.15.87, 6.25; 7.10.88, 6.4. Always seen

brighter than at Cordoba.

124 Sagittarii 8.29.88, 7.1.

(( 10.19.86, 6.8; 9.15.87, 6.7; 7.10.88, 6.95.

Estimates vary from 6.6 to 7.0.

130 Sagittarii 7.16.84,2.6; 9.16.87,2.7; 7.3.88,2.8. The

estimates of this bright star range from 2.6 to 3.0.

9 Aquilce. 9.14.87,4.0; 9.26.88,4.15; red.

10 " 10.15.87, 6.8; 10.24.88, 6.85. Generally 6.8;

but once estimated as faint as 7.1.

11 A quil(^. 8.30.88, 5.6; 9.26.88, 5.7.

ISo Sagittarii 9.15.87, 7.15 ; 7.10.88, 6.95. Usually seen

below 7.0.

136 Sagittarii 9.26.88, 4.0.

137 Sagilarll 8.29.88, 6.9.

lb Aqnila. 10.19.86, fi.O ; 10.22.86,6.0; 9.14.87, 6.76;

9.26.88, 5.85; 8.30.88, 6.76; red. E^1i^..^tr•« dif

cordant, and range frnm .5.65 to <i.O.

138 Sagittarii 10.30.88, S.nS.

139 u 7.16.84, 3.6; 7.8.88, 8.5 ; ml.

n Aqtn'la: 10.24.88,7.3. Tliis iUr doe« rot appear on

he charts, althoujih in the catalogue; it Ijan alwayt

been estimaf.-d below 7.0. I)o<l, 4ft" 27'J, inf>t<-ad

of -9" 27'.3. Sec lipt of ornfa, A. N., No. 2371,

column 8.

18 Aquilfp.. 10.24.88, 7.1. Alwayh m . n a« 7.1.

19 " 9.14.87, 8.45; 10.12.87, 8.8; «.8'> ••, 8.4;

9.26.88, 8.35; 10.25.88, 3.4. Difficult; estimatea

range from 3.0 to 3.6.

140 Sagittarii 9.29.88,6.7; red.

141 " 8.29,88, 6.25. Aiwayn ::m fainter th.in

at Cordoba. '

142 Sagittarii 10.?5.88, 6.7. Gould, variable? £iU

mates range from 6.5 to 6.8,

21 Aquilce. 10.12.87, 7.1. Ctoncrally t^ccn Ixlnw 7.0.

143 Sagittarii 9.6.88, 6.6.

147

149

150

u

u

u

9.26.88, 3.1.

9.26.88, 6.7; 9.20.88, 6.6.

9.29.88, fi.4.
'

26 Aquilce. 10.12.87, 7.0; 9.26.88, 7.0.

151 SagUlaril 9.17.87, 7.05; 9.6.88, 7.0. Estimat r.ingc

• from 6.8 to 7.2.

28 Aquilce. 9.26.88, 5.9.

154 Sagittarii 9.29.88, 7.1 ; 10.3.88, 6.95.

...Aquilce. 9.26.88, 7.0; 9.27.89, 6.8. ^'ot in U- A.

Gould, 26360, 7^ ; SD.M. 8«, 4900, 6.9.

155 Sagittarii 9.S0.88, 6.45.

158 " 9.26.88, 7.05; 9.29.88, 7.05; 10.3.88, 6.95.

31 Aquilce. 10.12.87,6.9; 9.26.8^6.9.

160 Sagittarii 9.17.87,,5.0; 10.12.87,5.4; 10.15.87,5.55;

6.4: red. Estimates di»-88

range

. . Sagittarii 10.18.88, 6.85.

161
U Always seen

difficult.

Sagittarii Out of place on chart ; always aeen fainter

than at Cordoba.

35 AquilfB. 10.22.86,5.9; red.

36 « 9.26.88, 6.9.

165 Sagittarii 9.6.88, 5.7.

170 « 9.26.88, 7.0.

38 Aquilce. 9.26.88, 5.7.

39 « 10.3.88, 6.75-

171 Sagittarii 9.26.88,6.9.

174 a matefl

from 4.0 to 4.45.

175 Saglnarii 9.6.88,6.55.

-* .^

17fi
« 9.30.8«, 4.85.

41 Aq»ila;- 9-26.88, 6.8
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43 Aquila. 9,26.88, 6.7,

Sag
1«?

•tarn. 9.26.88, 5.4 ; 9.30.88, 5.5.

« 10.22.8C, fi.O; 10.24.86, 6.1; 9.15.87, 6.0;

9.20.87, 6.05; 9.26.88, 5.9. Gould, variable ? Seven

ohserv&tion:^ of this rcJ star, extending from 1886

to 1
^^"^j ranjc only

cutcd once in 1882

Yariahllitv consldere

225 Sagittarii 9.6.88, 5.45.

226 u 9.6.88, 5.75: 9.26.88, 5.65

fro

Evidence of

See

184 rO.22.86, 6,25 ; 10.24.86, 6.3 ; 9.26.88, 6.05
;

77 Aquilce. 9.27.88, 6.5.

230 Sagittarii. 9.6.88, 6.85.

9.30.88, 6.8.

9.6.88, 6.25.

9.30.88, 7.0.

It

u

9.30.88, 6.15. Always estimated fainter than

Cordoba.

45 Aq'iil(B. 9.26.88, 6.7.

187 Sagittarii. 10.8.88, 5.9.

"
10.8.88, 6.8.188

47 Aqml(e. 10.22.86, 5.2; 10.24.86, 5.35 ; 11.22.86, 5.35

Estimates ranfrc from 5.0 to 5.35.

IDO Sagillarii. 9.30.88, 7.0. Difficult; no good compari-

Bon-stars near.

191 Sajittarii. 10.8.88, 6.85.

60 Aqnila. Discovered to be a variable of the jj Aquilce

tjry The star varies from about 6.3 to 7.3.

231

233

234

82 Aquilce. 10.3.88, 5.7.

239 Sagittarii. 9.26.88, 7.0; 9.30.88, 7.0. Usually seen

below 7.0.

238 Sagittarii. 10.24.86, 6.3; 9.17.87, 6.35; 9.26.88, 6.35.

Generally seen fainter than at Cordoba.

89 Aquilce. Gould, variable. Difficult; yet my three

estimates, 1886-88, are accordant.

24:7 Sagittarii. 9.30.88,6.8.
« 10.22.86,5.0; 10.24.86,5.05; 11.14.86,4.9:248

9.6.88, 4.9; 9.26.88, 5.0.

95 Aquilce. 9.27.88, 5.8.

" 9.27.88, 6.5.97

Dr. Chandler's latest elements give for the epoch of

maxiiuiim

62 Aquilce. 9.26.88, 6.8.

.^4 n
9.2G.88, 5.6 ; red.

202 Sngitlarn. 9.26.88, 6.85 : red.

203 «<
9.6.88, 6.9.

5':} AquilcE. 9.26.88, 5.65 ; red.

204 Sagittarii. 9.30.88, 6.0. Gould, variable, 5^ to 6|.
Difficult to observe, as it lies near a bright star; yet
my four observations are accordant, and furnish no
evidence of change.

207 SagUtarii. 10.19.86, 4.8; 9.17.87, 4.5; 9.6.88, 4.6-

250 Sagittarii. 10.19.86, 5.15 ; 10.22.86, 4.8 ; 10.24.86,

4.75; 11.14.86, 4.85; 9.6.88, 5.0; 9.26.88, 5.05;

red; estimates range from 4.7 to 5.15. Variable?

253 Sagittarii. 9.6.88, 5.15.

255 « 10.22.8G, 5.4; 10.24.86, 5.35; 11.14.86,

.88,

208 Sigittarii. 9.6.88, 6.1.

Estimates vary from 4.5 to 4.&5.

209 10.20.86, 6.0; 10.22.86, Q.l • 10.24.86, 6.0 ;

0.15,87, 6.15; 9.6.88, 6.0; red. Always seen fainter
than at Cordoba.

. . Sagittarii. 9.26.88, 7.1.

64 Aquilc, 10.22.86, 4.7; 9.17.87, 4.55; 9.26.88, 4.75.

5.1 ; 9.6.88, 5.15; 9.26.88, 5.05.

261 Sagittarii. 9.26.88, 6.75.

102 Aquilce. 10.12.87, 6.95; 9.27.88, 7.0.

264 Sagittarii. 9.26.88, 6.05 ; red.

265 « 10.19.86,5.25; 10.22.86,4.5; 10.24.86,4.6;

11.14.86, 5.0; 9.17.87, 4.85; 9.6.88, 4.75; 9.26.88,

4.8. The estimates of this red star are very dis-

coi-dant, and range from 4.4 to 5.25; yet variability

is not suspected.

104 Aquilce, 11.9.87, 6.5 ; 9.27.88, 6.6.

269 Sagittarii. 9.26.88, 6.5.

273 «
10.22.86, 7.1; 11,14.86, 7.1; 9.17.87, 7.2;

Gould, variable? Difficult; my estimates

9.26.88, 7.15. Generally seen below 7.0.

106 Aquilce. 9.27.88, 6.1.

108 U
9.26.88, 6.55; 9.27.88, 6.65.

274 Sagittarii 9.27.88, 6.65.

fro
ranrre « •

-.- .s, :,.„, j^^ a j;aretm mspection furnishes
no positive evidence of variability

212 Sagittarii. 11.14.86, 5.6; 9.15.87, 5.6 ; 9.26.88, 5.65.

10
";./'•'?'' '"' ''''''^-^'^ 10-12.87, 5.75;

5 5to6V /,K'''f''''-
^^^'"^^^^^ -°S^ f™-

0, , c . '
"^'^ ^'^' ^"'t^^'- matching.

2i7SugUtc.ru. 9.26.88, 6.5
; 9.30.88, 6.6. Difficult; near

another star.

218 Sagittarii. 9.15.87, 6.2 ; 9.26.88, 6.2.

22!

Aquilce.^ This star is on the chart, but not in the

catalogue. Gould, 27507, 8"'; SDM. 4°, 5010, 7.3.

110 Aquilce. 9.27.88, 6.75.

Aquilce.^ 9.27.89, 6.9. This star is also on the chart,

hot not in catalogue. Gould, 27533, 7.1; SDM.

• •

«

70 Aquilce.

9.26.88, 6.8.

9.6.88, 5.6 ; red.

Cordoba
''''' '•'• "^^"'-^'^ ''''' ^'^^'''' ^-° at

223 Sagittarii 9.26.88, 6.85.

4", 506, 7.2.

2 Caprlcorni. 10.12.87, 6.55 ; 9.27.88, 6.5. The esti-

mates progressively brighten from 6,75 in 1882 to

6.5 in 1888.

118 Aquilce.. 11.9.87,6.85; 9.27.88,6.95.

3 Caprlcorni. 9.27.88,6.8; 9.30.88,6.7. Difficult.

"
9.17.87,6.2; 10.12.87,6.25; 9.26.88,6.2;

9.27.88, 6.3. Six estimates vary only from 6.15 to

6.25; but observed once as faiut as 6,5.

be erased from mans. TJ«t nf ^rrafa a n Vn 2.177. column IC

4

^
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121 Aqullije. 9.27.88,6.95.

122

qui

11.9.87, 7.1; 9.27.88, 7.05.

6 Capricornl 8.5.83, 6,2; 8.24.83, 6.2; 8.2G.83, C.2;

52 CaprL....L 10,«f.8C, 6.8; 10.24.^ ••; II l'*^^.,

6.3; 9.17,67,6.4; 10.IJ.87,f^ ^5; 9.17.KH, «.1V K<

10.22.86, 5.9; 10.24.86, 6.1; 9,27.88, 6,0. Gould,
I

3S

variable? JMy nine comparisoni of this red star

range from 5.85 to 6.2; yet its variability is very

tiinates range from ^.] to '\3.

CapricoruL 10.13^7, 7.0. Tl»Mtn« nn^nfsin^d ih/^

uiagnitudt* 7.0 uiubatifed during ibf prnrvj frnm

IMS to 1H87. <lou1.1, ft.S.

doubtful; further observations are dcsu^ble. Sec 111 Aqv'*r, 9JC.87, 5.55; 9.27*88| M. Al#«vi m*4 n

A. J. No. 184.

282 Sagittariu 9.27.88, 6.6.

6 Capricornl 9,27.88, 6,8; 9.30.88,6.6- Difficult.

faiuter than at CorddiMu

35 Caprlcuml 9.17.87, 6.5$; «i '» .KH, 6.?^.
7

nUly

scon as 6.5 or 6.6 ; but on:: Hilnuitud at €A
7 « 10,13.87, 6.15; 9.27.88, 6.0. 37 ^rkarm. 10.13.87, 7.05. G A

• • Aquilce. 9.27.88, 6.9. Not in U. A. Gould, 27787, 1 145 Aquila. %J6^ It *^ w

7|; SDM. 3°, 4838, 7.2.

8 Capricornl. 9.26.88, 4.5.

11

20

22

• f

26

31

• • 4 9.«7.f<R, T-.'J

39 CoprlcornL Mtt^A
(( 10.19.86, 5.9; 10.22.86, 5.95; 10.24.86,1 -11

a 10.13.K7, S.9 ; S.iiM, 5.^^'
: t^ I8«t$-

mntc^ rap^rt from 5.6 t^
*
f.5.9; 11.18.86, 5.9; 9.17.87, 5.9; 10.13.87, 5.9;

9.27.88, 5.75; red. Generally estimated a3 5.9 ; but |
S Aquarii. 9.28.88, 5.4 ; 10.8.88, 3.5.

once each estimated as 5.5 and 5.6.

131 AqulIce. 10.3.88, 6.45; red.

12 Capricornl 10.12.87, 5.0; 10.15.87, 5.15; 9.26.88,

6.15.

13 Capricornl 9.17.87,6.85; 10.12.87, 6.8; 9.27.83,6.8.

Difficult ; near bright star ; estimates range from

6.8 to 7.1.

296 Saglttaril 10.19.86, 6.25.

135 Aquilce. 10.12.87, 6.15; 9.27.88, 6.3; 10.3.88, 6.25.

Gould, variable ? My six estimates give values for

the magnitude ranging from 6.1 to 6.5
;
yet varia-

bility is not suspected ; will bear further watching.

137 Aquilce. 9.27.88, 6.5.

17 Capricornl 9.17.87, 5.65; 9.26.88, 5.55; 9.27.88, 5.5.

138 Aquilce. 9.27.88, 6.5.

Capricornl 9.27.88, 7.15.

«

«

((

10.13.87, 6.75 ; 9.27.88, 6.85.

9.26.88, 5.15 ; 9.27.88. 5.35 ; 9.30.88, 5.25.

10.13.87, 7.4. Estimates vary from 7.0

to 7.4.

139 Aquilce. 9.16.87, 6.0; 9.27.88, 6.3.

2Z Capricornl 9.27.88,6.9. Difficult ; nc

24 '* 9.27.88, 6.6; red.

140 Aquilce. 9.27.88, 7.0.

25 Capricornl 9.26.88,6.0; 9.27.88,5.75.

141 Aquilce. 9.27.88, 5.2.

itar

8 Microsc 10.19.86, 6.5 ; 9.27.88, 6.5. Generally

mated

6.8.

Capricornl 11.16.89, 7.5. Gould, variable 6|-8|.

;d, it hag alwaysight star has been obser\

been

5 Microscopium, 9.16.88, 7.0; 9.27.88, 7.0.

29 Capricornl 10.13.87, 6.0.

7 Microscopium. 9.27.88, 6.95,

80 Capricornl 11.27.86,6.9; 10.13.87,6.9.

u 10.13.87, 6.4.

143 Aqtiilce. 11.2.87,6.9; 11.5.87,6.95.

42 Capricornl .86,

43 TWi

4 Aquaril 9.18.87, r.O; 10.12.87, «.».

« 9.27.88, 6.«; IO.S.hh. 6.8. AXw%y% wetsa

44

biiirhtcr than at Cordoba.

apricarni, 10.3.88, 6,65*

5 Aquai^iL }
.28^8 Thla

the chartj altliough in th*^ Catalop:

and \

brighter than 7.3.

t L.. :

pruLal \..

6 Aquani 10J2.87, 7.5; ».2•*»^ 7.4.

qullc
JiV ±%

fiftr

arriflff lhrf>u^h half

^riakttli
r

46 Capricornl 9.28.88, 7.0.

47 4i 9M, m.n.u, 4.1

;

.••.

4.0; ,8i. 11.26.86, 4.2; f.l7.«7, 4.0;

•timates iH»e vtXmm for th«

8

9

51

52

9.28.88, 4.15. Nine ««

magnitude ranging only from 4 .0 to 4.t ;
y«t

once esitimated as faint a« 4.7.

Quaril 10.3.88, 3.9. IHffic'ilt.

ii 10X88.4.8: red

58

Capricornl lO.S.8?, €.?5.

« 10.22.86, 5.&5; 10.24.86, 6.05; ll.l8.8«,

6.9; 11.26.86,6.2; 10.19.87,6.1; red. F-

range from 5.9 to 6.J.

Capricornl 10.1.^.87,6.55; 9.27.88, 6.«.

11 Aquaril

30

56

27.88

Microscopium. 10.19.87, 6.85 ; 9.27.88, 6.75,

Capricornl 10.22.86, 4.35; ll.lSJfi, 4.3; ll.?6«.

ml

15

13

A quarii 9.27.88, 6.25.

GouM, variable Arec are

,£d wad ^.7, and farddb

ihange

58 Capricornl 10.3.87,6.45; 9.28.88. «.

7
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S4 Microscoplum, Estimates progressively fade from 6.6

In 1884 to 6.83 in 1888.

16 A
15 it

10.3.88, 4.85.

10.3.88, 6.*; .5.

85 Microscophim. 10.19.87, 6.7; 9.27.88, 6.75; red.

17 A^tmriL 10.12.87, 7,0J ; 9.27.88, 6.8; 10.3.88, 7.05.

Six estimates of this star range from 6.8 to 7.1;

gcnerall}- seen below 7.0.

18 Aquani 10.12.87, 6.C5.

61 Caprkornl 10.22.86, 6.35; 10.24.86,6.45; 11.18.86,

6.25; 9.27.88, 6.05; 10.388, 6.25. Estimates vary

from 6.05 to 6.45.

iQ Aquani. 10.12.87, 7.1; 9,27.88,6.8; 10.3.88, 7.05.

Generally seen below 7.0.

21 Aquani. 10.3.88, 6.5.

63 Capricorni. 11.26.86, 6.05; 9.17.87, 5.95; 10.19.87,

6.0.

21 Aquarii 9.27.88, 6.05. Gould, variable? Our four

estimates range only from 5.85 to 6.05, and furnish

but slight evidence of change.

64 Capricorni. 10.22.86, 6.25; 10,24.86,6.15; 11.18.86,

6.1 ; 8.27.88, 6.05. Six estimates range only from
6.0d to 6.25; yet the star was once estimated as

bright 5.75.

27 Aquarii. 12.17.86,6.0; 9.28.88,6.25.

29

SO

31

32

((

M

«

«

1115.89, 6.7.

12.17.86, 6.4; 9.28.88, 6.3.

9.28.88, 6.3.

10.12.87, 6.85; 9.28.88, 6.8; 11.15.89, 6.7.

star are quite discordant, ranging from 6.2 to 6.75.

Variable ?

. .. Aquarii. 10.30.88, 7.0; 12.6.88, 7.1. Not in U. A.
Gould, 29163, 7««; SDM. 3°, 5160, 7.0.

80 Capricorni. 11.26.86, 5.65; 9.29.88, 5.6; 9.30.88,

5.6; red.

82 Capricorni. 9.30.88, 5.4.

58. Aquarii 10.15.87, 5.7.

84 Capricorni 10.13.87, 6.8; 9.29.88,6.9. Usually seen

as 6.8 or 6.9 ; but once estimated as bright as 6.6.

66 Microscopium. 10.13.87, 6.7; 10.3.88, 6.7.
^

86 Capricorni, 11.14.86, 4.5; 11.18.86, 4.55; 11.26.86,

4.4; 9.29.88,4.45; 9.30.88,4.35; red.

63 Aquarii. 12.2.88, 7.0, Estimates range from 6.8 to 7.2.

87 Capricorni. 11.22,86, 6.0; 9.29.88, 6.1; 9.30.88, 6.1.

66 Aquarii, 10.3.88, 6.65. Always seen brighter than

at Cordoba-

65 Aquarii. 10,3.88, 6.35. Always estimated fainter

than at Cordoba.

88 Capricorni. 10.13.87, 6.8; 9.29.88, 6.9. Generally

.
seen as 6.8 or 6.9; but once estimated as 6.6.

89 Capricorni 10.22.86,6.6; 11.22.86,6.7; 9.18.87,6.8;

10.13.87, 6.75; 9.29.88, 6.6. For this red star the

estimates vary from 6.4 to 6.8 ; but generally seen

as 6.6 or 6,7, and brighter than at Cordoba.

90 Capricorni. 9.29,88,5.85; 9.30.88,5.9; red.

67 Aquarii 10.15.87, 5.55.

68 « 10.3.88, 5.9. Has apparently faded from

5.65 in 1882 to 5.9 in 1888.

71 A
70

72

quant

Ql Capricorni. 11.26.86, 6.2; 10.19.87, 6.3; 10.13.87, 6.2. n Capricorni. 9.29.88,6.9.
Estimates vary from 6.1 to 6.5.

n Aquarii. 10.12.87,7.05. Always seen slightly fainter
than 7.0.

46 Microscopium. 10.19.87, 6.55.

68 Capricorni. 11.26.86, 5.0; 9.28.88,5.0; 9.29.88 5 1-
9.30.88, 5.05 ; red.

" ' ' '

69 Capricorni. Always seen below 7.0.

"•26.86, 3.9 ; 9.28.88, 3.9 ; 9.30.88, 4.0.
H.18.86,4.6; 11.26.86,4.95; 9.17.87, 4.9-

10.13.87, 5.0
; 9.28.88, 4.95. The observations of this

red star are discordant, ranging from 4.6 to 5.0
; yet

variability is not suspected.

40 Aquarii. 10.15.87, 6.75.

.9.18.87, 7.2; 10.15.87, 7.2; 9.29.88, 7.05.

12.21.86, 6.7; 9.18.87, 6.75; 9.29.88, 6.75.

10.15.87, 5.65.

10.15.87, 6.5.

70

73

«

u

93 Capricorni. 11.18.86,3.8; 11.26.86,3.9; 9.30.88,3.9.

73 Aquarii. 9.29.88, 6.95.

94 Capricorni. 11.22.86, 6.35; 9.29.88, 6.25; 9.30.88,

6.3; red.

95 Capricorni. 9.29.88, 6.85.

96 « 9.29.88, 6.95. Estimates vary from 6,95

to 7.2.

39 u

Generally estimated fainter than 7.0.

98 Capricorni. 9.29.88, 4.65 ; 9.30.88, 4.7.

1 Piscis Ausirini. 10.3.88,6.5. Difficult ; low.

99 Capricorni. 10.13.87, 7.1 ; 9.29.88, 7.05 ;
red.

76 Capricorni. 11.26.86, 5.4 ; 9.29.88, 5.45; 9.30.88. 5.45.
10.13.87, 7.0.

45 Aquarii. 10.15.87, 6.9.

50

10.3.88, 7.05. Difficult.

•9.18.87, 6.55; 10.15.87, 6.6. Generally
seen as 5.5 or 5.6 ; but once estimated as 5.8.

o». Microscopium. 9.29.88, 5.9
5t .4^am. 10.3.88,6.8; 10.8.88,6.7.

icomt

5 9 23 8r«o •''''•'' ''-'^-^ 1^.3.88
'
^•^'•^'' '-^

•
9-24-89, 6.4. The estimates of this

102 «

75 Aquarii. 10.2.86, 2.9; 11.18.86, 2.8; 11.22.86, 2.8;

11.24.86, 2.9; 11.27.86, 2.8; 10.15.87, 2.85; red.

Estimates range from 2.55 to 2.9.

104 Capricorni. 11.22.86, 7.2; 9.18.87, 7.15; 10.13.87,

7.15; 9.29.88, 7.05. Estimates range from 6.6 to

7.2. Variable?

77 Aquarii. 10.3.88, 6."8.

106 Capricorni. 10.15.87, 6.7. This red star has always

been estimated brighter than at Cordoba, the reverse

generally being the case as regards red stars.

107 Capricorni. 10.15.87,6.55; 9.29.88,6.65.
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108 Capricorni. 9.30.88, 4.6.

" 10.22.86, 7.4; 11.22.86, 7.25; 9.29.88, 7.4.

Always estimated fainter than at Cordoba.

83 Aquarii. 10.3.88, 6.75.

110 Capricorni. 11.26.86,3.5; 11.27.86,3.7; 9.30.88,3.65.

12 Piscis Austrini. 10.3.88, 6.7.

111 Capricorni. 9.18.87,5.7; 9.29.88,5.6; 9.30.88,5.55.

113 « 9.29.88, 5.1 ; 9.30.88, 4.9; red.

85 Aquarii 10.15.87, 6.0; 9.29.88, 6.0.

114 Capricorni. 10.8.88, 6.4.

115

117-8

119

120

121

122

((

«

({

((

«

((

9.29.88, 6.05 ; 9.30.88, 6.1.

9.15.87, 5.3.

9.30.88, 6.7.

10.15.87, 6.45.

9.30.88, 5.8.

11.22.86,7.1; 9.29.88,6.9; 9.30.88,6.9;

10.3.88, 6.95. Estimates range from 6.9 to 7.2.

123 Capricorni. 11.18.86, 2.65; 11.22.86, 2.7; 11.24.86,

2.7; 11.27.86, 2.6; 9.18.87, 2.9. Estimates are dis-

cordant, and range from 2.4 to 2.9.

87 Aquarii. 10.15.87, 7.15; 9.29.88, 6.95; 10.3.88, 6.8;

10.8.88, 6.9. Estimates for tins red star vary from

6.8 to 7.15.

• tt Aquarii. 10.30.88, 7.5; 12.2.88, 7.4.

128 <( 10.3.88, 6.35.

91 Aquarii. 10.15.87,6.6; 9.29.88,6.7.

92 " 10.15.87, 6.7; 9.29.88, 6.8.

93 " 10.15.87, 7.0; 9.29.88, 6.95.

130 Capricorni, 9.30.88, 5.4.

131 ti 10.15.87, 6.45.

94 Aquarii. 10.15.87, 6.0; 9.29.88, 6.1.

95 " 10.15.87, 6.45; 9.29.88, 6.55.

133 Capricorni. 10.3.88,6.6; 10.30.88,6.8.

96 Aquarii. 10.15.87, 6.4; 9.29.88, 6.5.

98

102

103

U

u

116 AqvfTriL 10.3.88, C *^

120 (t 12.17.86, C.S; 10.15.87, G.l ; 9.:0.88, <.l.

ariaUttV Mv cftimat'^ range h<"\ 6.1 to

6.5
;
yet variability h not fnepcrtrd.

33 Pi%cl.<t AuKlrini. 9.29.88, 6.8.

121 Aquarii 1U.15.87, 6.7.

34 Pifcis AiUtrini. 9.:t. *, 5.95; nil.

35 " « 9.29.88, 5.6; 10.8.88» 6.7. Tin* ftar

has apparently faded fmni 5.4 in l^^l U» i.T in 1888.

1-23 Aquarii. 11.24.86,5.9.

" 9.30.88, C.7.125

8836 Piscis Auslrini. 9.2S

. .. Aquarii. Always PCPn faint

one third of a ui.i;;iiitadc.

127 ^9uaru. 9.29.88,6.85.

Cordoba

130 (( lrtS.88. 6.1. ifcfii briffhlPT thaa

Curdol'H.

10.15.87, 6.45; 9.29.88, 6.55.

11.26.86, 5.85; 10.15.87, 5.8; 9.29.88, 5.75.

11.24.86,4.8; 11.26.86,4.7. Generally seen

as 4.7 or 4.8; but once estimated a^ faint as 5.1.

104 ^^uam. 10.15.87,5.65.

105 " 11.18.86, 2.8; 11.22.86, 2.8; 11.24.86, 2.7;

11.27.86, 2.8; 9.18.87, 3.0; 10.15.87, 2.7; 10.10.88,

2.75. Nine estimates of this bright red star range

only from 2.7 to 3.0 ;
yet it was once estimated as

bright as 2.1.

106 Aquarii. 10.15.87, 7.1; 9.29.88, 6.95.

107 U 12.17.86,4.05; 12.20.86,4.05; 9.18.87,4.0;

10.15.87, 4.15. Six of the seven estimates of this star

make it 4.1, or one third of a magnitude brighter

than at Cordoba; ret it was once estimated as faint

as 4.6.

112 Aquarii. 10.3.88, 6.0; 10.8.88, 6.7; 10.25.88, 6.0;

12.2.88, 5.95. Estimates somewhat discordant, and

range from 5.7 to 6.0.

114 Aquarii. 9.30.88, 6.7.

131. Aquarii. 11.26.86, 6.2; 10.15.87, C.2; 10.10.h8, 6.1.

This star hns always been foiin<l brighter lliaa it

Cordoba.

132 Aquarii. 10.3.88, G.7.

133

134

135

124 Capricorni. 10.15.87,6.55; 9.29.88,6.45; 9.30.88,6.4. 136

9.29.S8, 6.8.

10.20.86,6.4; 10.8.88, 5 4.

11.24.86,5.7; 9.29.88,5..'); red.

10.2.86, 8.5; 11.14.86, 3.H ; IMP*"^, 3.7;

11.21.86,3.65; 11.24.86,3.8; 11.26.88,3.7; 11.15.87,

3.7. The estimate'" range from 3.5 to 41 ;
but g«a-

erally seen as 3.7 or 3.8.

i(

«

((

138 ^7Man7. 11.26.86,6.4.

139 "

140

142

11.27.86, 5.7; 10.15.87, 6,86.

" 9.29.88, 6.05.

« 10.2.86, 4.6; 11.14.86, 4.5; 11.18.86, 4.55;

11.21.86,4.55; 11.24.86,4.7; 11.26.86,4.8; 11.15.87,

4.6. timal««

• » « Aquarii. 10.31.88, 7.0; 12.2.88, 7.0. Not in LA.

Gonld, 30616, 7J-; fclDM. 3', 5413, 7.2.

147 Aquarii position

150

40

51 Aquarii. 10.2.86,!^^; 1 1.14.««. 3.6; 11.18.«'- 1.7 ;

11.21.86,3.75; 11.24.86,3.7; ll.26.bt,, 8.5. L»U-

matc? vary from 3.3 to 3.7,7.

Pisch Aush-lm. 10 15.87, 6.2; 9.29.88, 6.3. Em>.

mates range from 6.0 to C..1.

Always ef'timatH brig^'-r
154 Aquarii. 10.3.88, 4.8.

155

157

156

158

than at Cordoba.

Aquarii. 10.3.88,6.6.
, -i.^.j

10.8.88, 6.2. Has appartaUy liighl'-ncd

from 6.5 in 1«.«4 to 6.2 in 1888.

Aquarii Always seen brightc.r than at Cordoba.

" While the e?»timnit«$ ol l>^«*
9.30.88, 7.0.

drt«nnincd

at Cordoba, 7.0, two . -imate« m.de in 1*"
'
ans

159

161

163

fainter, 7.1 and 7.2.

Aquarii. 10.10.8R, 6.7.

11.24 5"^. 5.6; 10..S.S* 5.45
<«

ii 10.2.86,3.75; 11.11.86,3.95; llA^M^Z.'ibi

VOL. XII.
13
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11.21.86,3.9; 1L24.86, 4.0 ; 11.26.86,3.9. Gen-

erally observed brighter than at CorJoba.

166 AquariL 11.27.86, 5.3; 10.3.88, 5.8. Generally seen

as 5.3 ; but once estimated as bright as 4.9; difficult.

167 AquariL 12.17.86, 6.4; 9.30.88, 6.55.

48 Piscis Auslrini 9.29.88, 6.75.

1$8 AquariL 10.10.88, 6.8.

50 Piscis AustrinL 9.29.88, 6.45.

169 AquariL 9.30.88, 6.8.

52 Piscis Ausirini. Always estimated brighter than at

Cordoba.

171 AquariL 12.20.86, 6.6; 12.25.86,6.65; 10.15.87, 6.6.

Five observations vary only from 6.6 to 6.7; yet

the star was once estimated as faint as 6.9, and
always seen fainter than at Cordoba.

I 196 AquariL 9.30.88,6.8. "

4 Piscium. 10.15.87, 6.5; 9.29.88, 6.35. Estimates of

this double star are quite discordant, and ran^e
from 6.3 to 6.75.

197 AquariL 9.29.88, 6.7,

7 Piscium. 10.10,88, 6.4.

198 AquariL 11.24.86, 6.7; .12.20.86, 6.65; red. Esti-

mates vary from 6.4 to 6.7,

9 Piscium. Always seen fainter than at Cordoba.
10 (( 9.29.88, 6,55.

71 Piscis AustrinL 9.29.88, 6.05 red. Estimates range

from 5.9 to 6.2.

• » Aquarii. Estimated as 7.3 at Cordoba ; but has always

been observed by me as 7.0.

174 Aqnariu 12.17.86, 6.45; 9.30.88,6.2; 10.10.88,6.35.

Generally seen brighter than at Cordoba.
175 Aquarii, 12.17.86, 6 4 ; 9.30.88, 6.5.

11.24.86,4.9; 10.10.88,5.0.

10.10.88, 6,85.

11.24.86, 5 45; 10.3.88, 5.65. Estimates
range from 5.3 to 5.65.

UO AquariL 10.3.88, 5.8; red.

57 Piscis Anstrini. 9.29.88, 6.4.

200 Aquarii. '

9.30.88, 6.6.

201 ii
12.20.86, G.4; 10.15.87, 6.45; 9.29,88,6.5.

Estimates range from 6.35 to 6.7,

176

178

179

u

i<

M

202 Aquarii. 9.29.88, 6,1.

203 u 12.20.86, 6.65; 10.15.87, 6.75; 10.3.88, 6.85.

Estimates ran^ from 6.7 to 7.0.

204 Aquarii. 12.20.80, 6.75; 10.15.87, 6.55; 9.29.88, 6.5.

205 a
9.30.88, 6.5.

74 Piscis Austrini. 10.3.88, 6.9,

206 Aquarii. 9.29.88, 6.75.

75 Piscis Austrini. 10.3.88,6.9. Difficult

208 Aquarii. 11.26.86,5.55.

209 "

* 4

181

182

183

Aqimrii. 10.3.88, 6.65. Double.
u

u

M

10.3.88, 6.3.

9.30.88, 70.

11.24.86,4.5; 12.20 86, 4 5; 1225.86, 4.5;
10.15.87, 4.65; 10.3.88, 4.5; 10.10.88, 4.5.

'

Thi.'
red star lias generally been estimated as 4.5 or 4 6

;

bnt it was estimated once each as bright
, ^ „ ---o— as 4.0

and 4.2.

60 Piscis Austrini. 9.29,88, 6.5.

184 Aquarii. 10.15.87, 7. 15; 9.30.88,6.05; 10.10.88,7.15.
10.25.88, 7,2. Always seen fainter than at Cordoba

'

estimates range from 6.9 to 7 2.

185 AquarU. 11,14.86,42; 111886,4.2; 11.21.86 42-
11.54.86. 4.25; 11.26.80, 3 95; 10.19 87 375!
I0..a.88, 3.7. The estmiates of this red star are
very discordant, ranging from 3 6 to 4.25; yet the
discordances are doubtless due to its bri-'^htness
«nd color, as the extreme estimates occur In two
sequences observed on the same evenincr •

observations, however, are desirable. °
'

187 Aquaru. 10.15.87, 5 95
188

furl lie

191

hi

((

9.n.SS, G.9.

lUla.87, 3 1; 10.25.88,3.1.
192 Aq}fariL

Cordoba.

9.29.88, 6.7 Always seen fainter than at

194 Aquarii. 9.30.88, 6.7.

3 Piscimn. 9.29.88, 6.15.
195 Aquarii. 9 29.88, 5.9.

"
12.20,86, 7 2; 10.3 88, 7.05. Always seen

fainter than 7.0; difficult.

...Aquarii. 10.3.88,6.7; 10.10.88, 7.3; 10.25.88, 7.1.

Estimates very discordant, varying from 6.7 to 7.3
;

yet variability is not suspected, as it lies very close

to a bright star, and is very difficult to observe,

isj 16 Pisciu7n. 9.29.88,6,65.

. . . Aquarii. 10.31.88, 6.8. Not in U- A. Gould, 313 75,

7^-"; SDM. 8°, 6021, 7.0,

210 Aquarii. 10.2.86, 4.4; 10.3.86, 4.4; 10.19.86, 4.5;

11.14.86,4.6; 11.21.86, 4.4; 11.26.86, 4.4; 11.9.87,

4.55 ; 10.25.88, 4.5.

2 Sculptoris. 10.31.88, 5.95.

17 Piscium. 9.29.88,5.3. Always observed brighter than

at Cordol)a.

211 Aqnnrii. 10.2.86,3.65; 10.3.86,3.65; 10-19.86,3.75;

11.21.86,3.7; 11.26.86,3.7; 11.9.87,3.6; 10.25.88,

3.6.

212 Aquarii. 10.2.86, 4-7; 10.3.86, 4.8; 10.19.86, 4.7;

10.21.86,4.75; 11.14.86,4.7; 11.20.8S, 4.8; 11.9.87,

4.8; 10.25.88, 4.85.

213 Aquarii. 10.31.88, 6.7.

4 Sculptoris. 10.31.88, 6.65.

215 Aquarii. 12.20.86,4.45; 12.25.86,4.45; 10.19.87,4.2;

10.25.88, 4.5. For this red star the estimates range

from 4.1 to 4..5.

216 Aquarii. 10.31.88,6.7; red.

Sculptoris. 10.31.88, 6.75.

Aquarii. 11.26.86,4.2; 10.19.87,4.3; 10.25.88,4.15; red.

11.26.86,5.2; 10.19.87, 5.3; red. Generally

5

218

219 K

scen as 5.2 or 5.3; but once estimated as 5.65.
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6 Sculptoris. 10.31.88, 6.G5.

V • Aquarii. 10.19.87,6.9.

7|™; SDM. 16°, 625-

Xot in U. A. Gould, 31572,

221 Aquarii. 12.20.86, 6.45; 11.5.87, 6.45; 11.9.87,6.55,

10.10.88, 6.35. Difficult.

222 Aquarii. 11.24.86,4.1; 11.26.86,3.95, 10.19.87,4.0;

10.25.88, 4.15; red. Estimates vary from 3.95 to

4.35.

9 Sculptoris. 10.3L88, 6.65,

223 Aquarii. 11.21.86,4.7; 11.26.86,4.75; 10.19.87,4.55,

10.10.88, 4.65; 10.25.88, 4.5. Always seen brighter

than at Cordoba,

224 Aquarii. 10.31.88,5.45,

227

228

t(

a
11.3.88, 6.65.

10.31.88, 6.4.

11 Sculptoris. 10.31.88,6.0.

229 A
231

«*

quarii 11.3.88, 6.5.

10.2.86, 3.95; 10.19.86,4.1, 11 21.86, 3.95;

11.26.86,4.0; 11.19.87,4.0; 10,25.88,4.0.

24 Piscium. 10.31.88, 6.6.

232 Aquarii. 10.31.88, 6.85 Generally seen as 6 8 or 6.9

,

but once estimated as faint as 7.1.

235 Aquarii. 10.2.86, 4.7; 10.3.86, 4.7; 10,19.86, 4.5,

1114.86,4.5; 11.21.86,4.6; 1126,86,4.6; 11.5.87,

4.6; 11,9.87, 4.55; 10.25 88, 4.5; red. Estimates

vary from 4.3 to 4.7.

12 Sculptoris. 10.31.88, 6.7.

14 (( 11.3.88, 6.85; 12.6.88, 6.6. Always seen

fainter than at Cordoba,

to 6.85.

Estimates range from 6.5

238 Aquarii. 10.31.88, 6.35.

30 Piscium. 11.3.88, 6.5; 12.2.88, 6.4.

31 « 10.31.88, 6.6, 11 3.88, 6 5-

239 Aquarii 10.25 88,6.25; 10.31.88,6 25.

210 *' 10.31.88, 6 8, Estimates vary from 6.5

to 6.8

241 Aquarii. 10.31.88, 6.25,

242 " 10.31.88, 6.4.

15 Sculptoris. 10.31.88, 6.5 The first e,-timate, made

in 1884, agrees with the U- A. magnitude 6-7, yet

three observations made in the years 1886 to 1888

give very accordantly 6 5.

32 Piscium. 11.3.88, 6 45.

243 Aquarii. 10.31.88, 6.8.

34 Piscium. 10.31.88, 6-7.

214 Aqnnrii. 10.2.86, 4.35; 10.3.86, 4.3; 1019.86, 4.5,

11.14.86,4.4, 11.21.86,4.55; 1126 86,4.4, 11.9.87,

4.3; 10.25.88,4.4.

Aquarii. 10.19.87, 7.0. Not in U. A. SDM. 13°,
»

6428, 6.3.

245 Aquarii. 12.20.86,6.7; 10.19 87,6 75, 10.31.88,6.75.

216

247

<(

«
11.3.88, 6.5,

10.31.88, 6.9,

20 Sculptoris. 11.3.88,6.35; 12.6.88,6.4.

254 Aquarii. 10.31.88, 7.0.

256 Aquarii. 11.3.88, 6.0; rod. Pimnilt ; r«ar brlghi

(• ( .-i r

.

251 Aquarii. 10..:j.88, 5 0.

258 • 10.25.88, 5.6. Il.is Bpji.arcntly bright ( Vtr ]

from 5.9 in 1882 to 5.6 in I8.«?,ii.

259 Ai-mni. 11.18.86, 4.5; 11.54 "". 15; n.?«?«0, 4.5;

10.19.87, 4.65 ; 10.25.88, 4.7. L.-timatui xaii^> iwn,

4.5 to 4.8.

2^1 Aquarii. 10.25 '% 5.8.

262-3 *•

2C4 ((

10.25.88, 5 4.

10.31 88, 5.85

43 Pwmm. 10.19.87, 5 5; 11 S.R8, »«^5; 1?,?.M^ ».4;

11.16.89, 5.8. Ettimalcs ditturdant, r«iij.'in|r £rf>m

5.4toS.85. Van;.l.1-?

265 ^7"rTrij. 10.?2.R6, 6.4 , 10,19.87, 6.85; llS."*, f^AS.

27

28

Estimates range from 6.4 to 6.8.

•.ulpinm. nx,.m, 4.65. DifTicnlt,

M 11.3 «8, 6.75.

266 Aquarii. 10.21.hg, 6 9

267 " 10.22.86, 6,8.

268 " 10.19.87, 6.15; 10.31. «5«, 6. 1 Alwayn «•<»«

than at ronlo()a by one tlnnl of a Tnngni-

tude.

269 Aquarii. 10.19 87, 6.1 10.,1I 88, 5.85. F-Mimat««

ranf^e from 5.8 to 6.15. Diffi<iiit, on accou

Ilowing 'ir.

. . . Aqunri'i. Difli<ult , nC4

1 Ceti. 1 3 «<<, 6 4.

270 Aquarii. 10.2.').S«, 5.2.

preceding

271

272

u

u

10.31 88, 6.2.

12.20 86, 71; 113.R8, 7.15. DifTicuU; no

good

32 Sculptoru. 11.3 88, 6.75.

273. Aquarii. 10.31.88, 6 75, 1.21.89, 5.8.

give fading is apparently fIiowh from i

5.S in 1889

50 Piscium. 11..3.88, e.-i.'i.

irf>"T«»»

274 Aquarii H 3.88,6.25.

52 Piscium. 11.3.88, 6.1. Always seen fainfer than *i
-

Cordoba.

275 Aquarii 10.22.86,'*''.

276 •* 11.3.88,6.95.

36 Sculptoris. 12.2.88, 6.9; 1.1.89, C.fi5.

conlant, and range from 6Ji to 6.9.

2 Cell. 11.18.86,6.8; 11..3.«°, 6.9

mMea

3 11 28.86, 6.7 ,
11.3.8«, 6A, 12.2°% 6.,%V Al-

ways seen brighter than « CordoVm; eftimat«^

discordant, ranging from 6.4 io 6 75.

55 Pufcium. 11.8.88,4.95.

57 •« 11.3 88,6.7

i(
# •

39

12.4.88, 7.2. Pifh'-uN-

Sculptoris. 12.2.88, 7 1.

.^8 PiScium. 1 1 " 88, 4.95.

59

4

rHK n 3.»^ 4^; "^•

Ceti 11.18.86, 6.65; 11.3.88, 6.8, l?!^". C J. Al
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ways Ken brighter than at Cordoba; estimates

range fr<'in C.3 to 6.65.

8 Cell 10.20.86, 4.5; 10.21.86, 4.1; 11.18.86, 4.55;

11.26.86, I. J; 12.25.86, 4.45; 11.9.87, 4.3; 11.3.88,

4.4. Estimate range from 4.1 to 4.55.

45 Scutplom. 12.^^\ 6.5.

8 Cell, 12.2.88, 5.2. Gould, variable? No evidence

of cbange furni.shcd from my observations,

ti Pisciuni. 10.19.87, 4.75; 11.3.88, 4.75; red. Has ap-

ently faded from 4.1 in 1884 to 4.75 in 1888.

105 Mai Ch. 2610. Discovered by me to be

a variable of the Algol type in 1887, with a probable

period of about 1^ 3^^, Dr, Chandler's elements

give the following: Epoch of Min. 1887, March

26"* 15^ 18"^.0 + 1^3 3^ 15"^ 46« E. Varies from 5« 9

to 6^.7, Duration of decrease and increase about

2| hours each ; remains at maximum brightness

22 hours^

12 Antlice Ch. 3407, Discovered to be variable by

Paul in 1888, with a probable period of either 11**

31™ or 7i*46°». My observations of 1891 confirmed

the variabilityj established the last named period as

the true one, and determined the variation to be of

the Algol type. Dr, Chandler, from a more rigid

determination of elements,

Epoch of Min. 1888, April 13*1 12^ 55"^.4 + 0** 7^

46^" 48^0 E. Variation from 6^7 to 7»'.3. The star

remains at maximum brightness about 4^^ 30"^ ; the

decrease and increase occupying each about 1^ 40"^.

This variable has the shortest known period.

gives the following

;

i

.'
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IXVESTIGATIOXS ON LiGHT AND HeAT, MADE AND PCBLTSTTED WHOLLY OR IN PAUT AVITH ArrKOVUlATlON
FROM THE RrMFonp FrxD.

»

\
II

On a Table of Standard Wave Lengths of the Spectral Lines. *

By henry a. RO^YLAXD

Presented May 10, 1893,

I

Some years since, having made a machine for ruhnor gratings and discov(>ml

the concave grating, which placed in my hands an excellent i^roccss for

graphing spectra, I applied myself to photograph the f^olar spectrum. The p

of the concave o-rn.tino-. mounted in the method which I use, of producing a lal

Johns

spectrum gave me the means of adding a scale of wave lengths, and so producing

a photographic map of the solar spectrum on a very large scale and of great

accuracy. I soon after constructed a very much better ruhng engine, which UV

at a uniform temperature in the vault of the new physical laborafor^

Hopkins University, with which I have made very much better grathig^.
^

1 llier^c-

fore Avent over the whole process once more, extei

making nQ\Y negatives of the whole spectrum very

This set of ten photographic plates is now familiar to most spectro^copist..
^

In order to place the scale on the negatives, it was nece-ary to know the ^.^o^

lenoths of certain standard lines. Of course my first thought was of A

wonder of his time. On trying to place my -ale

accordincr to his fi-ures, I found it impossible to make them and nij

ding the map to include L, and

much better than tlie old.

J

O

wliose measurements were the

O "-- *-^

d I finally was forced to the conclusion

Avas needed before I could go further. Here again the concave gi

of standard

« i. ^^ nni\ rpiitive measures «^iin iii««-

my rescLie. All the spectra are in focus .at once, and lelafve

be made at once by micrometric measures of the "^'^''^I^P'""

/ ^ ^^ ^,,^d.

the spectrum is normal, and so a micrometer ot ^tiy i o

t • . « Astronomy and A.tro-Pl.y.ics," and in the " Ixjndon

An abstract of this paper has recently appeared m Astroi
)

«H

Philosophical Magazine.
»•

VOL XII,
14

Ma Bot,. Garden,

1897.
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To obtain llic priinni-j standards by means of overlapping spectra, I have used

<rratlii<'s with from 3,000 up to 20,000 lines to the inch, and from 13 to 211 feet
O O

focus. The (irst series made with the 13-foot grating by Mr. Koyl in 1882 was

found nuitc acciuatc enouprh, and I have since made personally a long series

with <Tratinn-s of 2U feet focus which is much more accurate. These long focus
O O

g s liad from 7,000 to' 20,000 lines to the inch, and were ruled on two dividing

crn'-ines, while the 13-foot one had a less number, possibly 3,000. There are two

il errors to ^niard ao^ainst in this method, the first peculiar to the methodprmcipal

of coincidences, and the second to any method where gratings are used.* The first

is that, where spectra are over each other and the lines therefore often on top

of each other, the line of one spectrum may be apparently slightly displaced by

the presence of one from another spectrum, although the latter may be almost

invisible. The use of proper absorbents obviates this difficulty. The second source

of error is more subtle, and arises from the diamond ruling differently on different

parts of the grating. It is more apt to occur in concave gratings than plane ones,

although few are perfectly free from the error, as it is very difficult to get a

diamond to rule a concave grating uniformly. Looking at the grating in spectra

of different orders, the grating may appear uniform from end to end in one, and

possibly brighter at one end than the other in another spectrum. This gives a

chance for any imperfection in the form of the surface of the grating, or any errors

in its ruling, or indeed the spherical aberration of the lenses or concave grating,

to affect the measurement of relative wave length.! This error I have guarded

against by using only uniformly ruled gratings, reversing them, and using a great

number of them. I have also used the coincidence of only the lower orders of

spectra, such as the 2d, 3d, 4th, 5th, and Gth. Coincidences up to the 12th were,

observed by Mr. Koyl with the 13-foot concave, and probably have some

errors of this nature.
-

F

In this way I established about fifteen points in the visible spectrum which

served as primary standards. These were so interwoven by the. coincidences that

I have groat confidence in the value of most of them. Indeed, no process of

angular measurement could approach the accuracy of this one.

The variation of the dispersion of the air with the thermometer and barometer is probably not worth
considering for the visible part of the spectrum, although it might be worth investigating for the two extremities
of the spectrum.

t the error of using gratings of variable brightness in different parts, or those with imperfect ruling of

any kind, I have constantly guarded against. Such I believe to be the principal causes of the great errors ia

relative and absolute wave lengths in Vogel's tables, as the gratings he used, made by Wandschaft, were full

of errors of all kinds. ^ ^ J

t
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Thus, using a line P to start with; 1 determine other groups of lin-s, a% //, c\ iT,

etc. From these again I find groups, some of which may be (he same as tlic fiibt;

then again from these, other groups. The process can be coniiuued further, but

we are apt to come back to the same hues again, and we are further limited

the visibility of the lines. Thus the limit of great accuracy by eye observation

in either direction is practically 4200 and 7000; although in a dark room. <'s-

pecially in the first spectrum, one can see much further, even bcy^oiid the -1 ^roiip,

although it is difficult to set on the lines, and one is npt to misinke groups of

lines for single lines.* When one uses a group as a standard, and one or m"!o

of the group is an atmospheric line which varies, the measurers will of cnurse vary

also, unless the atmospheric line is in the centre of the group. This is a v. ry

common source of error, and has caused me much trouble. In a gratini: with a

very bright second spectrum, I have, however, obtained the coincidence of A vvilli

the reo-ion whose wave lencrth is about 5080, and have thus confirtncd (he vahie^.^w ... ..^ ,, -5

given in my preliminary table, which was obtained by a very long In(crp<)la(ion

passing from the first into the second spectrum.

The accuracy of these primary standards Can be estimated from the equations

given in Taljle VII. It is there seen that there is scarcely any difference in (he

different measures as derived from different lines.

It is to be specially noted that the wave length of F and the lines directly

determined from it have no more weidit than any of the others. The table might

just as well have been arranged with the D line, or any other, first. The true

way of discussing the results is to form a series of linear equations, about

all. and solve them. This is the method I have used, although I have not

twontv-

six in

Id
discussed them by the method of least squares.!

Some miscellaneous observations not included in the table allowed me to n

a few more lines to these primary standards.

Having completed these primary st^xndards, I then observed severa hundred

standard lines in the visible spectrum, including these primary standards ^^it.ti a

micrometer having a ran^e of five inches, and very accurately made. he spcc-

^nnnrtional tO tllC WaVCo o

trum being strictly normal, the readings so made were p

length. They could have been used simply to ^^^^erpolate^ between jlie^^n

standards, but I preferred another method: The readnigs of the micrometer were

In a
1 ^oncnrpd liiT^^ flown to wavo If

very bright grating I have faintly seen, and even moasu cd, Un
^

. / r. T.„J, „„
°

„„ ... u.^. wh.t. i.s called the ultra violet, even to «a...
1
n tn

'.00. .My

bev

assistant, Mr. L. E. Jewell, can see far into what is called the ultra vio
,

-

^^_^^^ personally uritt'^n

t The calculations of this paper have involved about a auihon figure,, of

more than half. Hence I am not anxious for more labor of this Icma.

v
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made to overlap, so that, by adding a constant to each set, a continuous series

cuiild be formed for the whole spectrum which would be proportional to the wave

lcii<'-th except for some slight errors due to the working of the apparatus for

keeping the focus constant. Making this series coincide with two standards at the

ends, tlie wave lengths of all could be obtained by simply multiplying the wdiole

Bcrles by one number and adding a constant. This usually gave the wave lengths

of the whole spectmm within 0.1 dr 0.2 divisions of Angstrom. The differences

of this series from the primary standards were then plotted, and a smooth curve

drawn through the points thus found. The ordinates of this curve then gave the

correction to be applied at any point.

It is to be noted that the departure from the normal spectrum was very small,

and the correction thus found was very certain. The cause of the departure was

not apparent, but may have been the slight tilting of the spectrum, by which it

was measured ^somewhat obliquely at places.

The visible spectrum wms thus gone over five or more times in this manner,

with several different gratings and in different orders of spectra. The results are

given in Table X., Columns C, R, p, q, m, 0, e, h, i, etc. The spectrum from the

green down to and including A was also observed on a large instrument for flat

gratings, having lenses six and one half inches in diameter and of ei";ht feet focus.

These latter observations are marked 0\ This rcL^on I intend at some futui

time to observe further.

D

Ii was now required to observe the ultra violet to complete the series. For

this purpose the coincidences of the 2d, 3d, 4th, 5th, and 6th spectra of a 7000,

21! feet radius, grating were photographed. My instrument will take in photographic

plates twenty inches long, but there will be a slight departure from a normal spec-

trum in so long a plate. Hence plates ten inches long were mostly used for this

special series. Before the camera was placed a revolving plate of metal about

three sixteenths of an inch thick, and havincr a slit in it of the same width.* When
flat side was pai camera plate, a strip of the spectrum three sixteenths

of an inch wide fell on the plate. When turned ninety degrees, the plate shielded

this portion and exposed the rest. Using absorbents, it was thus possible to photo

a strip of say the 4th spectrum between two strins of the 5th. This ar-

better than havincr

ps

only two edges come toi^ether. To correct any
niovement of the apparatus during the time of exposure, I expose on one specti
then on the other, and back a-ain on the first

described
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Placing the negatives so obtained on a dividing engine \\\{h a microscope of

very low power and .a tightly stretched cros.s liair, the coinridciicc of ibc two

spectra can be measured. Owing to the large scnle of the photogrnidis,— about

;trom,— an ordinary dividing enirine Iiavin;: errors not crontor tliantliat of Ang

rijo inch can be used, but the negatives should be gone over at least twice, reversing

them end for end. Two screws were used in the enicine and finally another

plete machine was constructed, giving wave Icngtlis direct with nidy a pUgl

correction. For determining the wave length of metallic lines, the same pn«".-«s

can be used with wonderful accuracy.

The results are given in the columns marked PI. with ihe number of the plate*.

The accuracy is very remarkable, and I think the figures cstabli^;h the a«»s« rti(tn

that the coincidence of solar and metallic lines can 1)e determined with a pmbnhle

error of one part in 500,000 by only one observation.

This process not only gave me measures of the ultra violet, but also now

observations of the visible spectrum. So far in my work on these coinoiilcnrci,

I have only used erythrosin j^lates going a little below D; but cyanine plates miglit

be used to B, or even in the ultra red, as Trowbridge hiis recently shown. One

plate, No. 20, however, connects wave lengths 04:00 and 3200.

Thus I have constructed a table of about one thou^nnd lines, more or la»,

which are intertwined with each other in an immense number of ways. They

have been tested in every way I can think of during eight or nine yen

stood all the tests ; and I think I can p

that the results of the relative measures

Ilh confidi

be altered very muoh. 1 bel

that no systematic err<^ in the relative wave lengths of more than about ± .01

any pt ill the red end as we approacli A. Possibly ± .03

less, mis^ht cover that ret^ion.-3..^ V.V. , V... w...„v. .^_

g

The relative measures having thus been obtained, we have means m the concave

of obtainino- the wave leuLrths of the lines of metals to a degree of nccurnoy
«j ..^ V,^......W._ V..W W...W *-.-^

hitherto unknown, and thus of solvinn: the great problem of the ma
o ""^ o

distribution of these lines.

But for the comparison of spectra, as measured by diiTerent observers, some

absolute scale is needed. Hitherto Angstrom has been used. But it is now very

well known that his standard measure was wrong. As his relative mcacures are

also very wroncr, I have concluded that the time lias come to change not or

ite also. To this end Dr. Louis Bell workedD
the relative measures, but tlie'absol

%

my laboratory for several years with the best apparatus of modern science g
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two glass and two speculum metal gratings, ruled on two dividing engines with
u

four varieties of spacing, three of which were incommensurable or nearly so, with

two spectrometers of entirely different form, with a variety of standard bars compared

in tills country and in Europe, and w^ith a special comparator made for the measure

very well with the next best determination, thatof ^ra tin LI'S. Ek result acrrees

of Mr. C. S. Peirce of the U. S. Coast Survey. His final result agrees within 1

60,000 with hi)

of Pierce. Mii 11

preliiuinary value.* This recent value, combined with those

d Kempf, Kurlbaum and Angstrom, I have adopted to red

my final results to, although the calculations are made according to Bell's preliminary

value. See Appendix A.

But it rests v

absolute standard

tific men at large to adopt some absolute standard The

of so ira as the d possibly th

average of Angstrom might be adopted. But for myself I do not believe in

continuing an error of sort definitely. All the results obtained before the

concave grating came into use were so imperfect, that they must be replaced by

very soon. With good concave

obtain the wave lengths of the elements

known.

g one man in a fe J

th far greater acy

ears could

than now

As an aid to this work, I have constructed the table of wave lengths given in

paper, which ha\' already been adopted by the British Assoc nd by
of Germany and other countries, and ely hope will

aid in the work of making the wave length of a spectrum line a definite quantity
within a few hundredths of a division of An^^strom.

Absolute Wave Length of D.

The following is an estimate of the absolute
best det

in which

of coirectii

affects the

the b

Fir^t, I shall

of the rrratin

w^ave length of the D line from

the portion of Dr. Bell's paper t

is founded on th

space tal Tl method

focal length, and

principle that a linear error in the spaces

not the

tions D
and thus throw the light far to

Bell has used seem to nie v

o d th small po which have

appears to me to be twice too great.

one

'IT

de, should be ted. The correc-

oper, except to grating III which

I find the foliowin";

« American Journal of Science, 1887.
t American Journal of Science, 1888
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Grating. D. Correction. Final Values.

I. 5896.20 -.02 5806.18

II. 5896.14 +.09 5806.23

III. 5896.28 -.06 5896.22

IV. 5896.14 +.03 5896.17

Mean value, 5896.20.

This is very nearl}^ the value given by Dr. Bell.

The determination of Mr. C. S. Peirce of tlie U. S. Coa.si Survey i-^ r(M-fnii»]y

a very accurate one. Dr. Bell and myself have made some attempts to cmHIm-iIo

his gratings, which he sent to us for the purpose, and to correct for the scnle u^

d

by him. There is great uncertainty in this process, as we had only a portion of

the necessary data. The correction of his scale was also uncertain, bccau-c tho

ass scales used by him may have changed since he used them, in the iiinnmT

thermometer bulbs are known to change. Correcting, then, only for the error ol

ruling in the gratings, we have

:

Peirce's value 5896.27

Correction * —-07

5896.20

The correction for the scale would be about as much more in the same direction,

provided the glass scales had not changed. But it is too uncertain to be used,

although I have applied it in my preliminary paper.

Kurlbaum's result, made with two good modern gratings, has the d,.fect that

the ffratincrs were 42 and 43 mm. broad, quantities which it is impossible to conipaiu

with a meter. His small objectives, one inch in diameter, could mU
j^.......

ly

from the whole L^rating, and so the grating space ned
£)"— '"D

fl the portion of the grating used. The spectrometer w.is poor, and the errors

of the frratinor undetermined.

Muller arid Kempf used four gmtings, evidently of vei-y poor quality, as they

give results which differ 1 in 10,000. .

The result of An.sfom was a marvel at tl,e time, but ll.e ^obert gratn .

Takiiv Thalen's correction loro
nused by him w^ould now be considered very pooi

, . , . u.- n.v

error of scale, we have for the mean of the E lines 5260.S0, -l-b P^cs, b, my

table of relative wave lengths, 2> = 5895.81. It is rather disng

the relative accuracy of observations made by different ob

to cstuTinte

u\ ffe

but in the interest of scientific progress I have attempted tt, .s

Bell, American Journal of Science, May, ISSS. p.
'^O^-
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Wt.

Angstrom .... 5895.81 1

Muller and Kempf . 5896.25 2

Kurlbaum .... 5895.90 2

Peirce 5896.20 .5

Bell 5896.20 10

Mean, 5896.156 in air at 20° and 760 mm. pressure.

Tills must be very nearly right, find I believe the wave length to be as well

(letenninecl as tlic length of most standard bars. Indeed, farther discussion of the

question would involve a very elaborate discussion of standard meters, a question

involving endless dispute. • I think we may say that the above result is within 1 in

100,000 of the correct value, which is very nearly the lirnit of accuracy of linear

measurements. This should be so, as the probable error of the ano-ular
o-^

me
nects the wave length only to 1 in 2,000,000,* and hence nearly the whole accuracy

re?«ts on the meas

Kovl.t

RESUME OF Process for obtaining Eelatiye Wave Lengths.
1

1. Determination of about 20 lines in the visible spectrum by coincidences by

o
I

Determination of about 15 lines in the visible spectrum by coincidences by
Rowhuiu, usmg several gratings of 21^ feet focus

3. Interpolation by direct eye observations with concave gratings of 211 feet
focus and micrometer of 5 inches range and of almost perfect accuracy.

4. I by means of ilat ij-ratino-s.J3...^...g

5. Mea«,retnout of pliotographic plates from 10 to 19 inches 1
or tljree

having
of the spectrum in different orders on them, thus connecting the

Ultra rmlet and bh,e witli the visible spectrum. The fact that nearly the same
values are obtamod for the violet and ultra violet by use of different parts of the
visible spectrun, proves the accuracy of the latter,

6. Measurement of pbotographic plates having the solar ible spectr
mcdence wUh the metal lines of different orders of spectra. The fact that the

temperaLre? V^Js ^^^^^^^'P''*'!^™^*^^ «uis the best standard of length, and almost independent of the

- -- ••" - . caUbrarion of cZu.Tf.r
?'" "T ^^ '^^'^ °" ^"^^ "^^ ^"S^^^ ^ith almost perfect accuracy,

practical use.

t Tliese

nspd. They serve a „..f i ? "^ """^^^^ S^ven no weight, onbey serve a useful purpose, however, as checks on the other ;ork.

LIS

h-
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wave lengtlis of the metal lines arc very nearly the .^amo a"^ ubtaliunl from any

portion of the visible or ultra violet spectrum proves llie accurary of the lallcr,

as well as that of the metallic wave lengths.

7. Measurement of plates having metallic >^pectra of dilTorcni orders.

Advantages of the Pkocess.

The only other process of obtaining relative wave Iciiglbs is by means of angular

measures. Supposing the angle to be about 45', an error of 1" will make an crr^r

of about 1 in 200,000 in the sine of the angle. When one considers tlic r-li.mges

of temperature and barometer measuring on one line and then nnollier, togeilM-r

with the errors of graduation, it would be a difficult matter to nie;iv„ro thif» angle

ma error of 1 in 100,000, or about ^ division <A Aug

Looking over the observations of principal standards made under the dlrecti(»u of

Professor Vogel in Potsdam, with very poor gratings but an excellent ^^pectroineler,

find the averaire nrobable error to be about ±T^yjo of the wave IcMigtli, wlii.'liwe , „,-.
,

is not far from the other estimate. This does not include constant errors and 1

believe the probable error to be really greater than this.

The method of coincidences by the concave grating gives far superior rcMih*.

The distance to be measured is very small, and the equivalent focal length of a

telescope to correspond w^ould be very great (21i feet), t

of b

the dispersion of the air, which, when known, can be corrected for.
^

It^ is not to

be wondered at that this method is far superior to the fo

ndeed, reduced to ±i^r^., or even less for the best lines A^

d thermometer are eliminated at once, except the small effect

1

can be made on photo-rapl.., this probable cn-or is scarry incrca^r,! at all; but

talcing it at twice^ tbe above esti.nate, the n,olho.l even then re„,am< from

- . .. . r „.,_,!„.. r..nn<nvomont Indeed, the un-
even ^

three to five times as accurate as that of o

made on mv mind in looking over Vogel's Pot^lam ob
j^ncr).^iuil lllUUt; un lll^ lliinu m I'^wivi..^ ^.^^

- ^
T 1' 1 'fill

my tables and process ar6 ten times as accurate as theirs; and t in' an> cnie

student of both processes will come to a similar conclusion.

Tbe wonderful result that can be obtai

the new micrometer, which

m of photog

mea^^nre plates over twenty iiK'be. long. !> i-arllv

»-»" Lue new micrometer, wineii uiui mcasuic ^jk-il^
^„au «r a

' ^ ^ r .X- niplios tbe wave lengtri oi a

.seen in the table. Where the distance is only a f.vv inciios, tne
^ ^^ v^.;,j,,

3ries of lines can be measured with a probable error of less (ban o
.

iti-^rt cA fhnt the r)r()i>:*'»l* ^ttoi

f An,..t,-om. Indeed, a series would detormnio any hne 5n that r

VOL. XII.
15
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wonlrl be even ±.0000001 of the whole. This would detect a motion in the line

of sight of ±110 feet per second!

From the tests I have made on my standards, I am led to believe that down to

wave length 7000, a correction not exceeding ±.01 division of Angstrom (1 part in

500,000), properly distributed, would reduce every part to perfect relative accuracy.

To ascend to the next degree of accuracy would need many small corrections

which would scarcely pay. It is reasonable to assume that a higher degree of

accuracy will not be needed for twenty-five years, as the present degree is sufficient

to distinguish the lines of the different elements from one another in all cases that

I have yet tried.

Details of Woek.

To red
O"'^" IV, obser\'

extending a short distance either side of the standard region are necessary. Thus
the mean of 4215 and 4222 can be taken as the standard, and, if only one is observed,
it can be reduced to the standard by a correction +3.358 or -3.358. But it is

not necessary to take the mean of the lines as a standard, as any one of them may
be so taken, or even any other point where there is no line, as the point is on
to be used in the mathematical and finally disappears alto

Table IT. gives results of this nature. The letters at the top of each series,

^. U^ h, h etc., are the arbitrary names of the standards. The first columns refer
to the series of observations, - Co." being observations made at the time of measurii

cidences

it

'
^^^^^ ^' 1^' ^tc., refer to photographic plates; C, B, etc., refer

to the series as given in the final table, although they may differ very slightly
rom the latter, as the final table contains slight corrections. Fi-ures in parentheses
are the number of readings. The photographs were usually measured from two
to SIX times. •

Table III. gives the first series of observations made in 1884 with a 21| foot
concave, 14,436 lines to the inch. The numbers taken for the standards are only
piennmary,and agree as nearly as practicable with my Table of Preliminary Stan-
auis As only diferences are finally used, they are sufficiently near. The fractions

give the order of the spectra observed
Thus, the first ob

Correction to standard _ .626

on h and t is worked up as follows

4G91.590 '
7027.778

+ 2.785

4G90.964 7030.563
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4691.590 4690.326 7027.778

.626 +.620 +2.785

4690.904 4G90.952 7030.503

4691.590 . 7040.092

.626 -0.."'>17

4690.904 7030.545

Weight. h. t.

1 4690.964 7030..-5G.?

2 4090.958 7030.503

2 4090.904 7030.515
i^_ - —-"

4090.962 7030.550

The equation 3/^ — 2^=11.774 then rendily follows.

Tables IV. and V. are from a 21| foot concave ^vith 7218 lines to the hirh,

used on both sides, and thus equivalent to two gratings used on one side only.

I have not yet determined theoretically whether the minor cnors arc perfectly

neutralized in this manner: but it would evidently have a fcndency in thi^

d

The photographic coincidences are given in the main table (X.), as not on

the standards are compared by this process, but whole regions are photographed

side by side. Both a 10,000 and a 20,000 concave were used for this work.

Table VI. crives the collection of the equations relating to the visible .p-frum,

the final results beinir given in Table VII

The proper method of treating these twcntj-six equations would be by the

jmed

method of least squares. Bot it would be so long and tediou-s, and so b.ble (o

mistake, that I have adopted the method of stnrting at one po.nt, and gn,ng to

until all the equations are reached. Thus (T,l)le Xll), startnig with an n-

value of e, we can calculate p, », I, J', h "> ^-

r 7 f m a

Using the eiglit values thus found once more, from f we have ^, .",
'

'"'

we have h,i,g; with similar results for the others. Collecting, we then hav
/,

.. /, y, ., I, 1 . „ „ i. Using these once ^^^r^ '-']^:^^,
standards. We could do this an, number

^^^^^^^^Z^^^ ,^^. ,-„%he

but I thoudit this number was sufficient. Ihe second (

same manner, startino; from
given ill Table VIII

• TnhiP W Tnkim? the mean

The results of the two calculations are give m Table
.

•

^^^^ ^^^^^^^

and adding the results of local micrometer measurement,

marked "Relative Wave Lengths."
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Reducing these values by 1 part in 200,000, we make them agree with the

uhsolutc vsihie o^ the standard as before agreed upon. Thus the column of stau-

durds is obtained f()r use in the visible spectrum.

For ordinary interpolation with the short and imperfect micrometers generally used,

and ^Y0^king with a flat grating and a spectrum not normal, the standards would be too

fur apart. But with such a long and perfect micrometer as I use, and working with

the normal spectrum of a concave grating, they are entirely sufiicient. However, I

hiive fdlud in the interval from 7030 to 7621 by some extra sub-standards at 7230.

The micrometer for eye observations has a range of five inches, and the machine

for measuring photographs of more than twenty inches, both with practically perfect

screws made by my process. The eye observations are not an interpolation, in the

ordinary sense, between the standards, but the whole series is continuous, the mi-

crometer observations overlapping so that they join together to any length desired,

liy measuring from the B line in one spectrum to the D line in the next, and
I

including the overlapping spectra, no further standards would be necessary, as

all the linos of the spectrum would be determined at once, knowing the wave

length of the D line. But I usually plotted the difference of the standards from

the micrometer determination, usually amounting to less than one or two tenths

of a division of Angstrom, and so corrected the whole series to the standards.

Somctnnes two, or even three, overlapping spectra were measured at once.

To make Table X., the followin.o: process was used.

1st. From all the ob

o

my disposal, I determined a few mor
around the main standards, and put them in the second column, marked St., so

that 1 should have a greater number of points to draw my curve through.
2d. I then put down a few obscFvations which were made by measuring over-

lapping spectra.

3d. Then the main eye observations were put down as follows

:

!> extending from 4071 to 7040, 2d spectrum, 14,43G grating.
1 " " 4009 to 7035, « « u u
^ " " 4859 to 7040, « " « «
c " «

C « «

h « «

i (( u

Cf « «

4ho9 to 6079 (fragmentary).
6855 to 6909, 2d spectrum, 14,436 grating.
5162 to 7201, « « i( «

6742 to 7628, 1st spectrum, 14,436 grating
m-^ I 11-. » ^ ^L .M^ ^^^ mW ^^ '^ . .

ii u

< " " 6499

6065 to 7671, " ' a

6855 to 7714, plane grating.

5139 to 5296, 2d spectrum, 14,436 grating

a « u
i< a u

E '< ^i

6278 to 6322, « u «
404S to 4824, « « u a
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4th. The series of photographs containmg coincident spectra, iiioslly on jilih .s 90

short as to make the spectra nearly normal, were now introduced. The pklcs

were numbered from 1 to 20, Nos. 7 and 19 being rejected becnn*»c Imperfect.

This series of plates were obtained by pliotographlng a, narrow strip of ona

spectrum between two strips of another, the overlapping spectra being scpnrnt.-d

by absorption. In order to eliminate any change in the apparatus during the
*

exposure, the latter was divided into three parts, the first and Ihird being gi\en

to the same spectrum.
F

This series of plates gives me a continuous series of pliofograpli< from wave h'ugth

7200 to the extremity of the ultra violet spectrum, each part being inlcruov^.. wIlli

one or two other parts of the spectrum. Thus, wave length 3900 comes from ^2^0

and 5850 with only a slight difference in values. There is srnrcely any different a

in any wave length as derived from any portion of the spectrum; thus proving tlie

accuracy of the whole table. The description of the plates is as follows.

PEGTOGRAPniC COINCIDENCES.

Concave Grating 10,000 Lixes to the Ixrn.

Spectra. Plate. Standard.

1 4407 to 4643 and 3331 to 3486 /, f;

" 2 4637 " 4890 " 3478 " 3007 h,J

" 3 4823 « 5068 « 3612 " 3805 j\ k

« 4 4919 » 5133 « 3C83 " 3875 y, h

« 5 5050 « 5288 « 3780 " 4005 k, ?

6 5097 « 5333 " 3821 " 4157 h ^

U 7
' « 8 5242 " 5477 " 3937 » 4121 I, m

(( 9 5405 " 5662 « 4073 " 4222 m, n, e

" 10 5582 « 5816 « 4293 " 4376 «,/

11 5782 « 5934 " 4343 « 4447 o,/U

ii 12 4157 " 4267 « 3129 « 3218 «

13 4157 « 4325 " 3094 " 3246 e

14 3218 » 3318

15 4391 " 4643 « 3292 " 3478 /, ^

I 16 5788 « 5977 " 3864 « 3977 o

a

u

u 17 5788 « 5977 " 3S64 « 3984 o

18 5715 « 5977 « 3875 » 3977 o

« 19

^ 20 5853 » 6509 " 3024 "320^ o,r,q

Plates 7, 14, and 19 were imperfect, owing to clouds pa««in..^ over the sun,

although a i)art'(3218 to 3318) of Plate 14 was used for interpolation,. as observa^

tions were scanty in that region.
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It is seen that some of tlie plates have only one standard upon them. With a

plane grating Id be impossible to work them np, but with the normal spectrum

produced by the concave grating only one is necessary, as the multi|)lier to red

reading ly a constant. In working up a whole series of

plates, there is no trouble in giving a proper value to the constant for any pi
w

the series which has only one standard.

PJute 17 was measured twice by two dividing engines, and as it was a specially

goorl plate, each measure was given a weight equal to one of the other plates.

The principal error to be feared in these plates is a displacement of the instrument

between i\\Q time of the exposure on the two spectra. This was guarded against by

the method above described. In Plates 17 and 20 there was a portion of the plate

on which both the spectra fell all the time, and thus gave a test of the displacement.

This was found to be zero. The other plates overlap so much that there are gen-

erally two or more determinations of each line. A comparison of these values shows

little or any systematic variation in the different plates exceeding yj^ division of

Angstrom. Plates IG, 17, 18, and 5, 6, 8, all give the region 3900 as derived

from 5200 and 5850, and thus give a test of the relative accuracy of these latter

regions. It is seen that the two results of the region 3900 differ by about .015

division of Angstrom. Were the wave lencrths of the re^-ion 5170 to 5270 to be

increased by .020 the discrepancy would cease. The amount of this quantity seems

rather large to be accounted for by any displacement of the spectra on the plates,

but still this may be the cause. Again, it is possible that different gratings may
give this difference of wave lencrth from the cause I have mentioned above. This

Ih Lve shown, exists in the same degree in plane gratings as in concave.

I have not attempted to correct it in this case, but have simply taken the mean
of the two values for the region 3900, and so distributed the error. This is the

greatest discrepancy I have found in the results, except in the extreme red.

Thus the region 3100 to 3200, a portion for which Plate 20 is to be relied upon,

gives the wave length of the ultraviolet .01 division of Angstrom hi-her from the

O

f

4200 than from 6300. As the discrepanc

C'^"'""" '"O

befo
tue concave gratmg were often a whole division of Angstrom, I have regarded this

result as satisfictory. Indeed, until we are able to make all sorts of corrections due

to the change in the index of refraction of the air with the barometer and ther-

mometer, it seems to me useless to attempt further accuracy
\i of photographic plates into the table, especially the Ion

required for metallic spectra, it becomes necessary to correct them for the departi

J'.
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from the normal spectrum due to the use of long plates. Tlic plates in the hi)\* an'

bent to the arc of a, ch'cle of radius r. "When aflorwards straighleneJ \\c iiit'!i«nr<»

the distance by a linear dividing engine. Hence, what we measure Is Die nic with

radius r. Let a and /3 be* the angles of incidence and diffraelion fnmi the gratinjr.

We have then to express /B in terms of S. Let X be the wave length, and ii and .V

the number of lines on the grating to 1 mm. and the order of the ppretrnni n >pee(-

tively. Then

X = (sin a + sin ^) ;nN

b ( „ 5
sin 5 = ^ sin -cos

( }' + ^^ R '1 \

Li these formulae a is the angle to the centre of the photo-rnpbic plato, and fi

and 8 are also measured from the centre, y is the angle between the radius Umx li.e

centre of the photographic plate and the line drawn from that point to the centre of

the grating. When properly adjusted, y will be zero. Also wc make 2r = //,

to obtain perfect focus throughout. So that

;.=:-L [sin« + Bin-).

Callin- X„ the wave len-th at the centre of the plate, we have approximately
^ /VQ l^iXV. »f«*V. XV.^^^

;_ ;.^
^ _^_ !^\?. -?.)«+ etc.

'2 11 N 6

The first quantity
8

2nN
f X-Xo

be

f the correc
The last term is the required correction expressed in terms of the pr

length. The correction in actual practice has been made from a plot

tion on a large scale, and never amounted to more than a few hundredths

division of Angstrom, even for the longest plate.

In two or three plates the camera was displaced, so tliat y had

cases no attempt was made to measure y, but the plates

In snrh

ily used for

L v.^,nT« iispd as snbslandards.

:.polation by drawing a curve through ccrt.ui iioui« ued

These substandards were principally used for worlung up the la. .a l

graphic pi the solar spectrum and
pectra of

higher orders, or both. Some of them contamed three metaUic spectr
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Thus the region 3900 in the solar spectrum has been obtained from both

wave Ieii"ths 5200 and 5850. The mean of these gave values of the substandards

for working up the plates taken at this pointy and containing also metallic lines

at 2700.

A<'ain. the boron lines at 2496 and 2497 have been obtained from the reo-ions

4S00, 3200, and 3600. The mean values give substandards for working up the

luetuIHc spectra of that region. Also the near coincidence in the values of the

wave lengths of these lines Indicate the relative accuracy of the regions 2496, 3200,

oGOO, and 4800.

The use of these substandards is as follows. The photographic plates, mostly

]0 inches long, were measured mostly on a machine giving wave lengths direct.

The difference of the results from the substandards were then plotted on a paper

the curve of correction for length upon it in such a way that the final marks

should theoretically be a straight line. This was actually the case in all but a few

plates, in which the cnmera was displaced. A straight line was then passed through

all the marks as nearly as may be, and the correction taken off. This correction

could thus be obtained to jj\-^ division of Angstrom, and amounted to only a few

hundredths of a division at most. Possibly j\ division of Angstrom was the greatest

o

rection required for len

In this way each plate of all the wave length d

tions throughout its extent, and will not admit of any correction save a linear one

should such ever be required in working over the table again.

In every plate having a solar and metallic spectrum upon it, there is ofte

indeed always— a slight displacement. This is due either to some slight displace-

ment of the apparatus in changing from one spectrum to the other, or to the flict

that the solar and the electric li,srht pass throudi the slit and fall on the gratingQ .- ^ ^^^^^ uiAi yj 11 i^

difierently. In all cases an attempt was made to eliminate it by exposing on

the solar spectrum, both before and after the arc, but there still remained a dis-

placement of jI^ to ^fo division of Angstrom, which was determined and cor-

rected for by measuring the diiference between the metallic and coinciding solar

hues, selecting a great number of them. f possibl
The changes from sun to arc light are much more extensive than from one order

of solar spectrum to another. In two cases T have tested the latter, and found no

displacement, and have no fear that it exists in the others.
In workmg up the plates, I have started at the plates whose centre is at wave

length 4600, and proceeded either way from that point. For this purpose I have
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used tlie plates originally obtained for metallic spectin. generally ii>ing tlie lines dno

to the impurities. The method, I believe, is obvious from the faltle. For ,. 1

substandards are necessary, but are used whenever ihvy lieroiiK* ^n.

(Hi J[

region no

TABLE 1.

PRELIMINAKY OBSERVATION? BY MR, KOYLE,

Made at Baltimore in 1882 and 1883.

Spectra.

From
5G24. 23
and

5C24.76.

4215.67

4325 02

4376.06

4497.06

4501.44

4691.64

4824.34

4919.15

4920.70

4924.13

4991.39

5006.31

5060.22

5109.82

5110.58

5162.51

From
4824.34.

5353.64

5361.83

Table." ^*

i

Spectru.

4

From

and
5624.76.

5624.23

5624.7G

6246,r)8

6322.91

6431.09

6563.04

6750.41

6752.92

4824 3*.

6024.31

GO27 .31

078«.ll

5791.21

5bUii.ll>

5^03.07

5^06.17

5914.30

r ..1

' i

4 I «

O^

.uu

f

n-s4,n M^

• This column lias been added from the final table of standards,
^'^"^^^^^^^^^^ The difTeri

on account of the inferior grating he used. The comparison \s tims o i

to want of precautions which were finally adopted.

» are prob«iW> du

VOL. ir.
10
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TABLE 11.

RELATIVE MEASURES AROUND STANDARDS

[The figures in parentheses are the niimher ofreadiiir/s]

e

Co. (8) ,

" (8)

« Phot

" (8)

" (8)

" (4)

Mean

Plate 9

"10
" 12 . . .

"13
« 19

Mean

Correction to standard .

4215

+ 3.358

4222

6.720

6.714

6.723

C.717

6.710

6.715

6.7166

6.724

6.724

6.705

6.707

6.725

6.717

3.358

Co. (4)

(6)

(6)

(4)

U

u

Plate 15

1

Wt.l
c;

ii

u

1

1

1

Meian

Meian

Give first three times weight
of second mean

Correction to mean .
.

*

Correction to standard .

ff

4494

2.308

2.313

2.317

2.332

2.317

2.321

2.328

2.324

2.319

5.270

4497

5.270

4501

4.398

4.397

4.400

4.401

4.390

4.392

4.392

4.397

5.270

+ 7.589 +5.270 +0.873

4508

11.415

11.412

11.409

11.418

11.413

11.410

11.410

11.412

5.270

6.142

h.

Co. (8) . .

" (6) . .

.

'. ; ;

" (4) . • . . . .

" (2)

" (6) ...... .

Mean
Plate 2

Correction to standard .

4690 4691

1.257

1.245

1.249

1.254

1.251

+ 0.026

1.251

1.254

.020

3.925
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i.

Co. (4)

Plate (3)

Mean

Correction to standard

4003

+ 14.033

•JO.()38

20.009

OU.GHG

6. f>T

1?3

1

21.171

21.176

2 1.4 or,

2LI72

i .439

/.

Co. (8)

Plate 3

4

5

((

((

Mean

Correction to standard

50G0

+ 4.427

5oni

4.586

4.588

4.578

4.5^1

0.1[)7

8.G86

8.0U5*

8.700

«.61tG

1.209

Co. (6) .

(6)

« Phot.

((

C(

Mean

/

5269

.783

.781

.788

780

J83

C
R
P

d

c

C
S
R'

I.

.5270

.756

.773

.757

.780

.768

.782

.780

.780

.774

Plate 9 .7^6

« 5 .781

« 6 .792

« 7 .798

« 8 .777

.788

.777

Menn 2) .780
I Id HTBIPII

Correction to standard ± .390

/

Mean .779

n.

Co.
u

ii

a

<c

i<

u

cc

Weight 2

2((

u

ii

a

(C

u

u

1

2

1

1

1

1

.500

.515

.516

.512

.500

.517

.500

.523

5624

Correction to standard + .255

5621

.255

Mean .510

50 observations in all.



120 ON A tai;le of standard wave lengths of the spectral lines

Co. (4)

(4)
u

a

u
(6)

Phot

58G2

Mean

o.

5890 5896

5.9C6

5.973

5.961

5.975

5.969

5914

24.198

24.192

24.199

24.203

24.198

C

h

Plate 19
« 11

" 16

« 17

Mean

27.593

27.599

27.622

27.605

27.582

27.600

27.607

27.612

27.002

5.981

5.976

5.971

5.954

5.990

5.979

5.974

5.976

24.192

24.222

24.186

24.204

24.222

24.201

24.200

24.207

5.975 24.204

Taking this series with

we have

Add

Correction to standard

twice the weight of the other,

27.602

.643

28.245

.643

.64"

5.973

.643

5.330

24.202

.643

23.559

Co. (4)

" (8)

C
R

h

Mean

6246

71.703

71.719

71.711

71.704

71.718

71.711

2.336

Correction to standard + 74.047

P
6318

2.336

6323

4.674

4.674

4.665

4.672

4.667

4.688

4.660

4.671

2.336

+ 2.336 2.335

«

Co.

C

P
h

o

b

Mean

Correction to standard

6363

+ 3.206

6564

1.323

1.331

1.354

1.373

1.345

+ 1.861

6569

6.405

6.423

6.422

6.415

6.400

6.405

6.412

3.206
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Co. (2) . . . .

" (4) . . . .

'* (6) . . . .

« (4) . . . .

Mean

C
Ji

h .......
C

Mean

General mean

Correction to standard

t

7023

6.7GO

+ 6.702

i 027

8.982

3.071

8,954

8.01*8

8.080

3.939

3.DU1

3.070

8.077

6.762

+ 2.7^5

7010

it;.2<>i

10 202

lO.uJO

T).2;k)
-L

lO.auG

16.^32

16.810

lO.HiiO

1G.3UI

I6.:;i2

10.309

6,7(>2

-9.517

TABLE III.

SIX-INCH CONCAVE GRATING.

Orders of
Spectrum.

(1) No.

i

of readings

2ob.

2ob.

4ob.

Grating 14,436 lines to the inch, and 21 J feet radius,

Observations made iu 1884 by Rowland.

4691.590

4691.500

4691.590

4690.326

7u27.778

7027.778

Hence

4690.96: « = 7on0.556

3 A-2f = 11.774

7040.092

(2) § 4ob.

Hence

4215.656

Be- oP

6322.906

15.900

(3) f

(4) %

(5) §

(6) f

(7) I

10 ob.

10 ob.

4ob.

10 ob.

7ob.

Hence

4376.101 6563.042

2 5-3/=4.193

4376.104

Hence

6563.042

2 ^-3/= 4.220

6564.423

6884.082 4590.10Q 4588.364

6322.879 4215.655

Hence 3e-2i? 15.951

6322.879
4215.651

Hence $e-2p 16.939
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(8) I 4 6b.

Hence

^

450L442

3^

6750.391

2s 6.163

(9) f 8 ob. 4508.445

Hence

4504.991 4502.385 4501.442

3^ 2s 6.117

6750.405

(10) 5 10 ob.

Hence

4501.439 6750.403

3^7-25 6.130

(li) I 4 ob.

4222.306 4215.670

Hence

6322.902

Ze

6318.250 6285.340

2i^ 15.898

6252.782 6246.535

(12) f 4ob.

Hence

4691.588 7027.782

3 7i-2i^= 11.752

(13) I

(14) I

9 ob.

6ob; 4691.588

Hence

6439.310

7035.164

4293.240 (G)

7027.771 7016.749

3/i 2t 11.774

7016.364

m f

(16) f

(!) f

6ob

6ob

4 ob

Hence

4501.426

3^

6750.406

2s 6.085

6439.300 6431.070 4293.232

4823.699 4824.312 7233.927 7233.166 7240.972

Collecting, we have for the relations established by this gratin
quatious

:

01*

o the following

8ob.

4ob.

6 ob.

Mean

10 ob

10 ob

Mean

4ob.

3A

Bh

2

2 2

2 2

6884.082

2t

2t

U

3/

3/

11.774

11.752

11.774

11.769

4.193

3/= 4.220

4.207

4590.109

4ob.

10 ob.

7ob.

4ob.

4 ob.

8 ob.

10 ob.

6 ob.

4588.364

17

.381

Be
Be
Be
Be

Be

^9
^9
^9
^9

^9

2p

2p
2p

'Zp

2s

2s

2s

2s

2s

15.900

15.951

15.939

15.898

15.931

6.163

6.117

6.130

6.085

6.121

. ^
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9ob. G430.310

7

.317

4293.240

5

.245

Cob. 6439.300
o

.320

643L072

20

.092

4203.232

13

.'245

4ob. 4823.699

685

.014

4824.312

312

.000

7233.927

10

.917

7233.1 CG

.ir,t]

7210.072

10

. 9o-»

TABLE IV.

SIX-INCH CONCAVE GRATING. 21J FEET RADIUS

7.218 linestto inch.— November, 1884.

Seui I^_Gkating ts DlKECT.

(1) t Sob 4691.584

Hence

Observed h\ Rowlaml

4090.328

Qh - 5 71

5024.777

23.137

6024.265

(2) I 6ob. 4508.455 4501.440

Hence

5624.763 5624.248

5^ in 13.550

4497.013 4494.7;]0

(3) 8 ob. 4222.382

Hence

5624.765

4e- Sn

5624.260

2.552

4215.GG1

(4) Sob. 4222.380

Hence

5624.765

4e 3«

5624.268

2.538

(5) f 4ob. 6013.770

Hence

4508.473 6003.264

3 (6003)
-

4501.414

4^ z:. 10.275

4215.665

4497.050 4491.718

(6) I
.8ob.

4508.449

Hence

(7) I Sob.

5405.977

6^7 bm

Hence

4501.440 6750.394 5397.338 4497.040

5.581; bm-is

6322.910

bp (yl

6.709; Or^-is

5270.499

17.779

O »M»(I

4494.723

(8) I 8 ob.

Hence

6322.910

bp Gl

5270.499

17.779
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(0) « 4ob. 6322.910 5270.501

Hence 5^ - 6Z = -17.791

(10) I
4ob. 5270.600 6322.911 4508.458 4501.454

Hence bp-Ql = - 17.780 ; 5_^ - 7 ^ = 86.633 ; %l-l g = 104.413

(II)
I

6ob.

The fiftfi spectrum was very difficult to see, and hence the observations on e are poor.

7040.052 4222.390 7027.717 5270.500 5269.718 4215.681 7023.722

Hence 3 « - 4 / = 11.055 ; 5 e - 4 ^ =. 14.739 ; he-^t = 3.084

(12) I
4ob. 7040.072 4691.592 5624.765 7027.750 7023.782 5624.267

Hence 4^; - 5n= -.440 ; 5 ?i - 6 7i:= -23.216 ; 4:t - 6A = -23.656

(13) I 4ob. Poor series.

5896.166 4691.585 5862.590

Hence 4o - 5 /?. = 108.549

(l-l)
I

2ob. Difficult to see.

7040.061 4222.378 5270.499 5269.724 4215.710 7027.749 7023.767
Hence 3* - 4Z= 11.134; f>e-~Al= 14.776; ^t-be = ~ 3.642

O^3).|6ob. 4G91.600 5624.789 5624.277 4686.422 4679.048
Hence 6 7i- 5?i = 23.179

(1«) f 4 Ob. 7040.067 7035.194 5624.765 7027.757
Hence At-bn .426

(IT)
I

Sob

^mS)U 6335.556 4222.377 5064.835 5060.250 4215.660 6322.912 6318.238
Hence

4^ " 5 1^
= -41.070

;
5 7: - 6. = 9.262; 4^ - 6. = 31.808

^*^> * ^^ °^-
4215.650

Hence
6322.903

6e - 4^ = 31.776

('») t 6
Ob. 65C4.418 66C3.04G 5270.501 5269.718

Hence a ^ e » ^^^•^ 4?- 5Z = -85.486

(20)
I 4ob. 5914.3r,6 4->'>2 3^i iqo< noo^

n. . .
-"^'^^^ 4924.938 4924.098 4215.652 5896.150

Hence 5o — 67 — — ^n of^ ^ •^J~ 50.94-; 6^-
/ e = -28.009 ;5o- 7^ = 78.956

(^1)
f 4 Ob. 5014.376 4222.370 4924.952 4924.106 4215.652 5896.126Hence 5o - 6 /- -^^i n.Q r- t

"^-i^.oo.
^J- 51.043; 6j-7e = -27.999; 5o-76 = 79.042

(22) I 6 Ob. 5788.142 5791.202 4824..320 4823.696
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J

TABLE Y.

7,000 GRATING KEVEUSED

(23) I 6 ob. Nov. 15, 1884. Excellent set.

5896.158 5890.189 4703.1G4 4001.509 4';;h».;{-J1 4(.^...71(^

Hence * io- bh = 10S.585

(24) f 4 ob. Excellent set.

4508.461 4501.444 5624.770 5624.254 44:t7.048 41L'1.711

Hence 5y - 4^? = 13.512

(25) I 4ob. 4222.309 5270.506 52(;9.725 4215.G70

Hence 56- 4/ = 11.635

(26) I 4 ob.

5914.380 4222.382 4924.946 4924.110 4215.067 589C.1G1 5800.1^- 1
ITL'

Hence 5 o - OJ = - 50.920 ; 6^ - 7e = -28.115; 7e-5o = 79.035

(27) ^ 6ob. 5270.501 5269.713 4376.107

Hence 5Z- 6/= 93.893

(28) f Cob.

5914.389 5896.151 5890.190 4703.160 4691.569 4690.318 5862.5«6 5S59.S15 4GSa..a'.*

Hence 4o - 5 A = 108.596

(29) I 4 ob.

6569.455 4924.953 4294.109 6563.050 6546.494 4903.477 4859.911 6ir.-j.799 4824.291

4823.667

Hence 3 ^ - 4/ = 28.704

(30) I 6 ob.
6

6594.108 6593.164 5270.500 5269.720 6569.438 6563.000 6250.«25 5250 HO* 4376.loO

Hence 4 r - 4 j = 109.548; 4^ - 5^ = -85.554; bl-6f= 93.950; 4^-6/= 8.«J0

(31) I 12 ob. Excellent.

6884.080 5162.456

SIX-INCH CONCAVE GRATING. 21i FEET FOCUS.

10,000 lines to inch.

I Slit wide open to see A, so that definition ^vas i>oor.

^^ ^!^' !::^:::!:

5068.943 7621.245 5083.513 6090-9'-
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TABLE VI.

COLLECTION OF OBSERVATIONS FROM ABOVE

e.

Wt. Ob.

1 (8) 4e

1 (8)

4e

3n

3«

2.55:

2.538

I - J T-

L>.545

Wt. Ob.

li(6) 5e

1(2)

1 (4i?)

be

il

\l 14.691

Ob

14.739 (6) he

14.776 (2)

14.635

2>t

be-^t

3.642

'\673

Ob.

3.684 (8) 6e bk 9.262

1

wt. Ob.

1 (1.5)

(04)

(010)

(07)

(04)

6e

6e

4;;

-4;,

.*.3e — 2j5

+ 3L808

31.776

31.800

31.902

81.878

31.796

^^1.812

15.906

wt. Ob.

1
(4) le

1 {\R)

i e

6./

6i

28.009

27.999

28.115

28.060

wt. Ob

1 (4^)

le

i e

bo

bo

78.956

79.042

79.035

79.017

Ob.

(6 7?)

(6^)

6/

6/

bl

bl

93.893

93.950

93.921

/.

Ob

(6i?)

(010)

(010)

6/ iq

6/ 4^

8.39G

8.386

8.440

S.407

Ob

(6) b r,

5
i7

(4)7^

4 71

4«

6Z

13.550

13.512

Ob.

(8) 6y

13.531

-104.413

m 5.581

.(/

wt. Ob

1 (8) 6y
(04)

(08)

(010)

(06)

2

6i7

45

4«

Ob.

12.290 (4) If/

12.326

12.234

12.200

12.172

12.258

bp 86.633

Wt Ob.

4 (8) 6 A
2 (4)

3 (6)

6A

5 71

5 n

23.137

23.216

23.179

23.169

Wt. Ob.

h.

1 (4) 6/i

2

(08)

(04)

(06)

.6 A

4?f

4«

23.656

23.548

23.504

23.548

23.577

Ob.
./

(4) bh
(6i?)

bh

lo

-io

108.549

108.585

108.596

108.577



ON A TABLE OF STANDARD WAVE LENGTUb OF TIIK SPECTRAL LINTS. 1

Wt. Ob.

1 (^) ey

1 (4)

1 (4^)

6y

5o

bo

50.947

51.043

50.920

50.970

Ob.

^J

J

i 6

i e

28.009

27.900

28.115

28.0G0

OH,

{\n) Aj 'i^ 26.704

A'

Ob.

(8) 5^ 4^ 41.070

Ob.

(8) 6/; 6e 9.2C2

Ob.

(8) 6Z

(8)

hp 17.779

17.779

17.791

17.780

Ob.

(4) 6Z ^i7 104.413

L
Ob.

(G) 4Z

(2)

(4iJ)

4/

5c

6c

14.739

14.0:55

14.G01

Ok.

(6) 4/

14.770 (2)

4/

3f

Zl

11 . •)

IJ i::t

Ji.o:.*

6^ 5P 17.781

(G) bl

(QR)

hi

^1

42

85.486 (6i2) 5^ - 6/= 93.^03

85.554

85.520

(6i?)

5Z 6/

9n.050

(93.921

m.

Ob.

(8) 5 m 6i? 5.581

Ob.

(8) 5 tn, \& 6.709

Ob.

(8) 3 n

(8) 3 7i

3w

4e

4e

4e

2.552

2.538

2.545

Ob.

(8)

(i)

(6)

5 n

5 ?i

n.

G/i

G/i

23.137

23.216

23.179

23.169

wt Ob.

1 (6) 4/i

1 (4/0

4 /i

&r/

5r/

13.512

13.531

^

(4)

5ri

57i

U

it

.410

.426

.433

Wt. Ob.

1 (4) 4:0

1 (QE)
1 (Ci2)

4o

5h

bh

108.549

108.585

108.596

108.577

wt. Ob

o.

1 (1) bo

1 (4i?)

5o

6i

6i

60.947

51.043

50.920

50.970

Ob.

(4) bo

(4)

(1^)

5o

< e

i

•J9 '^^O

<070.ni2

79.'^^5

79 017
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Ob

P
Ob. Ob. Ob.

(S) 5;?- GZ= -17.779 (4) 5i)- 7^ = 86.633 (8) 4^? - 5 7c = -41.070 (8) 4^ - 6e = -31.808
(8) = -17.779

(4) = -17.791

(4) = -17.780

Ob.

Ob.

6;j-6/= -17.781

(15) = -31.776

(04) • = -31.800

(010) = -31.902

(07) = -31.878

(04) = -31.796

4^-66= -31.812

<1

Ob, Ob.

(6)^ 4 J - 5 ; = - 85.486 (4^)' 3 y - 4/ = 28.704 (6i?) 4;?- 6/= 8.396

(010) =8.386

(010) = 8.440

(6i?) =-85.554

(6) 4^-5/= -85.520 4^-6/= 8.407

(6^) 45^-4^= -109.548

r.

(6^) 4r-42 = 109.548

s.

Ob.
Ob.

(8) 45-5m = 6.709 (8) 4. - 6^ = -12.290

(04) = -12.3361

(08) =-12.234
(016) = -12.200

j

(06) =-12.172 J

4s - 6^= -12.258

t.

Ob. Ob.(6)8^
4/ = ll.055 (6)3.-5.^-3.684 (4) 4. - 5^ = -.440 (4) 4. - 6 A == -23.656

^^ -''-^'^
(-^ =-3.642 (4) =-.426 (08)

=-23.548

(04)

(06)

23.504

23.548

oc i)e= -3.6^3 4^ - 5,^ _ ^^433 4. - GA = -2d.t)/

'
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TABLE VII.

TABLE VIIL

FIRST CALCULATION.

5

2

3

2

3

3

1

3e

4e

5e

6e

7e

7e

be

12657.072

15.906

1G876.096

2.545

21095.120

14.691

25314.144

+ 9.262

29533.168

28.060

29533.168

79.017

21095.120

3.673

€ 4219.024

2)12641.106

3)16873.551

4)21080.429

5)25323.406

6)20505.108

5)20454.151

3)21091.447

6320..'«3

5624.517

5270.10 i

5064.n81

4917.518

5poo.830

7030.482

P

n

I

k

J

t

jj
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1

2

4

bp

ip

bp

31G02.915

8G.G33

25282.332

+ 4L070

31002.915

+ 17.781

(5) p 6320.583

7)31516.282 4502.326

5)25323.402 = 5004.680

6)31620.696 = 5270.116

9

7c

I

1

2

4

3

2

3

bn

bn

4.n

28122.585

+ 23.169

28122.585

.433

22498.008

+ 13.531

(2) n 5624.517

6)28145.754 = 4690.959

4)28122.152 = 7030.538

5)22511.599 = 4502.320

h

t

9

1

1

1

3

4

3

1

1

bl

%l

bl

^l

\l

20350.535

93.921

31620.042

17.781

26350.535

85.520

31620.642

104.413

21080.428

+ 11.075

(3) I 5270.107

6)26256.614 = 4376.102
i

5)31602.861 = 6320.572

4)26265.015 = 6566.254

7)31516.229 = 4502.318

3)21091.503 = 7030,501

/

P

?

9

t

2

2

2

1

1

2 bh 25323.405

41.070

(2) h 5064.681

4)25282.335 = 6320.584 T \

3

1

6i

4;

29505.108

50.970

19670.072

+ 28.704

(3) 3 4917.518

5)29454.138 = 5890.828

3)19698.776 = 6566.259 q

2

1

^

4

3

4o

5o

23563.320

108.577

29454.150

+ 50.970

(3) 6 5890.830

5)23454.743 = 4690.949

6)29505.120 = 4917.520

h

3

2

2

1}
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Collcctincj.

e

wt.

10 4219.024 4219.024

wt.

10 n

wt.

2 5021.517 5624.517

Mu

S

/

9

h

J

k

2

1

1

1

1

2

3

2

2

2

4376.102

4502.326

.320

.818

4690.959

.949

4917.518

.520

5064.081

.680

4376.102

4502.321

4090.952

4917.519

5064.081

2

3

Z

5

4

/^

?

t

8

2

5

2

1

2

1

1

1

1

5SOO.S30

.828

G.'^20.5S3

.572

.584

0566.254

.259

7030.482

.538

.501

OSOO.a^D

G:i2(t.5SO

650G.2uG

0;;o..'»0 t

6

8

8

8

I 3

4

5270.107

.116 5270.112 7

wt.

3

3

3

5

1

(10). e 4219.024

k

I

n

P
t

4917.518

. 5064.681

5270.107

5624.517

5800.830

6320.583

7030.482

2

o

o

o

3

1

8

4

6/

6/

20256.612

+ 93.921
r>

26256.61:

+ 8.407

(2) / 4376.102

5)26350.533

4)26205.019

5270.10 I

6566.255

/

?

2

9

3

o

4

1

^9

^9

^9

ig

22511.605

13.531

27013.926

5.581

13506.963

6.129

31516.247

4- 86.633

(3) 9
4502.321

4)22498.074

5)27008.345

2)13500.!534

5)31602.880

5624.518

5401 /'CO

C750.417

6320.570

n

w.

n

P

2

1

2

1
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(3) h = 4690.952

3 6A = 28145.658 5)28122.489 = 5624.509 = n (2)

23.1G9

3 Zh = 14072.829 2)14061.041 = 7030.534 = t (2)

11.788

4 bh= 23454.715 4)23563.292 = 5890.834 = o (2)

+ 108.577

V

(5) y = 4917.519

3 6y 29505.114 7)29533.174 = 4219.025 = e 2

+ 28.060

3 6y = 29505.114 5)29454.144 = 5890.829 = o 2

50.970

1 4i = 19670.076 3)19698.780 = 6566.260 =: a 1

+ 28.704

(2) k =z 5064.681

o

4219.024 = e (1)

6320.584 = p (1)
/

\

(7) Z= 5270.112

3 4.1 = 21080.448 5)21095.139 = 4219.028 = e (3)

+ 14.691

3 5/ = 26350.560 6)26256.639 = 4376.106 =/ (3)

03.921

4 6Z= 31620.672 6)31602.891 = 6320.578 = i? (3)

17.781

3 5/ = 26350.560 4)26265.040 = 6566.260 = q (3)

85.520

1 6^ = 31620.672 7)31516.259 = 4502.323 = g 1

104.413

1 4Z = 21080.448 - 3)21091.523 = 7030.508 = t 1

+ 11.075
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C-^) n 5624.017

2

3

3

2

3 ii

4n

5 n

5 n

16873.551

4- 2.545

22498.068

+ 13.531

28122.585

. +23.169

28122.585

0.433

4)16876.090 = 4219.021

5)22511.599 = 4502.^20

6)28145.754 =z 4090.959

4)28122.152 = 7030.53^

e

9

h

t

1

1

1

1

(5) 5890.829

3

4

3

bo

4o

bo

29454.145

+ 79.017

23503.316

108.577

29454.145

+50.970

7)29533.102

5)23454.739

0)29505.115

4219.023

4090.918

4917.519

e

h

J

o

2

o

(8) P 6320.580

5

1

2

4

oP

bjy

4p

bp

12641.160

+ 15.906

31602.900

86.633

25282.320

+ 41.070

31602.900

+ 17.781

3)12657.006

7)31516.26 (

5)25323.390

6)31020.6'8l

4219.022

4502.321

5004.078

5270.113

e

il

h

I -

3

1

o

3

-x

4

1

3

VOL. XII.

4-?

37

iq

26265.024

8.407

19698.768

28.704

26265.024

+85.520

(3) q
6566.256

18

6)26256.61 i

4)19070.064

5)26350.544

4376.103

4917.510

5270.109

/

J

I

O

1

o



134 ox A TABLE OF STANDARD WAVE LEXGTHS OF THE SPECTRAL LINES

Resume.— First Calculation.

e

3

1

o

3

1

4219.025

.028

.024

.023

.022

.024 4219.025 (12)

m

n

1

2

2

2

5401.669

5624.51 i

.518

.509

6401.669 (1)

5624.515 (G)

/ 3

2

4376.106

.103 4376.105 (5)

o 2

2

2

5890.830

.834

.829 5890.831 (6)

9

h

J

1

1

1

1

2

2

2

1

4502.323

.320

.324

4090.959

.948

4917.518

.519

.516

4502.322

4090.952

4917.518

(3)

(3)

(5)

P

Q

s

3

1

1

3

2

1

3

2

6320.583

.576

.584

.578

G5GG.255

.260

,.260

6750.417

6320.580

6566.258

6750.417

(8)

(6)

(2)

k

I

2

9

2

O

3

o

50G4.681

.678

5270.107

.107

.113

.109

5064.680

5270.109

(4)

(9)

t 1

o

1

1

7030.482

.534

.508

.538 i 030.519 {^)
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SECOND CALCULATION.

5890.830

4

3

3

4o

bo

bo

23563.320

108.577

29454.150

+ 50.970

29454.150

+ 79.017

5)23454.743 = 4090.949

6)29505.120 = 4917.520

7)29533.167 = 4219.021

h

J

e

4

3

3

3

3

6h

6h

28145.694

23.109

28145.694

23.577

(4) 4690.949 h

5)28122.525 = 5G24.505

4)28122.117 7030.529

n

t

2

2

1

3
4i 19070.080

r

+ 28.704

(8) 4917.520 J

3)19698.784 = 6566.261

4219.026

1

e

1

2

I

2

3

1

5

2

3

4e

be

be

Se

6e

le

16876.096

2.545

21095.120

14.691

21095.120

3.673

12657.072

15.906

25314.144

+ 9.262

29533.168

28.060

(3) 4219.024 e

3)16873.551 = 5624.517

4)21080.429 = 5270.107

3)21091.447

2)12641.160

5)25323.406

6)29505.103

7030.482

6320.583

5064.681

4917.518

n

I

t

T

k

J

1

1

2

1

*>

e 3

2

4219.024

.026 4219.025 (5)

n 2

1

5624.505

.517 5624.509 (3)

h

h

I

4

3

2

1

2

4690.949

4917.520

.518

5064.681

5270.107

4090.949

4917.519

5064.681

5270.107

(4)

(5)

(1)

(2)

P

2

t

2

1

1

2

5890.830

6320.583

65G0.261

7030.482

.529

5890.830

6320.583

6566.2^1

7030.513

•

(2)

(1)

(3)



136 ON A TABLE OF STANDARD WAVE LENGTHS OF THE SPECTEAL LINES

6 = 4219.025 (3)

(2) 4e = 1GS76.096 3)16873.551 = 5624.518 = n (1)

2.545

(3) 6c = 21095.120 4)21080.429 = 5270.108 = I (2)

14.691

(1) be - 21095.120 8)21091.447 = 7030.483 = t (1)

3.673

(5) 3e = 12657.072 2)12641.166 = 6320.584 = p (2)

15.906

(2) 6e = 2.5314.144 5)25323.406 = 5064.682 = k (1)

+ 9.262

(3) 7e = 29533.168 . 6)29505.108 = 4917.519 =
_/ (2)

28.060

(3) 7e = 295.33.167 5)29454.150 = 5890.831 = (2)

79.017

h = 4690.949 (4)

(3) Qh = 28145.694 5)28122.525 = 5624.505 = n (2)

23.169

(3) 6h = 2814.5.694 4)28122.117 = 7030.529 = t (2)

23.577

(4) bh= 23454.743 4)23563.320 = 5890.830 = o (2)

+ 108.577

y = 4917.519 (5)

(1) 4J = 19670.076 3)19698.780 = 6566.260

+ 28.704

(3) Qj = 29505.114 7)29533.174 = 4219.025
4- 28.060

(3) 6y = 29505.114 5)29454.144'= 6890.829
50.970

k = 5064.681 (1)

2 5^ = 25323.406 6)25314.144 = 4219.024
9.262

? (1)

e (2)

(2)

e (1)

2 5^ = 25323.406
. 4)25282:336 = 6320^584=^ (1)

41.070
»
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; = 5270.107 (C)

(3) 41 = 21080.429 5)21095.120 = 4219.021 = e (1)

+ 14.001

(3) 5^=26350.535 4)2G2G5.015 = O'nn.o.'l = ,y (i)

85.520

(4) 6^ = 31G20.G42 5)31002.801 = C320.572 = p (2)

17.781

(8) 5Z = 20350.535 0)20250.011=437(1102=/ (1)

93.921

(1) 6^ = 31620.042 7)31516.220 = 4502.;n3 = y (I)

104.413

(1) 4^ = 21080.429 3)21091.504 = 7030.501 = t (1)

(2)

(3)

(3)

(2)

(4)

(3)

(3)

+ 11.075

n = 5624.509 (3)

3;^ z= 1G873.527

+ 2.545

4:71 -- 22498.036

+ 13.531

d7i ~= 28122.545
*

+ 23.169

5 72. -= 28122.545

.433

r

/

4o == 23563.320

108.577

bo == 29454.150

+ 50.070

bo -= 29454.150

4)16870.072 = 4210.01S = e (1)

5)22511.567 = 4502.313 = fj (2)

6)28145.714 = 4090.952 = h (2)

4)28122.112 = 7030.528'= i (1)

5890.830 (10)

5)23454.743 = 4690.949 = h (4)

6)29505.120 = 4917.520 = ;. (3)

7)29533.107 = 4219.021 = e (3)

+ 79.017

;? = 6320.583 (2)

(5) 2i> = 12G41.166 3)12657.072 = 4210.024 = e (2)

. + 15.906

(1) bp = 31602.915 7)31510.282 = 4502.326 = g (I)

86.63;

(2) 4p = 25282.832 5)25323.402 = 5064.680 = k (l>

+ 4L070

_(4) bp = 31602.915 6)31620.696 = 5270.116 = I (2)

+ 17.781

q = 6566.2G1 (1)
»

(4) 4 <? = 26265.044 6)20256.637 = 4376.106=/ 0)

8.407

(1) 8^ = 19698.783 4)19670.070 = 49U.520 =; (i;

28.704

(3) 42 = 20205.044 5)26350.564 = 52,0.113 = / W
+ 85.520 M
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9 4502.317 (4)

2

4

^9

9

27013.902

5.581

13506.951

6.129

5)27008.321 = 5401. GG4

2)13500.822 = G750.411

tn

s

(1)

(2)

4s 27001.644

• + 6.709

s 6750.411 (2)

5)27008.353 = 5401.G71 (1)

5 m

m

27008.320

6.709

5401.664 (1)

4)27001.G11 = 6750.403

Resume.— Second Calculation.

e

f

9

h

k

I

2

2

1

1

1

3

2

1

1

1

2

1

2

4

2

3

1

1

1

2

2

I

4219.025

.025

.024

.024

.018

.024

.024

4376.102

.106

4502.318

.313

.326

4690.952

.949

4917.519

.520

4
520

6064.682

.680

5270.108

.116

.113

4219.024

««

437C.104

4502.317

4690.950

4917.520

60G4.681

5270.112

(10)

(2)

(4)

(6)

(6)

(2)

(S)

m

n

o

P

2

8

1

1

1

2

2

2

2

2

1

o

1

1

o

1

1

2

1

1

5401.671

5G24.518

.505

5890.831

.830

.829

6320.584

.584

.572

65G6.2G0

.254

6750.411

.403

7030.483

.529

.501

.528

6401.667

\
5624.509

r.<?90.830

6320.579

6566.257

6750.408

7030.514

(3)

(6)

(5)

(2)

(5)
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TABLE IX.

TABLE OF PRLMARY STANDARDS.

I

First.

4219.025

4376.105

4502.322

4690.952

4917.518

5064.680

5270.109

5401.069

6624.515

5890.831

6320.580

6566.258

6750.417

7030.519

Second.

4219.024

4376.104

4502.317

4690.950

4917.529

5064.681

5270.112

5401.667

5624.509

5890.830

6320.579

6566.257

6750.408

7030.514

Mean.

4219.025

4376.105

4502.320

4690.951

4917.519

5064.680

5270.110

5401.668

5624.512

5890.830

6320.580

6566.258

6750.412

Relative

i 030.516

4215.667

4222.383

4376.105

4494.731

4497.050

4501.447

4508.462

4090.325

4694.577

4903.486

4924.112

4924.958

5060.253

5064.837

5068.949

5260.720

5270.500

5397.351

5405.985

5624.257

5624.767

5862.585

5890.187

5896.160

5914.389

6240.533

6318.244

6322.915

6563.052

6504.397

6569.464

6750.412

7023.754

7027.731

7040.063

AbSLiIute

Staudanls-

4215.065

4222.381

4376.103

4494.729

4497.048

450L444

4508.460

4690.323

4001.575

4903.484

4024.110

4924.956

50G0.250

5004.834

5068.946

5269.717

5270.497

5397.250

5405.984

5624.254

5624.764

5862.582

5890.184

5896.157

5914.38G

6246.530

6318.241

6322.912

65(33.049

6564.394

6509.461

6750.409

7023.747

7027.724

7040.056



140 ON A TABLE OF STANDARD WAVE LENGTHS OF THE SPECTRAL LINES.

From the foregoing we also find the mean of^ to be 7621.282, and the absolute

standard 7621.278.

DETER3IINAT10N OF A.

By the inicrometer across f the fi to th second spectrum of

a grating witli 21
J-

feet focus and lO^OOO lines to the inch, I obtained the wave

without

f lines in A more accurately

he accuracy of the rest of tlj

had ever before been obtained, b

Tl of this was the very

long distance to be measured in an interval y faint in light as to d

necessary to open the slit wide. The following results were obtained

:

7594.07

7G21.30

7G23.57

7G'24.86

7593.98

.15

.38

.71

INIean.

7594.02

.22

.47

.78

A 10,000 grating was finally found hich the A line uld be seen in the

d spec hence its den th third spectrum d ed

B the slit had to be so wide as greath mj

green of the third spectrum was so bright as partlj

the defi

blind tl

Besides, the

eyes to the A
proper ab medium was put

were obt foliows

:

However, fairly satisfactory

5068.9Gt

5QG8.950

50CS.957

7G21.310

7G21.255

7G21.2S2

5083.530

5083.520

5083.525

5090.981

5090.962

5090.971

5105.737

5105.716

5105.726

good

.

Each of these is the mean of many readings, and the agreement is not specially
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TADLE X.

DESCRirTiox OF TAr.Li:.

In the first column is the metal to which the line mcn^nrcd is siippo?r.l to l)vl<>nL^

Where 'a solar line 'is measured, it often hclongs fo several metals, tlioiiirh ilio \h\v<t

ily coincident. Wlien they are nppnrcntly coincident, thc} <Ti on

one Fe Ti. If the iron had coincided with the violet ^ide and tlio TV
14 'J t i ' '

d side it would have been written thus: ^r>. Ih.d the iron line coin

J >

cided with the violet side only, and the T, not at all, it vvotild hnve brm w.ittru

thus : n ^
Tl coknnn n-ivins the intensity in the arc is a very ron-h attempt oid) •^\ W M'

O' ' O

intensity as it appeared on the plates, without attciupting to dcfuie the Ffro,.,. ,(

line by any fixed number. The stronger the line the larger the number. 'J ho

: intensities in the solar spectrum are also only roughly ebiimatcd.

• In the next column the fifteen visible standards are ph.ml together with^the A

and another group at about 7200, which were used diflic

region. Next to these, wider sets of Hues depending on these were «»e.l n, <!.<,

strndards. so that the mean of a number of observations could be taken.

M

The eye ob

The ph

marked with letters ;>, <7, U, C, etc.

plates, most of which have coincidences with tho bh.o-viul.l

throuuli llic

or ultra-violetrare marked Plate 1, Plate ^2,
eta, to Plate 23, and

whole solar spectrum from ^yave line 300-5 to 7201.

Ti>e platL havin, the solar spoetrun. -^-:f^^:r^:f:^:^:^ZZ
metallic spectra alone, are marked O M. 44 „, M^ 20^^'^^'^^^ ,„, ^,,,

with a grating having 20,000 lines to the meh. The m K
^_^^

and Tr,etaUic spectra were taken at wave length 4400 m tl e
.

ec

j
the metallic spectra at 2900 in the third, and 2200 m the fourth. «or. al

'

The substandards are put in where reaui..d>^^
^^^ ^^^ _^^^^^,„^^^^„,

The small letters a, I, c, refer to the divimn^ li^

G means solar, and M metallic, and E reversed.

19
VOL. XII.
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Inton- Int«n- N»-
ftlty aity tnre

In tn in

Arc Stin Arc

Kind
of

Staiul-

M 44 u. M 29 III, M 22 IV

^—^ " ——

G M 48 II, M 32 III, M 24 IV

Ca

c

Sr Fe

c

!

Six'

c
X

SlH
J
a

Sit
J
a
H

SiJ
J
a

Mg

H

Si

b
X

Si

J
c
X

t

b
X

t
J
b

c
J
b
X

Sn
J

K

Sr

Sr

Si

Si

Si •

Si

Si

Al

Al

Ca
Ff ?

15a

Vo

Fc

Fe

Al

Al

Fv ?

Fo

Fc ?

Fe

I'e

Fe

Vg

Si

SI

Si

Fe?

Si

Fe?

Fo

Fe

2 .

8 .

2 .

4 .

2 .

3 .

4 .

10 .

20 .

20 .

20 .

* • •

• * a

6 .

7 .

• •

25

• •

• •

8

o

• • «

3 .

1

R

R

• • •

R

R

1

R
1

i

. . .

M

M

M
M

M
AC

M
M

M

M

M
M
M
M
M
M
M
M

M

M

M

—

2 1 52

2105

2208

2210

2211

2216

2218

2263

2209

2275

2275

2298

2304

2335

2343

2348

2304

2307

2373

2373

2382

2388

2395

2398

2399

2404

2406

2110

2435

2438

2413

2447

2452

2457

2462

2472

587

1

1

1

1

1

1

w ft

1

1

# M

1

i

1

1

• •

r

1

r

1

1

1

1

1

1

242

1

1

1

1

1

1

]

j

1

•

1

1

1

1

1

i

1

249

856

452

•

197

• •

m m

1

1

1

1

1

1

1

1

1

1

1

•

233

1

1

1

# A

1

• •

1

1

i

]

1

1

i

1

1

1

1

1

255

^

' srtxr" it;r "i!!:i!°
*'^ "-'; »« °°'^ *= -'«! "p---- at 3.

instead
'3



ON A TABLE OF STANDARD WAVB LENGTHS OF THE SrrCTHAL I TVr« UH

Om40ii, m 27 III

i

ft

If

liff

J

b

Mg
J
b

Sin Si

Om3Cu, m 24 III

Sio 8(0 Bi Sir 81 r

e

Cft

•

Th

24S

871

461

215

248

867

462

217

* «

250

b71

468

775

220

• •

251

870

470

220

260

478

23 )

i

250
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mm

I'o

F«

Si

Fe

SI

Fo

SI

Fe

Si

F.!

Si

F«

Fe

Fe

Fe

M
A

I

Aft.

F.'

Fe

IV

Fe

Fe

Si

1

iU 4-1 11, M 29 iiij M 22 IV

r

Om 48 11, M 32 in, M 24 IV

1 tit^n T rtfjm.

ture
In

1\ i ihI

iu

»|ty

In

I vi II14

of

1

Cft Sr Fe Si I' Si H Si I Si J Mg Si Si t t C
Aic Buu Arc arU

1

J J J J 9 J J J J J J J

e
1

c a a a c b c b b b
1

M M
1

M
1

M u M u M H u u M
1

1

1

Sn
J

c

M

:

i

I

!

lH>!onj: to c bj the spnrk Ppectnim"
'
^'"°^^ ^'''^ °^ ^^'^*°^ "°* belonging to a band In the arc spectrum. It was determined to

other, nsing the theoretica'l corr^tloi 'forTen-tl^'f^tT^'''^^^
^^° ^'"^^ ^* ^-"^'^ """'^ ^"^^ ^* ""^^ ^"^^^ ''^"'^ ^'"^ •'^'"^ '"''^^ ""^ *''^

iiitond of the 2nd and 4th.
" ^ ^^'® '^^8 ''"^s and the Bo and Si were in the 1st and 2nd spectra

I
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.

G M 44 ;II, m29 III, M 22 IV

lut' ity ' Intrusity
j

N'iiture

in iu in

Kind
of

^
Ca Sp Fe Six' SiR Six Si J

Arr 01m Arc Stain la re I J J J J J jr J
c C c c a a a
K M u K M M M

1 1 1 _ _ 1

M 2679 ft • ft • • ft ft ft

I'u ..
(

.. • • M 2706 • ft ft ft ft ft ft ft

I'O ft • « ft M 2719 ft • ft ft • * ft ft

Fe « • * ^r 2720
ft ft ft ft ft • ft ft

5 • • • ft 'SI 2721 ft ft ft ft ft ft • •

1'.
9 m # ft .M 2723 • • • ft • ft ft ft

F(> ? • P » • M 2733 • ft ft
ft • ft

Fe ?
1

« * • • M 2737 * ft ft ft ft ft •

Fe
« V

ft • il 2742 • • ft ft
ft ft • ft

Fc # • ft M 2750
ft ft ft ft

4

q

* A ft ft

\'\'
• 9 ft • M 2755 • « ft ft

ft ft ft

Fa
• ^ • ft M 2756 • • ft ft

ft ft ft ft

1\'
1

1

• • • :^r 2761 • ft • ft ^ ^ * ft

Fo
#

ft • :m 2762
ft ft • •

ft « 9 ft

lo
ft ft ft ft M 2767 n

F..
1

\

• ft • ft
ft ft ft •

* • ft • M 2772
ft * A «

1

^ ^

-

5

5

ft ft

• • K 31

2776

2778

ft m

1

4 ft

+

ft ft

• ft
1

• ft

Fo • ft ft * • • H 2778

ft 4 ft ft
ft ft

1

ft •

^^A 8 ft • B
1

2779

ft ft ft ft
ft ft ft ft

Mi;
*- 7 5

1

R M 2781

• ft ft ft ft V ft ft

1

ft «
1

Fe • • ft • ft ft M • 2781
f

• ft ft ft

i

• • ft ft

5 ft • R M 2783
ft •

ft •

» ft

ft #

• •

« ft ft • M 2788
w w

ft ft 3r 2791
ft ft ft • • ft • •

-^fg 20
31 ri

• • • •

R

ft •

M
M

2795

2798

638

ft •

629

ft •

ft ft 639

• •

» ft

ft •

ft ft

Aril
^'-^ *-^

• * • • • 9 m

• • • .
• • ,. M 2801

Mir ^0 • « ft ft « » ft ft

Fe
K M 2802 816 808 • • ft ft ft ft

h

• ft

Fe 3
ft • M 2813 388 375 • • 398 * * * •

Fo 5
* •

ft •

ft ft

• ft

M
M

2823

2825

389

667

m ft • ft • • ft ft • •

1 e 4

te 5
• • • # H 2882 549

• ft

• •

ft »

549

ft • 1

549

• ft

ft ft

• •

Fe 3

ft ft M 2838 226 • ft ft m • • m « • •

Fe
M 2843 744 • • • ft ft ft ft • ft

• •
"'

• • • •

^^e 6
M 2844 082 9 • 080 083 ft ft • •
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»JL
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M24 I Gm32ii lfi*n

Sr

c
M
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Ca
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AC

Prd
J
b
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J
b
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s.
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1

702

1

1

1

1

•
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• •
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1

019
i

687

543

ft 9
1

1

1

060

239

w

1

564

277

ft «
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1
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1
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^
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'
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I
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• «

» «

na-
ture
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«

« •

i 1
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1
PI 20 O M 48 II, M 32 in,

1
062 I M 44 II, M 29 III, M 22 IV m24 IV

Kind 031 11
Sub-

ard 1 Ca Sr Fe
1

Si Si Si Si Ba
1

Mg Siba Sic, Ni

stand-
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^^^ ^^m

i t J J J J J jr J J J J J
h

e c c c c a a a c c b c c

o M M u M H M M M M Sf X IC
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1
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1

9 m A B • •
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ft ft

1
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If 3020 CIO 600 619 613 ft ft • * 610

M 3020 760 754 765 761 « % 765 . . 761
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]

_ ^

1

1

H
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3025 387
1 1

. ,

1

1
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1
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1
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1

• ft 973 965
1

• ••
1

1
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1
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1

1

1
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1
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1

1

1
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1
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1
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r

i
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1

1

1
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i
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m m
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•
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1
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1
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1
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1
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F
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001

051 • • 421 _ • • • « ft ft
4 1

5

1

408

775

673

• •
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np.'j ' 010

i

030 031 040 • . • •
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R J component of a double with a Zn line between 1These are part of a group of five lines.
"^ '

I A nebulous line of B very wide comes here
5
Rea component of double, the other Hneb^'in, also Fe

3S02 the solar spectrum

1
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• Co. line near this to tlie red.
t Keel component of a double.
I Violet component of a double.

§ Probablv sevenJ line, n^ixed 'together i„ solar spectra™
.!

J-.r.t hne .n the second head of the carbon baud

1 First line in the first head of the carbon band.
** The metal measured was Fe.

ft Strongest line of group.

Jt A strong compound Bi line comes here also.

m
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c c
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j

• ft 1

ft ft 1

9S1
1

ft 9 1

34:.]

409
1

647
j

ft ft 1

ft ft 1

147
I

ft ft I

674
1

ft • 1

530
1

253
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1

314

ft tf

662

041

^



lo8 ON A TABLE OF STANDARD WAVE LENGTHS OF THE SPECTRAL LINES.

t

t

SohH'nr''™"
""^''!'^' ''"^ '™^P°"^"* "^ ^ ^l-'^We. the other being

Red con n"
' fT' '^ ^"" ''""^' '''' '"^'''^^ ^'"« ^« -d being Fe.Red component of an ennal douhlft

^

Co

Ked component of an equal double.
Metal measured was Fe.

H Red component of double
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KFnd
of

M II ui

ard

l"c,Tl 1,8,5

r-x. Ma

n,Fe,Cr

Fe,Cr

dlO

1 2,0,2

• •

•

« •

# «

• •

/

//

/

/

/

3705§

3707

3709

3710

3716

3720

3722*

3727

3732

3733

3735

3736

3737

3737

3743

37451

3746

3747*

3748

3749

3754

3756

3758

3763

3767

3770

3774

3775

3780

3781

3783

3788

3794

PI 3

049 III

037 IV

« •

• •

• »

• •

•

The metallic line measured was Fe
t Solar line mixed, Co line near to violet
J V line very near to violet.

PI 4
O 50 III

38IV

PI 5

52 in
PI 6

52 III

039 IV 039 IV
Om40ii, m27 III

* «

# •

• ft

Sub-
stand-
ard.

• 4 • •

• m

t •

3511352

• •

• •

• •

850

677

• • 013

Om36ii, ai24ni

186 201

894 393

580 001

088 082

692

759 766

540

466 471

014 013 012

• •

> # '

466

102095

496

i

276 282 277

499

052044

092 0821094

408 407

631 629

/

376

631 632

213

383

934 939 936

. . 134

SSS 328

017 012

« #

332

025 029 027

154151

§ Violet component of double

11 Metal measured was Fe.
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9

t

t

*^^7 apart.

svmmetrical group in carbon
s of the carbou J^and.

§ Second head of carbon band.

II First line of first head of carbon band

IT Edee of first head of carbon band.
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513 52

203'.

460*502

i

42 [ 42
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O M 40 II, M 27 III

Sub-
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« •

t

024 023
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/
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583 589

392

212

520 513
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213
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872
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213

485 4804 i

425 419

^^44
• »

• •

• •

J

6G8 678

406

221

Si a Si F

J53

316

650

t

2 156158
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815,808 78;

673

352
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076 068

« •
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9 •
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r
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1501551. . 149
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988,900
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ir
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. nis
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410 . .

r.f

420! .

.

584 >'

4''r; . .
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018^'*'

44l|. .

471' 47!
I

1>3 ' l^-»--

(r »
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Component .085, apart.

t Rod component of a triple.

I Components about .06 apart.

§ Red component of a double.
I! Seven lines, mostlv Fe.

I

IF Violet component of double.

** Violet component of double.

tt Red component of double.

Value determined hy Dr. Ames
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Caline measured.
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Fe, 3fn

Si,Mn

Cr, Co

Fc, Or

Zr, l-'e

I

Iflten- Inten- Wa. Kind
ftity aity ture of

LU iu in Stand-

Are 8mii Arc ard

•

•

"0

4d?

« «

9 9

O

<il,2

//

• *

# •

• fl

,/

• •

0M

0M

4083

4083

4088

4103

4107

4114

4121 +

4121

4157

4158.2

4185

7

4199

4202

4215

/

r

* •

0"m

0M
«

f

« •

Om

4215

4216t
4222

4226

4250

4250

4254

4260

42(37

4271

4274

42^3

4289

4289

4293

4209

4302

4305

4306

First

m

PI 9

055 III

©41 IV

PI 10
057 HI
©43 IV

629646

554 598

716

24G 250

665 666

510517

491

609

* •

* •

079

666

PI 12

©42 III

PI 13
©42 III

©32 IV ©32 IV

380 383

236 272

t First line of lat head of a carbon band.

GM 44 II, M 29 III,

M 22 IV

• «

265

244

692

374 . .

892 896

380

495 , .

300

. . 959

918 918

520

• •

• 4

•

« •

* •

238

686690

169 172

526 526

• •

528 529

. . 252

159,161

693694

« •

I Co line measured.
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1
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-
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t

t

Oomponeuts about .05 apart.
Violet component of double. Other line Mn
Red component of double. Other Ibe Mn.
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'rial in the arc.
* " '°'* ''^^'^^^ t^^'^^^l the red. It ,

t The Ea line come, between these and does not coincide with either.

It coincides with the solar line when there is very little

t



ON A TABLE OF STANDARD WAVE LENGTHS OF THE SPECTRAL LINES. 171

1

I

t



172 ON A TABLE OF WAVE LENGTHS OF THE SPECTRAL LINES.

Ti, Fe

?,Fo

Ni,?

Ti, La

Ti, Fe
band

Ti, Ti

Ti, Ni

Fe, (Cu)

?, Fe

Xi, Fo

bau<3

10,10

• •

Inten
dty
in

Sun

Na-
ture
!n

Arc

Kind
of

Stand-

ard

d2,B

dl,3

R

R

K

?
d

n

B

O"

O"

0"m
O ff

Qff

M
;

0"

O'
/

/

u
0"

r

0'

0"

M

O'

Qfl

//

f

0"

O"

o I

/

4924

4924

4934*

4973

4978

4980

4981

4994

4999t
5005

5005

5006

5007

5007J
5014

5020

5036

5041

6050

5060

5064

5068

5083

5087

5090

5097§

5105

5109

5110

5115

5121

5126

5127

5133

5139

5139

0"
I 5141

5142

5143

St

i

St

O O

188 196 P q

O O o o

G Ri

o

110

956

107

955

250

834

946

284

770

005

252

832

947

525

959

/ 18

000

258

945

823

575

8 t 5

109

954

243

239

811

350

885

317

694

905

310

436

420

211

114

009

255

822

940

518

957

157

740

821

570

550

797

883

521

872

532

901

045

702

109

953

234

249

765

363

918

317

112

248

• •

422

400

197

081

• •

024

250

899

295

432

208

943

531

961

008

250

840

939

254

716

« V

528

556

785

36 i

721

832

579

520

870 8

041

i 4

/

8 i

9

530

971

178

700

806

556

542

785

344

520

860

O

444

530

906

646

987

967

056 • •

103

The solar line h„« a component very near on the violet side.
T li hue measured.

I Commencement of head.

§ Component to violet belonging to Xi ?

^,
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4

Coiiipuaeiits akiTit .05 apartn^ . ,
'

ll ,.r • "'•"' "" """"'""-O"' of .he earbo.to the left. band Much of the hand can be seen on my map of the solar spectrum extending



ON A TABLE OF STANDARD \VAVE LENGTHS OF TRF SrKCTll \T. MXr«. 175

mtimm

Inten- Inten-

1

Na-

i

Kind
sity sity ture of

in in in Stand-
Arc Sun Arc ard

Ni, C:i

« •

• •

• *

tr2 # «

O

m •

Fe, Ni

Fe, Co,

• •

»

Ni, Fe, o

• «

• •

« «

1I52G5

fi

5265

52GG

5269

O" M t5270 r

0"m

//

5270

5273

5273 [

//

//

5276

n

n

II

II

5281

5283

5288

5296

5300

5307

$53 1

6

/

O'm
M

5316

5324

5333

5349

5350

5353

5301

II

n

II

II
5363

5367

5370

5371

5379

53S3

5389

5393

5397

5405

St G64 IV

O50 V

G42 VI

Tj") n

(

41 w

t

350346

« • « •

7977(^1

. . 736 72(1^72^

733 726 715:730'717'719

490 . .

• «

437 410

191 204

497 4 SO 490

• *

« •

WO

i • • ft

• «

. . .3G0'351

no . . ft •

•)44 545

• •

« ft

. . 195 200 -jit 1

3:5s

« •

569

« •959 971

795814

689'721

863 868 858

ft ft

538 566 <

866 876 .

962'006 965

810|816 799

709j; 50^703

S84|b92|bbS

914 912 . .

555 57 1 . .

/

• •

ft ft

ft ft

ft «

« *

382 . .

112 100 .

858 878 . .

ft ft « ft

ft t

ft ft

f •

ft *

383 384 . .

089 115

639'623

ft ft ft ft

ft ft

ft ft

t 703

ft ft ft ft

ft ft

ft ft
347

ft ft

ft ft

ft ft

024 . .

ft • ft <*

667 681

578 60S .

'804^824'

.

008 003

ft ft ft ft

ft ^ • •

ft «

692 .

775 784 . •

662 675^

152 168!. .

065 684

ft •

ft •

<;o2

4

• *

•

765,786

5851576 560 571,5^4

675,682

82^377

ft «

686690

381 369 . .

35l'343;. . 353 343

99l'9S3 98') 992 991

ft • ft •

• •

ft *

ft •

ft ft

ft ft

The c„„e«i„„ tor .hi, ,eric, i, not l.y theory h». b, , .n.oo.h corve .hroagh ,U„..H- .«8. «d 579.

t This double E line measured .077 by another short series.
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-»iic uixierence oi liiis i-*i** "^-^ " -

coming more nearly between the two than coinciding with either.

§ A companion on red side.

li Co line near about .1 to the red.

H Ca line measured.
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t

t

Companion to violet.

§ Components about .2 apart.
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Components about .1 apart.
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* From 4823.690 and 4824.325.

t The Unes 482S, 4824, and 4860 were observed in the third spectrum and used as standards.
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Remarks, Critical and Otherwise.

In looking over this paper, the following thought occurred to me of a critical

nature. First, it is to be noted observations have extended over ten years

anv of been made for other purposes than for the use made

of tliem. Ilencc the paper seems to lack unity of purpose, as many of the standards

were added after the observations had begun, and do not appear in the earlier series.

But it must be remembered that no good map of the spectrum existed at the time

they were commenced, and I had no means of avoiding poor standards and selecting

I do at present. To the old observations I was thus

obliged to retain many poor standards. Again, for the method of coincidences only

pour standards may exist in the limited region where the measurements were made.

The effect of many gaps in the table. But many of the gaps

also come from other causes which could not be avoided.

The series of metallic plates w\as primarily made for measuring the spectra of

metals. It is unfortunate for the present use that they nearly all begun and ended

at the same ^place, overlapping very little. However, I have nearly always measured

one or more plates to fill in the gap, and the coincidence of the values on these

with the others shows that no error has been committed. Indeed, the accuracy

with which the parts of this patchwork table fit into one another gives more con-

fidence to me than if it had been made of rearularup oi regular parts aesigdesigrned for their

purpose
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INTEODUCTORY NOTE.

In the fourth volume of the " Memoirs o^ the Boston Society of Natural History
"

(No. VI, April, 1888), the writer published an account of the American forms belong-

ing* to the family of Entomophthorece, with notes on nil the species then known, wliich

was intended to form the first of a series designed to include all tlic American funiri

parasitic on insects. The subject was suggested to me by Professor Farlow, wliile I

was a student in his laboratory, as one promising data of sufficient interest to furnish

material for a doctor's thesis. The Entomophthoreoc, however, having proved ade-

quate in themselves to fulfil this requirement, the remaining entomogenous forma

were laid aside in the hope that, at some future time, the original plan of a complete

monoo-raph might be carried out. In the paper just mentioned, a brief summary was

given of all the fungi characterized by this peculiar parasitism ; and, in addition to the

fiimily of Entomophthorece, several groups were in a general way distinguished. Of

these one comprises the entophytic and probably coramensalist Schizomycetes (?) rep-

resented by the genus Enterobrns and its allies, to which might be added certain lower

forms of the same order supposed to give rise to contagious diseases among insects ; a

ond includes the perfect and imperfect or" isarial" conditions of o

species of the genus Cordyceps and its allies ; while a third embraces all tlie members

of the then small and little known family of LaboulbeniaceiB. To these should be

added a few miscellaneous forms parasitic on insects; and perhaps, also, such fungi as

found in nature only on the remains or excreta of The

V

ever, since they are saprophytic, cannot be called entomogenous in the more strict

sense of the term.

Since the completion of the monograph above mentioned, I have accumulated mate-

rial of entomogenous fungi whenever the opportunity has offered, but have found the

number of forms so unexpectedly large that, as in the former instance, it has become

necessary to abandon my plan of completing a monograph of all the remaining groups

in a sino-le paper. In view of this fact, the LaboulbeniacejB have been selected as the

subject°of the present memoir, since they include by far the greater portion of the

material referred to.

IS
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o

At the time when my attention was first attracted to the Laboulbeniacece by the

' discovery of several new species in the vicinity of New Haven, Connecticut, during

the summer of 1890, it included six described genera (two of which have proved to be

synonyms), represented by fifteen described species of which one only was from North

America ; wliile, of the remaining forms, two were from South America and the rest

from Europe. To these, however, European writers have since added a single species,

while my own observations have served very considerably to increase the total num-

ber of forms referable to this ftimily, A ^eater portion of these additions have already

been described in a series of papers which have appeared from time to time durh

the past few years in the " Proceedings " of the Academy, and serve as a systematic Uasis

for the present monograph, in which will be found enumerated more than one hun-

dred and fifty species from various parts of the world, distributed among twenty-eight

genera. The labor and time involved in obtaining and studying the several thousand

specimens which have been examined in the preparation of this paper and of the

accompanying plates, can hardly be appreciated by any one who has not had personal

experience of the many difficulties associated with the manipulation and study of

these, for the most part, very minute plants. It is, therefore, needless to say that my
investigations, carried on as they have been in connection with other occupations, are

incomplete and unsatisfactory in many points relating to the structure and develop-

of certain tr inera, for the proper study of which sufficient time or mat
both, have not been available ; and althoutrh a certain amount has been done

th
O hich take place in the sexual organs before and

conclusions concerning them
after fertilization, I have been unable, as yet, to reach
sufficiently definite to warrant their publication. The results obtained, however,
although in very many respects imperfect, have served to demonstrate the unlooked-
for numerical importance of the group, its great diversity, and, above all, have afforded
definite information concerning the course of development of its members, as a result
of which their pivotal position among the higher fungi is clearly indicated.

Of the species enumerated, more than half have been collected in New England by
myself and studied while still living, the remainder having been derived from the
exammation of dead insects in the collections to which I have had access, or from
msects sent in alcohol by numerous correspondents to whose kindness I owe very
many mteresting forms. For such favors I am under special obligations to Miss A. M.
Parker, who has sent me many speciuiens of Carabid^ from Washington ; to Prof.
OF. Cook, who has placed at my disposal all the Coleoptera collected by him in
Liberia

;
to Mr. Theodore Pergande for many interesting specimens collected in or

V
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near the District of Columbia; to Prof. Alfred Giard for (he communlcatioii of 8cvcr;il

mportant specimens as well as ref Avhil c liev. J. L /
Mr. M. A. Barber, Dr. II. M. Richards, :\rr. J. M. Aldrich, Mr. William IJ.'uicimniolIrr,

Prof. S. A. Forbes and Dr. G. von Istvanffi have also great Ij- M--Is(cd mc hj llie com-

munication of numerous specimens. I am also indebted to tlie kliidiic-s of Miss ITclcn

Bondy, of Vienna, for a large number of house-iiies collected in that cilj, fiom which

were derived the important series of specimens of Stijntdiomyccs Bam
Plate I. Special acknowledgment is, moreover, due to Mr. Samuel lien

I am indebted for the determination of the host insects, n< well as for <

1til on

ic privilege of

free access to the collections under his charge, including the type collection of the late

Dr. Leconte.

In making these acknowledgments, T may add that it is my intcuflon to condnuc

my studies of insect fungi as my opportunities permit j and (liit the commiinIcatIi)ii

of further material from correspondents, especially of Laboulbeniace;e, will bo greatly

appreciated. I may also add the hope that, the family being placed with the publi-

cation of the present monograph on a moderately intelligible basis, frnm n systcmntic

standpoint; it may not, like the other groups of entomogenous fungi, be reduced to a

condition of chaos through the indiscriminate pubHcation of new forms based largely

on the character of the host or on its habitat ; since, as we shall presently sec, these

are but uncertain guides in recognizing the species.
*

Cryptogamic Laboratory of Harvard Umvkusiti',

Cambridge, June, 1896.

%



MONOGRAPH OF THE LABOULBENIACE^.
Pkesented May 8^ 1895.

PART I.

In the first part of this Memoir I have given an account of the History, Distribu-

tion, General Morphology and Development, Hosts, etc., of the Laboulbeniacea} ; while

the second part comprises a systematic examination of the species and genera illus-

trating the family. Before entering, however, on the detailed consideration of the

topics mentioned, it has seemed desirable, by way of introduction, to present a brief

account of the more general characters of these plants.

Unlike the majority of fungi which subsist as parasites of living insects, the

present group includes none of the conspicuous productions that are so characteristic

among entomogenous fungi generally; and their usually minute size doubtless

accounts, in some degree, for the fact that, although they are in certain respects

among the most important of fungus organisms, they have been so long neglected by

botanists and so generally overlooked or disregarded by entomologists. When ex-

amined in sUu on the host insect, they appear in general like minute, usually dai-k-

colored or yellowish bristles or bushy hairs, projecting from its chitinous integument

either singly or in pairs, more commonly scattered, but often densely crowded over

certain areas on which they form a furry coating. Unlike other entomogenous fungi

also, the Laboulbcniaceae can lay no claim to economic importance ; and although
*

they may be said to produce a contagious cutaneous disease, they give rise to none

of the fatal epidemics which are liable to be associated with the parasitism of species

of Cordyccps and Entomophthora. On the contrary, the very existence of these

parasites would seem io be dependent on the fact that tbe host is not destroyed by

their attack; since their own life ends with that of the insect to which they are

attached, and their perpetuation from generation to generation and from year to year

is undoubtedly dependent on the direct transference from one living insect to another

of their reproductive bodies. So far, then, as they are at present known, they inflict
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little if any appreciable injury on the host, and even when the latter is completely

covered by them it shows no more marked signs of injury than is indicated by a

grcfiter restlessness, owing perhaps to a slight irritation which they may be supposed

to produce. This absence of appreciable injury, associated as it is with true parasitism,

is due to i]iQ fact that the habit of growth of the plants in question is an external one,

nnassociated, except in rare' instances, with any penetration of well-developed haus-

toria into the body cavity, the parasite in almost all cases deriving its nourishment

throngh at most a slight perforation of the host's integument. The hosts affected

are all comparatively long-lived hibernating insects, and more or less continuous

other instances, are obliged to becomefeeders: and present

1 for th(

so man}

ion of a] often numerous d d
1

from which they are freed only by death.

An external parasitism, like that of the plants in question, on hosts living and as a

rule actively locomotive, whether in water, in the air, or on the ground, would natur-

ally be associated with a comparatively simple structure adapted to the exigencies of

life ; and a gl accompanying plates will show that such a simpl

type form may be traced in a general way throughout the group A body

: of

diff

ptacle, is fixed by means of a blackened base, or foot, to the inte^rumen

,
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and the modifications \Yliicli they present arc po singular that the members of tho

group may well rank among the most remarkable of vegetable productions.

It is not to their variety and eccentricity of Ibnii, however, that ihey owe (lieir

special claim to interest and miportance among plants in general and fiuigi in parti(.'u-

lar; but to the fiict that, associated "with their comparatively hlmph' vegetativo

development, they present sexual phenomena the complicated nature of which would

indicate that they occupy a position among the highest members of their class. It is

hardly necessary to remark that any fresh evidence in this connection h;is a ppeciul

interest at the present time; since, as a result of the views so strenuously maiutainiM]

by Professor Brefeld and his school, the existence of sexuality of any ty|u> among the

higher fungi, has become, to say the least, discredited by n majority of the mycologists

f the nresent dav. If we are to admit nevertheless, as seems quite unavoidable,
P

that the Laboulbeniacea3 arc fungi, and also, as seems equally unavoidable, tliaf tlicy

are ascomycetous fungi in the strict sense of the term, it must also l)e admitted that

they demonstrate the sexual origin of the ascus beyond any reasonal)le doubt. How-

ever views may differ as to the true phyllogeny of the group as a whole, the most do-

vout disciple of the so-called " school " of Dc Bary could hardly have devised a series

of forms better adapted than the present family to confirm his general conclusions.

Despite this fact, one looks, as a rule, in vain for even a reference to the Lab()nll>eniacea3

in the host of text-books which have made their appearance within the past few years,

while in the works of Professor Brefeld, so far as I have been able to ascertain, they

are not even mentioned by name.

Further discussion of these matters may well be deferred, however, until the

morphology of the more important genera has been considered, and with this brief

note and general afiirmation of my own views in regard to the vexed question of sex-

uality among the ascomycetes, we may turn at once to consider the funily in detail.

Historical. In revicwmg the literature reiaung Laboulben

be noted that, although the list of titles is not a short one, a considerable numb

reference either to brief notes or to articles which deal at second

published data, while the original contribution few. A complete

f references, so far as I have been able to obtain them, will be found append

but in briefly tracing the history of the family in so far as its liternture is concerned,

1 shall omit reference to such articles as are not in the nature ( f contributions to a

knowdedge of the group.

Thislnowledge may be said to have originated with the publication by Bobin of
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*

his classic " Illstoire Natiirelle des Yegetaux Parasites," in wlilclij for the first time,

the vegetable nature of these organisms was recognized. In this work two species are

enumerated, for the reception of which the new genus Lahoulbenia Montague et C. Robin

(e familia Pjrenomjcetum novum genus) was erected ; the generic name being selected

in honor of the entouiologist Laboulbene, who was, perhaps, the first to observe the

L. Hourjdil of these authors, Avhich occurs on species of Brachimis in Europe. The

second form, L. Gucrinii, was obtained from a South American species of the aquatic

genus Gf/rctes, and both are figured and described at considerable length. Although

the spores are described, no mention is made of their origin ; while the perithecia are

spoken of as sporangia. It is, therefore, somewhat uncertain what this author's views

really were in regard to the position and relation of the forms described, although

the comment " Genus sphooriaceum, maxime singulare, entomogenum, quoad perithe-

ciuin Capnodio analogum" would lead one to suppose that it was thou^-ht to be

ascigerous.

Rob 's materials were received in part, however, fr

belongs the credit of tiie first published note p
early as 1850, three years before the publication of Eobin, he had described and
figured in the " Annales de la Societe Entomologique de France," under the title " Note
sur une production parasite observe sur le Brachinus crepUansr He did not, however,
recognize the true character of the organisms described, nor did he distinguish several

fTcrent species which he must have had before him, if 'one may judge from the
diversity of had observed this " production p
site." It may be mentioned also that in 1852 still another species of Laboulb.....
observed by Mayr, the L. Nehrice described many years after by Peyritsch, and
supposed by him to be a pathological condition of the insects chitinous intecumen

During the next sixteen years little of importance was published concerninc^ the

mono-
group; b„t it is of interest to note that Prof. H. A. Hagen, in liis well-known ___ .,

graph of the Ter,nit,;s, mentions that he had observed on the larva of a wo.ker of
Tcrmcs hlUco^m a Labonlbenia closely resembling the L. Gucrimi of Eobin, concernin-
wh.ch a further note will be found in conneetion with the .v.bseqnently described
L. Ilwjcm. In 18o7 also, Kolenati, in a paper entitled " Epizoa der Njcteribien,"
described certain parasites on these wingless flies, which infest various snecies of
bats, placing them an.ong the worms in a new genus to which he
AHhrorhj,u:hu,, including two supposed species, A. Dkmnii and A. m^ruuM. T

speci

irave the nnrae

(1S59) Diesing, in his "Revision der Ehjngoden," made these two fo
the types of a new tiibe of Vern.es, the Arthmhy„godece, characterized by a q

f

t
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astonishing zoological anatomy. The same genuR, it mny be mentioned, \vas subbc-

qnently rechristened llelmintliophana by Peyritsoh, ulio placed it in it«? proper kingdom

and family, its connection with the Lahoiilbeiilacea) having been previously pointed

out by Brauer (1871).

In 1868 an important addition to tlie family w:i^ made by Knoch (ISCS), who

described as Lahoulbeuia Bccri the interestiiiii; foriii, redescribed in tlie sncceedinsr vonr

H, Karsten (1869) as Sligmatomyces mmav^ which occurs in middle and wosteni

Europe on the common liouse-fly. The paper of KarsliMi owcvs \\^ iniporlaiice fo (ho

fact that this writer was the first to recognize the presence of a highly developed (vpe

^
of sexuality in these plants, and althougli the account given is largidy inof)rrcrt as to

the details of morphology and development, the iniportant fni^t of tin* (^\isten('e of a

trichogyne fertilized by antherozoi<ls Is distinctly emphasized and rightly compared lo

the similar conditions present in the Floridea}. The use by this writer of sucli terms

as " archegonium " render it uncertain Avhat his opinion ns to the true position of tlie

mt was at this time. In a later work (1895) the same writer includes all the

Laboulbeniaceae in a group of " Stigmatom^
j»

d between the U

the Pyrenomycetes. The same form, it may be mentioned, was redescribed in 1872

by Sorokin as Lahoiilbcnia muscce.

With the exception of a note by Robin in his "Traite dn Microscope," where he

figures EhacJiomi/ccs piloscllus (Robin) Thaxter, no further contributions of importance

are met with until the publication by Peyrltsch of the first of his well-known papers on

the family (1871), in which he describes and figures the '' Lahovlhniia Bcari'' of Knoch

already referred to, as well as the Arthrorhynchus of Kolenati, discarding the generic

and specific names given by this writer, and designating the species as '' Laioulhcnia

NijderyUcer In this paper the existence of apci was somewhat doubtfully made out

;

but the sexual process described by Karsten was not observed. A new form, Lahoul-

heiUa Nehrice, was also described and figured.

Two years later (1873) a second paper by the same author made its appearance,

in which several new species and genera were described and figured, and a synopsis

of the whole family appended. In this paper the author for the first time recognizes

in a measure the grounds which have proved to be the determining Victors in connec-

tion with generic distinctions in the group. The forms enumerated are twelve in

number, distributed among five genera, one of which must now be regarded as a syn-

onym. The general morphology and development is described, in so far as it was

then understood ; but not withont many inaccuracies, the sexual processes being un-

determined, except in so flir as concerns the existence of a trichogyne, which was '»

k
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observed and figured in several instance.-;. The developmental relations between the

appundnge peritlieclinn and receptacle were accurately made out in connection with

a Laboulbenia and Stigmatomjces, and the origin of the asci as buds

The asci were not, howeverj accurately

the two geucr

fi•om some ceii tral cell was suggested.

observed. A third paper by Peyritsch, published in 1875, contains additional notes

on the devtdopment and occurrence of the Lfiboulbeniacese, without, however, making

any essential contribution to previously published data. In none of the papers of this

writer are the characters of the male organs determined, and he seems to incline to the

opinion that the latter are represented by the shorter branches of the appendages,

which he regarded as pollinodia and supposed to conjugate with the trichogyne.

of Peyritsch, we have iii 1884 the suggestive sum-
-

then known in the

FoHowlng these pubhcutions

asTnavy by De Baiy of the characters of the group so far

" Doubtful Ascomycetes" of his Morphology and Biology of the Fungi, etc. In 1S86

occurs the note of Gerke, to which my attention was drawn through the kindness of

Professor Giard, in which he gives a figure that, without doubt, is intended to rep-

resent the " Appcndic'idaria entomopliila'" of Peck, published two years later. In the

same year (1SS6), Karsten published in Hedwigia, mider the title " Doubtful Ascomy-

cetes," a reassertion of his former observations on the sexuality of Stigmatomyces, in

reply to the pubhcations of Peyritsch and De Bary already mentioned, denying their

ascomycetous nature and giving what he supposed to be the method by which the

spores were formed.
w

^cies then

k

In 1880, Berlese again summarized the group, adding to the thirteen sp

form (Lahoiilbcnia armillaris) found on an d from South Am
With the exception of the writer's own notes on the family, but two papers published

since the one just mentioned remain to be noticed : that of Giard (1892), in which he

describes, as a new genus Thaxteria, a remarkable species of Laboulbenia from the

Javan Mormolyce
; and that of Istvanffi (1895), in which he redescribes as Lahoul-

benia gir/anlea a large form of Z. ehnrjata, giving his impressions of its morphology and
development, stating his disbelief the

1

uality of the group, and xp the

opmion that the individuals are derived from a vegetative portion growing
body cavity of the insect.

General Morphology and Development.

Sp The spores of the Laboulbeniacese P a

r]uite remarkable for so varied a group, be

iformity of for d

hyaline and fusifor

all cases, without excep-

or acicular in shape; and although in the ole genus

'»
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Amorpliomyces they are continuous (Plate V, fig. 29), in all others they arc divided

into two cells by a septum or pseudoscptum. In the great majority of cases the two

spore segments are of unequal size ; tluit which is terminal in relation to the axis of

growth being, as a rule, much the longest : although in a few cnscs, as in Zodiomyccs

and Ceratomyces (Plates XXIY to XXVI), tlie reverse is true ; while in still other

instances the septum may be more nearly median, as in Compsomyccs (Plate XI, fig.

15). The spore contents usually consists of more or less homogeneous granular pro-

toplasm, except in the genus Amorphomyces, the spores of which when living contain

numerous, often large, oil globules. In all cases a large spherical nucleus may be, ns

a rule, readily demonstrated in either segment (Plate I, fig. 13). A gelatinous enve-

lly thickened about its ba^e,

^erinLT for the latter as well as

lope, more or less well developed and characteristic!

always surrounds the spore ; serving as a protective cc

facilitating its adherence to the host insect when it comes in contact with its surfMCC.

In the majority of cases this envelope, though often adherent about tlie tip of the spore,

is continuous around it; but in Ceralom>jces furcatns and C. couimius (Plate XX V, figs. 4

and 10) the separation between the spore segments involves the envelope also, which

is marked by a corresponding constriction.

The spores are produced in the asci in fours or eights (Plate XXI \', fig. 9, Plate

XT, fig. 17), in the first instance usually disposed more or less definitely in i)airs, one

of which is slightly higher than the other; and the members of a given spore pair arc

discharged together through the pore of the perithecium, the ascus wall having been

previously absorbed. The juxtaposition of two individuals at the point of contact

with the host, a condition essential for the perpetuation of the diuecious species, is

thus insured in a majority of cases (Plate III, fig. 5). The spores are formed in the

ascus, and therefore lie in the cavity of the perithecium after the wall of the latter

has been absorbed, with tlie basal half uppermost; and the base is therefore directed

towards the substratum on which it is discharged. Having become attached to a

proper host, the swollen portion about the base, by its peculiar form, assists the spore

for germination; the upper extremity, if at first
position necessarj

freeing itself and projecting fi sub o

A conspicuous exception to the conditions just described is found in the genus Mos-

chomyces. the minute spores of which are irregularly distichous in the e.ght-spored

ascus, and become free in a mass within the distal portion of the perili.ecmn., whence

they are discharged, not in pairs but in s.nall masse., each mass probably g.vmg ruse

to the so-called individual, which may thus in reality be compound (Plate XI, figs. 16

and 18).

->
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The transfer of tlie spores fi host to probably accomplished

a r

never

,by the direct contact of two insects; as, for example, during coitus, perhap

otlierwise in the aquatic species, as might be inferred from the remarkable con

:y with which some of these forms occur in definite positions on the elytra or else

O' O

but may doubtless be otherwise effected, at least m

us hosts inhabit or hide during the day in moderately

mor

Und

such insects have come

probable that spores discharged upon materials with whicl

contact may subsequently adhere to other individuals oi

1

wliicl 1 ey may develop. Although a gelatinous envelope is always a p f

ry efficacy d not seem probable that the spores can retain their

power of germination for any considerable time, at least in a dry condition.

Having reached a proper host, and having adhered to it by virtue of its generally

viscous character, the spore begins to germinate at once.

Germination. The first indication of germination in the spore usually consists in

the modification of its lower extremity into a blackened organ of attachment, ihQ foot

;

the blackening resulting from a change which takes place in the gelatinous envelope

in this region by which it becomes converted into a black, opaque, hardened, more or

less elastic medium of attachment to the host. This conversion of the lower portion

of the basal spore segment into an indurated organ by which the growing plant ad-

heres firmly to the substratum on which it grows, is apparently unconnected with any

efTect resulting from contact with the chitin of the insect; since^ in exceptional in-

stances^ where the usual discharge of spores has been prevented from any causC; the

lattefj while still within the perithecium^ may begin to germinate and even attain an

advanced development (Plate V, figs. 1 and 19). In such cases the first step in the

process consists, as in normal germination, in the formation of a blackened foot of the

usual type. A foot of this nature is not, however, invariably present. If the figures

of Peyritsch are to be relied upon, there is no such blackening in the case of Helmin-

thophana (Plate VIII, fig. 10), which is represented as penetrating the integument of

the insect on whicli it grows by the intrusion of a papillate haustorium, there

being no blackening whatever of the basal cell. The typical foot is also conspicu-

ously absent in certain other genera. In Moschomyces also, to which reference has

been made above, this organ is not differentiated ; and the plant penetrates the soft

integument by means of a cellular haustorium which, expanding within the body cav-

ity of the host, holds the parasite firmly attached. The most striking exception,

however, is presented by the genus Ehizomyces, in which the penetrating haustorium

renches a development quite beyond that of any other form. In this case (Plate

1
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lY, figs. ] and 3) the basal cell sends into the body cavity of the host a copiously

branched and well-developed rhizoid-like

continuous with that of the basal cell.

of which is apparently

In cases where a typical foot is formed, it may constitute a cell distinct from tlic

basal cell of the individual, as is at least often tlie case in Sligmatomf/ccs Bonn (Plate

I, fig. 14), a condition which may very likely exist in many other instances, althou^di

obscured by the blackening already mentioned. Tn some instanrcs this blackening

involves more than the basal cell of the mnture plant, as in some species of Cerato-

myces (Plate XXV, figs. 15 to 17).

In forms like those just mentioned in which a definite hanstorium Is present, it is

quite evident that this organ constitutes the means by which the parasite absorbs

from its host the nourishment necessary for its growth, and at the same time serves

to fasten it securely. In the great majority of instnnces, however, II Is probable that

there is no intrusion of any kind from the ordinary form of blackened foot into the

substance of the host. That this is the case may be clearly .seen in prcparafldus in

which the parasite is shown attached to some transparent portion of the host's integu-

ment, as in fig. 4, Plate III. In the specimen here represented several individuals

were fixed to the surface of the thin integument of one of the abdominnl segments of

the host, the substance of which was perfectly transparent, .so that by inverting the

piece to which they were attached, so as to view its lower surface, one could observe

with accuracy the- relation of the adherent portion of the foot to the chitinous surface

to which it is applied. In such a specimen it is evident that this sucker-like adherent

portion consists of a flat area in the closest contact with the chitin of the integument,

d consisting of a thin memb gh which the absorption of

place, bordered, as in the figure cited above, by the thick base of the indurated

of the foot proper. It should be Peyritsch fig

of a fly's integument which indicate a slight penetration through the po

als in the case of Stigmatomj

In addition to its function of the foot may, in some of

the aquatic genera more particularly, perform the office of a fulcrum on which the

plant is supported and by means of which it is allowed a certain freedom of motion

which it could not otherwise attain. This is effected through the more or less sudden

and distinct enlargement of the foot above its point of attachment. The rounded ful-

crum thus produced rests on the surflice of the host, allowing the body of the plant,

although appressed, to lie free from the insect and to roll upon it from one side to ihe

other, as far as the elasticity of the attached portion will permit. This is most clearly

-*
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seen in Chitonomjcos (Plate XXYI) or Ilydroeomjces, both of which genera inhabit

hosts tliut hve, for the most part, submerged, and which are rapid swimmers. Under

these conditions of life the advantages of such a contrivance, to allow a certain free-

dom of motion, arc sufliciently apparent. The same office of a fulcrum for the sup-

port of the pcrithccium is efiected in some species of Ceratomjces by the conversion

of a considerable portion of the receptacle into a foot-like organ (Plate XXIV, fig. 1).

After bavin*'" become attached to the insect, and during, or sometimes before, the

formation of a definite foot, the spore elongates more or less distinctly and becomes

further divided by the formation of tranverse septa into a series of superposed cells,

varying in number in the different species and genera, from the further development

of which result the three fundamental parts of which these plants are usually com-

posed : namely, a main body, the receptacle; one or more spore-producing portions, the

po'ithccia ; and lastly, one or more appendages which, in the majority of cases, are asso-

ciated with the formation of the male sexual organs.

The Ucccptacle. The term *• receptacle " has been used to designate that portion of

tife fungus on which the appendages, togetlier with the perithecia or their stalk-cells,

are inserted ; but it is necessarily used with some looseness, and is sometimes unavoid-

ably .applied to series of cells which are neither homologous in origin nor similarly

related to the other essential organs of the plant. In the genus Laboulbenia, for

example, the whole body of the individual, exclusive of the appendages and pcrithe-

cium, is spoken of as the receptacle- although, in this instance, it consists fundamen-

tally of the usual two superposed basal cells, while distally it is formed from a

consolidation of the stalk-cell of the perithecium (cell VI), which has become laterally
«

united with what is in reality the base of an appendage (cells III-V). In other cases

it is often difficult to determine exactly how the receptacle should be limited, as,

for example, in the genus Chaitomyces (Plate XI, fig. 20), in which it consists

of a single series of superposed cells which give rise directly to perithecia or to

appendages.

The simplest type of receptacle, vrhich is found in more than half of the genera,

consists of only two superposed cells, the upper of which bears the appendage, at first

lly; while the perithecium, or perithecia, if
P»

f Tliis type is well illustrated by such genera as Ilai

myces and its allies (Plate VII) Compsomyces (Plate XI, fig. 7) and similar instances;

while, as has been above indicated, even genera like Laboulbenia are fundamentally
similar. In other genera various degrees of complication are found in the develop-

ment of the receptacle which passes gradually from the simple two-celled type to
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such liiglily developed forms as are present in Zodiomyces (Plate XXITT) in \\liich it

attains its maxiiiuim development as compared ^villi otiier known ircnera of the gronp.

Other multicellular forms may be illustrated hy such genera a? ChaMomj-ccs or Enar-

thromyces (Phite XI, fig. 20 and IV, fig. S), in Avliich it consists of a single row of super-

posed cells, and Rhachomyces (Plate XII), in which, from a similar simple axis a
w

series of appendiculate cells is cut off on one side, the predomiuruice of transverse

divisions resulting in an elongate form. As an ilhistratioii of tljo reverse condition

where a predominance of longitudinal divisions is proseut, genera like Dichomyccs or

Diplomyces may be mentioned, in which the habit is stout and couijiMct, this type

reaching its greatest complication in the genus Zodiomyces just referred to.

Although the number and arrangement of the cells wliicli form tlie rccoptacle in a

given genus is often very constant, this is by no means invariably the case
;
and, even

in the same species, fixity in this respect does not always exist. In Pcyrilschiella, for

example (Plate VI), although the individuals of a given speci<"< do not vary greaily,

in so far as the number and arrann;ement of the cells is concerned, no two si>eci(«s are

alike in this respect. Th degree in Khachomv

(Plate XII), a genus wliich is further remarkable from the fact that the main body

' of the receptacle is in the nature of a lateral proliferation from the sul)-l)asal cell of

what may be termed the primary receptacle, as well a^ from the fact that this pro-

[ly be once or several times repeated, as will be presently A.

C may be wide variations in this respect, not only between difT'crcnt

the

species, but in individuals of the same species ; while m other mstanccs m tins gc

the number and arrangement of the cells of a given species may be invariable.

In the simple as well as in the more complicated forms, the receptacle is more or

flattened, usually in an antero-posterior plane, the side bearing the appendage in

mature individual being considered for convenience "posterior," where this distinc-

tion is possible. In some instances, however, the flattening is in a plane at right

anoles to that just mentioned, as in Dichomyces and Diplomyces. In a majority of

instances this flattening is well marked; but it is most pronounced m forms which

have a distinctly f

Appendages. With but a single exception m the whole group

. L^.^ • ,„^ ,.To« fr» r^iin nr morp nunendaiTes wliich, though

f L

as a rule, clearly distinguished from it, a.s well as from the perithecium. Ihese nppe

da^^es, though extremely variable, and affording, in many cases, excellent specific d

tinctions, are chiefly important from the fact that they are, with few exceptions, a.

ciated with the production of the antheridia or male sexual organs of the plant. I

¥
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nil cases tlie primary appendage is originally a terminal structure, developed at least

in part, often entirely, from the terminal spore segment, which is as a rule distinctly

smaller than the basal, and never under any circumstances concerned in producing any

portion of the true receptacle. While this terminal character of the primary appcn-

da«'e is often obscured, asinZodiomyces, Rhachomyces and other genera, it is in many

cases sufficiently evident ; for example in such instances as Stigmatomyces (Plate

figs. 2-13), Cantharomyces (Plate VII), and the like. In the genus Ehachoniyces

the primary appendage is represented by the single small bristle at the very base of

the whole series of appendages, which are thus nearly all secondary and quite different

in origin from the originally terminal primary one. Again, in Zodiomyces the origi-

nally terminal primary appendage is soon sloughed off, its place being taken by a

multitude of secondary ones, also quite different in origin.

Although they are very important frotn a systematic point of view. It would be
r

quite superfluous in the present connection to enter into any detailed description of

the many variations of form and structure which the appendages, both primary and

secondary, exhibit ; and further details should be sought in the special descriptions of

the genera. It is sufficient for the present purpose to say that the appendages, using

m include both primary and secondary, may be solitary or very

tly elongated or consisting merely of single short cells; simple or branched

t variety of ways, either sympodially or monopodiallv, or more or less irreo-ul h
hyaline or deeply colored ; stiff and bristle-like or flexuous and slender ; In short, as

may be seen by a glance at the accompanying plates, showing wide variations as to

details even in nearly related

The sterile appendages, or the sterile portions if such are present of fertile appen-

dages, which are always more or less filamentous and composed of successive cells

placed end to end, may become very highly developed, forming a dense tuft which is

often much more conspicuous than the main body of the plant itself. The function of

hly developed sterile branches is doubtless primarily that of protection for the

^y> V
delicate trichogyne, which is subsequently developed, and the>

further office in facilitating the fertilization of this organ by holding around it a drop
of water, which is usually found at times condensed on the surface of the hosts, the

ty of which are apt to hide by day It mig
be supposed that since tliese sterile portions of the appendages extend, in many cf

beyond or around the tip of the perithecium, that they were of some assistance
the dissemination of the spores; but it is a curious fact that the latter, despite th

generally viscous nature, are only in exceptional cases found adherent to any port!

/
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of them; and it seems certain that they do not thiiss act as hrushcs for the more con-

venient transfer of these bodies. In general tlie ultimate filamontons sterile branches,

or branchlets, consist of a single scries of superposed cells ^Yhich appears to elongate,

at least in so far as I have been able to determine, through the successive division of

the terminal cell.

One curious structure, the significance of \vhich is as yet undetermined, should bo

mentioned before leaving the sterile portions of the appendages. This structure con-

sists of a sphie-like process laterally developed from the primary npprndago, and lias

been observed in only a few instances. It is most pronounced In an apparently

undescribed genus parasitic on Tachimts pallipes, which has not yet been found in a

mature condition. It also occurs in Sphderomjces Lnthrohii [Vhite XT, fig. 19) and in

Ehadmomyccs cristatus (Plate IX, fig. 22), in both of which it seetns to disappear at an

early period. The process which is persistent at the summit of the antheridium in

Haplomyces may also be of a similar nature.

Male Sexual Organs. As has been previously mentioned, the es'^ontlal f unci ion of

the appendage, apart from the secondary function of profootion which it undoubtedly

subserves in many cases, Is as a rule connected with the production of the male sex-

ual or"-ans; although in the following genera, Amorphoniyces, Dimorphomyces,

Dimeromyces, Enarlhromyces, Peyritschiella, and Dichomyces (probably also in

Chitonomyces and Ilydrasomyces), the latter are wholly independent structures un-

connected with the sterile appendages which usually accompany them.

A comparison of the character of these male organs in the different genera

makes it apparent that they afford the best, indeed the only basis for the natural

•ouping of the members of the family as a whole, which are thus dis-sep o

ished into two main categories : one including those forms having ma

from which the male elements are produced exogenously ; the other including those

forms in which the male element arises endogenously. Of these groups the first may

be further subdivided, on a similar basis, into form.s in which the male organs are

borne on specialized male individuals, and those in which the sexes occur together

on the same individual. Again, as will be seen presently, these monoecious and dioe-

'ouns are further distiniruished accordino- as the male organs are simple or
cious g D _ - _ _,

pound; while their relative position, distribution, etc., afford opportunities for

subd

Since they are undoubtedly homologous with similar structures in the Fioridens,

the male organs and male elements in the Laboulbeniaceaj may be properly designated

as anihmdia and anihcrozoids, respectively ; the former, as will be seen, consisting of a

u



210 MONOGRAPH OF THE LABOULBENIACE^.

sin<rle " antlieridia,! cell/' or a group of such cells, the latter of a single naked or thin-

walled cell.

If we separate the genera of Laboulbeniacea3, on the basis above outlined, into

forms with endogenous and those with exogenous antherozoids, it will be found that

it is only in two aquatic genera that the forms included in the first-mentioned cate-

gory occur: Zodiomyces and Ceratomyces being the only instances in which this type

has been definitely observed. In general the antheridial branches are not highly

differentiated even in the more typical instances; while were the demonstration of
r

the existence of male elements of this type dependent on the data aflbrded by the less

well-marked examples, one might be inclined to doubt the presence of any sexuality

in siwh cases, despite the presence of a well-developed trichogyne. In Zodiomyces,

however, the antherozoids are produced in the form of buds which arise from the tips

of short special branches (Plate XXIII, figs. 21-23) which assume a rod-like form and
m

eventually fall from their atta'chment. These bodies have a definite wall and seem to

be sought by the tip of the trichogyne in a fashion to which reference will be made
below. A second found in Ceratomyces rostratus, fr

theridial branches of which are developed rods of definite form and size, which

become separated and adhere to the trichogyne. In this instance the rods are formed

successively from a definite point at the distal end of the fertile cells of the anthe-

ridial branch (Plate XXIY, figs. 23-24), each rod usually becoming detached from its

point of origin before its successor has begun to form. In other species of the genus,

however, these bodies are not so clearly differentiated, and seem to be replaced by
slender, often long, filaments which eventually break up into rods that are presum-
ably functional as antherozoids. The adherence of the antherozoids to the mother-
cell, or to one another, as in the last

render fertilization morft pprfm'n •

^

as soon as

two instances mentioned, may be assumed to

since it is evident that were such bodies separated.

ey were mature, from a plant growing, as in the p
ted and rapidly swimming host, the chances of

adhering to the trichogyne would be reduced to a minimum. In" view of the fact
this separation does not seem to take place at once, and that the louir slender

trichogyne must, from its position, inevitably b^ continually brought Into
tliem while still in situ, through the motion of the plant which woidd
result from the activities of its host, it seems quite probable that such anti
order to be functional, must become detached at the moment when they c

and adhere to the trichoijv

ly

con-

In all other genera of the family the anthendla are more complicated
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structure, consisting of higlilj specialized cells, or groups of cells, within ^vlli(•h tlie

ids are foi-incd eiulogenously and fi y arc di

special orifice in tlie form of free, naked, or nearly naked protoplasmic masses.

Among such antherldia two distinct classes may be clearly distinguished, which I have

termed simple and compound, respectively : although instances occui- in which aniheridia

of the " simple " type are so closely associated that they mny be regarded as tran-

sitional forms between the two types. In the first class, the simple form is character-

ized by the fact that the antheridial cell is quite Independent of any similar cells,

however closely they may be united to it, and discharges its antherozoids into the

dium through its proper I

hand, several such cells, closely associated to form a specialized organ, discharge their

antherozoids into a common cavity from which the latter make their escape into the

surrounding medium through a single aperture.

The simple antlicndium (Plate II, fig. 15) is usually a more or less Hask-shnped cell,

which may be solitary or associated with similar cells grouped together with or with-

out regularity. Although in Amorphomyces, a genus wholly destitute of appendages,

it results from the direct modlQcation of the terminal portion of the germinating

spore (Plate V, figs. 20 genera as a terminal or lateral

from the appendage or its branches. In a majority of genera, if it does

not terminate the appendage or one of its branches or branchlets, the antherldium is

itself a branchlet, as, for example, when it is sessile ; but in a few instances this termi-

nal character is lost and the organ is formed as a definitely intercalary cell, as in

Rhadinomyces. lu the compound type, these cells seem always to be intercalary

in ori^rin, althou"-h material has not been available for the study of their development.

The form of tlie simide anthcridiuin is remarkably constant, the single cell of which

iiturity, becomes

it is composed being distinguished, more or le?s abruptly, into a baf

flated portion or venter; and a terminal, more slender, usually sub-cy

the neck, originally developed as a terminal outgrowth, which, at n

perforate at its apex for the discharge of the male elements. The cavity of the ven-

ter is separated from that of the neck by a kind of diaphragm, abruptly distinguished

on the venter side, and much less so on the neck side. This diapl

to be formed by the deposition of a ring of cellulose in the position indicated, is per-

forate in the middle so as to allow the contents of the venter to pass out into the neck

throucrh an opening which is mucli suialler than the diameter of the cavity of tlie

neck itself (Plate I, fig. 26). The cavity of the neck therefore, which may be

tly called the canal, though of about the same diameter throughout the
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f^reatcr portion of its length, is more or less abruptly narrowed jnst before passing

into the venter. The contents of the venter during its active period, as it increases in

V islies through the narrow opening in the diaphragm into the cavity of 1

neck, and tlie portions thus extruded, when they have reached a certain definite si

become separated from the mass whence they were derived ; and, assuming the fo

of short cylindrical rods, the antherozoids pass into

fi

ical rods, the antherozoids pass into the general cavity of the neck,

diameter of which is but slightly larger than their own, and thence make their

[ exit through the terminal pore. This process of abjunction, by which small but

imiform pieces become separated from the contents of the venter as it is pushed into

the neck, continues for a period which varies somewhat in different cases, but may

begin some time before the female organs are mature, and continue long after they
r

have been fertilized. Although one sees many cases in whicli the neck contains a

continuous series of antherozoids which are evidently pushing one another out tlirough

the terminal opening, these bodies seem to be able to make their exit quite inde-

pendently of one another, although at the same time they also appear to lack any

indication of a power of independent motion, amoeboid or other.

As has been already mentioned, the form of the simple antheridium is subject to

inconsiderable variations which depend in general on the relative development of the

neck or of the venter, the latter being sometimes short and stout and abruptly dis-

tinguished, while in other cases it may run gradually into the neck without any such

clearly marked differentiation. The neck, too, may be short and rather stout, or long

and slender, straight or curved, the extremes in these respects being illustrated
J

such instances as the following: Ldboulhenia declpicns {WxiQ XX, fig. 20), L. Elon-

gcda (Plate II, fig. 15), Teratomyces (Plate X, figs. 6 and 11), Compsomyces (PUite

XI, fig. 14), or Stigmatomyces Bam (Plate I, fig. 26).

The disposition of the antheridia, and their relation to one another on the same

appendage or branch, is a matter of much importance in affording generic distinctions,

and even, in a few cases, is of service in defining species. On this basis all the gen-

era having simple antheridia, with the exception of Amorphomyces, which has in-

variably a single antheridium, might be separated into two categories: those in which

the antheridial cells are disposed in definite series on the appendage, and those In

which they are more or less indefinitely placed.

In the first category are found forms in which the series is a single one, as in

Stigmatomyces (Plates I, figs. 8-12 ; VIII, fig. 3), the antheridial cells succeeding one

another in a single vertical row, while a somewhat more complicated condition exists

in Idiomyces, where three vertical rows are present (Plate IX, figs. 18-19). Again,
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Helinintlioplmna. there are four rows svnimetrically arranired (Plate VIII, fig. 10)

appe
a

In all these cases the aiitheridial cells are themselves b

lets from the axis of the appendage. In Khadinomyces and Coretliromyces, how-

ever, the entire axis of the autheridial branch is formed from the superposed venters

of the antheridial cells, the necks alone being fiec and projecting in a vertical row

(Plate IX, figs. 5, 9, and 14).

In Te brouirht about throut^h the re-

peated sympodial branching of the appendage, the false branchlets (Plate X, li

6 and 11) being either antheridia or short sterile outgrowths, terminated by a char

o

beak-like cell. Althou"'' of andierid
o

cells, either alone or mingled with sterile branchlets, is produced, the type is not

strictly comparable with that of the previously mentioned instances; in which the an-

theridial cells or branchlets originate as a result of the septntion of an axis already

formed and the production of monopodial branchlets from the resultant cells. In

Teratomyces it is evident that the serial arrangement is necessitated 1>y the relative

position of the crowded appendages.

In the second category may be included all the remaining genera, comprising

foruis in all of which the simple antheridia are not thus disposed in reg

but are more or less irregularly placed on the appendages. Although never serially

d throucrh monopodial branching, individual examples occur, however, in which
O^^ J-,

the o-rouping of the antheridia is very characteristic and specifically

Among the instances included in this general category, Laboulbenia is by f\ir the best

illustration, since it comprises a greater variety of forms than any other genus.

Among finite relation in position b

Laboulhenia clongda or L. rUrostichi may be mentione'd, while among forms m win

there is a more definite grouping, Laboulbenia variabilis (Plate XXI, fig. 3) or X. p.

lifcrans (Plate XYII, fig. 23) offer the best examples of more or less regular and d

characteristic clusters. Species in wliich the antheridia are borne in pairs,
tiy

ly o-rouped, are common ; while in one instance, the curious L

(Plate XVII, fig. 3), a single short series may result, as in Teratomyces, from continued

sympodial branching.

In re<rard to the number of simple antheridia that may occur in individual cases,

may b oned that there are often wide differences, not only between diffe

species, but between individuals of the same species. Lahoiilbema texuna, for mstanct

(Plate XX, figs. 16-18), has one, rarely two, antheridia, while X. clou(/ala may liav(

from five to fiftv or more. Wherever fertilization has failed, as not infrequently hap

T.

i
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m

pens, the production of antlieiiclia is greatly increased (Plate II, fig. 8). Further ref-

erence to this circumstance will be made in connection with the '* abnormal forms"

described below.

Turning to the compound tij'pe of antheridlmn we find much less uniformity than in

the simple type just described, although the antheridial cells which make up the essen-

tial portion of this organ are practically identical with the sini

As has been already mentioned, these cells seem to be intercalaiy in origin as far as

can be determined in the absence of a knowledge of their early development

and instead of being wholly or partly free, both the necks and venters are closely

united below, beside or around a common cavity into which they discharge. Of the

twenty-seven genera thus flxr described, about one-third are characterized by possessing

this compound type of antheridium, and since that occurring in Dimeromyces is one

of the largest and most easily studied, it may b

genus the species are dioecious, and the male indi

In this

lifferen-

tiation, being as w^ell developed as the female, and bearing more .than one anthe-

ridium (Plate 17, fig. 16), which possesses a stalk-cell and four basal cells lying below

the antheridial cells. The antheridial cells in this case are six in number, symmetri-

) and emptying through long narrowilly o o

flated base of the long and slender " secondary

which serves as a common medium for the final discharge of the products of all the

dial cells. The latter here correspond closely to those previously described in

connection with the simple antheridia, and the formation from them of anthcrozoids is

also similar in all respects. The canal, however, does not enlarge, as in the simple
form, immediately after leaving the venter; but continues about the same diameter

1

has nearly reached the general cavity at the base of

ds slightly. As a result, the anthcrozoids remain in connection with the p

1

plasm of the venter till they project some little distance into the cavity of the sec-

ondary neck, eventually separating from it and fallin<r free into this creneral

ptacle
o '^"•-' o

r 3presented in the figure, they may be seen at various poin
Tnakmg their way out. The antheridium of Dimorphomyces is essentiallv identic
^vith that just described, ih^ male individual in this genus, however, producing but
Single antliendium (Phite Y, figs. 8-9 and 14-15). In Pcyritschiella (Plate 11, fi

12j, Dichomyces and Enarthromyces (Plate III, fig. 10)

;il

a

o

d
hat different in form, the secondary neck being less prominent and less

abruptly distinguished, its g
P

tially the same ; the four
six antheridi.1 cells in the last mentioned genus lying somewhat obliquely side by
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F

de in two rows, below a common cavity into which they empty. Iii

myccs and Eucantharoniyce

in character. In Caniptoni^

cly united to the receptacle. In Campt

tlie aj)pend;ige and is somcwliat diffcTC]

Hal cells arc placed around and beside

general cavity, and are arranged in .several neaily vertical row,'', emptying upward
through short necks into y escape through the terminal po

of a short secondary neck (Plate VI, ligs. 5 and G). In Eucantharomvces the

id o d in nearly more numerous

than in the last mentioned genus. Tiiey empty into a general cavity, which is cen-

tral and terminal, and are discharged through a well-developed, though somewhat

irregular, secondary neck (Plate VII, fig. 27). In both these genera the material has

been so limited in amount, and the antheridia arc so dilTicult to observe by focussing

through the asymmetjical arrangement of their numerous anthcrldial cells, tlmt 1 have
r

been unable to obtain a figure that would show satisfactorily the exact details of

structure and arrangement presented by the latter. The gross structure is, however,

made out without diJTiculty, and the general cavity is usually filled -vvith very

numerous antherozoids, which here and there may be seen in process of formation

from the antheridial cells in a fashion exactly resembling that which occurs in the

instances previously described.

A single type of compound antheridium remains to be mentioned, which occurs in

Haplomyces and in Cantharomyces, and in this instance also, owing to the lack of

sufficient material and to the complicated structure of the organ, much remains to

be learned concerning its exact structure. The type is distinguished from those

already mentioned from the fact that the secondary neck opens, as far as can be ascer-

tained from the material available, through a lateral pore, and consists of a central

cavity almost completely surrounded by the very numerous antheridial cells which

open into it. This general structure may be made out by focussing through the

organ; but no further details have been visible in the specimens examined. The an-

theridium (Plate VII, figs. 3, 9, and 22) is identical in the two genera mentioned,

except that in Haplomyces it is terminated by a thorn-like cell, while in Cantharo-

myces it is placed below a well-developed sterile branching portion. With the

exception of Cantharomyces pnsilhis, which may possibly prove to represent a new

generic type, none of the species of these genera have been seen in a fresh ccndition,

and they are the only ones possessing compound antheridia in which the discharge of

the antherozoids has not been observed. The antheridium in these forms is the most

highly developed that has thus far been noticed, and further observations upon it

are greatly to be desired.

I
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The anthei-idia are usually so placed that the antherozoids are discharged very

near to, or even directly upon, the female organ when the latter is mature (Plate I,

fi<r 15 Plate II, fig. 2 ; Plate III, fig. 18). When they are associated with long and

well-developed appLdages, they are usually borne near the base of the latter (Plate

II. fjir. 5, anth.), and the case of Laboulbenia, there are inner and

appendages or branches, the male organs usually occur on the inner ones, that

1
female. There are, however, some except

dia and trichogynes are not thus closely associated for

Teratomj former are borne some distance below the latter, and

are

r

ed away from them. In many cases also, though the two sexes may be

cly associated, there is often a marked tendency in the male to turn away from

lor than towards the female, as in Stigmatomyces and Eucantharomyces. In the

dioecious geuern, the male and fe proximity

ible association resulting from the fact that the spores always become attached

idino- to those which are formed in the ascus, and that,
to the host m pan^s, correspoufhng

of any given spore pair, one member produces a male while the other produces a

female (Plate V, figs. 2, 5, 17, 20, and 23). Notwithstanding the fact that the male

and female organs are in general so closely associated, it is more than probable that

cross-fertilization occurs quite as frequently, if not more frequently, than close fertili-

zation ; since not only are the species as a rule more or less gregarious in habit, but

the maturition of the antherozoids invariably precedes that of the trichogyne, and the

former continue to be produced long after the latter has been fertilized, in many
4

cases after the perithecium has matured and begun to discharge its spores. This is

true of forms having but a single perithecium ; but more strikingly so in those which

produce several succes.sive perithecia. In Dimorphomyces, for example, the antheri-

dium of the male individual continues to produce antherozoids indefinitely, while the

female may produce two or even four sets of perithecia. The same extension of the

functional period of the male is also seen in all the genera having compound anthe-

ridia. In forms having simple antheridia the same extension of functional activity in

the male is often effected by the production of new antheridial cells or new fertile

branches after the fertilization of the trichogyne.

As has been previously mentioned, the antherozoids are formed, in those genera

which produce them exogenously, as lateral branchlets, the whole or portions of which

become separated in the form of long slender rods (Plate XXIV, figs. 21, 24 ; Plate

XXIII, figs. 21-23), having a definite cell wall, while in the genera producing them en-

dogenously the contents of the venter of the antheridial cell are protruded through

t
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1

i

>

tlie opening in the diaphragm into the cavity of the neck, and flils profrndod portion,

having reached a definite size, becomes separntod as a free mass of profoplnsm, "wliich,

having been, as a ride, moulded to a cjlindiical form in (lie cavity of tlio neck, makes its

exit through the terminal pore. When free, the endogenous anflierozoids exactly re-

semble bacilli or cocci in appearance, becoming rounded at the cuds so that the short

forms are almost spherical (Plate I, fig. 2G ; Plate VI, fig. 5 ; Plate 11, fig. 2; Plate III,

fig. 19). Their substance is refractive and homogeneous, and I have been unable, by

staining, to differentiate a definite nucleus. Although, ^vhcn first separated from the

contents of the venter, they are undoubtedly naked protoplasmic masses, in some

cases at least a thin wall seems to be secreted around them after their exit from the

antheridial cell. In Enarthromyces, for example, ^vhich possesses antherozoids larger

than those of any other known form, such a wall appears to be present, and the same

may very probably be the case in other forms in which the antherozoids are so minute

that exact observations In this respect are made with difficulty, even after they have

become attached to the trichogyne. When freshl}^ discharged (hoy are usually sufTi-

ciently characteristic in appearance to he readily distinguished from the bacteria and

yeasts which are often so numerous on certain individuals as to completely corticate

the appendages.

The discharge of the antherozoids from the antheridial cell is a slow process^ and
r

probably does not occur more frequently than once every two or three hours; at

least this is about the rate observed in individuals Avhich have been separated from

the host and placed in water. It may be, however, that the rate is more rnpid under

natural conditions; since the parasite does not survive very long after separation from

the host, which doubtless disturbs not only its nutrition, but also its general turges-

cence. From the secondary neck of compound antheridia the discharge is, of course,

often much more rapid at times, and a dozen or more antherozoids may be seen to

make their exit within a few minutes after an individual of Camptomyces. for ex-

amj^le, has been mounted in water. Cultures of the antherozoids in water, continued

for many days, have never shown any indication of an attempt at development.

Eeference has already been made to the duration of the active period of the anthe-

ridia, and it remains to note the fact that the numbers of antherozoids formed during

this period from a single antheridium must be counted by hundreds, or even thou-

sands, in the case of the more highly-developed compound forms.

Female SlxuoI Organs.— It has been previously mentioned that in a majority of

forms the antheridial appendage is developed from the terminal cell of the germina-

ting spore. The femal o Liys formed from the prod

-- . -1-
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pi

ariably

division of the basal cell, never in any case from tlie terminal cell, whe

cnt. Although the products of the division of the terminal cell are in^

or male, it is not true, as might be supposed, that the basal cell or its derivatives ha^

any inlierent female character; since, in many cases, both normal and abnormal ai

theridia and antheridial branches may arise below the point of insertion of the fema

organ, or even, in exceptional cases, replace it entirely (Plate II, figs. 7-8). Whil

then, the primary appendage is, as a rule, terminal, the y

p folio ^y

as Avell as the

ption of Amor-

Thisphomyces, where both are developed terminally from the unsegmented spore,

lateral origin is, however^ very often obscured in the fully developed plant, from the

fact that the perltheciumj as it develops, is apt to push the appendage more or less to

one side, and assume an apparently terminal position ; as, for example, in the genus
F

K

Stigmatomyces or in Laboulbenia.

We ady seen that the basal f the germm spore begins

development by the formation of a cross partition which divides it into an upper and

a lower cell, and that the base of the latter becomes modified to form the foot. The

development of the upper, although varying considerably in the different genera, may,

perhaps, be best illustrated by reference to the series of figures (Plate I, figs. 1-24) of

Stigmatomv IS pical of the more form In this series, fig. 2

epresents the spore after it has become' attached to the host, the foot Is beg

form and the upper half is considerably enlarged. Figs. 3-5 illustrate the furth

development of the upper cell, the lower still remainino- as at fi I

b

become divided into two superposed

fig. 6

f which (b) forms

of append

fo

ige. The lower c
r

basal cell and the

divisions is not apparently'

happens that the partition

that which separates (a) fro

(?/) then divides in two by

b-basal cell (a). This scqi f

o has formed

It, and in other forms, at least, it more frequently

separates (a) from the basal cell is formed before

In fig. 7, the nucleus of cell (a) has already divided,

bee

daug nuclei. In fisr. 8
formed and the cell (a) has become divided into an

O

d

of the append

change as the

develop into t

(h) remaining permanently

pper

fur

lis wall has

d a lower

IS the base

Of th (a' and a"), the lower remains without fui

fem

of the receptacle the upper («')

gan and the perithecium. It will be noticed that
early a stage as is represented in fig. 8, the antheridial cells have beg

mature and to discharge their antherozoids Cell (a) next begins to grow upward and

I

^
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outward (fig. 9), and by tlie fbruiation of a septnni is soon divided (fig. 10) into an

upper and a lower cell [d and c). From the upper of lliese cells, uliioli may be

called the priinofdial ail of the procarpr, is formed the whole of the femnle sexual

organ, while from the lower (c), which may be similarly called the jiiiiiiordidf cilJ of

the j^cnlhccium, are developed the cells which form (he perilheciiiin proper. This

lower cell (c) is the fiist to show further signs of development, and becomes divided

by a more or less obliquely longitudinal septum (fig. 11) into two cells (c" and c).

The cell [c") then begins to grow upward, and becomes divided into an up[)cr and a

lower portion, fig, 12 [z) and [p). Tlie lower cell (fig. 12, ^>) con>.litutes the "stalk-

cell," while the upper continues to divide, as will be presently described. The cell

(c') of fig. 11, on the other hand, becomes separated into two upper cells (fig. Vl,i,i),

lying on opposite sides so that only one is shown in the figure, and a lower cell (h),

which may be called the secondary stalk-cell. The cell (2) and the cells {i, i) then

continue to grow up around the base of the cell {d), the primordial cell of the procarpe.

One of the cells (/, i) then becomes separated into a single lower and two upper cells,

while the other becomes separated into a single lower (figs, 13, 0) and a single upper

cell (h), as also does the cell {z); the cells (0') and (??) of fig. 13, resulting from its

divisions. There are thus formed three proper basal cells of the pcrlthecium, two an-

terior (<?, 0) and one posterior (0'), but twO of which are shown in the optical section

(fig. 13), and from them four cells are separated above which continue to grow up-

ward and surround the cell {d), the base of wliich is now (fig. 13) completely enclosed

and has become separated by a cross partition as the cell (/) from the part [c) whicl

still remains free above it.

We then have this basal part (fig. 13) constituting a central cell (/), distinguished

from the free part above [e) by a cross partition, and completely surrounded by the

seven cells (0, and n, n), but four of wliicli are, of course, shown in the optical sec-
r

tion. The central cell (/) then remains without further development until fertiliza-

tion has taken place ; the terminal portion of cell (e) in the mean time becomes

separated from the part below (fig. 14, e") as a usually very small cell (t% which im-

mediately begins to produce a terminal .outgrowth, the young trichogyne. This

small cell is more marked in the genus illustrated thin in most others in which it is

not, as a rub, so clearly distinguished ; the filamentous portion usually growing

1

directly from the apex of cell [c], from which it is separated by a septum (Plate II,

fig. 2). Cell {e) and the projection {(r) from it must therefore be considered as con-

stitutimT to"-ether the trichogyne proper. As the latter develops, the cell (c) becomes

less well marked, while the filamentous portion reaches a development that varies in
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different specimens, but is usually not greater than is represented in fig. 15 {it

and in fig. 16. Before fertilization it can be clearly seen, as in the last-mentioned

figure, that tlie trichogyne and the basal cell {c) constitute a single cell, and the

nucleus is usually readily made out in the position indicated at the base of the

tie. Meantime the cells [n n) and {o o) of fig. 13 have increased in size, and

former have betrun to ^row up still further around the base of cell ie), fig. 13, (t"),

'J

fig. 14

With the maturity of the trichogyne the female organ has completed its develop-

ment, and we have the condition represented in fig. 15, from which it will be seen that

the latter, which may be conveniently termed the procarjn, consists of three distinct

parts, which, so far as is known, are present in all genera of Laboulbeniaceo8. Of

these the uppermost may be properly called the tricliogyne, and in the present illustra-

tion is unicellular, though often, as will be seen presently, far more complicated in

structure ; the middle 2)ortion in this, as in all other instances, also unicellular, which

we may call the irichophoric cell (ie"), and the low^est portion (/), which may be termed

the carpogcuic cell, being that portion of the procarpe which is fertilized, and the only

part which persists and undergoes further development. As is shown in the figure,

the carpogenic cell is completely surrounded by eight cells, four of which (o o) lie be-

low and around it, and, remaining undivided, form the basal cells of the mature

perlthecium ; while the four others [n n) completely surrounded it, and, as will be seen

later, form by further division the wall- and lip-cells of the perithecium. These

eight cells are arranged in four longitudinal rows, and, in the stage represented, the

upper four have already begun to grow up around the trichophoric cell, the lower

half of which is now enclosed by their advancing tips. In the stage represented in

fig. 15, the antherozoids, which have been continuously escaping from the antheridia

since the stage represented in fig. v was reached, begin to adhere to the trichogyne,
T

often in larger numbers than are represented in the figure, and fertilization is accom-

plished, probably with considerable rapidity if one may judge from the rarity of

conditions which are intermediate between that represented in fig. 15 and that shown
in fig. 19, where the trichogyne has entirely disappeared. In the comparatively in-

frequent instances in which one finds an adherent trichoixvnc belomriucr to a T)i'ocarpe

ni which fertihzation has evidently been accomplished, slight elevations may be seen

which coincide with the position of usually more than one of the antherozoids (figs. 17
and 18). In such cases, althougli it is very difficult to determine the actual presence
of conjugation in the case used for illustration, it is evident that a wall has been
formed around the autherozoid, which often seems inflated and nearly empty of

contents.

r

\

\

\
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In brief, then, we fjiid the reniiile organ developed at fir.-^t as a laferal outgrowth

from one of the cells of the receplacle. From thifs outgrowth a tcMininal and a Pub-

terminal cell are cut ofF. From tlie former of thofc hy further division is jiroduced

the procarpe, consisting of a terminal receptive j)orlion, the triehogjnc, a middle con-

necting portion, the trichophoiic cell, and a lower essential i)ortion, the carpogenic

cell, which alone develops further; while from the laHer arises hy further division i]\e

whole of the perithecium j^roper. The subterminal cell thus forms the basal and

} wall-cells of the perithecium, while the terminal one, although at first rpiite free,

forms its contents.

The further development of the young perithecium after the fertilization of the

trichogyne may be also best illustrated by reference to the same series of figures of

Stigmatomyces (Plate I, figs. 17-24). In fig. 17, which represents a condition in

f( as been completed, the procarpe remains unchanged, except

'/) has become somewhat enlarged and elongated. In fig. 1^

first indications of development the carpogenic cell, which, through the

formation of two transverse partitions, has become divided into three superposed

cells, while the trichogyne has begun to wither. As a rule, however, it has entirely

disappeared when the first divisions of the carpogenic cell are visible. In fig. 19, this

division of the carpogenic cell has become still more pronounced, and nothing remains

of the trichogyne but its insertion. Disregarding the accompanying development of

the wall-cells of the perithecium, and following only the divisions of the carpogenic

cell, we may distinguish the three cells into which it first divides a«» follows: the

lower of the three {is) may be termed the inferior svpporiiiig cell, while the upper con-

stitutes the superior supporting cell {s s). The remaining cell, wliicli lies between the

ay be conveniently termed R of the thr

mtually dwhich undergoes any further develoi)ment ; the two supporting cells

appearing entirely. Up to this point the development of the procarpe is similar ir

all the genera, so far as they are known ; but the further divisions of the ascogoniun

show^ certain variations in different genera and even, apparently, in different speci

mens of the same species, although it is improbalde that individual variations of thi;

nature are at all common. In the present instance the ascogonium

lower and an npper portion, the latter at the same time dividing, by somewhat irregu-

larly longitudinal septa, into four cells. The lower portion (figs. 20-23, is t) remains

d

changed, being eventually destroyed

y be called the secondary supporthirj cell. \^

pporting cells {ss and is), and

then the ascogonium dividing

ily into fi of them, the secondary supporting cell, remaining

Ik



222 MONOGRAPH OF THE LABOULBENIACE^.

sterile, while the others constitute the ascogenic cells, and at once begin to bud up-

ivard:'tlie buds (ficr. 21, as) developing into asci (fig. 22, as), and in this, as in a

majority of cases, arising in a more or less distinctly double row. (See Plate I, fig

38 ; Plate III, fig. 1 ; Plate V, fig. 18.)

In Stigniatoinyces the four ascogenic cells, but two of which appear In the figures

are at first symmetrical neither in form, size, nor arrangement; but, as the asc

boijcin to develop, become so placed posterior, and

on either side. In fig. 23, which represents an antero-posterior view, the two

lateral ascogenic cells are shown, placed more or less symmetrically w^ith reference

to one another, the anterior and poste cells (not shown in the optical

section) occupying a similar relative position in front of and behind them. •

Eeturning now to the perithecium proper, which we left in the condition repre-

sented in fig. 15, it will be remembered that it originftted as a single cell (fig. 10, c),

which has divided several times, and that the upper products of these divisions have

p^rown up around the base of cell {d), from which, as we have seen, the female organ is

developed. In this stage (fig. 15), it will be seen to consist of the stalk-cell {p), the

secondary stalk-cell (Ji), and three basal cells (o), but two of which are visible in the

figure, and four primary wall-cells {n,n), which surround the carpogonium (/) and the

base of the tricliophoric cell (e"). At a stage slightly earlier than that represented in

fig. 15 a fiu-thcr development from the three basal cells takes place, which is not indi-
r

cated in the optical section. This development consists in the upgrowth from the basal

cells (o) of four cells corresponding to the wall-cells, but alternating^ with them ando
lying partly between them and the carpogonium. As they continue to grow upward

and to increase in size, they separate the wall-cells completely from the structures de-

veloped from the carpogenic cell, growing up around the latter in a fashion exactly

resembling that of the wall-cells. There are thus developed from the three basal

cells, eight cells arranged in two series; an outer, the primary wall-cells, four in num-
ber; and an inner, also consisting of four cells. The further growth and the succes-

sive divisions of the cells of these two series, although its course is identical, is,

quite mdep divisions of the cells of
series occurring In general after those of the outer series have taken nlace. 1
further development consists simply in a continued upward growth around the products
of the division of the female organ, accompanied by the separation of a terminal
portion. The latter is then again separated into two portions, the upper of which
divides again, and so on, until the number of cells characteristic of

been forme
pc

This process may be made somewhat clearer by reference to fin

k
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17-20. Tn fi<,^ 17, the primary wall-polls (fi<j. 15, «,;/)liavo imJcrgoiic their first

division, having each separated into an upper and a lower cell (wandii). The four

cells of the inner series (;/') have also been developed from the throe basal cells (0,0);

but, although they extend upward above the septum which has divided the wall-cells,

they are no

but each of

yet septate. In fig. IS, the wall-cells remain as before,

inner series has divided into two, (p c) the pnrictal cells

and (nc) the primary canal-cells. In fig. 20 the primary canal-cells have again

divided into two (;i c' and nc"), and this division has been preceded by a correspond-

ing separation of the upper wall-cells (^^',w) into the two cells (?('a" and ?rr'). This

condition continues until the asci have reached a considerable development (fig. 23);

but before any of them are mature a last division takes place, by which (he cell [nc")

of the same figure is separated into the cells (cc) and {t c) of fig. 24, and the cells

(/i'/)are separated into {iv^) and (i''z). In Stiginatomyces, then, there are present in

the nuiture peritheciuni, before the spore discharge has cuiumenced, an outer series of

tvall-ceUs disposed in four longitudinal rows of four cells each, the tennlnal cells of

which may be conveniently called the lijj-cclls, and also an inner series of cells

alternating with the outer, and also arranged in four longitudinal rows, each nuide

up of four cells, the lower of which may be conveniently termed the parietal ccllSj

the three others being distinguished as the caiial-cdls. There are thus four parietal

I
cells, twelve canal-cells and sixteen wall-cells, making a total of thirty-two cells in the

. peritheciuni proper, exclusive of the three basal cells, the stalk-cell and the secondary

stalk-cell previously alluded to (0, Ji, and p of fig. 15).

The asci, in the mean time, have continued to bud from the ascogenic cells, so that

their total bulk has greatly increased, and as a result the ascua mass begins to exert

a considerable pressure in all directions on the surrounding cells. Tn this way the

superior supporting cell, the secondary inferior supporting cell, and the parietal cells

and in most instanpRs. thouo-h not usuallv in that which hasgradually destroyed

ferior supporting cell is eventually obliterated bybeen used as an illustration, the ii

pressure. In Stigmatomyces the lower series of neck-cells (fig. 24, n c) become

gi'adually inflated towards their distal ends and their walls are somewhat thickened,

so that they act as guard-cells which control, to some extent, the passage of the spores

from the general cavity of the perithccium to that of the neck. The asci as they

mature are sloughed off from the ascogenic cells, and rapidly disappear, their walls

bein^'- absorbed as soon as the spores arc completely formed, so that the latter lie

free in the cavity of the perithccium. The spore mass thus formed, being constantly

au<niiented, pushes between the guard-cells («c') just mentioned, and being forced still
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further upward, destroys the two remaining series of canal-cells (cc and tc), and

finally forcing their way between the lip-cells {w z) the spores make their exit

through the permanent pore thus formed.

The special instance which has been selected as an illustration of the development

of the female organ, although it may be considered typical of the process as it occurs

in the family generally, does not, as has been noted, represent the invariable course of

development in all cases, when the details of the successive changes are considered
;

and it will therefore be necessary to compare the processes described with the corre-

sponding conditions presented by certain other genera.

The exact point of origin of the bud which is to develop into the perithecium, in

so far as concerns its position wnth reference to the cells of the receptacle, is, as has

been previously mentioned, subject to many variations in the different genera,

although that which has just been described is the most common. The genus Amor-

phomyces, to which reference has several times been made, presents the most essential

difference in this respect ; since the terminal and subterminal cells of the germinating

spore constitute the primordial cells of the procarpe and of the perithecium proper,

respectively ; the latter dividing and growing up around the former as in the case of

Stigmatomyces just described (Plate V, fig. 23, d, c). In several other cases, as in

Rhadinomyces and Enarthromyces (Plate III, figs. 13-18), the female organ first

appears as a free bud, developed from a cell, not necessarily the sub-basal cell, of the

ptacle
;
and this bud having become divided by a cross partition sup

*

posed cells, the same changes which have already been described in detail^ take place

in essentially the same way, as will be presently noted,

A very remarkable variation from the method above described by which the

primordia of the perithecia and sexual organs arise from the receptacle, occurs in

Zodiomyces; a genus in which these organs, instead of originating as superficial out-

growths, are formed as buds from a layer of cells which line the bottom of the cup-like
extremity of the receptacle. This cup-shaped portion, though open at maturity,
Plate XXIII, fig. 8, originates as a closed cavity below the base of the primary
appendage, fig. 5, :r, which becomes open as a result of the destruction of the super-
ficial cells above it, which is effected by numerous sterile appendages that make their
way out, fig. 6,y. The cells which give rise to the perithecia "are thus primarily
derived from the central parenchyma of the body of the receptacle. The course of
development of the perithecia, in this instance, does not appear, however, to differ
very materially from that already described.

Apart from these differences in origin, the development of the female organ corre-
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spends very closely in all the genera, up to the formation of the procarpe, with certain

differences of detail ; and in all cases the mature procarpe consists, as in Stigma-

tonij^ces, of the three essential parts above mentioned. The carpogcnic and tri-

chophoric cells are practically identical in all cases ; but the trichogyne is subject to

A^ery considerable variations, even in the same genus. In its most simple form it is

unicellular^ as in the case of Stigmatonij'ces, Avithout branches, and of no great length.

Other unicellular trichogjmes may be more or less brnnched, consisting of an nbruplly

enlarged portion from which radiate more or less irregular short lobes or branches,

which are the receptive portions, sometimes quite numerous, as in the genera Ainor-

phomyces and Dimorphomyces (Plate V, figs. 4, 5, 20, and 21), Camptomyces (Plate

VI, fig. 4); and, to a less extent, in PeyritscbiL'lla and Dicliomyces, both of which

have trichogynes which arc nearly simple c>r but slightly lobed (Plate VI, figs. IC and

32). A similar trichogyne appears to be characteristic of Dimeromyccs (Plate IV,

fig. 17) ; but sufficient material is needed to determine this point.

The multicellular trichogynes, which are the more numerous, may be branched or

simple, even in the same species, and sometimes reach a very remarkable degree of

development; becoming many times septate and copiously branched, the free extrem-

ities being either straight or more or less definitely spirally twisted (Plate II, figs. 1-5,

t r, and Plate XXI, fig. 15). The terminal portion of the trichogyne alone is receptive,

and it is this part which is subject to the spiral twisting, the most striking instance of

whicli occurs in the genus Compsomyces (Plate XI, figs. 9 and 10), w^ell developed

specimens of which, like that represented in fig. 9, producing more highly developed

trichogynes than are found elsewhere In the family. In all cases the receptive tips

have the same refractive appearance when mature that is noticeable in the correspond-

ing organs of the Florideae, and the continuity of the protoplasm of successive cells is

readily demonstnited, as in other parts of the plant. However liighly the trichogyne

may be developed, it disappears with great rajiidity as soon as fertilization has been

accomplished, collapsing and breaking off, its point of insertion sometimes remaining

as a scar-like prominence (Plate II, fig. 14, tr); while less frequently its base becomes

somewhat indurated and persists even In the mature individual (Plate XXI, fig. 12

and Plate XVII, fig. 18). In a majority of cases, however, all signs of it have disap-

peared at an early stage in the development of perithccium after fertilization.

The process of fertilization, in so far as concerns the adherence of the antherozoids

to the trichogyne, has been already referred to ; the former in almost all cases being

carried to the latter, whether thpy arc discharged directly upon it or make their way

to it by floating passively through the water, which, as we have seen, is opt in a

15

^

a
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majority of instances to surround the individuals wliile their hosts are hiding in moist

situations. The genera in which the aiitherozoids are exogenous in oi-igin probably

form an exception to this rule, and the transfer may be effected as above described

(p. 210). At all eventfj the trichogyne in the genus Zodiomyces always grows down-

wards (Plate XXIII, fig. 16) as it develops and seems to seek the antherozoid which is
F

almost invariably found attached to its tip (figs. 17, 18), and it is only after contact

with the antherozoid that it turns upward as is shown in the two last-mentioned

figures. In this instance several specimens have been examined in which there seemed

to have been a definite conjugation between the two organs, as in fig. 17 ; but as a

rule this union cannot be satisfactorily demonstrated owing to the very small size of

the male element.

The fertilized trichogyne usually disappears before any defi it
o pi

f procarpe
; but^soon after xpp

arpogenic cell already described succeed one another

d corresDond at first far as they

1 the divisions of

derable rapidity.

The carDOirenic

divides by two transverse septa into three superposed cells, the superior and infe-

supporting cells and the ascogonium ; and the latter, at least in many of the instances

rved, becomes separated into a lower sterile part which has been above described

dary inferior supp( o upper p
further division, constituting the single ascogenic cell, as in Amorphomyces, Sphalero-
myces, Peyritschiella (Plate I, figs. 28, 29) and a few other genera ; or becomes divided
into two such cells, as in Laboulbenia (Plate I, fig. 35, ac) and in many other genera

Less frequently the number of ascogenic cells mayber

be fo of Stigmatomyces above described ; while in only
raplomyces, have eiff/d such cells been definitely observed. Although the number of
'oogenic cells is moderately constant in a given genus, it does not appear to be inv:
able, and I have seen rare instances in which two were present in forms having typ
illy on]y one

;
while in a single instance a specimen of Rhadinomyces was' observe

which three were distinct within the peritheclum in place of the usual four; a coi
doubtless due to the abortion of one of the original products of the division <

d

the ascogonium.
f

The form of the ascogenic cell, though generally similar in nmst of the genera, is

d the posi

perithecium is sometimes character

pie, it lies somewhat obliquely in n

the tyof
n given instances. In Khizomyccs, i:o

mass s

pe
appearance represented in Plate TIT ficr. 3

so that the

Chitonomyccs
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piradoxus it is nearly horizontal, so that the asci growing inward, downward, and up-

ward arc much bent and distorted when mature. When they occur in pair^s the asco-

genic cells are more or less 8ynnnetric;i11y arranged, and when there arc but two, lie

facing one another in a plane at right angles to that in which the pcrithecium is flat-

tened. Where there are two or four pairs the peril liecium is but slightly if at all

flattened, and the ascogeuic cells lie facing one nnother : one anterior, one posterior,

and two lateral, or ap[)roxiuiately so. The form of the ascogcnic cell is s-ul)joct to

little variation, being, as a rule, oval in outline in face view ; but in a few genera it

is much elongated, as in Amorphomyces (Plate IV, figs. 25-28), or Sphaleromyces,

and in the former case may possibly become divided by a transverse septum in certain

instances.

In Stigmatomyces, as has been mentioned, the asci bud from the ascogenic cell,

first from one side, then from the other: m that, as a result, Iwo dennite
o

r formed, such as are illustrated in Plate IV, fig. 18, in Plate T, fig. 38

left), and in Plate Ilf, fig. l,all of which represent dorsal views of the as(ms ma^s, the

asco^enic cell Ivinor away from the observer and being consequently invisible. In the

last mentioned figure, a slight irregularity is noticeable from the fact that an extra

ascus has been abnormally produced at one point lying in the median line between the

two rows normally formed. The most conspicuous exception to this biscriate arrange-

ment of the asci is found in the genus Moschomyces, the very large ascogenic cell of

D

although such

f asci arranged in many vertical row?

there seems in a few other cases to b

from the biseriate typ

The form of the ascus at maturity is subject to unimportant variation??, being

practically identical in nearly all the genera. It varies from a somewhat stout and

short type (Plate VIII, fig. 28 ;
Plate II, fig. 11 ; Plate I, fig. 25) to more slender forma

(Plate XI, fig. 17 ahd Plato XXIV, fig. 9). At the time when the spores are fully

formed, the ascus is commonly short-stalked ; but as the latter begins to be

nnward bv the ever-increasimr mass of asci below it, the basal part often bee

drawn out into a long slender pedicel, which finally sloughs off as the ascus wall itself

begins to dissolve. In almost all cases the asci are four-spored at maturity, as in the

majority of the figures cited, and are distinctly flattened, the only known exceptions

to this rule being presented by the two genera, Moschomyces (Plate XI, fig. 17) and

Compsomyces, in both of which they are definitely eight-spored and more nearly

cylindrical. The asci are never naturally discharged from the pcrithecium, having

wholly dissolved some time before they reach the terminal pure of the latter; but by
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crushinrr perithecia In some aqueous stain like eosin, perfect asci in various stages of

maturity are very easily obtained, either free or still attached to the ascogenic cell.

Before they sepai-ate from their attachment, the asci are generally much distorted

mutual pressure, but assume a more or less regular form after they have become free.

As the ascus mass or masses increase in size, their upward pressure soon destroys

the superior supporting cell, as we have already seen ; while their downward pressure
F

in most instances destroys the primary and secondary inferior supporting cells, at the

same time freeing the ascogenic cells from one another, if there are more than one ; so

that the latter eventually lie in the cavity of the perithecium, free and unconnected with

any other cells. In some cases the inferior supporting cell persists after the ascogenic

cells have freed themselves from their attachments, as is the case to a certain extent in

Stigmatomyces, the supporting cell in this instance being so placed as to be protected by

the basal cells of the perithecium which surround it. In a similar manner the inferior

supporting cell in the species of Laboulbenia allied to L.imlmella persists permanently,

for the reason that it is surrounded by the lower series of wall-cells of the perithe-

cium, which are modified to form a perithecial stalk, and corticate it completely.

The further destructive action of the ascus masses on the parietal and canal cells of

the perithecium has already been described in connection with Stigmatomyces.
i

With the formation of the spores and the disappearance of the ascus-wall, the his-

tory of the female organ and its products is completed ; but, as we have seen, the

changes which it has undergone are accompanied by changes in the cells of the peri-

thecium proper which are also subject to certain variations from the course ot

development described as characteristic of Stigmatomyces.

In all cases the perithecium proper, by which is meant all portions of it exclusive
of the female organ and its prod ^4AlM,UV/0 <lik3 Ctl OiJIil cell (Plate I, fig. 1

Plate III, fig. 14, c) that lies wholly below the terminal cell which gives origin to the
female organ in the manner above described. This cell, which has already been
alluded to as the primordial cell of the perithecium, divides, in cases which have been
followed out and probably in most if not in all of the other genera^ into two cells more
or less obliquely superposed (Plate I, fig. 11, 6c", and Plate III, ficr. 15, c\c"V. the
divisions of which follow in general the same course which has
Stigmatomyces, and may be briefly recapitulated with reference to the genus E
thromyces. Comparing figs. 15-17 of Plate III, which represent three successive

of development, we have in fig. 15 the condition just referred to, in which
the primordial cell of the perithecium (fig. 14, c) has divided into two obliquely

been described

d cells [c') and (/'). In fig. 16 each of these has divided, (c^
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cell (p) and an upper cell (2); while the cell (c) hn^ f»ep!ir;i(e(l Into a lower coll {h\

the secondary stalk-cell, and two npper cells (?,i), oidy one of wliich is Pccn in the

figure;, the second lying opposite it on ilio reverse side. 'J'he two cells (?',?*) nnd

the cell(*) then continue to grow upwaid around the base of the itriinordial cell of the

procarpe (r7), and the cell (z) becomes separated into a lower cell (Hg. 17, 0'), (he pos-

terior basal cell, and an upper cell (n); while of the cells {i, i), one heeomes separated

into a lower (0) and one upper cell [n), the other into a lower [0) and two upper cells

{n,n). The two cells (0,0) constitute the anterior basal cells, and thus, togetlier with

the posterior basal cell (0'), give rise to four cells {n,n), two only of which are seen

in the optical section (fig. 17). The cells [n, n) in the figure cited have already grown

up around the base of the primordial cell [d) of the procarpe, the base of which is

completely enclosed, and is separated from the free portion above as a distinct cell

(/), tlie carpogonium. In fig. 18, the cells (-o^o') Iiavc also given rise to tlie inner

series of perilliecial cells wliich develop ns in Sligniatomyces^ and are eventually all

destroyed.

The free part above has in the mean time developed a terminal trichogyne

(/ r), which is separated fiom the carpogonium by the trichophoric cell [c^^). The

foiu^ cells {n^n) then continue to grow^ upward^ and their upper portion become«
#

separated by a septum. This upper portion then in turn divides into an upper and a

lower part, and the process is repeated several times, until the number of wall-cells

characteristic of the genus has been produced. During the formation of these wall-

cells a corresponding development of the inner series of pcrithecial cells, fig. 18 (not

shown in fig. 17). has taken place, resulting in the formation of the parietal and canal-

cells previously described, which correspond in number to that of the wall-cells, and,

like them, are derived as upgrowths from the three basal cells (o, o, and o').

The number of wall-cells which occur in a single row is usually four, as in

Laboulbenia and many other genera, while in Moschomyces, Compsomyccs and a

few others, the number Is five. As far as I am aware, the genus Ceratomyces (Plates

XXIV and XXV) is the only one in which the number maj' not only vary in differ-

ent species, but also in individuals of the same species. In this genus the peritheclum

attains in some instances a most extraordinary development, and in C. rosfratus the

number of wall-cells in a single row may reach seventy. These rows of wall-cells

may be either straight, or spirally twisted, as in Sligmatowyccs Barn, or in some of the

s]3ecics of Laboulbenia (Plate XIV, fig. 27; Plate XX, fig. 19), and vary in specific

both in form, relative size, and position. For cxami)le, in the genus T

the lower members of the series of posite the ascogenic
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cells ; but in some species they maj lie wholly below them, being prolonged into a stalk,

as in L longicollis, L. KwiMi, and their allies (Plate XIX, fig. 6, etc.; Plate XVIII, fig.

In such instances the ascus and spore masses, as they lie in the perithecium, are

iiost completely surrounded by the sub-basal cells of the series. In Slkjmatom?/ces

Baeri, on the other hand, the basal cells of the series occupy a corresponding position

(Plate I, fig. 23), while in >S'. virescens (Plate VIII, fig. 2) the basal cells of the perithe-

cium (not the wall-cells) extend up above the ascogenic cell and the base of the ascns

mass. In a few cases the wall-cells may give rise to projections or definite appen-

dages, which originate as lateral branches. Such a projection from one of the basal

wall-cells is found in Chiiononif/ccs spinifferus (Plate VIII, fig. 16). C. ajipendlculaius

offers an example of a similar projection from one of the sub-basal cells; while in-

of outgrowths from the terminal cells of found

Stljynatom^ces virescens (Plate VIII, fig. 1), Laboidhcnia Gyrinidanim (Plate XXII, fig.

37), and a few other cases. In the genus Ceratomyces, multicellular appendages may

be thus developed which may be even copiously branched (Plates XXIV and XXV)

;

but in all the instances cited these structures are only of specific importance.

The terminal cells of the series of wall-cells have been already referred to as the

" lip-cells "
; since it is b spores eventually force their way

*

from the perithecium. These lip-cells are often somewhat modified in shape, and are

not, as a rule, similar and symmetrical, though sometimes so. They are usually

modified to form a more or less elastic margin to the pore ', as, for example, in some

species of Laboulbenia (Plate II, fig. 14), the lip-cells of which are in general very

irrei^ular in form, and have their walls so modified as to <ji;Ive them (jrreat elasticity^..v. Q — ^

and thus regulate the discharge of spores. In this genus, and perhaps in some others,

there is a peculiar structure at the apex of at least one of the lip-cells, represented in

the figure just cited at (x), which may perhaps act as a valve, allowing the lip-cell,

the cavity of which it terminates, to be more readily compressed, and at the same time

to recover its form as soon as the pressure is removed. That the spore discharge may

be regulated by modifications of cells other than the lip-cells has already been seen in

the case of Stigmatom^^ces (Plate I, fig. 24) ; and in Sphaleromyces (Plate III, fig. 1),

several sets of cells appear to assume this office. Rhadinomyces (Plate IX, fig. 13)

affords an instance in which the lip-cells perform this function without any consider-

able modification.

Turning now for a moment to the inner series of cells which have been described

as arising from the basal cells of the perithecium within, and alternating with, the

wall-cells, we have seen that in Stigmatomyces their development follows that of

}

\

I
1.
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the wall-cells, although qnite imlopeiident of it, and the same Is in general true of all

the genera. In forms in whicli, like Ceratoinvces, the wall-cells become very numer-

ous, a corresponding increase in the number of the canal-ccll.s (akos 2)lace ; allhough

the number formed may be fewer, as is indicated in Plate XXIV, fig. 8, which rc'2)re-

sents the growing apex of a perithecium in section, the divisions of the wall-cells (frc)

being evidently more numerous than those of the canal-cells (c c). There seem, also,

to be certain variations in the relative position of the canal-cells. In Sphaleromyces,

for example (Plate III, fig. 2), the cells (.r) are probably the lower canal-cells which

have, by pushing between the wall-cells, assumed an apparently external position
; and

some similar modificaiion of the more normal course of development may account fur

the peculiar arrangement of the cells at the tip of the perithecium in this genus, when

seen antero-posteriorly as in fig. 1. It is not improbable that there are, in certain

cases, variations of the course of development above described : yet in all the instances

in which a careful examination has been made, it seems to correspond in all essentials.

"While the waH-cells of the perithecium have a definite protective function, persist-

ing and forming an envelope around the ascus and spore masses, and regulating and

directing the disj^ersion of the spores; the inner series, as we have seen, performs an

entirely different function which may well be compared, in so far as concerns the cells

which I have called the parietal cells, to that of the so-called tapetal cells in the sporangia

of the higher cryptogams ; while the cells which 1 have called the canal-cells bear a

similar resemblance in function to the neck-cells, for example, of an archegonium. It

is needless to say, however, that there is not the slightest homology between the two

structures in either case. The function then of the parietal cells is to make room for

the developing ascus masses, and allow them to float free within the cavity of the

perithecium ; while that of the canal-cells is to afford a channel of exit by means of

which the spores may make their way out through the pore of the perithecium. For,

as we have seen in the case of Stigmatomyces, which is typical of the family generally,

the growing ascus masses press upon and destroy not only their own connections with

other cells above and below, but also the thin-walled parietal cells around them; while

the mass of mature spores, which is constantly being pushed upward, has a similar

effect upon the canal-cells, the latter, as a rule, having disappeared entirely when the

discharg In exceptional cases, as in that of Stigmatomj

w\alls of certain of the canal-cells (Plate I, fig. 24, hc) appear to become somewhat

indurated, and to regulate, to some extent, the spore discharge ; but I have observed

no other instance than the one just mentioned, unless it be in the ca^e of Sphalero-

myces (Plate III, fig. 1) above alluded to.
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It should be mentioned in this connection that in two genera (Dimorpliomjces and

Dimeronijces) not only do the parietal cells lose their individuality as cells, but also

the basal cells of the perithecium, the stalk-cell, and the secondary stalk-cell ; so that

the cavity of the stalk-cell and that of the body of the peritheciura are continuous

when the latter is fully mature. In these cases, as in many other genera, the cavities

of the lower wall-cells of the peritheciura are gradually obliterated, as the spore mass

increases ; the terminal and subterminal wall-cells often being the only ones, in old

individuals, in which the cell cavity can be made out.

Before leaving the subject of the derivation of the two series of cells which consti-

tute the outer and inner portions of the body of the perithecium proper, and of their

relation to the cells below, it must be confessed that my first impression concerning

the origin of the inner series was that they arose from the primary wall-cells (Plate I,

fjg. lo, n), through the formation of longitudinal tangential septa, it being a matter of

great difficulty to make out their exact position and relations at the earliest period of

tlieir development; and it was not till the protoplasmic connectionsdof both the outer

\

observed of Laboulbenia the

cells of which had been separated by treatment with potash, that the true condition
of things suggested itself. These connections, in so far as they have been absolutely
seen in given instances, are represented in figs. 16 to 18 of Plate II, which should
be compared carefully with the account above given of the successive origin of the

stalk-cell, the basal cells, and the wall-cells : the lett
th

corresponding in general to that of the figures above cited on Plates I and III. In
figs. 16-17 (Plate II), the parietal cells, as well as the inferior supporting cell below
the ascogenic cells, had been destroyed, so that the protoplasmic connection with
these cells had also disappeared; but in fig. 18, which represents a young individual,
some of them were distinctly visible, and it was apparent that the inferior supporting
cell {i s), and the two anterior basal cells (^) and {d), were definitely connected with
the secondary stalk-cell (h), and that the two visible parietal cells (pc) were similarly
connected with the two anterior basal cells. A second preparation showed with equal
distmctness that the posterior basal cell (o^) was similarly connected with one of the
parietal cells. It was, however, impossible to determine which of the two anterior
basal cells gave rise to two and which to one parietal cell

;
yet it is safe to assume that

the same cell {d) which (fig. 17) gives origin to two wall-cells, is also connected with two
parietal cells. In the preparation, as will be seen (fig. 18), three connections were vis-
ible from this cell

:
one of which was evidently with a parietal cell, another with the

wall-cellf/), the thu-d running beneath and connecting on the opposite side either with

)

^
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a wall-cell or Avitli a parietal cell. The fourth connection could not be distinctly made

out, and may well have been broken by the crushing which wns resorted to In order to

separate the cells from one another. The connections of the basal cells with the wall-

cells, as they are represented in figs. IC and 17, are very readily dcmonstrntcd. It

will be noticed that in fig. 17 a portion of the posterior basal cell (o'), as well as its

connection with the wall-cell (/), Is indicated through the anterior basal cell {d)j the

connections of which with livo wall-cells (c) and (/) are very distinct. The connection

of the basal cell (y), shown in fig. 16, is not visible in this instance.

Having considered these special cases and their modifications as far as the}'' arc at

present known, it may not be isuperfluous, even at the risk of tedious repetition, l^riefly

to summarize the general development of the perilhecium and of the structures which

it contains, since it involves matters of such cojisidcrable Importance that a clear

miderstandinij: of it is essential.

Summary of the decclopmait of the perUhcchnn and (f the female srxual organs. The

peritliGcium arises as a lateral^ rarely iis a terminal organ, and consists at an early

stage of two superposed cells: an upper, which is alone concerned in the formation t)f

the female organ, and a lower, from which is developed the perithecium proper. The

upper cell elongates by terminal growth, and is converted into the procarpe through

the formation primarily of two cross partitions, by wliich it is separated Into a lower

portion, the carpogenic cell, always a single cell ; a middle portion, the trichophoric

cell, also always a single cell, and a terminal portion, the trichogyne, which nniy con-

sist of a single cell, or, through the formation of cross partitions often accompanied

by copious branching, of very numerous cells. The free extremities only, of the tri-

chogyne, are receptive, and conjugate with the antherozoids which adhere to them.

As a result of this union, the trichogyne soon withers and disappears, while the carpo-

genic cell undergoes a series of divisions. First, by the formation of two transverse

septa, it is separated into three superposed cells : the upper and lower constituting

the superior and inferior supporting cells, respectively, which undergo no further

changes; while the middle cell of the three, known as the ascogonium, divides, by

more or less oblique partitions, into from two to nine cells, one of which lies at the

base of the others and is called the secondary inferior supporting coll; while the one,

two, four, or eight remaining cells are known as the ascogenic cells. Each nscogenic

cell then begins at once to produce asci, which bud froui it downward outward and

upward, and soon becomes quite free In the cavity of the perithecium; destroying, as

a rule, both supporting cells, and eventually the remains of the trichophoric coll, as well

as the cells of the perithecium proper (parietal and canal cells) which lie Immediately

about and above It.
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The cells which make up the body of the perithecium proper, all arise, on the other

hand, from the primordial cell of the perithecium, which lies wholly below that of the

procarpe. Its first division, with a few possible exceptions, separates it into two more
or less obliquely superposed cells. From each of these cells upgrowths arise ; one
from the lower and two from the upper, which still retains its protoplasmic connection

with the primordial cell of the procarpe. The lower becomes separated from its single

upgrowth, and constitutes the primary stalk-cell ; while the upper is similarly separated
from its two upgrowths and constitutes the secondary stalk-cell. There are thus two
Stalk-cells surmounted by three upgrowths which have become separated from them
and form three distinct cells, that begin to grow up around the base of the primor-
dial cell of the procarpe. The body of each of these cells constitutes one of the three
basal cells of the perithecium. From these three cells then arise eight upgrowths,
four of which are external, while the remaining four are included by them a°nd form
an inner series. As a result of continued terminal growth, accompanied by the forma-
tion of a variable number of septa by which the growing tip is successively separated
from the portion below, an envelope is formed which completely encloses the female

nd Its products
: consisting of an outer series of cells, arranged in fou

up of a definite number of superposed

rows

of the perithecium
;
and of an inner series of cells similarly arranged, the lowest mem-

bers of which have been called the parietal cells, while those above them are termed
the canal-cells. Of the two series, the outer forms the perithecial wall, the inner
bemg desti^yed, with unimportant exceptions, to make room for the ascus and snore

provide a channel through which the spores may p point
f exit between the apposed terminal, or lip-cells, of

General MdcUions and Character of the Cells. We ha^e^already s7en that the gelati-
ous membrane which surrounds the ripe spore persists, in the growing and in the
a ure plant, as a general envelope within which the cells undergo their independent
iv..ons and modifications. This envelope, though thin, is tough and very impervious,

'^ '" "" "^"
!^

'"f
°""^' ^^"^^ ^^'-^J^ing fl^^ids in a manner which greatly increases

mculties associated with any attempt to obse
that take place in the cells within it. In

and other changes
some xy be separated

It! S:' l."^"-!"' ^^l'"
^°'-"- - -^"> when the speciLn is ..y, b.

pplication of

themselves

and 11

„. , ,^ „ """ "'=^'''" '" ^'A'^i' t^^^e resulting in the swelling of the
a> ers of the cell walls and the bursting of the envelope, through which the cells

" -y protrude while still connected, as is represented in Plate III, figs. 10
In other cases the envelope appears to be ™ore firndy and intimatelv con-

\
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cted with the outer layers of the cell walls, and, though always readily dcmonstrnted

crushing, is not affected by the application of pof;i>h.

The cells of the Laboulbeniacc;\), with the exception of those which lie within the

wall-cells of the perithecium, and of the receptive portions of tlie trichogync, arc char-

acterized by possessing thick walls that, when treated with potash, are readily seen

to consist of a number of layers, the outer of which are less dense, and soon become
f

swollen and gelatinous. In a majority of instances they do not seem to be connected

with the general surrounding envelope by any special organs of attachment ; but, in

certain cases, the innermost layers of the cell wall give rise to fibrill.T which, paP^'Tng

through the outer laj face of the cnTclope. T

latter, in such instances, is usually more or loss conspicuously punctate, especially in

cases m iTuscd with some dark color, as, for

f Lahoulbcnla Ohcrthnn (Plate XXl1[, fig. 39). It may be mentioned in p

ffusions, usually of blacl ( niv

appear to be for the most part, if not entirely, confined to the envelope; the cell walls

wdthin them being, in general, hyaline.

In some cases, however, this blackening involves at least the outer layers of the

walls themselves, as, for example, in the ordinary " foot." The same is true also in

cases where, for instance, the septum separating two cells is thus modified. This

occurs very frequently in the appen<lages of Laboulbenia and other genera, the black-

eninn- extending;? inward so for perfor

ponding to the passage through which the protoplasm of

tinuous. These blackened septa were noticed by Berlcse, and described in his

of Laboulbenia arnvllaris as " black

determined.

The fibrillai just mentioned, which, in the normal cell wall when it is viewed in

optical section, give rise to the appearance described by IstvanfTi as being due to the

presence of " pore isted when freed by

potash, and are characterized by the presence here and there of granular thickenings

(Plate III, figs. 11 and 12), their extremities being attached to the inner surface of

pe fashion that varies in different instances. In L
4

KnnhU, for example (Plate XVIII, fig. 9), they are characteristically attached in sh

rows, running transversely in the sub-l)asal cell, but less regularly disposed in the c<

above it. In other cases they may adhere in more compact groups, as in X. JVchr

or smgly without any definite and characteristic aggregation. These points of

ent tend to become dark-colored, especially in areas where the envelope itself



236 MONOGRAPH OF THE LABOULBEXIACE.E

»

ffiised o

The presence of tb

than Laboulbenia, a

the latter the punctate appearance peculiar to many species.

not been definitely determined in genera otherfib has

although so conspicuous in many species

they no not seem to be of invariable occurrence.

The substance of tlie cell walls *as well as of the general envelope give, when

treated with iodine and sulphuric acid, or with Schultze's chloroiodide of zinc solution,

no blue color.

The contents of the cells, especially those of the receptacle, are usually more or less

characteristic while the plant is alive, and consist of rather dense granular proto-

plasm, in which, as a rule, certain highly refractive spherical oily masses are conspicu-

ous. In some instances these masses are few in number, one or more of them being

often, very large (Plate V, figs. 4 and 5), while ngain they may be more numerous and

uniform in size, completely filling the cells, as in the case of Laloulbenia Harpall, L.

Philonthi, and many others. In general, however, they are more or less variable in

size, and present the appearance indicated in fig. 15, Plate II. In glycerine they soon

become indistinguishable, and are thus not represented in the accompanying figures,

which were drawn, with few exceptions, from glycerine preparations.

The protoplasm of adjacent cells, the origin of which is the same, is connected by

picuous strand of the same sub ch passes from one cell to the other

1

igh a well marked perforation of the cell wall, the connection being demonstrated

great ease by treatment with potash and subsequent staining (Plate 111, figs. 11-

Plate II, figs. 16-18). In many instances, also, it may be seen in the living plant;

of r

F

This protoplasmic connection is found in all the cell

le, when this organ is multicellular. In many cas'eluding those of the trichogyi

which the cells had been separated by potash, and the connecting protoplasmic strand

stretched between them, I have seen a slight enlargement like that indicated in fig.

1 Plate III recalling the similar structure through which the strands of Pro-

toplasm pass in the Florid

exact nature.

A siuLde. usi

I have, however, be yet unabl d

ally large, nucleus is found in the contents of

often readily seen without the use of o hile in oth

y to demonstrate, owing to the difficulty

y cell,

s by m
d IS

the cell contents. The Pl

ally experienced in staining

ly so, and usually a large
nucleolus (Plate V, figs. 20 and 24; Plate I, figs. 7, 15, 16; Plate II, figs. 3 and 13).
The nuclear changes accompanying cell division have not been determined: but from
the occurrence of conditions like that represented in fi<r. 7, Plate I appear

«
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th<at the nucleus divides, and that the two resultant nuclei separate before tlie wall is

formed between them.

Although a considerable amount of time has been expended in an endeavor to

determine the nature of the nuclear changes which take jflace in the female organ

during and after fertilization, I do not as yet feel in a position to make anj definite

statement concerning them, and have not ventured to give any drawings of the often-

conflicting phenomena observed. Any one having an opportunity to study an un-

limited series of specimens of Sh'fjmatomyccs Bacn, for example, in a fresh condition,

would probably meet with no great difficulty in determining tliese matters; since from

the considerable size of this species, its densely gregarious habit, and tlie nature of it*--

trichogyne, it is peculiarly well adapted for tliis purpose. Of all the Laboulbeniaceas

none, however, is better suited for study in these respect^ limn the foiin described

below as Enarthroniyces indlcus, by reason of its large size and great simplicity; but, ns

a rule, observations of this nature arc made with the greatest dilliculty, owing chiefly

to the lack of unlimited material in the proper condition of development and the

impervious" character of the envelope, which so seriously interferes with the action of

stains.

Abnormal Morj)hoJog>j and Development. In examining a large body of material,

cases are often met with in which the course of development, usually characteristic

of a given species, is modified in various ways, and some of these modifications are

sufficiently curious to call for mention in this connection. Among the simpler in-

stances, abnormal septation in individuals of the cells, for example, of the receptacle,

frequently occur in genera like Laboulbenia, in Avhich the latter consists, with few

exceptions, of an invariable number of cells. Such an instance is represented in fig.

9y Plate XXj the basal and sub-basal cells being thus divided, while in some ca«es a

much more complicated cell division has been observed.

An abnormal production of branches in the appendages, due, as a rule, to breakage

and subsequent renewal, is very common, especially in species in which the latter are

filamentous, and ty of form and b o

does not occur in normally developed plants. The multiplication of appendages, nor-

mally single or definite in number, sometimes occiu's, however, not as a result of in-

jury ; as in Stigmatomyces, the normally single appendage of which is rarely furcate

near the base, each branch becoming a functional appendage.

The same is true in regard to the production of accessory perithccia. While in

many forms more than one is usually produced, in a majority of genera it is typically

solitarv. In the latter class, however, instances are sometimes met with of the produc-

«
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tioii of accessory peritliecia. This abnormal condition has been seen several times in the

genus Ceratonijces (Plate XXV, fig. 7), and occurs also in Chcetomyces, Corethro-

injces, Stigmatomyces, and a few others. In Rhachomyces is found the most frequent

and remarkable instance t)f this nature, the accessory peritliecia arising in this in-

stance in two distinct ways. In the one case, t\vo may occur side by side as is repre-

sented in Plate X, fig. 22, or, through the proliferation of the receptacle below the

base of the perithecium first formed, a second may arise a short distance above it

(Phite XIT, fig. 2). The same process may even be repeated, so that two or even

three accessory perithecia may succeed one another, as in fig. 14 of the same

In the last mentioned cases the proliferation, usually, if not invariably, follows the

abortion of the perithecia first formed, the trichogynes of which have, for some reason,

failed to become fertilized.

One further instance of the abnormal occurrence of perithecia may be mentioned
which has several times been noticed in the genus Peyritschiella. In all but one of

the known species of this genus, the receptacle is terminated by a single perithecium
(Plate VI) which may exceptionally be replaced by two. lu the species"- referred to

(P.^emma^«,Plate VI,fig. 7),the receptacle usually bears a terminal pair of perithecia.

When, however, the individuals have ij-rowm favorable cond
for instance, near the extremities of the anterior pair of legs of their host, the lower
transverse cell rows of the receptacle may give rise externally to several additional

perithecia, which develop normally witli the others.

To a similar failure of fertilization is also to be attributed the usually marked increasb
in the production of antheridia in such cases, which has been previously noted. Such
antheridia are, as a rule, formed normally on the appendages; but in certain instances,
on the other hand, this increase is effected by an abormal process, as a result of which,
accessory antheridial branches take the place of the perithecium, growing from the
cells at its base (Plate 11, fig. 8). In some cases the branches produced under these
circumstances may grow up through and within the atrophied perithecium, emerging
between its terminal cells, as is represented in Plate II, fig. 9. A condition similar to
this IS figured by Peyritsch (1873, Plate II, fig. 11), the protruding filament having
been mistaken by him for a trichogyne. A specimen in which a similar growth from
within the base of the perithecium has resulted in tlie production of large numbers
of branches is represented in Plate II, fig. 10. In this instance the abnormal growth
had apparently followed an injury, by which the upper half of a normally matured
perithecium had been destroyed. Such exampl the f

of the perithecium proper are merely eight modified, but independent, fil

si,
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which under abnormal conditions may be replaced by or associated witli U pically flla-

itous growths simihirly derived from the basal cell?'.

In very rare instances individuals are met ^ith in wliicli a (3
>-

pendage, in a normally bisexual form, is substituted for the fem;i1.^ orgnn, the

substitution being accompanied by a great increase in tlie number of anthci-idia pro-

duced. An abnormal male individual of this kind is rc'j)rcsentc(l in riatc H, fig. 7, the

two appendages being in general normal even to the formation of the blackened in-
4

sertion cells.

We have seen that in general the spores arc discharged in pairs, and that, as a

rule, and sometimes invariably, they adhere to the host and develop side by side. It

fact which may possibly the derivation of

dioecious from the monoecious forms, that in certain instances one member of llie spore

pair may normally, or not infrequently, become atrophied, or produce a smaller and

weaker individual than the other. In the case of Lahonlham wjfafa the atrophy of

one of the spores, after it has reached an inconsiderable development, seems to be an

invariable rule, as far as I have had an opportunity for observation, and groups of

this species, when detached with a portion of the Integument on which they are

growing, show the condition of things represented In fig. 5, Plate 111, the atrophy

being apparent even at an early stage.

'

Kormal Variations. Like other groups of plants, the Laboulbcniaceas are subject

to normal variations in form, size, color, etc., which are partly inherent and partly

due to the action of external causes. In individuals growing under identical con-

ditions, the variations are comparatively slight, and are expressed by inconsiderable

or variations in the relative development of different parts,

irences in color, which are, however, in general, due to the
d i iTe

often coupled with diff

-y of individuals. Forms, for instance, which, when }

arc sufficiently advanced to d o

4

hyaline or pale straw-color,

may become, as their age increases, dark amber-brown or suffused, wholly

blackish or smokv

Among the external causes which influence variation, the most important ara

ted with the character of
1

and the position in which the p

site grows up

P

dark or black

it. The color of the host, for example, often influences that of tl

; species being sometimes very dark or nearly opaque on hosts wii

pellucid, or nearly hyaline, on hosts of

Ohter color, such dilTerences in color being independent of dilTcrences in the

dividual
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Variations in size among different specimens of a given species are often influ-

enced by two factors; namely, the size of the host and the position in which the para-

site has become attached. Thus small specimens of a given species of insect will, as

a ride, bear smaller parasites than larger ones, and the same is true of smaller species

in a varied genus, for example, like Platynus, almost all the members of which are

liable to bo infested by a single species of Laboulbenia. In regard to differences de-

pendent on the position of growth, it is usually true that individuals growing near the

circulatory centres of the host, being presumably better nourished, are commonly dis-

tinctly larger. The largest individuals that I have observed, for example, have been

found growing on the thorax or prothorax about the base of the two anterior pairs of

legs, while, on the same insect, those which inhabit the tips of the elytra, or of the legs,

include the smallest specimens. It should also be observed that individuals growing

in situations in wliicli they are exposed to the most unfavorable conditions are apt to
4

be thick-set, short, and stout, with short appendages. This is true, for example, in

specimens of Lahoulhcnia elonrjata^ L. suhtermnca, and various other species?, when they

occur, as they not infrequently do, on the mouth parts or near the tips of the legs of
-

their hosts, the difference in general habit in such cases being often so great that such

forms might easily be mistaken for distinct species. The same short, stout habit, it

may be mentioned, characterizes species which are found normally in such situations

here
j as, for instance, in the case of Lahoulhcnia parvula, Pef/rUscliicUa

t

hers, that are, as a rule, found near the extremities of the legs, and only

d

eptionally in other situations.
, I

The rate of growth of the LaboLdbenlaceae and the duration of their life period

matters concerning which it is not easy to make exact observations, owing, on the one
hand, to the difficulty of obtaining freshly hatched hosts that have not been exposed
to nifection, and, on the other, to the uncertainties connected with the determination
of the exact time at which the infection of the fresh hosts is accomplished. By keep-
ing in confinement insects which have been collected with spores upon them just

germinating and distributed on definite areas, one may estimate with considerable
accuracy the time necessary for the fungus to reach maturity. This period, in the
species of Laboulbenia which I have thus cultivated, has proved to be from two to three
weeks. It is doubtless variable, however, in different genera ; those which are more

plicated in structure requiring, for their full development, a period correspondingly
longer

; as may well be the case, fo Ptliachomyces or Zodiomv
According to Peyiitsch, freshly hatched flies confined with others infested by Sti^/ma-
tomyces Baen were found to bear mature individuals of tlie fundus in from ten to four-

»
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teen days, according to the temperature at which they were kept; nnd it is cerdunly

improbable that many forms attain maturity in a much shorter period ihan tliis.
- B

In regard to the longcdty of individuals, it seems qiiife certain that those which

have been mature in the autumn^ may still produce spores during the spring and (^arly

summer; for although mature specimens which have hibernated are a^it to be much

damaged, and are often no longer fertile, fully mature individuals, evidently of consid-

erable age, from their dark color, have been found on hosts still hibernating and col-

lected by '^sifting" early iii the spring before the advent of warm weather. That

the germinating spores and young individuals live over winter, attached to their hosts,

in a dormant condition, is an undoubted fact; and it is upon the survival of those,

rather than on that of the maturer individuals, that the fungus depends for its perpet-

uation. That a majority of forms, occurring in temperate climates, live throughout

the summer and early autumncannot be doubted ; since one very rarely finds Individ-

uals that are old and infertile. When such cases occur, with few excerptions (a.« in

Amorphomyces), the cessation of fertility has evidently resulted from some vioh-nt

injury which has destroyed tlie perithecinm, or a portion of it. From my own ol)ser-

vations in this connection, 1 think that it may be safely assumed that, in a majority

of cases, the life period of the parasite coincides with that of the host. The number

of spores formed by a single individual must therefore be often enormous, in view of

the flict that the ascogenic cells are continuously active during the growing season.

GEOGRArniCAL Distribution. Any intelligent discussion of the distribution of

the LaboulbeniaceoD is hardly possible, since it is in North America only that their Fys-

tematic study may properly be said to have commenced
;
yet, judging from the small

number of exotic hosts which have been available for examination in connection with

the preparation of the present monograph, it may be inferred that the warmer portions

of the earth are quite as rich in representatives of the group as are the more tcmjier-

ate regions, while towards the colder northern latitudes they become distinctly lo5=s

abundant. For, although specimens have been examined from localities as far north

as Hudson's Bay and the Aleutian Islands, a com pa rativel}- small percentage of the

hosts collected in these regions appear to be infested, while the reverse is true as the

portion of the United States is approached. N f;

he CarabidtB and Staphylinida?, families of beetles which furnish by far the majority

f the hosts at present known, are relatively much less abundant in tropical than they

re in temperate regions, it seems highly probable that, in such localities, these orders

re replaced by numerous other insects having suitable life-conditions, among which

16
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orders other than Coleoptera are doubtless largely represented. This is indicated by

the fact that two among the small number of tropical forms at present known occur

on such peculiar and unusual hosts as those of Lahoulhenia anniUar'is and L. Ilageni, the

one a mite, the other a white ant. Southern California also furnishes an instance of

the occurrence of a peculiar form on a host^ ChilocoruSj quite unrelated to any of tlie

usual genera of insects thus parasitized, and it must be remembered that the Diptera

have hardly been examined at all in this respect. It thus seems not improbabloj in

view of the above facts, and of the more favorable conditions for development and

perpetuation which exist in the warmer regions of the earth, that we may look to them

for a large, if not the largest, future addition to the group ; for that the family is des-

tined to be greatly augmented can hardly be doubted.

Including a small number of forms not enumerated in the succeed nig pages, from

lack of proper material for description, the total number of Laboulbeniacea? known at

present to exist includes one hundred and fifty-eight species, from which five perhaps

nn'ght well be deducted as synonyms, distributed among thirty genera, three of which

are undoscribed. Of these one hundred and thirteen are, so far as known, confined

to North America, eleven to Europe, eight to Africa, three each to Asia and South
America, including Panama, while two are peculiar to Australia. On the other hand,

nine are common to North America and Europe ; two to North and South America

;

one to North America, Europe, Asia, and probably to Africa ; one, the determination
of which is perhaps doubtful, to North America, South America and Africa, including
JMadngascar

;
one to South America and Africa; one to North America, Europe and

probably to Asia
; and, lastly, one to Africa and Asia (Japan).

Turning to the genera, one finds that of the twenty-five which are known in
North America, twenty are not recorded from other continents; that of the six
genera known in Europe, two have not been found elsewhere ; that of four genera

I

i

k

\

from Africa, two are indigenous; while of the two Asiatic Qv...^x.v, ^..^ IS con-
fined to that continent. Lastly, South America and Australia are each known to
possess but the single genus Laboulbenia, which is universally distributed.

It is needless to remark that these value as showing
distribution of the species and genera in the several continents, and

they are merely given to indicate the possibilities of distribution in so fa
perfect knowledge will permit. For convenience of reference a table giv
detail the facts of relative distribution outlined above is here appended

more
I

-

t
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«

Total number of species known to exist 168
a

u

a

a Ci

" " " described 152
" u Xorth American species described 124
u 44 ^Tqj.j^i^ American species known • . • . • 130

^' Enroi»ean species 19
4C " '^ African species
44 Cb " Soutli American species

44 "•' " Asiatic species

4h ki " Australian species

14

6

6

2
^

Common to North America and Europe.— Chitonomyces paradoxus^ lihadinomj/ccs palUJuSy

Lahoulhenia elongata^ L, cristata^ L. Gyrinidarumy L. luxurians^ L. NchricSy L. mhterranea^ L.

vulgaris.

Common to North America and South America. — Lahoulhenhi Gueriali^ L. variahilu^ L.

polypliaga.

Common to Nortli America and Africa.— Lahoidbcnia Catascopi^ L. pohjphaga^ L.eluiigaia (T),

Common to South America and Africa.— Lahoulhenia Pheropfiophiy i, polyphaga.

Common to Africa and Asia (Japan). — Lahoulhenia proliferans.

Common to North America, South America, and Africa. — L. polyphaga.

Common to North America, Africa, Europe, and Asia. — Lahoulhenia elougata.

Common to North America, Europe, and Asia (?). — Lahoulhenia vulgaris.

In regard to the distribution of single species in a given continent no data are

available in any case except that of North America^ where a wide distribution of given

species is indicated. The common Lahoulhenia Nchrice^ which is also known to occur in

Europe, is found in America from Maine to Virginia, and west to Wasliington. extend-

ing northward to Alaska and the Aleutian islands. Lahoulhenia cristata is another

instance of a European form wliich is found in this country from Maine to

Nicaragua, and several examples might be mentioned of species found throughout the

United States and Mexico. The writer lias unfortunately had no opportunity of col-

lecting Laboulbeniacea3 on their living hosts outside of New England, and it is only

in this limited territory that an approximate knowledge of their local di.^tribution has

been obtained; yet in general it may be safely assnmed that the diflcrent species have

a range practically coincident with that of their usual hosts. The occurrence of more

or less cosmopolitan forms, like some of those mentioned above, which are doubtless

more numerous than our present knowledge would indicate, has a certain interest

when we consider that the possibilities of dissemination are so restricted as is neces-

sarily the case where, as in the present instance, direct transfer from one living host

to another is an essential factor in the perpetuation of the species. Of the more local

occurrence of the Laboulbeniacea3 nothing furtlier need be said at present, since, as

has just been mentioned, it coincides with that of the special hosts of the group, which

will be presently referred to.

I
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f th

Hosts of Laboulbexiace^. According to our present knowledge all membe
are entomogenous, and occur only upon members of the orders Col

optera, Diptera, and Neuroptera, with a single instance found among the Arachnida.

Peyritsch in his third paper refers to an observation recorded by Hngen, where
he does not state^ of the occurrence of a member of the family on one of the

Orthoptera; and although this must be considered of doubtful authenticity, it seems
more than probable that others of the insect orders, especially the Hymenoptera, may
prove to be similarly parasitized. It will be noticed in the appended host index that

coleopterous hosts outnumber very greatly all others; yet it should be borne in mind
that this predominance of beetles in the list may be due in part to the fact that no
other group has been examined with any care in this connection. The known occur-
rence of species on such diverse insects as the delicate fly Drosophila, the larva of a
white ant, and the acarid Antennophorus, certainly suggests many possibilities as to the
types of hosts likely to be affected. There seems no good reason, then, why a much
greater variety of insects than are at present known should not be added to the list,

especially from the tropics, provided that they fulfil the apparent requirement of over-
lapping generations and moderate longevity, coupled with a cleanly and not too
solitary habit.

The relative numbers infesting the various orders and families of insects may be
seen at a glance from the following table, which includes all forms known to the
writer, whether described or otherwise, and is approximately correct, though not abso-
lutely so, m so far as regards the number of the undetermined species of hosts.

A.

4

Table of Host Insects of LAB0ULBE^^IACE^.

Total number of species of insects known to become the hosts of members of the Laboul-
Dcniaccae ••....

Total number of genera represented by these hosts 86
Total number of hosts belonging to the order Coleoptera '

.

*

241Total numbers of hosts in the different families of this order-

250

Carabidje .

u V ^^^ genera 47
-fclaliplidas „ «

Dytiscidae

Gjrinidae ...

"

it

Hjdrophilidffi

Staphylinid^e

Coccinellidae .

ii

a

u

li

3

3

4

18

1

li

a

species, 156

2

8

15

9

50

1

a

a

u

u
Total number of hosts belonging to the order Diptera 6

>
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Total nnmbcrs of hosts in the different families of tliis order

:

Nyctcribida)

Diopsida)

Droso])]nlida)

Muscida3 •

Total number of hosts belonging to flic order Neuroptcra . .

giMiern, 3 ; Rprrics, 3

*' 1; ** 1

i( 1 • c< O

u 1; « 1

1

A single family Termites genus, 1 ; spccii-s, 1

Total number of hosts belonging to the order Araclinida 1

A single family GasmiJa: . . . . g<'nu8, 1 ; spocics,!

In comparing the species and genera represented by these hosts it is noticeable

that although the Carabida? exceed all other families as regards the niiiiil)or of genera

and of species, both of hosts and parasites, the number of genera by which they

are infested is comparative!}^ small. Of the seventy-five species of Laboulbcniacoro

which are found on members of this famil}^ sixty-five belong to the single genus

I e remammg distributed among but five genera, D
myces, Peyritschiella, Enarthromyces, and RhachomyccF. In the case of the Staphy-

linida3, however, which, next to the Carabida?, includes more hosts than any other

family, the proportions in this respect are quite different. For althoufli the ;;enu3

Laboulbenia predominates to such a degree in the Carabida) and infests all of the

orders, and a majority of the families given in the above table: among the fifty species

known on members of the Staphylinida?, but four belong to this genus, while tlie

remaining forty-two are distributed among no less than eighteen genera. The last

mentioned family is thus by far the most interesting in this connection, and its para-

sites abound in peculiar forms.

It is further observable that the aquatic hosts, witli the exception of tlie Gyrinidae,

the species of which swim on the surface of the water and carry their hosts at least

partly exposed to the air during much of their existence, are infested only by mem-

bers of the three genera Zodiomyces, Ceratomyces, Ilydraeomyces, and Chitonomyces,

of which the two first mentioned are the only representatives of the group of

"exogenae," producing their antherozoids exogenously.

In general, it is true that among the Coleoptera infested a mnjority are eitiier

riparian or aquatic in their habits; yet there are a number of foruis that occur upon

insects wdiich live away from the water and often inhabit rather dry situation*'. Of

these, Chilocorus is perhaps the best example ; while, outside the Coleoptera, tlie com-

mon house-fly affords a conspicuous instance of a host very subject to tliis parasitism,

yet far from riparian in its habit. Peyrltsch notes the fact that, in his experience,
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hosts inhabiting the margins of running water were much more likely to be parasi-

tized than those fonnd along the borders of ponds or of still water generally; but this

has certainly not been my own experience, and the margins of ponds or of boggy
i

places generally have always proved as rich in LaboulbeniaceiB as those of brooks or

rivers. It is also worthy of note that the statement made by the same author that

iridescent hosts are not infected has not proved to be true in my experience.

The relation of the parasite to its host as regards its nutrition has already been

referred to, and there can be no doubt that the fluids of the insect are absorbed by

osmosis through the membrane of the foot or haustorium, whether this be a highly

developed penetrating organ, as in Rhizomyces or Moschomyces, or consists merely in

a sucker-like external attachment.
w

The relation of the parasite to its host, in position, is a matter of interest for sev-

eral reasons ; for, although all parts of the latter may be infested, the antenna3, the

eyes, the mouth parts, the anal plates, — in fact any portion exposed when the insect is

at rest,— certain species exhibit a very reniarkable defmiteness in regard to their point

of attachment. In some forms, like Lahoulkmia Nehriw, or L. Gakrltm. the i^arasite

idiscriminately all over tl

uly at the tips of the elv

L. tennmalis, L. fumosa, or Z. lux-

it region about the extremity of

abdomen. Others, like L. panmki and L. arcaata, have been found only on the

1 in a definite position. L. IlarpaU, again, occurs on onespecies alway

side only, along the anterior inferior margin of the thorax and the adjacent margin of

the prothorax. L. contorta, L. umhonatfi, L. elcgans, L. lepida and L. tcmna all occur, with
very rare exceptions, on the prothorax just below the external margin, usually on a
d

mity of the

may be noted in passing that, especially as regards the

tioned species have a familv resembl

ex-

Instances like those just enumerated might be multiplied ; but by far the most remark-
able examples occur in the genus Chitonomyces.' Species of this £renus growing, for

by

pie, on LaccopJulm maculosus, can be distinguished, as a rule, with certainty merely
loting their relative positions. C. parodoxus is invariably fixed to the margin of

left elytron about half-way between its base and apex ; C. marni
3

within the margin of the same elytron nearer the apex. C, Uchanopliorus is found
only on one of the inferior median anal plates (always the same plate), and so on

ed of any d

pecies that infest only instance which I

ely found attached to the left posterior le

Why such constancy in position should

position being in the case of G. margi

O

some cases, and



MOXOGRAni OF THE LABOULBK\IACE.E. 247

r

matter that I am wliolly unable to explain. It is certainly not connected in any way

with matters of nutrition, and although it may be in part explained a? resulting from

the fact that the spores are transferred while the sexes arc in coita, and the points of in-

fection are determined by definitely recurring motions of the legs or otherwise, this docs

not seem sufficient to explain the constancy of the phenomenon. Peyritsch (1S70),

calls attention to the fact that Sligmatomjccs Bacri invariably occurs on the under

surface of the male and on the upper surface of the female host. Such a fict, if it

were true, would readily be explained in this way. My own observation.'^', however,

do not agree with those of Peyritsch in this respect, though this relative position may

perhaps be the more common.

That certain types of form are associated with certain typos of hosts seems to be

a fact illustrated in a limited number of instances,— a well-marked case being nfTonled

by the species of Laboulbenia which are found on Clivina and its near allies, and

those which occur on Galerita nnd related forms. The species of Laboull)enia which

beetles also f

Parasites of Lahoidh y large amount of material I

been struck by the general absence of parasites attacking these fungi. A very

small number of such parasites do, however, occur, the most striking of which belong

to two forms of an apparently new geniis of the Chytridineos, which grow externally

on species of Ceratomyces, possessing well-developed fdaments and large append icu-

The only other parasite which seems at all peculiar to the ordei

erhaps a yeast, that often completely envelopes the append

especially of species of Laboulbenia, assuming a eh The

n ay into the interior of the peri theci urn, fill

and destroying its contents.

Parasites associated with the Laboulbeniacoa3, and, like them, attached to living

sets, are more or less abundant ; and while the majority are animal in nature (bell

nalcules, rotifers, etc.), there is one genus of fungi (?), unknown to me, which,

quite colorless, resembles some of the more simpl It

d sometimes by accident to specimens of the Laboulbeniaccic)

by a slightly blackened base, and consists of superposed cells, the

of which produces a small number of apparently non-motile spores cndogcuously, that

escape through a terminal opening.

The ffcnus described as Devoca,^ which is evidently not in any way " related to

» Lockwood, S. Fungi affecting fislies. Jour. N. Y. Microscop. Soc. Vol. TI., p. 67 (1S90).
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the Saprolegnlse," but seems to be an encysted condition of some protozoan or other

animal organism^ is also not infrequently found on water beetles.

T/ic collection of Laboulheidacece involves little more than the collection of a sufficient

number of tlio proper hosts, although their presence on the latter is not always easy

to ascertain in case of the smaller forms. In so far as concerns the collection of hosts,

my own experience, which is not that of a skilled entomologist, much less of a coleop-

terist, indicates that the most favorable localities in which to search for infested beetles

is along the margins of small streams or of ponds. In such situations abundance of

hosts may usually be found under stones or sticks, or in rubbish, that may be best

shaken over a sheet or other white cloth, on which the insects are readily captured.

Traps deposited in such situations, and made by raking together a heap of decaying

grass, algoe, etc., often yield large numbers of interesting specimens when examined in

this way. Many forms may also be obtained by leaving bundles of hay or grass in

cultivated ground for a few days and examinin.cv them over a sheet. Water beetles

are in general best obtained! by sweeping the margins of ponds or ditches with a

dip net; those bearing Zodiomyces occurrino; in cool gravel alono- the mar^rins ofj3
^. ^...,^^ «,xv^ii^ uiiv. iiiciig,

brooks, or in cold, wet rubbish which has accumulated on rocks or branches in its bed.

Staphylinidte which are either mycophagous or fimicolous have not been found' to

yield any parasites. Forms of this flimlly most likely to be infested are best obtained
by using the two kinds of traps above mentioned. The collection of hibernating
specimens by " sifting " seldom yield parasites in good condition. A few hosts may
be obtained on flowers: Ilarjxilus pennsi/Imnicus, for example, which Is very commonly
infested, is usually found in abundance climbing up the spikes of Ambrosia ariemisioB-

folia about dusk.

Laboulbeniacco) may be ^' cultivated " in the manner above alluded to, by confin-
mg infested hosts with such as are free from any parasites; and this is not a matter of
any considerable difficulty, provided that surroundincrs are furnished which are suited

ffi

the habits of the insects employed. If pains are taken to keep
moist and fresh, the parasites will develop normally; but if there is not
moisture to allow of a certain amount of condensation on the surface of the hosts,
fertihzation is apt to be interfered with, and, as a result, one finds a large number of
abnormal and undeveloped forms. As a rule, it is more satisflxctory and quite as little

have grown under natural conditions- and little, if

trouble to obt

dvantage is to be obtained from such artificial cultiv
No attempt has been m
esults which might be looked for from such

the spores in artificial nutrient media, and

if they should p

t

*

I
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to be possible, which I very much doubt, arc not likely to alTord data which could not

be as well or better observed by the examination of .sncccssive stages in Individual!

naturally developed; except, perhaps, in so far as concerns the possibilllus of mou-
strous development which these plants might exhibit under such unnalural condition''.

Preparation of Material for Exaiuuiation. Having ol)tained a nnnib-T of Iiosts

whicli are liable to be parasitized, it will found that from about five to fifty per cent,

will bear parasites. In order to obtain them for examination, the host .should be

killed and impaled on a fine needle (a No. 12 sewing-nccdlc mounted in a match Is

the most convenient), care being taken that the surface of the insect remains perfectly

clean and dry, and then examined over a dull white, and then over a black surface

with a hand lens magnifying about eight or ten diameters, a dissecting microscope

being most conveniently used for this manipulation. Every portion of the insect

should be examined in different positions, and when the parasites have been dis-

covered, they should be removed by means of a dissecting needle like that just men-

tioned, the needle having been inserted in the match far enough to give it the

requisite stiffness, while its apex should have been ground on
' a fine oil-stone

until a sharp, slightly oblique chisel point has been obtained. With .'^uch a ]>oInt, the

individuals are scraped off without much difficulty, and should be transferred to a very

small drop of water on the slide. When the desired number liave been thus trans-

ferred, the individuals may be conveniently arranged by means of a fine hair mounted

like the needles. The excess of water should thm be drawn away from the spooi-

mens with a shred of blotting paper, and as soon as the moisture has dried around

them, they should be quickly treated with alcohol, and covered with a cover gla8.s

which should always be supported by a shred of blotting paper or a chip of cover

glass.- The alcohol should then be replaced by water, n^ quickly as possil)le, when

the individuals will be found still living, if the manipulations have been sufficiently

rapid, and attached to the surface of the slide as a result of the slight drying just

mentioned. Although these directions may seem superfluous, it will be found that if

they are accurately followed, much trouble and the loss of many specimens will l)e

avoided. For permanent mounting, 1 have used only glycerine, to which is best added

,11 nmonnt of a saturated alcoholic solution of eosin, together with a trace of
a sm

common salt. This preparation is very satisfactory for general purposes, and should

be allowed to run under the cover glass and replace the water slowly, as it evaporates.

If the replacement is too rapid, the individuals will become shrunken, but generally

re<]rain their normal form In a few days, or in a much

Dried material for herbarium specimens, which is always sufficiently good for
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purposes of dete should be mounted in tight pill-bo

avoid the depredat

A little cotton in the box pr

of Anthrenus and of

on the herbarium

insect collections.

host, as well as its parasites, from b

jured by falling about when moved. Care should also be taken that the insect is kept

cleau and free from dust particles or exudations from its own body. Otherwise, it is

often difficult or indeed impossible to detect the parasites when needed for examina-
I

tioii.

I

V

*

\ ^ K
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rART ir.

NOTE COKCEliNIXG THE SYSTE^rATlC rC^ITIOX OF THE LABOULBKXTACE.E.

The systematic position of the Laboulbenlacea) lias been a matter of much un-

certainty, and even in the light of a fuller knowledge, both of the forms and of their

development, it still remains nndetcrmincd what arc their immediate connections

within the group of Ascomycctcs to which they must undoubtedly be referred. As

we have seen, jNIuntagne and Robin (1853), who were the first to describe them as

plants, speak of the single genus then known as " e familia Pyrcnomycctum novum

genus," and compare it to Capnodium, although they made no observations on the

origin of the spores. Later, Karsten, who first included them in the Mucorini (1869)?

places them (1895) in a group of " Stigmatomycetes," between the Ustilagineas and

Pyrenomycetes; but tly observed the essential fact of

the occurrence of fecundation, he denies the presence of asci, and gives a quite errone-

ous account of the spore formation. Peyritsch (1871, 1873), although his observa-

tions on the procc-s of fecundation were incorrect, was the first to present any definite

evidence of their ascomycetous nature
;
yet it seems doubtful whether asci were seen

even by him, since his reference to them as "eight to twelve spored" indicates the

correctness of the criticism made by Karsten, who held that these "asci" were

merely the ordinary of spores, coherent in a fusifor

wont, and surrounded by their own gelatinous envelopes, which were mistaken for the

ascus wall. This element of uncertainty in the observations of Peyritsch led Dc Bary

to place the group among his " Doubtful Ascomycetes," a disposition in which he has

been followed by most systematists who have alluded to the group at all. In any

case, it is at present definitely determined that asci, containing four or very rarely
t

eight spores, always occur ; and that they are beyond question the morphological

equivalents of the corresponding structures in the Ascomycetes generally. It further

seems undenial^le that these bodies are of sexual origin, in view of the evidence

adduced in the foregoing pages. If, then, we admit both the sexual and the asco-

mycetous nature of these plants, their consideration becomes a very important factor
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in any attempt to trace the homologies of the ascus or the derivation of the group of

Aseomjcetes in general.

It is not my intention in this connection to enter into any detailed discussion of

the several theories which have been advanced in regard to these matters
j
yet they

cainiot be allowed to pass unnoticed. In brief, it may be said that, as regards the

primary origin of the Ascomycetes, authorities seem generally agreed in deriving

them, in an ascending series, from the Pliycomycetes ; but in the discussion of the

homologies of the reproductive organs in either case, the agreement has not been

so striking. De Bary, as is well known, relying in a great measure on his observations

in regard to the development of Sphserotheca, as well as on the account given by

Eidam of his genus Eremascus, finds little difficulty in houiologizing (with his usual

judicious cautiousness of statement) the asci of these genera with the oo^-onia of

the Phycomycetes ; while their sexual derivation was further substantiated through

the studies of Janczewski and others on Ascobolus, by those of Kihlman and others on

Pyronema, by those of Stahl on the Collemaceae, as well as by further observations

which need not be here enumerated. In later years there has been a reaction from
for the most part due to the very imp

of Brefeld. This writer, by
g, researchc

of a large amount of wholly negative

pre

vidence, having discarded as without significance the positive evidence just referred

ents an argument from which he concludes that although the Ascomycete;
have originated from the Phycomycetes, they have lost all traces of sexual organs
According to this view, the ascus is assumed to be merely a modified non-sexual sno

homoloorous with the"O"""-'^ "^"^vyix^" sporangia of the Phycomj'cetes ; and
attempt is made to substantiate this assumption by the citation of a series of
examples which, in his opinion, illustrate the actual process of evolution by which
this transformation has been brought about.

In stin more recent years, observations made by Dang^ard on the phenomena of

prior to spore formation, have led

oosporic sexuality, thus expressed, is general among the

fusion in the Ascomy

believe that

higher fungi, including the group in question ; a view which, for reasons that need .. ^

here be considered, does not seem to call for serious consideration.
It is thus apparent that the question under discussion has resolved itself into the

phyllogeny, not of the Ascomycetes, but of the ascus ; one " school "
assertinn- its non-

sexual character, the other the reverse. Supporters of the former contenlion, like
N an Iieghem, for example, seeing in the trichogyne of Stahl a remarkably developed
ventdatmg apparatus," or in the « carpogoniun, " of Ascobolus or Pyronema, a
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group of merely vegetative cells charged with iiiitninent destined for a special pur-

pose. Otlicrs, again, believing that the organs described nro sexually significnnt,

consider them, in many cases, functional, while in others, they may have lost their

sexual character or have disappeared entirely- ; the presence among the Ascomycctcs

/ of purely apogamic forms being as readily reconciled with ihe coexistence of Fcxunl

forms as it is among the riiyconiycetes, where a similar degeneration to an apogamous

condition is w^ell known to exist in not a few instances.

Recent investigations^ liowever, cnibodiod In the \ory iniporf;inf pnper on Splia^-

rotlieca lately pnbllslied by Dr. Harper/ indicate that while De Bary, who niny be

considered the chief exponent of the view hist mentioned^ was correct in his general
+

observation as to the existence of sexual reproduction in connection with the forma-

tion of the ascus in this plant, he was misled by bis failure to observe the very sig-

nificant phenomena exhibited by the changes which t;d^e place in the carpogcnic cell

after its fertilization. These phenomena, which consist in the production of a scries

of superposed cells only one of which, and that not the terminal one, enlarges or buds

out to form the solitary ascus, forbid any such direct comparison as that suggested by

De Bary, betw^een this single ascus and the oogonium of the Phycomycetcs. It

seems not unlikely that further and more exact observations on Ercmascus may
t

lead to some similar modification of the course of development described by Eidam
j

and in any case, in view of the absence in one or in both of these instances of such

evidence as thej^ were thought by De Bary to afford in support of his own views, and

the, to myself at least, wholly unconvincing character of the arguments and illustra-

tions presented by Brefeld in support of his peculiar theories, one seems justified in

suggesting at least the possibility of an origin for the Ascomycetes quite different

from that assumed by either of these authorities. In my own opinion, the comparison

made by Harper, in the paper cited, between the sexual process therein described and

that of Nemahon, though it might seem at first sight hardly warrantable, becomes

distinctly justified w hen one places between these two instances that of the present

group.

If, on the one hand, we compare the Laboulbeniaceoe with the Florideae, a very

distinct agreement is apparent between them as regards their mode of growth and

general structure ; while this comparison is also suggested by the gelatinous envelope

and the conspicuously developed continuity of the protoplasm between adjacent cells

within it. The development of the p finds a parallel in that

of certain cystocarps, and the tj'pe of sexual reproduction in either group

tiallv identical.

» Ber. d. Deutsch. Bot. Gesell., Vol. XIIT, p. 475 (1800).
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If, on tlie otlie

finds that the diffe

d, the group is compared with tlie ascomycetous f

5 in g-eneral structure are apparent and not real, th

o

n

body consisting of a septate filament which elongates and branches in a defi

The thallus %

h personally I regard such a suggestion as a mei spec
I must confess that if one must have a theory of derivation in this case on a basis of
ascertained facts, an origin of the nature above indicated is in my own
prob

op

o which is usually held

ned, by a p

my mind, improbable assumption that a parasitically degraded

been reached by the carposp

of upward development, the same goal which has

the other hand
sideration of the fungi as a heterogeneous group derived through
diffei-ent points from types already elaborated in the alg

Speculations of this nature are, however, of little value in the absence of facts by
hich they may be substantiated

; yet if the origin of the (amWy from Florid
^''^^^^"'^*''^^^' it i« ^^Imost equally a matter of conjecture if .

attempts to determine their exiot r^m'nf ..f ,,>
•

•
^ n *

"

.

^, ., , . ,
^^^^^ P^"^t of nnion with the Ascomycetes in gene

While
tency, and entomogenous habit might

3

fashion within a general enveloping membrane.

different in the two cases, and the perithecium of the Laboulbeniaceae is exactly com-

parable to tlie corresponding structure in other Ascomycetes, like Sphoerotheca for

example ; the process of formation in either case involving the enclosure of a female

cell, through the upgrowth around it of filaments originating below its base. It is

further unquestionably true that its sexual organs and sexual reproduction are strictly
f

homologous with the corresponding structures and phenomena that have been

described in the Collemaceae, in Ascobolus, in Sphaerotheca, and in other instances.

Lastly, the products resulting from this sexual process, the asci and ascosporcs, are

identical and homologous with those similarly resulting in the cases mentioned.

That the Liaboulbeniacese greatly resemble the Floridese may then be inferred from
^

tlie general structure of its members, its sexual phenomena, and the development of

its sporocarps and asci, resemblances which, it may be added, are coupled with an

aquatic or sub-aquatic habit. That it belonprs not amono- the alofoe, but amono^ the

fungi, is indicated by the absence of chlorophyl and of true cellulose in its cells,

coupled with a parasitic habit; while the products of its sexual reproduction, the asci

and ascospores, are those of fungi and by no means of algae.

In view of these fixcts the derivation of the Ascomycetes through the Laboul-

beniaceoD from some branch of the Floridese seems a supposition not unworthy consid-

*

I

1

>.

V
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remote relationship to the Hypocrcacca3, it is worthy of note that the bodies most
nearly resembling the characteristic antheridial cells found in the family are the

"Hyphopodies mucrOnees" of tlie Meliola?; but having as yet been unable to ex-

amine the latter in a fresh condition, I can at present merely suggest the pos^=ibility

of a similarity of function.

In arranging the genera under which are grouped the species included in the fol-

lowing systematic enumeration, the primary divisions have been bnf^ed on the

of the male sexual organs. Forms usly p

ozoids that are produced end

duced, have been separated in a group of " exogenre," comprising but two genera,

while the remaining twenty-six genera having anthe

genously, are placed in a second group of " endogenoB.'

The two genera of the first-mentioned group are both primarily aquatic, and if we
entertain the suggestion that the family has been derived from carposporic algal

ancestors, might, from their simple antheridial branches and their aquatic habit, be

considered as probably the more primitive of the two groups. Of this group, the

genus Ceratomyces may be taken as the type, since it illustrates most clearly not only

o formation of ds, but the indeterminate development of

perithecia and their tendency towards an appendiculate condition.

The twenty-four genera of the second group offer many difficulties, if

o

ige them in lineal sequence ; but

affords a natural means for their g g
irized in the one case by the presence of what have been previously described as

compound," in the other of "simple" antheridia, and these again may be sub

divided accord different iudivid

A further subdivision has been employed in the following synopsis based

determinate or ind o mient of the antheridial cells ; but this dispo-

sition, while it expresses, in a measure, true relationships, by bringing together such

genera as Idiomyces, Stigmatomyces, and Ilelminthophana, is not wholly satisf\ictory.

Further than this, a definite arrangement into not too numerous sub-groups is hardly

possible, although it is evident that genera like Moschomycos, Compsomyces, and per-

haps Sphaleromyces, or Teratomyces and Diplomyces should go together. A more

definite appreciation of their further relationships will no doubt become possible after

the discovery of additional genera ; but at present it would be quite superfluous to

attempt to represent them graphically.
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GENERAL SYNOPSIS OF THE GENERA AND SPECIES WITH THEIR

HOSTS.

Family LABOULBENIACE^.

GROUP I. Endogenae. Antherozoids produced endogenously.

Order I. Peyritschielle^, Antheridial cells united to form a compound antlicridium.

A. Dioecious.

Genus L Dimorpiiomyces, Peritliecia and appendages borne in pairs to the riglit and left

of the median line.

(1) D. denticnlatiL-5 Thaxter, on Falagria disseda Er., N. America.

(2) D. muticus Thaxter j on Falagria disseda Er., N. America.

Genus TT. Dlmkromyces. Pcrithecia and appendages in a unilateral series,

(1) D, africanus Thaxter, on Pachyteles luteus Hope, Africa.

B. Monoecious,

* Anthcridium borne on an appendage free from the receptacle.

Genus HI. CANTHAnoMYCES. Antheridium lateral below a ternihial branch of the append-

age. Perithecia free.

(1) C. Bledii Tliaxter, on Bledius assimilis^ N. America.

(2) C. occidentalis Thaxter, on Bledius armatiis Er., N, America.

(3) C. piisillus Thaxter, on Trogopldcem sp., N. America.
Genus IY, Haplomyces. Antheridium terminal tipped by a spine-lil^e process. Perithecia

free.

(1) H. californicus Thaxter, on Bledius ornatus Lee, N. America.
(2) H. texanus Thaxter, on Bledius rubiginosus Er., N. America.
(3) H, virginianus Thaxter, on Bledius emarginatus Say, N. America.

Genus V. Eucantharomyces. Antheridia terminal with a neck-like terminal canal, the
antheridial cells in five (?) vertical series. Perithecia free.

(1) E. Atrani Thaxter, on Atranus jouhescens Dcj., N. America.
Genus VI. Camptomyces. Antheridium terminal with a prominent apical pore. Anthe-

ridial cells m two (?) vertical series. Pcrithecia free.

(1) ^ ..„., „„ ^^...,^^ ^jiuLuws Xii-., o. longiusculus Mann., IN. A
** Anthcridium sessile on the l3ody of the receptacle, sharply pointed.

iT , .,

'^!;,\''-"''™''"'=^- R^ceptadc a single series ot superposed cells with one or
.e latcr.ll niiMiprifli.1 P/M.T+i— • t * *more lateral antheridia. Perithecia free.

(1) E. indicus Thaxter, on Ph

*

t

i

^

.<^>;*
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Genus YIII. Peyritschiella. Asymmetrical receptacle consisting of several superposed

transverse series of cells above its one or two basal cells; antheritliiHu single, lateral. Feri-

thecia free.

(1) P, curvata Thaxter, on Plat^nus emctieolUs Pay, N. Amoi'ica.

(2) P. minima Thaxter, on Platpins cincticollis Say, N. Aniorioa.

(3) P. geminata Thaxter, on PterostichuB luctnosus Dej., P. patrudis Dcj., I\ crytliropuB

Dcj., N. America.

(4) P. nigrescens Thaxter, on Fhilonthus dehllli Grav., N. America.

Genus IX. Dichomyces. Symmutrical receptacle of several super]»o8ed transverse series

of cells, the basal cell single; a pair of antlieridia on the subtermliml series. Perithccia free.

(1) D. furciferus Thaxter, on PJuIontJms (Jrhi/ls Grav., N. America,

(2) D. insequalis Thaxter, on FliUonthus dehilis Grav,, N. America.

Xi iVmcrica.

(4) D. princeps Thaxter, on PJiilonthus sordldm Grav., X. America.

Genus X. HvDR^oriiYCES. llcccptacle asymmetrical, its distal portion united to the pcri-

thccium ; its three basal cells superposed. Aquatic.

(1) H. Halipli Thaxter, on ILdlj^lus rufieollis De G., Cnemidotus fmiticus Lee., X.

America.

Genus XL Chitonomycks. Receptacle asymmetrical, its distal portion united to the peri-

tliecium ; its tw^o basal cells superposed. Aquatic.

(1) C. paradoxus (Peyritsch), on Laecophilus rnaadosus Germ., LaccopJnlus sp. indet, X.

America; L. hyalinus Dej., L. minutuB Sturm., Europe.

(2) C. appendiculatus Thaxter, on Laecophilus maculosus Germ., N. America.

(3) C. distortus Thaxter, on Laecophilus viaeulosus Germ., N. America.

(4) C. spinigerus Thaxter, on Laecophilus maculosus Germ,, X. America.

(5) C. uncigerus Thaxter, on Laecophilus maculosus Germ., X. America.

(6) C. melanurus Peyritsch, on Laecophilus hyalinus Dej., i. minntus Sturm, Europe,

(7) C. marginatus Thaxter, on Laecophilus maculosus Germ., Laecophilus sp. indet,

Hijdroporus sjyurius Lee, N, America.

(8) C, rhyncostoma Thaxter, on Ilydroporus spurius Lee, Laecophilus maculosus Germ.,

X. America.

(9) C- lichanophorus Thaxter, on Laecophilus maculosus Germ., X, America.

(10) C. uncinatus Tliaxter, on Laecophilus maculosus Germ., Hydroporus spurius Lcc, X.

America.

(11) C. affinis Tliaxter, on Laecophilus 7naculosus Germ., Hydroporus sp., X. America.

• (12) C. hyalinus Tliaxter, on Laecophilus maculosus Germ., X. America,

(13)

sp. indet., X. America.

Hy

(14) C. Bidessarius Thaxter, on Bidessus granarius Aube, X- America.

(15) C. borealis Thaxter, on Besmopaehria convexa Aube, X. America.

(16) C. aurantiacus Thaxter, on Besmopaehria convexa Anbe, X. Amer

17
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Order II. Laboulbcnieas. Antheridial cells distinct, discharging independently.

A. Dioecious.

Genus T. AMonrnoMYCES.

(1) A. Falagrise Thaxtcr, on Falagria disseeta Er., K America.

(2) A. floridanus Tliaxtcr (species pro tern,) on Bledius basalis Lee, N. America.

B. Monoecioiis.

Antheridia borne in definite series on the appendages.

X. Antheridia springing directly from successiv^e cells of the appendage.

Genus II. Helmtnthophana. Appendage solitary, bearing the antheridia in four vertical

series.

(1) H. Nycteribise Peyritsch, on Megutopoda Westwoodii Kolen,, Acrocliolidia Moniaguei

Kolen., and Nycteribia Dufouriiy Europe.

Gknus III. SiiGMATOMYCES. Appendage solitary, bearing the antheridia in a shigle vertical

series.

(1) S. entomophila (Feck:), on Brosophila nigricorms Loew., N. America, Drosophilaf\
hris L., Europe.

(2) S. Baeri Peyritsch, on 3Iusca domestica L., Europe.

(3) S. viresceus Thaxter, on Chilocorus hivulnerm Muls., N. America.
Genus IV. CES

series.
o in three vertical

(1) I Peyritschif Thaxter, on Deleaster dichrous Grav., Europe.
XX. Antheridia borne on branches of the appendsaires.

Genus V. Cor.EiHnoMYCES. Appendages forming a tuft, the antheridial cells sunorposea and
forming lateral branchlets.

(1) C. Cryptobii Thaxter, on Cryptohium pallipes Gray., C. hicolor Grav, N
(-) C. setigerus Thaxter, on Lathrohiurn nltidulum Lee , N America
(3) a jacobinns Thaxter, on LathroMum JacoMnum Lee., and L. collare Er.

flLmerica.

Genus VL Ehadinomtces.

superposed in short series forming bVanchlets near its base
"''

'
"""

m E "^^sT^T'
""
rTl"""

'"''"'""' ^^^^ ^- P--'""'-"'m Lee., N. An.erica.(i) U. pallidas Thaxter, on Zatlmbium fuUmnne Gmv r . , i . t t
larc Lee., N. America.

^ «"«/'«»'« ^ny., L. pimctulatum Lee, L. mgu-

G..V.S vn. E„,zoMvi:'i'::iferof
'«"'"'

"fi"'"^
""^ °" "^ ^pp^^^'se.

outgrowths
; sub-basal cell givin- rise to a sin ."'f

*"'=''= Po^'rating the host by rhizoidal

series of branches, the basal cells of «l,ich bearanrridia""'"'"'^"""'
'"""''"° '"'"'"<=''"> » ^'"S'"

ri^v.^uj^t; aiiu uie staiK-cells of the
thecium usually from a black insertion cell.

(1) I. anceps Peyritsch, on Platynus vi

(2) I. arcuata Thaxter, on Rarpahs p^
(3) L. armillaris Berlese, on Antennoph

of

beside

I

ft

I

1

J

I
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(4) L. Aspidoglossae Tliaxtcr, on Aspidojlossa suhtHjahtta Cliatul., N. America.
(5) L. australiensis Tliaxtcr, on Acrogcnyx lurHitfa ^fa(3lean, Aiisti-alia.

iOS

Pat

(8) L. Casnoniae Tliaxicr, on Camonia pcmmjlranira Linn., N. Anicnca.
(9) L. Catascopi Tliaxtcr, on Catnf>eo2m!> guatcmalcnsis Uafos, N. Ainorica; Cafascopma

two s[)i)., Afi-ica.

ntifi

(11) L. eompacta Tliaxtcr, on Bcmbldium spp. indet., N. America.

(] II 'Jfi/norc?)K?.<< Saj', N. America.
(13) L. conferta Tliaxter, on Ilurpalus ptHiisi/Ivajn'nts Dc 0., N. America.
(14) L. confusa TJiaxtcr, on Lcmhldlnm sp. indet., N. America.

(15) L. contorta Tliaxtcr, on Phiti/nus ezteneicoUis Say, J\ aJJiuU Kirby, '.

(IG) L. cornuta Tliaxtcr, on JJcmhuHum complanulum Mann., N. America.

(17) L. Coptoderae Tliaxtcr, on Coptodcra Chah icrica.

(18) L. cristata Tliaxtcr, on Pcvdcrus UUorari»M Giav., P. ohliteratm Lcc, Pocdcrus i

indet., N. America ; P. ruficollis Fabr., Europe.

(19) L. curtipes Tliaxtcr, on Hcmhidium limaculatum Kirby, N. America.

(20) L. decipiens Tliaxtcr, on GaUrita nijra Clicv., G. (vqiunoctiaUs Cliaud., N. America.
(21) L. Diopsis Thaxtcr, on Diopns ilioracica Wcstw., Africa.

(22) L. elegans Thaxter, on Ilirpalus penrntT/hanicus i)c G., X. America.

(23) L. elongata Tliaxter, on Plati/mis^ cinctieollis Say, P. extenurollU Sav, P. metanarius

P

(jicornu Lee, P. picticornis Newm., P. hlcolor Lee, P
^

florida rivs Lcc, P

C.coeruleomarginatus Chaud., C. duplex Bates, C. grata Bates, C. petllis Bates, C.

incuUiis Bates, C. gphodroidcs Cliaud., C. cymionotm Cliand., C. teuuu-ornis Chaud.,
N. America. Platgnm rnfiromis Grrze, La-mosthencs {Pristomjchm) cavlcola Sch.
Europe, Platijnun sp., Asia (Japan), Culpodes sp., S. America, Macrochilm
higuttatifs Gaze, Africa.

r

(24) L. europaea Tliaxter, on Chlamius ccneoccphalm Dcj., C. chnjsocephahtu Rossi, CalUs-
tus lunatus Fabr., Aptinus mutilatm Fabr., Brachinus erplodem Duft., Europe.

(25) L. fasciculata Pcyritsch, on Chloeniug vestitus F., Omophron Umhatum, F., Europe.

(26) L. filifera Thaxter, on Anisodaetglm ITnrrmi Lee, ^. nigerrimiis Dcj., ^. interpunc-

tatus Kirby, An'uodadyhis spp. indet., Ilarpalus crythropm Dej., if. pleurlticui

Kirby, N. America.
r

(27) L. flagellata Peyritscli, on Bemhidium lunatum Duft., Europe.

(28) L. fumosa Thaxtcr, on Phitynus cincticoUis Say, N. America.

(29) L. Galeritae Thaxter, on Galerita Janus Fabr., G. mexicana Dej., G. afripes Lcc,
Galerita sp. indet, N. America.

(30) L. gibberosa Tliaxter, on Platgnns extevsicoUis Say, X. America.

(31) I. Guerinii Mont, ct Robin, on Gyretes sericcus Lab., S. America; G. compresms Lcc,
N. America.
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(32) I. Gyrinidarum Tl)axter, on Gi/riniis fraternus Coup,, Gr. affinis Aub

Kirbj, (7. ajutlis Say, G. eonfinls Lee, <x. consohrinus Lee, G. plicifei

5pp. indot., N. America ; G. urinator Illig., Europe.

(33) L. Hageni Tliaxtcr, on Termes mozamhica Hagen, Africa.

(84) L. Harpali Tiiaxtcr, on Harpalm peiinsylvanicus De G., N. Aaierica.

{Zo) L. inflata Thaxter, on Bradycellus rupestris Say, K Anierica.

(3(*)) L. Kunkelii Giard, on Mormolyce phyllodes Hagenb., Asia (Java).

(87) L. lepida Thaxter, on Anisodactyhis 7ugerrimus Dej., N. America.

Afi

(31*) L. luxurians Peyritsch, on Bemhidium spp. indet., N, America, Bembidium variiua

flammulatum

(•iO) L. macrotheca Tliaxter, on Anisodacfylus laUtmoreitsls Say, Anisodactylus sp, indct.,

N. America.

(41) I. Dielanotheca Thaxter, on Galerita mexicana Chand., N. America.

(4

Chaud.,X. America,

(43) L. minima Thaxter, on Callida pdlidlpennis Cliaud., N. America.
(44) L. Morionis Thaxter, on 3Iorlo Georgii Pal, N. America.
(45) I. Nebrioe Pcyritscli, on Nehria palUpes Say, K SaUberai Fisch. N

N. N.

(46) L. Oberthuri Oiard, on Orectogyros heros Reg., Madagascar.
(47) I. Orectogyri Tiiaxtcr, on Orectogyros Bedeli Reg., Africa.
(48) L. Pachytelis Thaxter, on Pachyteks mexicanus Chaud., N. America

Vsia (Java).

i^./

indct., N. America.
PI

Us Say, N. America.
ificornu Lcc, P

(53) I. pedicillata Tl,a.vfc,., „„ Ben.mium spp. indet., N. America.

(55) I. Pheropsophi Thaxter, on
indet., S. America; Pheropsoph
Africa.

ophus cequinoctlalls Linn., Ph
Pheronsovhis sd. indct

P. ceguaUs Horn, P./,
J>olypha§ra Thaxter, on ^u.nnopus
ginosus Dej., Badisfer maculatus

7 7* *»-%

P

on ^l;„«ra sp
, Africa

^^' '"'"'^
'
«'"• "^^^^^^^ ^^ America (?) ;

(59) L, PterostieM ThaUe.- on Pf.. ,' 7 '
'"" 'P' <)' -^^i" (J"!'-'"')-
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(60) Q
(61) L. recta TJiaxter, on Plafi/nus exfemticoUis Saj-, J^'. America.
(62) I. rigida Tliaxter, on Ptero!>tichus patrudis Dcj., N. Ainericn.

(03) L. Rougetii Mont, et Robin, on Brachinus cnjntaN.^ L., B. ex^^Iodem Duft., B. scolopeta

(64)

(65)

Fabr., Eiiropo.

Pldtunus

cordata Futz., N. America.

lineolutiis Say, S. ferrugineus Futz., Clivina

(60) L. subterranea Tliaxter, on Avnphthalmns Mcnctricsii Motscli^ A. pmio Horn, N.

(67)

America; A. Muischidskiji Schm., Europe.

Pt

(68) L. texana Tliaxter, on Brachinus spp. indet., N. America.
'

(69) L. truncata Thaxtcr, on Bembidium sp. indet, N, America.

(70) L. umbonata Thaxtcr, on SUnoloplius ochropezu» Say, N. America.

(71) L. variabilis Thaxtcr, on Anomoglossm pysdlua Say, Chhrnius mtwus Say, C. cuma-

ifiraiidis Chaud., C. sparsvs Lee, C.

fi

P
cornis Say, Pla(i/nus extcnsicolUs Sny, Pleroslichus adoxus Say, P
P. corvinus Dei,, P. caudicalk Say. P. *S'avi Brulle. iVe?/r/a jn/ZZ/w^*

5
S. America.

(72) L. vulgaris Fcyritscli, on Bemhidimn mexicanum Dej., B. loevigatum Say, and many spp.

indet., Treclais clialyheus Mann., X. America; Bemhidium littorale Pz., B. fasciola-

tum Duft., J5. puncUdatum Drap., ^. lunatum Duft, ^. olsoletum Dcj., ^. ^w(?re«
Sch., B. fiamimdatum CIairv.,5. decorum Fz., B.femoratum Sturm., 5. bipunetatum
Duft, Europe ; on gen. indet., Asia (?).

(73) L. zanzibarina Thaxtcr, on Crepido(jaster himaculata Cob., Africa.

Genus IX. Ter.vtomyces. Receptacle of three mipcrposed cells above which a scries of

smaller cells arranged in a transverse series give rise to niiracrous appendages which completely

surround the bases of the (one or more) })eritliecia.

(1) T. mirificus Tliaxter, on A^f/lophorus pronus Er., N. America.

(2) T. Quedianus Thaxtcr, on Quediusferox Lee, X. America.

(3) T. brevicanlis Thaxtcr, on Actobhis nanus Horn, N. America.

(4) T. Actobii Thaxtcr, on Actobius nanus Horn, X. xVmerica.

Genus X. Diplomyces. Receptacle symmetrical with paired posterior projections, the ap-

pendages and perithccia also paired.

(1) D. Actobianus Thaxtcr, on Actobius nanus Uorn, N. America.

Genus XL Rhachomyces. Receptacle consisting of a main axis of superposed cells from

which on one side smaller appendiculate cells arc separated, the perithccia sub-terminal

(1) R. speluncalis Tliaxter, on Anophthahnus pusio Horn, X. America.

(2) R. lasiophorus Thaxtcr, on Atranus pubescens Dej., Badister micans Lcc, Acupalpvs

cams Lcc, and gen indet, N. America.
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(3) E. arbusculns Thaxtcr, on gen. indct., near Lathrobium, Africa.

(1) E. longissimus Tliaxtcr, un Colpodes evaimcens Bates, N. America.

(S)' K. furcatus Thaxter, on Othlas fulvipennis Fabr., Europe.

(0) R. hypo^aeus Tliaxtcr, on AnopJdhalmus Bilimeki Sturm., Europe.

(7) R. Lathrobii Thaxter, on LathroUum longiusculum Grav., Lathrobium sp. indet., N.

America*

/
Gknus XII. Ch-£Tomyce3, Receptacle a simple series of superposed cells, the appendages

and peritheciutn funning a single vertical series.

(1) C. Pinophili Thaxter, on Pinojphilu^ latipes Er., N, America.
4

Genus XIII. Si'iialeromyces. Receptacle two-celled, the single simple appendage bearing

a series of antheridial branchlets superposed in a single row.

(1) S. Lathrobii Tliaxtcr, on Lathrobium nitidulum Lee, L. punctulatum Lee, N.

America. '

(2) S. occidentalis Thaxter, on Pinophilus densus Lee, N. America.

Genus XIV. Comi\somvces. Receptacle two-celled, the upper cell bearing the appendages
and stalked perithecium in a whorl. Perithccium with two stalk-cells, the lower appendiculate.

(1) C. verticillatus Thaxter, on SuniuB longiusculus Mann., N. America.
Genus XV. Moschoaiyces. Receptacle two-celled, several arising from a compacted

cellular base intruded into the body cavity of the host. Perithecium borne on two stalk-cells,

the lower appendiculate.

(1) M. insignis Thaxtcr, on Snnius prolixus Er., N. America.

•
GROUP II. ExogcnjB. Antherozoids produced exogcnously. Typically aquatic.

Ordeu. Zodiomyceteae.

I. Cerato^iyces. Appendage tapering with lateral branches, receptacle few-celled,
wall-cells of perithecium seven or more in each row.

(1) C. mirabilis Thaxter, on Tropisternus ylaler Hb., T, nimhatus Say, N. America.
(L) C. confasus Thaxter, on Tropisternus glaher Hb., T. nirtihatus Say, N. America.
{6) C. camptosporus Thaxter, on Tropisternus glaher Hb., N. America.
4) C. minisculus Thaxter. on Tropisternus nimlatus Say, N. America.
5 C. fihformis Thaxter, on Tropisterr^us glaher Hb., T. nimlatus Say, N. America.

(6) C.rostratuslhaxter, on Hydrocomlus Palriatus Melsh., PhiXhydru. cinctus S^, P.
nehilosus Say, N. America.

"^

(7) C. terrestris Thaxter, on LathroMuM pnnetulatum Lee, N. America.
« C. farcatus Thaxter, on Berosus striatus Say, N. America
9) C. contortus Thaxter, on Berosus striatus Say, N. America.

rllrl Tx r ' ^'''^^''' "" ^''''''' ^^^''«^^'« Say, N. America.

Genus

ZoDio^vcES. Reecptaolc parcnchymatously multicellular, the numerous
appendages

peri-

rn 7 Trnr*,-««n. • rr^ ,
^ ""^ v.ujj-aiiupeu extremity.

indet., N. America.

#
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In addition to the forms above enumerated, which include one hundred and fifty-two species
and twentj-eight jrencra, a certain number of undescrihcd forms arc known, inchiding several
new genera. Of these, three species belong to f lie genus Laboulbonia, two of them Xortli Ameri-
can, on Bledius and Anop]ithaImus,and one European, on Patrobus (IVyritsch) ; one to Cantharo-
myces, on Ancyrophorus

; one to Chitonomyces, on an unknown host, together with a new jrcnus
on Bledius, and a doubtful genus on Tachinus. The total number of forms known to exist'
excluding certain doubtful species referred to by Peyritsch, is thus one huudrcd and fifty-ei^ht.^
Although this number may be assumed to illustrate the grouj> in a general way, it is certain

'

that many important additions are inevitable, and from flie data available a rough estimate of

Sistent

thousand.

The following descriptions, a majority of which first appeared in the "Proceedings" of the
Academy, have been largely rewritten and revised with additional notes in (he light of more
abundant material and a more complete knowledge of the group. As will be observed, a limited
number are here described for the first time, and include some of the most im|.or(ant additions
to the family.

I

^ To these must he arldcd a

two uudescribed species of Ceratomyces.

' aquatic genus near Chitouomyces, which is alluded to under that gouus, and

r

t
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Family LABOULBENIACE^ Peyeitsch.

DIMOEPHOMYCES Thaxter. Plate V, figs. 1-16

m

Proc. Am. Acad. Arts and Sci., Vol. XXVIII, p. 157.

Dioecious. Mule indlvidiuil consisting of four superposed cells, the two distal ones sterile,

the sub-basal producing a compound antheridium, the six antheridial cells of which are arranged

in two antero-posterior rows and discharge into a common cavity lying above them, from which

the antlicrozoids escape through a prominent tubular neck.
I

Female indh'ulml consisting of four superposed cells, the two distal ones sterile, the si:b-basnl

cell <nving rise to two or more perithecia and sterile appendages wliicli alternate with one another

on cither side, forming a transverse series. Trichogyne short, radiatcly branched- spores once

septate.

The material available for the illustration of this genus, although abundant, includes, uufor-

tuuatcly, no young individuals in which the first stages in the development of the primary peri-

thecia are shown. Owing to the small size of the plant and the indistinctness of its septa, it

has been difficult to determine with certainty the exact relation which the perithecia and sterile

appendages bear to the receptacle. While in most cases tlie latter has seemed to consist of

three superposed cells, as in fig. 1 or 5, in a few specimens I have thought that there was nn indi-

cation of the presence of septa as is indicated in fig. 4. If the first of those alteruafivcs proves

to be correct, the portions of the receptacle which bear the appendajrcs and perithecia must be
considered as wing-like outgrowths from the basal cell ; while in the second instance they would
originate from a sub-basal cell. Although in no other genus, with the excci)ti.)n of Amor-
phomyces,^ is anything approaching a similar condition found, I am inclined to think that the
first-mentioned alternative is the correct one.

Tn form and development the species of Dimorphomyces are very peculiar. There is a gen-
eral triangular outline to the portion below the sterile cells of the receptacle, a tendency to a
posterior convexity and anterior concavity ; and in both species the first organs to be developed
are a pair of primary perithecia symmetrically placed and followed immediatelv bv a strrile

3)
be

'
^"^ ''^'^' commonly two or four secondary perithecia are formed, alter-

natmg with as many sterile appendages. The process by which these organs are formed is unlike
any corresponding process in other genera. Assuming that my observations arc correct in de-

In?. ;; "fV"^t'''
eell of the receptacle, the first step in their formation would^r^r ^K^r i:r:^!r'^'''- ^-- ^^^ -^^ ^^--tncally placed on either

cparatcdvalnr^c, ti^^-. 1 ' L . , .
* -^ "" ^^^^ ^"'^ ^i^G ceil inus scparatcu uu-

.elops upward mto a pentheoum. Meanwhile a lateral prolitcratiou takes plaee below this

i

I
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septum, and from it arises a second projection, the upper portion of which is cut ofT as before,

and develops into a primary appendage, external to each primary pcrithcciuin. 'I'iiis condition

is represented in figs. 2 and 3. Tlio same process mny continue through the production of

further successive lateral proliferations, new cells being separated as above described, and develop-
ing upward into new pcrithccia and sterile api)cndages. As a result of this process a fan-like

habit is developed, a series of alternating pcrithccia and ajij^endages extending obliquely upwards
on either side from their conmiun j)oint of origin in tlie median line of the receptacle, their

bases resting upon a unicellular margin (figs. 1 and 5), which results from its iviieatod j»ro-

liferation. The alternation of pcrithccia with appendages appears to be invariable; except in

abnormal cases, where, for example, a perithccium has failed to develop, as at the left in fi". 1.

The appendages themselves present no special peculiarities, and consist merely of a single

series of superposed nearly cylindrical cells. The perithccium originiifes from a single cell that

divides into a lower and upper portion, the former the primordial cell of the perithccium proper,

the latter of the procarpe. The development of the formor is made out with great difficulty,

the septa being very indistinct. It is probnl)le, however, that it corresponds in general with the

course of development described as typical in the first part of this memoir ; although in the

mature perithccium all signs of septa have disappeared, and the cavity of tlie stalk-cell and of

the perithccium are continuous (fig. 3), the single ascogcnic cell with its ascus mass floating

free within.

The spores are of the usual type, and arc once-septalc. As in the genus Amorphomyces, the

members of any given spore pair produce one a male, the other a female individual ; the two
sexes being thus invariably associated, as in figs. 2 and 5.

The male individuals are very similar in the two known species, and are often indis-

tinguishable. Owing to their minute size, I have been unable to obtain material of the youngest

stages for figuring, the only early condition observed having been unfortunately lost in an

attempt to mount it. In this specimen it was evident, as could be inferred from an examination

of the mature individual, that the anthcridlum was developed as a lateral production from the

sub-basal cell of the receptacle. The receptacle, as in the female, consists of four superposed

cells, the two terminal ones sterile. The anthcridlum itself consists of a basal cell, above which

are three small cells, of somewhat unequal size, from which the antheridial cells arise. The
latter are arranged in three i)airs ; and all six cells discharge the antherozoids formed

within them into a common cavity, tliat forms the slightly inflated base of the long tubular

neck througli which they are finally discharged. The formation and discharge of antherozoids

continues for a considerable period, so that provision is made for the fertilization of as many
secondary perithecia as may be formed upon the female individual ; and the number of anthero-

zoids eventually produced by a single individual must be very gi'cat-

The genus appears to bear no special relation to Amorphomyces, which, in all essential points

of structure, with the exception of the remarkable similarity of its trichogyne, is widely different

in both sexes. Yet it is singular that these, which are, with one exception, the only two

dioecious genera so far discovered, should inhabit the same minute host.

Scientifically considered, the three dioecious genera, of which this may be taken as a type,

may certainly claim a position first in importance among the Laboulbeniacese, if not among tlie

Ascomycetes as a whole, since their morphology and development would seem to settle beyond
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any reasonable doubt the vexed question as to the presence of sexuality in the higher fungi. The

immediate relation of the present to other genera, with the exception of Dimeromyces, is not

clear
;
yet it seems probable that among described forms the species of Dichomyces and Pey-

ritschiclla a[)proach it more nearly than any others. In both of these instances the same ten-

dency towards a bilateral development is combined with a close correspondence in the sexual

organs.

Djmorpiiomyces denticulatus Thaxter. Plate V, figs. 11-16.

Proc. Am, Acad. Arts and Sci., Vol. XXVIII, p. 157.

Male tndivUJ^f'rl. Receptacle of four superposed cells, the distal one tapering upward, and
tonninated hy a more or less distinctly marked, usually slightly blackish, knob. Anthcridium
arising from the sub-basal cell and partly united to the sub-terminal cell of the receptacle; ex-

ternally nearly straight, bulging internally ; its main body about as long as the usually straight

terminal neck, the base of which is distinctly inflated to form the cavity into which arc dis-

charged the antlicrozuids. Total length to tip of receptacle, 40/i; to tip of anthcridium, 50-
55/x. Greatest width, 14/^.

Female individual Sterile portion of the receptacle consisting' of a large sub-terminal and
much smaller nearly spherical terminal cell, the main portion consisting of two superposed
cclLs forming a more or less three-sided body, the perithecia and sterile appendages arising in
the manner characteristic of the genus. Perithecia slightly inflated, rather abruptly contracted
to form the stalk portion; the tip oblique

; one of the lip-cells projecting as a short but distinct
tooth-hke prominence

;
while just below this prominence a conspicuous tooth-like outgrowth

arises from one of the anterior sub-terminal wall-cells, and extends obliquelv upward and out-
ward more than half its length beyond the tip of the perithecium. The st'alk of the perithe-

Z^^^ rr ' ''T"f T"'' '' '^'' '^" '''''' ^' "^'^^ ^^^k-^^-J beyond the terminalr .11 :!!f:^!:^!;
'^^'^^^^^- ^i^^le, septate, tapering slightly, nsually

cumi IS

bentaway from the perithecia. Spores ^2-05 ^ ^^ pJfW A 7n ° °"°';*'^' "^"-^''^ "^"^

110^. Recepfcal about 40^ long
^' ^-^^^-- ^"^ >< 1^ Appendages about

On Falagria dissccta Er., Wavlrly, Mass., and Kittery Point, Maine

int^s i;::::^: :^r%^ f
^ .«^-^- ^-^ -^^— ^. ^^^po^tant changes

its host cllse to the ed .s of the hst 2 'T' " ' "7 ""' """""^^ "^ ^^" '^^^""^^^ ''

seen projecting bevondlo
^'^\^^^^'^«^^'^^1 "»gs on the upper or under sides, and may be

and ;ro i : ^ A \

^^' """^^^°"^ ^^^^ -t infrequently found crowded together

ante -or f e\ allv turn'd^^^
7"'^^" ^™* ''^'''''^' ""^-^ ^ ^^"^ ^--

and perithecia .irien. 7 substratum, and the divergence of the appe.

impossible t Ob rietlei Tf '^''' '^'^"^^' ''' '^^ ^^' ^^ ^^^^^ ^' ^^^--^
a view .hieh .s either whollv posterior or wholly anterior. The species

The

d

seems a verv con^tinf n»,-. •
^ . .

' r-^-^.x.^, ^, wiioiiy anterior, llie

^:.;r!:!!:--^.-
- ----- -^r^rzr:

:r* r"-
•- "'\-^ --^ »- --re;t,.:r,;:;z

o pen-

any decaying

g such material over a whiteIt is the smillr^Qf T,.of I r.
""^'^'"^^ ".^ siuiKing such material

smallest host known to be infested by any of the Laboulbeniace..



«

MONOGRAPH OF THE LABOULBENIACE.E. 207

•
DiMOiiPHOMVCES MUTicus Tliaxtcr. Plate V, figs. 1-10.

Proc. Am. Acad. Arts and Sci. VoL XXIX, p. 104,

siib-basal cells often
Male individual, as in D. denticulatus, slightly larger, the basal ond

more or less suffused posteriorly with blackish brown.

Female individual, as in J), denticulatus, more rigid and flattened in habit, the porithecia and
appendages not bent away from one another. The pcrithecium larger, longer, proportionately

more slender, its apex truncate or but slightly oblique, the sub-terminal wall-cells i)rodncing no
tooth-like outgrowth. Spores 23-26 x Sfi. Pcrithccia 75-90 X 15/i. Total Icnglh to tip of

pcrithecium, 90-130/t.

On Falagria dissecta Er., Wavcrly, Mass., and Kittery Point, Maine.
«

This species occurs sometimes in company with the last on the same host. It is at once
distinguished by its larger unarmed perithecia, which never show any indication of the promi-
nence so characteristic of D. denticulatus. Its general habit, though it develops under identical

conditions, is also quite different from that of tlic preceding species, and no tendency to an an-

tcro-posterior divergence is observable between the perithecia and appendages. Tlic conforma-
tion of the tips of the perithecia in either case, as shown in figs. 7 and 1.3, is also very

different. Four or even more perithecia arc not rarely developed in this species, and in fig. 1

an instance is shown of an unusually highly developed individual in which the single primary
pcrithecium that remains is bent to tlic left, its fellow having been broken off or destroyed, while

five new secondary perithecia are developing on either side ; the youngest, at the extreme right,

consisting of a mere prominence not yet separated from the proliferating marginal cell described

in the preceding account of the genus. Tlie same figure shows the remarkable phenomenon of

an almost complete development of two male spores within the old primary pcrithecium. The
species is more abundant than the preceding and more readily seen, from the greater size of its

projecting perithecia.

DIMER0MYCE3 nov. gen. Plate IV, figs. 12-17.
h

Dioecious. Male individual consisting of a scries of superposed cells from which arc pro-

duced, laterally, sterile appendages and antheridia in a sinde series. The antheridium com-
pound, consisting of a stalk-ccU followed by four basal cells, above whicli arc six antheridial cells

arranged symmetrically in the same plane, and discharging the antherozoids into a common cavity,

whence they make their escape through a terminal orifice, at the tip of a long, slender, tubular,

terminal prolongation.

Female individual like the male, the antheridia being replaced by perithecia. The latter

stalked, the cavity of the stalk-cell, basal cells and pcrithecium proper, eventually continuous,

through the absorption of all the septa.

This is in some respects among the most interesting of all the genera of Laboulbcniacca),

since it combines with a dioecious habit a more complicated development of the male individual

than is found in any other instance. In Dimorphomyccs, to which it is more closely allied than

to any other genus, the antheridfum is nearly, if not quite, as highly developed ; but it is always
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solitarv,and the receptacle is very greatly reduced, being quite different from that of the female;

while ill tlie present genus it differs only in its slightly smaller size. The antheridium is almost

mor

ameand elongate form, and in its free stalk-cell- The perithecium also, when mature, shows the ,

remarkable ahsorptiou of its basal septa which one finds in the last-mentioned genus, its whole

cavitr from the uoex to the insertion of the stalk-cell, becoming continuous about the time that

the spores begin to mature. The trichogyne, as far as can be determined from a somewhat im-

perfect spcchncn (fig. 17), is small and irregularly inflated.

The receptacle is quite unique in structure, and apparently in development. The material

available docs not, unfortunately, illustrate the complete development, thei'e being no very

young stages; but it is evident that the young plant ends with a single primary appendage,

which is the upper one of tlie scries in the mature individual. Then, by successive divisions

of the hasul cell of the receptacle, new cells appear to be cut off from its distal end; each of

which, in its turn, cuts off a small cell, always on the same side, from which the secondary

aplHiidagcs, the perithecia, and tlje antheridia are directly developed. A somewhat similar

arrangement of organs is found in the female individual of Dimorphomyces ; but in this case the

series are twofold and the proliferations terminal from wing-like lateral outgrowths.

DiMEUOMYCES AFRiCANUS nov. sp. Plate TV, figs. 12-18.

Male individual brownish. Receptacle consisting of usually seven very obliquely superposed
cells, from all of which, except the basal, may be developed on the side which is uppermost, a
sterile appendage or an antheridium in no regular order except that tlio terminal cell always
bears an appendage. Antheridia rarely more than three, usually two, somewhat flattened, borne
on a short free stalk-cell, the basal cells small, the six anthcridial cells in two transverse rows
of three each, the neck long and slender, slightly curved, its base distinctly inflated. The
appendages simple, rigid, septate, tapering, becomiug blackish brown ; the sub-basal cell somewhat
constricted and deeply suffused with blackish brown. Antherozoids about 2.5 x .T5/t rod-like.
Authendia, including stalk-cell, 60 X 10^, the neck, including its inflated base, about 38/..
Receptacle, 12a-150xB5^.

> /-

Fcmale^ individual like the male, but larger ; the receptacle usually consisting of eleven cells,
he antheruha replaced by banana-shaped perithecia, one to four in number, «hort-stalked,
browmsh; the d.stal end more deeply suffused, and tapering somewhat abruptlv to the broadly
uncatc apex Spores once septate 75 X 5.5;.. Perithecia, 140-175 X 26-35;., Including stalk-

cell. Appendages (longer), 17(5-260/.. Receptacle, 120-160 x 35-50/..

amrAhe'injVr ^7^''''^ '"" """ '""*' ^" '''' ^P^^'-^"« ^' ^^- host which were

e or rf cTof ^

"'' ""
'u

""'"'"^'^" '' ^''^^--^ ^-^^' -^™d on thejuiLiioi 5>uiiace or the abdomen near thp hooo r^^ fi.^ i. . .

to dctennJnP frnr. n V I T\ ^ ^^'"^ posterior pairs of legs. I was not ableCO attcimiue trora the material wiiether the sexes ahviv«^,.^^; • . ,
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IIAPLOMYCES. Plato YU, figs. 1-10.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, ].. 159.

Receptacle consisting of two small superposed colls from Trliich arise the single pcrilhocinni
and the single antheridial api)endage. Perithecium largo, pointed, borne on a single stnlk-cell

surmounted by three basal cells. Antheridial appendage consisting of a basal cell surmounted
by a terminal body, the antlicridium, entirely divided by anas'toniosin.-r sqifa into numerous small
cells, and furnished with a short lateral projection, b.gcther wilh a sub-terminal short spine-

jrn a rounded base. Asci four-sporcd, arising from eight ascoo-cnic cells.
ofl

Spores once septate.

Owing to the fact that no fresh material of this gCTius, or any of its younger stages have
been examined, there arc numerous poinfs connected with it which need to bo made clear.

Unlike the succeeding genus, Cantharomyccs, its nearest ally, the antheridium ai)pcars to be ter-

minal, not lateral. No discharge of anthcrozoids was observed in any of the specimens cxammcd,
and it is uncertain how and where such discharge takes place. Certainly not through the ter-

minal spine-like process, so characteristic in the genus, whicii is undoubtedly a peculiarly
modified sterile cell, perhaps the remains of the original terminal spore segment. It seems
more probable that a lateral projection prominent in some specimens (at the right in fig. 3) rep-
resents the point of discharge; but what relation the irregularly honeycomb-like mass of cells

composing the body of the antheridium bears to this projection, or how many of these cells are
really spermatic, it is impossible to say. Examined with an immersion, indications of a central

cavity, containing small i-oundish bodies, probably antherozoids, and extending upward and out-

ward to the external projection previously mentioned, may be made out, though not with sulli-

cient definiteness to enable one to figure these structures. From analogy with related genera,
however, there can be little doubt that some such arrangement of the spermatic cells about a
common cavity must exist.

The perithecium is remarkable from the fact tliat it contains eight ascogcnic cells arranged
symmetrically in four pairs, a condition only occurring in this and, perhaps, in the succeeding
genus.

The hosts of these curious little forms all belong to the staphylinid genus Bledius, common
further south along the sandy or gravelly margins of streams, especially in shady places, where
they may be found under stones or burrowing in the sand. The only material examined has
been that contained in the collection of the Museum of Comparative Zoology at Cambridge.

Haplomyces califorxicus Tliaxter. Plate V, fvzs. 1-4.

Arts

Pcrithecia olive brown, tapering abruptly to the small blunt apex, greatly inflated exter-

nally, intei-nally nearly straight ; a distinct prominence, the base of the old trichogync, usually

visible on its anterior face below the apex, its basal cells short, wider than long, more or less

suffused with olive brown, the stalk-cell stout, sub-triangular, hyaline. Receptacle small ; its

basal cell nearly hyaline, more than twice as large as the sub-basal, which is intensely blackened
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anri qtiitc opaque, as is the basal cell of the appendagCy except along its inner margin. Anthe-

ridiiim twice as long as broad, slightly convex inwardly and concave outwardly ; its thorn-like

appendage sharp, prominent. Spores, 37-40 x 3/i. Perithecia, 130-145 x 65^, the stalk-cell

45-50 X 38 /I. Bocoptaclc, 45-55 X 15-18 ft. Antheridium, 33 X 19 /^- Total length of appen-

dage, 48-55 yx. Total length to tip of perithecium, 240-260 /x.

On Bledlus ornatus Lee., California.

This species was found growing on the abdomen of a single specimen of its host, examined
In the collection of the Museum of Comparative Zoology. It seems to be sufficiently dis-

tinguished from the succeeding species by its olive brown color and very differently shaped peri-

theciuni. Tlic fourteen type specimens show no variation from the form represented in the

plate.

Haplomyces virgixianus Thaxter. Plate V, fig-s. 7-10.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 160.

Peritlieciura short, stout, straw-yellow, outwardly inflated, the inner margin nearly straight,
the distal portion conical, its apex bluntly pointed; stalk-cell long, nearly cylindrical, distally
cxpa.idcd slightly, the basal cells of perithecium very small, almost obsolete. Basal cell of
receptacle large, the distal cell very small, and several times as broad as long, the stalk-cell of
the perithecium arising from it, but also connected with the distal portion of the basal celb
Basal cell of antheridial appendage squarish, slightly broader than long, the antheridium
rounded, Its reticulations coarse, the thorn-like apiculus very fine (about 5 /. long) and abruptly
distmguished from its flattened base. Spores, 33x3.7/.. Perithecia, 110-130 X 55-00 u
fetalk-cell of perithecium, 75-110 X 19-25 /.. Antheridium, 18 f. long, 22-23u wide
basal cell, 45-50 X 18-10 /., distal cell about 18.5 X 6 fi. Total len-th

Rccef

thccium
To fi. Total length of appendage, 30-33 fi.

On Bledius emarginatuB Say, Virginia.

tincHtrln" "'r'r'""'
"'' '"'"^ ^™'^'"« "" *" ^'"'™™» of "« l^o^'- It - very dis-

r Z r-f
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a c ':>^,
,

"" TT'!?'™'"
*^*-=-*»d by the great elongation of the latter's
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other t,vo snooio, ;, T , It
"""'"""'al appendage, thongh almost identical in thet«o species, ,s here distinctly different in form and general appearance.

Haplomy
Plate V, figs. 5~6a.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 160.

Perithccia almost symmetrically conical stm^- vnii. ^

sta!fe.cell nearly hyaline, more than tXe 'st !I ' .
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together with the anthcridium, becomes suffused with brown. Spores, 40-45 X 3.7 /t. Pcrithccia,
165-185 X 50-55 ii. Stalk-cell of pcrithecium, 65-90 x 20-33 /i. Aniheiidinm, 32 x 18yLi. Re-
ceptacle, 37-45 x 18^. Total length to tip of i^critheciuni, 315-370 yLi. Total length of anthe-
ridial appendage 35-40 fi.

On Bledius ruliginosus Er.^ Texas-
>

Distinguished from the preceding species bj its pale yellowish color, conical, nearly straight
perithccium, and by the elongated basal cells of the latter.

The two varieties of this form represented in figs. 5 and 6 occurred together on the abdomen
of the same individual ; and though the blackened form mny be taken as the type, it is im])rob-

able that the two are distinct, since similar variations in color arc common in other cases.

CANTHAROMYCES Thaxter. Plate Y, figs. 11-24.
"

w

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 9; I.e. Vol. XXVIII, p. IGl.

Receptacle consisting of two superposed cells, the distal producing one or more stalked peri^

thecia, and one or more antheridial appendages. Pcrithccia sub-conical, boiiic on a sin^dc

stalk-cell surmounted by three basal cells. Antheridial appendages consisting of two supcj-poscd

cells, terminated by one or two cells which may bear scvernl branches, the snb-ltasal cell

divided into two parts longitudinally or obliquely, one of which (the anthcridium) is subdivided
by anastomosing septa into numerous small cells. Spores once septate. Trichogyne
filamentous.

This genus is very closely allied to the preceding, differing only in the fact that the anthc-

ridium is not terminal, but lateral, on an appendage terminated by sterile branches and destitute

of the spine-like process characteristic of Haplomyccs. The general relations of its parts arc

otherwise similar, and its anthcridium possesses the same characteristic irregularly honey-
combed structure. In C. Bledii, the only species abundant material of which has been examined,
two or even three perithecia may arise from the same receptacle, and very rarely two append-

ages. In the absence of fresh material, except in the case of the very minute C. pusillm, the

exact nature and relations of the spermatic cells remains a matter of doubt. In one specimen
of C. Bledii, a well-developed trichogyne is present, rather copiously branched and bearing no
resemblance to the greatly reduced type characteristic of Peyritschiella and its allies. As in

Haplomyces, there appear to be eight ascogenic cells, but this point has not been definitely

determined. The species all occur on beetles belonging to the Staphylinidia).

Cantharomyces Bledii Thaxter. Plate YII, figs. 17-24.

Proc. Am. Atvid. Arts and Sci. Vol. XXIV, p. 10.

Color pale yellowish. Perithecia sub-conical, nearly symmetrical, basally inflated, borne on

a well-developed stalk-cell surmounted by three smaller basal cells, one to three arising from

the sub-basal cell of the receptacle. Receptacle consisting of a basal and somewhat larger sub-

basal cell ; often deeply and broadly blackened externally and inferiorly, in which case it pro-

jects laterally. Appendage usually single, rarely two arising from the same receptacle;

f
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consisting of a squarish basal cell foUouTd by a some\vhat larger sub-basal cell, almost the

whole of which becomCvS divided into numerous small cells to form the antheridium proper, which

is bordered internally by a narrow sterile cell above which the appendage becomes repeatedly and

variously branched ; the branches seldom extending beyond the middle of the perithecium.

Spores, 25 x 3.5 /i. Perithecia, 90-130 x 33-55 /x, average, 114 x 42/i, Total lengtli of appendage,

90-180^, average, 150 /t. Total length to tip of perithecia, 200-370 /x, average, 280 /i.

On Blcdhis asslmiUsj Champaign, IlL

I am indebted to the courtesy of Prof. S. A. Forbes for abundant material of this species,

kindly sent me from the locality mentioned. A single undetermined species of Bledins, from

northern Illinois in the ]\Juseum of Comparative Zoology, was also found infested by the same
parasite; but no fresh material has been available for examination. Tlic species varies very

considerably in size ; and forms in ^yhich the sub-basal cell is blackened might be mistaken for

a distinct species, owing to the

occurs on all parts of the host, even the legs and antennaa. A species bearing some resem-
blance to the present form was also found on a species of Ancyrophorus from Lake Superior;
but the two specimens examined are not sufficiently perfect to warrant their description.

slight distortion which accompanies the discoloration. It

as broad.

CA^'TnAIlOMYCES occiDENTALis Thaxtcr. Plate VII, figs. 15-16.

Troc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 16L

More or less suffused Tvith brown. Perithecium rather short, sub-conical, slightly iuflatca
toward the base; the distal portion very slightly curved outwa.d, the apex bh.utly pointed;
stalk-cell large, cylindrical, not exceeding tl,e antheridium

; basa! cells each several times as long
-- -- Basal cell ot receptacle very small, the sub-basal cell much larger, inflated witho.it
blackenmg, or externally and inferiorly deeply blackened and slightly incurved. Basal cell of
the appendage snmlar to the distal cell of the receptacle, larger and unmodined, or simila.ly
b ackened

;

the sub-basal cell large, its upper inuer portion obliquely cut ofl and divided into

to tip of perithecium, 280-335 fi.

Length of appendage to tip of antheridium, 110-150 /i. Total length 1

On Blcdins armatus Er., Utah.7 ^ -«**P

the p"rlSLt'JZhf 7f ^' '''

I","™
"•" "'^ «-»*- ^'-^-tion of the basal colls ot

p I esKh;t^^t^^^^^^
-thcridium, which in C. BWu is external and com-f»ii&L» ii\e SL\tns to three-quarters of the sub-basil pr.TT t^t. <- .

a single perithecium, and but one append "e tC in of wbH '"^'T'
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'
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superposed cells.

host. abdo
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1

CANTHAR03IYCES PUSILLU3 Tliaxtcr. Platc VTT, figs. 11-14.

Proc. Am. Acad. Arts ami Sci. Vol. XXIX, p. 100.

Peritheciiim becoming reddish brown, inflated just above the base, the distal portion conical,

tapering to a blunt symmetrical apex, borne on a rather short narrow stalk-cell bent towards
the appendage and separated from the pcrithccium by three small sub-triangular basal cells.

Receptacle consisting of a very small basal and a much larger rounded sub-basal cell, more or

less suffused with brown, which gives ri.se to the stalk-cell of the perithecium nnd the appendage.

Antheridial appendage consisting of a large squari^^h basal cell followed by the anthcridium

proper, which is primarily a large squarisli cell, its outer half, or more, becoming divided by

anastomosing septa into numerous small cells, the inner portion also showing a division into two
or three larger cells ; tlie whole bearing terminally a series of usually three superposed flattened

cells, strongly constricted at the septa, and giving rise distally to from one to three simple cylin-

drical, nearly hyaline, sparingly septate branches, usually exceeding the perithecium in length.

Spores, 18x2fi. Perithccia, 22-26 x 30-55 /*. Total length to tip of perithecia, 80-85 fi, to tip

of appendages, 90-120 fx.

On TrogopUoeus sp. York, Maine; Wavcrly, ]\ras8.

Tliis species is perhaps the smallest of the known forms of Lal)0ulbeniacea5, and is some-

what difficult to discover and remove from the legs or elytra of its host, where, however, it is

not rarely found. Owing to its minute size, the detailed structure of the anthcridium was not

plainly made out, neither was any discharge of antherozoids noticed. Its structure corresponds

so closely, however, to that characteristic of the genus as emended, that there can be little doubt

of the correctness of its generic reference. It occurs more commonly on the legs or near the

tips of the elytra of its host, a small blackish staphylinid common on wet logs along the margins

of brooks or in wet rubbish caught in similar situations.

EUCANTIIAROMYCES, Thaxter. Plate Y, figs. 25-27.

Receptacle consisting of two superposed cells, giving rise on one side to a free stalked peri-

theciumj on the other to a free appendage. The appendage consisting of a basal and sub-basal

cell terminated bj a compound antheridium. The anthcridium formed from numerous small

cells, oliliquely superposed in three rows, bordered externally by a sterile cell, and terminated by

a cavity from which the antherozoids arc discharged through a short, irregular, finger-like

projection.

This genus is based upon the peculiar structure of its antheridium, which appears to be dis-

tinctly different from the honey-comb-like body which occurs in ITaplomyces and Cantharomyces,

as well as from the more simple form illustrated by Camptomyces, which is, probably, its

nearest ally. The material examined consists of but two type specimens, in one of which the

antheridium was in perfect condition, the terminal cavity being filled with antherozoids. It is

impossible to determine in this specimen whether all or only a few of the small cells Avhich

compose the antheridium are antheridial cells; but, from analogy with Dimorphomyccs and Pey-

ritschiclla, it seems probable that the majority of them are ; and that the cells represented in

18
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the figure (Plate VII, fig. 27) raerelj represent the bases of such antheridial cells ; the terminal

portions extending upward and inward, and discharghig into the common cavity. This matter

cannot, however, be determined without an examination of fresh material of immature

Bpccunens

EucANTHAROMYCES Atrani Thaxter. Plate Y, figs. 25-27.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 480.

Pale straw-colored. Peritheclum rather long, slightly inflated, tapering to a blunt apex witli

rounded lips, its stalk consisting of a single large free basal cell surmounted by three smaller
cells. Easal and sub-basal cells of the receptacle long and very obliquely superposed, lying
almost side by side. The appendage consisting of a basal cell not wholly free, but partially con-
nected with the stalk-cell of the perithecium at its base, followed by a second sub-triangula'r cell,
the oblique upper walls of which separate it on the inside from the body of the antheridium'
proper, and on the outside from the narrow cell which forms the sterile margin of the latter.
Anthcridium sub-cylindrical with rounded apex, consisting of three series of obliquely super-
posed cells, decreasing in size from below upward, and running obliquely upward and outward
the lower series of six cells, the middle of four, and the upper of two; the three „...J
tennniatnig m a common cavity filled with antherozoids, which are discharged through a terminal
irrcgu ar, finger-like projection, which is bent strongly outward. Perithecium, 135 X 35 a.
Length to tip of perithecium, 260 /.. To tip of anthcridium, 150

f..

series

On Atranus pulescejis Dej., Virginia.
/

Uliaclio
example of Ati-anus ku.dly sent n,e by Mr. Perga.Kle, and, althouol, carefully sought for on all

CA.^1PT0JIYCES Thaxter. Plate VI, figs. 1-C.

Troc. Am. Acad. Arts and Sci. Vol. XXIX, p. 109.
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conditions examined, the anthcridium has, in all.>y complete development, even .hen the perithecium is a more bud from
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the sub-basal cell of the receptacle. Whether the aiithcridium as a whole is truly terminal, and
developed from the smaller of the two primary spore seguieuts, is uncertain. When mature, it

is a somewhat complicated organ
; but in a general way corresponds to that of Dimorphomvces,

except in the number and arrangement of its antlieridial cells. The latter appear to bo i-laccd in
probably two, possibly three, vertical rows, eacli cell extending obliquely inwai'd and upward
towards a general lateral and partly central cavity into which they discharge, and whicli is usu-
ally well filled with irregularly squarish or roundish antherozoids. I have been unable to make
out to my own satisfaction whether all the smaller cells of the aniheridium arc spermatic, and
what their exact disposition is. The figures given (Sand G) represent only in a general way the
relations of the cells to the cavity for the reception of antherozoids ; the view in the one case
being sectional in a plane which does not show the openings through which the antheridial cells

'/'

(fig. C)

produced in very krge liiimbers, and no
form that I have seen is so well adapted to illustrate their discharge, which almost invariably
occurs when the specimen is placed in water. This is perhaps connected with the fact (hat the
trichogyne is very rudimentary, consisting of a small vesicular prominence, ^vith one or two
short projections, and is not in close proximity to the antheridium, so that the prodticlion of a
lai-ge number of male bodies is necessary to Insure fertilization. The carpogenic cell is very
large, and the trichophoric cell bears the trichogyne laterally and anteriorly, the latter subtended
by a peculiar and well-marked prominence. This prominence, at the left in tig. 4, constitutes
the basal portion of the trichogyne, the receptive portion of which is seen in the angle between
it and the projecting apex of the trichophoric cell. The latter is separated from the base
of the trichogyne by a septum which was accidentally omitted from the figure. The cavity of
this basal portion, which becomes indurated and persists as a slight projection on the mature
perithccium (fig. 2), is not, as represented, continuous with that of the trie

ascogenic cells are two in number, and the asci do not seem strictly biseriate.

The

Camptomyces melanopus Thaxter. Plate YI, figs. 1-6.

I'roc. Am. Acad. Arts aud Sci. Vol. XXIX, p. 101.

Perithecium tinged with brownish, slightly inflated towards the base, its distal half narrow,
tapering gradually to the rounded attenuated apex, below which on one side is a rounded pro-
jection

;
borne on a large sub-triangular stalk-cell, surmounted by three smaller basal cells.

Receptacle narrowly funnel-shaped, tapering to a pointed base, and consisting of a large basal

cell, slightly translucent near its lower extremity, but otherwise becoming wholly opaque,
followed by a flattened sub-basal cell, from which the mature perithecium with its stalk project

nearly at right angles to the long axis of the receptacle, while distally it bears the appendage.
Appendage consisting of a single squarish cell, followed by a flattened cell which bears terminally

the sub-conical, slightly asymmetrical antheridium. Spores about 30x3.5//. Perithecium,

130-150x30-33^. Total length to tip of antheridium, 110-125 /t. Greatest width, 25 /x.

Antheridium, 25 X 16 ^.

On Sunius proUxus Er., Waverly, Mass., and York, Maine. On *S', longiusculus Maun.,

Kittery Point, Maine.
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This curious species occurs ratlicr rarely, more often on the upper tlmn on the inferior sur-

face uf the abdomen of the two hosts mentioned, the receptacle lying close against the surface,

•while the perithecia project outward, often backward. Specimens on S, longiusculus are

soruewliat siiuillcr and much paler than those on the larger host, the basal cell of the receptacle

being more or less translucent* The form is not easily overloolvcd when mature, occurring usu-

ally in grou])3 of half-a-dozen or more. The hosts may be found in dry hay or other rubbish in

cultivated land.

EiVARTHROMYCES nov. gen. Plates III-IV.

Receptacle consisting of a simple series of superposed cells, the distal ones bearing sterile

a])])cndagcs, those below giving rise to iintlieridia or perithecia or remaining sterile. Anthc-
ridia coujpounJ, terminally pointed and perforate, the six anthcridial cells converging upward
to a general cavity, into which they empty through narrow necks. Trichogync simple, two-
celled. Terithccia stalked, one or more formed by direct budding from the cells of the

receptacle.

In the form and structure of its antheridium, and to some extent of its perithecium, this re-

markable genus recalls Peyritscliiella, to which it is undoubtedly more closely related than to
any other. The scries of specimens which constitute the types of the single species contain no
very young individuals

;
yet it is apparent that, after the axis is formed and most of the sterile

ai>pcndage8 have been produced, an antheridium arises, first originating as a lateral bud, in
such a position that the first trichogync when mature lies beside its apex. The antheridium is
tlic largest thus far observed, of the compound type, and its general structure may be made out
^•ith no great difficulty. Tlie anthcridial cells are irregularly flask-shaped, and occupy the
somewhat inflated basal portion of the organ, the distal part being more or less conical, and

19)
(.1

1 the contents
ce Is are d.sclmrijed. The cavity «-!,iol, it contains is of considerable size, and is oHen filled
.v,tl, free antherozoids. The latter are larger than other known forms of endogenous origin, and
seem to he snrrom.ded by a thin wall at the time of their final discharge. The triehogyne is
q..^epeeul,ar and unar,able in form, being rather short and inflated, septate near the middle,

I n t"" H T "
;.

''?''"' P™^'"'"" ^^'^*^ "'' «S- "- 1 ry, which seems to he the

5tr : ! ;jrr'r'J _'^ r^'-^^-
"^'-^ ^'^«-tly thick .al.ed. Indeed, it is only

;hort

fertil

). The young perithecia arise as lateral buds from

occome onee septate (fig. 14) and follow the course of development described in Pa^ iZ"^.

En-authho„yces .xoics nov. sp. Plato III, figs. 13-19; Plate IT, fi.s. 8-11

Miorr, cieaiJj distmguished, broadly truncate apex, the lii>
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colls of which end in papillate enlargements, ^vhilc one of them produces posteriorly a clavnte

outgrowth bent abruptly upward near its base and extending free above the apex. Below the

base of this projection^ and on the same side, the pcritliecium is j)rominently hunched. Basal

cells of the perithecium often rounded and bulging. Receptacle consisting of from fifteen to

) twenty superposed cells, somewhat longer than broad, the two lowest always sterile, the third

always producing a perithecium, the sixth, more commonly the seventh, producing an anthe-

ridium; the cells immediately above the third producing perithecia or remaining sterile ; those

immediately above the sixth or seventh producing perithecia or antlicridia or remaining sterile,

the total number of anthcridia rarely exceeding three; the i)erithccia rarely ]»i'oduced two from

a single cell The terminal cells of the receptacle, usually five or six in number, benring

septate, simple, lateral, sterile appendages. The latter slraight, usually two borne on op-

posite sides of a given cell, but sometimes three or four from iho same cell, deeply blackened

and somewhat constricted in the region of their basal septum, consisting more commonly of

seven cells, the fourth and sixth, and notably the fifth, broader and shorter than the others,

the terminal cell longer than the rest and tapering to a blunt tip. Similar appendages rarely

produced even below the uppermost perithecium. Spores, rery long and slender, 120-130 x 5 fi.

Perithecia, 140-lGO x 50-60 /z; the outgrowth, 85xJ0^; the stalk-cell, 50-85x25-30/1-

Receptacle, 400-G80 x 25-35 ^ ; average, 500 x 28 /x. Appendages, 140-200 x 20 fx.

On PheropsopJius sp., Booloo Valley, banks of the Ceeas Uiver, Northwest India.

Sufficiently abundant material of this fine species was obtained from the inferior surface of

the thorax and abdomen of an undetermined Pheropsophus from the above-mentioned locality in

the collection of the Museum of Comparative Zoology. Although varying somewhat in the

number of perithecia developed, it seems to be an unusually constant form. Even the sterile

appendages, although they vary in number in different individuals, arc remarkably uniform, and

rarely vary in respect to the number of cells which compose them. In many cases the first, and

sometimes others of the perithecia become aborted, as a result of the nou-fcrtilization of their

trichogynes; and there may be three or even more such undeveloped perithecia on the same in-

dividual, with from one to three or even four which liave reached maturity (Plate iV, fig. 8), so

that although there are more commonly not more than two perithecia in a given individual, there

may be six to eight, developed and undeveloped, in exceptional cases. In their color, habit, and

peculiarly blackened bases, the sterile a])])endagcs, curiously enough, recall those of the Lal)oul-

bcnia (Z. Fheropsophi)^ which infests a similar host in Africa and South America; so much so

that a young specimen, which was the first examined, was for the moment mistaken for an

abnormal condition of this species. Owing to the large size of the sexual organs, this form ofifers

unusually good opportunities for a closer study of the sexual processes, and it is to be regretted

that it should occur in so remote a localitv-

It seems doubtful whether the lower half of tlie two-celled body described as the trichogyne

is not morphologically a portion of the trichophoric cell, since, though it is separated from the

latter by a constriction, no septum is visible between them. In one instance, a second

trichogvne was seen developed from the base of this basal half, the first trichogyue having failed

I

m

^

•r

to become fertilized.
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7

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 8, 1890.

Rcccpt

c
iposcd

a single row, one or more of which may be appendiculate ; a sub-terminal area consisting of a

d

P

single antheridiiun ; and, lastly, a terminal scries like the sub-terminal, but bearing one, rarely

two, perithccia centrally placed ; the cells of the series external to the perithecia, and (ho cell be-

tween them, if there are two, appendiculate. Antheridium conical, compound, f'n-iuing a sharp,

tooth-like projection on one side. Appendages simple, continuous, separated from the cell which

bears them by a prominently constricted, usually blackened septum. Spores once septate. Tcri-

thecia symmetrical or nearly so, the tips ending in four papillae.

This, together with the following and very nearly related genus Dichomyccs, constitutes a

peculiarly well marked type among the Laboulbeniacea), and no other form possessing a com-
pound antheridium, with the exception of Dimorphomyces, presents the sanio fcadency towards

the production of a bilaterally symmetrical receptacle, which is so perfectly developed in

Dichomyccs. In the present genus, there is always an irregularity in the form, and an asym-
metry in the disposition of the cells, especially in the Uvo lower transverse scries ; and thongli in

" geminata a greater degree of symmetry is attained than in any other species, the lower
series is always asymmetrical, and in all cases only a single antheridium is ever found.

The development of the receptacle is comi)aratively simple. The gcrniin.iling spure, as in
fig. 11, develops a terminal appendage which corresponds to the appendage lying at the left
of the perlthecium in figs. 8 and 10, or between the two perithccia in fi?. 7. Thclarg.-r, lower
segment of the spore then divides into four colls, by the formation of three septa (fig. 12). The
lower of these, the basal cell of the receptacle, undergoes no further modincation, and in the
smgle species P. curvata, the sub-basal cell remains unchanged. In all the other species, how-
ever, the sub-basal cell and the two cells above it become divided in a characteristic fashion.
This dinsion is effected by the formation of. oblique septa cutting off the two upper angles of
tne cell, as m fig. 13. The small triangular cells thus formed begin to grow obliquely outward
and upward, as seen at the right in fig. 1.3, and through the formation of further oblique
dn-Ksjons m these cells the characteristic transverse series result (fig. 14). The number and
position of the appendages varies in different species and in different individuals, a., indicated
by the figures, and are quite peculiar in structure and appearance. They are simple and con-

t^^J'^T""^"T^"'"'^''
and always connected with the cell that bears them by a

t^^:^'^T'::^' "T> ^^^^^^^^^ ^^-^- ^^^ vary in shape fron. a mere bl^d-

9)

(fi

Tl>e appendages of the following genus, Dicl.on.j-ccs, are similar i,i all respects

;

do appendages occur having a similar appearance.

Chitonom)'

sub-terminal member ofsuperposed cpIUprmc ti. • ^ \ "" '^'^ suD-rcrramai memuer oi m^
P posed eell.ser,es. Their rtructure eorresponds very elosely to that of Din.orphomyccs, e.-
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cept that there appear to be not more than four anthcriJial cells (Plate 11, fig. 12), which dis-

charge into a common cavity above. Tlie latlcr foi-ins llu^ slighll) iuflatcd base of the iorniinal

conical portion of the organ, the anthcrozoids, which are comparatively minute, making their

way through a pore at its apex.

The ])crithccia, except in F. geminatn^ are usually solitary, and arise normally from the dis-

tal cell-series ; but in abnormal cases they mny be produced, externally from the sub-distal or

even the lower series (P. gem'inata). In structure, the pcrithccia i)rcscnt no great peculiarities ;

the cell-row-s containing each four cells, the lip-cells being usually charart<M istically pnpiilute,

and symmetrical or nearly so. The ascogenic cell is cojiunonly solidiry (Plate 1. figs. 27-81);

but in some instances there a}>poar to be two. The trichogyne, in fhe few cases in which it has

been observed, is very rudimentary, consisting of a vesicular prominence, sometimes shouing a

tendency to produce slight protuberances, as in the case of Campt<»myce8.

The four known species all occur on terrestrial beetles belonging to <he Carubidaj and

Staphylinidaj, and on account of their small size and apprcsscd habit arc n5?nally detecit d with

difTiculty.

In the following dcscriptiona the side which bears the anthcridia is spoken of ns the anterior,

the opposite ns the posterior face of the individual. The anthcridium mny thus be described as

occurriuiT on the left side.

Peyritschiell.4 cubvata Thaxter. Plate 11, fig. 12; Plate IV, figs. 11-18.

Proc. Am. Acail. Arts and Sci. Vol. XXIV, p. 8.

Pcritliccia hyaline, nearly straight, tapering to the symmetrically four-lobed apex, bent at an

angle to the axis of the receptacle, the curvature of "which it continues. Receptacle consisting

of two superposed cells, followed by two transverse series of cells of variable numbers (four to

seven) ; the terminal bearing one, rarely two, pcrithccia, with a group of sterile appendages on

eitlier side, the sub-terminal })roducing on one side, the sharply pointed anthcridium with or

without one or more adjacent sterile appendages ; on the other side a group of from one to

three similar appendages. Appendnges simple, cylindrical, continuous, or pseudoscptate, hya-

line, sometimes becoming tinged with brownish. Spores, 20 x 3.5-4 ytt. Perithecia, 90-100 x

22-29 /x. Appendages (longer), 60^. Total length to tip of perithecium, 280-300 /(.

On Platynus eincticollis Say. Vicinity of New Haven, Conn., of Cambridge, Mn*==s., and of

Kittery Point, Maine.

The more common species of the genus occurring on the right shoulder of its host, and

sometimes on the adjacent edge of the elytra. It is distinguished from the three remaining

species by the absence of the lower transverse series of colls, the sub-l>asal cell of its receptacle

remaining undivided at maturity. In very rare instances, two perithecia may be borne on a

single individual; but I have seen but two cases of this kind among some dozens of si)ecimcns.

The curved habit of the species is doubtless due to its position of growth upon the host, and is

a character of little importance. The beetle on which it is found is common in the localities

mentioned, along small brooks, where it may be found, concealed beneath stones, sticks, and r\ib-

bish generally, in shady places.
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pEyniTSCii Plate IV, figs. 7-8 and 24

Proc. Am. Acad. Arts and Sci. Vol. XXIX, p. 101.

Hyaline. Receptacle asymmetrical, consisting of a single basal cell followed by three succes-

most
sivc, more or less definite, transverse rows of cells.

and irrc«nilar, consisting of from two to four cells, one of which, larger than the rest, is an axile

om

it on one side, each successive cell smaller and placed higher in the series, the outermost and

uppermost bearing one of the sterile appendages characteristic of the genus. The second row

also consists of a larger median cell, which is free for a short distance on one side, and on both

sides of which are cut off, as in the first row, from two to four cells, the smaller uppermost ones

on both sides giving rise to from one to three appendages, according to tlie numher of the cells.

The upper row is either symmetrical or asymmetrical, according as it gives rise to two or to only

one perithecium. In the first instance it consists of a median cell, above which arc produced

two sterile appendages, and a variable number of cells cut off laterally as in the lower rows, but

nearly symmetrical in size and shape, the outermost bearing sterile appendages. If one perithe-

cium only is produced, the row is asymmetrical, and a greater number of appendages appear

on uue side of the perithecium than on the other. Perithecia very slightly inflated near the base,

tapering abruptly but slightly to the spreading apex, which is four-lobed, the lobes rounded,

large and prominent. Spores about 37 x 3.7 /i. Perithecia, 75-80 X 18-22 /*. Total length to

tip of perithecia, 220-260 /* (150 ^ in specimens from the smaller host).

On Fterosticlius luctuosus Be]., P. erytliropus Dej., and P. patruells Dcj., Kittcry Point,

Maine ; Arlington, Mass.

Unlike the other species, this form not infrequently produces two perithecia, the arrangement

of its distal cells in such cases closely resembling that of Dichomyccs. The main body of the

receptacle is, however, asymmetrical, and the anthcridium occurs only on one side.

It is distinguished from the preceding species by its more slender form, smaller and shorter

appendages and perithecia, and especially by the division of the sub-basal cell of its receptacle

to form an incomplete transverse series, or rather half-series, of cells. Its anthcridium is small
and inconspicuous, occurring on one side as in the other species. It may be found gi-owing on
the inferior surface of the prothorax near its anterior margin, and on 'the adjacent posterior
margin of the prothorax, as well as on the anterior legs. In the last position the individuals be-
come very considerably distorted in form, and in such specimens several instances have been
observed In which perithecia were developed from the lower and middle transverse series of cells
on the right side (opposite the antheridiura).

The species is a rare one, though the hosts which it infests arc not
or in rubbish near the margins of ponds or streams.

uncommon under

Peyritschiella minima Thaxter. Plate TI fio-g iQ_oi

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 266.

Iljalino or slightly yellowish. Perithecia somewhat asymmetrical, large, stout, tapering
rather abruptly to the blunt apex, which terminates in four not very prominent, nearly symmctri-
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cal papillEC. Recoptacle stout, sub-triangular in form, consisting of a rnthcr small, often

slender, basal cell, followed by the usual three transverse series (>f cells. Tlie lower of these

consists of the median or primary cell, on one side of which a single small cell is cut off, while

on the opposite side a scries of four or more cells, mostly nppendiculate, extend obliquely upwaid

and outward, overlapping one another to some extent The middle series consists of a large

median cell, on either side of which nuniorons (four or more) nppondiculute cells extend obli(piely

upward and outward, and produce, on one Bide, the large poinlid :in<l»eridium, whicli does not

usually project beyond the margin of the receptacle. The distal series, like the snb-di>s<ul,

composed of fewer cells and bearing the single perithecium. Appendages oval or short cylin-

drical, bccommg brownish; their basal septa large, but not conspicuously blackened. Pporo^i,

37-10x4/*. Perithccia, 100x33/t. Appendages (longest), 33 /i. Total length to tip of

pcrithccium, ] 90-220 fx. Receptacle, 90-110 X 50-58 fx.

On Platynus cincticolUs Say. Vicinity of New Haven, Conn. ; Weston, Mass. ; York, JSiIainc,

A rare species occurring near the extremity of the anterior legs of its host, where, owing

to its compact form ami small size, it is easily overlooked. It is very distinct from the two pre-

ceding species, and peculiar from its sub-triatigular form, from the presence of cells cut off on

both sides of the primary or median cell of the lower transverse series, and from the numerous

short, inflated, bladder-like appendages. The latter are thickly clustered on the loft margin of the

receptacle, while the right presents an unbroken line from the foot nearly to its summit The

P
found on a single individual.

Peyeitschiella nigrescens Thaxtcr. Plate VI, figs. 22, 23.

Proc. Am. Acad. Arts and Sci. Vol. XXVUI, p. 184.

Receptacle sub-triangular in form, consisting of a single basal nearly hyaline cell followed

by the usual tlirec scries, the lower broadly edged with black on either side, consisting of a long

median cell from which three cells arc cut off on the right and two on the left; the middle

series of about ten cells, which form slight blunt appcndiculate projections on cither side,

extending much higher on the left than at the rinht, where the single antheridium is situated;

the upper series shorter than the mi<ldle, bearing the single stout, asymmetrical perithecium, on

cither side of wdiich are several short appendages asymmetrically placed. Perithccia, 05 x 10 /x.

Receptacle, 70 x 37 (i. Total length, 130 /i.

On Philonthus debilis Grav. VTaverlj, Mass.

The single type from which the above description is drawn was found on one of the jiostcrior

le^s of its host, the figures given representing an anterior and posterior view of the same speci-

men. The compact sub-triangular form of the receptacle and the stout perithccium connect it

F
of its lower cell series suggests some of the species of Dichomyces. In its asymmetrical

development and single antheridium, however, it corresponds exactly to the type structure of

Peyritschiella. The perithccium of the unique type is not quite mature, and more fully

developed material may show that its apex becomes characteristically papillate as in the other

species.
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DICIIOMYCES Thaxter. fi

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 183.

Receptacle flattened, siib-triangulai; ; consisting of a single basal cell followed by three trans-

verse series of cells symmetrically placed ; the distal row bearing a pair of perithecia symmetri-

cal! v placed ; or a single perithecium, the fellow of which is undeveloped, together with certain

sterile appendages ; the sub-distal row producing a pair of compound antheridia symmetrically

placed and subtended by one or more sterile appendages. Perithecia symmetrical. Spores once

septate. Appendages and antheridia as in Peyritschiella.

This genus, although very closely related to Peyritschiella, is distinguished by the bilateral

symmetry which characterizes not only the arrangement of the cells of the receptacle itself, but

of the organs produced from it, namely, the antheridia and perithecia ;
altliough in a single

species (Z). inoequalis) one perithecium only is developed, which is, however, placed symmetri-

cally in relation to the cell from which, in the other species, a second perithcc

Apart from this bilateral symmetry, the structure and development of the members of the two

genera are identical, and were it not for the fact that of the eight species included by them, four

correspond exactly to one, and four to the other type, the two genera might readily be united.

The four snccies of Dichomvces are amons; the most strikino" and curious in form of all the

um arises.

Laboulbeniaccoe. They have been found thus far only on beetles belonging to the Staphylinida?,

sncl g rubbish in ciiltivated fields.

In the following descriptions the face bearing the antheridia is spoken of as anterior

\

DiCHOMYCES FURCiFERus Thaxter. Plato VI, figs. 25-29.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 184.

Receptacle consisting of a small basal cell, which is nearly hyaline distally and suffused with

brown basally, the receptacle above gradually expanding into a more or less fan-like form, the

basal portion wholly black and opaque, the blackened area extending upward externally and
including a prong-like projection with one or two appendages at its base, which extends above
the base of the perithecium and forms the terminal portion of the sub-distal transverse series of

cells on either side; the latter, seven in number, becoming generally suffused with blackish
brown, the long rectangular median cell usually more or less distinct, the remainder partly or
wholly opaque and indistinguishable; the- antheridia lighter brownish. The distal row of cells

seven in number, their septa straight, thin, and clearly defined; the middle cell of the scries
bearing distally two appendages, placed antero-posteriorly, the terminal cells of the series on
either side also bearing two appendages, the inner slightly anterior. Perithecia bent slightly
forward, tapering very slightly to the blunt apex, which bears a short, recurved, tooth-like pro-
jection on either side from each anterior lip-cell. The perithecia and distal row of cells faintly
tinged with reddish purple. Appendages short, simple, hyaline, cvlindrical, with a constricted
blackish base. Perithecia. 63 x 16-18^. Receptacle: length to b'ase of perithecia about 90^;
to tips of external projections, 100-120/.; greatest width, 55-60 /..

On Philonthus dehilis Grav., Waverlv. Mnss nnrl ir;f+^..,, n^-^ »*... _
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A most singular jjlaiit looking like a two-pronged fork or a pair of inverted i)iuccrs, between

the black arms of which arise tlic two peritheeia. The lower portion of tlic receptacle is so opaque

that the cell structure is indistinguishable; but, as far as It c;iu be made out, (he lower trans-

verse scries of cells consists of a long median cell, on cKher fiide, of wliich two, perhaps Uucc,

cells arc cut off in a fasliion simihir to that represented in the figuie of 7). prinerpif (Phito VllT,

figs. 11-12). In the present, as well as in the rcmaiuiug s{)cci('s, ilu3 appcndagi^s vary somowliat

in number according to the number of terminal cells in the distal and sub-distnl scries, wliich is

not quite constant; and, in the majority of individuals, but few of the appendages remain

unbroken at maturity. Of the two appendages situated between the peritheeia, one represents

the original terminal appendage of the genninaiing spore. The g(Mieral form of the receptacle

is quite characteristic, and in the region of the distal scries of cells it is disf inctly concave on the

anterior side, the posterior face being somcwjjat cuuvex.

From the fact that its host is dark-colored, while the parasite itself is partly blackened, it is

often very dltTicult to detect, lying, as it generally docs, appress'd against the surface of the

former. It sometimes occurs, liowever, in such large numbers that it is seen without any diUl-

eulty, and in such cases, although it is usually found on the undor surface of tho abdomen, it

may extend to the legs, thorax and all parts of the body of its host. Its natural position

seems to be with the tip of the pcritheci\im turned toward the extremity of the insect's body, and

the anterior face turned inward, the peritheeia being turned slightly backward (upward).

Althou'^h the host is very common, this species, like its relatives in the genus, seems to be

decidedly rare.

DiCHOMYCES ix^QUALis Tliaxtcr. Plate VI, figs. BO-34.

Proc. Am. Acarl. Arts and Sci. Vol. XXIX, p. 103.

Receptacle as in D.furciferus, it?, fork-like projections prominent and indistinctly septate,

the distal row of cells bearing a single perithccium ; otherwise symmetrical, except that the sub-

median cell, above which a second perithccium arises in B. furcifems, is much reduced in size.

Appendages ten to twelve, one external to and near the base of each antheridium, two above tlic

median cell of the distal row, and three to four borne ouc from each of the three to four cells of

the distal row external to the sub-median cells, all arising as in B.furdfcrm. Perithccium large,

slightly mflated towards the base ; or sub-cylindrical, tapering abrui)tly at the extremity to a sub-

tnmcate apex destitute of appendages. Spores, 26 x 3.5 /i. Peritheeia, 100 x 25 /a. Receptacle,

length to base of perithccium, 92^; length to tips of lateral forks, 110-130/x; greatest breadth,

50-60 /x. Total length to tip of perithccium, 180-190 ^.

On PJnlonthus dehilis Grav. Kittery Point, :Mainc, and Wavcrly, Mass.

This species occurs, sometimes in company with D.furciferus, on the abdomen, more rarely

on the less and thorax of its host. It is at once distinguished by its solitary perithccium,

which is destitute of the terminal outgrowths peculiar to the last named species. It is much

more common in the localities mentioned than its ally, nnd in none of the numerous

specimens examined does there appear to be any variation in the points of structure which dis-

tinguish it. In no instance was any attempt observed to produce the usual pair of peritheeia,

and the single perithecium, by its larger size, soniewhat different form, and abruj.tly truncate

apex, serves readily to distinguish it.
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DicHOMYCES iNFECTUS Thaxtei". Plate VI, figs. 35-36.

k

Proc. Am. Acad. Arts and Sci. Vol. XXIX, p. 102.

Receptacle consisting of a short basal cell succeeded by an axile cell placed vcrticallj, on

eitlier side of which a scries of three obliquely superposed cells forms a blackened border. The

remainder of the receptacle consists of two successive transverse symmetrical rows of cells, the

lower row made up of three central and several smaller external cells, terminating on either

side in a short, blunt projection below the prominent antheridia; beside which arise externally

single sterile appendages. The distal row is composed of seven cells, the external cells on

either side not extending beyond the bases of the perithecia and destitute of appendages ; two

appendages arise between the perithecia, one on either side. Perithecia two, closely approxi-
u

mated, arising from single broad, flattened cells, short and stout, tapering slightly toward the

sub-truncate apex, which is destitute of papillae or appendages. Perithecia, 66 X 22yLi. Recep-

tacle, (JO X 40 /i.

On XantJioHmis olsidianus Melsh. "Waverly, Mass.

Two specimens of this small form were found at the tip of the abdomen of its host, only one

of wliich is preserved as the unique type of this well-marked species. Its broad, stout perithecia,

and the absence of any external appendages on the distal series of cells, distinguish it readily

from other species. Although sought for diligently, it has been found but once, notwithstanding
tlie fact that its host is a beetle common in cultivated fields, where it may be found running over
freshly turned soil or concealed in decaying vegetable matter.

DiCHOMYCES PRiNCEPS Thaxtcr. Plate VIII, figs. 11-14 ; Tlate II, fig. 11.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 479.

Nearly hyaline, becoming slightly and uniformly tinged with pale reddish brown, sometimes
narrowly edged with blackish near the base. Receptacle large, consisting of a single small
squarish basal cell, above which are three successive transverse rows of cells placed side by side,
the upper margin of each series convex

; the lower series consisting of a lung narrow axial cell,

with three or four more or l^ss obliquely superposed cells on either side ; tlie middle series
consisting also of an axial cell, with five to eight cells on either side, which extend obliquely
upward and outward to form a free rounded projection, each cell of which bears a short append-
age, the antlieridia prominent at the base of each projection; the third or distal transverse
senes like the second, the cells often slightly more numerous, forming projections in a similar
fashion on either side which bear tl,e same short appendages. The axial cell of the terminal
series is followed by two small cells, each bearing a short appendage, on either side of which a
large somewhat flattened cell forms the base of the perithecium. Perithecia two, more or 1-..

nol'tt"?^'
f' "''''^' "^' '^^"-"^^ ''''''' ^^'^^^'y '^ the blunt apex, reritheein,

110-lb5 X 22-30 ;.. Spores, 38 x 4 /x. Receptacle, 150-180 x 70-
On Philonthis sordidus Gray. Wavei

iOfl.

of the genus, and,nYvlncr ^"^ fi.^ 1 p -. ,

---^^~ —..^^..v.uuuo iiiuiuuer oi ne ffonus, ana,o«mg to the absence of an, doopl, blaekc„«l portiox,., i,U,.strates the t,pical form more cleari;
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than any of its allies. I have met with it on one occasion only, when several hosts were

collected from a licap of rubbish near cultivated land, on which the jKirasite occurred in great

numbers, thickly covering the lower surface of the abdomen and extending to the legs and

thorax. Unfortunately, all but one of these hosts made their escape In transit, but llic sin<*;lc

one remaining has furnished abundant material of the mature form. Owing to its light color,

large size, and more than usuall}' divergent, though not erect, habit of growth, it is not readily

overlooked on the black abdomen of its host.

CIIITONOMYCES Peyritsch, Plates VIII and XXYL

Sitz. d. k. Acad. d. Wiss. LXVIII, p. 250 (1873) ; Rktmatomvces rETnirscii, 1. c. p. 251 ; llKiMATOMvcr^ tmexp., Thaxter.

Troc. Am. Acad. Arts and Sci. Vol XXVJl, p. 30.

Receptacle consisting of a basal and a terminal portion; the former consisting of two

superposed cells, and tliree or four upper smaller cellb which form the base of the pcrithecinm;

the latter consisting of four cells lying beside the pcrithecinm, the terminal cell always free,

originally more or less dome- or bell-shaped, bearing a sin^j-le terminal (ipj)endage, and sometimes

becominfz; otherwise modified at maturitv; the sub-terminal cell connected on its inn*'T side will),

or rarely free from, the two cells below it, from tlie upper of which is separaied a snudl c(dl

that bears terminally, in the angle formed by the pcrithecinm and the receptacle, one or iwo

appendages, beside which is situated the usually small antheridium (?). Appendages slender,

filamentous, simple, aseptate or spuriously septate, hyaline, evanescent, the base blackened and

slightly constricted, Perithecium more or less completely united to the distal portion of the

receptacle, each series of wall-cells containing not more than six cells, some of which may be

appendiculate ; the apex often variously modified. Spores fusiform, onct septate.

Since the description of numerous species under the name lleimatomyccs, I have had an

opportunity of examining specimens of Chitonomyces melanurus Peyritsch, and, as I formerly

suggested, the two genera prove identical. I liave therefore concluded to use the latter name to

distinguish the genus ; since, although I very much dislike to regard the rules of priority at the

expense of those of common sense, it seems desirable that the nomenclature adopted in the

present monograph should be, in so far as possible, a fixed one, and the name Chitonomyces

undoubtedly has precedence in the present instance to the extent of nearly half a page.

The genus is one the position of which has been, until the present paper was in press, quite

uncertain ; the character of the sexual organs not having been ascertained with suflicicnt exact-

ness to warrant any definite statement concerning them. The very recent discovery, however,

of an undescribed and very closely allied aquatic genus, in which the antheridium is so placed

that it can be readily seen, renders its position no longer doubtful, and confirms my first impres-

sion, which was based on the general resemblance of its appendages and the structure of its

receptacle to those of Peyritschiella. The new genus, a description of which is necessarily

reserved for a succeeding supplement, is characterized by a general structure curiously inter-

mediate between that of Chitonomyces and the genus last mentioned, the small but very definite

compound antheridium occupying a position on the anterior margin of the plant just below the

base of the perithecium.
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In the present genus, the antheridium, or wliat I have taken to be that organ, lies just beside

the bases of tlic lower ai)pendages, and has not been satisfactorily made out, owing to the small

size cuid lack of definition in the cells lying in this region. In C. rhjjncostoma, what appears to

be the neck of the anthei-idium becomes enlarged, as the individual matures, and projects as a

conspicuous hook-like proniincnce from the angles between tlie perithccium and the appendage

(Plate XXVI, fig. 18). The character of the trichogyne is also a matter of uncertainty, and

altliough I have definitely made out the carpogenic and trichophoric cells, the latter terminating

close beside the supposed antheridium, I have been quite unable to determine whether one of the

two " api)endagcs " was in reality a trichogyne or whether, as is more probable, the latter is

reduced merely to a slightly inflated prominence. Owing to the minute size of a majority of

the species, and the difficulty in obtaining material of young individuals, the determination of

these matters is by no means easy, and involves an expenditure of time that I have been unable

to afford.

In other respects the structure of the members of the genus is well defined and remarkably
constant ; although the perithccium is subject to curious variations of form, and the terminal

portion of the receptacle, especially its terminal cell, is often so modified as to obscure its true

structure. In 0. melanurus, for example, the terminal and the sub-terminal cells are, at maturity,
opaque and indistinguishable, the former becoming proliferous below its original apex and
developing a hook-like extremity, the insertion of the originally terminal appendage being
turned to one side, and visible only as a slight prominence from its inner margin (Plate XXVI,
fig. 19). A somewhat similar modification is seen in C. marginatus, in which the whole distal
portion of the receptacle becomes blackened, and the terminal cell is similarly proliferous (Plate
XXVI, figs. 20 and 21 ;

Plate VIII, fig. 27). The curious outgrowths from the wall-cells of the

ccll-8crics, being quite variable in position, as in

C. undnatm and otiicrs. Tlie aunendaws clnapl

fined

C.a.

rev
slender and evanescent, being usually completely broken off in mature specimens, the blackened
bases alone remaining. The move or less dome-liko cell which bears tho terminal appendage is
idcimcal with the similar cell which bears this appendage in the last-menfioned genus.

Eeferenee has already been made to the form of the foot, which is peculiar to this mul the
sncceedmg genus, and seems undoubtedly designed to allow a greater freedom of motion
necessitated by he exigencies of lite in the water on a rapidly moving host. Tho base of the
oot, by wlueh alone ,t ,s attached to the host, is rather narrow and pointed, while the upper po

(p. 246)

d

.^ • ... , . , ,
; "" " '"'^^ ^"" *J" ^vnicn tne inctividual may roll trom side

cc ;, Tfi ;
" "'f'T The remarkable constancy with which the different species

occn „ definite positions has also been previously alluded to
practically invariable in every instance. All the species are a
confined to hosts belonging to the family Dytiscids.

As in previous instances, the side bear'imr the nerltbnni,,™ , , . • ^i i

aniiendiiroo o,-„ n i •, , . .
" peritiiecium is considered anterior, the lower

sS ed ed o Co?" ;^ T T'' '™'" ""= '^'* ''''
'' ""^ ^^—I^^O "' P^^'S '""^

di tl^en V tcalif;
'";;"';"" ""'""'"^'"^ '^ "^^••>' '^-'"'^"leJ a, the others, thisucm„ tlie only locality in which they have been carefully sou-ht for.
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CiiiTOXOMYCES PARADOXUS (rovritscli). Plato VHT, n^. 17-21.

IIei: Acad. d. Wi>sca. Bd. LXVII, p. S.'l ; Wien, isra. n«to
Winter, Die I'ilzc Dcutschl. 11, p. 625, p. 920, fit;. 5; Surukin, Neg. Par. ..f .M:in, etc., p. 425, I'l.-.tc XXXII, (i^ 7«3

Sci. Vul. XX VII, p. 32.

Am. Acad. Art*

Pale straw color becoming tinged with amber brown. Poritlicciuin asjmiuctrle iiljhc incgii-

lar liiJ-cells lateral and internal, the sub-terminal wall-cells of one of the cxlcrnal scricfl

produced to form a pointed teniiiually curved outward horu-likc projcctiou; a prominent ridirc

extending transversely on the left side from about tlic centre of tlie perifliocMum acro.^s Ihc mh-
terminal cell of the receptacle. l{ecc].tacle of the usual form, the basal cell large, the sub-basul
cell flattened, the tcnninal and sub-t(jrn)inal cells projtclitig almost wholly free beside the pori-

thecium. Spores strongly curved, fusiform, C5 x 7^. Tolal length to tip of pcrilhccia] horn
about 225 /* ; to tip of rccei.facle, ]r,0-185 //. Greatest width, GO-75 n.

On Laccopliilus maculosinf Germ., Xew England ; on LuccopJdlus sj)., Kansas (Barbci) ; on
L. minutus S(urm., and L. hyalinvs Dej., Euroi)C (reyrilsch).

This species, njiicli is the largest of the genus, occurs invariably on the outer margin of the

left elytron, somewhat beyond the middle, where it grows in groups of from two to balf-a-d(.zon,

and is very easily seen from its large size. It is not uncommon, and is not to be confused with

any other species from the terminal, horn-like outgrowth of its perithecium.

Chitoxomyces appexdiculatus Thaxter. Plate XXVI, figs. 25-2G.

IlniMATOMTCES ArrENDictLATUs : Proc. Am. Acad. Arts aud Sci. Vol. XXVII, ]>. .31.

Becoming faintly brownish. Perithecium tapering to a rather sharp apex, curved strongly

outward, hunched externally and bearing a straight, sub-clavate, one-celled, brownish apjM udage

arising externally some distance below the apex, projecting outward and upward at an angle of

about 45°. Basal cell of the receptacle rather narrow, twice as long as the squarish sub-basal

cell. Spores, 32 x 3 ^. Perithecia, 55 x 15/* to 75 x 22 /x. Basal and sub-l)asal cells, 80-45 yu

in length. Pcrithecial appendage, 30-33 x 4 /i. Total length to tip of perithecium, 100-lGO/i.

Greatest breadth, 30-36 /*.

On Lnccophilus maculosus Germ., Connecticut.

A rare species, confined to the anterior pair of legs of its host, and distinguished at once

by its clavatc pcrithecial appendage, which corresponds to the similar horn-like projection from

the perithecium of C. paradoxus, but is very different in form and in its relation to the other

parts of the perithecium.

Chitoxo.-\iyces distortus Thaxter. Plate XXVI, fiirs. 29-30.

IltiM.VTOMYCE.s uisroRTUs . Proc. Am. Acad. Arts aud Pci. Vol. XX X, p. 477.

Pale yellowish, more or less clavate in general form. Perithecium inflated, its external mar-

gin strongly curved, becoming abruptly constricted below a long, slender, tubular, terminal
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moutliy which is usually, but not always, bent abruptly outward almost at right angles to the

nearly straight inner marghi of the perithccium. A short, straight, bluntly-pointed, rather

stout appendage arises on one side only of the pcrithecium, just holow this tubular apex bej^ond

which it projects. The basal and sub-basal cells of the receptacle about equal in length, the lat-

ter broader: distal portion of the receptacle composed of the usual four cells, the sub-termi-

nal cell forming a distinct external prominence below the terminal cell, which is bent toward and

partly overlaps the pcrithecium. Perithccium (main body), 60 x 1'8/x, its tubidar apex, 18-25 X
6/1. Spores, 20 x 3/i. Length of receptacle, 110 /jl.

On Zaecophtlus maeiilosiis Germ., Connecticut.

A singular species appearing at first sight malformed or abnormal. It occurs in company
with C. appendiculatus on the anterior legs of its host, and is at once recognized by the tubular

prolongation of the apex of its perithccium.

Chitonomyces spinigebus Thaxter. Plate YIII, figs. 15-16.

Heimatomtces snxiGERCs: Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 478.

Erownisli yellow. Perithecium small, its tip slightly exceeding that of the receptacle ; its

extremity blunt, lobcd, curved outward, and bearing two projections unequal in size just below
the tip, one of which extends outward beyond the perithecial margin as a blunt prominence.
Basal cell of the receptacle often bent, expanding distally, much longer than the flattened sub-
basal cell

:
the distal portion of the receptacle with greatly thickened external walls, and

consisting of the usual four cells, the terminal one short, with a broad bas^ and bent towards the
apex of the penthecium. Thrcesmall cells are distinct below the perithecial cavity, from the
outer of which is produced externally a prominent spur-like process. Perithccia,' 55 X 15 /..

Total length to tip of perithccium, 88-90 /*. Spur-like process, 12-30 /. long.
On LaccopTiilus maculosus Germ., Connecticut.

Distinguished from all other species by the spur-like process from the base of the peri-
thecmm The septa are all defined with unusual clearness, the external walls being greatly
liiiCKeuea. ADDarentlv nmnno- fUo r.oT>r.of r.t 4^u„ i..__-i _ . .

°

G host

Pule yellowish.

CHIT0X0.MYCES UNCiGERus Thaxtcr. Plate XXYI, figs. 27-28.

"EnrATOMTCES uxciGEKrs: Proc. Am. Acad Arts and Sci. Vol. XXX, p. 478.

n"l al nTt', 'T'"'" ^'""">-'W^^ ex„.o,„it, bent ab,-upUy out«-a d at right

ofte di!ta„l T t r'''": T '™" '™'" ' '"'"" ^'°- *° "- -'^l''-'e about t.o-tln^U

Id Ba a, ir";
" " "

f",
''"' °' "" '"^''""^^'""' projecting f..„™ it obli,,,eI, out-

flatttod bi ,1 r
"'""*"''

l''"'"
""' '»"«' "« -•^-'"-> -" --". sub-re tangular,

nen a, a b ,t st '77 "7^' "' "" "™' '"" ^"'^' "^ '--"i-l o.io not very promi-nent a, d bent strongh- toira.d the pcrithecium. Perithecia, 80 x 29-0.5 . S,>oros 45 x 4 MPer,thee,al appendago about 22, lon, Keceptacle, 132.' ,onl T^:; iS 'to tin Cfperitheciumj 135/t. O- ^wvc^i x^xi^
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On LaccopJiilus maculosuS Germ., Connecticut.

The more or less wcdgc-shapcd apex of the pcrithccinm of this very distinct form projects

outward abruptly at right angles to the straight outer pcrithccial margin. The hook-like

appendage is quite unlike tliat of any othur species in form and position, and, occurring only on

one side, is not seen unless the pcrithecium lies at the right. It occurs with C. Bjjinigcrus^ C,

hyalinuSj and rarely C. marc/lnatifs, on the posterior logs of its host.

Chitonomyces melanurus Peyritsch. Plate XXVI, fig. 19.

Sitz. d. k. Acad. d. Wissen., Bd. LX VII, p. 251, Plate III, figs. 30-34 ; AVieu, 1873 ; Wint( r Die I'il/.o Deutschl., Bd. II. p. 024,

Pkte

914; Burlese, Malpighia, Vul. Ill, p. 59.

Straw colored, becoming faintly brownish. Perithccium sliglitly inflated near its base, its

sub-terminal wall-cells expanded to form a projection from the outer and inner margin, each of

which extends a little beyond the small hyaline apex which lies between ihcin ; tlie outer projec-

tion smaller and distinctly brownish, the inner nearly twice as broad and hyaline. The two

lower cells of the receptacle nearly equal, forming a rather slender basal portion, above wliich it

expands somewhat abruptly: the terminal and sub-terminal cells deeply blackened, the 1at«''r

proliferous externally below the insertion of the appendage, which is thus turned inward, and

becomes lateral in position, the proliferation extending some distance beyond it, and forming a

terminal, tranf^lucent, outwardly turned hook. Length of perithecium, 95-100 /x. Total length

to tip of perithecium about 150-100/*; to tip of receptacle, 145-150 /t. Greatest width,

30-35 fi.

On Laccophilus mhiutus Sturm, and L. hyalinus Pej., Europe.

This peculiar species, which is the type of the genus, does not appear to occur in this

country, its place being taken curiously enough by the succeeding species, which occurs in

exactly the same position often in company with C, paradoxus, and exhibits a somewhat similar

proliferation of the terminal cell of tlie receptacle. The material from which the accompanying

f]o-ure and description were derived was found on a specimen of Laccophilus from Germany in

the collection of the Museum at Cambridge. Although Peyritsch placed it in a genus distinct

from C. paradoxus, there is no doubt .whatever as to the generic identity of the two forms.

Chitonomyces 3IARGINATU3 Tliaxtcr. Plate XXVI, figs. 20-22; Plate VII, figs. 25-27.

Heimatomtces MARGiNATDS: Proc. Am. Acad. Arts and Sci. VoL XX^ II» p. 34.

Long and slender, at first nearly hyaline, then yellowish. Perithecium straight, then suddenly

bent inward below the hyaline, neck-like, strongly curved tip. Basal cells of the receptacle snV

triangular, the sub-basal half as large as the basal, the three cells at the base of the perithecunn

more°than usually developed: the terminal cells all becoming black and opaque at maturity

;

the terminal one continued by a squarish outgrowth basally hyaline, at first lateral and external,

becoming terminal (the true apex of the cell being pushed inward and becoming lateral), hardly

exceeding the tip of the perithecium, which it conceals. Spores, 30 x 3 /t. Perithecia, 95-110 X

22 fi. Total length to tip of perithecium, 140-160 /*. Basal cells of receptacle, 25 /*.

19
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On LaccopMus macidosus and Hijdroporus spurius, Connecticut, Maine; Laccophilus sp.,

Kansas, Barber.

A form peculiar for the modification of the terminal cells of the receptacle, which makes the

peritheciuni appear as if bordered by a black band. It is found in company with C. paradoxus,

and recalls in some respects the preceding species, which is similarly associated on the left

elytron of its host. In one instance a few specimens were found on the left posterior leg, but

such a position is exceptional.

Chitonomtces ehyncostoma Thaxter. Plate XXVI, figs. 17-18.

Heimatomtces ehyncostoma: Proc. Am. Acad. Arts and 'Sci. Vol. XXYH, p. 33.

Evenly suffused with dull amber-brown. Perithecium relatively large, the broad extremity

abruptly hooked inward, so that the papillate apex becomes lateral and internal ; the external

series of wall-cells prominent with conspicuous septa. Basal cell of the receptacle rather short,

somewhat inflated ; the sub-basal cell much flattened ; the terminal and sub-terminal cells about

equal in length, forming together an outwardly-curved, finger-like projection, exceeding the peri-

thecium
: a short but rather conspicuous hook-like structure (antheridium ?) arises from the

angle between the perithecium and the receptacle on the left side. Spores, 26 X 3 ^. Perithccia,

75 X 22 /x. Total length to tip of perithecium, 100 /i. Basal portion of receptacle, 25-30 /x long.

On Laccophilus maculosus Germ., and Hi/droporus sjmrius Lee, Connecticut.

This species occurs rather rarely on the margin of the right elytron in a position correspond-
ing to that occupied by C. paradoxus, but nearer to the middle. The broad hooked apex of

the perithecium, coupled with the fniger-like development of the distal portion of the receptacle,
serve at once to distinguish it from known species. The hook-like projection, which arises near
the base of the lower appendages, has already been alluded to in the previous description of the
genus, and may be the antheridium.

Chitonomtces lichanophorus Thaxter. Plate XXVI, fi^-s. 15-lG.

Heimatomtces LicnAxopHORcs : Proc. Am. Acad. Arts and Sci. Vol. XXVH, p. 32.

Hyaline except for the suffused basal cell. Perithecium bent outward at an angle from the
basal part of the receptacle, tapering slightly to the papillate apex. Basal cell of receptacle
enlarged and greatly elongated, more or less intensely blackened above its hvaline base ; sub-
basal cell flat and almost obsolete. Terminal and sub-terminal cells together funning a straight,
finger-hke projection as long as or longer than the perithecium, on which the appendage i^

termnial. Spores, 33-37 X 2.5-3 ^. Perithccia, 65-90 X 30 /.. Total length to tip of pcrithc-
cmm, 150-180 fi. Basal cell, 90-110 fi.

On Laccophilus maculosus Germ., Connecticut.

This species is confined
d has onlv been

observed upon males. It is not to be confused with any other species, being distinguished by its

elongated basal and apical cells, almost black and white color, and papillate divergent perithe-
cium. C. rhyncostoma, which has a very similar finger-like prolongation of tlic terminal portion
of Its receptacle, is at once scparal)Ie by the basal cell, and the form of its perithecium.
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Chitonomyces uncinatus Tliaxtcr. Plate XXVT, fig, 23-24.

IlKniATOAiYCKS UNCINATUS * Proc. Am Arnd. Arts aud Sci. Vol. XXVII, p. 33.

Evenly suffused with pale amber-brown, rcrithccium large, curving evenly inward to the

somewhat pointed apex. Basal cells of the receptacle rather blender, tlic terminal cell pushed

to one side and bent past the apex of the peritheciuni by a somewhat i]iduratcd,Munt oufgroAvth

from the sub-terminal cell, the tip of whicli it nearly equals, rcrilhecia, 75-85 x 20 /i. Total

length, 110-130 fx. Basal cells of receptacle, 37 /i.

On Laccopliilus maculostis Germ., and Ilydropoms spvrhni Lee, Connecticut.

A rather rare species, occurring in groui)s on the inferior surface of the abdomen of its host,

and distinguished by the peculiar development of the sub-terminal cell of the receptacle, which

gives its extremity a somewhat hooked appearance.

Chitonomyces affinis Thaxter. Plate XXYI, figs. 12-14; Plate VIII, figs. 29-30.

Heimatomyces apfims; Proc. Am. Acad. Arts and Sci. Vol. XXVil, p. 31,

Rather strongly suffused with amber-brown. Peritheciuni commonly slightly curved inward,

or nearly straight, the tip often sliglitly bent outward. Basal cell of receptacle large, sub-lri-

angular, suffused laterally and terminally with deep black-brown: sub-bnsal cell very flat;

terminal cell small, its axis bent strongly inward. Spores, 50-55 x 3/i. Perithecia, 100-110 x

30 /Lt. Basal and sub-basal cells of receptacle, 40-45 /i. Total length to tip of pcrithccium,

150-170 )u.

On LaccopTiilus maculosus Germ., and Ilydroporus sp., Connecticut,

This species occurs near the margin of the right elytron toward its tip, and is distinguished

from other species of the more simple forms by its large, blackened basal cell and the position

of the terminal cell of the receptacle, which is bent against the perilliccium on the left side, and

is partly concealed by it when viewed from the right. It is one of the commonest species, and

is easily detected from its dark color.

CHJT0N03IYCES HYALTNUS ThaxtcF. Plate XXVI, figs. 10-11.

HEniATOMYCES HTALiNus : Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 31.

Hyaline or very faintly tinged wilh yellowish brown. Perithecium large; at first himchcd

externally and bent inward near the apex ; at maturity becoming nearly straight, tapering

slightly to the rather narrow apex, which is bent somewhat abruptly outward ; one or two

oblique ridges more or less distinct below the apex on the inner margin, the walls of the cells

composing the outer margin greatly and often very abruptly thickened below the tip. Lat>al

portion of the receptacle rather short and stout, the two lower cells nearly equal. Spores, 30 x

2.5 /i. Perithecia, 75-90 x 20 /i. Total length to tip of perithecium, 110-120 /x.

On Laccophilus maculosus Germ., Connecticut.

This species, although it possesses few striking characteristics, is yet quite distinct from nny

of the others, its chief peculiarity consisting in the fact that the walls of the cells composing the
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outer margin become abruptly thickened below the tip. The oblique ndges, which a e often

very distinct below the apex on the inner side, and the abrupt outward curvature of the atter at

maturity serve also to separate it from other known species. It is rather rare and detected with

some difiiculty.

Chitoxomyces simplex Thaxter. Plate XXVI, figs. 1-3.

HEiiiATOMTCES SIMPLEX I Proc. Am. Acad. Arts aud Sci. Vol. XXVII, p. 30.

Pale yellowish or faintly brownish. Peritheciura rather slender, continuing the strong curve

of the receptacle evenly outward to its rather coarse blunt straight tip. Basal cell of the recep-

tacle much longer than tlic flattened sub-basal cell : terminal cell bell-shaped, small, the whole

distal portion of the receptacle evenly curved parallel to the perithecium. Spores, 2G X 11 p..

Pcrithecia, 65-60 x 11-12 yi. Length of receptacle, 75 /i. Basal cell, 15 X 7.5 /x. Total length,

90-100 ii.

On LaccopJiilus maculosus Germ., Eydroporus spurim Lcc, Connecticut.

A common species, occurring in considerable numbers on the elytra of the host, near the

middle of the distal portion, possessing the simple typical structure of the genus, and dis-

tinguished by its evenly curved habit, and the prominent blunt almost cylindrical terminal por-

tion of the perithecium.

Chitongmyces Bidessarius Thaxter. Plate XXVI, figs. 4-5.

Heijiatomyces Bidessaeius : Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 185.

Hyaline, becoming faintly tinged with blackish, Perithecium small, stout, its upper third or

fifth free from the receptacle, the apex bent outward, the basal portion straight, the tip broad,

with large, prominent lips. Receptacle stout, the two basal cells more nearly equal, the two cells

above these longer than broad and nearly equal ; distal portion nearly as in C. lorcalis, the base
4

of the short terminal cell horizontal. Perithecia, 40-48 X 15 ^, Receptacle, 65 ^ long. Total

length to tip of perithecium, 80 /*.

On Bidessus granarius Aube, Kittery Point, Maine.

This is among the smallest of all the Laboulbeniacese, and though presenting no great pecu-

liarities, is distinguished by its stout form as well as the short and very broad but not abruptly

distinguished tip. It occurs in various positions on tlie upper surface of the elytra of its

minute host.

Chitoxomyces borealis Thaxter. Plate XXYI, figs. 8-9.

IIeimatomtces borealis : Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 185.

Hyaline or slightly yellowish. fre

the receptacle, tapering slightly to the large blunt apex. Sub-basal cell of the receptacle small

minute)
(th

om
i

I
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the " trichogyne " nearly to the base of the inner cell, rcrilhccia, 80-90 X 21 ft. Receptacle,
total length, 75-80 jx; length to tip of pcrithccium, llU-l^'O/i.

On Desmopacliria convexa Aube, Kittery Point, :\laine, and Xc«r ITaven, Connecticut.

This species differs from those previously described by the apparent absence of the fourth
cell in the distal portion of the receptacle. It is related to the preceding species in its cell
arrangement, but is easily separated by its greater size, i\\Q relative position and shape of the
perithecia, etc. The ascogenic cell faces outward, a position which seems exceptional. It is

apparently rare, and occurs in small numbers on the anterior legs of its host.

Chitonomyces aurantiacus Thaxter. Plate XX^'1, figs. G-7.

HEiJiATOMiCKS AUKAXTiACca: Proc Am. Acad. Arts and 8d. Vol. XXIX, j). 103.

Pale straw-colored, the cell contents including numerous rather bright orango granules or oil

globules. Perithecium exceeding the tip of the receptacle by from ono-fifdi to one-quarter of its

length, small, slender, the tip usually curved outward, the lips rather prominent, its external
basal cell marked by more or less distinct and very fine transverse ridges. Receptacle slender,
the basal cell suffused with brown below, the sub-basal cell small and Hat, the two succeeding

d continued

d

>

lower very long and narrow, sub-triangular, obliquely superposed, their lower extremities nearly
touching the sub-basal cell. Perithecium, 50 X 14-15^. Total length to ti]) of receptacle, 8:

90 /t
; to tip of perithecium, 100-110 ^. Greatest breadth, 22 /*.

On Desmopachria convexa Aube, Kittery Point, Maine.

A rare species occurring on the right elytron near the middle of its distal half. Dis-
tinguished from C. horealls, which occurs also very rarely on the same host, and 0. Bldessarim,
by its slender form and orange color as well as the details of its structure. It is a very delicate

species, seldom found in good condition. The striation of the outer basal cell of the perithecium
is very characteristic, but not always distinct.

HYDR.T:0MYCES nov. gen. Plates XXYI and YIII.

Receptacle consisting of a basal and terminal portion, the latter united to the perithecium
along its inner margin and terminating in a sub-conical, terminally appendiculate free cell, the

cell below the sub-terminal cell producing from its left face three outgrowths, which extend
upward, and are separated as cells, ending liice the terminal cell in a sub-conical body bearing a
single terminal appendage and almost completely concealing the face of the sub-terminal cell

:

the basal portion consisting of three superposed cells, above which three or perhaps four cells

form the base of the perithecium. The wall-cells of the latter arranged in four longitudinal

(eight) Spores fusiform, once-septate.

In view of the invariable character of the fundamental cell structure and arrangement in

the sixteen species composing the genus Chitonomyces, to which the single form included by the

present genus was first referred, and the very distinct variations from this type presented by
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the lutter, I have concluded to separate it, basing the new genus on the greater number and

different arrang-ement of the small appendiculate cells bearing the lower appendages, the different

number of wall-cells in tlie perithecium and the fact that three of the lower cells of the recep-

tacle are superposed. The genus Chitonomyces, although so closely allied, shows no variation in

these respects. The relation of the mature perithecium to the insertion of the trichogyne, and

the considerable growth of the former beyond it, recalls tlie similar relation existent in Cera-

tomyces, while the same is true to a less degree in Chitonomyces. Although these three genera

arc all aquatic, it does not seem probable that the similarity just referred to indicates any close

relationship with Ceratomyccs in view of the very different character of the male organs in either

case.

As In Chitonomyces, material has been lacliing for a proper study of the younger stages of

development, and the cliaracter of the trichogyne and antheridium has not been made out. In

one specimen the procarpe was distinctly seen, and an attempt was made to represent it in fig.

24, Plate VIII. The trichophoric cell here was large and slightly inflated, lying close beside

the inner appendiculate cell. The septation in this figure is somewhat misleading from the fact

that it does not represent what is visible in a single plane.

There seem to be at least two if not more ascogenic cells in the mature perithecium,

but theirVstructure and early development have not been seen. It is needless to say that both

these genera are in a most unsatisfactory condition in so far as concerns their development, and
were it not for the discovery of the new genus above mentioned as intermediate between Chit-

onomyces and Peyritschlclla, their position would be entirely uncertain. The single form
inhabits species of two genera of aquatic beetles belonging to a family (Ilaliplida^j no other

members of which are known to be attacked by Laboulbeniaceaj.

I

Hydr^omyces Halipli Thaxter. Plate XXVI, figs. 31-33 ; Plate VIII, figs. 22-2-4.

Heimatomyces Halipli: Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 32.

Strongly suffused with dull amber-brown. Perithecia rather evenly inflated, the extremity
e^-enly rounded, the lip-cells forming a flat, hyaline, abruptly projecting terminal papilla. Basal
cell of the receptacle rather long, tapering below, its base suffused with blackish, the two cells
superposed above it broader than long, nearly equal: the terminal cell more or less conical, the
three lower appendiculate cells nearly as large as the terminal one, and almost completely hiding
he sub-ternnnal cell on the left side. Spores, 30x3^. Perithecia, 100x35-40;.. Total
length to tip of perithecium about 150 fi.

On Ilaliplus ruficollU DeG., and Cne.ndotus muticus Lee, New Haven, Connecticut, and Kit-
rerj i oint, Maine.

hoJorln^tf7
'"""! ''.^ T ""=™' """"''"' ""'^ '= f™"'' >"™% ™ «'o right elytron of its

host or on the legs. A single specimen only has been found on Cnomidotus.
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AMORPIIOMYCES Thaxter. Plato V, figs. 17-29.

Troc. Am. Acad. Arts and Sci. Vol. XXVIFT, p. 158.

Sexual organs borne on separate individuals.

Male individual. Receptacle consisting of two superposed cells, the upper bearing terminally

a single simple antheridiuui.

Female individual. Receptacle consisting of a single cell, above which four (?) small cells

form the base of the solitary terminal perithecium. Spores continuous. Asci four sporcd.

Ascogenic cell solitary. Trichoirvnc a nearly sessile vcsciclc with short radiate branches.

¥<

fiorUanuti, is gcner

even nearly related to it. The genus is among the most interesting of the whole group, not

only from the fact that the sexes arc separated on different mdividiials, but from the peculiari-

ties of its development. It is the only form in which the perithecium is a strictly terminal

structure, and, unless it be Dimorphomyces, no other genus has a unicellular receptacle.

The general development of the female is indicated by figures 20-28, the latter showing the

first two septa which form in the germinating spore, dividing it into three Bujjcrposod cells.

Of these the lower, which may become partly divided, forms the unicellular receptacle; while

up|)cr gives ]

development

(0
I

(fig. 23 at the right)

As in the case of the female

2lls. Of these three cells the

two lower remain unchanged, and may be called the receptacle ; although, from analogy witli the

female, one might infer that the middle cell was morphologically a basal cell of the antheridium.

The terminal cell then elongates, producing a long tubular neck through which the antherozoids

formed in its basal portion make their escape (fig. 20, at the right).

The spores are unique from the fact that even when fully mature they show no signs of septa*

and their contents are exceptional in containing a number of large oil glohnles (fig. 29). They
are always discharged in pairs, the members of which thus develop side by side. It is also an
invariable rule, the existence of which has been established by very numerous observations, that,

of the members of any such spore pair, one always produces a male and the other a female.

Even at the time of discharge there often is observable a slight difference in the size of the two

(fi As
(fig. 23)

of development results which has just been indicated. When the female individual is mature,

if care is taken in removing it from its point of attachment, it will always be found that a male

individual is attached close to its base, the feet of the two individuals being adherent (fig. 17).

A similar juxtaposition of the sexes at the point of growth has already been noted in con-

nection with Dimorphomyces.

The trichogyne bears a striking resemblance to that of the last mentioned genus, and in some

instances its radiating branches are furcate, as in fig. 24. The base of the trichogyne, as in the

case of Stigmatomyccs which has been described in detail elsewhere, is formed from a small cell
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that becomes separated from the end of the trichophoric cell, and corresponds to the indurated

portion of the trichogyne described in connection with Camptomjccs. From this cell the recep-

tive portion of the trichogyne first makes its appearance as a mhiute papilla, which enlarges

and grows out to form the characteristic branches just described.

The development of the perithecium proper has not been followed out in all its details but

seems to correspond closely to that described as typical in the first part of this 3femoir.

;re is a stalk-cell and a secondary stalk-cell has not been determined, but it is

probable that one of the two may be absent, since there seem to be but four colls about the base
of the perithecium.

I have also been unable to observe the first divisions which take place in the carpo<i-enic cell

after fertilization, and it is only after the asci have begun to bud from the ascogenic cell that
the interior of the perithecium can be seen with sufficient clearness to determine the natui-c of
the changes which are taking place. At this period, however, the ascogenic cell becomes very
distinct, and from its large size is a very good subject for observation. Although it is very long
and there is sometimes an indication of a septum across it, its development appears to be iden-
tical with that of other cases already described. Its period of activity docs not seem, despite
its unusual size, to be as great as that of most ascogenic cells; and it is in this genus only that
one is very apt to find individuals which have apparently died after completing their period of
natural activity.

As in Dimorphomyces, instances sometimes occur in which the spores, not havin^ been dis-
charged for some reason, begin to germinate witliin the perithecium; and specimens" like that
represented m fig. 19 are not of very rare occurrence, the blackened foot in such instances bcin-
conspicuously developed, as well as faint indications of tl^e three primary septa; but no case oi
almost complete development like that mentioned in Dimorphomyces (fig. 1) has been observedm the present mstance.

.J^^J^'T' M?' r^ '"P"''"'"' ="""•' "™ ^"y °^'"'"'- Fr^m tl,o character of i(s

same 1 IT 7
^ !" " "'"''"'''"' '""'" ^™"' "'"•<"-P''»'»yce». which occurs on the

often found together on the same host, which is a Tcrv s,„.II h».,I. K„i„„„L .„ .,,„
Staphylinidse.

very small beetle belonging to the

Amorphomyces FALAGRiiE ThaxtcF. Plate V, figs. 17-09^

Proc. Am. Acad. Arts aud Sci. Vol, XXVIII p 158

cell an ontheridiun, uX7^:>Sl^ni^ "?"""f .'" ""^ "'^''"' <^^"'
'
""^ *^'^'

one side. Total length, 48;. ty 10 Abroad'
^"' '"°'°""°'' ""° ' '=>-''"'^™-' "^^^ ^""^ *»

which form the base of iho ut ^ T ^"^ ^^^''^ irregular in shape and position,

o ceil, ana tapers to a blunt almost truncate or abruptly lobed tip.
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Spores fusiform, ascptate, containhig several large oil globules, about 87xG/x Pcrithccia
100x30-33/*. Total length, 130-138 /t.

On Falagria dissecta Er., Waverly, Mass., and Kittcrv Point, Maine.

This species is hy no means uncommon on tlic lower siii-faee of the abdomen, where its large
projecting peritliecia are readily seen at maturity. It also occurs on the upper surface of the
thorax and head and more rarely on the legs and tbe u].pcr surface of the abdomen. It is sub-
ject to little variation, figs. 17 and 18 representing almost the extremes of size j although
forms sometimes occur sliglitly larger than that represented in fig. 17.

AMORpnoMYCES FLOiiiDANUs, Thaxter. Phate V, fig. 30

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 159.

(
sponding to the ascigerous side of the perithecinm) a somewliat indurated fu'ojeotinn which
extends upward nearly to the base of the periJhecium. Perithccium very largo, externally
rounded and tapering considerably to the blunt apex, the basal colls, one of which is as large as
the rest of the receptacle, forming a short st;ilk. Spores once-scptatc about ZO x B fi. Perithc-
cium, 150 X 52 /i. Receptacle (including stalk-cells of perithccium) 62 /i long.

On Bledius hasalis Lee, Florida.

Two specimens of this species wore found on the abdomen of a single specimen of its host in
the Le Conte collection of Staphylinidae. As above stated it is almost certainly not an Amor-
phomyces

;
yet since the material is not sufficient to form the basis of a new generic diagnosis

in the absence of a knowledge of the male sexual organs, it is here retained under the original
name until further information can be obtained concerning it. It differs from Amorpliomyces
in having what appears to be a two-ccllcd receptacle, the sub-basal cell very small and producing
on one side a free projection (seen at the right in fig. 30), which is probably an antheridiuml
whctlicr simple or compound can hardly be determined definitely ; while from the other side
rises the stalked perithecinm, which is larger in proportion to the remainder of the plant than
in any other known form. The spores are distinctly once-septate, as seen within the perithecium,
and the large ascogcnic cell appears to be solitary.

HELMLXTIIOPIIANA Peyritsch. Plate YITI, fig. 10 (after Peyritsch).

Sitz. d. Wien. Acad. LXVIII, p. 250 (1873) ; Arthrorlynchts Kolenati, Wiener Entomol. Monntschrift, I (1857), p. 66.

" Ein gestreckter gegliedcrter, mit spitzigen Fortsatzen versehener Zweig, scheinbar scitlich

zwischen 1. und 2. Triigerzelle des Peritheciums inserirt ; Perithccium mit einem Baueh- und
Halstheil versehen, der Poi'us desselben wird von einem mchrlappigcn Kronchen umgebcn."
(Peyritsch 1. c.)

This genus, of which I have seen no specimens, appears to be clearly separated from the

allied Stigmatomyccs through the presence of four instead of one vertical row of anthcridial

cells in its appendage. As far as can be determined from the figures, the appendage and the



298 MONOGRAPH OF THE LABOULBENIACE^.

^

stalk-cell of the pcrithccium arise from the siib-basal cell of the receptacle, as in so many other

cases. but more

information is needed on this point.

IIelminthophana Nycteribt^ Pejritsch. Plate VIII, fig. 10 (after Peyritsch).

Sitz. d. Wien. Akad. LXVIII, p. 250; Sorokiu Yeg. Paras! Vol. II, p. 423, Plate XXXII, fig. 759 : Winter Die Pilze Deutscli.

II, p. 924, p. 920, fig. 3; Berlese, Malpighia, Vol. Ill, p. 58; Saccardo Sylloge Fuug. Vol. VIII, p. 913; Arihro-

rhjnrhns We&trumhii Kolenati, Wiener Entom. Monatschr: (1857), p. 68 ; Diesing. Sitz. d. k. Akad. d. Wisscnsch. Wien,

1859, Vul. XXXVII, p. 752, Plate I, figs. 1-3 ; Artlirorliynchus Diesingil Kolenati, 1. c. Diesing 1, c. fig, 4.

Pcrithccium brownish yellow, its basal half slightly inflated, abruptly narrowed to the Bub-

cjlindrical distal half, the apex composed of two series of small roundish cells, the upper form-

ing four papillate prominences around the pore ; the base consisting of four small cells

terminating a long nearly cylindrical stalk-cell arising from the very small sub-basal cell of the

receptacle. Antheridial appendage arising from the sub-basal cell of the receptacle, its lower

half consisting of a single cyhndrical stalk-cell, its upper of a single sterile cell above which
throe superposed cells form an axis from which arise the antlieridia in four vertical rows.

Receptacle of two cells, the basal roundish without any blackened foot. Total length to tip of

pcrithecium, 390-750 /i.

On Megistopoda Westwoodii KoL, Aerocholidia Montaguei Kol., Nycterihia Lufourii^ Middle
Europe.

The two species described by Kolenati under the genus Arthrorhynchus arc said by Pcyritscli

to be identical, although since they occur on gcnerically distinct hosts it is not impossible that
they may prove to be different. The original descriptions being based on supposed zoological
characters, are quite unintelligible ; while the figures of Diesing, apparently dj-awn from' dry
material, give no clue to any specific differences.

The hosts are wingless, dipterous parasites of bats, of which I have examined several Ameri-
can specimens, on which no Laboulbenise were to be found.

STIGMATOMYCES Karsten. Plate VIII, figs. 1-9 ; Plate I, figs. 1-26.

Chemismus der Pflanzenzelle, p. 78, Wien, 1869.

Receptacle consisting of two superposed cells, the upper giving rise to the single pcri-
hecium on one side and to the single appendage on the other. The perithecium various in
form sta ked or sessile, sometimes appendiculate. Appendage consisting of an axis of super-
posed cells from which are developed on one side a single row of superposed anthcridia separated
from them by a septum or by a small cell. The antheridial cells flask-shaped, the venters more
or less united, the necks projecting independently. Trichogyne simple, short, filamentous,
fepores once septate.

This genus, althongh the three species that it contains are ven- diverse in form and appear-
an e ,s yet dearly charaeterized by the structure of its antheridial appendage; the latter being
unlike that Of nmr nflmr n.r.r.iic, ,^U1. 4.1,^ .. . ^,- ll O >

o

rcsem

me
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terminal segment of tlie germinating spore, its basnl cell unly (figs. 6 and 10 i) being derived
from the basal spore segment. The pi-ocess by which the terminal segment becomes septate

cell

(3-9)

I
.

tlicir escape some time before the female organ has developed. The origin and development of

the pi'ocarpe lias already been described in detail (p. 218), and furtlicr reference to it is unneces-
sary here.

t

The mature peritliecium varies very considerably in tlie different species. Not only is ifs

^. form variable, being rostrate in S. entomophilu8yC\iiya.tc in S. vircsccns, and conical in S. Bftfri;

but the relative position of its wall-cells is not the same in citiier case. S. vire^fev

able from the fact that the position usually assumed by the bsi'^al wall-cells is taken by (he basal

cells of the perithecium, which extend up around the ascogeiiic cell and some distance above it

(fig. 2). The perithecium of this form is moi'covcr peculiar by reason of the ai)pend<'i

are developed from its lip-celLs. According to Karsten, two perithecia are sometimes formed in

the same individual of S. Baeri ; but 1 have not myself seen sudi an instance, and it is undoubt-

edly an al)normal occuri'ence. In all the species there are four cells in each of the scries of

wall-cells, although in S. viresccns, for the reason just mentioned, there appear to be five. The
ascogenic cells are four hi number in S. cntomophilus and .S*. liacri ; but in S. virescens there

seems to be but one ; certainly not more than two.

In exceptional instances, in which the female organ has not developed, the cells of the

appendage, which would ordinarily have been converted into antbcridial cells, may grow out into

short secondary appendages, thus, as in other similar instances, greatly increasing the numbor
of antheridial cells. Tiiis occurs very rarely in S. Baeri, but in S. virescens does not appear to

be uncommon.

In S. virescens the stalk-cell of the perithecium is well developed, but in the other two it* is

the reverse, so that the latter is nearly or quite sessile. The hosts of the genus belong to the

Diptera and Coleoptera.

Stigmatomyces Bafri Peyritsch. Plate VIII, fig. 9 (after Peyritsch) ; Plate I, figs. 1-26.

Sitz. cl. WioQ. Akad. Vol. LXVIII, p. 250 (1873) ; Berlese, Maljnghia, Vol. Ill, p. .57; Winter Tilze Doutseh. Vol. II, p.'92.3,

p. 920, fig. 2; Sorokin. Animal Para^iites, Vol. II, p. 418, Plate XXXIII, fig. 788; Lalxmlhtnut liaeri Ktioch Ass^omM.

d. Natural, d. Rnssio a St. Pi-tersb. p. 90S (1867) ; Stigm<it<iini^r(x musar Karsten Clicmismus d. rflanzeii/.clle (18r,o), p.

78, fig. IX ; Deutsche Flora (1880), p. 123
; (1895) p. 119; Iledwigia, Vol. XXVII, p. 137, p. 138. fig. 3; Saccardo

Sylloge, Vol. Vni, p. 913 ; Laboulhenia musca Pevritsch 1. c. Vol. LXIV, p. 444, I'late I ; Laboulbenia I'itrceana Soro-

kin, Mvkologische Versuche, Charkow, 1871, p. .39, Plate IV, figs. 1-9; Bot. Zeitnng (1872), r 339-

Perithecium brownish yellow, its lower half sub-cylindrical stout, somewhat abru]*tly

distinguished from the suVconical terminal portion ; the tip slightly pointed and incurved, the

cell rows spirally twisted. The appendage borne on a distinct free basal cell, curved, consisting

of live or six obliquely superposed series of cells, the outer cell (antheridinm) of each series

projecting free from tlie one or two cells below its base, whicli may be partly united with the

venters of adjacent antheridia. Heceptacle consisting of a sub-cylindricnl basal and sub-basal

cell ; the foot rather small and blackened. Total length to tip of perithecium, 230-400 fi (Pey-

ritsch). Perithecium, 140-180 x 40-58 fi. Appendage about 85 fi. Spores, 27-30 x 4/t..
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I

On Musca domestica L., Europe.

I am indebted to Miss Helen Bondy, of Vienna, for material of this interesting form, which

I found suniciently abundant on house flies, of which she was kind enough to send me a large

collection. The parasites were attached to all parts of the host, but as a rule were more com-

monly found on the back of the head and thorax and near the base of the anterior pair of legs

and the adjacent portions of the body. Although there seems to be a tendency in the case of

female flies to bear the parasite on the upper, and of males to bear it on the lower side, as a

result of transference during coitus, I have found this condition by no means invariable as stated

by Peyritsch. The original account given by Karsten appears to be distinctly more correct

than that of Peyritsch; since he not only saw and figured the trichogyne with anthcrozoids .

attached, but noted the twisting of the wall-cells of the perithecium, which seems to have been

overlooked by the latter observer.

The figure of a mature specimen (Plate YIII, fig, 9) was reproduced from Pej^ritsch before

the material mentioned was obtained; but is sufficiently good for purposes of identification. I

have searched for the species in several localities in this country without success; but even if it

is not indigenous, it is very improbable that it does not occur here in view of the habits of its

host, large numbers of which are being constantly imported from Europe on vessels,

I have not seen the original paper of Knoch in which the species wan first described; yet

if the title given by Peyritsch is correct, '' Laboulbonia Eaeri Knoch, einer neuor Pilz auf

Stigmatomyces Muscce Karsten is retained.

(11

Stigmatomyces entomopuilus Thaxter. Plate Till, figs. 5-8.

Proc
^ r - J "I r " *'v,«-L^.. .w <^.«./.«iy//f/t(U. A CLIW, OOtU AiL'pUlt \VOQO)y y, ;f.>, X iUtl" 111, 11^»-

1-4
;
Berlese and Voglino in Saccardo, Sylloge Fungorum, Additameuta ad Vols. I-IV, p. ,354 ; ApimdkuUna ento-

mophila Berlese, Malpighia, Vol. Ill, p. 59, Plate II, figs. 1-5
; Saccardo Svllogc, Vol. VJII, p. 914. See alsu Gorko :

Wiener Entomol. Zeltimg, V, p. 168 ; Taf. II, fig. 14 (1886).

Perithecium consisting of an ovoid, pale amber-brown base, abruptly narrowed above to form
the greatly elongated sub-cylindrical, beak-like, nearly hyaline distal portion. Receptacle tinged
with yellowish, long and slender, consisting of a basal and greatly elongated sub-basal cell, fol-
lowed by two cells, a posterior longer and narrower, which bears the appendage, and an anterior
(stalk-cell), separated from the perithecium by four small cells. Appendage small, consisting of
a more or less rounded basal cell, bearing the usual series of cells, the venters of the sncces-
sive anthcnd.al cells more or less completely united, the necks papillate, not very prominent.
Spores 40 X 3J ^. Perithecium, 275-300 ^ long, its base about 90 X 60 ;., its terminal beak about
190X18/.. Receptacle, 300-325 X 30 ;x. Appendage about 55 ^ lon<^

On DrosopJnla nigriconm Loew., N>ack, New York (J. [. ZabrFskie)
(G. Gerke)

On D./

I amgreatly indebted to its discoverer for several preparations of this cnrlons form, .^hich
was originally collected by Inm on small flies found in a cellar during the month of March.
The species is chiefly remarkable for the great elongation of the sub-])asal wall-cells of the peri-
thecium, which form almost the whole of its slender, beak-like, terminal portion. Professor
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Giard has kindlv called to mv notice a reference by Gerkc in fhc Wlcuer En!oniolt)irisi:lie

Zeitung to a ])ai'asite on Droauj^flnJa finiehriSy found h)' liiin in June, 1877. 'J'hough Ins figure is

somcvvliat insufficient, it is more than prohalile that tlio jilnnt wliich he describes is identical

with the present species. The figures are cvidoutly drawn from dried and shrivellod ppoclmen?!,

and no appendage is visible, although otherwise they corrosj)0)ul csscutially with the American

form.

Professor Peck, in his oi'iginal description, represents the si)ores as divided by a median sep-

tum, but in the material examined they appear to be of tlio \isual tyi)e as represented in fig. 8.

The host occurs in cellars and similar situations, wliere it is coinuiunly found lioveriiig over

decaying fruit, etc.

StigmatoxMYCEs vfrescens Thaxter. Plate VJJI, figs. 1-4.

Proc. Am. Acad. Arts aud Sci. Vol. XIX, p. 106 ; /A siteromt/rrs rirrsons Thnxfor, 1. c. Vol. XXIV, p. 264.

Color yellowish green. Perithccium large, clavatc or suh-rlavate, constricfed more or less

prominently at the transverse septa between its successive wall-cells, straight on the inner side,

rounded externally; the distal scries of wall-cells forming the tip, the small terminal cells tluis

formed producing from four to eight appendages ; the outer short or ohsolctc, tlic inner consist-

ing of two antero-posterior wedge-sliaped prominences, between which lies the pore ; and two

much longer, divergent, tapering, sometimes septate, lateral a])[>endages. ^rhe ascogenic cell

perhaps solitary (?), becoming pushed down between the proper basal cells of the perilheclum,

which thus appears to have five sets of wall-cells. Aj^pcndage abruptly constricted at its base,

the antheridial cells, usually five in number, distinct, excopt at the base. Receptacle sharply

pointed below, small, sub-triangular, consisting of a basal cell and two smaller terminal cells,

the posterior smaller bearing the appendage, the anterior the stalk cell of the perithecium,

which equals or exceeds the main body of the receptacle in size. Spores, 65 x 6/x. Peritljecia,

190-275 X 66 fi; its longer terminal appendages, 40-45 ft. Receptacle, 75 x 80 /x. Antheridial

a^jpcndagc, 75 x V6 fx. ^otal length to tip of perithccium, 300-400 /x.

On Chilocorus hivulneriis Muls., Califoinia.

T am greatly indebted to Mr. D. W. Coquillct for two 8j>eeimt^ns of the above host taten at

Los Angeles, which bear the parasite on the legs and on the lower surface of the abdomen
;

where, owing to its large size and contrasting color, it is readily seen with the naked eye- A

further knowledge of the family shows that the characters rtdied upon for disfinguishing the

genus Ilespcromyccs have merely a specific significance; and that while the number of wall-cells

of the perithecium appears to be greater than in the other species of Stigmatomyces, they are

in reality the same, as indicated in the above description. The receptacle, moreover, may with-

out difficulty be reduced to the same type, although from the obliquity of the septa and some-

what different relative position of its cells, the insertion of the appendage might at first sight

seem abnormal. The spores SQmetimes present a peculiar appearance, through a local inflation

of their smaller sesment
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IDIOMYCES Thaxter. Plate IX, figs. 16-21.

XXVIII

Receptacle consisting of two superposed cells, followed by two cells, an anterior and a pos-

terior,— the posterior cell followed by a vertical series of superposed cells bearing externally

fertile and sterile appendages in three vertical rows; the anterior cell producing one or

more stalked perithecia and numerous fertile appendages arising from small cells separated

from it distally. Perithecia symmetrical with four ascogcnic cells. Fertile appendages con-

sistinn- of a single series of superposed cells, bearing on one side three vertical rows of flask-

shaped antheridial cells. Spores once-septate.

This genus is nearly related to Stigmatomyces, through the structure of its peculiar append-

ages, which are very similar, except for the presence of three instead of one row of antheridial

cells. Viewed laterally (fig. 18), it is not possible to determine the number of rows ; but a face

view, such as is shown in fig. ID, shows the slender necks of the three antheridial cells jiro-

jecting side by side at regular intervals. The sterile appendages (fig» 20) consist also of a

series of superposed cells, each producing a single sterile lateral branch.

The receptacle is somewhat complicated in structure, consisting of four cells arranged as

above described, the peculiarly differentiated posterior series of superposed cells, which bear the

appendages externally, recalling, in a way, the primary appendage of Ccratomyccs. The cell

which produces the perithecia becomes distally divided, usually on one side only, the cells thus

formed producing the second set of appendages, which, in well developed specimens, may be*

very numerous and extend almost completely around the base of the stalk-cell of the pcrithecium

on both sides. Fresh material for a more minute examination of this genus is greatly to be

desired, since the specimens of the single species which constitute the types are in very poor con-

dition, w^ith the exception of the one from -which fig. 17 was derived.

Idiomyces Peyritschii Thaxter. Plate IX, figs. 16-21.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 162.

More or less tino;^ !d with yellowish or amber brown. Receptacle consisting of two super-
posed basal cells, surmounted by two cells; the outer, having a very thick external wall which
forms a distmct prominence distally, is succeeded by a row of about five or six superposed, more
or less flattened cells, extending beyond the base of the stalk-cell of the perithcclum, which
bear externally three vertical series of closely-set appendngos : tl^e inner is succeeded by a
smgle rounded cell followed by several small cells, which
ages variable in number. Appendages mostly fertile, horn"c on one' or" twoIquarTsh'basal cells,
termmatcd by a simple or once branched short sterile filament. Perithecia short, thick, sub-

1 give rise to a scries of

of a single basal
and two sub-basal cells, the outer directly in contact with the pcrithecium, the inner separated
from It by two small cells. " Spores, 60x4;.. Perithecia, 110-133x60-70^. Appendages
longer, 80 /i. Receptacle, 130-165 X 70-95/..

f^ n
^
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The types of this species Avcrc found on tlic upper suiface of the nbdoiiion of Us curious host,
among specimens of the latter contained in the Museum collection at Cnmbrick'-c. Tlic dozen
types obtained show a considerable variation in the mnnbcr and position of the appendages at
the base of the stallv-cclls of the pcrithecium. The lader appear to arise always from the snmc
cell, whether tlie individual produces one periihecimn or more than one. lu'a single instance
three perithecia are developed, while a majority appear to have two. TJie few sp«'cimens acces-
sible of the only American Deleaster were examined carefully, in the hopes of Hnding a similar
parasite, but without success.

CORETIIROMYCES Thaxter. Plate IX, Hgs. IS.

Proc. Am. Acad. Arts ami Sci. Vul. XXVII, p. ^r,, aiul XWIII, p. igo.

Receptacle consisting of several superposed cells, the sub-basal* cell and rarely alf?o tlic cell
above it producing a stalked pcrithecium, the terminal cells giving rise to several branched
appendages. Antheridial cells superposed to form an obliquely septate brnnchlet with projectJni:
necks. Perithcciura symmetrical or nearly so, the stalk-cell well developed

; its cell-rows of four
cells each. Spores once-septate. Trichogync filamentous, simj)le or branched.

The material on which the original description of this genus is based was so insufficient that
it has been necessary essentially to modify the present diagnosis in the light of more abundnnt
data subsequently obtained. It approaches Rhadinomyces more closely than any otlier genus,
especially in the character of its anthcridia, and may eventually have to be united with it. In
all three species, however, a cell is present above the sub-basal cell of the receiitaclc, which is

either sterile or produces a second pcrithecium, while in Rhadinomyces the secondary perithecia,
which are very commonly developed, arise invariably from the sub-basal cell of the receptacle!
There are other difleerences in general habit, character of the aj.pendagos, and details of struc-
ture in the antheridial branchlets, which, though of less importance, all tend to make it seem
advisable to keep these genera distinct until fui-thcr data concerning them can be obtained.

In development the spore first divides into five superposed cells. The terminal one by sue-
cessive proliferation from one side, produces a tuft of terminal branches and branchlets, which
arc often broken or obsolete in older individuals. The sub-basal cell produces a single pcrithe-
cium, which first api)cars as a triangular cell cut off from its anterior upj.er portion, as in
Laboulbenia. The cell above this either remains unchanged or produces a second pcrithecium,
while the sub-terminal cell gives rise to the main appendnges. The anthcridia arise as branch-
lets from the main appendages, the terminal cells of which are sterile. The trichogync is well
developed, slender, septate, and more or less branched.

The three species are found on beetles belonging to the Staphylinidi^, and inhabiting very
wet situations, especially along the margins of sti-cams or ponds.

CoRETiiROMYCES Cryptobii Thaxtcr. Plate YII, figs. 1-2.

Proc. Am. Acad. Artd and Sci. Vol. XXTII, p. 3G, and XXVIII, p. 181.
y

Pcrithecium usually very long and slender, becoming uniformly suffused with brown;
straight, slightly inflated toward its base, tapering very gradually to its blunt symmetrical apex

;
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its Stalk-cell hyaline, blackened at its base, two or tbree times as long as broad, its basal cells

not abrnptly distinguished, and concolorous with it ; the inner as long as the stalk-cell. Recep-

tacle short, narrowed below, the basal cell small, hyaline or brown and translucent,, the rest

black, opaque. Terminal appendages short, usually broken or obsolete, the main (lateral)

appendages primarily two in number : an upper simple, a lower furcate near its base, each con-

sisting of a main more or less obliquely septate axis, from which numerous obliquely septate

more or less appressed branches are produced externally, which may themselves produce simple

branchlets ; the branches externally opaque. Spores, 40 X 4 yu.. Peritliecia, including basal cells,

415x50-130x33^. Average, 290 /* long; the stalk-cell, 37-95 ft long. Appendages, 130-

536 jj. long. Total length to tip of perithecium, 600-200 /i.

On Cryptohium pallipes Grav., and C. hicolor Grav., Virginia, Pennsylvania, Kansas.

The typo of this fine species was found on the leg of a specimen of C. pallipes sent me
from Virginia by Mr. Pergaiide, and a small number of examples was subsequently found on a

specimen of C. hicolor in the Mnseum collection. More recentlv a large number of both these

mu
to be regretted that the figures given on Plate IX. should not Iiavc been drawn from these per-

fect and well developed specimens. The species varies very greatly in size, as may l»c infci-rod

fi-om the above measurements, as well as in the relative length of its different parts. In perfectly

developed specimens the appendages often sliglitly exceed the tip of the Dcrithccium. There is

common
arising from each cell of the main axis, which, tliough straight and rigid, aj)p('ar to l)c formed
as a result of successive syrapodial branching. Specimens occurring on the abdomen of the host
are commonly far larger than those which are attached to the legs. In general apjicarancc the
species recalls in some respects the remarkable East Indian LaloulUnia pahnella (Phitc XVIII,
fig. 11), but the resemblance is wholly superficial. The hosts above mcntiono.l
conspicuous Staphylinid beetles, common under stones and in wet rubbish alonix the m^ar-ins
of streams and ponds.

P-

_ s.^^^ "'"'D

CoRETHROMYCES JACOBiNUS Thaxtcr. Plate IX, figs. 3-5.
r

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 181.

Perithecium I.yaline, becoming faintly brownish, rather short, somewhat inflated, tapering to
a bhn.t apex. Receptaele short, the basal eell small, hyaline; partly, 50n>otimes wholly, blaek
and opaque, Appemjnges arising in a fan-like tuft, the two or three n>.in axes nMinllv short,
formed by sympod,al branehing; the branchlets onee or twice hrauehed, much longer, the outer
beeonHug brown e ,n„er mostly hyaline. Perithceia, 65-75 x - ;.. Appe„,h,ges about ICO-
200^ long. Total length to tip of perithecium about 150,1

r„I"A'^'""'™*'r,''r''T
^"'' ^'^'""""^

• «» ^- 'Mare Er., Kitlery Point, Maine; on
Lathrohmm sp., Arimgton, Mass. .

less exh, 1. . ,
'

^''""'^' '" '"-^""'"'<'<'
;
figures 3 and 4 representing more or

two no i !i f

"",' ""^' '''="™ "' ^'=™'''P"™' -"• •'^ «-"• I" » fowlnslaneest>™ pcutheeia are formed, one above the other, as already desJribed. The form, though so
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widely distributed, is apparently a rare one, and abundant material is needed for its further

study. The hosts on Avhich it occurs ^vcrc taken under stones and in moss at the borders of

ponds.

CORETIIKOMYCES SETIGERUS ThaxtCF, Platc IX, fig. 6.

Proc. Am. Acad. Arts aud Sci. Vol. XXVJII, p. 18],

Perithecium becoming tinged with brown, slightly inflated and <api*ring to fbe blunt njtcx ;

stalk-cell hyaline, long- Appendages arising from the distal and sub-disfal cells of the recep-

tacle, consisting of two or three rounded basal cells, which bear nnmeruus h>ng, straight, cylin-

drical, septate, deep brown branches, some of them once branehcul, the whole curved slightly

outward and forming a crest-like structure. Basal cell of receptacle hyaline, the rest, including

the two appcndnge-bearing cells, strongly blackened externally. Fcritliccia, 110 x 35^- Spores

(measured in pcrithccium), 30 x 4 /i.. Total length of apjicndages, 200/x or more. Two l)asai

cells of receptacle, 35 X 15 /x. Total length from base to tip of perithcciuui, 200-220 /x.

On tliorax oi Lathrobmm nitidulum Lee, Massachusetts; on Z. icaae Lcc, !\Iichigan.
r

This species is closely allied to the preceding, yet seems sulTieiently well marked to keep dis-

tinct. Its appendnges are quite characteristic, recalling those of Laloidhenia crhfata. The

main axes seem almost obsolete, being reduced to several rounded cells, which form a group,

from which arise the long, rigid, brown branches. The stalk-cells and lower basal cells of the

pcrithecium arc much larger than in C.jacohinns^^^ is the perithecium itself. The material

examined was all obtained from specimens in the Museum at Cambridge, and is not in very good

condition.

RITADIXOMYCES Thaxter. Plate IX, figs. 7-15.

Proc. Am. Acad. Arts and Sci. VoL XXVIII, p. 179.

Receptacle consisting of two superposed cells, from the upper of which arise one to several

stalked perithecia and a main appendage ; the appendage consisting of three superposed cells,

the upper bearing terminally a scries of simple sterile brunches, the two lower i)roducing from

tlieir distal ends short anthcridial branches or lonir sterile branches or both. Anthcridial cells

flask-shaped, supei'posed in short series. Perithecia borne on a single stalk cell followed by four

basal cells ; its wall-cells four in each series. Spores once-septate. Triehogyne filamentous,

simple or branched. Aseogenic cells, four.

In some instances the sub-bnsal cell of the receptacle may produce one or more anthcridial

branchlets directly, in addition to those on the main appendage. The anthcridial cells arc some-

times single, more often superposed in threes, the upper one being free and terminal. A few

specimens have been observed in which the anthcridial branchlets, instead of being borne

directly from the primary appendage, as in fig. 12, arise from some of its ordinarily sterile

branches.

The aseogenic cells are readily made out in the paler species, and at maturity four may be

usually distinguished ; but this number docs not seem to be constant even in the same species.

In a few instances a peculiar spine, present also in other genera, has been observed near

20
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tlie base of the primary sterile branch (fig. 22) in B
iiiidftcnnined.

gnificanc

As has been previously mentioned, it may eventually prove necessary to unite this genus with

Corethromyccs.

liiiADiNOMYCES PALLiDUS. Plate IX, figs. 7-9.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 180.

ITyaline or slightly yellowish. Perithecium becoming pale amber brown, except the tip,

which is colorless ; more or less inflated, conical above, the apex blunt symmetrical, the stalk-

ceil about as long as the receptacle. Eeceptacle small, the basal cell somewhat larger than the

sub-basal. Appendage of three nearly equal cells, the distal bearing terminally from one to

three sterile, simple, tapering flexuous branches; the other two producing distally groups of

autheridial branchlets arising from small cells cut off from their upper inner angles. Spores,
45x3.7/i. Perithecia, 86x33/*. Primary appendage about GO fi, its longer branches 225-
375 jx. Total length to tip of perithecium, average 200 /x.

On LathroUum punctulatum Lcc, and X. angulare Lee, vicinity of Cambridge, Mass., and
Kittery Point, Maine.

Var. a, Plate IX, fig. 10-11. Larger than the type, the perithecia propoitionately narrower,
becoming evenly suffused with amber yellow. Appendage often rclaf irely shorter with numer-
ous sterile branches arising from all its cells, often crowded, and usually producing short
antheridial branchlets. Perithecia, larger, 165x45/.. Spores, 44x4/.. Appendao^c, 37-
160 /i

;
Its longest branches about 300 /*. Total len^jth to tin of r.crith^cin.n

L.ful

(larger), 425 /t.

ich

d approachinir L. crut
some respects. While in the type the size is small, the perithecia pale an,her hrown with hyaline
tips at maturity, the branches of the appendage fe^ in nun>l,er, with the antheridia borne in
the typical fashion d.reetly from the main appendage ; in the variety very considerable differ-
ences m s,ze and general habit are noticeable. While in the type two perithecia are unusual, in
the var,ety there are sometimes five, uniformly tinged with amber yellow ; the appendage is apt
to be much more eop.ously branched, and though this is not always the ease, it is often decidedly

1 r T '
™"'^^r''"'°'

'""-"^^^ i» ""^ l«»'-!ance of its branches. In the European

forms of the Tanety, but cannot be separated specincally.

Tha ra, figs. 12-16. 22-2-3

Proc. Am. Acad. Arts and Sci. Vol. .\-,\V!II, p. 180.

distally a series of from two t„ i- .!! , IIT.^ ^^'^^''^'^ '"''S^' "- '-™!-' -" l'-'"'"'
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simple branches, arising .side bj sido antcro-posteriorly ; tlic niiddlc cell usnallj boars a single
similar sterile branch arising from a small cell cut uCf from its uppiir inner angle, and alfi :

-

e
'me-

Losal

f branches, 750 u

distal end on either side, each producing anfheildlul bi-an<]drts. Sjmros, '^0 X 4. fi. rcrithccia
125-140x30/4; the stalk-cell, 75-170/*. Main aj.i.endage, 110-185 X 18 /x: its lon-.^sl

On Lathrohium nlfidulum Lee, and L. pundnlatum Lcc, Cambridge, .Mass., and Kitlerv
Point, Maine.

This striking form does not appear to vary to auy great extent even <m {li(> fwo hosts above
Tnontionr(l, and well developed sjiocimens correspond closely to tlie Iv].*' figured on Plato IX ({il'-

12). The long, brown, rigid branches of its appendages are peihajus ihe jnosf striking apparent
difference which distinguishes it from 11. jjalliduH ; but althowgli with only the type of R. palli-

diis before him (figs. 7-8), one would liardiy hesitate In seiwrating the two spccirs, the European
material and species

the present form is distinct. The fact, however, tliat R. pnJh'duft occurs on the sain<' h'^^i (L.

) to varliifion

R
mens of this host on which it was found at Kittery, indicates that at least Ihesc differences arc
not variations due to the position of growth or the character of the host.

Tbe hosts afiFeeted were collected in considerable numbers about wet bogs or beside ponds;
but the species seem very rare.

A

nniZOMYCES nov. gen. Plates lil-IV.

Receptacle consisting of two cells, the lower with rhizoid-like outgrowths from its base wliich

penetrate the body cavity of the host. Perithecia solitary, borne' on a stalk-cell arising from
the sub-basal cell. Anthcridial appendages consisting of numerous superposed cells all uf

whicb, except the lowest, produce externally anthcridial branches, their basal cclLs lioaring simple
antheridia of the usual flask-shaped type.

Tbis genus is clearly distinguish, d from all others by the structure of its strikingly j)eculiar

appondage. The antheridia, however, are exactly like those of Laboulbenia, although the

appendage in other respects differs fundamentally from that whicb is found in the genus just

mentioned. It seems only remotely allied to any of the known genera, and is unique in that it

produces from its basal cell well developed, ecmi-filanientous branching rhizoids (Plate IV, fig.

3), which penetrate the body cavity of the host, the softer chitinous integument of which it

1 lYpod

ing, each cell representing the base of a sympodial branch, on which the corresponding anthc-

ridial branch was at first terminal. pes

early stages of development were not seen; yet it seems improl>able that tliey prosent any great

peculiarities, unless perhaps as regards the trichogync. In the type species the position of the

ascogenic cells, of which there are two lying side by side in the mature perithecium, is imusunl,

the long axis being turned at a considerable angle to that of the perithecium, Instead of coincid-
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ini^ with it, as is usually the case ; so that all tlie younger asci arc seen pointing outward and

downward (Plate III, fig. 3). The spores are unusually minute in proportion to the size of the

peritheciuin, and it is possible that the asci may be eight-sporcd. Seen within the perithecium,

however, they seem to be four-spored.

RiiTZOMYCES CTENOPHORUS nov. sp. Plate III, fig. 3 ; Plate lY, figs, 1-4.

Pcrithecium, including its basal cells, dark amber brown, asymmetrical, the lower half some-

what inflated, tlic rather truncate tip not distinguished from the tapering, neck-like, slightly bent

upper half; the sub-terminal wall-cells marked by fine transverse striations ; the lower half not

distinguished from the basal cells, which are themselves abruptly distinguished from the Ions

slender, cylindrical stalk-cell. The basal cell of the receptacle rounded bulow, nlxjut lialf ns

large as tlie sub-basal, the rhizoids rather copiously and irregularly branclied or lobcd, colorless.

Appendage shorter than the stalk-cell of the perithecium ; the axis simple or exceptionally fur-

cate near the base, consisting usually of about thirteen superposed cells ; the basal cell small,

blackened and somewhat constricted; the rest producing anthcridial branches always on the
same sidt>, forming a unilateral series; the branches in turn several times more or less sympo-
diully branched

;
the branchlcts. distally somewhat indurated and suffused with blackish brown,

the whole forming a comb-hke tuft; the ultimate branchlcts curved outward and downward.
Antheridia long, flask-shaped, sessile, borne rather irrcgularlv, one to four together, from the
upper surface of the basal cell of the antheridial branch; sometimes also from tlie sub-basal cell.
Spores, 25 xS/x. Perithecium, including basal cells, 180-200 x 62-70 /x ; smallest, 120 X S5 fi

;

the stalk-cell, 275-620 x -35 ;. ;
average, 550/. long. Appendage, longer, 325-340^; greatest

diameter of axis, 17 f. ; antheridial branches, longer, 45-50 /x. lleccptacle, GO X 45 /.. Rhizoids,
long^cr, 86 x 13 ^. Total length to tip of perithecium, longer, 800-880.

Westw., Coffee Hill, Liberia (0. F. Cooke)

:*\

llus fme speces wns found greying in a tnft on tlio soft cl.itin of the lower surface of (l,e
abdomen of ,ts peculiar host, and although it is difKcult to detach the plant T^ithout breaking ils
rh,zo,ds a few specmens were obtained which show them little injured, and with portions of the
hus

, mtegument sMI adherent about the constriction which separates them froni the basal cell

:::^z':!::::j::::::;::^r^f
^^^ ^^- -"->'^'.^' ^-^'•es, bears . .....

e'ltremitv „f tl „ ='
;""'' " ^""'' "^ «"»" combs. The branches which arise at or near (hoS tl e ntmbr^f '".r';""''-

"'""^' ^*"-"»- ""^ "' ''"« f-'^'o ones there is little regn-

ZZXl^^2r ""' "'""''' '""''''''• •"' '^ "<" - »-P->o- «-' « might not

LABOULBEXIA Montague and Robin (1853). Plates I-IV, XIII-XXII.

-foTttteriZS ihrrw^iir^^iiii'iTSr ' "t r; -" "'" '- tP^oper
;
the cells abo.e them arranged if i:'!::^^:^::^ riefZl^rZ^

I

'•
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of two cells, a lower (cell II) and an iipj^cr (coll IV), the inner uppiu' porfion of which m
scparatoJ as a third cell (cell V, which is in rcaliiy nuidc up of two ccUb placed liuh* by bide),

the former consisting of a h>\ver (cell VI) and an upper (cell VII) (»hli<pi(^ly snj^erposcd.

Appondaijos arising from a bhickcned insertion cell above ccIIh IV and V (exef^ptionally from a

variable mmibcr of subdivisions of these ccllf^. iti which case the black iu8(*rtion cell in wanting).

Pcrithccium solitary, compressed, asyramctricnl or noarly symnietrica!, rarely appcndiculatc,

sessile or stalked, having four wall-cells in each longitudinal row. Appondagr?; somctimo.s

numerous, but typically consisting of two basal cells, from the outer of which arises one, from

the inner two branches or scries of branches, the inner fertile bearing the flask-sliaped nnthcridia,

singly or more or less irregulaily grouped. Ascogenic cells two, lutcraL Asei foui*-s]H)red.

Spores once septate. Tricliogyne filamentous, simple or bi*anclied.

Owing to the occurrence of several excoplionul modificationH in tlic siructure of cortain

members of this genus, it is very difficult to characterize it briefly and concisf^ly ; and owing to

the fact that it contains nearly half of all the members of the family, its variations are, as might

be c:cpected, xcry considerable* The more striking departures from what may be considered the

tyi>e form, arc illustrated by the following species : L. Gyrinidaruinj L. Gucrlnii^ L. Orecioijyri,

L. OherLliuri^ L. variabilis^ L. hracldataj L. fdsciculata^ and to a less extent by L. profifcruns

(Plates XX [ and XXII), in all of which the usual black insertion cell is absent or modified,

while cells IV and V have undergone division above into a scries of cells difTerenlly arranged in

different cases, all of whieh may give rise to appendages. A fuiiher abnormal soj'latiun of these

two cells of a somewhat (Jiffercnt character is seen in L, Clivina^ (Plate XXI, figs. 10-17), a

species otherwise peculiar for the coalescence of its appendagf^s at the base. Typically the

black insertion cell bears above it two cells, an outer forming the base of a single simple or

branched sterile appendage; the inner giving rise on either side to a branch whieh is fertile and

may be variously divided. The complications of this simple type are, however, numerous and

often very striking, resulting cither from the sub-division of one or of both of these basal cells,

and the production from them of more numerous branches; or from a combination of both these

modifications. Such variations are well illustrated by species like L. Urachlni^ L. luxuriannj L,

minimny L. zanzibarina or L. Galeritrje.

A second departure from the typo form is illustrated by such species as X. Kunheli^ Z. lotif/i-

colUs, L. Galeritm and their allies (Plates XVllI and XIX), in which the lower cells in each of

the four series of wall-cells of the perithecium becom^^ greatly elongated, forming a well defined

stalk on which the latter a[)pcars to be borne.

The perithecium is also subject to considerable variation in form, especially as regards the

) or

modifications of its lip-cells- In two cases tlie latter are appendiculate (X. Gyrinidarm

L. cornuta); while in others they are curiously cxj»anded (i. umlonatay L. texanaj etc

irrcf^ular. The four rows of wall-cells may sometimes show a distinct spiral twist, as in L.arcu-

ata, i. decipirns (Plates XVIII and XX) and a few other forms, and are compo.-.ed of four cells

each ; although, except in younger specimens, the usual blackening below the pore obscures the

upper septa.

Tlie trlchogyne, although it is sometimes merely a simple, sparingly septate filament, is more

commonly, often very copiously branched, the receptive tips being cither straight (Plate II, fig. 3),

or in many instances spirally twisted (Plate XXI, fig. 15). The anthcridia are generally very
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„ iform, but vary greatly in their numbers, being sometimes solitary or nearly so, as in Laloul-

henia Pachytelis, or produced in great numbers, as in L. BracUni and several others. Their

arrangement on the antheridi.il branchlcts may be characteristic ;
for while as a rule they are

_r- .-"je solitary, in species like L. variabilis (Plate XXI, fig. 3), or L.proliferans (Plate XYII,

fig. 23), they are more or less definitely grouped.

The homologies of the " receptacle " are evidently such as have been previously described

(p. 206), the cells above cell II (Plate XL fig. 5) representing the union of the stalk-cells of the

pcrithccium (cells VI and YII; A and j; of the figure), with the base of the appendage (cells III

to V), the latter (cell V) being, as may be seen when they have been separated by potash, in

reality a pair of cells placed side by side and appearing like one. The bodies spoken of as the

*'• a])peudages " in this genus are therefore morphologically only the branches of a main

appendage.

With the few exceptions above mentioned, the type structure of the individuals which com-

pose the genus is remarkably constant and very clearly defined ; so that little difficulty will be

experienced in distinguishing it from all others. Its immediate connections with other genera

arc not, however, clear, and its nearest ally is difficult to designate.

The aquatic forms already enumerated might perhaps be separated in a genus by themselves,

were it not for the fact that their chief peculiarity, namely, the origin of their appendages, is

almost exactly paralleled by L. variabilis, which can by no possibility be excluded from I.aboul-

benia. Unless other more important points of difference should appear, it is impossible thus to

separate them. It may, however, be remarked in passing tliat L. Gyrini'lorvni is one of the very

few species in which the character of the antheridia has not yet been satisfactorily made out,

although the trichogyne is highly developed.

In the following descriptions the black cell from which the appendages arise is spoken of as

the " insertion-cell," the cells of the receptacle being nuinbci'cd (I to VI), as in fig. 5, Plate

11, and the side bearing the peritheciuni is considered anterior. The species are sometimes cos-

mopolitan, and are very numerous and varied, inhabiting a great variety of hosts, includin^

Colcoptera, Diptera, Neuroptera and the Acarini. Many of the forms of wliat I have called the

"flagellata " type are very variable, and given species may inhabit hosts of many species and

re

scnted by L. fiagellata, L. anceps, L. elongata, L. Petero^ticU, L. pohjpliaga, there is much uncer-
tainty in regard to the identities of many of the varieties. The synonymy in these cases is

also confused, and some names may have to be discarded.

LABouLHRxrv RouGETii Mout. ct Robiu.

T vvTir o?; I ' ^- '
^^«"^^g"«' Sy"«g'' Cryptog. p. 250 ; Vcy ritsch SItz. d. •Wi,,n. Aca-I. Vol.

TvvTrr \ ! ' r '

^''^- ^^'- °^ ^^^^" '"^'^ ^^"'"^- "^^ ^ ^^"^'^ «f Co,.ta;,ion8 ni.sea.so«. Vol. IT, p. 412, Tlato

ose Fung. Vol. VI I, p. 911
;
Thaxter, Proc. Am. Acad. Art. a..l Soi. Vol. XXIV, p. 12. Sec .also Tlon,et. IVndnc-

t.on 1 aras., etc. ,n Ann. d. 1. Soc. Entomol. d. France, 1850, T. VIII, p. 21, Plate I fi*-. 1-7

'' Dark yellow-brown
;
Paraphyses inserted on a broad base, irregularly dichotomous, about

as long as the perithecium, yellow ; stalk much shorter than the perithccium."
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B ropo

The above aescription is quoted fr,mi Feyritsch (1. c), although it is quite useic- for pur-
poses of identification. The figures given by Robin nppcar at first sight to be good, and to
furnish a means of ideniifyiug the species ; but some of them arc alnuKst cerfainlv incorrect in
their anatomical details, and it is doubtful whether any of them are fo be depended upon, cifhor
as exact reproductions of the originals or as exhibiting the essential characters of the species. I
have examined specimens of a Laboulbenia from 7?.?3r;?W^wx, taken in Germany, but in all cnses
they correspond to the rather well marked type which I have called L, curopcca (Plalo XVI, fig.

lo), a form which is known to occur on sevei-al other hosls.

In a previous paper (1. c.) I have doubi fully reforrcl to this species a form found growing
densely crowded on the legs of riaf>jrms cwrtimnis in this country ; but a comparison of nlmost
unlimited material of the various forms which T have placed together under L. ehngata makes
it clear that our form cannot be considered to be the s})ccics of Ilubin, unless, p('rhn]»s,the whole

''
flaycUata'' series should be united under his name. Whether L. Rougdii, whicli is unfortu-

type of the genus, is really distinct from citluM- L.elmjala, L. f

le men-
has been examined to make clear what is really infemled by Roln'n's name. It should I

tioned, however, that I have never seen a specimen of L.flarjellaia on any of the very numerous
specimens of American Brachinus examined, even from situations where species of riafvnus
infested by L. elomjaia (Plate XX, fig. 2)
first sight seem identical with some of the varieties of L. elongata, cannot be confused, on care-

Eur
A few old specimens of L.'e^iropcea in my possession, fi-om European material of Brachinus,

in which the ap[>enilages have been broken and have produced a few abnormal branches at the
base, bear, it must be admitted, a distinct resemblance to the dark brown figure of Robin's
Plate X.

Lahoulbknta europ.ea Thaxtcr. Plate XVI, figs. 15-17.

Amber-brown. Perithecium darker amber-colored, rather narrow, but sometimes infiated, its

tip nearly straight, broad, black except the c<lges of the coarse lips, which arc turned slightly

outward, an olive shade extending below the blackened portion. Outer appendage hyaline,

suffused below with olive-brown, deeply colored externally near tlie base, simple or more com-
monly consisting of a basal and a sub-basal cell which bears two long slender tapering branches;
more rarely the basal cell l)earR two branches directly, the inner simple, the outer bearing two
branches from its basal cell. Inner appendage consisting of a basal cell which may bear two
branclite, directly, or more commonly is followed by a sub-basal cell bearing a long, simple, ster-

ile branch and a shorter fertile branch, producing several antheridia and one or two sterile

divisions, which sometimes become elongate. Receptacle normal, a very slight olive suffusion on
the external surface of cell IV. Spores, 55-59 x 4-4.5 fx. Perithecia, 1^0-140 x 55 fi. Append-
ages (longest), 250 /x. Total length to tip of perithecium, 250-300/*.

On Chlcenius ceneocepJialus Dcj., C. chryHocephahis Rossi, Callistus lunatus Fabr., Apilnus
mutilatua Fabr., Brachinus explodens Duft., Europe.

I

•

W

/
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This species, although occurring on such a varietj of hosts, is very constant in its essential

characters, and appears to be undoubtedly distinct from L. fiagellata and its near allies. Its

general color, tlie shape of its perithecium, the olive coloration at the base of its outer appendage,

and the blackened external branch of the latter, serve to distinguish it readily. It is allied to L.

flagellata and L. Pterostiehi, and as already mentioned, may eventually prove to bo the form

intended by Robin as the type of his L. Rougetii, although the data available for distinguishing

this species would hardly lead one to unite the two. The specimens examined are from Greece

and Central Europe.

Laboulbenia elongata Thaxter. Plate I, figs. 32-39 ; Plate IT, figs. 5, 7, 8, 13-18 ; Plate

XVI, figs. 1-14.

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 10 ; L. gignntea Istvauffi, Teriniisz. Fiiset. Vol. XVIII, 1895, p. 82, Plate 11.

Perithecium nearly colorless or straw yellow to almost black-brown, blackened below the apex,
liyaline about the pore, more or less evenly inflated, the ratlier small lip-cells turned slightly
outward. Appendages very variable in form, size, and color; hyaline or yellowish to deep red
brown, arising from an inner and an outer basal cell ; the outer bearing a single branch, rarely
simple, usually once or twice branched

; the inner producing two brandies on either side, rarely
simple, often many times successively branched forming a dense tuft ; the branches rigid and
distally attenuated, or fiexuous, with bluntly rounded tips, slender or stout, rather closelvleptatc.
Antheridia solitary, or borne in pairs laterally or terminallv, on sumetimes dennely' crowrlcd
branchlets. Receptacle short and rather stout, or very elongate ; normal in form, hvnline or dis-
tally suffused with brown. Spores, 60-100 X 5-8 /.. Perithecia, 110-240 x
appendages, 180-750 ;t. Total length to tip of perithecium, 300-^00 fi (1200 u sa^Ui^(^m)

35-05 it. Lontjcst

P- extensicollis Sav, P s

P. hkolor Lee, P. PustUus Lcc, P. dis.edu, Lcc, P
(ficuniis IjCC, P

Jloridayius Lee, P
Ray, Mamo to F onda and California. On ColpoJes purrurlpen.h Chand., C. cceruleom,.rj;,u,tus
Cl,aud., dupU. Bates a ^™f. Bates, C. pMlu» But., C. iucuUus Bat,.,, C. »phodroides
Chaud., O cyanonotu. Chand., 0. tenuicornu Chand., Jlcxic. and Central America. OnPWyo^.

(.0 sp., Japan. On LimoMene, iPrutonychu,) ea^icola Sch., Platynu. rufi.ornisGoeze, Europe. On MacrochUus Mjuffalus Goeze, Liberia, Africa
1/

'
J'

whilh thlT varvinV"™ "'^'f'- ^
''''' ''"" "' 'P^^'»^- f'"'» -'•''™ l-^^ "f the world

'r d^i^retr ' V '
'" °™ ""' ^'"' ''^•^"'- '" '« '''-'*'-'• -'» --> imaginable

rith which ™„?,r" ,
"" n

'^''"""' '*"™- ''''^ '''"-' of I-M^!l'»", given ^ Toy-iubcuy wnicn it most ncarlv resemhlp^ o»p „^ j^^ -i 11 i .,, ,
'^ ^ ' ^ j j

be imnossible to dofnrn.,', \, '^'""^'f'' ^[^ so J^ad that, without a knowledge of the host, it wouldoe impossible to determine the species w th any certaintv rn rot , •/
drawn, would belong to a quite different type and is I'e i T f ', t,"' T""' ' ""T'
of very different and undcscribcd form T !,' , .

,' t
"'"'""'^•'^'"i' ""^ J^-'f? -^^''J'"™

abundantly associated Jt he .""es vZ ""''' "'''" "'^' '''"'""='' """"'''"'' "''""

i>avo never found a specimen orthoLrho:;'" ^^-blr '^^T"'
'''"'' " ''""'''' '

ancer> is another question which only the e" mlio P

''

' """ '" ""''' "'"^ ^•
i' UK e.\amination of European material can determine, as
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it is not clear from Peyritsch's account ia what respects (liis f^pooii^s diffcis from L, jlag^'lhxta.

The only peculiarity of the former species appears to 1)e that cell 111 is unusnally olongalod;

yet this may have been accidental or due to f^ai'closs rojM'odtiction. That tho \\\nQ\\\ dongaf

a

occurs in Europe on Platynns (Anchomcnus) as "wcU as on Pristonyrhnn cavicola is an

midoubted fact, the L. gigantea of Istvanffi being identical with the most typical forms of don-

gata^ and the material which I have seen derived from species of riutynus taken in the neighbor-

hood of Vienna, seems also not separable from the same form. The retention of tlie species as

distinct from L, jlagellata and L. anceps is therefore provisional, and it may prove that all tljreo

are the same.

Tlie variations of L, dongata, whicl) are very numerous and are in pnrt r('j)res('nfod on Plafc

X\ (» the

position in which the plant grows ; this species illustratin.i^ better tlian any ofh^^r tlic variations

w^hich have been previously alluded to (p, 240) as dependent on these circumstances. In brief,

the species may be very eloni^atc (uiorc than a millimetre in Icn^rth from the foot to tlie apex of

the perithccium) or very slii)rt (300 >t or even less) and stout ; in color it may vary from palo

straw color to deep brown, specimens sometimes occurring that are nearly opaque ; the a]>jKjnd-

ages may be short and stout or very long and slender, sometimes nlnjost simple, in other l. - s

very densely branched, hyaline or opa(pie, yet conditions sliowing every gradatiim between tliese

extremes arc so numerous as to rend<^r the separation even of varieties impossilde.

Platg

7?

to the position of growth, since it occurs also on the jaws of the host as vrcll as when the para-

site grows crowded at the tips of the elytra. The type-form is that which grows as a rule near

the base of the legs on the inferior surface of the thorax, and is represented in fig. 4, Plate XV^L

It is one of the commonest of all the species as well as the most widely distributed, and it is to

be hoped that its great variability will not lead to an extended synononiy in the future.

Laboulbenta flagellata Peyritsch.

Peyrltsch Sitz. d. Wieu. Acad. LXVIII, p. 247, Plate I, fii;8. 1-3 ; Sorokin Veg. Paraa. Vol. IT, p. 415, Plate XXXTI, fij?, 765;

Winter's Pilze Deutsch. II, p. 921 ; Berlose, Malpighia, III, p. 55 ; ako in vSaccardo Sylloge Fuug. Vol. VIII. p. 910.

"Liglit yellowish brown, only the mamilla of the pcritheciura blackish about its base;

pseudoparaphyses few in number (4-7), about equal, simple or divided at the base, colorless, for

the most part exceeding the perithecium in length."

On Bemhidium limntum Duft., Aiidiomcnus albipes R, A niarginafus L.

The above description is taken from Peyritsch, but is quite inadequate as a means of deter-

mm
elongata. I

Bembidium.

genus

r



314 MONOGRAPH OF THE LABOULBEJ^IACE^

Laboulbenia anceps Peyritsch.

8itz, cler Wieu. Acad. LXVIII, p. 247, Plate I,, fig. 7 ; Sorokin, 1. c. p. 416, fig. 758 ;
Winter, 1. c, p. 922 ; Berlese, 1. c. p. 56

;

Saccardo, 1. c. p. 911 ; Thaxter, 1. c. Vol. XXVIII, p. 176.

*' Light yellomsh brown; pseudoparaphyses in small numbers, bent, about as Iqng as the

pcrithecium and colorless."

On the legs of Anchomenus viduus Pz., vicinity of Yienna, Austria.

As in the previous instance^ this species cannot be determined from published data. It seems

peculiar from the elongation of cell IIIj but is otherwise without characters which would

distinguish it It may have to be ultimately united with one or both of the preceding species.

Laboulbenia paupercula Thaxter. Plate XIII, figs. 24-27 ; Plate I, fig. 9.

Proc. Am. Acad. Arts and ScL Vol. XXIV^ p. 209.

Becoming more or less deeply suffused with olive brown. Pcrithecium often irregularly

bent, its lip cells prominently distinguished, distally nearly truncate. Appendages arising side

by side in a plane at rigiit angles to the usual position, so that there appears to be but one
appendage, the larger (outer) usually once branched above its sub-basal cell, the smaller (inner)
cunsisting of a small basal cell bearing usually two short branches more commonly .simple, and
bearing small groups of antheridia. Receptacle rather small ; hyaline, becoming more or less

deeply suffused with brown, except the lower part of the rather large basal cell ; cell V twisted
out of its normal position and only visible on one side, as a rule. Spores, 45 X 4.5 fi. Tcri-
thecia, 100-120x40^. Appendages, longest, 250-350 /.. Total length to tip of pcrithecium,
160-222 u.

Maine to Virginia.

ijicornis Lee, P.melanarius Dei, and PI

This small species appears to be constant in its characters, and is at once separable by the

(IV)
of the receptacle, and which would lead one to suppose, at first sight, that the plant had but one
appendage, as was stated in the original description. It usually occurs on the thorax of its hosts
and on the adjacent bases of the elytra.

Laboulbenia XV
Proc. Am. Acad. Arts auci Sci. Vol. XXX, p. 475.

More or less deeply tinged with olive brown. Perithecium becoming almost or quite opaque,
somewhat mflated, a slight depression at its base above the more or less bulgi„g tern.inal portion

the reeep .ncle, .ts apex stout, snout-lilce, bent slightly inward. Appendages arising from t.o
basal cells the outer of which gives rise to a single simple or rarely once branched rigid branch,

branches almost mvanably simple, and bearing near the base solitary sessile antheridia. Recep-
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taclc normal, sometimes rather elongate. Spores, 75x55/^. Pcritliccia, 125-150x10^.
Appendages (longest), BOO fx. Receptacle, 185-300 /*. Total length to tip of p<Tithccuini

(largest), 300 /i.

On Ptero&tichiis patrudis Dej., Maine and ^ra^sachust^lt^.

This species may be distinguiished hy its rigid habit, htraiglit single ou((m^ nppondngo aud (ho

gonblunt, snout-lilvc apex of its pcrltheoiuui. It is one of the less wol! marked types of the

yet sufficient material from the two localities nvMitionod indicates tliat its characters are suffi-

ciently defined to wai-rant its specific separation from otlier species of iho flagellata iypc.

Laboulbenia Pterosticui Thaxter. Plate XVT, figs. 18-21

Proc. Am. AcaJ. Avis an J Sd. Vol. XXVIII, p. ICG.

Hv deeply, suffused with olive bro\rn, Pcrithccium

becoming deeply suffused, the outer margin commonly straight, the apex rather coarse-h'i>pcd,

the lip cells hyaline about the pore, more or less blackened below. Outer appendage consisflng

of a large basal cell, above which it is usually two to three times successively dichotomouslv

branched, the ultimate branches long, straight, tinged, offpecially the outer ones, with rctldish

brown, the outmost often irregularly branched. Inner appendngc consisting of a small bnsal

cell, giviug rise to from one to three short branches, beaiing one to si'veral fertile branehh'ts,

sometimes also to one or more long sterile branches. Re^optaeh^ normal, nstially eloniratc.

Spores, 75-80x6.5^. Pcrithecium, 130-160x48-55/*. Appendnges (longest), 725 /x, aver-

age, 400-500 /*. 1

P
Newm., Southern States. On Anhodactylm nigerrimus Dej., vicinity of Cambridge.

This species is very closely allied to L. elongata and also to L. polgjJtaga^ of which it may
* prove to be a mere variety, in some cases, especially in the variety on Auisodaetylus, which is

very large (about 730 /t to the tip of its pcrithecium), the inner ajipendage may he more or less

copiously branched. As a rule, however, in the tyincal form the inner basal cell of the append-

age bears two short branches often less well developed Ihnn those shown in fig. IS, and bearing

a varial)le number of branchlcts which bear the antheridia terminally in j)airs (fig. 20), tlie

whole sometimes forming a short, dense tuft, as in i. polt/phaga. The species usually grows

densely crowded on all parts of the host, including the extremities of the legs, where they do not

appear to vary greatly.

Laboulbenia tolyphaga Thaxter. Plate XV, figs. 18-2L

Proc. Am. Acad. Arts and Sci. Vol. XX VIII, p. 165.

Pcrithecium hyaline, becoming more or less deeply tinged with brown, rather narrow, the

outer edge nearly straight, with a more or less well marked prominence below tbe apex ; tho tip

prominent, rather narrow, bent outward, deep black, hyaline about the pore, with brown shades

more or less well marked below the tip and about the lower half. Appendages two, tlic outer

consisting of a large basal cell, which may be continued directly to form a long, simple, straight
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appciiclagc distinctly constricted at the joints, or may be more or less copiously branched. The

inner basal cell bears one or two short branches, from which arise small dense clusters of brown-

ish antheridia, and rarely a more elongate sterile branch. Receptacle rather slender, a more or

less well marked brown suffusion usually present in the distal portion ; sometimes wholly suffused

with brown. Spores, 45 x 4 yu. Perithecia, average, 85 X 30 /i. Appendages, longest, 300 fx.

Total length to tip of pcrithecium, average, 200-220 /t.

On elytra of OUstJiopus parmatus Say, StenolopJius Umbalis Lee, S. fullginosua DeJ., Badlster

maculatus Lee. (Texas); SarpaluB phuriticus Kirby, Bradycellus rupestris Say, Agon odcriis pal-

lipes Fabr., Maine to Texas. A carabid near Stenohphus, Brazil, and Amara sp., Liberia,

Africa.

of

Ptcdefined to warrant Its separation as a distinct species. It is nearly allied to L.

may prove a variety of this species. A form apparently identical with it occurs on several

s])ecies of Loxandrus from Florida and Texas. The specimens on Badister arc more or less

evenly suffused with brownish yellow. It varies very greatly in tlic character of its outer

appendage, which may be quite simple, as in fig. 18, or may often be rather copiously branched,
resembling almost exactly the outer appendage of fig. 13 (X. tenninalis) ; its ultimate branches,
however, are never as long as in this species. Its antheridia are usually densely clustered In a
tuft, the inner appendage only rarely producing elongated sterile branchlets. The perithecia are
almost invariably blackened externally near the base, and usually bulge slightly at tliis point, as
indicated in the figure which represents only the more simple type. The affected hosts arc
found in various situations, under stones or in rubbish, very often in rather dry situations.
The determination of the specimens on Amara is not yet quite definite, since they vary sliglitly
from tlie American form.

Laboulbenia teeminalis Thaxter. Plate XV, figs. 13-15.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 475.
L

Pcrithecium deeply suffused with smoky brown, slightly inflated, the inner margin evenly
curved outward, the outer more nearly straight, but bent abruptly outward to the large promi-
nent apex, the hps of which are well defined and outwardly oblique. Appendages arising from
two basal cells, a very large outer and a much smaller inner; the outer giving rise to two cells
each of which bears terminally from two to three long, slender, tapering, flexuous branches
tugged, at least basally, with reddish brown; the inner bearing a single eell, as a rule followed
by two, terminal cells which give rise to groups of two or three rather slender sessile antheridia ;
msertion ce I placed just below the middle of tlie pcrithecium. Receptacle pointed below, broad
above, nearly hyaline or evenly tinged with brownish, cell VII slightlv prominent l>elow the
peritheemm. Spores, B5 x 5.5 ^. Perithecia, 120-150 x 4.5-50 ;.. kecoptaclo, 200-220 ^.
lotnl length to tips of pcrithecium, 275-340 /*.

Pterostich

It is allied to forms of L. polyphaga and L. Pter

abdomen
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by its pcrithecium, the broad apex of which is peculiarly flattened and bent strongly outward.

It is comparatively rare, and does not appear to vary to any extent.

Laboulbenia coxtorta Tliaxter, Plate XV, figs. 1-5.

Proc. Am. Acad. Arts and Sci. Vol. XXVH, p. 42.

More or less suffused with reddish brown. Peritheciuni becoming suffused with blackish

brown, sometimes quite opaque ; outwardly inflated, its tip turned strongly outward, the lip-ccHs

forming a very broad and characteristic hatchet-shaped apox, its edge becoming almost vertical,

the whole perithecium somewhat twisted and bent toward the appendages, its axis crossing theirs

in mature individuals about at right angles. Appendages arising from two basal cells, the outer

large, elongate, giving rise to a single appendage once branched or simple; the inner half as

large, producing usually two simple branches, each usually producing a single pair of anthcridia.

Ecceptacle rather elongate, abruptly expanded above cell 11; colls I-Il forming a long, nearly

cylindrical, stout stalk, rather abruptly contracted at the foot ; cells IV-V elongated and twisted

so that the appendages and their insertion cell are often carried across at riglit angles to the

axis of the perithecium. Spores, 75 x 5 /z. Perithecla, 150-180 X G0-7o/i. Total length to tip

of perithecium, 330-400 /i; greatest width, 90-100 /a. Appendages about 300 /x.

On PlatynuB extensicoUis Say, and P. affinis Kirby, Maine to Virginia.

This curious species is very constant in form, and is abundantly distinct from any otlicr

species of the flagellafa type. It is at once distinguished by the hatchet-shaped apex of its peri-

thecium and the peculiar distortion which grows more marked in older specimens. The species

is a rare one, and is found almost invariably on the inferior lateral face of the prothorax of its

host, usually on the right side.

Laboulbenia gibberosa Thaxter. Plate XV, figs. 6-8.

proc. Am. Acad. Arts and Sci. Vol. XXVH, p. 43.

More or less faintly tinged with reddish brown. Perithecium short, stout, expanding slightly

from the base to a conspicuous external hunch just below its broad, almost truncate apex.

Appendages arising from a large outer and a very small inner basal cell ; simple or bearing two

to three branches, always above the sub-basal cell, constricted at the septa, tlie segments becom-

ing slightly inflated, the tips usually curved and tapering: the disk of insertion small and thick.

Receptacle elongate, strongly twisted above cell 11, the twist contijiucd by cells IV and V, wliich

are mucli elongated, and carry the appendages out at right angles to the axis of the perithecium.

Spores, 50x4.5^. Appendages, 180/^. Perithecla, 125 X 50 //. Total length to tip of peri-

thecium, 500-550 fx.

On Platynus extensicoUis^ New England.

A number of specimens of this rare and singular species show that the twisted receptacle is

constant character, which is sometimes carried to such an extreme that the ordinary direction

of the appendages is reversed; the elongation and curvature of cells IV and V bending ihem

toward the base of the receptacle. The species is large and unusually elongate, growing on the

a

m
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inferior surface of its host, near the base of the middle pair of legs. Yo
mar

Laboulbenia vulgaris Pejritsch. Plate XIII, figs. 1-3.

Peyritsch, Sitz. der Wien. Acad. Vol. LXVIII, p. 248, Plate II, figs. 17-26; Sorokin, Veg. Paras, of Man, etc, Vol. II, p. 417,

Plate XXXII, figs. 760, 764, 766-7G9 ; Winter, Die Pilze Deutsch. Band. II, p. 920, fig. 1, 922; Berlese, Malpighia,

Vol. Ill, p. 56; Saccardo Sylloge, Vol. VIII, p. 912 ; Thaxter, Proc. Am. Acad. Arts aud Sci. Vol. XXVII, p. 44.

IXyalinc, becoming more or less suffused with blackish brown. Perithccium becoming

blackish, usually rather narrow, its apex large and blunt, commonly bent outward. Appendages

consisting of two basal cells, the outer usually much the largest ; the single outer appendage

usually simple, or bearing two or three usually simple branches from its second or third cell

;

L

the inner producing usually two very short branches ; the insertion-cell placed opposite the

middle of the pcritheciura. Receptacle often rather elongate, the basal and sub-basal cells form-

ing a stalk, rather abruptly widened distally,and colorless or more or less suffused about the sep-

tum. The distal portion of the receptacle also more or less suffused. Spores, 54 x 4 ^.

Pcrithecia, 110-150 x 44-48 /i. Appendage, longer, 185 /i. Total length to tip of pcritheciura,

220-300 fi.

On Bemhidlum mexicanum Da]., B. loBvigatum Say, and many undetermined species; Maine
to Washington and Mexico

; on Treclius cJiahjheus Mann., California ; on Bemhidlum litforale Pz.,

B.lunatum Biiit., B.fasciolatiim 'Duit, B. punctulatum Drap., B. ohsolctum Dcj., B. Andrem
Sch., B.Jlaynmulatim Clair., 5. decorum Pz., B.femoratum Sturm, B. hipunctatum Duft., Euroi^c.

The species of Laboulbenia wliich occur on members of the genus Bembidium arc in need of

further study than I have been able to give them; and snicc they arc very apt to occur in a
ratlier imperfect condition, it is a matter of some diiiiculty to classify any considerable amount
of material that has been obtained from this source. From my own materials 1 have selected
this form to represent the present species ; since, although it is not at all certain that it is the
only one which Peyritsch included under this name, it is certainly one of the forms that he
had before him in drawing his figures. It is characterized by its stout outer appendage, which
may be quite simple, or may produce a small group of short, stout branches above its third cell.
The two figures represent typical specimens, the one (fig. 2) from B. mexicanum collected in
Mexico, the otlier from B. kevigatum from Kansas. Specimens in my possession from B.
Andrea.^ taken m Austria, and from an undetermined species from the Province of Quebec col-
lected by Dr. Richards, do not differ in any respect from the form which is everywhere com-
mon on various species of this beetle. Certain forms occur, nevertheless, which seem to somo
extent intermediate between this species and that subsequently described as L.pedicillata, which
may a so have been seen by Peyritsch and confused by him with L. vulgaris. That he had no
^eiy clistmct Idea of the distinguishing characters of his species is indicated by his assertion
that he had observed it on the staphylinid beetle Deleasfer dichrous, which is most improbable.

wo species last mentioned are readily separated by the relation in position in either case
be ween the insertion cell and the base of the perithecium, indicated in the figures, even if

Thet

other moi

thn.l
'
""''"™"' 'l'^«'"««»'»' I'ko tI,D charactor of tl,e appendages and the form of the peri-

h
.,„ were not ava, able for this purpose. Tl,e figures given in the present instance are not

^e,3 satisfactory, the form of the perithecium not being well shown.

i

If

r"

^
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Laboulbenia tedicillata Tliaxfer, Plate XI 1 1, figs. 4-8

Troc. Am. Acad. Art^ an,! Sci. Vol. XXVII, p. 44.

Hv Peril liecium inwardly inflated,

often with a median external prominence; distally sub-conical, tlic tip somewhat pointed, ncarlj

symmetrical. Appendages somewhat exceeding the perithecium ; usually curved tuuard it;

arising from two basal cells, the outer Iwice as large as the inner, giving rise to a bi-anch on iis

inner upper side and followed above by a roundish cell, its lower septum black ihh, from Mhich
arc produced often two to five branches, which may be one to tlirec thnca hub-di<'li(t<omously

branched
;
the branches curved, often slightly circinatc at the apex ; flic inner basal cell giving

rise to a variable number of short branches, curved toward the perilhociinn. Basal and snl>-

basal cells of the receptacle forming an often very (dongate stalk, nl)nip(ly distinguislird fnmi
the distal portion ; cells IV and V nearly e(pial. Spores, GO X 3.5 /x. Perilliocia, OO-'if) x 3U-
40 fx. Appendages, OO-loO fx (longer). Total lenglh to lip of ]ioril]icciinii, 1 80-300 fi.

On various species of Jionbidium, Main(> to Virginia, Washington.

This species, although so distinct in its typical form, aftproachcs L. vulgaris in some casos,

from which, as above distinguished, it seems, however, quite distinct. The production of two
branches from its outer basal cell, the much lower position of its insertion-cell, its jiolnt-'d peri-

thecium, ns well as the character of cells IV and V, which are nearly ecpial and sejmrated by an

almost vertical septum, serve to define it It may be mentioned that altliough gome of

Peyritsch's figures of L. vulgaris bear a certain resemblance to this species, none of tlicm liave

the character just mentioned. The species varies considerably in the luxurianof^ of its append-

ages and in the length of its stalk-cell, specimens occurrini? at the baso of the logs being com-
monly the largest. It is not unconnnon on various Bembidia at the margins of ponds and streams.

Laboulbenia Casnonle Thaxter. Plate XITI, figs. 22-23.

Proc. Am. Acnd. Arts* and Sci. Vol. XXIV, p. 2GG.

Pale olivaceous, becoming olive brown. Perithecium rather small and narrow, sli'-litlv

inflated, the lip-cells prominent, bent slightly outward, the pore external. Appendages hyaline,

tlic outer especially becoming deep olive brown externally at and toward its base ; arising from

a larger outer and smaller inner basal cell; the outer appendage simple, tapering, rather closely

septate, constricted at its lower septa, about twice as long as the perithecium; the inner Itanal

cell gives rise to two, perhaps more, branches, short branched and bearing single anthcridia

laterally. Receptacle normal, cell II large, the rest small ; becoming more or less sufTuscd with

brown, the distal portion coarsely, tliongh not very distinctly, punctate in the regions most

darkly colored. Spores, 35-40 xifi. Periiljecia, 75 X 30 /x. Appendages, outer (larger), 170 /i.

Total length to tip of perithecium, 160-200;*.

On Casnonia pennsylvanica Linn., Connecticut and Tennesee.

About two dozen specimens of this somewhat insignificant, though rare, species, have been

examined, and seem to be quite constant in their essential characters. Its simple outer append-

age seems invariable, and although it might perhaps be confused with some of the varieties of
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X w± 1/ / r *

of L. clongata. It occurs at the apex of the elytra of its host.

of the varieties

Laboulbenia Nebri^ Pejritsch. Plate XIII, figs, 10-21.

Pevritsch, Sitz. d. Wien. Acarf, LXIV, p. 455, Plate II, figa. 4-8; 1. c. LXVIII, p. 249, Plate III, fig. 29; Sorokin, Yog, Par.

Vol. II, I.e. 417, Plate XXXII, fig. 772; Wiuter, Pilzo Deutsch. p. 92:2 ; Bcrlese Malpighia, 111, p. 57 ; Succardo Svl-

XXV

Becoming suffused with blackish brown

eventually quite opaque

3 of

d

liyaliue margins, not very prominently distinguished ; the pore external Appe

1

attenuated
ratlicr remotely septate, somewliat rigid, becoming brown but not opaque: tlic inner basal cell
gives rise to one or two branches, short, bearing one or two aiithcridia or producin.,' one or two
long sterile branches r the insertion cell above the middle of the pcritliecinm. neccptaclc nor-
mal, the basal and sub-basal cells forming a more or less, often elongate, stalk-likc base cxpand-
nig rather abruptly below the terminal opaque portion of the receptacle ; both bcconm...

^™™f
'

''!''

"f
"P'"!""' *'^ ''^^"' ^<^" oft'^" tapering below. Spores, 75 X 7.5 ^. Perilheci.a"

llb-lCCx44-66^ Average, 53X150^. Appendages, longest, 870- 550 m. Total length to
tip of ponthccuim, 260-565 HI. Average, 310 X 92 /i.

On m,-ia hrunnea Dutt., and K mice Dej., Europe. On X palUpe> Say, Nova Scotia to
Vn-g,n,a. On K SaUier^i Fisch, Washihgton, and N. ^,.,.r.VFisch, Aleutian islands.

aIm!!l!eom!Iiri'''"'
'"""7? '"'" '" ^""* """"'''"'^^ "' «'» '-"'^- "'-^^^ "-"'' ^^'^n

st b t Tot ' """^^ T ""'' ^'''^ '"• ''
'' ^"''i-t *" =-'iJ--Wo vnria ion in

.hiehbeeome wholly niluutbe t^ h ,

'"'™ "' "^ ^^"^P""^''> "'^ '''''''' ^"^ "'

appendage, etc. When S ! I f
''"""" "' "^ !--'i-<^oIl, its single rigid outer

tL^^JL ™™°f '"«'''='? ""= Wackened portions are seen to be very coar.ely imnelato.Tlic host occurs unde

aS-J, :;: con£ Ttl^.1r:^^^^^^^^^^^ ^"^^^ «.«... wa, nrst noticed by Mayhr

Thaxter. Plate XIII

Proo. Am. Acad. Arts and Sci. Vol. XXYUI. p. 163."• -'^-l- All, p. 1 W.
xMorc or less suffused with brown or wifh fu-. i i ,,

«ligl% inflated at the base, taperin: 1" o I f^ ^"'^ '^"'""- I^-''^^---" ^-^^=

apex, the lips of which are t^ned sllrhtT u - T' '^
''^ '""^^^ ^''""^' ^"^-^'^-^-'^^

the outer very large, almost coverin. The rervZii
^^^''''^'^''

^''''^^"S ^^'^"^ ^^vo basul cells,

the usually very large, lono- simple oute T '''"'^' ^"^' ^"'^ continued directly to form

septa with a marked general constrictio7^^''\l
'' ^^''^'

'' ''^'^^*'' '^'^'^^^^' constricted at the

brown suffusion involving one or more cellT" tT
^''''"^ *''''"''^' *^'^ ^''"' accomimnicd by a

branch bearing one or two anthcridia The'blk
''""'' ^'"'"^ """^^ ^^''''' "^^ *"* ''^ ''"^^'' '^'''^
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oward by cell J free from the pcrithccium. Receptacle sometimes short, more often very Ion

through the elongation of cell IT, the dislal portion reduced, usually blackish brown, wiiilc tlic

tu'o basal cells are hyaline, rcritliecia, 135-100x50^. Outer appcndnge, longest, 10G5^;

average, 725 fi. Total length to tip of pcrithecium, 220-480 fi ; average, ^75 ^.

On AnopMJialmus 3Icnetriesu ^loisch., In limestone caves, Kentucky ; A. fusio ITorn, TTest

Virginia. On A. 3IotschuUhyi Schm., Carniola, Austria.

A peculiar and variable species. Forms occurring on the jaws of the host (a blind cnvo

beetle) are short and compact, while others, especially those occurring on the lower srirface of

the abdomen, are very elongate, The European specimens are small and rather slender, but can

hardly be separated from the American material.
. -

Laboulbenta PEBPENDicuLARis uov. sp. Platc XITI, figs. 15-18.

L. truncala pro parte: Troc. Am. Acad. Arts and Sci. Vol. XXVII, p. 45.

Hyaline, becoming more or l6ss suffn^od with olive brown. Peril hccium brown, slighlly

inflated toward the base, the distal portion often long and narrow, the iip bent inward, it.s ap<!.K

broad and flat Outer appendage rigid, irregular ; its basal cell long, followed by two cells, the

upper smaller, often inflated, usually followed by a single cell, which bears terminally two rather

short branches; inner appendage consisting of a rather large basal cell, the whole inner face of

which is occupied by the bases of two long branches set one above the other, projecting across

and beyond the perithecium at right angles to the outer appendage ; one or both once branched

near their tips and bearing a single antheridium from their basal cells. Receptacle distally

rather abruptly expanded in the region of cell VI, becoming brownish, the darker distal portions

sometimes obscurely punctate. Ppores, 65-78 x 5/i. Perithecia, 120-150 X 45-50^. Append-

ages, outer (longest), 370-400 yit; inner, longest, 350-450. Total length to tip of perithecium,

250-330 /t.

On undetermined species of Bcmbidium, Connecticut, Virginia (Pergande), Washington

Qliss Parker).

This species was at first considered a more fully developed type of I. truncafa, which is

undoubtedly its nearest ally. The differences indicated by the above description seem, however,

sufficiently constant to separate it without difficulty, although it is barely possible that X. triin-

cata may be the same species greatly modified by its position of growth. The peculiar mode of

development by which its inner appendage is made to cross the perithecium at right angles is

quite unique. The outer appendage is almost invariably broken off above its third cell, as

shown in fig. 15 ; and the branches of the inner appendage are rarely perfect. But one of these

branches (the upper) usually produces its single antheridium, the second, as well as all the por-

tion of the first above the antheridium, being developed after fertilization. Fig. 10 represents

the single inner appendage shortly before fertilization has been effected, the short terminal

unicellular branch at the right subsequently growing into the elongate appendage shown in fig.

15. There is some variation in the form of the perithecium, which may be more distinctly nar-

row toward its extremity, and the latter may be more strongly bent inward than is shown by

(fi"-. 15). The species has been observed only on or at the base of the

anterior pair of legs.
21
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Laboulbenia teuncata Tbaxter. Plate XIII, figs. 12-14.

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 267.

Dark olive brown, sometimes nearly opaque. Perithecium large, the middle third expanded

slightly just above the insertion of the appendages, otherwise sub-cylindrical ; the dark truncate

apex slightly oblique inwardly, usually as broad as the base, with large, nearly hyaline lips about

the pore. Appendages two : the outer straight, stout, "dark brown at the base, unbranchcd,

tapering to a slender, hyaline apex : the inner short, slender, simple, hyaline, its base occupying

less than a third of the horizontal black disk of insertion, which is situated about opposite the

middle of the perithecium. Receptacle short, wedge-shaped : cell I small, triangular, its lower

half nearly hyaline, contrasting, its upper as dark as the basal portion of the outer appendage

;

the darker portions coarsely punctate. Spores, 55-60x4.5/*. Pcrithccia, 90-100 x 35-40 /t.

Ap])cndages, outer, 150 /i. Total length to tip of perithecium, 175-180 /a. Greatest width, G6 /*.

On Bemlidium sp., New Hartford, Connecticut.

A very small and singular species, distinguished from all others by its perithecium, which is

nearly as broad at its hatchet-shaped tip as at its base. It is closely allied to the preceding

species, but, as above stated, seems undoubtedly distinct. It has been found but once on an
L

undetermined species of Bemhidkm captured at the margin of a brook in shady woods. It grew

crowded on one of the anterior legs of its host.

Laboulbenia Catoscopi Thaxter. Plate XVII, figs. 11-13.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 1C4.

suffused with olive brown at the base of the perithecium and in

the region of cell III. Perithecium moderate, the apex rather prominent, blackened except
about the pore, the blackening continued downward externally to the body of the i)erithecium.
Outer appendage single, simple, nearly straight, exceeding- the perithecium; its basal cell very
large, outwardly strongly inflated and blackened. Inner appendage consisting of a much smaller
basal cell, from which arise directly two branches, the latter two to three times successively
branched with small basal cells and bearing a few solitary antheridia near the base. Receptacle
rather elongate, normal, cell IV projecting outward beyond the rather thick black insertion
cell which IS situated between the two lower thirds of the perithecium. Spores, 65x5 /..

Perihecia, 100-130 x 37 /.. Appendages (longest observed), 110-130 ;x. Total length to tip of
penthecia, 250-320 /i.

n r- ^ r

Oa Oatoscopus guatemaUnm Bates, lle.ico. On Cato^copus sj>p., Liberia, Africa.
Closely resembling L. elo.gata in general form, from which it is at once di.slinguishcd by

h mflatcd basal ce I of the simple onter appendage. More abnndant material may show that

'1T"IT™ 1
'"'""''"="' ^''™" "''= ""> ^™^"- Tl.e fourteen tvpes .-ere obtained

Zu-1a( T"
'^-
"'T'

'" "" """''=""" "^ '^' M"^™" -' Cambrid=;. Further material

w hlT T"'","!
^''°''"P" '"""'''^ 'y r™f-^»^ Cook ia^ Liberia is identical

rnLd " *''' ""'"^ "" °f "^"^ ""'^^ "PP'^^-g" !^ not so prominently
:
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• Laboulbknia ujinoNATA Thaxtor. riatc XV, figs. 0-12.

Vroc. Am. Acad. Arte ami Sci. Vol. XWIII, p. 16.3.

Perithecium becoming faintly, sonicfiinos doci)ly5 Buffused vvllli lirown, projecting free from

the receptacle at an anirle of about 00°, the oufcr margin curved inwinJ strongly lo the blncTcish

tip, the prominent ear-like lips of whicli arc strongly ^n<"m-vcd ; a clearly drfim'd round«"d promi-

nonco on the imicr side below the apex. Outer appendage hyalino, or with bi-o\vn shades, con-

sisting of a large, stout, cylindrical basal portion nenrly equaling the receptacle in diamcfer and

length, made up of a basal and somewhat shorter sub-basal cell, from the disfnl end of which

arise two (rarely three) straight, very long and slender, tapering branches. Inner appendage

arising from a very small triangular basal cell, its external wall directly continued by tlint of the

outer appendage by which its upper surface is covered, its lower half cutting ofl" obliquely a

small portion of the large black insertion cell ; its iipi'«T half producing sub-laterally a single

short appendage, consisting of a single cell, bearing at its n]»ex two rather long antheridia.

Receptacle characterized by a stalk-like, slightly inflaicd base, made nj* of cells 1 and 11, which

arc very large, the cells of the distal portion, except cells IV and V, very greatly reduced, so

that the perithecium appears to rise almost directly from cell 11. Cells IV and V clungnted,

carry ini,^ the broad constricted insertion cell upward, free from the perithecium ;
the axis of the

receptacle coincident with that of the outer appendage. Spores, G0x5/a. rcrilhccia, 110 X

69 /i (including the

155-185x18-33 /i.

Appendages (longest), 025 //. Receptiicle,

On Stenolophis ochropezm Say, Kittery Point, Maine, and Cambridge, Mass.

This remarkable form is one of the most clcarl} guishcd members

cannot possibly be confused with any other known species. In old specimens the perithecium,

especially its hump-like projection, may become almost black, but the fruiting plant is at first

nearly hyaline. The lip-cells of the perithecium are not symmetrical on cither side, the inner

cell on the right side terminating in a rounded, ear-like tip, that on the left side being longer and

The trichogyncis simple or sparingly branched, slender, and in one specimen spirally

' coiled toward its tip. The species has been found only on the inferior lateral face of the pro-

thorax of its host on the right side. The beetle is common under stones about ponds, but tho

fungus seems decidedly rare.

narrower.

LABorLBENL\ LEPiDA nov. sp. Plate XIV, figs. 7-10.

Perithecium projecting at an angle to the axis of the receptacle and appendages, hyaline,

becoming more or less deeply tinged with smoky brown; the apex blackened, the suffusion

extending lower externally ; rather evenly inflated, the tip bent strongly outward, the lip-cells

prominent, hyaline-tipped, compressed around the pore. Outer appendage consisting of a large

basal cell bcarimr two branches, their basal cells about equal, symmetrically placed and prodnc

in- each two bmuchlets, symmetrically divergent, long, slender, somewhat flexnons, hardly

taperin<^uind simple. The inner appendage consists of a very small basal cell, from whirl

one, us^ially two, branches, slender, short, once or twice branched, bearing a small number of

\ arise
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aiithcridia tcnninallj or laterally. Receptacle long and slender, but slightly expanded distally,

the large basal and sub-basal cells forming a sub-cylindrical stalk. Spores, 46x7/t. Peri-

thecia, 110-125 X 60 ft. Appendages (longest), 425 yu.. Total length to tip of perithecium,

300-330 /i.

On AnUodadylus nigerrimus Dej., Cambridge, Mass.

This graceful species was at first taken for a variety of L. elegam ; yet it seems so constant

in its diilerenccs that I have concluded to distinguish it as a separate species, the structure of

the tips of its perithecium (fig. 8) being its most essential character. Its slender, flcxuous

nppcndagcs, from their form as well as from their mode of branching, also serve as a means of

distinguishing it, and seem to vary but slightly from the type represented in the figure. Its

position on the host is, singularly enough, exactly the same as that occupied by its near ally,

X. elegans. It has been found in a single locality only, near the margin of Fresh Pond, where a
dozen or more infested hosts have been from time to time obtained.

Laboulbenia elegans Thaxter, Plate XIV, figs. 3-6.

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 13.

Hyaline, becoming finally more or less tinged with yellowish brown. Perithecium more or
less inflated abruptly constricted below the deep black apex, the lip-cells very promincni. bent
strong y outward from a rounded inner jet-black prominence to the hyaline tips, mouth-like
about the pore Out.r appendage arising from a rather lar.o basal cell, above which it produces

branches, the outer simple, rigid, divergent, tapering, the inner producing from its basal cell

in l^^^rf l^T^'^T"
'"^^'^^^^ '^^•*^^^' ^-^'^'"^^ - ^-^' ^^^^^^-^ -ngly o'

two usually somewhat inlate Zl:^J^t\^:r'''''ff'
^^"^^" ^^^^" '''^ ''''"'' *^'^

-O0X4
5 Per.hecia, 110-150x^:^CeS^^^^ ~^' ''''^ '^^^

Total length to tip of perithecium, 290 ;. (larger, 335 ,)

^
On Ilarpalus pennsghanicus DcG., New England.
A common and verv nrpffyr c,,«^,v. iu_„ ,

50-75

gracefulpreceding. It is one of tho few form, in whiol, t ' , , ,
^"'"" '" "' """' "'™ ""

though not absolutely, invanablo It i Tr\ ^""l
"^ "^ *''° "'"'' ""'^"'"S" '^ ''''"°'''

Tery old individuals, and is vcrv constantt f '"t
-^^ "'''"''''•

'"''""'"S '"•"»'"''' ""'^ "'

thorax of its host on the ri-rht'sidp
'

1, r
" """'""'"^ '" ""^ '"""'"' f"™ "' *'«' P™'

•••g n>a..gi„; but very rard/it ^ctr 12!^
"*" ''°'"'^'''^' '''" ^"^' '*"'">' "'^ '""j^^*-

corresponding left side, and has been once'noZ,,'" """"""^ '""' ^- "'"'''"''"' "" "'"

mon,.-,nd may bo found in late Au-^ust and oJV\ ,

'""'"''"
'"*''''' "^'"^ '"'^' '^ ™''->' """'-

rag weed ^Amiro^ia aHemuicfau-) ,„ open 60^7 '
''"""''"= "" P"""^" "^ "'* "=°°""""
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Laboulbema coyFEHTA Tliaxtcr. Dale XIV, fi«;s, 12-14,

Troc. Am. Acad. Arte aud Sci. Vol. XXIV, p. 2GS.

Hyaline or tinged with smoky brown, the ba^ie of tlic pcrithccium and the adjacent cells

often dark brown, rcrithecium straight, short and broad ; tapering rather suddenly towards the

apex, which is black except about the hyaline pore, the lip-cclls coarse, blunt, turned very

slightly outward- A}>pcudages hyaline or brownish; the outer much the largest, itfl basal cell

twice as large as that of the inner, and giving rise ty]>ica]ly to three branches, themselves once

or twice two- to three-branched above fheir basal colls; tlie inner Hiniilar but siuallcr; both fhe

outer and inner varying to more simple forms; insertion cell small, very slighfly oblique, placed

sliglitly above tlic base of the pcrithccium. RecejitaHc norniah Sj»or(»s of usmil tyj>c, 50 x l^/z.

Pcrithecium, ISO X 60 ji. Appendages, maximum, 300 /i. 'J'otal length to tip of pcrithccium,
4

800 fi ;
greatest breadth, 70 fi.

On Ilarpalus pcnnsi/lvanicus DcG., New England.

Except for its color and the branching of its outer appendage this form might rcndily be

taken for one of the varieties of L. clongata. It seems certainly distinct from this species, how^-

ever, as well as from the larger i. eleyaiiH^ with whicli it is rarely associated, and which it

resembles in its general coloration. It usually occurs in a dense tuft on the anterior legs of

its host, very rarely also on the left side of the inferior lateral face of the prothorax. Though

abundant material has been examined, the species seems eomi)arutivcly rare.

Laboulbexlv MAcnoTHECA Thaxtcr. Plate XVIII, figs. 6-8.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 474.

Clear amber-vellow. base

nearly symmetrical on either side, the apex rather large, outwardly oblique, with a blackish basal

shade; the remainder of the pcrithecium transhicent, amber-colored, the walls thick, ihe spore

mass large. Appendages flexuous, thick, pale amber-colored or tingod with purplish, arising

from two cells, the inner small and roundish, the outer much larger, two or three times as long,

usually bearing a single cell with two terminal, more commonlj' simple, branches; the inner

producing two branches, each several times branched : the outer appendages especially more or

less constricted at the septa. Receptacle small, usually short and slender, the basal cell long,

narrowed towards its base, the sub-basal cell short, the remainhig cells relatively small. Pcri-

thecium, 130-150 x 45-55 //. Spores, 60 X 5.5 ^. Appendages (longer), 185 /a. Receptacle,

150-1G5 X 35-40 /i. Total length to tip of pcrithecium, 240 /i (longest, 270 /x), greatest width,

55-60 11.

On Anisodactylus haltimorensis Say, Maine. On Anisodactijlus sp. (?) Bathurst, N. B.

(H. M. Richards).

This species occurs not rarely on the anterior legs of its host, less frequently on the borders

of the elytra. It may be distinguished by its pale amber color, large, evenly inflated pcrithc-

cium, and slender receptacle, the distal, portion of which is relatively unusually reduced.

Fig. 6 represents the more typical habit, the basal and sub-basal cell forming a straight, rigid
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stalkj gradually expanding upward and characteristically constricted at the common septum.

The species is most closely allied to L. elongata^ but is always readily separable from this

species by the characters just mentioned. Although growing exposed to unfavorable conditions

m
istic of species developed in this position.

Laboulbenia arcuata Thaxter. Plate XVII I, figs. 1-4.

Proc. Am, Acad. Arts and Sci. Vol. XXIV, p. 2G8.

Pcritlicciuin smoky-black, becoming uniformly almost opaque; large, narrowed somewhat
towards tbc broad, bluntly rounded, less deeply colored tip, which is nearly symmetrical or bent

slightly inward. Outer appendage consisting of a rather large basal cell, from whicli arise one,

often two, branches, which may be simple or once or twice branched ; inner appendage arising

from a much smaller basal cell, which produces two branches, simple or sparingly branched,
bearing usually solitary anthcridia laterally. Receptacle at first colorless, contrasting with the
dark perithecium

; but becoming shghtly suffused with brown, the ba^al cell usually larger than
the sub-basal, and strongly curved. Spores, 65x5^. Pcrithccia, 160-185x50-65^.
AppejKlages longer, 240 ^. Total length to tip of perithecium, 300-350 ^ ; average, 320 ^.

Harp
o

Tliis well marked and rather rare species is readily distinguished by its peculiar perilhccltiin.
.. ....... .. .a. a« X xiuve oDscrvea, only on th(f broad tips of the anterior pair of lens (usually
the left) of male mdividuals, where it is sufficiently conspicuous from its contrasting colors.
Though the abundant material obtained is all from New England, the species, togefhcr with the
rema,„.„. fo.n.s which inhabit the same bost, are all doubtless widely distributed in the United

Laboulbenia Harpau Thaxter. Plate XIV, figs. 15-18.

Proc. Am. Acad. Arts and Sci. Vol. XXIV, p. 13.

Hyaline, becoming tinged with brown.
clearlv dist no-nf.]..^ °i ,

,

ierithecmm small, inflated below, tapering to the

alight, pointed .r^^^ZlT^t^^^'^'''^' T'''
'' """^ '""' '''""'' '""" "

usually somcvhat -oundcd basal H fl ''"' ""'"" "^^'"'^""-^ ^""^'^'''"° °^ "

branched, their branel.es t^^J^Z^^i^'T //"""f
™' ''"'''' " """ '" '^^

at the septa • innpr .nno. i
-'^^J'^V^'

ing, all the cells rather short, inflated and constricted

tacle suh-r.vl,-nr7,.,-..T .
' ^.„. .

o^^isually solitaij, lateral antheridia. Bn.snl cclhof the rcccj>tacle sub-cylindrical, commonly Ion. r than the ,1 V TT
'".*''''''^^'^- ^''''^ ^^^^'^^ '^'^ ''''^'•

the septum between the two Lrel fa b i T '
''^^^

40.. Annn..i.„.„ ,..

more or less Oblique. Spores, 60-68 X 5-5.5 u. TWlfbonln nO x40 >t. Appendages longer, 200-300 ^.
'^ Harpalus

rcrithccia, 00 X

(215-300 /i)

'o

its -all peri Za n I „" '""""'^'' '"" '"' °"-" "^^ "- P-uHarly nP thooium. It grows, appressod and densely crowded, invariabl/on

)dificd tip of

the antorior
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inferior margin of the thorax and tlie adjacent posterior margin of the prothorax. It is subject

to but slight variation, and is doubtless widely distributed.

Laboulbenia inflata Thaxter. Plate XVII, figs. 4-6 ; Plate III, fig. 6.
V

Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 41.

Iljalino, becoming tinged with brown. Ferithecium more or less inflated, narrowed towards

the broad, blunt, often symmetrically rounded apex, becoming more or less suffused with brown,

projecting outward from the receptacle. Outer appendage simple, taperiiig, its base made up of

three short, superposed, conspicuously inflated cells constricted at the blackened sci)ta, the distal

portion more remotely septate, not inflated or constricted ; the inner appendage rises from a

basal cell, nearly as large as that of the outer, which gives rise to two simple, hardly divergent

branches, one to three of the basal cells of which arc inflated as in the outer appendages.

Receptacle normal. Spores, 50 x 4.5 /z. Perithecia, average, 90 X 37 ^ (largest, llOx 50;^).

Appendages, longest, 185 /*. Total length to tip of perithccium, 150-200 /*.

(Aldrich)

(Richards)

This very pretty and well marked species appears to be not uncommon on the above men-

tioned host, which is probably identical with the beetle on which the original types were found ;

although this was, by an oversight, stated to be a species of P.ombidium. It is distinct from all

other species in the character of its appendages, and could not be mistaken for any described

PJi

Laboulbenia compressa Thaxter. Plate XIV, figs. 1-2, 11.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 165.

Pale yellowish. Perithecium becoming tinged with olive-brown, inflated, the lip cells com-

pressed to form an evenly rounded, narrow, prominent apex, which is commonly bent sliglitly

outward, and blackish brown except about the pore, winch is external and lateral. Outer

appendages simple or once branched above its sub-basal cell, the lower cells slightly inflated, the

branches straight and tapering. From the inner basal cell arise two branches, which may be

simple or once branched, the sterile branches like the outer appendage. Receptacle normal, the

basal cell usually curved. Spores, 60 X 3.7-4 /z. Perithecia, 85-100x30/.. Appendages,

longest, 150-200 /x. Total length to tip of perithccium, 175-260 fi, average, 210 /*.

On Ma

This small species in its typical form is hardly to be confused with any other by reason of

its narrowly pointed perithecium ; but specimens are sometimes found which indicate that it is

fiUf,
It is almost

invariably found at the base of the middle pair of legs of its host, usually at the right, rarely

on the elytra, and is not very common. The spores are remarkably long and slender in pro-

portion to the size of the perithccium. The hosts affected were found under stones about muddy

ponds.
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Laboulbenia pilifeea Thaxter. Plate XIV, figs. 19-22.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 165.

Pcrlthecinm tinged with olive-brown, the apex deeply blackened, broad, more or less evenly

rounded, or nearly truncate, often symmetrical. Appendages consisting of two basal cells, the

inner minute, the outer large, usually followed by a sub-basal cell, from which arise two very

elongate, simple, erect, rather closely septate branches, at first dark brown above their nearly

hyaline basal cells. The inner appendage consists of two short, hyaline, fertile branches, one

of which may produce a long and sterile branch. Receptacle short, about equalling the pcri-

thucium in length, the anterior margin rather abruptly diverging above cell II. Spores, about

60x4/i. Perithecia, average, 25x90)U. Appendages, longest, 550 /^. Total leugth to tip of

pcrithccium, 150-190 /i.

On Anisoclactylus Harrisii Lee., J., nigerrimus Dej., A. intcrpunctatus Kirby, Ilarpalus plcuri-

ticus Kirby, and H. erythropus Dej., Maine, Massachusetts, Pennsylvania.

A common species found usually densely crowded along the outer margin of the elytra

towards their base, less frequently elsewhere. The very long outer appendage is usually broken

off in part. The two specimens figured are type forms, but the tip of the pcrithccium is not in

all cases so abruptly truncate, and the lip-cells are sometimes distinctly turned outward with a

sub-hyaline area about the lateral pore. Tlie hosts are common everywhere about ponds and in

fields.

Laboulbenia Hageni Thaxter. Plate XVII, figs. 20-22 ; Plate III, fig. 4.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 470.

— ^._ -.„j,^^ „,^^^ i^wvixi. Auiitiiuuuuu siignuy innaiea, tapcrmg lo uie uiuub
outwardly oblique apex, which is blackened below the hyaline lips. Appendages arising from an
outer and an inner basal cell, the outer of which is followed by a squarish cell of about the same
size, from the end of which project four rather short, rigid, slightly divergent hyaline branches,
which taper to blunt tips, and, as a rule, hardly exceed the tip of the pcrithccium : the inner
basal cell gives rise to two squarish cells, one on either side, each of which bears usually a pair
of branches similar to those just described. Receptacle short and stout, normal in form, the
lower portion o the basal cell hyahne. Perithecia, 55x18/.. Appendages Gongest), 65^.
lofal length to tip of pcrithccium, 100/..

o
^

o
/.

On Termes helUcosus var. mozamUca Hagen, Africa.

The occurrence of a most typical and decidedly insignificant looking species of this genus on
a larva of the worker of a species of white ant is certainly quite unexpected in view of the
wide difference which exists between this neuropterous host and the usual insects infested
by he genus. But for the four stiff branches arising from the sub-basal cell of the outer
appendage, and suggcstmg the roots of a molar tooth, it would be ditTicult to specify its dis-

T.!^^Z.TT^T
r^'" '' '' *'' '''' *'^' '' '' *^^ «-^"-t species of the genus. The

ye rsine! .

"'""'^ '' '''' '''' ^''''^^'^ ^^^-^^ by whom it was observed many

frTmaTn rJ ,•?' T''"''"
'"'"'"'^ ^^ '^' writer, collected by Dr. Peters in Africa,from all parts of winch sufficiently abundant material was obtained

If
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Laboulbenia parvula Thaxter. ria(e XIV, figs. 22-2-i ; Tlate IT, fig. 10.
^

Proc. Am. Acad. Arts anJ Sci. Vol. XXVII, p, il.

Tinged with olive, becoming deep olivo b^o^vn, sometimes nearly opaqnc, Pcrithecium

straight, inflated below the broad, squarish apex. Outer appendage almost opaque externally ut

its base, consisting of a large basal cell producing distally two branches, one terminal, ihc other

lateral or sub-lateral, both once or twice branched above tlicir basul cells; inner aj)]»endage con-

sisting of a smaller basal cell which gives rise to typically two branches, ea<*h once or twice

branched, the ultimate branches in 'both appendages rigid, sub-cylindrical, erect or 1)ut sliLdiUy

divergent, slender. Receptacle stout, sub-triangular ; the basal cell small, liyaline or translucent,

the rest eventually nearly opaque, obscurely punctate. Spores, 40 x 4fi, Perithecia, 00-110 x
80-40 /i. Appendages, longest, 110-200 /i. Total length to tip of iienthecinm, average, 180-

190 fx.

On Platijnus cxtensicollis Say, P. cei^iiglnosus Dej., P. stnafopujictatus Dcj., Maine to South

Carolina* On Bemlidium himaculatum Kirby, Washington (Miss Tarker).

This small and well defined species occurs often in great numbers on the legs (usually the

posterior) of its host, and not elsewhere. It was lirst sent me on jP. cxUnucoUis ly Mr.

Pergande, and has since been found in various localities. The a}»pcndages arenas a rule, more or

less broken, and perfect specimens such as those represented in the figures arc not frequently

met with. When uninjured, the slender, terminal portion of the a]»}»endages is quite characler-

istic, but when the latter have been broken, as from the position of growth upon the host they

arc vez'y likely to have been, the new branches which grow out to replace the primary ones are

apt to be shorter, stouter, and without the characteristic form just mentioned. A curious

development of filaments from the basal cells of a pcrithecium which had been partly broken oil

in an individual of this species, is represented in Plate II, fig. 10, and several similar instances

have been observed.

Laboulbenia 6CEL0PHILA Tliaxtcr. Plate XIY, figs. 23-26.

Proc, Am. Acad. Arts and Soi. Vol. XXIV, p. 2G0.

Becoming more or less suffused with olive-brown except the nearly hyaline basal cell. Pcri-

thecium rather evenly inflated, the apex rather broad, the inner lip-cells prominent, bent slightly

outward. Outer appendage consisting of a sub-cylindrical basal cell, producing distally a termi-

nal and on its inner side a sub-terminal branch, the outer usually simple, the inner once

branched above its basal cell : inner appendage couvsisting of a somewhat smaller but similar

basal cell wluch produces two branches simple or once branched, bearing laterally several long,

slender, curved antheridia ; both appendages with their branches hardly divergent, sub-parallel

and curved strongly towards and past the tip of the pcrithecium. Receptacle sub-triangular,

short and rather stout, the partition between cells II and \l very oblique, the basal cell small,

sub-triangular, hyaline* l^porcs, 50 X 5 //. Perithecia, 100-120 x 40-50 /i. Appendages, long-

est, 180/1. Total length to tip of pcrithecium. 200-220 /i.

On Platynus extenslcoUis Say, New England.
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This small species is allied to L. parvula in general form, but is at once separable by its

stouter carved appendages. It occurs only on the legs of the host mentioned, usually in small

nnmbcrs, and is very constant in its characters.

Laboulbenia recta Thaxter. Plate XIV, figs. 27-28.

Proc. Am. Acad. Arts and Sci. Vol. XXYII, p. 42.

Olivaceous. Perithecinm straight, rather small, symmetrically inflated, the sliort, almost
truncate, black apex abruptly distinguished ; the wall-cells distinctly spiral. Outer appendage
consisting of a basal cell bearing distally a terminal and on the inner side a sub-terminal branch

;

each usually once branched above its basal cell: the inner appendage consisting of a much
smaller basal cell, producing two branches, each of which may be once branched, the ultimate
branchlets of both appendages stiff, erect or diverging slightly towards the pcrithccium, taper-
ing slightly, rather closely septate and about equal. Receptacle long, straight and rather
slender. Spores, 75-80 x 6-7 /x. Appendages, longest, 200-250 ^l. Terithccia, 150-180 x 50-
75 ii. Total length to tip of perithecium, 350-430 /u.

On Platynus extensicoIUs Say, Maine and Connecticut,

This rare species was found in several localities about New Haven and at York, Maine,
attached to the anterior legs of its host in company with L. scelophila, winch is, perhaps, its
nearest ally

;
although readily distinguished by its smaller size, different shape and curved

appendages.

perithecium have a spiral twist.

of

Laboulbenia cristata Thaxter. XVII, fins. 24

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 1 74.

three to six- UrJ.i i7 ,
™ "^ "PP"'' flattened surface a scries o£ from

ttS ur e L:;;^^^:^^^^^
"» »'--t bas.U, deep,, UUcUened and e'on-

inner basal cell .Trfl , ^
'"''"""'=' '^''"*' P"''*'™' commonb' broken off. The

taperino- Recentn.l„ 2 fT .
='' '"'^•>'^'' ""'^ scpfate, the ultimate branches straight and

Append;:: (rt;:^::itdi::r:^
tip of perithecium, 250-280^.

'^'
^' ^^'^^ *^'"'' ^^ ^- ^^^^^ ^^"^^'^ ^^

Pcedems Uttorarim Grav., and P,

^^^^^«s rw/co??/.s Fabr., Austi
Pisder
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A very well marked and in the case of well developed specimens one of the most strikiiur
to

species of llic genus, easily recognized by tliu crcst-likc scries of branches from the oufor

appendage, which, however, varies very considerably. Tlie specimens from ilt^xico and EiirojK^

ilUistrate the extremes of development as far as the appendages arc conccrucJ, fig. 29 rq>reso)it-

ing a specimen from the first mentioned locality. The s])ocics is ratlicr common in i\vy or moist

situations, the hosts being abundant in rubbish in cultivated lami. It is doiib(l<'ss this form

which is mentioned by liouget as occurring on Padcn/.s In France and confuf^cd by him \vi(h

L. Rougetii. It is a distinctly isolated form, and cannot be said to be definitely related to any

of the known si)ccies of the genus except the following, although an nndescribed form occurs on

BIcdius, which approaches it in some respects.

LAnouLDEXiA DiorsTs nov. sp. Plate III, fig. 6.

Perithecium dull amber brown, a blackish patch below the hyaline lip margins on tho inner

side, the inner edge rather straight, the apex large, prominent and somewhat abruptly dis-

tinguished, the insertion of the trichogync usually conspicuous. Receptacle often very lung-

stalked through the great elongation of cell 11; the distal portiuu small, compaci, ratlier

abruptly distinguished from cell 11, its cells more or less uniform in size; the whoh^ tingid with

brown, the distal part more deeply- Appendages arising from an inner and an outer cell, the

inner usually producing two short two- to three-celled branches bearing the long, slender nnthe-

ridia; the outer followed by three cells: the lower producing from their inner side one, rarely

two, superposed branches, the upper a crest-like series of branches arranged antcro-posteriorly in

a single row. All the branches more or less decj)ly tinged Avith brown, somewhat constricted at

the septa, rarely furcate above the basal cell, often tending to grow stouter distally, the terminal

cell of each bluntly rounded or tapering but slightly. Spores, about 1 x 55 fi. Perithccia,

110-140x30-38/1. Receptacle: distal portion about 85x50/i. Cell II, 200-500 x 25 /i.

Total length to tip of perithecium, 300-800 /i.

On Diopsis tlioracica Westw., Coffee Ilill, Liberia, Africa (0. F. Cook).

Tliis curious form, which was first observed on its singular host by Professor Cook, is the

first species of the genus which has been found on a dipterous insect, in the present instance a

fly with stalked eyes, and, according to Professor Cook, with riparian habits. It seems in gen-

eral to be subject to little variation except in the length of cell IT, which may be greatly elon-

gated. In the general form of its perithecium and receptacle it recalls to some extent L. miter-

ranea ; but it is undoubtedly more closely related to L. crlstata than to any other sficcies, as is

indicated by the form of its appendages and antheridia. as well as by the outline of its perithe-

cium. Tlic types were found on the legs and abdomen as well as on the eye stalks of the host

on which, from their length and dark color, they are quite conspicuous.

Laboulbenia Brachini Tliaxter. Plate XX, figs. 1-8.

Troc. Am. Acad. Arts and Sci. Vol. XXVII, p. 40.

Amber yellow, becoming more or less suffused with amber brown» Perithecium rather

small and stout, somewhat inflated, the apex deep black, largCj bluntly rounded. Appendages
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consisting of two basal cells, the outer becoming blackened, bearing terminally a variable num-

ber of branches arranged in a single antero-posterior fan-like scries ; the branches mostly furcate

near the base, the inner producing short, somewhat specialized antheridial branchlets, bearing

terminally two to five antheridia. Receptacle variable, often short and stout, sometimes elongate,

normal in form. Spores, 75-85 X S /x. Perithecia (average), 165 x 75 /x. Appendages, longest,

about 375 fi. Total length to tip of perithecium, 150-650 fi. Average, 525 /z.

On JJracJiinus, several species, Maine to Texas. On B. mexlcanus Pcj., Oaxaca, Mexico.

This well marked form, although subject to very considerable Tariations in size, sljapc and

in the character of its appendages, can hardly be confused with any other species. la excep-

tional cases the appendages are comparatively simple, as in fig. 2, in which the inner basal cell

bears two ordinary branches in the usual way, but in the great majority of cases this cell

becomes proliferous from its inner upper angle, each successive proliferation resulting in a

brand), the resultant groups of branches forming, with the outer appendage, a crest-like series

(figs. 1 and 3) of very characteristic appearance. Tlie appendages arc very apt to be broken,

especially the oittmost branches, which are often deeply blackened (fig. 3). "When growing on

the legs and jaws the specimens are usually very small and stout (fig. 1) ; but on other portions of

the liost very elongate forms often occur. The species is by no means uncommon, and has been

found in numerous localities about Cambridge and Kittery (Maine). In two specimens from the

last locality, fine trichogynes were obtained which arc copiously branched, many of tho terminal

branchlets having a spiral habit and ending in a distinct knob-like enlargement. The nntlic-

ridial branchlets, although not as highly developed, recall those of L. variabilis which, however,
does not seem otherwise nearly related. The hosts are more often found under stones about
ponds and streams, and are recognized by their habit of discharging a cloud of i.ungcnt vapor
when disturbed.

Laboulbexu zanzibaelxa Thaxter. Plate XVII, fi<rg. 1_3.

XXVllI

Ohvc brown, the basal cell nearly byalino. Perithecium rather large, more deeply colored
belo^r the somewhat suffused tips of the lip-cells, the latter not prominently distinguished,
lormmg a slightly enlarged, broad, somewhat flat-lipped, almost straight apex. Appendages
consistiug of two basal cells, the outer producing externally a single obliquely vortical series of
branches their basal cells inwardly concave and bearing externally a secondary series of
brunchle s arising hko tlie primary ones and producing branchlets of the third order : the inner
basal cell producing similar shorter series of branches on either side; tho branches, like those
of he outer appen age some of them producing antheridial branchlets bearing a terminal nnv

slliH tl / , T'"
'""'' ''™"'='''^'' °^ ''°"' "1>P-'^''S0S similar, cylindrical, bent

i '^nu: 'f
"", P;"">^;™-- «-^P'-e •becoming nearly op^.uo, its dark portion; dis-

eia ion; r r'""'
"'" ^' '=™""""'^ ''°»"-'-^- ^— '"'0"t 50 /ion.. Peri-

200

1

Appendages (longest), 200 ^. Total length to tip of perithecium, 185-

On Orepidogaster UmaciiUta Boh, Zanzibar, Africa.
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The appendages of this curioua species distinguish it from all others, and in tlicir successive

one-sided branching recall those of the genus Toiatoniyces,. this one-sided lial»it being even char-

acteristic of the anthcridifll branchlets (fig. 3). It is scarcely possible to dcterniine in the

material available whether the inner basal cell produces a scries of I>rnnches on cither side or

only one scries. Assuming that the last is true, the fundamental hal»ii of branching is not

unlike that of L. Brachlnl, although the insertion of the primary series in the latter is more

nearly horizontal. The types were taken from a specimen of the host in the ^fuscum of Com-

parative Zoology, growing at the tips of the elytra and on the adjacent portions of the abdomen.

LABOULnENiA Galekit^ Tliaxtcr. Plate XIX, figs. 9-12.

Troc. Am. Acad. Arts and Set., Vol. XX^'II, p. 39.

Perithecium becoming almost opaque, transversely punctafo, elongate, sub-cylindrical, tapering

rather abruptly to the blunt apex ; the lip-cells turned slightly outward ; the basal wall-cells form-

ing an abruptly differentiated, clearly defined hyaline neck-like base. Api)endages consisting of

two basal cells, hyaline above, black below, above which rise three connected scries of superposed

cells; one outer and two inner, each producing from three to six single simple branches, and

forming a sub-conical body: the branches, one from each cell, tapering slightly, their distal por-

tions straight, slightly divergent, hyaline, remotely septate; the basal portion uiorc or le.'^s

suffused with blackish brown, more closely septate, the segments inflated and constricted at the

blackened septa. One or two of the lower branches from the two inner series arc fertile,

consisting of a single cell bearing terminally a group of from two to five long-necked,

slightly curved, brownish antheridia. Insertion cell broad, free from the base of the perithe-

cium. Receptacle variable, often elongate, cells III and IV externally or almost wholly

blackened and opaque, the remaining cells hyaline or with brown suffusions. Spores, 50 X 5.5 /*.

Perithccia 155 X 37 /i. Appendages (longer branches), 350/*. Total length to tip of peri-

thecium, 375 (I. Maximum, 600 /x.

On GaUrita janus Fabr., District of Columbia (Pergando) to Alal)ama (Ilfuderson) ; G.

atripes Lee, Kansas ; Galerita sp., Iowa ; (7. mcxicana Dej., Mexico.

This common and well marked species is apparently wide]}' distributed, and can hardly be

confused with any other form unless it be the succeeding species; which is, however, immediately

separable by the position of cell TTI, although in both the same more or less conical or pyra-

midal base gives rise to the three vertical scries of branches, two inner and lateral and one

outer, which are so characteristic in their apiMjarance. In some cases the tips of these branches

have a spiral twist, which is probably accidental, but otherwise the species is a very constant

one. I know of no other form in which the perithecium is so conspicuously punctate, the spots

beiu'r arranged more frequently in rather definite transverse Hues and themselves often elon-

gated transversely. The species occurs scattered indefinitely over the surface of its host, more

often on the elytra.
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Laboulbenia decipiens Thaxter. Plate XX, figs. 19-21.

Proc. Am. Acad. Arts aud Sci. Vol. XXX, p. 473.

Perithccium nearly opaque, not punctate, large, slightly and evenly inflated, tapering rather

abruptly to the nearly symmetrical apex ; the basal wall-cells forming a short, stout, clearly-

defined, hyaline neck ; the septa separating the tipper wall-cells, deeper blackish and spirally

twisted. Appendages consisting, as in L. Craleritce, of a conical cellular base consisting of one

outer and two inner rows of superposed cells, each of which bears a single simple, strai<>ht

septate branch, its lower segments slightly inflated, hardly exceeding the tip of the perithccium.

Antheridia blackish, with a very long curved neck, borne singly or two together from the sub-

basal cell of the inner series of superposed cells. Receptacle as in L. Galeritce, except that
cell III extends upward nearly to the black insertion cell of the appendages, cells IV and V
being wliolly included by it. Color sub-hyaline, with brownish suffusions especially in the
region of cells lY and V. Perithccium, 175-278 x 55 /i (smallest, 130 X 37 /i), its stalk-like
base, 40-55 x 30 fi. Receptacle (larger), 300 x 75 /*.

On Galcrita ccquinoctialis Chaud., Guatemala, and G. nigra, Chev., Mexico.

This species is remarkable for its close resemblance to X. Gahrit^. It is at once dis-
tinguished by the position of cell III and by the peculiar twist of its pcrithccial wall-cells,
which are not punctate, as in the latter species, and differs further in the form and size of its
authcnd.a as well as in the branches of its appendages, which are more numeronn as a rule and,
as far as can be determined, from the rather poor material available, much shorter. The
tlnrty-six types were obtained from specimens in the Museum of Comparative Zoolo-y.

Laboulbenia mexicana Thaxter. Plate XIX, figs. 1-3.

Proc. Am. Acad. Arts and Sci. Vol. XXVTTT, p. i7i.

^T^:,ZT^l f"'^"f '

"" ""'' "^-"-'iPP^^ »Pex abruptly di.ti„,n,!s,,od,^ZXt^^T^^r^^^^ "^^ P->'->"-. --''ting of t.™W
and an inner \JJ! !

''' ""^ °"*'='' """""^ »™P'». •"<'<' <lceply suffused,

eit er si one 'or r"
°''

"T"''"^-
^™" *'"= '""- "-»' -" -- two b ancl.os o.:

^n^:^^^C^fZ:2:T^:^''y'!^ -"^ 0' the poHt„eci„. ,..,e and di -

, eo,. Appendages, longest, 220^. Total length to tip of .erithecium. 500-600 ft.

On Galerita mexicana Chaud., G niarn Ch.^ n
Nicaragua.

' ^^ ^^^^•' ^' n^^nociialu Chaud., Mexico and

One of the

conspicuous from its light color.
of

O of

Ku and .fi
^^''^"; i^«"^necium and the long-necked forms like those of L.

oaicrs. The lower series of perithecial wall-cells are in the present
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species much shortened about the base, and in some cases show a l*'mlency io form a stuul sfnlk,

the sub-basal series occuin'ing almost the whole length of the j^critlieciunu Tlie types examined

were derived from specimens in the Museum of Comparative Zoolotrv.

Laboulbenia melanotheca Thaxter. Plate XIX, fig, 4.

Troc. Am. Acad. Arts aTid Sd, Vol. XXX, p. 472,

Tinged with pale reddish brown, except the nearly black peritliecium. Pcrifhccium lonjr,

straiglit, symmetrical, sub-cylindrical or Itut slightly inflated, narrowed abru]»tly to (he sym-

metrical apex, its basal wall-cells elongated to form a nuck-likc stnlk about one-fourth as long

as its main body, projecting from tlic receptacle at an angle to its long axis towards and

beyond the appendages. Ai)pcndagcs as in Z, mexicann^ hardly exceeding the pcrithccium in

length, consisting of two basal cells: the outer producinir an outer and an inner branch

cither simple or once branched ; the inner producing sino'lc branches on citlicr side, llccep-

tacle elongate, expanding very gradually from the base, distally abruptly rounded and con-

tracted below the insertion cell on one side and the neck-like base of the pcrithccium on tho

otlier. Spores, 95 X 5.5 /i. Perithecium, 220-245 X C0-G5 /x, its aicck-like base about 75 x uO/x,

Receptacle about 515 X 100/i.. Total length to tip of perithecium, 800-835 /i.

On Galerita mexicana Cliaud., Nicarngua.

This species has been previously referred to by the writer as a jiossiblc hybrid between L.

mexicana and L. Galeritce. It seems on more careful comparison, however, to be abnnrlantly

distinct from either. The neck-like base of the perithecium formed from the elongated bnsnl

wall-cells of the perithecium lie wholly below the ascogcnic cells. The eight types were found

on the elytra of their host in company with Z. mexicana.

Laboulbenia longtcollts Thaxter. Plate XIX, figs. 5«-8.

Troc. Am. Acad. Arts and ScL Vol XXVIII, p. 172. .

Perithecium becoming suffused with dark brown^straight, thick-walled, often slightly inflated,

the apex short, rather large, abruptly distinguished, black, its lips hyaline, turned slighlly

mward. Appendages consisting of two basal cells, the inner smaller, bearing distally two

rounded cells, the upper surface of each blackened and bearin^ two to five branches, which

arise side by side and spreading laterally may be successively and similarly twice branched,

the whole having a fan-like habit, the ultimate branches usually one to three in number, either

bearing two to three long-necked, straight antheridia, or sterile, somewhat elongate, straight and

tapering. The outer basal cell superiorly and externally blackened, the blackened ridge extend-

ing obliquely outward and downward nearly to the base, bearing a row of closely set branches

of variable number (three to five) which are successively three to five times dichofomously

branched, the ultimate branches suffused with brown, straight, slender, tapering, arisinir from a

short characteristically bent basal cell ; the basal cells of all the main branches hyaline, slightly

inflated inwardly, the septa black, contrasting. Receptacle large, cell V as large or nearly as

T..^^^ oc. nr^\ TV flin nn^V nf fljp norithprium nhniih 175 u in IcUL^h. SDOrCS. 75 X 6.5 U. Pcri-
o
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tliecium, 180-220 X 50-60 /t. Longest appendages, 510 /i. Total length to tip of pcrithccmm,

600-780 ti.

On eljtra of Galerita leptodera Chaud.^ Guinea ; Galerita sp., Liberia, Africa.

The figures of this species were drawn from a small amount of very ]>oor material found on

a specimen of Gr. leptodera in tlie collection of the Cambridge Museum, and do not give a very

good idea of the fully developed appendages. Abundant material has since been obtained from

specimens of an undetermined Galerita collected by Professor Cook in Liberia. T\^hen perfect

tlie species is one of the most striking of the genus in appearance from the copious development

of its peculiar brandies and its often greatly elongated neck. It is most nearly allied to L.

Gakritce, and represents the highest development of this peculiar type. The very numerous
specimens examined were found for the most part on the upper surface of the hosts.

Laboulbenia Kuxkeli Thaxter. Plate XVIII, figs. 9-10.

Proc. Am. Acad. Arts aud Sci. Vol. XXX, p. 471 ; Thaxterm KunMii Giard. Coroptes Reudus HeLdom. d. Seances d. 1. Soc.

Biol. Scr. IX, Vol. IV, p. 156.

Pcrithecium blackish brown, nearly opaque, strongly curved outward, sub-cylindrical or
somcwliat thickened distally, tapering somewhat abruptly to the ratlicr small, nearly truncate
tip

;
the lii>cells distinct, the inner smaller and often slightly more prominent ; the lower

Beries of wall-cells elongated to form a hyaline, slender, cylindrical stalk sumcwhat shorter than
the ascigerous portion above it. Appendages consisting of two basal cell8; llie outer becoming
opaque, producing usually two branches, one external, smaller, opaque, one to three times sym-
podmlly branched, the other terminal four to nine times sympodially branched like the first in
an antero-j30stmor plane, erect, the branchlets sub-hyaline at the tips, the whole otherwise
opaque. The inner appendage consists of a basal cell, from which arise two branches, which,
curvmg outward, du^rge on either side, rarely simple, usually furcate above their deeply

ffused sub-basal cell
;

their basal cell several times as large,^ inflated, snb-hyalino, snffuLd

iiho tho. tT' ''T
"'' '"'''" ^"^'"P^^^^"^ ^^-^ «- t'"-« ^--hcd the branchlets

lated and vol
"

'ifTrf
^'^ """^^"^^^^ ''^^^ ^"^ ^-T s^eixder, cell YI greatly clon-

w th s mc^^I^^^^^^ ZT'f' '" ?'r ^^^"""^^^' ''''''^- ''^'^^'^ ^'' *^- -^^^ P-^tate or mottled

t-tTinv 11 ; 'TTfi ''''''''' P^^^^"' '''' " ^^t- ^---^^ - q-te opaque, theopacity in\oivinfr nart nf ooU T fV.« „ • • ., ,
i i i j

hyaline or pale yellowish brown.
rece

X 75-85. -stak S-^OItTv rn
"i"" '*' "'^ ^ ^* Z'- Fcrithecia (^poriferous portion), 360-585

On Mormohjce jphjllodes Hagenb., Pcrak, E. Indies.

specimen of MormolvPP f..\ ^^ .

^--^^^qnion is derived were obtained fi-om the

tI.eso situations. e™u .^.I ifl "' """^,' ''"^ "'"'"'-" -" «'« "-e of the legs. In all

form

was originally confused.
the

Im

g and character of its appendages
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IS distinctly peculiar, it should, I think, certainly be referred to the present, genus, since it con-

forms in ever/ essential point to the t^-pe structure found throughout Die scries, find is less

peculiarly modified in important points than very many of the renininini: species. The dimen-

sions given by Giard arc much greater than those of the specimens uliieli 1 have examined.

The smallest specimen among these measures 1.17 mm. in Kiiglh, wliile the lai-gcst hardly

exceeds 2.2 mm. According to Ciard, however, specimens of uicdium size measure 3.1^2 mm.,
while larger individual.s may reach 4 mm. in lejjgth. In any case, however, the species is by far

the largest of all the Laboulbcniacca;, as well as one of the most striking. Both this find the

succeeding form appear to 1m' more closely related to L. longicoUis and what may be called the

GalerU(e- group of the genus than to any other, but apart from the production of a pcrithccial

neck the resemblance is not very close in any case.

I#

Laboulbenia palmella Thaxter. Plate XVTII, figs. 11-20.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 471.

Perithccium nearly straight, nlinost opnqiic, sometimes sli^^litly inflated, ifs {]{) noarly sym-

metrical, truncate, its inner walls often having a cornigatcd appearance, Oio four lower wall-

cells elongated and contracted to form a short stalk below and about one third as long as the

ascigerous portion. Appendages rigid and but slightly divergent, arising from two small basal

cells : an outer which gives rise to a series of two or three opaque branches placed antero-pos-

tcriorly, the inner of which alone reaches any considerable size, branching 8ymj)odially in an

antcro-postcrior plane, the main axis opaque, successively inflated below the branchlets, which

are usually about ten in number, opaque with hyaline tips; an inner which gives rise to a single

branch on either side, consisting of a sub-cylindrical basal cell, black below, nearly hyaline

above and followed by a series of sympodial branchlets like those of the outer appendage.

Receptacle short, tapering rapidly to the base, wholly black and opaque with the exception of the

whole or a portion of its basal cell, which may be hyaline, and is abruptly bent above the very

large hoof-like haustorium or blackened point of attachment- Spores, 150xl2yu.. Peri-

thccium, 475-580 X 75-11^0 ./x, its neck, 75-150 x 35-65 /x. Receptacle, 300-400 /x, its greatest

width, 75-100^. Appendages (longest), 500^, the branchlets about 225-250 x 7-8 /i- Total

length to tip of perithccium, 1-1.1 mm.
On Mormolycc phjllodes ITagcnb., Perak, Molucca, Java.

The writer is indebted to the late Professor Riley for abundant material of this species

found by Mr. Schwarz on a specimen of Mormolyce in the National Museum labelled "Java,"

as well as to Mr. Beutenmueller, who has kindly sent material derived from a specimen in the

Central Park Museum labelled Molucca, and to Professor Giard, who has also generously

allowed him to examine the original specimen of Mormolyce from Perak, on which the types of

L. Kunhelii were associated with the present species. The two species are very closely allied,

and were found intermingled toward the base of the elytra, although the smaller was much

more abundant on the flattened margins, where it presents the appearance under a hand lens

of a grove of little palm-trees. The aT)sence of any transitional forms between the two species

seems to render it unlikely that they ^should prove merely varieties of a single form, while the

22

m
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much smaller size of L. palmella^ its wholly opaque and short receptacle, straiglit, short-necked,

proportionately stouter perithecium, large hoof-like base, together with the absence of furca-

tion in the main axis of the two lateral branches of its inner appendage, afford sufficient

specific differences. The antheridia appear to be represented by flask-shaped bodies borne

on short hyaline branches near the tips of the branchlets of tlic inner appendages. The

trichogynes are well developed and more or less copiously branched. The very large amount

of material examined indicates that this species is subject to little variation in form and is rela-

tively constant in size.

1

Laboulbenia Pheropsophi Thaxter. Plate XX, figs. 13-15.

Proc. Am. Acad. Arts and Sci. Vol. XXA'III, p. 170.

reritheciura becoming suffused with blackisli brown, straiglit, tlic two upper thirds free from
the receptacle, rather slender, the outer margin curving abruptly inward to the base of the
prominent tip, which is itself bent slightly outward, its base deeply suffused. Outer appendage
slightly divergent, somewhat exceeding the perithecium, composed of usually five or six super-
posed cells, somewhat longer than broad, each of which gives rise externally from its upper half
to a single simple short branch, tapering distally. slightly constricted near the base, where it

is divided by a blackened septum : insertion-cell rather broad, black, and considerably exceeded
externally by the free upper surface of cell lY. Inner appendage smaller and similar or once
to twice sub-dichotomously branched above its basal cell, the lower septa blackened. Pvcccp-
tacle normal, cell II usually hyaline, the rest becoming suffused with olive-brown. Ppures,
75x4.5^. Perithccia, 150x50/.. External appendage, 100-150^, its branches almut AO ^
long. Total length to tip of perithecium, 250-500 fx.

)

ndetermincd species from South Amer;

^j>8ophu8 sp. indd.y Liberia, Africa (0.

This form appears to be common on species of Pheropsophus from South America occurring
on al parts of the host. In general form it is much like some vari^ics of X. elongata, but is
at once separable by its appendages, which are peculiar both in form and method of branching,

hbeld"^
' exammed inthe collection of the Museum of Comparative Zoology one

pimLr; "TTir
^^^•'^'^^(•)" ^-- 2--^-^. was found to bear a small number of

ZTZ w th ,t r T 'T:"' "
"^'^ ^'''' ^^- «P^«- --Pt tl-t the antheridia

me^ re' I 1t"T "T'
'""^"^^^^' "^ ^^''^ - «^-^'^ "^- All the speci-

t d and thef" f'"
'''' """^'^^^^ ^^ '''' -^^^'^ developmen of the inner

resemble in all respects.
American types, which they otherwise
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Laboulhenia Panag.ei Tlinxtcr. Hate XJX, figs. 17-20.

Troc. Am. AcaJ. Arts and Sci. Vol. XXV 11
1, p. 170.

Pcrithccium becoming wholly suffused with blackish brown, straight, thick-walled, cylindrical
or slightly inflated, the apex truncate or slightly oblique outward, <he oufor lip nearly hyaline.

Appendages arising opposite the base of the perithcciuin, consisting of two equally broad basnl
cells, the inner shorter, bearing each a single cell from which arise from three to five tisually

simple branches hardly cxccedhig the pcrithccium, Ihu lower cells usually inflated, the septa
blackened, as is the outer wall of the external basal cell. Roceptncle normal, cells 111 and IV
blackened externally or wholly, the suffusion becoming general in older individuals, in which
the basal cells of the pcrithccium may become elongated to form a neck-like base free from
the insertion-cell of the appendages, which becomes i)ushed out quite free from the pcrithccium

by the elongation of cells IV and V. Perithccia, 100-150 x 35-40 /a. Longer appendages, 250-
330 fjL. Total length to ti]) of pcrithccium, 240-330 /x.

On elytra and thorax of Panagmis crucigerus Say, and P.fasciatua Say, Southern United
States.

Specimens occurring upon P. crucigerus are decidedly larger and more elongate than those

observed upon the smaller species. The form belongs to the group of which L. Gahriice may be
taken as the type, in which the lower scries of wall-cells tends to form a neck-like base. The
inflated cells of the appendages recall those of L. infiata, but the two species are not related.

The hosts affected are myrmccophilus Carabida^, inhabiting ants' nests.

Lacoulbexia australiensis. Plate XIX, fisrs. 13-16.
5 "G

True. Am. Acad. Arts and Sci. Vol. XXVIII, p. 171.

Perithecium as in the preceding species, less deeply suffused and supported in older individuals

by a more or less neck-like base. Appendages consisting of two closely united basal cells;

the outer much the largest, and giving rise directly to two branches, the outer deeply suffused

with olive-brown, the inner once or twice branched, hyaline or with suffused tips. The inner

basal cell gives rise to one or two branches, simple or once or twice branched ; the insertion-cell

black, thick and rather narrow, placed opposite the base of the perithecium. Receptacle nor-

mal, except for the eventually neck-like hyaline base of the perithecium, hyaline, becoming suf-

fused with olive-brown, especially in the region of cells II, III, and VI. Spores, 74 x5.5/t.

Perithccia, 110-148 X 38 /i. Longest appendages, 222 /x. Total length to tip of perithecium,

220-300 ^.

On elytra of Acrogenys Tiirsuta McLean, Australia.

This species appears to be allied to L. Panagcei, although the appendages are very different

in character. The available material is not abundant and is in rather poor condition, yet ihe

species seems sufficiently well marked.
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'

Laboulbenia C0PT0DERJ3 Thaxter. Plate XYII, figs. 14-15.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 168.

More or less sufTuscd with faintly olive brown. Perithecium rather large, the apex, ^vhich

is bent slightly outward, dark, the lateral lips forming a slight angular prominence over the lat-

eral external pore. Appendages two, the outer single, curved outward, blackened externally or

wholly opaque, giving rise from its convex side to several successive branches rather irregular in

outline and often once branched above their basal cells. Inner appendage consisting of a larger

basal cell, which gives rise from its apex on either side to a branch, these two branches in

turn successively several times branched, but in a plane at right angles to their own ; the lower

cells more or less deeply suffused or externally blackeucd. Receptacle normal, cell II of Inrge

diameter. Spores, 40 x 3.5 ^. Perithecia, 100-110 x 33-35 /^. Appendages (longest), 150 /.t.

Total Icugth to tip of perithecium (average), 200 fi.

On Goptodera Championi Bates, Panama.

\ This species docs not appear to be very closely allied to any other form known to me. Tlic

appendages are not unbroken in any of the specimens, but appear to be decidedly characteristic

in their mode of branching. The knob-like tip of the perithecium and the rather abrupt enlarge-

ment of the receptacle above the basal cell also render it peculiar in general appearance. The
tvpcs were found along the outer margin of the hosts' elytra.

' Laboulbenia Texana Thaxter. Plate XX, figs. lG-18.

Proc. Am. Acad. Arts aud Sci. Vol. XXVIII, p. 172.

Perithecium wholly suffused with blackish brown, short, its upper half free, the outer edge
abruptly curved inward to the base of the very prominent apex, the lips of which are brown,
bhghtly pointed. Appendages two, hyaline, almost distinct above the Tcry broad black insertion-
cell, the outer broad at the base, tapering distally, strongly curved inward, rather closclv sep-
tate, a small cell opposite each septum on the convex side, bearing a single short simple branch
rather closely septate, hyaline, blackened and constricted at the base, directed obliquely
upward The inner appendage similar, except that a cell is present opposite the first septum
at the base on the inner side, which bears a single antheridium or a very short fertile branch.
Receptacle abruptly expanded above cell II, cells I to VI hyaline, the rest blackish brown ; cell
V greatly enlarged, so as to throw the appendages outward, separating them by nearly its whole
Width from the perithecium, its free upper surface forming a right angle with the straight inner
margin of the perithecium

; cells I and II rather slender. Perithecia, 130-150 x G5 ^. Append-
^b-lUO IX. Length to tip of perithecium, 400 /a. Great-

est width, 110 /i.

(longer)

On BracMnus spp., Texas, Guatemala.

as it is ronl!lt7 !, t '' "'° perithecium is not quite so broad in all specimens

Bro -h "c^ the
1 '"

>\ "T'
'"* "" '"""'' ^"™^ otherwise verv constant. It ,vas foundgrowmg on the mfonor lateral surface of the prothorax of its host.
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Laboulbenia Paceytelis Tbaxtcr. Plnfc XX, figa. 9-12.

Pror. Am. Acad. Art* md Sti. Vol. XXVlII, p. 173.

Pcrithccitim rather small, but slightly exceeding the receptacle, suiTusr.l with dnrk ulive-

brown, becoming irnarly opaque, taj.eiintj nbruptly to Ihc rather slender blackened tip, which is

beat sllshtlj outward, the nearly hyaline lips onlwardly ubliqnc. Appendages two ; the outer

forming a sub-conical body composed of superpoBcd flnltcned cells four to ten in number, each

Qficcn

branch, blackened at its base, where a basal coll is cut olT by a conirasting black H^ptum.

The inner appendage consisting of a Finall basal and sub-buKal cdl ,sc-paratcd by a blackened

septum, the upper giving rise dirtctly to from one to three antheridia or hurt sterile brandies.

Receptacle short or elongate, nearly hyaline or becoming distally suffused with blacki.sh brown,

normal, except for the unustial development of cell V, which extends along the inn^r margin

of the peritheeium beyond the inserti-.n of the appeiuhigcs, pushing them ontsvard free from

the peritheeium. Spores, 66 x 7 ft. Pcrilhecia, 110-150 x 50 ^. Outer appen.lacc, without

branches, 90 ^ long, the branches (longest), IRO/x. Total lenglh to tip of peritheeium, 300-

G50 IX.

Oa Pachyteles mexicanua Chaud., Mexico.

This striking species is distinguished at once by its outer appendage, which cannot be mis-

taken for that of any other form. It is rather variable in size as well as in the structure of

its receptacle and its relation to the peritheeium, which is more commonly that represented in

fig. 9. This individual, however, shows an abnormal scptation of cell IT. Numerous siMJcimcns

were obtained from the legs and inferior surface of its host.

LABOULiiENiA MoKiONi.s Tliaxtcr. Plate XXI, figs. 19-22.

Troc. Am. Acad. Arts and Set Vol. XXVllI.p. 169.

Pale straw-colored throughout except for a slidit blackish brown shade below the apex of

the peritheeium. Peritheeium small, narrow, its whole inner margin connected with the recep-

tacle, beyond which the rather truncate hyaline tip projects. Appendages inconspicuous, con-

sisting of two basal cells, each of which may bear one to three short bi-anches. Receptacle

elongate, slender, expanding but slightly toward its extremity without any abrui.t enlargement,

the small blackened insertion cell carried outward with the appendages free from the perithe-

eium. Spores, 65 X 5 /*. Appendages, 40-50 fi, Perithccia, 110-125 X 30 /x. Total length to

tip of peritheeium, 375-425 /i- Greatest width, including peritheeium, 50 /^.

On Morio GcorgicR Pal., Mexico.

This singular species is distinguished by its narrow habit and small peritheeium, which is so

closely united to the receptacle and so slightly distinguished from it that it appears at first sight

undeveloped. In some specimens the hyaline tips of the lip cells only are free beyond cell V.

The appendages are almost obsolete in some instances, and are more reduced than in any other

species. It seems undoubteaiy allied to x>\

the allied hosts Clivina and Schizogcnius.

(X. Schizo'jcnii and X. Clivince) occ
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Laboulbenia Aspidogloss^ Thaxter. Plate III, figs. 8, 9.

i

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 473.

Perithccium black, almost opaque, rather narrow, the inner margin curved abruptly outward

to the rather large apex, the lips very obHque outward. Appendages arising from two basal cells

which are nearly equal in size : the outer inflated and separated from the cell above it by a

blackened septum, this sub-basal cell roundish, inflated, about as large as the basal cell and giv-

ing rise to two branches, an outer and an inner ; the outer separated from it by a blackened

septum and consisting of a basal cell with three terminal branchlets, the inner of which is

deeply and broadly blackened at its base, while the other two are wholly hyaline and fertile; the

inner branch from the sub-basal cell has no blackened basal septum and produces several short

branchlets bearing numerous antheridia. The inner appendage, like the outer, consists of a

roundish or squarish basal cell separated from a sub-basal cell by a blackened septum ; the

sub-basal cell producing a tuft of short branches bearing at their tips two to four antheridia

or becoming more elongate and sterile. Receptacle normal, the two basal cells rather slender,

elongate, colorless ; the distal cells suffused with blackish brown, rerlthecia, 110-120 X -40 fi.

Appendages (longest), 240 /i. Total length to tip of perithecium, 333/*; greatest width, QS fi.

On Asjoidoglossa mhangulata Cliaud., Kansas (M. A. Barber).

A species clearly marked by the peculiarities of its appendages, which, unlike almost all

other species of the genus, are fertile without regard to their external or internal origin. In

this respect they resemble L. Glivince, which is found on a closely related host. Otherwise its

relationship to other described species is not evident. It occurs rarely on the host mentioned,
usually not more than two or three on a given specimen.

Laboulbenia CuviNiE Thaxter. Plate XXI, figs. lG-18.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 1C9.

Color pale straw-yellow to reddish. Perithecium short, stout, united to the receptacle for
three quarters or more of its length ; its free portion abruptly tapering to the rather small
tip

;
the lip-cells turned slightly outward, with a blackish suffusion below on the inner side.

Appendages united to form a single brush-like organ without any blackened insertion-cell, and
consistmg of a basal cell which may be single or longitudinally several times divided, followed
by a second series of two or more elongate cells placed side by side and bearing distally a series
of branches which, by branching several times successively, form a douse tuft; the ultimate
branchlets slender and curved, sterile or fertile. Receptncle moderate, normal, except that
col s n and V become irregularly divided into often numerous (four to eid.t) cells which vary
in form,^size, nun^.er, and position in different specimens. Spores, 75 X 6^;.. Perithecia, 145-
150 X 5O-60 ^. Appendage, 110-200 ^. Total length to tip of perithecium (longer), 400 /..

dentifemorata Putz., Mexico, and 0. dentipe> Dej., Kansas (Uarbc°r)

,ln Ty 7""^ .','
"""'""^ f'^ma-^aWe for tl,c ,mion ot its appendages at tl.eir baso into a

sing body and the abnormal scptation of cells IT and V. Tbc appendage is subject to great
vauation, and ,n some specimens produces great nnmbera of antheridia without regard to the
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position of the bi-anchcs. It is evidently related to L. Schizogenli mul if-s nlHcs, but cnniiot bo
confused with any described species. It appears to be a rare form and occurs scattered here
and there on various parts of its host.

Laboulbenia Sciiizogenii Tbaxter. Plnte XXI, figs. 13, 15.

Troc. Am. A. ad. Arts and Sci. Vol. XXV 11, p. 43.

reritheciuni blackish brown, deeper below the tip, sometimes nearly opaque, milior short
and stout, inwardly inflated and united with the receplaclc t.. its very tip; the hynlinc extremi-
ties of the lip-cells only free, and bent slightly outward. Aj.pcndagos arising from a black
insertion-cell, consisting of two basal cells, which may be longitudinally several times divided,
bearing distally two to several nearly hyaline brnnchcs, which may in turn be several times sub-
dichotomously branched, the ultimafe branclilets flexuous. "Receplaclc hyaline or straw colored,
sometimes distally sulTuticd with brown, bulging outward |)rominently and evenly in the region
of cells 111-V; cell V elongated towards the tip of the perithecium, carrying the insertl..n-

cell outward free from the ])erithecium. Spores, 70 X 6.5 yit. Pcrilhccia, 1 00-1 25 x 50-5/) /i.

Appendages (longer), 270 fx. Total length to tip of perithecium, 350-450 yn.

/<
ft

TJiis well marked species is quite rare, never occurring in any great alunulanco cm any
single host.

although small specimens like that represented by fig. 14 sometimes occur. It is most

append ago

s

related to L. Clivince. pon

Laboulbenia Philontui Thaxter. Plate XXII, figs. 2G-30.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 174.

Perithecium rather narrow, beginning to tai)er almost from its base to the somewhat coarse-

lipped apex, both margins often almost straight. Appendages consisting of two basal cells, ilie

inner producing several (two to five) branches, which arise by successive proliferations on cither

side, forming two rows running side by side autcro-posteriorly : the outer appendage and the

branches of the inner erect, simple, rather rigid, tapering considerably, two or three of the

lower septa blackened, the cells between them distinctly inflated. RecP[.tacle hyaline or slightly

sufTused, normal, except that the basal cell is sometimes hoof-shaped, a jmrtion of it blackened
and continuous with the foot. Spores, 52 X 4 /t. Perithecia, lGO-185 x 50-70 ^. Appendages
(longer), 325^. Total length to tip of perithecium, 400-450/1 ; longest, 500 ^.

On Philonthus cunctam ITorn, P. micans Grav., P. dehilis Grav., and numerous undeter-

mined species. New England ; P. cequalis ITorn, Lake Superior; P.furvus Nord., California.

This species is by no means uncommon on all parts of its hosts, and may be recognized by
the peculiar form of its perithecium and the rigid, erect branches of its appendages, the

J

inflated basal cells of which recall those of Z. iujluta. The insertion-cell is not very deeply

blackened, and a hyaline pointed portion is more or less distinct between and below the two
basal cells of the appendages. The inner of these cells apj.ears to become divided into a num-
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bcr of cells corresponding to the number of branches which it bears, the partitions running

obliquely downward and inward (fig. 27). In some specimens the basal cell of the receptacle is

curiously modified in a fashion (fig. 28) similar to that referred to in connection with Comp-

somijces verticiUatus ; but this hoof-lilve structure docs not appear to be either connected with

any special position occupied by the plant or with any peculiarity of the host, and is much less

frequent than the normal form. Many species of Philonthus appear to be subject to its attack,

whetlicr they occur in moist or dry situations ; but the parasite rarely occurs in any great

abundance on a single insect. A form allied to this, but in such poor condition that it cannot

be described, was found on specimens of Bledius hasalis Lee, collected in Florida.

Laboulbenia curtipes Thaxter. Plate XVII, figs. lG-10.

Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 40.

_ 1

Becoming dark olive-brown except the contrasting hyaline basal cell, reritheciuni relatively-

large, stout, inflated ; its upper inner margin bulging strongly, the short, fiat tip abruptly dis-

tinguished, bent slightly outward, the tips of the lip-cells hyaline. Appendages consisting of an'

outer and inner basal cell not clearly distinguishable, the outer producing several, Ihc inner

many branches sub-dichotomously branched, the ultimate branchlets slender, hyaline, somewhat
or hardly exceeding the tip of the pcrithecium. Receptacle short, sub-triangular, distally more
or less opaque, the basal cell hyaline. Spores, 40 x 4 //. Perithccia, 110-135 X 55 /i. Ai)pend-

(longcr), 100-125 fi. Total length to tip of pcrithecium, 200-225 a.

On Bemhidium himaculatum Kirby, Washing-ton.

d is distincniishcd

X.

peculiar form of its pcrithecium, in which are produced great numbers of spores? The append-
ages are almost invariably broken, and as no young specimens luive been exnmincd, their exact
origin at the base has not been made out. The outer basal cell bears a branch terminally and

from
inner cell on either side. The basal cells, as well as the lower cells of the bran<-hes proceeding
from them, are usually so deeply suffused that the structure is obscured. The base of the
trichogyne is often persistent, as in figs. 16 and 18.

Miss A. M. Parker.
from

Laboulbenia cornuta Thaxter. Plate XIII, figs. 28-30.

Dark blackish brown.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 470.

nrominor,f cf..." ^, a ^ ^
^ ^^'^"""'"'" ^<^P^"ng to a broad blunt apex, from which pro]Vcts a

tapering slightly to its nearly hyaline rounded tip.
fewer and stouter.

X. luxur

30ve the

appendage, 26 X 7 ^.
7 hyaline towards its base. Perithecium, 85 x 20 ^. Its

P of perithocial appendage, 185 ^ ; greatest width, 52 m-
Washimrton.
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The five types of this shigular species are all in poor condition, the appcnda'^-f'S being. fi>r

the most part, broken
; yet it luay br recognized without dilhculty In' the peculiar outgruwili

from one of its lip-cells, which distinguishes it from all oilier species wKh the <^xccption of X.

Gyrimdarumy all tlic lip-cells of whicli arc ;ipi)endiculate in a somewhat similar faslnon. IL

appears to be peculiar to the single si>oci|38 of Bembidinm mentioned, and w;is found in two

instances only on the margin of the riglit elytron near the base, TIic outgrowlh in all <he fypes

proceeds from one of the lip-cells on tlic right of the pore. The infested beetles were found

among material kindly collected for the writer by Miss A. M. Parker,

Laboulbenia fumosa Thaxter. Plate XXTT, figs. 0-20.

Proc. Am. Acad. Arts and Sri. Vol. XXIV, p. 12; Saccardo S>n<»ge, Vol IX, p. 11.12.

Smoky brown with a slight olive tinge. Pcrithecium becoming almost opaque, tapering

rather gradually to the somewhat blunt tip, the lip-cells turned slightly outward. u\[ipendnges

consisting of two basal cells, the outer followed by a roundish cell which, by successive pro-

liferation on its inner side, gives rise to a number of branches; the first of which, originally

terminal, becomes lateral, curv<ul outward, blackiiu'd below, and It^ars Severn! erect, usually

simple branchlets. The inner basal cell produces on either side a number of branches, often

once or twice branched near the base, nearly straight, erect, tapering; the whole forming a

dense tuft. Insertion-cell broad, a hyaline portion projecting up between the two basal cells.

Receptacle more or less tinged m ith brown, paler below, raiher stout, ncvor elongate, expand-

ing gradually from below upward. Spores, 65-60 x 5-5.5 /x. Perithccia, 120-^130 X 50-75 /i.

Appendages, 75-100 >i. Total length to tip of pcrithecium, 250-325 /x; greatest width, 76-

100/t.

On Platynus eincticollls Say, New England.

This species is a common one always occurring at the tips of the elytra and extending to

the adjacent apex of the abdomen. It is very closely allied to L. luxurianSj which, curiously

enou<^h, grows in exactly the same position on species of Bcmhidium^ but is distinguished hy its

large size and straight appendages. The basal cell of its outer appendage bears a proliferous

cell, the first (oniginallj terminal) branch of which becomes pushed outward by its successive

proliferation, and the blackened outer half of this Ijranch from which two to four ])ranchlc1s arise

vertically, is quite characteristic in appearance; the branchlets, however, usually breaking off in

mature specimens. The next branch found within this primary V)ranch may resemble it to some

extent, but is more often simple, like those which succeed it. The species grows densely

crowded, and I have never found it on other species of Platynus commonly associated with the

one mentioned, which occurs in very wet situations along brooks, where it liidcs under stones or

in w^et rubbish. A species very similar to this occurs in the same situation on the elytra of

AnopJitJialmus tenuis Horn in Indiana ; but my material is hardly sufficient to form the basis of

a diagnosis.
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Laboulbenia luxurians Peyrltsch. Plate XXII, figs. 1-8.

reyrltscli Sitz. <1. Wien. Acad. LXVHI, p. 248, Plate H, figs. 10-16; Sorokin Veg. Parasites, Vol. IT, p. 41 G, Plate XXXII,

fig. 762 ; Winter Pilze Deutsch. II, p. 92 ; Berlese, Malpighia, III, p. 56 ;
Saccardo Sylloge, Vol. VIII. p. 912.

Smoky olive-brown. Perithecium tapering more or less symmetrically from its lower third

to tlie coarse blunt apex, which is not clearly distinguished from it, one of the lip-cells forming

a short but distinct pointed median projection. Appendages formed as in L.fumosa, hut the

ultimate branchlets strongly curved towards and often past the perithecium. Eoroptacle incon-

spicuously punctate, stout, the basal cell slender and nearly hyaline below, the sub-basal large,

as broad as it is long, separated from cells III and VI by nearly equal oblique septa. Spores

about 50 X 4.5 fi. Perithecia, 110 X 40 /x. Total length to tip of perithecium, 220 /x.

Oliv., B. lipunctatum Duft., B. fiammulatum Clairr. Europe. On

several species of Bemlidium, Maine, Connecticut, and Washington.

This small species is not uncommon on Bembidia about ponds and streams, though it is sel-

dom found in great numbers or in verv good condition. It grows in a small dense tuft at the

On Bemlidium varium

tips of the elytra like the preceding species, with which it is closely allied, though readily

separated by its curved appendages. The receptacle where it is suffused is rather obscurely

punctate.

Laboulbenia compacta Thaxter, Plate XXII, figs. 28-25
r

Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 37.

More or less suffused, not deeply, with olive-brown. Perithecium stralglit, grad

to the rather stout tip, the lip-cells not clearly distinguished, turned slightly outward. Append-

ages as in the preceding species, the insertion broader, the main branches more numerous, the

ultimate branchlets forming a dense tuft, rigid, erect, tapering slightly, hardly equalling the tip

of the perithecium. Receptacle short and distally very broad, cells Ill-Y about equal in size.

Spores, 60 X 4 ^. Perithecium, 110 X 40 ^. Appendages, 90-100 /x. Total length to tip of peri-

thecium, 180-190 /x; greatest width, G5 /t.

On Bemhidium sp., Maine and Massachusetts.

This species, though closely allied to L. luxurians, seems constant, and is undoubtedly dis-

stout form and rigid, erect, tapering appendages, which
uic mucn more numerous than in its ally. The perithecium and receptacle arc also dififerently

shaped and never so deeply colored. It occurs not uncommonly at the base of the posterior pair
of legs of its host.

tinct. short

Laboulbenia confusa Thaxter. Plate XXII, figs. 21, 22.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 476.

Becoming deeply suffused with smoky brown. Perithecium rather small, inwardly inflated,
the apex broad, slightly oblique outward. Appendages arising primarilv from an inner and

dense

)

I

9
w '
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ous, tapering, more or less divergent branches, which arc ilumsclvos niorc or less Iranched ;

the inner basal cell becoming several times divided and giving rise to nunjcrous branches

densely crowded nnd similar to the external ones. Receptacle consisting of a long sub-cylin-

drical basal cell, the sub-basal cell shorter and broader, cells Ill-V unusunlly large, causing this

portion of the receptacle to bulge outward in an evenly rounded and charnctcrlstic fiishion.

Perithecia, 166 X 55 /t. Aj.i.endagcs (longest), 150 /i. llcceptaclc, 21 5 ^ long, its ba^nl cell 90-

110 X 25-40 ix. Total length to tlj) of pcrithcciuni, 315 ^ ; greatest width, 75 ft.

On Bcmhidlum s])., Connecticut, Washington.

This species, although based on scanty materi:il, seems quite distinct from its nearest allies,

L. luxurians and L. compaeta. Although the general arrangement of the uppcndn^ics is similar

in the present species, their llcxuous, divergent, tapering habit is qnitc different from that of the

two forms just mentioned, from which it is also distinguislicd by its larg.T size and peculiarly

shaped receptacle. It occurs on the legs of a very small metallic-green Ih-mbidium.

Labodlbenia minima Thaxter, Plate XXI, figs. 8-11.

rroc. Am. Acad. Arts ftnd Sci. Vol. XXY IH, p. V5.

Punctate, suffused with olive-brown, becoming nearly opariuc, except the hyaline basal c»>ll.

^Pcrithccium becoming rounded in outline, short, nearly straight, the ape.t broad, truncate,

coarse-lipped, distinctly punctate and. nearly opaque at maturity. Appcn<lngrs arising from a

rounded base of insertion, composed of several cells and not distinguished from the receptacle,

densely clustered, the lower segments nearly hyaline, oval or rounded, with blaclc septa, the idfi-

mate branches cylindrical, hyaline, strongly curved towards the perithccium. Receptacle very

short and stout, the basal cell hyaline, the rest nearly opaque and inmctato. Spores, 40
^

3.5 /i.

Perithecia, 80 X 40-48 /x. Appendages (longest), 75 fi. Total length to tip of perithecia, 145-

150 /i.

On Callida palUdipennh Chaud., Panama.

With the exception of L. Uageni this is the smallest species of the genus. The perithccium

is proportionately large, sometimes very large, as in fig. 8, the distal [lortion of the receptacle

being much reduced. The appendages resemble to some extent those of L. Ivsurians, and their

original relations are clearly shown in fig. 10, the inner basal cell producing a row of branches

placed antcro-posteriorly on either side. The appendages are usually almost entirely broken off

as in fif'. 8. Abundant material was obtained from the legs and elytra of a specimen of its host

in the Museum of Comparative Zoology.

Laboulbenia Quedii Thaxter. Plate XVII, fig. 7.

Proc. Am. Acad. Arts and Sci. Vol. XXVUI, p. 167.
r

Perithecium rather small, straight, suffused with brownish, darker externally just below

the apex, the lips turned outward, the outer hyaline, the inner blackened. Outer appendage

consisting of a rather large basal cell bearing two branches, the outer strongly curved out-

ward, usually bearing two secondary branches from its basal cell, suffused with blackish
;
the
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inner
suffu

brown near the base. The inner appendages commonly arise from two basal cells, the inmost

smaller and lower in position, each giving rise to a variable number of branches, usually not

more

with brown below. Receptacle elongate. Spores about 55 /a long. Perithecium, 1S5 x 50 ^.

Longest appendages, 370 fi. Total length to tip of perithecium, 630 /x.

On the upper surface of abdomen of Quedius vernix Lee, Illinois.

Tlie material on which this species is based is somewhat scanty, only one of the six specimens

being mature. Li these the insertion-cell, with one exception, does not become wholly black-

ened, and seems to give rise on the inner side to a small appcndiculate cell. The outmost

branch of the outer appendage is deeply suffused with brown and bent outward. The large an-

theridia, of the ordinary form, are borne terminally or laterally, singly or in pairs, on short

branchlets.

material is

peculiar, but moi

Laboulbenia PHOLiFERANS Thaxtcr. Plate XYII, firfs. 8-10 and 23.

xx\

Amber brown, often tinged ivith olive. Perithecium straiglit, but sli-Iitly innatcd, amber
brown or olive

;
the tip deeply blacltencd below the hyaline tips of the lip-ccUs, wbicli are tuiiicd

slightly outward. Appendages consorting of an outer and somewhat smaller inner basal cell,
the outer producing invariably two branches, one terminal, simple, erect, slightly llexnous ; the
other external, sub-terminal, outwardly divergent, long, simple, doeidy suffused as a rule near its
base

;
its first septum blackened and constricted in many cases. The inner basal coll bears, as a

rule, a single ong slender branch on either side, simple or with a short, fertile branchlct at its
base; the anthend.a terminal in groups of three to five. Within these primary appendages one

III wI-Tr "''T'«;°"^="'
"PP^"'^"Ses are produced by .he prolifcafiln of as many

r W r°'™
"

,
"'" "" "P'"^ ""'^'' ""Si" °f «"" V by ob! que septa. Receptacle

X 55r We'st r Z " ''"'"""™- 'P"^''' «»-™ >^ 5-5 M- Perithecia, 165-170

On'^^T I
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"7' ' "• ''"''' '™'*'' '" «P °f perithecium, 435-540 ;,.

DoUchus (?)

Chlcenius tenuicoUU Fabr., Syria ; C. velutmus
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Laboulbenia pjioliferans Thaxter var. liberiana in3\\ vur. VIaIq III, fig. 7.

Like tlic type, but soniewliat larger, llje ba.sal coll of the outer appendnge always bearing a

Blender external branch blackened at its base, DliTcring from the tyj)e from fhc fact that the

inner accessory ajipendagc, \rhicli is usually solitary, is borne on an independent black insertion-

cell free above the normal one.

On Eudema sp. indet.j Liberia, Africa.

This variety, although its peculiarity just described is constant in the considerable number

of specimens ^liich have been examined from different individuals of its host, should not, 1

think, be separated as a distinct species on so comparatively unimportant a character. Like

the other species from this locality, the present variety was obtained from hosts coUertod by

Professor Cook, none of which bore speciuicns of the normal form.

Laboulbenia BRAcmAXA Tliaxtcr. Phite XXI, figs, 5-7.

Proc. Am. Acad. Arts aij<i Sci. Vol. XXIV, p. 1
1 ; Saccanlo Sv]l<igc, Vol. IX, p. 1 132.

Hyaline or yellowish, becoming more or less dcejily f^nffused with smoky brown. Perilhecinm

somewhat inflated, becoming smoky brown, deeper bvlow the hynlinc tijts of the lip-cells.

Appendages nearly hj^alinc or in part sufTnsod with smoky brown, arising from numerous small

unmodified insertion-cells, corresponding in number, except the outmost, to secondary divisions

of cell Y, forming an obliquely superposed series from which the nj)pendagc8 arise in a double

row, the inner highest and usually somewhat smaller than tliose lower and outer in the series.

Each appendage consisting of a rather large somewhat inflated basal cell, variable in size, which

bears usually two branches simple or once branched, the basal cells of each branch or branchlet

slightly inflated, the septa oblique and more or less blackened, the ultimate branchlets long, slen-

der, mostly hyaline, somewhat flexuous and attenuated- Receptacle normal, except for the

secondary division of cell V, which results in a superposed scries of five to seven cells, dccreas-

ing in size from below upward, eacli opposite an insertion-cell ; tlie lowest inseiiion-c(ll

opposite a small roitndish cell just above the extremity of cell IT. 8pores, 60x5 /a. Peri*

thecia, 120-150 x 50-60 /t. Appendages, longer, 700-750 /x. Total length to tip of pcrithecium,

400-590 /x.

On Fatrohus lonjicornis Say, Maine to Virginia; on P. tenins Lr-c., Hudson's Bay.

This fine and apparently rare species was first taken in the vicinity of New Ilaven, and later

at York, Maine ; but has never been obtained in any quantity. A single specimen of its host

taken in Virginia by Mr. Pergandc as well as several kindly sent me by Pr, Townscnd, collected

near Eastport, Me., have yielded additional material, while two specimens of P. tenuis from

Hudson's Bay in the collection of the Museum of Comparative Zoology were also found to be

parasitized. It is apparently subject to little variation, and is distinguished at a glance by the

regular secondary division of cell V, which is found in no other species with the exception of

L. faseiculata Peyr., although an approach to tliis condition is seen in L. proliferan^. The authc-

ridia are proportionately very small, and are borne usually in pairs, terminally on short one-

celled branchlets (fig. 6). Whether or not the present species should be kept distinct from L
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reyritsch's species; but altbough'liis description is quite worthless, the two coulJ not be united

m

Laboulbenia fasciculata Peyritsch.

Sifcz. d Wien. Acad. Vol. LXVIII, p. 248, Plate I, figs. 8-9 ; Sorokin, Veg, Paras. Vol. II, p. 41 G, Plate XXXIT, fig. 757 ; "VViu.

terPilze Deutsch. II, p. 922; Berlese Malpigliia, HI, p. 56; Saccardo Sjlloge, A^ol. VIII, p. 911,

"Pale yellowish brown. Appendages numerous, clustered, superposed, colorless, about as

long as the perithecium." Length, 370 /x.

On Chlceniiis vestiius P., Austria.

This species corresponds essentially in structure to the preceding, cxcopt that the nppcndagcs

appear to be different in character and much shorter. As already mentioned; fbe two may prove

to be identical. A single immature example of what appears to be the same form was found on

a European specimen of Omophron limhatum P., but is not sufficiently perfect either to figure or

describe.

Laboulbenia armillaris Berlese.

Malpighia, Vol. Ill, p, 52 (1889), Plate II, figs. 1-6; Saccardo Sjlloge, Vol. VIII, p. 911.

" Pale bfownish
;
with a clavulate stipe, bicellular below, above composed of a number of

lum

tcrminat
ing in a black, opaque, coriaceous obconical piece, 21 x 14 /., adhering very finnlv to the host by
Its pointed base, 100^ long, pale yellowish, filled with granular protoplasm; pcrilhocium suIh
cylindrical or long-ovoid, brown, terminated by a black neck furnished with a pore and a
black appendage, having a few black rings, at its apex, 110 X 36-40 /x

; pscudoparaphyscs dicho-
omous or laterally almost sympodially branched, terminated by two branchlcts pointed at their

tips and resembling the claw of a scorpion, divided at the base of the branches by black rings

t'hectm
'' '^''^ '"""^ coriaceous, very pale yellowish, extending to the tip of the pcri-

« On Antennophorm caputcarahis, Paraguay. Total length, 290-320 X 36-40 >.."

The abo^-e description is quoted from the paper of Berles^e cited, since the species is unknown

IT; f' !T.T I"
^^*^™^"^^ ^^'^"^ th^ P^Wished ngure and description the species .vould

b ckon . ^"t ^^ •

r"''"'"'
''""^^^ ^'^ multicellular insertion of its appendages. The

^TlT'T 11 T ""^ '"'^^ '^ ^^^^'^^-^ -^^ ^-^'-^^ve sin^ they occur in

C n l!''"b"l J :. "?f
'"™'"'^' '^^^^^^^^^ ^^y -T probably be antheridin. The

the ti 1: ;";;.? 'i
''^ '"^''""^ °^ *^^ "-- -^^ - undoubtedly the old base of

tne tiichogyne (cf. PI. XXI, fig. 12).

on one of the Acarini.

the fact that it is the onlv form known to be
1 *
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LABOrLBENIA VARIARILTS Tliaxtcr. Plale XXT, figs. 1-4.

Proc. Am. Acad. Arts and Sci, Vol. XXVII, p. 38.

Nearly hyaline or suiTusod, sometimes deej>1y, with srnoTvV brown. PfTlthorium siriiighf and

rather narrow, or stout and inflated; hyah'nc or deep smoky-brown, IJnHcencd deci>ly beluw flie

hyaline tips of the lip-cells, which arc rather coarse and turned slightly outward or nearly

straight Appendages numerous, arising from as many small cells, which take the ])lacc of (he

ordinary insertion-cell, several times sub-dichotomously branched, the lower three or four septa

blackened and oblique, the cells between them inflated, the ultimate branchlets straight, taperi!tL^

rather slender, erect or slightly divergent Authcridia borne on short brnnchluts about the

lowxr portion of the nppondages, furmhig a conical cluster and arising laterally as well as ter-

minally in variable numbers, Receptar^le normal, except that cells IV and V uiay be diistall/

and irregularly divided into a few small cells; bhurt and stout or very elongate, hyaline or

wholly or partly suffused with smoky brown, the darker ]>ortions jainctatc. rcrithccia, 100 X

225-35 X 125 fi. Appendages, longest, 475-500 fi. Total length to ti]» of i*crithecium. 180 fi to

1.65 ram. Spores, 50-75 x 6-7 fi.

On Anomoghsni^ pusiUiis Say, Chhvnms ocstirus Say, C. cuvintlUn Jjcc, C\ cvrsor Ohev,, C.

leucoscelis Chaud., C. fioridanus Horn, C. pennsifhanicnn Say, C, rujxcauila Chaud., C. >f^>ar>?/t

Lee., 0. texanus Horn, C. tricolor Dcj., C. viridicoUh Reiche, Omoplivon americamnn Pej., Omo-

pliron spp. indet., Nebria paUipes Say, Pterostichiis adoxus Say, P. lu^tuoHys T>ej., P. corvmns

Dej., P. caudicalis Say, P. Sayi BruUe, Pairohus loyigicornis Say, PlafifnuB extemicoUh Say,

Mauic to Florida and Texas, Utah, Nebraska, Washington, California, and Mexico. On Pterosti-

chus (?) sp., Brazil.

This species is remarkable for its great variation in size, even on the same host; specimens

Pterosti o

Omophron are less than 200 /x in length. The form and relative position of the pcrithecium

also differs very considerably, and in one instance the tip of the pcrithecium scarcely exceeds

cell Y, being united to the receptacle throughout its length. Although their number and length

varies very greatly, the species is always readily recognized by the character of the appendages

and their insertion on an irregularly cellular base, which is made up partly from divisions of an

original single insertion-cell and irregular terminal divisions of cells IV and V. It is a commi>n

form, occurring on all parts of its hosts, though preferring defmite positions in certain cases, as

for example in PUrostichus luduosus^ where it is usually found along the edges of the elytra,

especially the left near the base. It grows usually scattered, but often rather closely crowded.

It is more closely connected with the aquatic forms than any other species, unless perhaps L.

armillaris, through the irregularity of the cells which form the base of insertion of its api)rnd-

ao-cs, and affords a connecting link which renders the exclusion from the genus of the fust

mentioned forms quite unwarrantable unless they may prove to present essential variations in

their sexual processes.

The material from South America, which was obtained from specimens uf a Brazilian Pd n>

tichus{l) in the Museum of Comparative Zoology, was found on the legs and on the lower sur-

face of the thorax of the host, and although some of the specimens are peculiar in habit,
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probably as a result of the position of growth, there seem to be no essential differences between

this and the type forms.

Laboulbenia Oberthuri Giard. Plate XXII, fig. 39.

Thaxter, Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 477.

Nearly hyaline except the brown or smoke-colored perithccinm and sub-basal cell of the

rccci>tac]e. Perlthecium large, inflated towards the base, the narrower distal half abi-ui>tly

rounded and contracted below a rather narrow apex with protruding lips bent outward
; general

color dark brown, much deeper below the apex. Appendages numerous, crowded, slender, short,

the lower segments inflated, arising as in L. Guerinii. Receptacle elongate, consisting of a short
curved stout nearly hyaline basal cell, a Tery long sub-cylindrical sub-basal cell, smoky brown in
color, with deeper brovvn wart-like or scale-like scattered prominences of varying size, the re-
maining cells normal except that tlie insertion-cells of the appendages are irregularly divided.
Perlthecium, 300-315 X 120 /.. Receptacle, 1 mm.-900 ^ ; its sub-basal cell 370-425 x 65-75 /..

Total length to tip of receptacle, 1.225 mm.
On Oreetogyrus Iieros Reg., Madagascar.

Professor Giard. who d
it to M. Ren^ Oberthur, its discoverer. It is one of the largest species of the genus, its dimen-

Kunheli, L. palmeUa, and the larirost forms of L
AUhough closely a l,cd to X. Guerinii it is abundantly distinct and recognizable at a glance by
tspecubarly modified sub-basal cell. The appendages are for the most part broken in the three

r,?r T ,'r '" *'" '"'^' '"' '" ™°™ P-"-f^'=' ^•<='™l.lcs mav prove to be more

tie! ntr ,"
'"""*'' '" "" "="""• " ^'" "' "»«™J that Ihe'latter is dra.n witha somewhat lower eombmation than the other figures of the plate.

Labohlbenu Obectogyei nov. sp

elongated, the former deeply^^latTfIf ""
-f

"' ^'™""' "'''' ' "'"^ " ""^
deeply suffused or quite onaoue T/'^'f^' *" l^'**^"- 1^™"-"'^!. but translucent, the remainder

other aquatic specie hv!r\r"°'' "'"""™"' '" " '^"'^^ dense tuft, arising as in

«opta. PelheTuO x 5 't ' !T"°'^
''"""'''^' ''«-'™'^<' »' "- Bon, what s^lTusedf tuuiecid, i4UXoO/i. Receptacle. 450 „ Tr.^.^ ^.,.^., r^r

^. bpores (measured in perithecium)
>

The several tv )e
• ^^' ^^ ^^^^^•

whether the colomlL^l^^^^^^^^ specimen, .o that it is uncertain

characters. The youno-er snorlmone i.

"^ curvature of the perithecium arc constant

unhke those of either of the other aouatie T K
'^ *^ '^""^ "^^^ ^^'^ appendages are

X. Gnennil, from which it differs in Tt

'^'"^^'^"^- ^hc species is most nearly related to

its general form. Witli the Madao-asca'r ZZo^^Tr^'T
"'"'^ "^''''^'' --appendages as well as in

species {L. OhertlcunX which occurs on a similar host.
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it cannot be by any possibility confused. The five types were found along the margins of the

abdomen beyond the tips of the elytra.

sec

Laboulbenia Gcerinii Robin. Plate XXIJ, fig. 38.

Robin Hist. Nat d. Veg. Par. p. 64, Plate X, fijs. 1-3; IVvrifsch Siix. d. Wien. Aca.l. Vo]. LXVIII, p 247; Rorokin, Veg.

Paras. Vol. II, p. 413, Plate XXXIU, tig. 780; Wintor Die Pilzc TVntsrh. II, p '.»2I ; Hcrlr^io .^tulJ^i:llia, Vol. Ill, p.

54; Saccardo SvUuge Fuijg. Vol. VIII, p. 910; Thaxtir, I'xoc. Am. Acad. Arts and Sri. \'ol. XX\'I1I. p. KG.

Becoming more or less suffused will) smoky brown, rerilliecium becoming almost npnqnr,

slightly inflated below, its upper half tapering evenly to the blunt nprx, t])o h'p-cells strnight, (he

inner forming a slight prominence. Appendages rather numerous, not equalling the tip uf the

pcrithccium, once or twice branched; the lower septa blackened, the intervening cells slightly

inflated, tlie insertion-cell ap]»arcnny divided into several cells which are op-ujuc and indis-

tinguishable, lioceptacle distally rather deeply suffused, (he basal and sub-bnsal cells hyaline or

translucent, normal, except that celU IV and V mu)

ondary cells. Pcrithceia, 110x55/1, Api»endagcs, 55 /x. Total IcngUi to tip of perithecium,

300 fM. Robin's mr^asurements arc,

430 /i; greatest breadth, 80 /i.

On Gyretes sericeus Lnl»oulb., Caracas, Venezuela; on G, compreBSv^ I.cc. (=(r. shmnius L^c.)

Texas and Illinois.

The North American specimens of this species differ from Robin's account only in their

somewhat shorter, stouter habit, which is doubtless due to the fact that they live on a smaller

host. The original figures represent slight differences in the appendages, which may well be

due to careless reproduction. In other respects the two forms correspond so closely that their

identity seems very probable; although more abundant material of both is ranch to be desired.

The species is closely allied to L. Orectogyri^iXA above mentioned, and together with the two pre-

ceding and the following species forms a well-marked type within the genus.

'-^0

Tlie present species occurs, like L. G uerinii^ nXong the margins of the elytra of ita aquatic

host-

Laboulbenia Cyriniparum Tliaxter. Plate XXII, figs. 31-B7.

Proc. Am. Acad. Arts and ScL Vol. XXVII, p. 39.

Blackish brown, becomincr nearly or quite opaque. Perithecium large, sub-conical or sub-

cylindrical, straight, the lip-cells nearly symmetrical, hyaline tipped, each producing a terminal,

short, straight, tapering, finger-like, converging outgrowth; often wholly or partly aborted.

Appendages hyaline or becoming brownish below, arising in a broad dense tuft from an opaque

base, several times irregularly branched, rather closely septate below and constricted at the

blackened, often oblique, septa, the cells between which arc more or less inflated, the ultimate

branchlets slender, hyaline, sub-erect, rarely equalling the tip of the perithecium. Roce]>tacle

distally A'cry broad, opaque, abruptly expanded above cell II, coll I usually curved and slender

and sometimes elongate. Spores, 90x7-8 ft. Perithecia, 100x90/^. Appendages, longer.

100-150 /i. Total length to tip of perithecium, average, 375 /i ; longer, 480 /i
;
greatest breadth,

IGOfx.
23
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On Gyrinusfraternus Coupy ^ud several undetermined species, New England; on G. ajffi

Aubo, and G. ventralis Kirbj, Middle States; on G. analis Say, Missouri; on (r. confi

if<

France.

Tills remarkable species is bj no means uncommon, and is so peculiar that it could by no

chance be confused with any other species. A comparison of its younger stages shows that it

corresponds in all essentials to the type structure of the genus, there being primarily a single

insertion-cell above cells IV and \^, which are normally placed (figs. 32--34)5 while the appcnd-

usual type.

(fig. 34)

posed
cells, terminally more or less bilobcd, from which a certain number of branchlcts may arise;

while the primary basal cell of the inner appendage by constant and successive division and
proliferation forms the broad base of insertion characteristic of the mature plant. IIuw far cells

IV and Y and the insertion-cell take part in forming this base through secondary divisions, the
opacity of the plant in this region renders uncertain. Cells I and II arc sometimes quite elongate
and very slender; but as a rule the general habit is such as is represented in fig. 31. The out-
growths from the lip-cells are similar in a way to those occurring in Stigmatomyccs virescens.
Tlicy are often irregular in form and frequently are but partially developed. L. cornuta is the
only other species of the genus having a somewhat similar outgrowth from one only of its lii>
cells.

(fig. 36)
lets tending to grow sideways in between the bases of the appendages. I have thus far been
unable to determine the character of the antheridia in this species, and liave even been led to
suspect that the antherozoids might be exogenous. It is quite uncertain, however, what their
nature reallv la.

'nature really is.

t e fee t,p of the aMomcn, often growing in dense tufls. The latter, like nil the other

t,r' te!"""'. •
' '

"'""'"' °^ *' P'"^^^"* S™"'' '^ ""» ^^I'i^h swims on the surface of
the wate., and ,s «ry eommon in ponds and ditches, or along the margins of strean.s.

TERATOMYCES Thaxter. Plate X, figs. 1-17,- Plate H, fig, 1.

Proc. Am. Acad. Arts „,„, Sd. Vol. XXVITI, p. ,«,; v„,. XXIX, p. 98.

^.ucle consisting of three mmornncorT „ n

stalk-cells. Anne„d.„, •

7""''='='=' o"" to several (five), symmetrical, with single

ttedouTarr" ; ^ '''"' """ »' '-™''"^-l ''-->-. bearing sympodial

Antl.e.d7a1ati r 'S k~' fff
"'""»'-^^' ''^^' ^'^'^'o. te.^ninal cells.

cal e..ternal row arisin. from tl Iw '

""" ""' '""'"'"' ^"''^^''"^'^^ "' » ^'"S'"
™'-"-

branehed and septate, v'ronre- ntTt^"""'^
"' '"^ ^"P^""""''^- 'r"'^''"^^'- -"^'-^'^

%
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Tliis genus presents one of tlic uiobl curitjus and clearly dcfincfl tyjx's among the Lalioul-

bcniaccaj, and altliungh the buccccJini; genus Diploniycos is cvidciilly its nearest all v. its im-

mediate relations to other genera are very ohscure. Owing to the early inuhiph'cation of

appendiculatc cells, Um relation of the appendages to tlic points of orimn of the pcrilhecia have
not been deterniincd. The exact jirocess l)y which the terminal series of cells is formed is also

not clear. This series docs not have the same appearance from all sides, and it ap]i( ars

to be produced as a result of the pucccssive separation of the cells which form it, through

the proliferation of the receptacle to the right and left of a c-onnnon centio witliin which the

pcrithecia arise. Tlie appendages arc unlike those of any other genus, and result from the

formation of successive sympodial branches, which are formed in a verlic..! rudial plane.

When young they bear the antheridia usually near the base, sometimes altcrniiting irre'ni-

larly with prominent beak-like branchlets of chaiacteristic ajipearance, the two forming a

single external vertical scries (Plntc X, figs. G and M). The trichogynes arc oflen \ery

liiglily developed; varying greatly in tlieir luxurijuico In difToront sperimonf? of ll)0 Rnmc
species. Ill some cns<*s Ihey are not unlike llie ap[>ond;igo« in general nppf\')rnnrr, flie form and

mode of branching of their terminal portions boincr very similar j allliuugli in T. ActohU tlicrc

cry distinct and characteristic modification of tlic receptive tips of their nitimnto hrnncli-

lets (fig. 17). Fig. 1, Phite 11, represents another instnticc of a highly developed female organ.

The perithecia have but four wall-cells in each row, and appear tO contain but two ascogenic

cells. Tlic species all occur on beetles belonging to the Staphylinida;, which arc found in very

wet situations.

IS a V

Teratomyces mtrificus Thaxtcr. Plate I, fig. 1 ; Plate X, figs. 4-7.

Troc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 182.

Pcrithecia one to three, pale, becoming reddish or purplish brown, straight, basally inflated,

distally sub-cylindrical ; tapering abruptly to a symmetrical truncate ap(^\, the stalk-cell cylindri-

cal, often very elongate. Receptacle somewhat flattened, consisting of a small narrow basal cell,

brown but more or less translucent ; a larger suli-basal cell, which bulges abruptly on one side

and is almost wholly opaque except along this prominence: while the distal of its three cells is

hyaline, becoming reddish brown, very variable in length, sometimes much longer thnn thr bnsal

and sub-basal ccUs together. The larger appendages consist of a single long shnulcr flat reddisli-

browu basal cell, bearing x<iTy numerous antlieridia or sterile beak-like branchlets in a sinde

vertical row, the terminal branches larger and themselves one to three times branched, the ulti-

mate branchlets often oblirpiely septate, the septa dark or terminating in pointed beak-liko

cells. Spores, 40 x 4 u. Perithecia, 128-140 x 22-26 /^. Stalk (longest), 480 fx. Appendages

(longest), 185 /t. Receptacle, 110-180//, greatest width about 45 /i. Total length to tip of

perithccium, 220- 750 /z.

On Acylophorm pronus Er., Maine and Massachusetts; A. flavicollk Sachs., Pennsylvania

and Kansas. A.flavipes Lee, Florida.

The specimens of this singular species, which were found on the abdomen of A.flavipeB from

Florida, differ from those on the other liosts in their much smaller size, and arc not more than

half as large as the ordinary form. Yet tliere seems to be no doubt cone^rning their identity.

f
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The species is at once distinguished from any of the others by the curious one-sided bulge of the

sub-basal cell of its receptacle, which is of course not visible unless the latter lies sidewise.

There is great variability in the length and luxuriance of the appendages, which arc usually much

broken, and in the length of the stalk-cell of the perithecium, which, in mature specimens, is

usually several times as long as the perithecium. The third cell of the receptacle is also very

variable in length, sometimes decidedly elongate, more commonly short and stout.

The species is usually conspicuous and easily seen at the tip of the abdomen of its host,

where it more often occurs in small groups, although it may not infrequently be found on tlie

legs and other portions of the insect. Tlie host A. pronus is very common in early summer at

llic margins of ponds and ditches, hiding in wet moss and rubbish.

Teratomyces Quedianus nov. sp. Flute X, fig. 8.

Closely allied to the preceding species. Perithecium larger, sub-cylindrical or very slightly

inflated, terminated abruptly by a sub-cylindrical or slightly tapering, bluntly rounded apex.

Receptacle elongate, the sub-basal cell long, tapering below and wholly opaque, the blackening

involving the base of the cell above it, which is distinctly constricted below the terminal cellular

portion. Appendages as in T. mirificm much shorter and more thickly beset with brown
sharply pointed septate branchlets. Spores, 50-55 X 4.5 /x. Perithecium, 155 X 30 /i. Append-
ages, longest 150 fx. Receptacle, 160 - 165 ^l. Total length to tip of peritliecium, 450 /t.

On. Quedius ferox Lcc, Cambridge, Mass.

Fourteen individuals of this form were found on a specimen of its host collected in April,

among leaves in swampy woods about Fresh Pond.
'i/?

seems constant in its differences, and is easily distinguished by the structure of its receptacle,
which lacks the prominence peculiar to the last-mentioned species, as well as by the difTcrent
form of the tip of its perithecium. But two of the specimens are fully mature, and more
abundant material would doubtless show much greater range in size tlian is indicated by the
measurements given above.

Teratomyces Actobti Thaxter. Plate X, figs. 9-17.

Proc. Am. Acad. Arts and Sci. Vol. XXIX, p. 98.

Perithecia one to four, reddish brown, distinctly inflated towards the base, the disfnl portion
symmetrically conical^ tapering to a blunt apex; borne on a single short stalk-cell not exceeding
the appendages in length, followed by three rather large basal cells disposed as in T. mlrificus,
Keceptacle short, nearly symmetrical, tinged with brownish or nonrly hyaline, consisting of three
superposed cells, the basal small and narrow, the sub-basal squarish, sometimes partly ;r wholly
opaque, the d.sta large, rounded, and followed by the series of small cells from which arise the
numerous appendages which In general resemble those of T. mirifin,., thoudi proportionately

r^^'ioo"'"^'"''''''"'^'''-
SP-^«' 26 X 3.7 ,. Perithecia, 120-137 X 37 ;.. Stalk-

cells
.

5-100 ;.. Longest appendages, 150 ;.. Three basal cells of receptacle, 37 x 22 /..On Actohus nanus Horn., Kittery Point, Maine ; Arlington, Mass.

f
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This Species occurs vritli the next on tlic logs of its liost, lofs frcfjnonfly on Uie tluirax or

abdomen. It diiSFcrs from T. mirificus in the form of its peritliccia, which arc siih-conical, as

well as hj its symmetrical receptacle. The short stalk-cell and large hasal cells of iia pcri-

tliccia serve also to distinguish it.

Teiiatomyces huevicaulis Tiiaxt<3r. Tlato X, figs. 1-3.

Proc. Am. Acad. Arts aud Sci. Vul. XXIX, p. 99.

Pcrithccia one to five, purplish brown, long, slender, 6frai<rht or slightly curved, cylindrical

or slightly inflated near the middle, tapering abruptly to the ahnost tninmte nprx, much longer

than the stalk and basal cells together, the latter concolorous with tho pcrithecium, the ptnlk-cell

nearly hyaline. Receptacle nearly symmetrical, blnrk and quite opa(]UC, except the partly

translucent basal cell; above the opa(pio portion expanding abruptly to form the broad distal

portion, from tbo numerous small cells of which arise, around the edge, the circle of crowded

appendages which surround the pcrithccia. Larger appcndag(!S faintly tinged with brownish

purple, consisting of a rather short stout basal cell bearing below, cxl<>rnally, several anthcridia

and short sim])le pointed brancblets, above one to several large branrhrs, wliich in turn branch

near tlicir distal ends one to three times successively in the bunu; plane, the basal cells of the

branches and primary brancblets usually distally inflated, the nltimate brancblets obli(picly

septate and blunt, or more often ending in a sharply pointed cell. Spores, 33 x 4 /x. Ferithccia,

110-120 X 23 II. Stalk-cells, 50 x 15 /z. Receptacle, 85 x 50 /*. Longest appendages, 100 /i.

On Actohius nanus Horn, Kittery Point, Maine, and vicinity of Cambridge, Mass.

This species is much rarer than the preceding, which is sometimes associated with it on tbo

abdomen of its host. It is subject to considerable variation in size and in the length of its

appendages, but is always readily distinguished by the form of its short-stnlkcd poritliecia and

the pecidiar more or less clavatc form of the larger cells of its appendages. The host occurs

with Ac^lophorus pronus, l)ut is less common.

DirLOMYCES Thaxtcr. Plate X, fvis. 18-21.

Proc Am. Acad. Art« and Sci. Vol. XXX, p. 468.

Flattened antero-posteriorly, sub-triangular, bilaterally symmetrical, furcate through the

presence of a pair of prominent posterior projections. The receptacle consisting of two super-

posed cells, followed by four cells placed antero-posteriorly in pairs, of which the posterior

produce the characteristic prominences; the anterior a pair of short stalked pcrithccia, near the

base of which, within and above, arise two or more pairs of appendages, and eventually a second

pair of perithceia. Appendages copiously branched, many of the brancblets terminated by beak-

like cells. Spores once-septate.

A singular genus, recalling Teratomyces, to which it seems most nearly allied through the

presence of the characteristic terminal beak-like colls of it« api)endngr's. The branching of

the latter is not, however, syrapodial in a single plane, as is the case in Teratomyces, and the

o-nr^r^rnl <jtrnrfnro, of the rcccutacle is difficult to homoloffize with that of any other genus. The
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second pair of pcrithecia arise in all probability from secondarj^ divisions of the pair of peritliecia-

Icarin'^- cells above described ; but the exact structure in this region, behind tlie stalk-cells of the

pcrithecia, has not been made out satisfactorily. An obliquity in the septum which separates

the basal and sub-basal cells sometimes results in the apparent absence of any sub-basal cell.

DiPLOMYCES AcTOBiANUS Thaxter. Plate X, figs. 18-21.

Froc Am. Acad. Arts and Sci, Vol. XXX, p. 4G9.

More or less faintly tinged with Lrownlsli, Basal cell of receptacle triangular, sub-basal

cell flattened or wedge-shaped; the posterior prominences peculiar to the genus nearly as long

as the receptacle itself, slightly divergent, two-celled, tlic terminal cell twice as long as the

basal, tapering slightly towards its rounded extremity. On the anterior side the two pcrithc-

cigcroQs cells bear the first pair of pcrithecia on short stalk-cells bent abnipllj* upward, diver-

gent, and succeeded by three small cells forming the base of tlie perithecium. The pcritliccia

rather slender, curved towards the receptacle, so that their tips project beyond it, divergent,

rather long and slender, tapering slightly, the apex blunt with ill defined lips, the base of the

old trichogyne persisting conspicuously below the pore. Appendages bi'anchinir, arranged in

pairs symmetrically like the pcrithecia ; a smaller one arising just behind the stalk-cell of the

perithecium, a much larger one above this followed by a few smaller ones less definitely arranged
in the region whence a second pair of pcrithecia may arise. All the appendages more or less

copiously branched, the branchlets terminating in many cases by the slender, curved, and sharply
pointed cells characteristic of Tcratomyccs. Spores, 32 X 2 ^. Pcrithecia, including stalks,

about 75 X 12^. Receptacle to tips of prominences, 75 /i. Total length to tip of pcrithecia,
110 ft. Greatest width, 37 fi.

On Actoblus nanus Horn, Massachusetts.

This species occurs rather rarely on the abdomen of a large brown variety of Adollus
nanus, but not as far as has been observed on the normal form. A second species, perhaps dis-
tmct from the present, was found on the abdomen of a small I'hilonthus, and is distinguished
by the presence of slender thread-like branches from the larger appcndagos. PufT.cient material
ot this form was not, liowever, obtained, and it may prove to be nothing more than a variety of
the one above described.

RIIACHOMYCES Thaxter. Pktes II, IV X-XII.
P«.c. An,. AcaJ. A,u and Sci. Vol. XXX, p. 408 ; Ac,n,h,n,ce, Th.-,K,c, (ucc Ubcn). 1. c. Vol. XXVII, p. 36,

Receptacle consisting of a single basal cell surmounted by a more or less elongated body
composcd on one side of a primary scries of superposed nearly equal cell. ; on the opposite side

Id" TV """'" '"'' "'*" '"™"°"^ colls bearing large numbers of bris.le-likc

tTecia nfn?
"*"'"= "? '" ™^ ™"<= <"' '»^« s«n-ou,„ling the base of the perithecium. IVri-

1
ec a pioduced laterally near the tip of the receptacle, at maturity apparently terminal, stalked

stacks
"''"^' '^•"'"''™'''- Spores onee-septatc. Antheridial cell single; tern.inal on short
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crc

tliomyccs, in ignorance of the fact that it had already been used by Lcbert in n zoologii;i1

paper (Zcitschrift fiir Wisscnschaftliche Zoologic, lb58, Vol. iX., p. 441) for an catonicMrtMious

fungus probably identical with Isarui sphinguiiu The name Khachoinyccs has been substituted

as suggesting the resemblance which the main axis of the phint bcurb to a viMlebral column n

resemblance sometimes made more striking by the ])rc6cnco of a sigmoid cui've (Plate XU
fig. 6).

The eight species which compose the genus arc m^v^ constnnf in their essential characters

and vary chiefly as regards the number of cells coni2»osing tljc mnin axis of the receptacle, and

in the number and length of tlie appendages. Extremos in those respects aro reprt^^Lulcd bv fhc

mate XIT, figs. 12-l;J) 1 have bi'i n nn;ibl(»

to obtain a series of young specimens to illustrate tlic complete dcvelojunent of Ihc main axis of

the receptacle; but from the specimens available it is evident tliat the main Itody of the hitter

arises as a lateral outgrowth, somewhat in the same manner and in the same po^^ition that the

pcrithecium of genera like Laboull)enia or Stigmolomyces originates. Tlio youngest condition

observed consists of a simple series of suporpos. d cells, the terminal porti(»n of which, all above

the sub-basal cell, becoming l)lnckened and modified to form the lowest member of the series of

appendages, which are cliaractcristic of all the species of this genus. Tl is then as an outgrowth

from the sub-basal cell that all tlic remainder of the plant is developed. The first indication of

this development is seen in fig. 10, Plate XII, in which an oblique partition has divided the sub-

basal cell into an upper and a lower portion, and it is from the subsequent divisions of this u]'per

portion tliat the body of the receptacle, including the male and female organs, arises. 'Jlie axis,

as in so many other instances among the Laboulbeniaceaj, more especially in the case of their

appendages, seems to consist in reality of a series of sympodial branches, wlnle the appendages

and antheridial branchlets arise from small cells, which become laterally separated on one side.

The appendages arc arranged in two vertical rows throughout the greater portion of the axis,

thus succeeding one another in pairs as a rule ; and between them and for the most part wholly

concealed by them are borne sterile or antheridial branchb'ts ; tlie latter, so far as known, nlso

produced in pairs, ap[»res^ed in habit, eacli bearing a single terminal, fla.sk-shaped antheridium

of the usual form (J\T^* 18-10). The perithecium seems to arise from one of the sub-terminal

cells of the main axis between the appendaues, which may at maturity be present around its

base. The terminal portion of the axis often extends normally some distance beyond the base of

the perithecium, as in R.furcatus; while in other cases it may be very short, as in R. lasio-

phorus; and it is from this portion that the proliferation described below takes place.

The receptacle normally bears but a single perithecium, but in exceptional cases two may be

formed side by side from the same cell (Plate X, fig. 22). When, liowever, the triehogyne has

for any reason failed to become fertilized, or the perithecium which was first formed is injured

or becomes infertile, a terminal proliferation of the axis takes place, and from tliis proliferation

is produced sub-terminally a second perithecium, as in fig. 2, Plate XII. This process may be

once or even twice repeated, as in fig. 14 ; but in any case the phenomenon is not to be con-

sidered a normal occurrence. It may be mentioned as a curious fact that the number of cells

which compose one of these proliferations in a given species seems to be more or less constant,

as indicated in the figure last cited.
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The perithccium is but slightly flattened, its cell-rows composed of four cells, and contains

four ascogcnic cells at maturity. The trichogyne, which has been observed in a few instances, is

rather short and sparingly branched and septate (Plate II, fig. 6). The sterile appendages are

very cliaracteristic in appearance, being invariably simple, usually quite opaque, except along

thoir upper margin, and more or less distinctly septate.

The species occur on beetles belonging to the Carabida3 and Staphylinida), two of them on

ca/e beetles, and are found in Europe, Africa, and North America, including Mexico.

Ehachomyces lasiophorus Thaxter. Plate II, fig. 6; Plate XII, figs. 7-11 and 17-19.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 467 ; Acanthomjces lasiophorus Thaxter 1. c. Vol. XXVII, p. 37.

More or less suffused with blackish brown. Perithecimn sessile, becoming brown, somewhat

inflated, nearly symmetrical, tapering to a rather blunt apex. Appendages arranged in two rows
m

of larger bristle-like members, hyaline-tipped, blackish below, running from the sub-basal cell to

the apex of the receptacle, where they surround the base of the peritliecium, which exceeds them

by about half or one-third its length ; from the cells of the receptacle between these two rows arise

smaller appendages, which become more numerous towards its extremity. Receptacle slender

at the base, expanding upward, consisting of a main axis of about twelve superposed vertebra-

like cells, at first hyaline, becoming blackish, and of a series of smaller cells almost completely

concealed by the appendages. Spores, 30 x 3/i. Perithecia, 140-145 x 50 /x. Larger append-
1

ages, 76-90 /i. Receptacle, 175 /a.

On Atranus puhescens Dej. New Hartford, Connecticut; Stony Brook, Mass.; Virginia. On
Badister micans Lee, Acupalpm earns Lee, and ^e??. indet, Kittery Point, Maine.

A few specimens of a species apparently identical with this were found on a small species

of Platyuus captured in swampy woods at Kittery, but these as well us the liost have been
unluckily lost. The usual host of the species is quite rare, and I have found but four specimens,
two of which were infested. The Virginia specimens were collected near Washington by Mr.
Pergande. The compact form, brown inflated perithecium, short, stout, and closely apprcsscd
appendages serve to distinguish the species from its allies.

Within the past year further material of this form has been collected at Kittery on the
two additional hosts above mentioned, from which it is apparent that the species is subject to

considerable variations in size and form. Figures 17-19 of Plate XJI were drawn from this
material, and fig. 17 represents the greatest divergence from the type observed in any of the
mature individuals.

Rhachomyces speluncalts Thaxter. Plate XI, figs. 23-25.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 468.

Perithecium more or less deeply suffused with brown ; short and stout, with a broad, bluntly
rounded apex. Receptacle slender, the main axis constricted stron-ly ut the septa, its cells
rather small, the basal slender and cyhndrical ; the remainder, about nine' in number, all evenly
and rather deeply suffused with brown, and more or less uniform in size. Appendages mostly
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Opaque, more or less rigid, hynlino-tippod, tliosc surromidiuj^ <Iic hti'^r of tho pcrilliccinni liardly

equalling it in length, a few loNver on (lie receptacle exceeding its apex by the whole length o(

the plant; of the shorter nunlian nppenda.tres some nrr terminated by a peculiarly modified,

partly hyaline nnlheridial cell, the ncck-likc tip of which curves strongly outward, tenninut-

ing bluntly. Pcrithecia, 90x37/z. Receptacle about 110 /z (when not prulifcrous). LouL^^t

appendages, 300 /i. Total length to tip of perithccium, 18o/i to 2G0/x (in }>rolifcnaib fornin).

On Anophthahnu3 jnisio Horn, West Virginia.

The smallest species of the genus, more nearly allied io K la^!(*jJiorus in thv form of its

perithecium and the disposition of its appendages around the base i>f the Inlter, but dilTcring in

its slender form, longer and more hlcndur npprndngcs and irregularly conslrictrd rrccpiarhv A
small number of specimens wvii: found growing near the tips of the elytra of \tn ho«t, a ))Iind

cave beetle. Tlie curved (xdls borne on short liranches (fig. 25) are Couspicuons in some speci-

mens, and are undoubtedly autheridia.

IluACHOJiYCES LoxcissiMUS Tliaxter, Tlate Xil, fig< 4-5.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 407 ; Acanfhomt^ce$ lovfjisfdmns l'l»axt<^r 1. c. V^ol. XXVIIT, p. 176.

Perithecium brown, darker at the blunt apex, slightly inflafrd, its two lower thirds almost

completely surrounded by a series of appendages arising from its base, n^'ccptaclc very long

and slender, slightly flexuous, its main axis consisting of about thii'ty Bupcrposed cells d'^nply

sufTused with blackish brown, lighter at the se]>ta. Appendages very numerous, externally

opaque, internally more or less hyaline, short, slender, straight, appressod ; a hw curved, project-

ing outward on either side in successive pairs. Spores, 60x4^. Perithf^cia, 185xo5/x.

Appendages about 110 /i long, those at the base of the perithecium about 165 /x. Receptacle

slightly exceeding a millimeter in length by 30 /i broad.

On Colpodes evaneseens Bates, Guatemala.

One of the largest of all the Lnbonlbcniaceoc foimd on the elytra of a small Colpodes in the

collection of the ifuseum at Cambridge. Apart from its great size it is readily distinguished by

the curious disposition in pairs of certain of its slender aj)])cndagC3.

RuAcnoMYCES inTon.ivUS Thaxtcr. Plate XII, fig. 6.

Proc. Am. Ara.l Arta and Sci. Vol. XXX, p. 467. Acantliomyces hypoi^ixm Tlaxter 1. c. Vol. XXVIII, p. 177. '

Perithecium nearly sessile, terminal, pale straw-colored, hardly inflated, continuing the si.e-

moid curve of the receptacle, its Jdunt apex exceeding the tips of the appendages by about half its

length. Pieceptacle nniformly pale straw-colored, bent in a sigmoid curve, the base slender, the

remaining portion stout, the main axis consisting of about eighteen superposed cells with very

oblique septa, the appendiculate cells unusually large, their bases externally distinct, A]>pend-

ages numerous, closely set, appressed, slightly curved inward, deep brown, the tips paler, Peri-

thecium, 145 X 37 fi. Appendages, 110-150 /x. Receptacle, 340x37/t,

On Anophthalmus Bilimeki Sturm., Carniolia, Austria.



362 MOXOGEAPH pF THE LABOULBEXIACE^.

One mature and several immature specimens of this fine species were found on the elytra of

a specimen of its host in the collection of the Cambridge Museum. It is at once distinguished

by its sigmoid outline, colorless receptacle, and appressed, incurved, short appendages, as well as

by the unusual development of its appendiculate cells.

Rhachomyces arbusculus nov. sp. Plate TV, figs. C-7.

Perithccium pale straw-colored, long and slender, tapering slightly and gradiiaHj towards

the bluntly rounded apex, which is suffused with brown ; the stalk-cell short, for the most part

hidden by the appendages. Receptacle slender^ curved or slightly sigmoid ; the cells of the main

axis, about twenty to twenty-five in number, more or less deeply sufTused with blackish brown;

the septa rather oblique; the apex distinct beyond the insertion of the stalk-cell of the perithc-

cium. Appendages numerous, externally black and opaque, the inner margin more^ or less

transparent, stiff, short, their tips more or less prominently and abru|)tly recurved, arising from

all except the basal cell of the receptacle, and projecting oblitpioly upward ; those at the base

of the perithccium somewhat longer and more prominently curved awny from its base on either

side. Perithecium, 170-190 x 35-38 /a. Spores about 50 fi long (measured in the perithccium).

Receptacle, 200-325 fi long. Appendages, 85-100 fi.

On an undetermined staphylinid allied to Lathrohium, Mt. Coffee, Liberia, Africa (O. R
Cook),

This species corresponds in all respects to the type so closely' adhered to in all the other
species of this genus, from which it mnj be readily distinguished l)y its long slender form and
very numerous short recurved appendages. The types, which arc' in excellent condition, were
found on the abdomen of the host, a small riparian staphylinid.

Rhachomyces furcatus Thaxter. Plate XII, figs. 1-3.

Proc. Am. Acad. Arts and Sci. Vol. XXX, p. 467; Acantho,n>^cesfurcatu. Thaxter 1. c. Vol. XXVITI, p. 177

Perithecium more or less suffused with htly inflated at the base,
tapermg gradually to the apex, borne on a stout and well marked ^talk-cell, liccci.laclo moro
or less tinged w.th brownish, its main axis consisting of about twelve superposed cells, continued
by a more slender prolongation beyond the base of the perithecium, this prolongation sometimes
formmg a second successive main axis terminated by a second perithecium and continued by a
simdar prolongat.on beyond the base of this second perithecium, which arises on tl,o side of
the general ax,s nearly opposite to that which bears the Hrst. Appendages dnrl< brown, opaque,
s^out, „g,d. nearly straight or slightly curved outward, the longest not e,,ualling the tip of the
per.thec.um Spo,.es, 48 X 4 ^. Pe,.;theeia, 100-185 x 48-55 ^. Appen.l.cs Oon.est) about

i ' ^° "' "'S"' '» "P of f»<=q't"clc about 360;,. Main budv «£ receotaele about 220 m long.

/
(longest)

of tZll''\Tl"'T 1
*'"' ^'"'^' '""^ '^cll-marked species were found on the abdomen

of a specmen of ,ts host ,„ the collection of the Museum at Cambridge. It is characterized by
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the conspicuous prolongatiou of its rcccptacl*^ beyond ihc. base of Ibo pcritLeciunij whicli gives

it a more or lc;:>s furcate habit TIic pcntliccinm is large and its stalk-eell more lii^bl}* devel-

.0])ed than that of any other speciofl.

KriACUUMYCLs Latjiuobii Thaxter. Plate X, ilp:^. 22-2^.

Proc. Am. Acad. Arts aud Sci. Vol. -XXX, p. 4C7 ; Acauthvm^ ^ - A -' Vi" 'J^Imxtcr 1 c. Vol. XX\'I11, p. 17«.

Pcrithccium becoming slightly BufTuscd with brown, its blunt conical tip dai*k brown, con-
A

trasting; ratlicr slender, slightly inflated towards the base, borne on a short .stalk-coll more or

less concealed. Receptacle consisting usually of eight to ten superposed cells, formIn,2: the main

axis and deeply suCfused with blackish brown except at the nearly hyaline septa. Appcndniros

large, curved, almost opa^pio, nearly equalling, often greatly exceeding, the tip of the I'onthccium-

Sporcs about 50 x4^. Perithecia, lOO-lGO x 35-40 ft. Appendages (longer), 150-450 /x. lic-

coptaclc (average), 110 /x long.

On abdomen of Lathrohium lottjiu^culum Grav., New IJampshirc and Lake Superior;

Lnlhrohium sp., Pennsylvania.

Tlic appendages of the sj)ccinien3 from Niw TTamiishirc are constantly far Inngor than tluisc

of the Lake Superior specimens, resembling A, pUosellufi in this rosin^ct. The two forms seem

otherwise identical, and are distinguished from A. piloseJIus by th^^ cliaraetcrisfionlly hrown-tippcd

pcrithccium, longer receptacle, and more densely crowded appendages. 'J'he infested hosts WTre

all found in the collection of the Museum at Cambridge.

Rhachomyces PiLOSELLrs Thaxter. Piute XH, fins. 12-15.

rroc. Am. Acad. Arts and Sci. Vol. XXX, p. 467; Lal^nlh^nm pih ",( TJnMn, Traitc du Mirr rr»po, p. 912, fig. 2S5 (1871);

Acanthomyces hrevtj^es Tliaxter, Proc. Am. Acad. Arts ami Sci. Vol. XXVllI, p. J 77.

Perithecium suffused with reddish brown, Bubfusiforni with a distinct stout stalk-cell.

Recei>tacle very short, the main axis consisting usually of five superposed cells, with a short pro-

longation beyond the base of the perithecium, normally of not more than three or four cells, the

cells all pale yellowish or with brown sufTusions, the septa in all cases usHally hyaline. Api>cnd-

ages few in number, opaque or nearly so, scattered, some of them very long, curved, and

greatly exceeding the tip of the receptacle. Spores, 55 x 4 //. Perithecium, 150-1G5 x 45-55 ft.

Receptacle, main body about 75 x 30 u, its prolongation about 35-40 m. Stalk of pcrithccium

about 40 X 30 /i. 375-500

/
This small species is distinguished from its near ally R- Lailmhii^ by ite shorter and

differently shaped receptacle, concolorous perithecium, and scattered appendnges. The specimens

examined were obtained from material of its Ijost in the collection of the ^Museum at Cambridge

labelled '' Germany,*' and were found growing on the insect's abdomen. I have been untible to

discover any diagnosis of this species in Rubin's '^ Traits" beyond the descri]»tion of the plate,

and was unaware that no description existed when I referred my own species to this form in the

pnper cited above. Although the name R, Irevijiei might very properly be retained, in view of
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the lack of any proper descriptioiij it seems superfluous to coini:»licato tlic synonymy further, and

it must be confessed that Robin's figures, with their description, constitute quite as satisfactory

a basis for determination as is afforded in the case of many other species.

CH^TOMYCES Thaxter. Plate XI, figs. 20-22.

Proc. Am. Acad. Arts aud Sci. Vol. XXVIII, p. 178.

Receptacle consisting of a slender rigid series of superposed cells from which arise suc-

cessively in a unilateral series the appendages, and one, rarely two, pcrithccia. Pcrithccium

flattened stalked. Appendages one from each cell, simple or branched, produced one or more

below the origin of the perithecium, the rest above it. Spores once-scpfate.

This well-marked type differs from other genera, from tlie fact that as many as three of the

cells of the receptacle lying below the origin of the perithecia may give rise to appendages

apparently fertile. The lowest of the latter which form the scries above the pcrithccium, also

seem to be fertile, producing a small number (one or two) of ratlier slender flask-shaped cells;

but no discharge of antherozoids has been observed from them. The cells immediately above tho

origin of the perithecia bear no appendages, but the lowest sometimes produces a second perithe-

cium. Tbe perithecium appears to have four cells in each series of wall-cells, but it has not
been possible to determine this beyond question.

Ch^tomyces Pinophili Tliaxtcr. Plate XT, figs. 20-22.

Proc, Am. Acad. Arts and Sci. Vol. XXV HI, p. 179.

Perithecium suffused witli purplish, more deeply at the base and along its inner half, long,
slender; the inner margin nearly straight, tlie outer curving inward distully to the prumincut
somewhat angularly inflated tip; the stalk-colls bent upward at the base, so that the axis of tho
per.theemra is nearly parallel to that of the receptacle, the lower short and narrow, Ihe upper
becommg d.stally as broad as the perithecium, the basal colls of which arc not distinguished
from It and are similarly suffused with purpli.h. Receptacle bristle-like, composed of about
fourteen superposed suVcylindrieal or somewhat flattened cells, almost or quite opaque and
.nd,stmgu,shab e, the series usually bent backward at the base and, more abruptly, at the apex.
Of these cells the three (rarely tour) basal ones hear no appendages; above these one to three

Ir rj 7 ,

^PP';"'^»S^«- »d are in turn succeeded by one, rarely two cells, from which

Sal ne most vl, "' "™ "• ''' '''''' ^^"' •^-™S ^l-^ stout sparingly banohed tapering

ri^a i 'reilv TT''''
^"'"^ '^^'""'''"''' ''J'-'l"-. spalgly branched, the anthe-

wide at ba,» T V f-^f
^22,.; stalk-cells about 80/. lonR by 18.5-22;. distally, H/.

60-60

1

'"°'" "' ""P"'^''' 150-160x7.5-8.. Appendages (longer) about

On PinopUlus latipo Er., Southern States.
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A specimen of this host bearing the parasite in consitlorable ninnhers on Ujc under side of ita

abdomen was found in the ficcontc cuUection of ColcopterR. The fungus under a hand lens

looks like a stifT slender bristle, and miglii readily bo ovtMlooked even wlion present in consider-

able numbers. The materialj though abundant, coutainod no very young individuals^ so that the

early development is unknown.

wall-cells

SPTTALEROMYCES Thaxfer. Tlatos III and XL

Troc. Am. Acil. Art* aud Sci. Vol. XXIX, p, 95.

Receptacle consisting of two superposed cells, the upper bearing the appendage late

the stalk-cell of the perithecium terminnlly. Pcrithccium asymmetrical, each series of

composed of five cells; the apex somewhat pointed, the stalk-cell free. Appendage consisting

of a basal cell bearing a series of superposed cells, each of which gives rise from its inner upper

angle to a single short septate simple antheridial branch. S])ores oncc-scplale. Ascogcnic cell

solitary.

This somewhat insignificant genus is perhaps related to Compsomycca,'ns may be indicated

by the structure of its perithecium, the wall-cells of which are unusually numcroufl. The
peculiar disposition of the cannl cells near the ti]) has bcon already referred fo (]», 2ol). The
trichogyne lias been observed in a single specimen only, wliich was bndly broken. It appoare to bo

filamentous and branclied. Owing to its rarity the early stages have not boon observed. In a

single young specinicn of S. Latlirohii (Plate XI, fig. 10) a perfect nppendage was obtained,

showing the sub-terminal origin of the flask-shaped antlieridia, and the presence of a peculiar

spine at the base of the sub-terminal cell, to which reference has been made above (p. 2*^0),

Although marked by no great peculiarities, the generic tyj>e is clearly defined by the two very

distinct species.

t

Sphaleromyces Lathrobii, Thaxter. Plate XT, figs. 2-5, 19 ; Plate III, figs. 1-2.

Proc Am. AcaJ. Arts auJ Sci. Vol. XXIX, p. 95,

Wholly hyaline or faintly yellowish, Perithecium ratlier slender, slightly inflated toward

the base, tapering to the somewhat pointed apex which is bent inward; the dividing lines

between the wall-cells indicated by successive ridges, the distal more prominent; the stalk-cell

short, the basal cells rather large. Receptacle consisting of two obliquely superposed cells, the

upper bearing the stalk-cell of the perithecium distally and the basal cell of the appendage

laterally. Appendage borne on a large basal cell connected on its inner side with the distal cell

of the receptacle and a portion of the stalk-cell of the perithecium, its exterior wall usually mucli

thickened so as to form a more or less distinct rounded prominence at the base of the appendage

proper, which consists of a series of four or five obliquely superposed cells diminishing in size

towards its apex, from each of which arises on the inner side a single branch; the branches

directed obliquely upward and forming a single series, septate, cylindrical, simple or bearing

near their tips single short flask-shaped anthcridia. Spores, 35 x 3-3.5 ;x. Peritbocia, 100 x 22 /x-

140 X 36 /x. Total length to tip of pcritliccium, lGO-2^0 ft. Total length to tip of distal branch

of appendage, 110-106 /x. Ptcceptacle, 38-15 fx long.
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On Lathrolium mtidulum Lcc. and L. pundulatum Lcc, Kittcry Point, Maine ;
on Lathrohium

spp. indct. Arlington, Mass., Lake Superior.

This species seems to be a rare one, and inliabits the legs and abdomen of its host, where,

owing to its small size and pale color, it is detected with difficulty. Specimens on L. nitklulum

are distinctly smaller than those on the second host, but otherwise there seems to

variation in the rather insufficient material examined.

be

Sphaleromyces occidentalis, Thaxter. Plato XI, fig. 1.

Proc. Am. Acad. x\rts aud Sci. VoL XXX, p. 4G9.

More or less evenly tinged with browuish. Perithecium large, snbfusiform, with faintly

defined ridges at the divisions between the wall-cells, the apex made externally oblique through

the outgrowth of one of the lip-cells, which forms a pointed projection beyond the pore ; the stalk-

cell wholly free, tapering to a narrow base, and about as long as the receptacle proper. Hecep-

tacle small, pointed below, its sub-basal cell united throughout its length to the basal cell of the

appendage, its basal and sub-basal cells separated by a horizontal Bcptuiu. The appendage

straight, rigid, tapering, composed of a series of usually four superposed cells separated by

oblique partitions, and bearing short branches with flask-shaped anthrridia from their upjjcr

inner angles. Perithecia, 200 x 45 /i. Length to tip of pcrithecia, 350 ^. Length to tip of

appendage, 200 /tt. Length of receptacle, 55 ^.

On Pinophilus densus Lee, Utah.

The present form was found on the abdomen of its host, and is readily distinguished from
*S'. Latlrolii by the peculiarly modified tip of its perithecium, as well as by other important
differences. The scanty material examined was obtained from specimens of the host (a sta-

phyliuid beetle living under bark(?)) contained in the Le Conte collection.

COMPSOMYCES Thaxter. Plate XL
rroc. Am. Acad. Arts and Sci. Vol. XXIX, p. 96 ; Canthamnyces Thaxter pro parte. 1. c. Vol. XXIV, p. 9.

Receptacle consisting of two superposed cells, the distal bearing from its cxtremitv several
appendages and one, rarely two, stalked perithecia. Appendages sterile or fertile, simple or
branched, septate

;
tlie fertile ones bearing one or more single one-celled antheridia. sessile at

the extremities of the successive cells, which form the main axis of the appendage. Perithecium
symmetrical, conical, borne on two superposed stalk-cells, the lower of whicli bears one, rarely
two, terminal simple appendages. Asci eight-spored. Spores once-septate. Trichogyne
copiously branched, the receptive tips coiled in a close spiral

Tins genus though closely related to and possibly identical with Moschomyccs, lias no other
near alhes unless ,t be Sphaleromyces, and its position in the series is very doubtful. With the

JO
excep^ons mentioned, it differs from other genera with endogonon. antherozoids in hav-

:^f::"l":,r' !":"^'P^^:^^^!^^^^ -"-"- Mosehomyces also is the only other

ppendiculatc
Ihe tr.ol,ogy„c ^I.cn well developed, as in fi;;, 9, i. the most remarkable strueturo of its kind in
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the w'liolc family, its spiral termination? being invarin]>ly present nnd of very regular form.

It is possible that the lo-^rer stalk-ccU of the pcrithccium is morphologically a part of ihc

receptacle and not homologous with the ordinary stalk-cclls. Its early dcrivalion, however, has

not been determined.

CoMPSOMVCES VEHTiciLLATUS Thaxtcr. Tlnto XL fl'j< n-15.
?

Proc. Ana. Acad, Art? and Sci. Vol. XXIX, p. 97 ; Cantharomi/rts vrrticillatns ThiiNtor L c. Vol. XXI V, p. 9*

Nearly hyaline, becoming jiale straw-ycUow. rcrithecvum, very rarely more than one, not dift-

tinguishrd from its basal cells, inflated below, its ^lender, terminal portion laprnng gradnnlly

to the blunt symmetrical apex, the eight l.tnsal and »ub-basnl wall-colls producing a corrr^pond-

ing number of more or less conspicuous prominencies, llcceptaclc two^elled, the hnf^al cell

sometimes furnished ^vith a partly blackened outgrowth from its base. A]»)iendngrs two or

three to eight or more, arising sub-verticillatcly from the sub-basal cell, Bimjile or sparinc'ly

branched, the cells short and usually distally expanded* Spores, 20-22 x *^M- rerithecia, 90^

150 X 20-S5/1; its two stulk-colls (longest), 185 /i. Hcccptacle, 18-80 /i. Total length to tip

of pcrithecium, 140-400 fi.

On Siinius lonjiuaculus Mann., Anna, Illinois and Kittcry Point, Maine.

This graceful form was first received from i*roL S. A. Forbes, ^vho kindly sent me two

»pecmien

)

[it its really essential characters (the form and position of

Its general structure, however, seemed so like that of <^<rn-

tharoynyce^ Bledii^ received at the same time from the same source, that the two were united

under a common generic name. Later, more abundant n)atenal of C. Bledii and the discovery

of two additional species offered an opportunity for a more exact characterization of the gonus

Cantharomyccs on a basis of these three species, the C, vcrticlllatns of my first paper being

still in doubt until an abundance of material was obtained at Kittcry.

The species varies very considerably in size according to its position on the host, specimens

on the elytra and near the tijis of the logs being often very small. The length of tlie r<^'-^p-

tacle also varies very considcraldy, and the hoof-like modification of the foot (fig. 13), whieh

finds a parallel only In L^iloulhenia Philouild (Plate XXll, fig. 28) sometimes occurs. The

rounded projections from the lower cells of the perithecial wall (fig. 11), arc also very varial)le

in form and are often hardly apparent. Tn very rare cases the lower stalk-cell of the pcrithe-

cium may bear two appendages from its distal end, which though almost invariably simj^le,

may sometimes produce short branchos. Two perithecia (fig. 8) have been observed in only two

instances. The antheridia (fig. 14) are produced in small numbers, one or two from the distal

ends of some of the lower cells of the appendages.

The hosts are common in dry rubbish in cultivated fields.
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MOSCIIOMYCES Thaxter. Plate XT, figs. 16-18 and 26.

Proc. Am. Acad. Arts and Sci. Vol. XXIX, p. 97.

Receptacle composed of a sucter-like compacted mass of pareiichymatous cells penetrating

the softer cliitin of the host and giving rise above to numerous free cells from the distal ends

of which are produced solitary stallced perithecia and appendages. Perithecium very large,

Buh-conical, pointed, the apex symmetrical, borne on two simple superposed stalk-cells followed

by three small basal cells ; the basal stalk-cell bearing from its distal end a single simple sterile

appendage. Appendages septate, sparingly branched or simple, the fertile ones stouter, bearing

the antheridia on short branchlets. Asci sub-cylindrical, eight-spored, arising in great numbers

and in many rows from a single ascogenic cell. Spores minute, once-septate.

This genus, although at first sight so remarkably distinguished from all others by its habit

of penetrating its host and by a cellular base, may yet prove merely a well-marked species' of

the preceding genus. This suggestion is made on the supposition that an " individual " such

as is represented by fig. 16 is in reality an aggregation of as many individuals as there arc cells

in its penetrating base. The spores are discharged in enormous numbers from the perithecium,

and show a marked tendency to adhere in masses (fig. 18). It is a question, therefore.

whether the " individual " as figured docs not represent the product of one of these masses and

not the product of a single spore. Apart from this apparently compound habit, the essential

characters of the genus are very similar to those of Compsomyces. If this suj)p()sition is

correct, the sucker-like base is morphologically a compound foot, while llic "numerous free

cells " above described as rising from it represent the sub-basal cells of the true receptacle.

Whether the latter has a basal cell distinct from the intruded cells cannot be seen in the speci-

mens examined.

The antheridia are flask-shaped cells borne at the tips of short branches, "which arise

near the ends of the stouter appendages (fig. 26), and arc unlike those of Compsomyces.
In one specimen, unfortunately destroyed, several trichogynes were observed, which though not

as luxuriant as is often the case in Compsomyces, were terminated by the same regularly coiled

spu-al branchlets. As far as can be determined, the asci arise from a single ascogenic centre,

(parti)

en

in very great numbers. The ascus mass is a most remarkal)le object when viewed in fresh

material under the microscope. What may be called the dorsal view of this mass (represented
m the second perithecium from the right in fig. 16) shows with great distinctness the round ends
of a multitude of asci with their contained spores, projecting towards the observer and gradually
losnig themselves above in the mass of spores, which must be counted in a single perithecium
almost by thousands. The structure of the perithecium is, like that of Compsomyces, unusual,
there bemg five transverse series of wall-cells, the lower four marked by singular ridges.

I

K

it
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MoscuoMYCES iNsinsTS Tliaxtcr. Plate XI, figs. 16-19.

Troc. Am. Acad. ArLs and Sci. Vol. XXIX, p. 97.

Perithecium pale straw-colored, becoming tinged with brown, tlic lower portiuu slighll/

inflared and abruptly contracted at the base, the distal portion snb-e(inio,il, si.inetinics sllglifly

bent to one side, the apex narrow, truncate, symmetrical, the surface marked hy two .'-nries of

ridges extending around the ])crithecinm, each series composed of four disfliiet and iiromincnt

ridges placed somewhat irregularly and indicating the linos of separation between <lio middle

and the upper and lower series of cells which form the walls of (ho main body of the jicrithc-

cium; basal cells of the perithecium .^mall,f(.iir in munber, nn( dish'ngnished from it, but some-
what abruptly distinguished from the distal stalk-cell, which is long, suli-cylindrieal, sometimes

inflated and curved; the basal stalk-cell usuallv shorter and smaller, bcarin": distallv a sinirlo

slender, simjile, rather closely septate, tapering appendage, usually about as lonjr ns Ihe distal

stalk-cell. The ai)|)cndages, which together with the single stalked perithecium sjiring in groups

of three or four from the di.stal ends of large cylindrical cells projecting from the suckcr-likc

receptacle (more rarely arising from the latter directly), arc simple or once branched, either

sterile or producing the solitary antheridia on short branches near their extremities. »^'i)orcs

very minute, acicular, septate near the middle, 12 xS/i. Asci sub-cylindrical, 40-45 X 7.5/*,

eight-spored, the spores sub-distichous, rerithecia, 225-290 x 55-75 /i, the stalk-cells (longest),

425 p., average, 375-25 /i. Appendages, 175-375 /x long. Breadth of sucker-like receptacle,

75 fi.

On Sunius prolixus Er., Waverly, Mass.

This form, which is among the most remarkable in the whole group, inhabits only the softer

Glutinous membranes of its host, beneath the elytra and at the bases of the legs or between the

segments, which it perforates by the intrusion of its sucker-like base. From its lar^re size it ise
readily seen, and when growing from the base of its host's legs projects upward, sometimes on

both sides of the thorax, so that the whole or part of the perithecium rises free into tlic air. It

api)ears to be decidedly rare, yet it will doubtless be found sufficiently abundant in localities

where its host is more common than it has been found to be bv the writer. It varies consider-

ably as to the number of perithccia which it produces as well as the size and number of cells in

its intruded base.

ZODIOMYCES Thaxter. Plate XXIII.

Troc. Am. Acad. Arts and Sci. Vol. XXIV, p. 263.

Receptacle attached by a single basal cell, abov€ whicli it is parenchymatously multicellular,

expanding distally ; its extremity cup-shaped with a distinct rim, from the inner surface of whi('h

arise numerous sterile appendages, surrounding numerous stalked ap|)endiculatc perifliecia and

antheridial branches originating from the central parenchyma- Antlierozoids exogenous, rod-

like, terminal or short fertile appendages- Spores once-septate near their base.

The present genus is without doubt the most reraarkalde of the many remarkable members

of the family, and presents a degree of vegetative development scarcely to have been looked for

24
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in the group, while the origin of its perithecia is quite unique. Starting with the slender spore,

the basal segment of which is far shorter than the terminal, the young plant begins its develop-

ment by the formation of numerous transverse partitions in both segments (fig. 1). The distal

cells n-ive off a variable number of simple branches, and in the mean time longitudinal divisions

appear here and there (fig. 2), whicli become rapidly more numerous (fig." 3) until the main

body is for the most part divided into small, very numerous, squarish cells (fig. 4). The main

body of the fungus then assumes a more or less clavate form, and is terminated by what may

be called the prmary appendage^ the basal cells of which may have a few longitudinal septa

(fig. 5), the distal ones producing long, slender branches. A more rapid growth peripherally

of the portion below the base of this primary appendage causes tlic wall-cells in this rep:ion to

arch outward, producing a more or less distinct cavity, completely enclosed within, as is indi-

cated in fig. 5. As this cavity enlarges, secondary appendages begin to groiv inward and n])ward

from the inner surfaces of the cells forming its lateral walls; while from the cells forming its

floor the perithecia arise. As a result the secondary appendages break through at the base of

the primary appendage, which is turned to one side and soon disappears. This condition is

shown in fig. 6, in whicli the terminal cavity is indicated partly as if seen in section, the second-

ary appendages having burst out above it and turned the primary appendage to one side, its

base being represented at the left. The cavity goes on enlarging till the perithecia begin to be

protruded within the circle of secondary appendages (fig. 7) ; while by further general growth

the mature condition is finally reached, as represented in fig. 8. A longitudinal section through

the fertile portion of an adult individual then presents the condition sliown in fig. 9, which is

drawn from a microtome section kindly made for me by Dr. Richards, but is to some extent

diagrammatic. Half only of the cup-like extremity is represented, the rim at tlie right showing
the sterile secondary appendages arising from its inner face. Tlie flattened bottom of the cup
is seen to consist of crowded parenchyma cells, from which arise directly the perithecia in vari-

ous stages of development, and the small and inconspicuous antheri.liul appendages. The latter

consist of a few, usually three, superposed, rather short cells, bearing at the tips (figs. 21-23)
one to three (usually two) rather large, rod-like bodies, which must be considered exogenous
antherozoids, and suggest in a way the spermatia of some lichens. These appear to be formed
successively, as in the case of Ceratomyces; but owing to the comparatively small size of the
anthcndia and the difficulty of observing them in crushed specimens, this point could not be
definitely ascertained. The antherozoids themselves evidently fall off; since they may fre-
quently be found lying loose about the bases of the perithecial stalks, and in this position they
seein to be sought out by the trichogynes, which at first invariably grow downward (figs. 9
and 16).

j a \

The development of the perithecium is illustrated by figs. 10 to 20 and fi-. 25. They arise
primarily as an outgrowth or upgrowth from one of the superficial cells forming the bottom of

11 T ior'
P'^*'"'^"^ ^\ong^te^ and becomes divided by two septa into three superposed

ceils (hg. Id). Of these cells the upper, as far as can be determined, follows a development simi-
lar to that by which the perithecium is usually formed in members of the group dividing Into
two primordial cells (fig. 14), the lower of which forms the perithecium proper, the latter the
procarpe. The tnchogyiie is always simple and terminal, consisting of a filament of variable
lengtU, which, as has just been mentioned, grows downward (fig. 16) toward, the base of the

f

»

1

*t:
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Stalk. Tlie great vaiiabilify in the leng(h of tlic tricho,L'-ync is a further indication that it seeks

the antlicrozoids, continuing to eh)ngate initil one of <he latter becomes fixed to it, after which
it is drawn up into a more or less horizontal position throuo-h a curvature at its I);isc (fig.

17). In all of the many observed cnscs, the anthcrozoid has been found affaohed to (ho
tip of the trichoyryne, a further confirmation of the view ju^t expressed (figs. 17, IS). After
the adherence of the antherozoid the trichogyne soon shrivels, reuiaining for a time as a sh'glit

terminal prominence (fig. 25). Meantime one of the cells at the base of the peritlioeiuin, per-

haps corresponding to the secondary stalk-cell of other inslances, produces a curious short,

(fig. 19) guificance. '"rhc four cell-rows of the pcri-

thccial wall then become more or less apparent; but the exact number of cells in each is

determined with considerable difllculty. ^ix eells may, howevei-, in favorable specimens be made
out, and in the single type species the third cell from the tip of each row j)roduces an nppendage.

Tliesc appendages (figs. 10-12, etc.) arc so placed that those arising from the dorsal cell-rows

are higher than the others, and arise side by side ; while those from the lateral cell-rows spring

from opp'^<'ite sides of the perithecium. They begin to develop by budding outwmd after the

perilheciuui is nearly mature (fig. 20) and have no special significance, their purpose being j.rob-

ably protective. The terminal cells of (he perithecium end each in a hhort, sharp, slender j.ro-

jection (figs. 9-11). The ascogenic cell appears to be solitary, but this point has not been made
out definitely. At maturity the septa of the basal eells of the perifheeia are ajiparcntly obliter-

ated, as are the cavities of the wall-cells. The main body or receptacle of the mature individual

is attached by a single large, slightly colored cell, above which it may produce more or less solid

cellular outgrowths, simple, lobcd, or even branched, and arising from one or both sides. These
outgrowths, which are doubtless designed to prevent sudden lateral bending, are very often

wholly wanting even in old individuals. The medullary jjortion of the receptacle, which lies

below the perithecigcrous area, is made up of cells charged with dense yellowish fatty pro-

toplasm.

ZoPiOMYCES yoRTiCELLAEius Thaxtcr. Plate XXIII, figs. 1-24.

I'roc. Am. Acad. Arts and Sci. Vol. XXIV, p. 263 ; 8acr,ir<Io Sylloge, Vol. IX, p. 1130.

Hyaline or livid with a central yellowish tinge, often sufTused basally with dull purjdish above

and including the sometimes nearly opaque basal cell. Perithecia numerous, variable in num-
ber, each terminal on a slender cylindrical stalk of two superposed cells, becoming sub-lateral

through the production of a short lateral upturned blunt outgrowth, arising from a short cell

cut off below its base ; its apex more or less pointed, curved strongly forward from the base of

a pair of blunt rather stout sub-cylindrical or sub-clavate recurved appendages, which arise side

by side from its posterior surface
;
producing laterally on each side, lower than the first, a second

appendage, long, slender, curved outward and backward, tapering to a more or less attenuated

tip: the body of the perithecium slightly inflated, stouter distally, narrowed towards its base, its

basal cells (three?) small and ill defined. Keeeptaele very variable in size and form, expandinu:

distally to the cup-Iikc extremity from within the margin of which arise numerous crowded,

cylindrical, septate, simide or sparingly branched sterile appendages which surround and greatly

exceed in length the mass of perithecia; below more or less attenuated, often producing near
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tlie base cellular outgrowths on one or both sides, wliicli vaiy in foi-m and size. Spoj-es,

45 X 2.5-3 fi. Perithccia, 55 X 15 fi, dorsal appendages, 15-SO X 5 /f , lateral appendages longer,

50 X 3 ;t, pedicel, 85-50 X 3.5-4 /i. Sterile appendages longer, 200-220 x 3-4 ^. General

receptacle, 220-900 fx, ; width at distal end 90-180 ^ ; the basal outgrowths, longest, 365 fi.

Hydrocomhus laciisiris Lee. and IT. fi
Ha

York, ilaine. On an undetermined Hvdroconibus (?) from Slaughter, Washington (Miss Parker).

This species presents very great variations in size and form, being elongate with a slender base

or short and stout; and, though usually nearly symmetrical at maturity, is sometimes very

considerabl}' bent or distorted; such differences depending doul)tU'SS largely upon the po.'^ition

in which it grows. The basal cushion-like outgrowths, Avhen present, are also very variable in

form and size, and arc not infrequently once branched. In most instances their cells aro

arranged with a certain degree of dofinitcncss (fig. 8), but aro not infrequently irregularly

massed. In its younger conditions, for some time after the perithccia nnd npi^endagos have

broken out, the plant may have a one-sided appearance until Ihe original terminal portion

(primary appendage) has sloughed off; after which the cup-shaped extremity becomes usimlly

quite symmetrical. The antheridia are recognized with considerable difllculty, owing to their

small size, and do not appear to be very numerous; but young jjcrithecia with trichogynes are

always sufficiently abundant.

The species was first found on hosts collected in a brook fed by a pond in ^Vcst Haven,
Conn.

;
but not in any abundance. More recently sufficient matorinl has beoti obtained from

the brook immediately below Chase's Pond at Y.^rk, Me., while several specimens were found
on an undetermined host, kindly collected for me in Washington by iliss Parker. It is therefore
doubtless widely distributed in this country, thouirh nerhans nov.r v.-v- ...,....„ The host.H
are most readily obtained in gravel just at tlie margins of cool brooks, or in Laves nnd oil...
rubbish caught on partly submerged rocks or sticks in similar situations, and the parasite, owing
to Its large size and pale color, is very readily seen, attached to
on the lower surface of the thorax and abdomen.

the

ATOMYCES XXIV-XX\
Proc. Am. Acad. Arts aad Sci. Vol. XXVII, p. 34.

BorSr'" r^^7 "'
t

'"'"^'^ """''" °f -•i'orposod cells bearing tcr.uinally the

fu o,„lL r™ '"•
,r"'"'""™

'""^'^""^ "f f»- -- of wall-cell. c.oh conhUuiognuMcoas colls, always more than six, often anvn™I ,™„. .u: , ._ ,___. .' • , .... .,!
anev vavm,,, „ff -.i,

' ''™™' "">'^' '"'s number (soTeii to sixlv-five), the

^i a™ uZTr° " "f"
""^ "' ""'"""''•^ -"«• f-" "- -rVr i....er angle of which

fe cX on so t ? M
'"''""' ""' "''" •'"'^'"l-l- ^-^ ^'l- '">• fu"i-»P".ea. Spores

aeicu ar, once-soptate. Anlherozoids long, rod-shaped, exogenousthe accumulation of nnmermm t-nn^;^. • n- ,

matter of some difficulty
; Tc StW^^ ^ ^'^ ''^'^ ""'"'"' '^ ''''''' '"^'^'^" '

> ,
Mnce, although its characters are well marked, the different ^species

» This name occurs in Streinz, Xomenckitor Fnr,rr
Sturm." An examination of the citation, however Til ?/' ''^'''"'' ^ "^"^' *^ "Ceratomyce3 cnn.Jidus
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are remarkably variable. Tho horn-like appcMuin-e, which characterizes the perilhecia of tlio

species first described, does not jTove of goiieric value, since it is absent in fourfunna. The only
genus which might possibly be mistaken for it, however, is Sphaieromyces : hui<h..pro.senro in fliis

case of flask-shapeJ anfhoridia on (lie branches of the appendage, not to monf ion ils wcll-dcvclopcd
pcrithccial stalk-cell, distinguish it without dilhculty. its grcatesl ],ecnlianty Hrs in the character
and development of the pcrithecium, which diflfcrs from the more tyj>ical forms Jn important
points; and although I have been unable to obtain young material which illustrates all the early
stages, it appears in amirahilis to be as follows : The young individual consists of asimjjlc scries
of superposed cells, the distal of which begin to branch at an early s«agc; and the first indica-
tion of the formation of the pcrithecium consists in the division by a transverse septum of ono
of the^cells of this series. Of the two cells resulting from this division, the upper gn»uh ouf-
ward and upward, its outgrowth becoming a fingor-likc projection (I'latc XXIV, fig. 4, at tbo
left) that later elongates to form the fihimentous ti-ichogync. This outgrowth, in flic stnge rop-
resented by the figure, has become divided by two transverse partitions into (luce cells ; llie upprr
being the young trichogyne, the cell below it the trichoj)horic cell ; while b.^lou (his, not projeeling
from the axis of the plant, is the smaller carpogenic cell. At tlic right of flic carpogrnic cell a
vertical septum has divided the remainder of the original uj»per cell into two ].;irt.s, an outer and
an axilc cell

; but in other species, like C. cojitortun (Plate XXV, fig. 9), Ibis division smms to

be absent; The lower of the two original cells has, in the mciin time, been divided by a vertical

septum into two cells, one of wliich (Piute XXIV, fig. 4, x) has also begun to grow outward and
upward. As far as can be determined, this cell (x) by further growth .-nul division produces
only one of the series of wall- and canal-cells ; while the cell previously referred to as the axilc
cell, lying behind the carpogenic cell, gives rise to the three other series. Having been unable
to separate the cells in this region and ascertain (heir protoplasmic connections with the cells of

the pcrithecium, it is uncertain whether the above statement is entirely correct in so far as con-
cerns the number of wall-cells originating from each of the cells mentioned ; but that they give
rise to the outer and inner series of i)erithccial cells cannot be doubted. The latter grow uj

around and beyond (he carpogenic and trichophoric cells, and by the successive division of tl

terminal members form the mnin l)ulk of the pcrithecium. The base of (he friehon-vnc is thus
left behind, as it were, in the angle between the pcrithecium and the appendage (Plate XXIV,

While in other genera,

\\n

leir

17)

as a rule, only one or two divisions of the pcrithccial cells takes place above the insertion of the

trichogyne, in the present instance the growth beyond it may be almost indefinite ; as in C. ros-

ti-atus, for example, or CfiUformis, in each of which (Plato XXIV, fig. 15 and 18) the pcrithe-

cium is extraordinarily developed. Although the general process by which the pcrithecium

originates is thus very similar to that which has been described as characteristic of Stigma-
tomyces or Laboulbenia, it will be observed that its basal cells are differentlv arramjed, nnd
originate in a different manner. Whether it is possible to homologize the typical stalk-cell and
secondary stalk-cell with any of those present in this case I do nof feel able to determine. Tho
pcrithccial cells of the inner series differ from those of other genera from the fact that they seem
to divide quite independently of, and less frequently than, tlic wall-ccILs ; as may be seen in

fig. 8, Plate XXIV, the septa of the wall-cells {w c) and of the canal-cell {c i) in this instance

being by no means coincident. As in other cases, thecanal cells are entirtly destroynd bv the
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pressure of the spore mass, and there are indications that they are absorbed even before this

pressure is exerted.

The procarpe, as we hare seen, is identical with that of other genera, and the fnrther

development of the carpogenic cell, although it has not been traced out in detail, seems to corre-

sr)ond in all respects to that which has been previously described. In species in which it has

been possible to determine the number of ascogenic cells with definiteness, four have been seen

in every case ; but a certain irregularity in the position of the asci in relation to them is often

observable, the ordinary bi seriate arrangement being at least obscured.

Tlie young individuals of species of this genus bear a close resemblance to those of Zodio-

myces, and the slender acicular spores, as in the last named genus, arc septate nearer to (he base

than to the apex except in G. terrestris. A further peculiarity of the spores is observable in C.

furcatus and C. conto7ius, m both of which the septum that divides the spore involves its gela-

tinous envelope also, which is prominently constricted in this region (Plate XXV, figs. 4

and 10).

Tlie trichogyne is always filamentous, usually not very long, and sinij)le or sparingly

branched. The antherozoids are clearly differentiated only in C rosti-atiis (Plate XXIY, figs. 21

and 24) and C. terrestris (Plate XXV, fig. 23), in both of which they arc long, rod-shaped

bodies that fall from their attachment soon after they are formed. In other species ihcy api^oar

to result from the segmentation of slender branches into rod-like pieces like those of the two
forms mentioned. It is difficult to obtain trichogynes in a receptive condition, and in only a

single instance have I found one to which three or four of the long antherozoids w^rc firmly

attached.

The species are in a way divisible into sub-groups corresponding to the genera of the hosts

which they inhabit. The three species on Berosus as well as the four on Tropistcrnus have a
distinct family resemblance in either case; while 0. rostratus is a]mr)st sufliciently distinct to be
placed in a genus by itself; its chief peculiarity being connrded with the j)roduction of adven-
titious branches from about the base of tbe appcndnge and pcrithccium, and the definite and
successive production of its antherozoids. It may be mentioned that it is approached in both
these respects by tbe singular little terrestrial form C. terrestris. ^Vhat the near afTinities of

.

this peculiar and comparatively imperfectly known genus are, it is difficult to sny, although its

exogenous antherozoids and the form of its young conditions indicate a nearer relationship with
Zodiomyces than with any other known forms.

taphylinid

(llydrophilidse)

Ceratomyces mirabilis Thaxter. Plate XXIV, figs. 1-10.

Proc. Am. Acad. Arts and Scl. Yol. XXYII, p. .34 ; 1. c. Vol. XXX, p. 4S0.

At first pale, becoming more or less deeply suffused with amber-brown. Pcritliccium si might
externally, more or less inflated internally, the cell-rows composed of from twenty to thirty cells,
he anterior row ending below the apex in an appendage often equalling the perithecium in
long h and tapering to a blunt point, or when broken sometimes producing a fow slender termi-

from
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superposed cells. Tlic postci-ior row U-rniinatos opj)osltc the base of this appoTidngo in n MIoIm J
prominence beyond uhicli the short more or less pointed apex i? often strongly bcnrto or towards
the base of the pcritho-ial appendage. Antheridial appendage short and 8<o.d, nsually I.-^ than
one third as long as the perithon-um, snb-conical, with numerous bianclus prrfdneed from it«
inner side, slender, raiher rigid, witli more or less divergent hrandilcls. "Reepj)taclc consisting
of three superposed cells, followed by two cells; the i>nstcrIor larger and Adlowed by the basal
cells of the appendage

;
the anterior much smaller, followed by a poeond roll about equalling it

in size, beyond whieh follows the base of the peritheelnuj : the b;i^al roll wholly or partly h\a-
linc or translucent above the large jet black foot ; (he remaining cells deeply blackened oxce'].t

along their anterior edges, the blackening involving tbr ba- of the antheridial aj,pendagc.
Spores, 110-120 x 4/i. Pcrithccia, 280-300 x C5-70 /., longest, n?>0 ^, its appenda^o 180-200/..
Total length to tip of pcrithcclnm, 400-.v2:.;i. Antheridial appendage (exclusive of lis

branches) about one tliin

On Tropisierniis ylah

Kittcry Point, Maine.

This speeies, though ].erhaps the commonest member of the genus, seems never vcrv abun-
dant. It is subject to a good deal of variation in size, but is otherwise very constant in its

characters and easily distinguished from the rarer C. confa^ius. It ts found on the lower surface
of the abdomen and thorax of its host, especially along the margin of the former on the left side,

and is conspicuous from its large size.

It may be mentioned that this species, and probably the succeeding, is subject to the external
parisitism of a Chytridiaceous parasite of singular structure resembling the Obeljdium oi Xowa-
kowski in some respects, but apparently belonging to an undescribed genus. The development
of this plant has not, however, been as yet fully made out.

leeium.

t'j Mns«

Cekatomyces C0NFrsu3 Thaxtcr. Plate XXIV, figs. 11, 12.

Proc. Am. Arn<!. Arts and Sci. Vol. XX \', p. 480.

General habit and color as in 0. mlralilk. Perithecium hardly inflated, its inner margin
curving evenly to the prominent blunt aj.ex which stands out free from the base of the pcritheejal

appendage. The pcrithccial appendage shorter and usually stouter than in C. mirahilis, without
the bulbous inflation at its base. Axis of antheridial appendage long and slender, distally

attenuated, with comparatively few short branches. Receptacle as in C. mirahilis. Spores,
75-90 X 3.7 /i. Perithecia, 285-335x65;*. Axis of antheridial ap].endagc 235 /* (longest;.

Receptacle, 165 x 75 /i.

On Tropisternm glaler lib. and T. nimbatus Say, Milford, Connecticut, and Kitt<;ry Point,

Maine.

an

any posterior prominences below the apex of the perithecium, as well as by the differences

presented by its peritheeial and antheridial appendages. Its spores also seem constantly smaller,

and although the two species arc so strikingly similar, it is unlikely that they are mere varirties

of a single form. It occurs, like the preceding species, along the inferior margin of its host's

body, but almost always on the opposite (right) side.



376 MONOGEAPH OF THE LABOULBENIACE^

Ceeatomyces camptospoeus Thaxter. Plate XXIV, figs, 13, 14.

Proc. Am. Acad. Arts and Sci. Vol. XXVII, p. 35.

Pale amber-brown, Ferithecium strongly curved near the base, rather stout, its cell-rows

made up of from thh'tj-five to forty members which, on the anterior row, are somewhat inflated

and constricted at the septa, giving a strongly corrugated outline on tliis side, the inner margin
bent abruptly almost at right angles to the blunt tip, below which, externally, a nearly straight

erect perithecial appendage arises, composed of six or more superposed cells, sometimes bearing

terminal branchlets. Antheridial appendage consisting of a short curved basal cell, above which
it is abruptly expanded, tapering thence to a rather slender tip ; the antheridial branchlets

terminal, few in number (or wholly broken off). Ecceptacle very small, consisting of a few
superposed cells for the most part black and opaquo. Spores slightly swollen, and bent near the
apex, long and slender, 110 X 3.5 /i, Perithccia, 275 x 85-90 /x. Receptacle, 90 x 50 /i.

On Tropisternus glaher Hb., Milford, Connecticut ; Arlington, Mass. On T. striolatiis Lcc,
Texas.

This species appears to be very rare, and I have collected it but once since the three types
were found at Milford, A specimen on the above-mentioned host from Texas seems to
correspond in all essentials, though not in very good condition, and is more rigid in form without
the sub-sigmoid habit of the other specimens. The type-form is at once distimrni^hcd by the
cliaracter of its antheridial appendage, the form of its perithecium, and especially by its greatly
reduced and almost wholly blackened receptacle and the characteristic irregularity of its
spores.

^

It IS found along the lower margin of its host, but was attached to the edge of tlic
elytron m the only specimen in which its exact position was noted

Ceratomyces filiformis Thaxter. 17

XXV

Suffused with dark amber-brown. Eeceptacle consisting of three sn,«r,,osod cells, the ba^nl
parHj blackened, surmounted by two cells which furn> the origin of the perithecium and

one partlj

n svmmor"'T, f „
""'"'•"" ™'-^ '""' ^"* ^'-^"' hardl/inflatcd, tarering abruptly

malur ^^ir r' ^ ^
"'"™"*'' ^P^'^' ""^ -"— -"I'oscd of v^ry numerous cells

oZo Zslc :!T^" f'"^f""
''"'*' "'^"'''' ^'™S'"' '^--S terminnlly or sub-tcrminally

MrtX"to:. ''-''' '^'^ -' - PeHtbeeia,250-330x33-«.. Receptacle,

oonnect.cut
,
Arlington, Mass, and Kittery Point, Maine

difficulty distingld £:ZIZ lit 'r'
''' '''"-"' "" '"" "^'^•- ""'-'" "" ''T

the very small nnmb.r -J
''"''"'^-'''"' '>»'ra '"""ng which it occurs. It is remarkable for

fo....d in abundaLe aL sis LSI IT^
"'' "'^ '''''''' """^''' '' ''-'''^'"- It is never •

¥
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Ceratomyces minisci-lus Tlia.xtcr. Plate XXA', figs. 15-18.

roc. Am. Acad

Becoming mure or less accj.l}- tinged witli ambcr-broAV]i. licceplacle consi.sllnjr of about
three suiterpospfi basal cells, all blnckeiied, opaque, auJ iudistingui.sbable, sunnmmfed by a
few small cells partly blackened bclo\r, from whicL arihc the Ri-pcn.lago nnd iMrilliccium.
Pcrithccium sub-conical, ten or eleven cells in each cell-row, a tslKut blunt conical nnirollular
projection borne sub-laterally below the tip, which is usually curved slightly ontw ard. Aj)i)ciidagc

tapering to a slender tip, simple, or bearing a few short branches near its npcx, .^nldom as lung
as the pcrithccium. Spores, 7oX4/t. Perithccia, 110-160x80-40/1. Receptacle, a\ era 'a'

90x40/i. A[»pendage, 50-110 /Along.

On TropUtcrnm nimbatiis Say, Kittery Point, ^faine ; Milford, Connecticut ; T<'v;m.

This curious little species occurs rather rarely, growing aj>prcssod on the lower surfaoo of
the hyaline outer margin of the riglit elytnui of its host, usually near the tij), am] is

pcrithccium itself. It is not readily o1)lained in good condition.

as

Ceuatomyces TERiiESTius Thaxtcr. Plat(> XXV, figs. 10-24.

Arts

Nearly hyaline, with black or dark brown suffusions. Pcrithccium large, slightly inflate d,

tapering to a bluntly rounded or truncate apex, from which the sharply pointed li].s project ; the
wall of the perltheclum consisting of four series of about twelve cells each, its base formed from
three small cells, below which a single similar small cell connects it with the receptacle. Rocpp-
tacle consisting of three small superposed squarish cells, the upper of which fiWon rise to the
perithecium and the appendage. The appendage, consistiuL' of six or more suncrnoscd, flattened

c

supcrj

cells becoming externally sufiFuscd with blackish brown or black (the suffusion sometimes
involving the whole series as well as the entire recoiitacle, with tlio exception of its basal cell),

bearing on its inner side numerous hyaline branches simple or once or twice branched, the lower
arising from a series of small cells which may extend across the base of the pcrithccium on one
side. Spores, 15 x 2.5-3 /t. Perithecium, 75-90x22-20/^. Receptacle, 25 /* long. Total
length to tip of perithecium, 100-140 /t, to tip of main appendage, 45-65 /i. Loi

of appendage, 75 /*.

On Lathrohium punHuJatum Lcc, Kittery Point, Maine; Arlington, Mua-s.

This minute and curious species is chiefly interesting from the fact that it is a terrestlal form
in a typically aquatic genus, of which, however, it seenas to possess all the essential characters.

In contrast to its congeners, it is among the smallest of all the Laboulbeniacea?, and is verv

readily overlooked. It Inhabits the legs of its host as a rule, but is sometimes found on the

abdomen. It varies considerably in the number of liranches which arise from the appendage or

from cells near its base, and some of these branches are peculiar, for what appears to be a gelat-

inous modification of their tips, which result in the davate form shown in figs. 20-21. In the

majority of specimens the branches are wholly broken off, as in figs. 19 and 22. Unlike the

other species of the genus, the spores appear to 1)'^ septate near the apex.
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Ceratomyces rostratus Thaxter. Plate XXIY, figs. 18-27.

Proc. Am. Acad. Arts and Sci. Vol. XXVIII, p. 188.

Reddish or amber-brown. Receptacle long, slender, expanding slightly npward, consisting

of about twelve superposed cells. Perithecium consisting of a clearly distinguished neck and an

inflated oval basal portion, completely filled with spores and asci, which pushes the appendage to

one side and continues directly the axis of the receptacle; the neck very elon^nte, irregularly

cylindrical, straight or its terminal portion at maturity (in perfectly developed Bpccimons)

abruptly bent upon itself, the recurved portion tapering slightly to the Innuliod asymmetrical

apex ; the cell-rows made up of seventy cells, more or less. Appendage arising from a broad

base flattened at maturity by pressure from the base of the pcrithccitini, consisting of about six

superposed cells bearing numerous branches, uhich may in turn be several times branched.

Spores about 75 x 3.5 //. Perithecia, basal portion, 110-150 x 65-00 // ; neck, inchiding recurved
portion, longest, 1.17 mm. Appendage about 90-100 /x long, its longest branches about 200^.
Receptacle, large, about 260 jx long by 65 /i at the distal end.

On Hfjdrocomlus fimhriaUis Melsh., Massachusetts, Texas ; PldlhijdruB cinctus Say, [Maine.

A variety on P. nehulosus Say, Maine.

Tlie most remarkable species of the gems, the enormously elongated neck of the perithecium
becoming hoolicd onlj- in tul'ly mature specimens, and serving an evident purpose in the spore
dissemination during coitus.

In perhaps a majority of specimens the neck is shorter nnd straight, and there are
very considerable variations in size and form. The appendage is often very bro.d at its
base, and projects outward, often at a considerable andc ; while its basal cells may be
n-regularly divided and produce branches which, in son.e enso,,, even f.e,.„, to arise from the
lower pentbecial wall-cells, forming a rather dense tuft, vbile in other cases they are more
sparingly developed. The number of cells con.posing the receptacle is subject to considerable
varmtion

;
and the cell-rows of the perithecium present very great dilTeronces in (ho number of

he,r componen cells. Unlike any other species, there is a distinct differentiation between the
e m,„al conductive portion of the perithecium and its innated ascigerous base, uhich is, appar-

ZltT T"7 "V"'
r'"'"''' '"^^'-^ ^-i'-msM in many cases from the base of the

m n an

,

" T 7
''""'''' ""^ ""^ anthero.oids of (bis sp-i^s, ,^-hich are peculiar

d s" bid'Cf•'

:
"'""'^ '""'^^ '° ^P- -10>- ^"« typical form is probabh widely

1 i lr;\; r ""rr™ "' "^ ""-""^ '^^'^^^ "- --•'^^ »' ^^averlv and i„ some other

It: ii^r^itctvrndr ''-''

-''T''"-'
'""" ^ '-- ^"-""™ -^ "^'''-

Maine, A small varietV i
'2 ,^ :'"'"?'{ ™ ''''"'^'"'^ «-"« "' '^'"->- I""""'

gin, and is represented in figs. 26, 27.

P
P

intlhed f 1 m, ;
"™

rT''
" ''"""" "" '^'^"^^ differences by whi 1 it can be dis-

abdCcn an tir ' fT^
o the present species, which is found on the nferior surface of the

^" occuis on c. mirabilu, but specifically distinct.
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Ceratomyces furcatus Tlmxtcr. Plate XXV, figs. l~i.
r

Proc. Am. Acad. Arts and Sd. Vol. XXVIJI, p. 186.

iline, becoming more or less sufTusca wifli rcdcHsli l.rown, tlie appcndapos sometimes
purplish. Receptacle composed of fluce or four 6uj)crpo8ed cells, surmounted by two cells, from
which arise the perithccium and appendage, rcrithecium large and stout, externally near!/
straight, inwardly inflated and strongly curved to the pointed apex, below which arises externally

Uv

pen glo
row of short branches, which may be in turn once branched. Cell-rows of perithccium each
consisting of about eight cells. Anfheridial appendage very large, consisting of twciifv cells

(more or less) 85
4jx. Pcrithecia, 130-150 x 45-GO/i. Receptacle, 90-110x45-55^. Anfhcrldial ni.pendage,
300-425^. Perithecial appendage about 325 /i.

On Bero8U8 striatus Say, Jfaine.

This singular-looking species occurs, so far as I have observed, only on the right side of the
lower surface of the thorax in small groups. Its very largo antheridial appendages distinguish
it from other species, and give it the Y or Y form which lins suggested flic specific name. The
spores, like those of C. contortus, arc peculiar in that the sciitum involves also the gelatinous
envelope. It seems to be a decidedly rare form, and with C. humiUs and the last mentioned
species, all occurring on the same host, has been thus far found only at Kitfery Point, Maine, in

a small pond near the highest point of Cutts Island.

Ceratomyces contortus Thaxter. Plate XXV, flga. 6-10,

Troc. Am. Acad. Arts aud Sci. Vol. XXVIII, p. ISG.

Hyaline, becoming very faintly brownish. Receptacle consisting of three superposed cells,

above which three cells form the general base of the perithecium and appendage. Perithccium

long and slender, usually constricted at the base so as to appear short stalked, slightly inflated

and bent outward, the apex pointed and curved. A short appendage arises sub-laterally below

the apex and is strongly curved, extending inward beyond the apex, its fifth and sometimes also

its sixth cell producing from its upper surface a stout branch which may be simple or may bear

secondary branches at irregular intervals. Antheridial appendage consisting of about twelve

superposed cells, producing a few branches from its inner side at irregular intervals, the branches

in turn more or less irregularly branched. Spores, 80-85 x 3-3.5 /i. Pcrithecia, 200-260 x 35-

45^. Receptacle about 125/1 long. Antheridial appendage, 110-130 /*. Perithecial apitend-

age, 75 /x long.

On Berosus slriatus Say, Kittery Point, Maine.

This species is somewhat more frequently met with than the preceding, and is usually found

on the lower surface of the abdomen on the left side near its tip. It is readily distinguished

from C.furcatus by its more slender habit, almost stalked perithecium, much smaller appendages

and generally malformed and distorted habit. It has as yet been found only in the locality men-
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tioned under the preceding species, to which it is most nearly allied. As already stated, its

spores are peculiar for the constriction about their septum, which involves the gelatinous

envelope.

Ceratomyces humilis Thaxter. Plate XXV, figs. 11-14.

Proc. Am. Acad. Arts aud Sci. Vol. XXIX, p. 9-1.

Hyaline, becoming faintly tinged with brownish. Perithecium ratlier narrow, without any

appendage, the apex blunt or nearly truncate, its cell-rows composed of not more than seven

cells. Receptacle composed of from two to five superposed squarish cells. Appendage consist-

ing of six to twelve superposed cells, the series tapering distally and producing irregularly from

its inner face branches which may in turn be several times branched and may reach a length

twice that of the perithecium. Spores, 22x3/x. Perithecia, 100 x 25 yw. Total length to tip

of perithecium, 150-185 yu.. Longest branches of appendage, 180 ^.

On Berosus striatus Say, Kittery Point, Maine,

om
by its small size and by the absence of any appendage near the tip of the pcrtthccium. It occurs

more frequently between the terminal claws of the middle pair of legs, but is rarely found on the

elytra. In two specimens the perithecia have become distinctly tinged with brown, but as a rule

the whole plant is hyaline.

$
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IXDEX OF HOST INSECTS.

I

I

Name of Host Iwbect. Namk or PArAStTK.

COLEOPTERA.
CARABIDiD.

Acrogenys hirsuta Maclean, Laboulbenia australicnsia Tliaxter.
Acupalpus carus Lee. Hhaohomyccs lasiopLorua Th aster,
Agonoderxis pallipes Fabr., Laboulbenia polyphaga Thaxter.
Amara sp. indet, << ,i „
Anisodactylus baltimorensis Say .. compressa Thaxter.

" elongata Thaxter.
" macrothcca Thaxter.

HarrisULec. ..
fil ifera Thaxter.

" inteipunctatus Kirby, i« «« n
" nigerrimus Dej., «« » «»

" lepida Thaxter.
" " " rterostichi Tljaxter.

" spp. indet, .. fiiifera Thaxter.
" macrotheca Thaxter.

Anomoglossus pusillus Say, » variabilis Thaxter.
Anophthalmus Bilimeki Sturm.,

. Rhachomyces hypoga^us Thaxter.
Menetriesii Motsch. Laboulbenia subterranea Thaxter.

" Motschulskyi Schm., » n u
pusio Horn

, Rhachomyces speluncalis Thaxter.
tenuis Horn Laboulbenia sp. indet

Aptinus mutilatus Fabr., .. ^^.^p^^ Thaxter.
Aspidogloasa subangulata Chaud., .. Aspidoglossa; Thaxter.
Atranus pubescena Dej Rhachomyces lasiophorus Thaxter.

Eucaulharomyces Atraui Thaxter.
Badister maculatus Lee. Laboulbenia polyphaga Thaxter.

" micans Lee., Rhachomyces lasiophorus Thaxter.
Bembxdium Andreae F., Laboulbenia vulgaris rcyritsch.

. " bimaculatum Kirby, .. curtipes Thaxter.
bipuuctatum Duft. . vulgaris Pevritsch.

• * ** luxurians Peyntsch-
complanulum Mann,, » cornuta Thaxter.
decorum Pz., » vulgaris Peyritsch.

^ fasciolatum Duft,, a w «
*' femoratum Sturm., it u «

*' flammulatum Clairv., a u a

" Inxurians Peyritsch.
laevigatum Say, .* vulgaris Peyritsch.

" littorale Pz., tt « «
** lunatum Duft., u » „

** flagellata Peyritsch.

\
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Name of Host Insect. Namk of Par^vsite.

BembidiummexicanumDej., Laboulbenia vuloraris Peyritsch.

** obsoletum Dej,,, .

** punctulatum Drap.,
*' **

(( varium Oliv.j
*' luxurians Peyritsch.

BlethisamultipuuctataFabr., .

'

*' variabilis Thaxter.

<* quadricollis Bald., ".
.

** ** "

Brachinus crepitans L.,
** Eougetii Mont, and Robin,

explodens Duft., • .
'' " *' ** "

« « « *' europa}a Thaxter.

" mexicanus Dej, . . .

'

*' Brachiui Thaxter,

'^ Bcolopeta Fabv.j " Eougetii Mont and Robin.

" spp. indet., *' Brachini Thaxter.

« « *' texana Thaxter.

Bradycellus rupestris Say, .......... " inflata Thaxter.

Callida pallidipenuis Chaud., ** minima Tliaxter.

Callistus Innatus Fabr., .....'...... ** europcea Thaxter.

Casnonia pennsylvanica Linn., *' Casnonije ThaxLor.

Catascopus guatemalensis Bates, '' Catascopi Thaxter,
'^ spp. iudet., *' " *<

Chl^nins eeneocephalua Dej., , . .
" europa^a Thaxter.

" asstivus Say, *f variabilis Tliaxter.
'* chrysocephalus Rossi, a europcea Thaxter.
" cumatilis Lee

,
u variabilis Thaxter.

'* cursor Chev., " '* *'

" floridanus Horn, u a a
** leucoscelis Chaud., a it a

'' pennsylvanicus Say, \ a a a
" rnficauda Chaud., " u u it

** sparsus Lee, u ,4 „

" tenuicollis Fabr., '.'.'.','.
u p^oliferans Thnxter.

te:.anus Horn, ., variabilis Thaxter.
" tricolor Dej.,

" velutinus Duft., ... n rr rri i
. „ '

" proliferans Thaxter.
" vestitusF., ..... .t i • 1 4 I. • I,

„ _• .^- „. r, - , fasciculata Teyntsch.
vmd.colhs Reiche, .. variabilis Thaxter.
^VV-mdet,

^ . . . .

Ciivitfa cordata Pz., ._ •• tv.
(I , .-

t. n Schizogonii Thaxter.

J, j^ ,.- T% '
'* ClivinsD Thaxter.

dentipesDej.

Colpodes c^ruleomarginatuB, Chaud.,
[

. do.gata Thaxter.
'

cyanonotus Chaud., „ „ „
duplex Hates,

•
• • . .

" grata Bates '
' '

" evaiiescens Bates, .... t.. , , • • rn , ^
*' ir.^„i<- ry L

Khachomyces loiigissiinus Thaxter.mcultus Bates, .... t .1 iu • , . -rt ia T^„^„„ • J /-ii ,
Liaboulbeiiia elongata Thaxter.

purpunpennis Chand., „ ,f „
• " sphodroides Chaud.,

•
• •

^^ ^^ ^^
" petilus Rates,

•* tenuicornis Chaud., ....[['
[[

" spp. indet.,

Coptodera Championi Rates
Crepidogaster bimaculata Boh.

'.

" Coptodera Tfmxter.

Dolichus ? sp. indet. '

** zanzibarina Thaxter.

Eiidema tropicum Ilone ' '
*' proliferans Thaxter.
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Name of IIo-^t Is^vrr. ^samh ... Psr-—
Eudenaa sp. indct.. T .'Kmlb<.nb pr.nlVnn.. Tl,,,xtcr.
Galerit.i aequiaoctialis Cliaud. ..

,^,,,,i. ; 'n,..ixi,.r.

.. ^
**

Uicjkicaiia TiiHxter.

Janus Fabr., , .• « ,^

'• leptodera niau.1 ..
lon-irnlli, Thnxfor.

•• mexicana Dcj., .4 (: »!. li- Tl.axU..
••

inol.tiiotliL.a TI'MTl^r.

m "v.caiia TL^iJticr.
•* nigra Chev.,

^ .
«i „ «

" sp-indet, -*
iliTipiniQ Thnxtcr.

Harpalus erythropus Dej. «*
fili^ : Tlinxt< r.

penusylvauicus FMG. ** nrru Vt TJt.ixLcn

•
*' onnfrrta TL^^Lr.

• • < - ;^^us JhaNffr.
** •• ILupali Thaxt«r.

pfeuriticuB Kirby .» polyphaga Thwter.
Laemosthenea cavicola .sch., '• eloufjala Thaxf.r.
Loxandrus fipp. iudet, .. I-olyj.ha-a Tli.ixlcr.

MacrocLilus bfguttatua Goete, •• elonpafa TJuxtcr
Mono Georgii Pal .. Morionis TliaxU-r.
Mormolyce pliyllodes Hasenb., " Ku.ikcli (fiiani).

" palmella ThaTUr.
Nebria brucnea Duft •. Nebrijr J', ^ uiagh.

" gregaria Fisch., .
•• «» '«

" pallipes Say, . *» « «

" Sahlbergi Fi'scb., <« •« *»

" vUlae Dej. '
.. «

Olisthopus parmatus Say, .» polvj Imga Tliaxter.
Omophron amerlcanum Dej., -

variabilis Tl.axter.
limbatum P., u

fr- -iciilata IVjiit^rh.
8p.indet., ..

vaiiabilis Thaikr.
Pachyteles luteus Hope Dimcromyces africannx Thaxter.

mexicaaua Chaud. Laboulbciua Pacini (-lis Tliaxt or
Pauagceus crucigerus Say .. rai»4»ji Thaxt*r.

" faaciatus Say, .
a u 4*

Patrobas lougicoruia Say, u brachiata ThaxU..
• "

•
" variabilis Thaxter.

teuuiB Say, ... i* brachiata Thaxter.
Pheropaophua aequinocUalto Linn., - Theropsophi Thaxkr,

** (?) margiaatiia Dej., *« u <4

** 8pp. iudet, u ti M

• • • • • - • - - . Enarthromyces indicua Thaxter.
Platynus a^ruginosns Dej., Laboulbenia pan^ula Thaxter.

affinia Kirby, 44 contorta Thaxter.
bicolor Lee, a elongata Thaxter.

** brunneomarglnatus Mann., »* ** <*

" cincticollia Say, u a a

.'
. . .

*'
funioija Thaxter.

• • ' rt'yntschiella nirvata Thaxter.

•
' minima HiaxUT.

" dissectus Lee Laboull>eTi5a r'-ngata Tliaxtnr.
" e^ensicollis Sav ** i'

25

3^j
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Name of Host Lnsecx. Name of Parasite.

Platynus extensicollis Say, Laboulbeuia contorta Thaxter.

^^ a u ** gibberosa Thaxter.

« 4i it ** parvula Thaxter.

44 a ii
** paiipercula Thaxter.

n €t u ** recta Thaxter.

n it a ** scelophila Thaxter.

a a it ** variabilis Thaxter.

•* floridanus Lee
" elongata Tliaxter.

<* melanariua Dej., .
**

a a « '* paupercula Thaxter*

«' ovipennis Mann.,
" elongata Thaxter.

" picticornis Newm., ** " **

" pusiUus Lee, ** " *•

" ruficornis Lee, " " *^

** sinuatus Dej.,
'' " "

" viduus Pz., .
•* anceps Peyritsch.

Priatonychus, see Laemosthenes.

Pterostichus adoxus Say, ** variabilis Thaxtvr.

" caudicalis Say, ** " "

" corvinus Dej., " " "

" erythropus Dej., . Peyritschiellft geminata Tliaxter.

" luctuosus Dej., *« •* «*

*' " " • Laboulbenia Pterostichi Thaxter.
*'

** " ** terminalis Thaxter.
'' " " " variabilis Thaxter.
" mancusLec, ** Pterostichi Thaxter.
« patruelis Dej., Peyritscliiella g*^minata Thaxter.

" " • Laboulbenia rigiMa Tlmxtrr.
« relictus Xewm., u variabilis Thaxter.
" Sayi Bruellc, .• . . <« « *•

" vel. aflBa. (S, Amer.) *» ** **

Schizogeniua fernigineus Pz., u Schizogeuii Thaxter.
" lineolatus Say, «i a u

Stenolophus fuliginosus Dej., u polyphaga Thaxter.
" limbalis Lee., . , <« u «4

ochropezus Say, u i„nbonata Thaxter.
Trechua chalybeus ^lann. . «t i • r> -^ uJ ^ ^ -ttiaiiii.,

^ ^
n vulo-ans Pcvntscn.O ^

HALIPLID 2E.

Cnemidotua muticus Lee.. . . tt i tt i- i- rr.. l„ ,.
, « „ T.

'
' HydraBomyces Ilaliph Thaxter.

Haliplus ruficollis DeG., a « u

DYTISCID^.

Bidessus granarius Aube, .... rku i - 1 • rn i

n^e«,« \ ' \ thitonomyces bidessanus Thaxter.
£>esmopachria convexa Aube, u x- t-i i .

„ ,

J .
•*

aurautiacus Thaxter.

tttt/j^^-^^^^,, - r
" borealia ThaxtfT.Hydroporua spunua Lee., -
,, . ^ rn *

u j^ j^

•••.... * marginatus Thaxter.

« j^ ^^

•* rhynr^stoma Thaxter.

M jj ^^
• . . . u simplf'x Thaxter.

Laccophilus hyalinus Dej, \ '.

[

" uiicinatus Thazter.

u a „ paradoxus (Peyritsch).

u «• *. oi
'' melanurus Peyritsch.

nunutoa Sturm.,
^j ^^

"^j,

•'*•••••• ** paradoxus (Peyritsch)

V

i
r



INDEX OF UOST INiSECTS,

Name of Ilu^r I&sect. Namk ok rAiu^siTE.

Laccophilus maculosus Germ., •...,... Cliitonoinjoea afTmU Thaxten
*• *• **

•* appendirnlatiw Thaxter.

* ** dtstortup Thaxtor.

** " •*
" h^aliuus Thaxter

** " " " lichauupLurus Thaxter.
** " " " mar^iuatua Thaxter.^

•• « " «« pftratIoxa« (PejriUcli).

** " " .
*' rhynrnstoma Thaxter.

•* ** *'
** simplex Thaxtcr.

** " " ** ayitiigcrus TLaxter.

" ** ** ,
*' uncigerus ThaxLer.

" " *'
'* unciuatua Hiaxlt r,

'^ sp. indet, " atriuia Thaxten
«* i* 44 a marginatii!- Thaxivr,

« « « u paradoxus (I'eyritach).

" " " , .
" uucigerus Tliaxtcr.

GYRINID-aE3.

Gyretes compressus Lee, Laboulbenia Guerinii Mont, and Robin.

" sericeus Lab., *' '' « **

Gyrlnus affinis Aube, " Gyrinidanim Tliaxter.

** analiflSay, •• '' **

confinia Lee, " ** ' **

« frateruuB Coup., *' * "

«' plicifer Lee, '' " **

« urinator lllig., .
•* ** "

« ventralis Kirby, *• ** '*

Orectogyros heros Reg., '* Oberthuri Giard.

" Bedeli Reg., ** Orectogyri Thoxten

HYDROPHILIDiB.

Berosua striatus Say, Ceratomyces contortus Thaxter.

a « «'
" furcatus Thaxter.

« <* " ** humilis Thaxter.

Hydrocombus fimbriatus Melsh., *' rostra tus Thaxter.

«- ** ** Zodiomyces vorticellarius Thaxter,

* lacustria Lee., •* ''

» sp. indet,

PhilhydruB cinctua Say, Ceratomyces rostratus Thaxter.

« nebulosua Say, " ** *'

Troplaternus glaber Hb., " camptoaporus Thaxter.

it " « ** confusus Thaxter.

w w «< *» filiform 13 Thaxter.

II a " " mirabilia Thaxter,

" nimbatus Say, *' confusus Thaxter.

tc «« it ^* filiformis Thaxter.

a « i« , ,
«' minisculus Thaxter.

« «< « ** mirabilis Thaxter.

•* Btriolatua Lee, " camptosporus Thaxter.

STAPHYLINID^.

Actobiua nanus Horn, . . * Teratomyces Actobii Thaxter.

u is ii " brevicaulis Thaxter,

<i i< a Diplomyces Actobianua Thaxter.

Acylop"borufl flavicoUis Sachs, Teratomyces mirificus Thaxter.

3S i
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3

Nambof n

Acylophorus flavipes Lee.,

L- Ln

u pronus Er.,

Bledius armatus £r., . •

<^ aasimilis (ms. uauie

basalis Lee, . .

emarginatus Say,

ornatus Lee, , .

rubiginosus Er., ,

Cryptobium bicolor Grav.,

** pallipes Grav.,

Deleaster dichrous Grav.,

Palagria dissecta Er., • .

i(

€<

it

u

ii

(i

C(

a

li

tt

Lathrobium angulare Lee,
a

u

II

*<

coUare Ehr., .

fulvipenne Grav

)

ii «i

(1

jacobiuum Lee,

longiiisculum Grav

nitidulum Lee,
tc

cc

l(

punctulatum Lee,

u

«»

«{

4i

U

fC

4<

It tenue Lee, .

Lathrobium vel affin.^ . .

Othius fulvipennis Fair.,

Peederus littorariua firar.,

obliteratus I^e,

ru&collis Fabr.,

spp. indet., . ,

H

i$

Fhilonthua
it

C(

u

cunctans Horn,

debilis Grav.,

«c

Ii

14

It

II

ii

14

u

«

furvus Nord., .

micans Grav.,

sordid lis Grav.,

epp. inrlet., . .

Pinophilus densua Lee, ,

latipe* Ehr., *

Quediua ferox Lee, . .

veruix Lee, . .

Sanius longiusctdna Mann.,

i<

«i

II

u

II

11 II

proIixusEhr., .

II IC

TachiuQS pallipes, . .

Trogophlaena spp. indet., -

Xantholinns obsidianas ^felsh

ECT Kamk or Taai^-.tc

TeratDmyoM miriftctu ThazUr
*

»

44 l«

Cantharom}.^ oc^^astalis Thixier
u II

'•Anio
t»

• t

Vi TliAXtcn

flori<lanwi ThaEler

IIapL.«^ * Tt Tliaxler

u

Corethroiu^

Mkltfon.'.vus TliAxUr

t rL.ixUr
•4 • «

Idiomv Peyr I lit Ikaai^r

>44l t

Jh- ^^^W^B ^^^PV J

14
II ^ I

Rhadimjuipwi paUidia Thm' r

tCU^dlnotnv

Iae
% •

^4

c. ^ « J us TL

C<Mlk
in i:.

oja I

'MllJC I

Sphal«aiQ>oia LathrobL Thaxtar.

Ce ij » U^r i ' I

lUiadioon) 1

Oipi

Curitb

paltldtti TliAXt' r.

13 i

ThmxUr.

f 4

• I

U

t«

M

«4

i * k

I'lukmtlii TluuiUr.
t >

Iv hon,^ fomfi
*•

FeyritacLk

Labc

Tbaxter

inmnaht Tba»tcr.

i*wr i kaiwur
1

44

It

I\-w.attii Thaxtor
4«

41

Dichom

LaboolWtiia I
'l^'-

X tpf.

..;h) Tba&ter.

T

T

J
f>H

I.. uU''^ 1 iifcl^t^r

m Pn. ;!iia lh%

mje«s W tiM« t naxter.

Labi lUi.i^ Qoedu Ti*«jfcUr.

»

1

r>.^ myowaiinnptti TLaxter.

Tba«*--

f iiAeL

Cantbaromjew pwinua TbaJttar

Dirhaiycw infectaa Tharlar.



INDEX OF HOST INSECTS.

Name of Host Insect. ^ame of Pakasite.

COCCINELLIDiE.
ChUocorus bivulnerus Muls.,

. Stigmatomyces virescens Thaxter.

DIPTERA.
DIOPSIDiE.

Diopsis thoracica Westw Laboulbenia Diopsis Thaxter.

• • ^ Khizomyces ctenophorus Tliaxter.

DROSOPHILIDJE.

DrosophilanigricornisLoew., Stigmatorayces eutomophilus (Peck)." funebris L. u *« ^

MUSCID^.
Musca domestica L., Stigmatomyces Baeri Peyritsch.

NYCTERIBIDJE.
+

AcrocholidiaMontagueiKol., Helmiuthophana Nycteribijc Peyritsch
Megistopoda Westwoodii Kol^ *i a u
Nycteribia Dufourii, u u a

NEUEOPTERA.
TERMITES.

Termes mozambica Hagen, . Laboulbeiiia Hageni Thaxter.
*

ARACHNIDA.
GASMID^.

Antenuophorus caput-carabis Laboulbeiiia armillaris Berlcsc.

389
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GENERAL INDEX

Acanthomjces, 358; 359.

Acanthomyces brevipes^ 363

^

a
a
a

a

a

furcatits, 362.

1iypog(jeus^ 361 *

lasiophorus^ 360*

Latlirohii^ 363.

longissimus^ 361.

Mo
Acrogenys hirsuta, 339.

Actobius uanus, 356, 357, 358.

Acupalpus cams, 3G0.

Acylophorus flaTicollis, 355^
ii

((

flavipes, 355.

pronus, 355, 356, 357.

Agonoderus pallipes, 316.

Amara sp., 316.

Amorphomyces, 295, 203, 209, 211, 212, 218, 225
226, 227.

Amorphomyces Falagriae, 296, 295.

J

(; floridauus, 297, 295*

Anchomenus (see Platyuus), 313.

Anchomenus albipes, 313.
a

u
marginatus, 313.

viduus, 314,

Ancyropliorus sp., 263.

Anisodactylus sp., 325.
((

44

44

t(

baltimorensis, 312, 325, 327.

Harrisii, 328.

interpunotutus, 328.

nigerrimus, 315, 324, 328.

w

Anomoglossus pusillus, 351.

Anophthalmus sp., 263.

Anophthahnus Bilimeki, 361.

Menetriesii, 321.

Motschulskyi, 321.

pusio, 321, 361.

tenuis, 345.

Antennophorus, 244.

Antennophorus caput-carabis, 350.

44

44

44

Appendicularia entomophila^ 202, 300.

Appe^idicuUna entomopldla, 300.

Aptinus mutilatus, 311.

Arachnida, 245.

Arthrorbynchus, 200, 297.

Arthrorhyachus DiesmgU, 200, 298.
44

TVestr

odeffi

Aspidoglossa subangulata, 342.

Atrauus pubesceus, 360, 274.

Badister maeulatus, 316*
44 micans, 360.

Bats, dipterous parasites of, 298*

Bembidium, spp. indet,, 318, 319, 321, 322, 346,

347.

Bembidium Andreae, 318.
44

44

44

4(

44

44

44

(4

44

4 4

44

44

44

(4

44

bimaculatum, 329, 344.

bipunctatum, 318, 346.

complanuhim, 344.

decorum, 318.

fasciolatum, 318.

femoratum, 318.

flammulatum, 318, 346.

laevigatum, 318.

littorale, 318.

luuatnm, 313, 318.

mexicanum, 318.

nemoratum, 318.

obsoletum, 318.

punetulatum, 318.

varium, 346.

Berosus striatus, 379, 380.

Bidessus granarius, 292.

Bledius sp., 263.
44

44

44

44

arm

assimilis, 272.

basalis, 297, 344.

emarginatus, 270.

tit



392 GENERAL INDEX.

Bledias jacobinus, 272.

ornatus, 270.(i

u 'ruLiginosus, 271.

BletMsa multipnnctata, 351.

*' quadricollis, 351.

Bracliinus spp., 332, 340-

Urachinus crepitans, 311.

explodens, 311-

mexicanus, 332.

scolopeta, 311.

u

((

((

Bradycellus rupestris, 316, 327

Callida palhdipennis, 347.

Callistus lunatus, 311.

Camptomyces, 274, 215, 217, 225, 273, 29G-

Camptomyces melauopus, 275.

Cautliaromyces, 271, 208, 215, 273.

Cantharomyces Bledii, 271, 272, 367.
u

((

ii

occidentalis, 272.

pusillus, 273, 215, 271.

venidllatus^ 367.

Carabulse, hosts among, 244.

Casnonia pennsylvanica, 319.

Catoscopus guatemalensis, 322; sp. indet., 322.

Ceratoinyces, 372, 203, 205, 207, 210, 229, 230,

231,238,247,203,21)4,302,370.

Ceratomyees cainptosporus, 376.

candidus^ 372.

confusus, 375.

contortus, 379, 203, 273, 274, 380.
filiformis, 376, 373.

fnrcatus, 379, 203, 374.

humilis, 380.

minisculus, 377.

mirabilis, 374, 373, 378.

rostratus, 378, 210, 229, 373, 374.
terrestris, 377, 374.

yces, 364, 206, 207, 238.

rces Pinopliili, 364.

u

ii

ii

it

a

((

a

u

4(

4(

Chilocorus bivulnerus, 301, 242.
Cliitonomyces, 285, 206, 246, 293, 294.

i(

4&

ii

(C

(t

c;

ic.

affinis, 291,

appendiculatus, 287, 230, 280, 288.
aurantiacns, 293.

Bidessarius, 292, 293.

borealis, 292.

distortus, 287,

hyalinus, 291, 289.

lichanophorus, 290. 24fi

Chitonomyces marginatiis, 289, 216, 286.

melanurus, 289, 28G, 285.(C

ii

ii

((

u

tc

(C

paradoxus, 287, 227, 246, 289, 290.

rhyncostouia, 290, 286.

simplex, 292.

spinigerus, 288, 230, 286, 289.

uncigerns, 288.

nnciuatus, 291.

Chlicnius a^neoceplialus, 311.

*' rpstivns, 351.

" clirysocephahis, 311.

cumatilis, 351.

cursor, 351.

floridanns, 351.

(;

44

44

(4

(4

44

44

U

44

U

(4

44

44

leucoscelis, r>r>l.

pcnnsylvanicns, 351

mficauda, 351.

sparsus, 3r>L

tcnulcollis, 348.

texanus, 351.

tricolor, 351.

velutiniis, 348.

vestitus, 350.

viridiconis, 351.

Chytridineae, on Curatoniyces, 217, 875, 378.

Cliviua and allies, 217.

Clivina cordatn, 313.
44

44

dentifiMiioruta, r;i2.

dentipcs, 312.

Cncinidotns ninticn!=:, 291.

CoccinellidfP. 244.

Coleoptera, hoi>ts arnoiig, 244.

Colpodes Cfrrulconiarginatus, 312.
44

44

44

44

;4

44

44

44

44

cyanonotus, 312.

duplex, 312.

Gvauescens, 3G1.

grata, 312.

ineultus, 312.

petilus, 312.

purpuripcnnis, 312-

si)liodroido8, 312.

tcnuicornirt, 312.

I

^

Compsomyccs, 366, 203, 212, 225, 227, 229, ^OS.

Compsomyees verticillntii?, 367, 'Ui.

Coptodera Chnm[.i()ni, .TiO.

Corethromyccs, 303, 21.3, 238, 306.

Coretlirumyces Crjptobii, 303.
(t

((

jnool»inn«, 304, SOo.

setigenis, 305.
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rrateromyccs candidus, 372,

Crepidogustor Limaculatn, 31V2,

Crj^ptobiuTT) bicolor, 304.

(( pallipes, 304:.

Deleaster dichrous, 302, 318.

Dcsmopachria couvexa, 2D3.

Dovnea, 247.

Dichomyces, 282, 207, 200, 2M, 225, 281.

Diclioinyces furciferus, 282, i^"-'^.

(i

((

U

iuaHiualis, 283, 2.^2.

infectus, 284.

priuceps, 284, 283.

Dimeromyces, 267, 200, 2l4, 225, 232.

DimeromyctiS afri<':ums, 268.

Dlmorphomyccs, 264, 209, 214, 21G, 225, 232, 2G7,

2G8^ 275, 278, 295.

Dimorphomyccs dcnticulatus, 266.
** muticus, 267.

Diopsida", bosts among, 245.

Diopsis thoracioa, 308, 331.

Diplomyces, 357, 207.

Diplomyces A-^^'^l'ianus, 358.

Diptera, hosts among, 244.

Dolichns sp., 348.

Drosophila, 244.

Drosophila funebris, 300, 301.
i( nigricornis, 300.

Drosophilidfe, 215.

Dytiscidae, hosts among, 241, 28G.

Enarthromyces, 276, 207, 209, 214, 217, 224, 228

Enarthromyces iudicus, 276.

Eucantliaroinypf*9, 273, 215, 216.

Eucantharomyces Atrani, 274.

Eudema tropicnm, 348.

(i sp. indet., 349.

Falatjria dissecta, 2G6, 267, 297.

Floridere, 253, 254.

Galerita and allies, 247.

Galerita a^quinoctialis, 334.

* atripes, 333.

janus, 333.

leptodera, 336.

mexicana, 333, 334.

nigra, 334.

Bp. indet, 833, 336.

a

i(

a

a

a

Li

Cn^^niithr, hn^ts aTnouj5, 215

Gyrcles cujupn-'^n-:, 8f>3^

4(

a
scricens, :\:>:\.

$inffntun^ 353,

GjTiuida;, hosts amoug, 244. ru^ition of pflmsite

on, 215.

Gyrinus ullinis, nr»U

a
44

ii

44

44

ii

44

nnnli.'=', 3."»|,

coullnis, 354.

fridrruus, 354.

plicifor, 354.

ua^Inutor, 354.

vcntrnlis, 351.

IIa1i|)li(hp, hof^^ amonpr, 211, 291.

Ilaliplud rufi^'ollls, 291.

Ilaploujyced, 269, :^oG, 215, 22G, 273.

Ilnploinyces californicns, 269, 270.
44

ii

tcxauub, 870.

virginiaun«, 270.

Ilarpalus crythropufi, .*{28.

44

44

ponnsylvaiiims, 218, 321, 325, r^^O

plcurilicuH, 316, 328.

Ileimatomyccs, 285.

llcliuol^.iiyoes ajpnh^ 291.

aurahfiacuSj 293.

Jii/lc.'^sariv!^^ 292.

horealls^ 292.

disfrrrtni^^ 2H7.

JMIpU, 294.

loidUuuSy 291.

tnarginatuSt 289.

paradoxiffiy 287.

rliyHCostoma^ 290.

simphx^ 292.

spiuinfr^is^ 288.

nnngervf^, 288.

uncinatuSy 291.

Helminthophana, 297. 201, 204, 213

Ilelmiuthophana Nycteribiae, 298-

llesperomyccs, 301.

JI* iiperomyces vire^ceiis^ 801.

Ilydra^omyces, 293, 20G.

Hydra omyces ITalipll, 294.

Ilydrooombus fimhriatus, 372. 378.

(4

44

44

i4

44

44

44

44

44

44

<i

14

4t

4 (

44 lacuwlris, 372.
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Hyclrocombus sp. indet, 372,

Hydroi^hilidiie, 244, 374.

Hydroporus spurius, 290, 291, 292
(( sp. indet., 29 !•

Hymenoptera, 244

Idiomyces, 302, 298.

Idiomyces Peyritschii, 302,

Isaria sphingum, 350.

Laboulbonia Galerit-^S 333, 2lfi, 809, 831, 835,
8'*^ 839.

gibberoM, 317.

y.yii/j^'^T, ;02, sr?, ni:i.

Guerinii, 353, 200, 213, 3nn 359.

Gyrinidarum. 353, 230,213, ^nn, 810,

Laboulbenia, ^)8; receptacle, 206 ; autheridia,

213, 216; perithecia, 218, 229; ascogcnic cells,

226; inf. snpportiug cell, 228; Ilp-Cflls, 2oO;

coutinuity of protoplasm, 232, 236; ''blark

discs," 235 ; '^pore-cauala " abnormal septatiou,

237; abnormal filamentg, 238; unisexual indi-

viduals, 239; variations on Platynus, 240; ruUj

of growth, 240; hosts, 24.^; parasite on, 247,
also 303, 307, 373.

Laboulbenia anceps, 314, 310-313.
a

a

u
((

u

(i

ii

ii

a

u

n
ii

((

i(

a

c (

a
a

i(

((

4(

ii

«{

((

ii

(i

t(

t(

arcuata, 326, 246, 309.

armillaris, 350, 202, 235, 242, 351.

Aspidoglossie, 342.

australiensis, 339.
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Laboiilbenia terminalis, 316, 246.
'' texaiia, 340, 213, 246, 309,

truneata, 322, 321.

umbonata, 323, 246, 309.

variabilis, 351, 213, 243, 309, 310,

332, 350, 352.

vulgaris, 318, 243, 319.

zanzibarina, 332, 213, 309.

Laboulbeniacese, synopsis of, 256; collection aud
cultivation of, 248 ;

preparation of, 249.

Laccophilus hyaliuus, 287, 289.
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((
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u
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maeulosus, 246, 287-292.

minutus, 287, 289.

spp. indet., 287, 289, 290.

Lremosthenes cavicola, 312.

Lathrobium angulare, 306.
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collare, 304.

fulvipcnne,-306, 363.

jacobinum, 304.

longiusculum, 363.

nitidulum, 305, 307, 366.

punctulatum, 306, 307, 366, 377.

tenue, 305.

spp. indet., 304, 363, 366.

Loxandrus, spp. indet., 316.

Macbrochilus biguttatus, 312.

Megistopoda Westwoodii, 298.

Meliola, '' hyphopodies mucronees," 255.

Morio Georgii, 341.

Mormolyce phyllodes, 336, 337.

Mosehomyces, 368, 204, 227, 229, 366.

Moschomyces insignis, 369.

Musca domestica, 300.

Muscidte, 245.

Nebria brunnea, 320.

gregaria, 320.((

((

((

i(

pallipes, 320, 351.

Sahlbergi, 320.

Villfle, 320.

Neuroptera, hosts among, 244

Nycteribia Dufourii, 298.

Nyeteribidne, 245.

Obelidium, 375.

Olisthopus parmatus, 316.

Omophron americanum, 351

*' limbatum, 350.

Omopbron sp. indet., 351.

Orectogyros Bedeli, 352.
" heros, 352.

Othius fulvipennis, 362.

Pacliyteles luteus, 268.
(( mexieauus, 341.

Pa,^derus littorarius, 330.

obliteratus, 330.

ruficollis, 330.

sp. indet., 330.

a
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Panag^ens crucigerus, 339.

" fasciatus, 339.

Parasites on LaboulbeuiaccfP, 247.

Patrobus longicornis, 349, 351.
(4

ii

tenuis, 349.

sp,, 263.

Peyritschiella, 278, 207,. 209, 214, 225, 226, 238,
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Peyritschiella eurvata, 279, 278, 281.
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nigrescens, 281.

Pheropsophus cequinoctialis, 338.

marginatus, 338.

sp. indet., 277, 338.
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Philhydrus cinctus, 378.
*' nebulosus, 378.

Philonthus sequalis, 343.
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a
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it

debilis, 281, 282, 283, 343.

fnrvus, 343.

micans, 343.

sordidus, 284.

spp. indet, 343, 358.

Pinophilus densus, 366.

'' latipes, 364.

Platynus aeruginosas, 329.
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bicolor, 312.
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dissectus, 312.

extensicollis, 312, 814, 317, 329, 330, 351

floridanus, 312.

melanarius, 312, 314.

OAipennis, 312.

picticornis, 312.

pusillus, 312.
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Platynus rudrornh, 812, 314,
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iiriRtit>n;i uf Laboulbcnise on, 240

Prisif/nifahui eavioH,t^ 312, 313

PtorottichiM utlotm, 315, 3ul.

•I

44

II

i«

• 4

U

44

44

It

CaudiraliM, 301.

corvinu?!, 851 •

erjtlin'i»U8, 280.

luctuosus, 280, 815, 316, 351

mancMis, 915.

pBtruelU, 280, 315.

relictas, 315.

Sayi, 351.

•p. indet. (?), 351.

Qq( <]iu9 foroT, 856.
41 UTnix, 313.

rJ»'>-1mmjco<^j 358, 2n7, 208, 238.

IV * * i

44

U

44

a

C4

44

44

arbuscului, 362.

furcatus, 362, 359.

bjpo^^rtas, 361.

lasiophorus, 360j 359, 361

LathrobU, 363.
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Sphalerornycfs 365, 226, 227, 230, 231, 36G.

Sphaleromyces Lathrobii, 365, 209.

(( occidentalis, 366.

Stapbyliniclae, gen. indet. of, 362; hosts among
244.

Stenolophus fuliginosus, 316.
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limbalis, 316.

ochropezus, 323.

Stigmatomyces, 298, 208, 212, 216, 218-224, 227,

229, 230, 231, 237, 238, 295, 297, 302, 373.

Stigmatomyces Baeri, 299, 205, 212, 240, 247.
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Stigmatomycetes, 201.

Sunius longiusculus, 275, 367.
a prolixus, 275, 369.

Tachinus paUipes, 209, 263.

Teratomyces, 354, 212, 213, 216, 357.

Teratoniyces Actobii, 356, 355.
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brevicaulis, 357.

mirificus, 355, 356.

Quedianus, 356.

Termes bellicosus (var. mozambica), 200,328

Termites, 245,

TJiaxteria Kuiikeli^ 336.

Trechus cbalybeus, 318.

Trogophla^us, spp. indet., 273.

Tropisternus glaber, 375, 376.
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U
nimbatus, 375, 376, 377.

striolatus, 376.

Xantholinus obsidianus, 284.

Yeast (?), on Laboulbeniaceoe, 247.

Zodiomyces, 369, 203, 207, 208, 210, 224, 226, 374.

Zodiomyees vorticellarius, 371.
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DESCKTPTIOXS OF TUE TLA TES.

Note.

nals.

ng figures have b^^n ropnMluc'^l, by photo-Jitliogrnpliy nnd the hrliotjpe procr<;i^

gs mn^le witli a camera lucida, and lia»i 1m. u slightly rHnc'^'l from tli'^ origi-

rs and nuinl)Pr8 following the descriptions of the fip^urcs indicate the combina-

tions of Zeiss objectives and oye-picrps used in each case.

DESCRIITIO^' OF TT.ATE L

Sfipvatomj/rng liaeri PejTitsch.

Figs. 1 to 1/5. Successive stages from the ppore to tho fonnatioa of the mature fcmaV organ.

See p. 218. All J 2.

Fig. 16. Terminal portion of young peritheciumj showing nucleated Iricliogyne and trichophoric

cell before fertilization. J 4.

Fig. 17. Young perithecinm in which fertilization has ju^^ been accomplished. J 2.

Figs. 18, 10. Young pcrithecium after fertilization. The first divisions of the carpogenic coll

have taken place. J 2.

Fig. 20. A more advanced condition in which the ascogonium has divided into four ascc^^ nic

cells (ac) and a secondary inferior stipporting cpII (ist). J 2.

Fig. 21. A somewhat more advanced condition of the same. J 2.

Fig. 22. A more advanced condition in which the asci have begun to l>ud from the ascogenic

cells, A slightly oblique lateral view. J 2.

Fig. 23. A still more advanced condition showing the further dovflopmcnt of the porith'^'^ial

cells and tlieir relations to the ascogenic and stipporting cells. An optical section seen antcro-

posteriorly. J 2,

Fig. 24. Terminal portion of a mature pcrithecium just before the first spore discharj^. . The
upper and lower series of canal colls (tc and c) are still intact, the latter beginning to be pressed apart

by the spore mass (sm). The inferior cnnal-cells (no) have become som^^what modified through the

thickening of their walls, and form a diaphragm between the general cavity of the perithccium and
that of the neck. J 2.

Fig. 25. A single four-spored ascus isolated. J 2.

Fig. 26. Terminal portion of an appendage showing two antheridial cells with antherozoids both

mature and in process of formation. J 12.

JPi'l/n'fsrh hfla yryninnfn Thaxtcr.

Fig. 27. Young perithccium, in which the trichogyne has not been ftrtiliz^-'d. ^j 4.

Fig. 28. carpogenic

superior supporting

'. 4.1 2
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ri<^s. 29, 30. More mature condition in which the asci have begun to bud from the ascogejiic

cell. T^ 4.

Fig. 31. Mature perithecium showing the ascogenic cell and the mass of asci developed from it

still supported by the two inferior supporting cells, which will soon be wholly destroyed^ leaving the

ascus mass free within the cavity of the perithecium. ^ 2.

Lahoiilhenia elongata Thaxter.

Fig. 32. Youug perithecium after fertilization, the insertion only of the trichogyne being

visible (tr). The carpogenic cell (f) has not yet divided, ^g 2.

Fig. 33. The carpogenic cell has divided into the inferior and superior supporting cells and the

ascogoniuin. ^ 2.

Fig. 34. The ascogenic apparatus seen at a stage slightly more advanced than in the previous

figure. The ascogonium has begun to grow upward on the right before the formation of septa. J 4.

Fig. 35. Ascogenic apparatus in which the ascogonium has divided into two ascogenic cells

(ac) and a secondary inferior supporting cell (ist). J 4.

Fig. 3G. A more advanced stage, in which the asci (as) have begun to bud from the ascogenic

cells. J 1. Figs. 32-36 represent lateral views.

Fig. 37. Antero-posterior view of the ascogenic apparatus, showing the two ascogenic cells lying

side by side and beginning to separate while the asci have already begun to bud. D 12.

Fig. 38. Two ascogenic cells with asci attached seen as they lie free within the cavity of the

perithecium. That at the left seen dorsally, that at the right ventrally. J 2.

Fig, 30. Ascogenic cell with attached asci seen sidewise as it lies free within the cavity of the
perithecium. J 2.

A detailed description of the figures on this plate will be found on pages 218-228 of the text.

The letters correspond in all the figures, and the corresponding structures are as follows: (c)

primordial cell of perithecium proper; (d) primordial cell of procarpe
;

(o, o') basal cells of
perithecium; (i, i, z) primordial cells of perithecial wall-cells, the parietal, and the canal-cells; (f)

carpogenic cell
j

(e") trichophoric cell
;

(e') base of trichogyne (tr)
;

(no', w, wx, wy, wz) wall-cells
of the pentheciimi; (wz) lip-cells; (pc) parietal cells of perithecium; (nc', cc, tc) canal-cells of peri-
tliecuim;

(p) stalk-cell of perithecium; (h) secondary stalk-cell; (o') posterior basal cell; (o) one of
two anterior basal cells; (nn) primordial wall-cells; (am) ascogonium

;
(is) inferior supporting cell;

(»a) superior supportmgcell
;

(ist) secondary inferior supporting cell
;

(ac) ascogenic cells
;

(as) asci

;

(sm) ascus mass. ° >
v / b ? \ /
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DESCRTniOx OF PLATE IT.

Tcrfffnw^res ivir}ficm Tlinxtcr.

Fig. 1. Young individual. A young periUiecium iu tlie ^ulre bears terminally a highly dov- Ic^j d
branching trichugyue. "O 2.

LahouJhenin rrisfrrta. Tliaxtcr.

Fig, 2. Young
polonium, above

tV

ium with anthcricUa above at tlie rlKlit. TIk* fl,^r]^. r axile cell the
trichophoric cell terniin.it. .1 by tlio trichogync, on wLicli .... ;,1

Fig. 3. Young iudividiml with much raore highly drvolnporl trichogync, many of the cells
of which are distinctly nucleated. The cells of the dark rigid npp«.i,d;%o<* at the left also
nucleated. D 2,

Rhodinoviyrs jmHiilt^s Thaxtcr.

Pig. 4. Young individual with simple trichogync, on which are numerous authfrozoids. I> 4

Lohoxdbenw clongata Tliaxtcr.

"Fig. 5. Young individual with well-developed trichogyr^, tlip tips of which are spirally twist.'d.

A fertile branch bearing numerous authcridia projects across the basal cell of the trichogync. 1) 2.

JRhachomyccs lasl'/jJioni* Xiiaxter.

Fig. 6. Young peritheciuni with branched trichogync ; at its base several young sterile appendages,
and at the left an antheridium. D 4.

m

Lahoulhaiia elongofa Tliaxter.

Fig. 7. Abnormal form on which no perithecium has developed, but in its place the usual

blackened insertion-cell bearing sterile and fertile appendages, the latter with great numbers of

antheridia. D 2,

Fig. 8. Abnormal form in wiiich the perithelium at the right has not developed, the cells at ite

base having sent out branches on which are numerous antheridia. D 2*

Laboulbenia paupercula Thaxter.

Fig. 9. Abnormal form in which the ascogenic cells have not developed, while the rolls at the

base of the perithecium have sent up within it sterile branches, the tips of which project through

the terminal pore. D 2.
L

I

Lahonlhenia parvvla Thaxter.

+

Fig. 10. Specimen in which the perithecium has been broken off while the cells at its base

have sent up within it numerous sterile branches. D 2.
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Dichomyces princeps Thaxter

Fig. 11. Group of asci isolated by crushing. The three terminal asci show ascospores within

and all arc adherent to the remains of the ascogenic ceU. Leitz ^ 2.

Fei/ritschiella curvata Thaxter.

Fig. 12. Antheridium at the right, showing terminal pointed slightly inflated receptacle into

which the autherozoids are discharged from the cells just below it. Leitz oil ^ 4.

Lahoulhenia elonrjata Thaxter.

Fig. 13. Spore showing nuclei. -^2.

Fig. 11. Terminal portion of perithecium showing structure of lip-cells (Ip), insertion of

trichogyne (tr), and "valve" of posterior lip-cell (x). ^ 4.

Fig. 15. Portion of fertile branch bearing an antheridium, its structure shown in optical

section. -,'54.

Fig. 16. Protoplasmic connections of the "stalk-cell" and basal cells of the perithecium

indicating the successive origin of each. Drawn from a specimen in which the cells had been treated

with potash and stained with eosin. The appendage lies at the left. J 2.

Fig. 17. A specimen similarly treated and viewed from the opposite side. The appendage lies

at the right. In both figures tlie stalk-cell is marked (p), the posterior basal cell (0'), the secondary

stalk-cell (h), the anterior basal cells, left (g), right (d), and the four basal wall-cells of the peri-

thecium (e, i, f, j), the cell (j) not being visible in fig. 17. J 2.

Fig. 18. A specimen similarly treated, slightly crushed so as to separate the basal cells without

destroying the ascus mass and the inferior supportirig cell, the protoplasmic connection of which

with the secondary staltcell (h) is unbroken, as well as the connections of the two anterior basal

cells with the parietal (pc) and wall (f, j) cells above them. The protoplasmic portions only of

these cells are indicated, the lettering corresponding to that of the two previous figures, except that

(is) represents the inferior supporting cell of the ascus apparatus, (am) the ascus mass and ascogenic

cells, and (pc) the parietal cells of the perithecium.

^
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1

DESCrJT>TrOX OF PLATE I IF

S^jhaleromyrrs Lathrohii Tliaxtor.

a5cogenic

opno
pentliecium. J ho ascogcuic cell if^rlf lies on tlto

1 •'

tV
O

Termiual portion of a buiucwliat young<r r^rithccium seen laU-rally in antical sect

Rh\:.ijmyre$ ^f' .,:^^Jtonis Tliaxtor.

asci

in the cavity of the porithecium. Only a snirill

w^ing oblique position of the mass as it lies free

rtu»n <»f tlie Kp(»re mass is shown, which iilla the

,
the sporca being freed through fh'* slougliing off

of the asci aa they mature from the upper portion of tlie asowgmic cell (at x), and the abi>urption
of the ascus wall. J 2.

abo

Lalo7iJhema Ilogmi Thaxtrr.

Fig. 4.

below. J 4.

as to show the attach

abdomen of a whito ant, bearing

Lahoulbcnia inflafa Thaxtcr.

Fig. 6. Portion of the hard chitinous integument from the leg of Bradycellus, showing p^ .en

species, of one member of the pair. C 2

t, and illustrating tlie abortion, characte

Lali.idhenia Dioj-^.^is Thaxter

Fig. 6. Mature individual of average dimensions. A 12.

Lnhoulhenxa proUferam Thaxter. var. Uheriann.

Fig. 7- T^fature individual of the Liberian variety, the proliferous appendage
indurated base. A 12.

A,

Lahotilhenia Aspidof/lossce Tliaxter.

Figs. 8, 9. Mature and young individuals. A 12.

Lnhoulbenia dongnfn Thaxter.

Fig. 10, Individual treated with potash, showing the general envelope ruptured by longitudinal
and transverse slits exposing the cells within. A 4.

Fig. 11. Portion of an individual similarly tr-ited. Cells IJ, III, and 71 seen in optical seetion
protruding from the ruptured envelope. The dots on the suifieo of the latter correi>pond to the
points of attachment of the fibril]?© which arise from the inner layers of the cell-walls on the
surfaces next to the envelope. The protoplasmic connection of the diflferent cells is indicated. D 2.

26
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Fi^. 12. The adjacent ends of cells III and IV from an individual similarly treated, shelving

fibrillce and protoplasmic connection, t^ 12-

Enarthromyces indicus Thaxter.

Fig. 13. Portion of the axis of tlie receptacle, showing the bud (a) from which the perithecium

and its stalk-cell are formed. D 4.

Fig. 14. The bud (a) of the previous figure has become divided by a transverse partition into

two superposed cells (c and d). D 4.

Fig, 15. The cell (c) of the previous figure has become divided into a lower cell (c"), the stalk-

cell, and an upper cell (c'), the primordial cell of the perithecium, the cell (d) being the primordial

cell of the procarpe. D 4,

Fig. 16. The cell (c'') has divided into four cells, which are beginning to grow up around the

base of (d). D 4.

Fig. 17. A more advanced stage. The cells (i, i) of the previous figure are divided by transverse

septa and have grown up around the base of the cell (d), which has now developed into a mature

procarpe, (f) the carpogenic cell, (e") the tricophoric cell, (tr) the trichogyne, the narrow tip of

which is alone receptive. -^ 2.

Fig. 18. Portion of the axis of a receptacle showing relative position of the young perithecium

and of the antheridium. The receptive tip of the trichogyne has collapsed, fertilization having

presumably been accomplished. -^ 2.

Fig- li), Antheridium seen in optical section showing antherozoids mature in its cavity and in

process of formation from its antheridial cells. ^ 4

^ ..
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desceiptio:n' of plate iv.

Mhizomyces ctenophonis Thaxter.

Fig. 1. Mature individual, showing a fragment of the host's integument adherent between the

rhizoids and the basal cell. A 12.

Fig. 2, Spore. 1)4.

Fig. 3. Rhizoids, but slightly broken, from another individual. D 2.

Fig. 4. Portion of axis of antberidial appendage showing antheridial branch with three antheridia

at its base, and sterile terminal branchlets. A 2.

1

Lahoitlbeiiia Orectogyri Thaxter.

Fig. 5. Mature individual. A 12.

Rhaclioviyces arhuscidus Thaxter.

Fig. 6. Mature individual. A 12.

Fig. 7. Spore. D 4.

Eyiay

Fig. 8. Mature individual with three mature and three aborted perithecia.

Fig. 9. Spore. D 4.

Fig. 10. Tip of young perithecium, showing cell-structure. D 4.

Fig. 11. Process from one of dorsal lip-cells of mature perithecium. D 4.

A 12.

••

Dlmeromyces africanus Thaxter.

A 12.

Figs. 12, 13. Mature female individuals with one and three mature perithecia respectively

Fig. 14. Young female individual, showing origin of perithecia and appendages. A 12.

Fig. 15. Mature male individual with two antheridia. A 12.

Fig. 16. Optical section of antheridium, showing mature antherozoids free within the cavity of

the antheridium neck and in process of formation from the antheridial cells. -^ 4.

Fig. 17. (remains of ?) trichogyne. -jV

X,
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descriptio:n" of plate v.

DimorjyJioviyces miiticus Thaxter.

Fig. 1. An old female individual in whicli four new perithecia are developing. One of the two
primary perithecia is shown projecting to the left, and within it two fully developed male individuals.

Posterior view. D 4.

Fig. 2. JMale and female individuals in situ on edge of portion of abdominal ring of host. The
male at the left ; both viewed posteriorly and .illustrating the juxtaposition of the sexes at the point

of infection. The ascus group shown in left perithecium. D 4.

Fig. 3. ^Mature female individual with but two perithecia seen in optical section with ascus

groups. Anterior view. D 4.

Fig. 4. Yonng female individual seen sidewise, its posterior face with the sterile terminal cells

of the receptacle at the right. Of the two young perithecia the larger bears a terminal branched
trichogyne, to which several antherozoids are affixed, D 12.

Fi ST. 5. Mai
Tlie female at the right has two young perithecia with terminal trichogynes on which are several
antlierozoids. Posterior views. D 12.

Fig. 6. Young female individual seen sideways. D 12.
Fig. 7. Tip of perithecium. D 12.

.

Figs. 8 and 9. Two mature male individuals showing discharge of antherozoids. D 12.
Fig. 10. Spore. D 12.

Bimorjplwmyces denticulatus Thaxter.
w

Fig. 11. Mature female individuah View in part anterior. D 4
Fig. 12. '' " -

right. D 4.

Mature female individual seen posteriorly, a third young perithecium projecting at the

Fig. 13. Tip of perithecium. D 12.

Pigs. 14 and 15. Two male individuals with antherozoids. D 12.
Fig. 16. Spore. D 12.

Amorphomijces Falagrim Thaxter.

,• f T rp,
.""? ^'^"'''^^ individual developed from the same spore pair at the point of

lutection. The penthecu.m of the female shown in optical section with the nucleated asci arising
1 om the long ascogenic cell at the left. The ascus mass is viewed obliquely sidewise. The spore
mass in the terminal portion of the perithecium consists of spore pairs freed through the absorption
of the ascus walls. D 4.

f i o
.

i

rinnn
^^'

.
^^'''''}^ i^^^i^^idual viewed anteriorly. Tlie asci are shown arising alternately in a

double row from the ascogenic cell, which lies behind. D 4

r^nrH^^^ T^^''^''""

^''''''^*' individual viewed sidewise. Many of the spore pairs
portion have begun to germinate, their blackened haustoria directed upward. D 4.

in the terminal

left r , Vl
'^'^ individuals developed from the same spore pair. The female at the

..uc^ZlTl t^^ tricliogyDo, the oarpogonium and trichophoric cell both distinctly
nucleolated. Ihe male at the right shows antherozoids before discharge. D 12.
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D12Fig. 21. Female individual be:^ore development of trichogyne.

Fig. 22. Young female individual showing first three sej^ta. D 12.

Fig. 23. Germinating spore pair, the male at the right. T> 12.

Fig. 24. Terminal portion of young female individual with branching tricliogyne on which is a
single antherozoid. D 12.

Fig. 25. ASCIIS mass, showing origin of asci from ascogenic cell at the left. Lcitz oil A
Figs. 17-25 drawn from living material.

Fig. 26. A view similar to the last, the asci somewhat shrunken by glycerine. ^ D.
Fig. 27. Asci adhering to lower part of ascogenic cell, isolated from perithecium by crushing

and treated with glycerine. The asci have been broken from the upper portion. Leitz oil. ^ D.
Fig. 28. Ascus mass with ascogenic cell viewed anteriorly. The view opposite to that seen in

fig. 18. D 4.

Fig. 29. Spore pair. The "male spore " at the left is slightly smaller. D 12.

r

Amoiyhomijces Jloridanus Tliaxter.

Fig. 30. Mature individual. D 4.
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i.

DESCEIPTION OF PLATE VI.

4

Camjptomyces melanopus Thaxter.

Figs. 1, 2. Mature D2.
Fig. 3, Young individual with trichogyne and antherozoids. D 4.

Fig. 4. Young peritliecium, showing trichogyne with antherozoids in sitii^ and large central

carpogenic celL D 12.

Figs. 6; 6. Lateral and anterior views of antheridium. D 12.

Peyritschiella geminata Thaxter.

Fig. 7. Mature individual with tw^o terminal perithecia. D 2.

Fig. 8. Mature individual with single terminal perithecium. D 2.

Fig. 24. Spore. D 4.

Peyritschiella ciirvata Thaxter.

Fig. 9. Mature individual with antheridium at the right. D 2. ^

Fig- 10. ^Mature individual with antheridium at the left. J) 2.

Fig. 11. Germinating spore. D 4.

Figs. 12-15. Successive stages in development. D 4.

rig. 16. Young individual, the antheridium at the right, the immature perithecium terminated

by the small trichogyne. D 4.

Fig. 17. Spore. D 4.

Fig. 18. Perithecium seen in section with contained ascus mass. Ko spores have been dis-

charged, and the canal-cells of the tip are not yet destroyed. Leitz oil VW 2.

Peyritschiella minima Thaxter.

Fig. 21. nee del.

(in 19) at the right. D 2

Peyritschiella nigrescens Thaxter.

Mature specimen seen from both sides, the antheridium at the right in (23)
Fig. 24. "See siib P. geminata.

fu re ift

Fig. 25. ]\Iature individual, posterior view, showing antheridia. D 2
Fig. 2G. Mature individual, anterior view. D 2.
Fig. 27. Tip of perithecium, posterior view. D 12.
Fig. 28. Tip of perithecium, anterior view. D 12
Fig. 29. Spore. D 4.
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Fig. 30. Mature individual, anterior view.

Fig, 31. Mature individual, posterior view

Fig, 32. Young individual, seen laterally

;

Dichomyces incequaUs Thaxter.

terior view. D 2. ^

D2.
antlieridium at the right discharging anthcrozoids

:

the young perithecium terminated by a small trichogyne, on which is a single autherozoiil. D 4.

Fig. 33. The same, posterior view. D 4,

Fig. 34. Spore. D 4.

Dicho?nyces hifectus Thaxter.

Figs. 35, 36. Anterior and posterior view of the same specimen. D 2.



408 DESCRIPTIONS OF THE PLATES*

DESCRIPTION OF PLATE VII.

Haplomyces californicus Tliaxter

Figs. 1, 2. Mature individuals. D 2.

Fig. 3. Antheridium enlarged. D 4.

Fig. 4. Spore. D 4.

m
Fig, 5. Nearly mature individual with hyaline receptacle. D 2.

Fig. 6. Mature individual. The sub-basal cell of the receptacle and the basal cell of the

antheridium deeply blackened. D 2. Fig, 2a. Spore.

Haplomyces virginianus Thaxter.

Figs. 7 and 8. Two mature individuals. D 2.

Fig. 9. Antlieridium enlarp:ed. D 12.

Fig. 10. Spore. D 4.

Cantharovnjces pusiUus Thaxter.

Fig. 11. Immature individual, the base of the trichogyne still adherent near the tip on the
inner side. D 4.

Figs. 12, 13. Two mature individuals, with simple and branched appendage. D 2.
Fig. 14. Two spores. D 4.

Cantharomyces occidentalls Thaxter.

Figs. 15, 16. Two mature individuals : the tips of the appendages broken. D 2.

Cantharomyces Bledii Thaxter,

Fig. 17. ^Mature individual. D 2.

Fig. 18. Mature individual, the sub-basal cell of receptacle partly blackened and producing two
pel 1 IXlGCli^l. ±j J^^

Fig. 19. Germinating spore. D 4.

Fig. 20. Young individual, with remains of trichogyne. D 4.

• J^S- 21- Young individual
:
the immature perithecium consisting of two superposed cells pro-

jecting at the left. D 4.
b r ^ i-

Fig. 22. Antheridium enlarged. D ]2.
Fig. 23. Spore. D 4.

;^yeiop. D 4.

/,

Eucantharomyces Atrani Thaxter.
Fig. 25. Nearly mature individual (the tip of the antheridium supplied). D 2
-Pig. 26. Younger individual. D 2.

ii
/

^ig. 27. Antheridium enlarged. D 4.

!
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DESCRIPTION- OF PLATE YIII.

Stigmatomyces virescens Thaxter.
r

Figs. 1, 2. Two mature individuals (2) showing spore and ascus mass. A 12.

Fig. 3. Young individual, the antheridium with discharged aiitherozoids at tlie left; the young
peritheciuni with terminal trichogyne at the right. D 4.

Fig. 4. Spore. D 4.

Stigmatomyces entomopldlus (Peck) Thaxter.

Fig. 5. Mature individual. A 12.

Fig. 6. Young individual with antheridium at the right and youiig perithccium with terminal
trichogyne at the left. D 4.

Fig. 7. Antheridium enlarged. D 12.

Fig. 8. Spore. D 4.

Stigmatomyces Baeri (Knoch) Peyritsch.

Fig. 9. Mature individual (after Peyritsch).

Helmintliophana Nycteiibice Peyritsch

rig. 10. Mature individual (after Peyritsch).

Dicliomyces princeps Thaxter

Fig. 11. Mature individual, posterior view. D 2.

Fig. 12. Mature individual, anterior view. D 12.
Fig. 13. Spore. D 4.

Fig. 14. Young individual.

Chitonomyces spinigerus Thaxter

Figs. 15, 16. Two mature individuals. D 2.

Chitonomyces j^^aradoxus Peyritsch.

l^igs. 17, 18. Two individuals seen from opposite sides. D 2.

Fig. 19. Young individual seen in optical section. The ascogenic cell has divided into three

parts, and seems to be connected with the base of a trichogyne (?) The perithccium has begun to

grow out laterally at the left. ^2.
Fig. 20. Young individual, showing first cell divisions. D 4.

%. 21. Spore. D 4.

Ilych'ceomyces EalipH Thaxter.

Fig. 22. Young individual, showing first divisions. D 4.

Fig. 23. l^'ouug individual in which the lower appendages have developed. D 4.
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Fig. 24. Young individualj the three lower appendages with their basal cells at the right ; at

the left the young perithecium, and between them the ascogenic cell and trichophoric cell. Leitz

oil i^j 2.

Chito7iomyces marginatus Thaxter.

Fig. 25. Young individual, showing first divisions. D 4.

Fig. 26. Young individual in which the terminal cell of the receptacle has just begun to

proliferate. D 4.

Fig. 27- Terminal portion of young individual in which the proliferation is completed without

having become blackened. D 12. . .

Fig. 28. Asci with ascospores. D 12.

Chitonomyces affinis Thaxter

Figs. 29, 30. Young individuals. D 4.

Chito7iomyces minor Thaxter.
h

Figs. 31, 32. Young individuals, showing first divisions. D 4

I
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DESCRIPTION OF PLATE IX.

Corethromyces Cryptohii Thaxter.

Mature
appendages more or less broken. A 12.

Fig. 2. Young individual slightly crushed to show three main appendages with youu- perl
thecium terminated by remains of a branched trichogyne. A 12.

"

r

Corethromyces jacohinus Thaxter.

Fig. 3. :Mature individual. A 12.

Fig. 4. Immature individual, showing position of antheridial branches. A 12
Fig. 6. Single antheridial branch with two discharged antherozoids. D 12.

Corethromyces setigerus Thaxter.

Fig. 6. Nearly mature individual. The tips of the api^endages are broken off. A 12,

Mhadmomyces palUdus Thaxter.

Fig. 7. Mature individual, developing a second perithecium. A 12.

Fig. 8. Mature individual of typical form. A 12.

Fig. 9. Antheridial branch. D 12.

Fig. 10. Mature individual of

Fig. 11. Spore of fig. 10. D 4.

') A 12

Wiadinomyces cristatus Thaxter.

Fig. 12. Mature individual with two perithecia, one immature. A 12.

ing. 13. Terminal portion of mature perithecium seen in oi)tical section, the canal-cells having
been destroyed. ^ 4.

Fig. 14. Antheridial branch with discharged antherozoids. D 12.

Pig. 15. Spore. D 4.

Idiomyces PeyritscJiii Thaxter.

Pig. 16. IMature individual with two perithecia, the appendages all broken from the right
side. A 12.

Fig. 17. Mature individual seen from opposite side. A 12.

Pig. 18. Antheridial appendage viewed laterally. D 4.

Fig. 19. Antheridial appendage ; face view, showing three rows of anthcridia. D 4.

Fig. 20. Sterile appendage. D 4.

Pig. 21. Spore. D 4.

Rlmdinomyces ciistatus Thaxter.

Pig- 22. Young individual, showing spinous process at base of primary appendage. D 4.

Fig. 23. Antheridial branchlet of three superposed antheridia, showing structure in optical

section, a. 4.
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DESCRIPTION OP PLATE X.

Teratomyces brevkaulis Tliaxter

Fig. 1. Mature individual with three perithecia* A 12.

Fig. 2. Single appendage. D 4.

Fig. 3. Spore. D 4.

Teratomyces mirabilis Thaxter.

Fig. 4. Mat A 12.

Fig, 5. Single appendage from mature individual. The antheridia and lateral branches have
been broken off towards its base. D 4.

Fig. 6. Young appendage bearing a row of antheridia at the left. D 4.

Fig. 7. Spore. D 2.

Teratomyces QuecUanus Thaxter

Fig. 8. Mature individual.

Teratomyces Actobii Thaxter.

Fig. 9. Mature individual. A 12.

Fig. 10. Individual not quite mature with three perithecia. The base of the trichogyne still
adherent to that on the right, the two at the left seen in optical section before any spores have been
discharged. A 12.

Fig. 11. Appendage with antheridia and two discharged antherozoids. D 4.
Fig. 12. Mature appendage. Two old antheridia near the base. D 4,

'

Figs. 13-15. Young individuals in various stages of development D 4.
Fig. 16. Spore. D 4.

Fig. 17. Trichogyne and young perithecium seen in optical section. D 4.

Diplomyces Actobianus Thaxter.

Figs 18, 19. Mature individuals, posterior and anterior views. A 12.
Fig. -0. Young individual. D 4.

Fig. 21. Spore. D 4.

Ehachomyces Lathrobii Thaxter.

lifer^m^s IL.^h^T ''^^l''^'^] f^\
^''^ perithecia. The receptacle has apparently become pro-

Z S:^tw -S: T.!-'J^^-: . ^'^ ^-^- appendage^Le broLn. A l/tig. 23. Mature individual of typical form. A 12.
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DESCEIPTION OF PLATE XL

Sphaleromyces occidentalis Thaxter

Fig. 1. Mature individual. A 12.

Sphaleromyces Lathrobii Thaxter.

Figs. 2, 3* ]\Lature individuals. A 12.

Fig. 4. Younger individual, more higlily magnified. D 4.

Fig. 5. Spore. D 4.

Fig. 19. Terminal portion of appendage of a young individual, showing tliree antlieridia and
spnious process. ^^ 4.

Compsorayces vertkiUatas TLaxter.

Fig. 6. ^Mature individual : the two basal cells unusually elongate, tin* branch from the stalk of

the perithecium somewLat abnormal. A 12.

Fig. 7. Mature individual, normal form, A 12.

Fig. 8. Mature individual developing a second perithecium at the right. A 12.

Fig. 9. Young individual, showing young perithecium and its very highly developed spirally

twisted tricliogyne. A 12.

Fig. 10. A young perithecium with much less highly developed trichogyne. D 12.

Fig, IL Perithecium enlarged, showing prominences. D 4.

Fig. 12. Perithecium seen in optical section with contained ascus mass before any spore discharge

has occurred. D 4.

Fig. 13. Peculiar modification of basal cell of receptacle. D 4.

Fig. IL Portion of appendage with lateral antlieridia. D 12.

Fig. 15. Two spores. D 4.

Moschomyces msigfus Thaxter.

Fig. 16. Mature individual with four perithecia, two of which are shown in optical section with

their spore masses, that at the left showing lateral view of ascogenic cell at its base, the other showing

the round tips of the numerous asci. The cellular liaustorium is shown projecting through afrag^^^**rit

of the soft chitinous integument of the host torn off w^hen the fungus was removed. A 12.

Fig. 17. An ascus with eight ascospores ; its stalk partly broken off. Leitz oil ^^ 4.

Fig, 18. One of the masses of coherent spores discharged from the perithecium. D 4.

Fig. 19. See above sub Sphaleromyces LathrohlL

Cliijefomyces Pinophili Thaxter.

Figs. 20, 21. Two mature individuals. A 12.

Fig. 22. Spore. D 4.

Rhachomyces speluncalis Thaxter.

Fig. 23. Mature individual, the receptacle apparently proliferous. A 12.

Fig. 24. Mature individual typical form. A 12.

Fig. 25. Antheridium. D 4.

Moschomyces insignis Thaxter.

Fig. 26. Portion of fertile appendage with branchiet terminated by an antherirlium. J 4.
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DESCRIPTION OF PLATE XII.

lihacJiomyces furcatus Thaster.

Fig. 1. Spore. D 4.

Fig. 2. Mature individual : the first perithecium on the left has aborted; and the mature

perithecium is borne on a proliferation of the receptacle. A 12.

Fig. 3. Mature individual, normal form, A 12.

BhacJiomyces longissimus Thaxter

Fig. 4. Mature individual. A 12.

Fig. 5. Spore.

Rhacliomyces hypogceus Thaxter

Fig. 6. Mature individual. A 12.

BhacJiomyces tasiophoriis Thaxter.

Figs. 7, 8. Mature individuals or Atranus^ posterior and lateral views. A 12.
Fig. 9. Spore.

Figs. 10, 11. Young individuals, showing first divisions of sub-basal cell. D 4,

lihachoinyces pilosellus (Robin) Thaxter.

Figs. 12, 13. Two mature individuals. A 12.

Fig. 14. Individual ^Yitll three aborted peritliecia, the receptacle twice proliferous. A 12
Fig. 15. Antheridiura ? Similar organs are shown in fig. 13, at the right. D 12.
Fig. 16. Spore. D 4.

b
.

o

Rhacliomyces lasiopJwrus Thaxter.

Fig. 17. Mature individual on Badlster micans. A 12.
Fig. 18._ Semi-diagrammatic figure of a pair of antheridia with appendages on either side

;

posterior view. J 4. •

n &

NThi^Mies^hesTde'ii!"
j^^''^^''''^^'^ «^^^ ^5^^^^^^^. «"d outlined in part through the appendage

\
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DESCRIPTION OF PLATE XTIL

Laboxdhenia vulgaris Peyritsch

Figs, 1, 2. Two mature individuals. A 12,

Fig. 3. Spore. D 4.

Laboulbenia pedicillata Thaxter

Fig. 4. Mature individual, short form. A 12.

Fig. 5. Young individual of short form. A 12.

Fig. 6. Spore, D 4.

Fig. 7. Mature individual, elongate form. A 12.

Fig. 8- Young individual of elongate form. A 12.

Laboulbenia siibterranea Thaxter.

Figs. 9, 10. Two mature individuals. A 12.

Fig. 11. Spore. D 4.

Laboulbenia truncata Thaxter.

Fig. 12. Mature individual, the tip of the appendage broken. A 12.

Fig. 13. Young individual, showing character of inner and outer appendage. A 12.

Fig. 14. Spore. D 4.

Zabonlhenia perpendkularis Tliaxter.

Fig. 15. Mature individual, the tip of the outer appendage broken. A 12.

Fig. 16. Inner appendage with single antheridium at left. D 12.

Fig. 17. Young individual with unbroken appendages. A 12.

Fig. 18. Spore.

Laboulbenia Nebrice Peyritsch.

Fig. 19. Mature individual. A 12.

Fig. 20. Young individual with three antheridia on inner appendage. A 12.

Fig. 21. Inner appendage with a single antheridium at the left. A 12.

\

Zaboidbenia Casnonioe, Thaxter.

Fig. 22. Mature individual. A 12.

Fig. 23. Spore. D 4.

Laboulbenia panpercula Thaxter.

Figs. 24, 25. Two individuals in which the inner appendage occupies opposite positions in either

case. A 12.

Fig. 26. Branch of inner appendage with two antheridia. D 12.

Fig. 27. Spore. D 4.

Laboulbenia cornuta Thaxter.

Fig. 28. Mature individual, the appendages broken. A 12.

Fig. 29. Young individual. A 12.
, ^ ,, ^f ^„_ ^f u,p lin-

l^ig. 30. Tip of perithecium, showing appendage formed by the outgrowth of one V

cells. A 12.

.1

I

I'
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DESCFJPTIO:?^ OF PLATE XIV

Laboulbenia compressa Thaxter.

Fig. 1. Mature individual. A 12.

Fig. 2. Spore. D 4.

Fiff. 11. Portion of brancli from inner appendage with two antheridia. D 12.

N

O

Lahoidhenia elegans Thaxter.

Fig, 3. Mature individual. A 12.

Fig- 4. Tip of perithecium. D 4.

Fig. 5. Branch of inner appendage with two antheridia. D 12

Fig, 6. Spore. D 4.

k

Laboulbenia lepida Thaxter.

Fig. 7. Mature individual. A 12.

Fig. 8. Tip of peritheciuin. D 4.

Fig. 9. Branch from inner appendage with three antheridia. D 12

Fig. 10.
*
Spore, D 4.

*

Ldboulhenia conferta Thaxter.

Fig. 12. Mature individual. A 12,

Fig. 13. Branch of inner appendage with two antheridia. D 12.

Fig. 14. Spore. D 4.

Lahoulhenia Harpali Thaxter.

Figs. 15, 16. Two mature individuals.

Fig. 17. Branch of inner appendage with single antheridium. D 12.
Fig. IS. Spore. D 4.

Laboidhenia fiUfera Thaxter.

Figs. 10. 20. Mature individuals. A 12.

Fig. 21. Inner appendage with two antheridia. D l'>

Fig. 22. Spore. D 4.

Laboidhenia scelopMla Thaxter.

Figs. 23, 24. Two mature individuals. A 12.
Fig. 25. Tip of branch from inner appendage with single antherozoid. D 12
Fig. 26. Spore. D 4. .

Lahoidhenia recta Thaxter,

Fig. 27. Mature individual. A 12.

Fig. 28. Spore. D 4.
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DESCRIPTION OF PLATE XV.

Laboidbenia contorta Thaxter.

Figs. 1, 2. Tvvo mature individuals. A 12. »

Fig. 3. Tip of perithecium, the base of the trichogyne still adherent at the left. D 4,

Fig. 4. Portion of inner appendage with a pair of autheridia. D 12.

Fig. 5. Spore. D 4.

Lahoulbenia gibberosa Thaxter.

Fig. 6. JMature individual. A 12.

Fig. 7. Portion of inner appendage with pair of autheridia. D 12,

Fig. 8. Spore. D 4.

Lahoulbenia umhonata Thaxter.

Fig. 9. Mature individual. A 12.

Fig. 10. Young individual, showing antheridia and trichogyne with antherozoids in situ. A 12,

Fig. 11. Tip of perithecium, showing ear-like lips. D 4.

Fig. 12. Inner appendage with two antheridia. D 12.

Laboulbenia terminalis Thaxter.

Fig. 13. Mature individual. A 12.
Fig. 14. Branch of inner appendage with four antheridia. D 12
Fig. 15. Spore. D 4.

Laboidbenia rigida Thaxter,

Figs. 16, 17. Mature individuals. A 12.

Laboulbenia pohjphaga Thaxter.

Figs. 18, 19. Two mature individuals. A 12.
Fig. 20. Branch of inner appendage with six antheridia. D 12
^ ig. 21. Spore. D 4.

27
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DESCRIPTION OF PLATE XVI.

Lciboulhenia elongata Thaxter.

Figs. 1, 2. Two mature individuals. On Plalynus extenskolUs. A 12.

Fig. 3. Branch of inner appendage with autheridia. D 12.

Fig. 4. Mature individual from Platpms cincticollis, typical form. A 2.

Fi -. 5.o* Spore of Fig. 4. D 4.

Fig. 6. Form on Colpodes 2nir2)uripen7iis. A 2.

Fig. 7. Spore of Fig. 6. D 4.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

/' A 2.

Younger individual (see fig. 4) on Platynus cmcticolUs. A 2.

Form on elytra of Platynus cincticollis. A 2.

Form on Platynus extensicollis. A 2.

Form on Coljjodcs duplex. A 2.

Fig. 13. Form on Platymis dissectus. A 2.

Fig. 14. Form from legs of Platynus cincticollis. A 2.

Lahoulhenia eMropoia Thaxter.

Fig. 15. Mature individual from Chloenius oeneocephalus A 12
Fig. 16. Spore. D 4.

^ • .

Fig. 17. Part of inner appendage with antheridium. D 12.

Lahoulhenia PterosticJii Thaxter.

Figs. 18, 19. Two mature individuals. A 12.
Fig. 20. Branch of inner appendage with two antheridia.
Fig. 21. Spore. D 4.

D12

Lahoulhenia parvula Thaxter.

Figs. 22, 23. Two mature individuals. A 12
Fig. 24. Spore. D 4.

"=y^
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DESCEIPTTOX OF PLATE XVII

Laboulbenia zanzihanna Thaxter.

Figs. 1, 2. Two mature individuals. A 12.

Fig. 3. Brancli of fertile appendage with four antlieridia. D 12,

Laboulbenia inflata Thaxter.

Figs. 4-6. Three mature individuals. Fig. 6 shows aborted member of same spore pair at the

left. A 12.

Laboulbenia Qaedii Thaxter.

Fi?:. 7. Mature individual, A 12.

Laboulbenia proh'ferans Thaxter,

Fig. 8, Mature individual on Eudema tropicus. A 12.

Fig. 9. Structure at base of appendages. Ou Chlcenhis auricoUis.

rig. 10. Spore. D 4. Fig. 23. Groups of antlieridia on fertile branch. D 12.

Laboulbenia Catoscopi Thaxter

Fig. 11. Mature individual. A 12.

Fig. 12. Brancli with antheridia. D 12.

Fig. 13. Young individual. A 12.

Laboulbenia Coptodem Thaxter

Figs. 14, 15. Two mature individuals. A 12.

Laboulbenia cunipes Thaxter

Figs. 16-18. Three mature individuals j the base of the old trichogyne persists below the apex in

IGandlS. A 12.

Fig. 19. Spore. D 4.

Laboulbenia JIageni Thaxter,

Figs. 20, 21. Two mature individuals. A 12.

Fig. 22. Youns individual. A 12.

Laboulbenia cristata Thaxter (See also Plate IT.)

Fig. 23. Mature individual. A 12.

Figs. 25-27. Three young individuals, showing successive stages

Figs. 28, 29. Two more advanced conditions. A 12.

. D4.

*

V
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DESCRIPTION OF PLATE XVIII

Laboulhenia arcuata Thaxter,

Pigs. 1, 2. Two mature individuals. A 12.

Pig. 3. Part of fertile brancli with antlieridium. D 12.

Pig. 4, Spore pair. D 4,

Laboulhenia macrotheca Thaxter.

Pigs. 5-7. Mature individuals. Pig. 6 the typical form. A 12.

Fig. 8. Spore. D 4.

Zahoulbenia KunJceli (Giard)

Fig. 9. Mature individual. A 2.

Pig. 10. Young individual, A 2.

Laboulhenia j^almella Thaxter.

Figs. 11, 12. Two mature individuals, lateral and posterior views, A 2.

Pig. 13. Young individual with trichogyne. A 2.

Pigs. 14, 15, Two young individuals. A 2.

PisiTS. lG-18, Anterior lateral and rjofitprinr ^Aaxxro r^f ^\^ ,^p ^^^;n.^«:„,^

Pig. 19.
D2.

Tip of branch of inner appendage bearing branch with antheridia. D 12.
Pig, 20. Spore. D 4.
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DESCEIPTION OF PLATE XIX.

Lahoulbenia mexkana Tliaxter.

Fig, 1. Mature individual. A 12.

Fig. 2. Branch with antheridia. D 12.

Fig. 3. Spore. D 4.

Lahoulbenia melanotheca Thaxter

Fig. 4. Mature individual. A 12.

Laboidhenia longkolUs Thaxter

Fig. 5. Mature individual. A 12.

Fig. 6. Mature individual : terminal portion, the branches all broken from the basal cells of the

appendages. A 12.

Fig. 7. Branches of inner appendage with groups of antheridia. D 12.

Fig. 8. Spore.

Lahoulbenia Galeritm Thaxter.

Fig. 9. Mature individual. A 12.

Fig. 10. Lateral view of base of appendages, showing insertion of branches

Fig. 11. Fertile branch of inner appendage with three antheridia D 12.

Fig. 12. Spore. D 4.

Lahoulbenia australiensis Thaxter..

Fig. 13. Mature individual. A 12,

Fig. 14. Younger individual, showing thick perithecial wall. A 12.

Fig. 15. Antheridium. D 12.

Fig. 16. Spore. D 4.

Lahoulbenia Fanagm Thaxter,

Figs. 17, 18. Two mature individuals. A 12.

Fig. 19. Two antheridia. D 12.

Fig. 20. Spore. D 4.
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DESCEIPTION OF PLATE XX

Lahoulbenia BracMni Thaxter.

Fig. 1. Short form with appendages well developed. A 12.

Fig. 2. Elongate form with exceptionally simple appendages. A 12.

Figs. 3, 4. Young individuals. D 2.

Figs, 5, 6. Young individuals. D 4.

Fig. 7. Fertile branch with characteristic group of antheridia. D 12.

Fig. 8. Spore. D 4.

Laboidbema Pachytelis Thaxter.

Fig. 9. Mature individual with abnormal septa in cells I and II. A 12

Fig. 10. Mature individual, shorter form, A 12.

Fig. 11- Fertile appendage with two antheridia. D 12.

Fig. 12. Spore pair. D 4.

Lahoulbenia Pheropsojyhi Thaxter

Fig. 13. Mature individual. A 12.

Antheridium. D 12.Fig. 14.

Fig, 15- Spore pair.

Lahoulbenia texana Thaxter

Fig. 16. Mature individual. A 12.

Fig. 17. Young individual.

Fig. 18. Antheridium.
, D i2.

A 12.

Lahoulbenia decipiens Thaxter

Fig- 19. Mature individual. A 12.

Fig. 20. Antheridium. D 12.

Fig. 21. Spore. D 4.

i

4

I
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DESCRIPTION OF PLATE XXL

Laboulhenia variahiUs Thaxtcr.

Fig. 1. Mature individuaL A 12.

Fig. 2, Young individual, trichogyne with antherozoids in situ, D 2,

Fig. 3. Fertile brancli with groups of antheridia. D 12.

Fig. 4. Spore- D 4.

Fig. 12, Tip of perithecium, the base of old trichogyne at the left. D 4.

Laboulhenia hrachiata Thaxter.

Fig. 5. Mature individuaL A 12.

Fisr. 6. Part of fertile branch with antheridia. D 12.

Fig. 7. Spore. D 4.

LabouJhenia minima Thaxter

Figs. 8, 9. Mature individuals. A 12
Fig. 10. Young individual. D 4.

Fig. 11. Spore. D 4.

(Fig. 12. See suh L. variabilis.')

423

Laboulhenia Schizogenii Thaxter.

Fig. 13. Mature individuaL A 12.

Fig. 14. Mature individual, small form. A 12.

Fig, 15. Young individual, anterior view, showing highly developed trichogyne with spirally

coiled extremities.

Laboulhenia Clivince Thaxter.

Fig. 16, Mature individual, the branches of the appendage broken off. A 12

Fig. 17. Tip of young individual, showing unbroken appendage. A 12.

Fig. 18. Spore. D 4.

Laboulhenia Morionis Thaxter.

Figs. 19, 20. Two mature individuals. A 12.

I'ig. 21. Spore. D 4.

Fig. 22. Terminal portion of young individual, showing unbroken appendages. D 4
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DESCKIPTION OF PLATE XXII.

Laboulbenia luxurians Peyritsch.
+

Fig. 1 . Mature individual. A 12.

Pigs. 2-7. Young individuals, showing successive stages of development. D 2

Pig. 8. Spore. D 10.

Ldboalbenia fimiosa Tliaxter.

Figs. 9-17. Successive stages of development from germinating spore. D 2.

Fig. 18. Mature individual. A 12.

Pig. 19. Antheridium. D 12.

Pig. 20. Spore. D 4. .

Lahoulhenia confusa Thaxter.

Fig. 21. Mature individuaL A 12.

Fig, 22. Young individual lyith unbroken appendages* A 12.

Laboulbenia compacta Thaxter

Fig. 23. Mature individual. A 12.

Fig. 24. Young individuaL D 2.

Fig. 25. Spore. D 4.

Laboulbenia FJiilonthi Thaxter.

Fig. 26. Mature individual. A 12.

Fig. 27. Young individual^ showing divisions of basal cell of inner appendage. A 12.

Fig. 28. Young individual with peculiarly modified basal cell. D 2.

Fig. 20. Tip of perithecium with triehogyne. D 4.

Fig. 30. Spore. D 4. "

Laboxdbenia Gyriyiidaruvi Thaxter.

Fig. 31. Mature individual. A 12. •

Figs. 32-34. Young individuals, showing cell-structure at base of appendages. One of the

characteristic branches is just beginning to develop at the right in Fig. 34. D 2.

Fig. 35. Spore. D 4.

Fig. 36. Triehogyne. D 2.

Fig. 37. Tip of perithecium enlarged.

Laboulbenia Guerinii Eobin

Fig. 38. Mature individual. A 12.

Laboulbenia Oberthuri Giard

Fig. 39. Mature individual. A 4,
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DESCRIPTION OF PLATE XXITT.

O

Zodiomyces vorticeUarius Thaxter.

1-4. Young individuals in various stages of development D 2,

Fig. 5. Young individual, A cavity is forming above tlieperitbccigerous cells. D 2,

Fig. 6. Young individual, the upper portion of the receptacle seen in optical Faction. The enci

of the primary appendage at the left has been broken off. The secondary appcndajr* liave bu* *

through the superficial cells at the apex of the receptacle, and the porithecia arc boj;iuning to arise

from the perithecigerous cells at the base of the cup-like cavity. D 2.

Fig, 7. More mature individual, the optical section of its cup-like extremity indicated in part.

The primary appendage has disappeared; and one perithecium is nearly mature. A 12.

Fig. 8. Mature individual. A 12,

Fig. 9. Section of portion of extremity showing cup-like form, tlie secondary appendages on tho

right arising from the inner surface of its rim distinct from the central fertile cells, fmiti whuh ar^'*

antheridia and perithecia in various stages of development. Drawn and partly reconstructed from

a microtome section. D 4.

gs. 10-12. Anterior, lateral^ and posterior views of mature perithecia. T) 4.

gs. 13-15. Very young perithecia, showing origin as terminal cell (fig. 13), and two further

ons of this cell. J 4.

g. 16. Young perithecium. J 4.

g. 17. Young perithecium with trichogyne and conjugating antherozoid. Leitz oil ^V

g. 18. A similar stasre. D 12.

F
F

divis

F
F
F
F
F
F
F
F

withered and broken oflF, J 4.

or 19, Young perithecium before development of its appendages, lateral view. D 4.

g. 20. Young perithecium : its appendages beginning to bud out, posterior view. i> 4.

gs. 21-23, Antheridial branches, bearing exogenous antherozoids. D 12.

24. Spore. D 4.

25. Young perithecium in which the ascogenic cell has divided, the trichogyne having

cr

cr

Ktl-
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DESCRIPTION OF PLATE XXIV.

Ceratomyces mirabi^ Thaxter.

Fig. 1. Mature individual, showing spores and asci within the perithecium. A 12.
Fig, 2. Younger individual, surface view, A 12.

Fig. 3. Young individual. A 12.

Fig. 4. The same, enlarged to show the cell-structure at the base of the appendage. The young
trichogyne is developing at the right. D 12.

Fig, 5. Young individual, the branched trichogyne arising between the base of the appendage
and tiie developing perithecium. A 12.

Fig. 6. Individual younger than the last with simple trichogyne, and two conjugating anthe-
rozoids(?). A 12. '

Fig. 7. The same, showing the base of the trichogyne and its cell-connections. The perithecium
just beginning to develop at the left. Compare the younger condition seen in fig. 4. D 12.

Fig, 8. Growing tip of

D 4.

Fig. 9. Ascus with ascospores. D 4.

Fig. 10. Ascospore. D 4.

Ceratomyces confusus Thaxter

Figs. 11, 12. Two mature individuals. A 12.

Ceratomyces camptosporus Thaxter

Fig. 13. Pair of ascospores. I) 4.
Fig. 14. Mature individual. A 12.

CeratomycesJiUform is Thaxter.

Figs. 15, 16. Two mature individuals. A 12.
Fig. 17. Ascospore. D 4.

Fig. 18. Matur

Ceratomyces rostratus Thaxter.

A 12.
Fig. 19. ^Ascus with immature ascospores. D 4.

antherozoMs"'*^ A
1°^"^ i"*^ividuals in various stages of development. Figs. 23, 24 showing exogenous

Fig. 24. Portion of fertile branch, showing antherozoids. D 12.
Fig. 2o. Ascospore. D 4.

Ceratomyces rostratus var.

Fig. 2G. Mature individual. A 12.
Fig. 27. Ascospore. D 4.
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DESCKIPTIO^ OF PLATE XXV.

¥

Ceralomyces furcatus Thaxtor.

Fig. 1. Young individual with trichogyne. A 12.

Fig. 2. Mature individual; the perithecium in optical section. A 12.

Fig. 3. Mature individual, surface view. A 12.

Fig. 4. Ascospore, D 4.

Ceratomyces contortus Tliaxter,

Fig. 5. Mature individual, the perithecium seen in optical section. A 12.

Fig. 6. Mature individual, surface view. A 12.

Fig. 7. Abnormal individual, producing two peritliecia, A 12.

Fig, 8. Young individual with trichogyne. A 12.

Fig. 9. The same, showing cell-connections of trichogyne. D 12.

Fig. 10. Spore. D 4.

Ceratomyces hnmilis Thaxter.

Figs. 11-13. INIature individuals. A 12

Fig, 14. Spore. D 4.

Ceratomyces minisculus Tliaxter

Figs. 15, 16. Mature individuals. A 12.

Fig. 17. Younger individual with old trichogyne. A 12.

Fig. 18. Spore. D 4,

Ceratomyces terrestn's Thaxter.

Mature
A 12.

Fig. 22, A mature individual, enlarged sectional view. D 4,

Fig. 23. Appendage bearing antheridia. D 12.

Fig. 24. Spore. D 4.
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DESCKIPTIOX OF PLATE XXVI. See also Plate VI.

Chitonomyces simplex Thaxter.

Figs. 1, 2. Two mature individuals. D 2.

Fig. 3. Spore. D 4.

Chitonomyces Bidessarius Thaxter

Figs. 4, 5. Two mature individuals. D 2.

Chitonomyces cmrantiacus Thaxter,

Figs. 6, 7. Two mature individuals. D 2.

Chitonomyces borealis Thaxter

Figs. 8, 9. Two mature individuals. D 2.

Chitonomyces hyalinus Thaxter.

Figs. 10, 11. Two mature individuals. D 2.

Chitonomyces affinis Thaxter.

Figs. 12, 13. Two mature individuals. D 2.

Fig. 14. Spore. D 4.

Chitonomyces lichanophorus Thaxter.

Fig. 15. Mature individual. J) 2.

Fig. 16. Spore. D 4.

Chitonomyces rhyncostoma Thaxter.

Figs. 17, IS. Two mature individuals. D 2.

Chitonomyces melanurus Peyritsch.

Fig. 19. Mature individual. The insertion of the appendage proiects as a papilla from the inner
margin of the blackened portion. D 2.

Chitonomyces marginatus Thaxter.
Figs. 20, 21. Two mature individuals. D 2
Fig. 22. Spore. D 4.

Chitonomyces uncinatus Thaxter.

%. 23. Mature individual D.
Fig. 21. Young individual. D 2.

:^ .--.,
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Chitonomyces appendicxdatus Thaxter

rigs. 25y 26. Two mature individuals. D 2.

Chitonomyces undgerus Thaxter

Figs, 27, 28. Two mature individuals. D 2.

Chitonomyces distortus Thaxter

Figs. 29, 30. Two mature individuals. D 2.

Ilydneomyces IlaJipU Thaxter

Figs. 31, 32. Two mature individuals. D 2.

Fig. 33. 'Spore. D 4.
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IV.

New Observations of the Planet Mercury

By PERCIVAL LOWELL.

Presented May 12, 1897.

1. Observations at Flagstaff. — In the autumn of 189G I began observations on

Mercury with the 24-inch glass of this Observatory in the hope of detecting the

planet's period of rotation. The condition of the air by day exceeded expectation.

The telescope had scarcely shown the planet, before attention revealed markings upon

its surface,— markings which proved so distinct and permanent as not only to dis-

close the planet's rotation-period, but to give in its fundamentals definite knowledge

of the planet's self. In these observations I was assisted by Mr. D. A. Drew and

Miss W. L. Leonard.

2. Rotation- Period. — The rotation-period was synchronous with that of the

orbital revolution ; thus confirming what Schiaparelli, in 1889, had discovered and

announced, namely, th axis once of

of the Sun. Though the results agreed with Schiaparelli's, their deter
6" ^"^ -VK.....^ V.Q

tion was entirely independent.

3. Observations at Mexico. - On removing to Mexico I made another series of

observations, during January, February, and March of this year. There, agam,^ the

day-air proved propitious, and enabled us to confirm and extend the results obtained

Flagstaff

4. Method of Observation. — Before entering upon an account of them I

give in a word or portant, the method by which they were secured

since the success of the observations is due to principles which this Observatory hn

been investiLratino-. the imDortance of which is not yet generally understood.

First The result was not due to what most observers still consid

of observation, a large aperture or keenness of This T state afte

apertures ranging from 4 to 24 inches, and after comparison of of
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many dilTerent eyes. At times a small aperture is better than a large one, at other

times not, the relative efficiency of the glass depending upon the condition of the air.

In Mexico I was able to test this very effectively by having the 6-inch clamped on

to the 24-inch tube, so that it shared the advantages of the other's mechanism, and,

what is as vital in such a test, it enabled the two images to be compared almost at

the same instant by the same eye. I found that the performance of the 6-inch was

arly equal to that of the 24 revealed almost as man}

markings as the larger glass; and that when the two differed in efficiency it was

apparently question of the kind of air-waves prevailing at the moment. In the

moments of best seeing, the 24-inch of course distanced its competitor; but the

detection of the principal markings does not demand superiority of the sort.

Secondl//. Between fairly normal eyes there is practically no such thing as superior

keenness of vision." After a little practice in the subject one eye proved as good as

another. Not keenness of sight, but keenness of brain, distinguishes the good from

the poor observer. It is with astronomical observation exactly as it is with every-

day affairs. The able observer is he who perceives what any one may see.

Due neither to aperture nor eye, we come now to what it was due, to wit, to the

air of the Observatory site, backed by persistence in the observer : (1) the air must be as

steady 1— not as clear— as possible; (2) the observer must study his subject. To
see the markings it is necessary, for an unpractised eye, that the air should be steady

enough to show the disk clear-cut. Althouo-h I have been able to detect the mark-

ably in air such that I could not see of the disk, such

would not suffice to show them to one not versed in the subject. The above criterion

IS sufficiently exact to begin on ; later, the observer will discover that sharpness of

limb and appearance of detail depend upon special and different atmospheric condi-

tions, and do not always 1^0 too-ether

With regard to the second point, the best results are got by looking for the planet

at times not usually thought practicable. First, the planet must be scanned by day
exclusively, and as near high noon as possible. Secondly, the planet can and should
be followed almost up to superior conjunction. The best time to study him is when
planetary almanacs state, "Mercury invisible during the month."

^^

111 the next place, although the size of the object-glass used is largely immaterial,
' - power of the eyepiece is not. High powers will show nothincr. I had eyepieces
pecially made for me ; even the d on large telescopes p

to llZ '-^T
'°"'*^\^^^'' steadiness I refer the reader to a preliminary monograph by Mr. Douglass

to .horn .s due the detection and study of its cause, in Popular Astronomy for June, 1897.
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Those magnifying from 135 to 170 diameters turned out the bo;it on (lie 2M!ich ; on

the 6-inch, from 75 to 135. With 300 on the 21-inch, if the air \v;is g()<"l, the iiiajk

ino;s still showed fairly \vell.

In place of low powers, diaplirngming the emcrgoui prncil — a device of Mr,

Douglass — sharpens the detail. l^otli processes liavc infon^^ling j)hvsiulogical

beariniirs.O

Lastly comes persistence. No air is contimiously good. It lins good momenta

and bad. The good must be patiently waited for and seized. ^Vlla( ap]ili<« to a

single sight applies a forimi to acrpiisition of any full knowledge of the plaix't; nnd a

little persistent practice will bring a great surprise, greater than tlie surprise uff^^fMug

it all,— the surprise that it was not all seen before.

5. Method of Measurement. — The mode of taking the measures also deserve-

a word. My measures were made with a filar micrometer, the thread IjcJiig phiccd,

not on, but near, the edges of the disk, without and within respectively. This metljod

has great advantages over any attempt to place the thread on the limb; in f .* t, lo

ace the thread on the limb accurately is impossible, first, because of tiic oxc( ,--ive

irradiation produced by so doing, and secondly, because the eye is iniablc to hcc v-'-ll

both thread and limb at the same time.

For accuracy the filar micrometer is to be preferred to the doulde iiua^ mi-

crometer. There is prevalent a curious mistake about the latter, to the ciTcct ihnt

it eliminates irradiation. That this is not possible is en-ily shown by considering

that contrast alone causes irradiation, and that the contrast in the ca.se is always

between the disk and the sky. The error seems to have arisen from supposing tin'

radiation to be due to contrast bet y the c}

of course is not the case. The only reduction of irradiation in the d

micrometer comes from the somewhat fainter images it gives, an effect

produced with the filar micrometer by slightly reducing the li

glass. Thus the double imacre micrometer possesses on this

ca>i]v

posted

he filar micrometer. On the other hand, it possesses very distmcL

for the images formed by the double eyepiece are subject to greater

d fiare,— a distortion which renders the able

6. Two The observations themselves consisted of

classes : (1) drawings of the planet's surface features ; (2) micrometric mensure^ of

the planet's diameters and discussion of the same.

7. Drawings.- We will take up the drawings first. 31 1
.1

.

.uvin,^'. and 1 2
..ketcl,

were made of the planet's di,sk. Of these, 104 drawings and .-, skHches were n,a,

.- V
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at Flao'stafF, and 207 drawings and 7 sketches at Mexico.

markings appear depicted on the planet's surface.

In all of the drawings,

These markings were seen and

drawn by every member of the Observatory, six observers in all, and through two

different telescopes, the 24-inch and the 6-inch.

8. Phase of Observation.— The planet was watched from as slender a crescent

as it was possible to pick up to almost a full disk. Near inferior conjunction it is

greater angular diameter of the disk being more than

Ne perior

difficult to find the planet, the

offset by the phase and the fainter illumination of the surface sh

conjunction, on the other hand, the detection of the planet is much easier than one

would suppose. In Mexico I observed it to within 4° of right ascension of the Sun,

and only stopped there because of removing the observatory to Flagstaff. All that is

necessary to render it readily visible is to screen the object-glass as much as possible

from the direct rays of the Sun.

9 Rotation As the markings thus revealed proved : (1) dis-

tinct; (2) permanent; and as the drawings, in all 311 of which they appear, were

made at intervals of time ranging from a few minutes to many months apart, the rota-

tion period of the planet was patent, and with it the position of the axis of rotation.

Tliey showed that the planet rotates (1) in a period synchronous with its orbital

revolution
; (2) round an axis substantially perpendicular to the plane of its orbit.

To make this evident at a glance I have, in Plates XXX. and XXXI., reproduced two

sets of three triads of drawings each, the one set by Miss Leonard, the other by me.

It b seen that there is no perceptible shift in the positions of mark-

ings in any of the several six triads. Yet the intervals between the drawings

Plate XXX. are :

Between 1 and 2
((

«

u

2

3

4

U

u

it

3

4

5

h.

0.7

3.1

20.1

1.2

Between 5 and 6

u

II

7 " 8

8 " 9

h.

2.2

3.9

0.6

Or between the extremes of row 1, an interval of
it it it <t

2,
tt it

ii u u

and between the extremes of row 3,
(( it

Similarly in Plate we have

h.

3.8

3.4

rows 1 and 2, an interval of 27.2

4.5

Between 1 and 2
«

<€

ti

2 " 3

3 « 4

4 « 6

h.

0.7

5.0

65.3

3.4

Between 5 and 6

((

tt

It

6

7

8

ii

(6

c:

7

8

9

h.

2.0

G8.1

1.4

21.5
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Or taken in rows, there is between the extremes of row 1 an interval of 5''.
7 ; of row ?, an iDteiral of ft^'.i

;

of row 3, an interval, of 22''.9.

"We have then in these drawings nearly nil manner of intervals, from OH of:ui

hour to several days; and all without the slightest efl'cct npon the p()-ition>^. cx<"pl

for a slight recession from the terminator presently to be explained.

That more marking ply a quo

of the steadiness of our own air. For example, the air happened to be much steadier

in Figs. 5 to 9 of Plate XXXT. than it was in Figs. 1 to 4.

The October and November drawings are among the FlngstnfT ono«, the JaniiMry

among the Mexican, and as Flagstaff time is 7 h. west of Greenwich, jiiid T icub.iya,

Mexico, 6''.6 west, it will be seen that these drawings were mnde all the way from

about nine o'clock in the morning to four in the afternoon. From fhem I( is evident

that any short period of rotation is negatived ; while if the posilions of tlie mark-

ings be measured, it will be found that they all harmonize with a period synchronous

with the orbital revolution.

10. Libration. — To prove now that such is the rotation-period: ifwc take all

the drawings and measure in them the distance of any given marking from the

terminator, we find, on reduction, this distance to be invariable, and invariability is

a corollary of such synchronousness. To show this result, we must first consider an

interesting detail of the planet's rotation disclosed by the markings simultaneously

with that rotation itself,— the libration in longitude due to the eccentricity of the

planet's orbit, since this enters as a correction into the reduction.

As the rotation of the planet must be uniform, due to the great moment of its

rotary momentum, while the angular velocity of revolution of a body moving m an

ellii be produced, in the case of of

bital periods for such an orbit, a libration of the markings in longitud

To d the D
ty of revolution in the

ellipse is the angular velocity of a body supposed to be describing a circle m the

occupied by the planet in the ellipse. For the area of the ellipse being tt ab, and

period T, the areal velocity in tlie ellipse, which is constant, is -y-. i m^

velocity in a circle of radius V~^b supposed described in the same time.

To find, therefore, the point on the ellipse where the radius has the value co

spondincr to the mean angular velocity, we must take the expression for r o

ellipse referred to its focus as a pole,

^ (1 - e'^)

r = -—^

—

>

1 4- « cos V
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and equate it to that of the circle supposed described about that focus with the
+

length of radius "^ ah. This geometrically is the point of intersection of the two

of r is common to both

Consequently for the point sought

'sjah

Since a may be taken as unity, this is

^/h

or cos V

or since

V" (1 - o
"

1 + fi COS V

(1 -e^)

1 + e cos v^

1
•

,1 »

1 e^ (1 i
2\l r ^ ,.i\\

h /-. 1 1 _ e2 _ (1 _ e'^Y ( 1 - eY - 1= yi — e^, cos w = i L =. i '_

In the case of Mercury, e = .205605 ; v, the true anomaly of the point of maximum

libration is therefore 98° 55'.13.

But -—-= cos u, where u is the eccentric anomaly ; and u — e sin u = ^, where

t, which is the amount of the maximum lib^ is the mean anomaly

lion, is 23° 40' 38".

As the period of the planet is 87.96926 days, the mean angular velocity of revolu-
F

tion, which in the case of Mercury is also the angular velocity of rotation, is 4°.092 a

day; the angular orbital velocity at perihelion, 6°.346 a day; and the angular orbital

velocity at aphelion, 2°.755 a day.

Consequently the daily gain of the angular orbital over the angular axial velocity

or the daily increase of libration east or of decrease west— at perihelion is 2° .254;

similarly the loss at aphehon is 1°.337.

The time taken by the planet from perihelion, where the libration is nothing, to

the point of maximum libration, is 18 days, 9.28 hours, and from this point to

aphelion 25 days, 14.35

As the planet's heliocentric longitude at perihelion is now 75° 51', the heliocentric

tude of the points of maximum libration are 174° 46' and 330° 56', while at

5° 51' and 255° 51' the libi g
Calculating the libration, together with the phase angle for February and

March, 1897,— as this will be the most useful to us later on in the paper,

we get
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TABLE I.

PHASE ANGLE AND ANGLE OF LIBRATION.

Maxima axd Mixdia between Sei'tember, 1896, axd Makcii, 1897, ArAgiiiNCTos Mkan Ti>if.

In Aplieliou ; Libration nil

At Greatest Libration W.
In Perihelion ; Libration nil

At G-reatest Libration E. .^

In Aphelion ; Libration nil

At Greatest Libration W.
In Perihelion ; Libration nil

At Greatest Libration E. .

In Aphelion ; Libration nil

At Greatest Libration "\V.

- X- _jj

11

Sept.

Sept.

Oct
Nov.
Dec.

Dec,

Jan.

Feb.

Feb.

Mar.

Proof of Long Period of Rotation.

5 hours
23 .077

23°.G77

23°.G7T

23°.677

23°.677

iiring the positio

r drawings, we find for its longitude the following

Vol. XIT. No. 4. 2.

of Testudo



440 NEW OBSERVATIONS OF THE PLANET MERCURY.

TABLE II.

LONGITUDE OF TESTUDO EEGIO* 1896.

Date.

Oct. 28

Oct. 29

Oct

Nov.

Mountain Standard Time.

20 31

22 49-

23 46-59

22 20

22 38

20 40-50
18-32

13

38-45

22 50
11-

39-46
22 25-32
22 13

22 49

f
22 54-

Longitude Cen-
tre of Disk.

Corrected for
Libration.

278
281

283
283

286
288

291
291

296

299
301
301
303
303

308

Longitude of Centre of Testudo
regio from Centre of Disk.

Uncorrected.
Corrected for

Phase.

Mean . . • ..•*..«•••
Corrected for difference between theoretic and visible phase

Resulting liOugi-

tude of Testudo
regio.

276

274

272
272

274

285t
269
272

264
262

»smt"' . ^ ..,- .3 -L^ . L— -. b^ -J - . * '

During this period the planet volved through 54° of its orbit

AstronoThe shght difference between these values and those published in the

remeasurement of the orioinal drawmgs,mishe Nachrichten bv the d to O

former article hnving been made from the published copies
^

Between the first of the above set of longitud d the last of those in the follow

table, the planet made one complete circuit of the Sun and 91° of anothe

* Called in previous papers Argi regio.

t Tliis drawing is evidently poor for position of terminator.
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fl^lABLE HI.

I-

LONGITUDE OF TESTLDO-IJPOTO, 1897.

From the above, then, we see that the period of rotation is i.sochronous with the

period of orbital revolution

As

time of

chances that a mass detached from the primal ne1)nhi sliould

event, are b

bital revolution, even

t one in infinity, we

der the conditions mo^t fa\- fo such nn

uch isochronism must he an aft

abo

giving off. Now the only force capable, «o far nc wn know, ot bringing

•iction. In Mercury, then, we have before us the first planetary
f

instance of tidal action.

12. Axis of Rotation. That the axis of rotation h practio.Uy ror^onXcuhv

is shown by the fact that the movc.nent of the mnrkm-
to the plane of the orbit .

due to libration is perpendicular to the terminator. No deviation from pe

larity was at any time apparent.

I'jien*hcu-

.1
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Furthermore, the slight shift of the markings north and south, due to the helio-

centric latitude of the planet at different times, was apparently discernible. If the

drawino-s made in October and November, 1896, be compared with those made of the

same part of the planet in February and March, 1897, it appears that the markings

came a trifle farther north in the latter case. Now in October and- November,

1896, the heliocentric latitude of the planet attained its southern limit, while in

February and March, 1897, it similarly reached its northern one. Taking the

shiftplanet's distance from the Earth at the time into account, the effect would be a

of some four degrees in all. This would imply that a deviation of four degrees from

perpendicularity in the axis of rotation should have been observable did it exist.

13. Markings.— In their characteristics the markings on the planet's surface

are both unique and suggestive. The markings are: (1) unlike those on any other

planet, coming nearest in appearance to those on Venus, but not resembling them

any

pom

extent; (2) long and narrow, of the nature of lines, not patches; (3) among

the darkest of planetary markings; (4) although linear, not of uniform width;

(5) given to appearing as a succession of dark dots, like beads on a chain
; (6) darkest

;s where they cross, giving rise to spots at the intersections ; and (7) sm-

gularly symmetrically placed.

To prevent -misconception, I may add that neither the lines nor the spots show

any of that startling regularity observable in the "canals" and oases of Mars. Unlike

the markings on Mars, they do not suggest artificiality.

The widest of the lines, Testudo regio, is about 4° (of longitude on the planet)

wide. Most of the others are from a third to a half of this width. Such is the

normal size, if one may use the expression ; for Testudo regio is in many respects

siii generis. It is worth noting that familiarity decreased the width and increased the

number of the lines. (See Plates XXVIII. and XXXIV.)
The spots are not much broader than the lines, of which in many cases they seem

to be but the darker portions. There have been seen nineteen of these spots at the

places where lines cross. Akin to them apparently are the beads into which a hue

occasionally appears to break up.

In the matter of the fineness of the lines — which only in poor air look

Hke diffuse streaks — it is interesting to note that Schiaparelli (Astronomische

Nachrichten, No. 2944), with his usual ability, suspected just what has turned

out to be the fact, that the markings are a mass of fine lines which he was,

not able to see definitely as such. His paper I read after my own observations

were made.

1

f

1
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14. Symmetrical Arrangement.— On plotting all (lie inarlcin^fl, 78 in nnnilHr,

there stood revealed a very curious symmetry in their arrangiMiuMif. Tliis t.in-

metry showed itself first as regards the north and south 2-)ort!ons of the ilhiiiiinntcd

disk, and then as regards the east and west sides of the same. Tf become? the moro

noticeable on considering them in detail.

Testudo regio.— Perhaps the most conspicuous markings on the planet are hvo

bands cutting off the two poles respectively and about 33** distant from them. Su* h

is the appearance they present when the planet is morning star and the libration

to the westward of the mean. As the libration swings onst, bringing tlj«.-c markin'

inboard, the two cut-offs begin to turn toward each other, appronch, and llum

suddenly meet to form one long marking running north and «oulh. To nn

observer notins: this chansre of intention for the first tiiiu-, the effect is striking. For
O -"O

beyond the band lies white disk, all the way up and down. But unexpected and

startling as the effect is, the fact of it becomes no less so when calculntion show? this

band to lie on the meridian of mean libration.

The band I have called Testudo regio. It is the most important marking OQ

the eastern side of the planet,— the orientation is to one standing on the planet

with his face to the south, — and is, as I have said, four degrees of Mticurian

longitude broad, that is, about 120 of our miles. Once in a moment of exceptional

seeing I had the good fortune to see it perfectly contoured ; that is, the edges were

sharply differentiated from their surroundings.

Next in salience are lines running across the disk along what the position of llio

axis shows to be parallels of latitude! One of these lies almost upon the equator,

while others cross at diverse distances north and south of it. The list of those so lar

detected is as follows:

About 41° south.

17° "

go «

1° north.

90 «

20° "

Besides these are others not definitely cnoug.. ----o
be mapped

»

Next comes a set o£ lines runinng apparently on tl.e meridians; of winch th<

three mo.t salient ones are situated in abont longitude 385", 0% and 2S° r,.»peeUvo y

Tliey run, so far as I have been able to determine, due north and .onth, and pmct,

cally stretch from pole to pole.
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Crossing these two sets at angles of about 38 of

ones, in a general way 30° apart and in nearly equal numbers on opposite sides of the

zero meridian, some six or seven running northwest and southeast across the disk, and

about the same number running northeast and southwest.

It might seem to be supererogatory to point out that this symmetry is on the

planet, not elsewhere, as the lines that cause the symmetry turn with the planet.

Before considering^ what this singular arrangement may betoken, certain other
*

features of the disk are to be noted.

15. No Clouds.— The markings always show when their particular part of the

planet is turned toward us, unless our own atmosphere at the moment be too bad.

This invariable visibility of the markings is the first point to be remarked. For it

shows that nothing near the surface of Mercury hides that surface from view. In

other words, no clouds or mists or fog float between us and it. The surface lies bare

to our gaze.

16. Surface Colorless.— Next, that surface is colorless, the markings standing out

in dark relief against the otherwise uniform pale white. Unlike Mars, with his

beautiful opal-like tints,— rose-ochre and blue-green,— unlike the hues of the

Earth seen from afar,— unlike even Venus, with her straw-colored veil,— Mercury

shows a face as ashen as the Moon, a chiaroscuro in black and white.

17. No Change.—No change ever sweeps over this face. The markings look at

one time, apparently, just as they do at another.

18. No Polar Caps.— There is no sign of white in the neighborhood of the

poles.

19. Atmosphere.— None of the effects which would follow upon the presence or

an atmosphere are discernible ; nor were any evident during the observations at this

Observatory when the planet crossed the Sun's face in November, 1894. If there be

an atmosphere, it is thin.

20. Surface Physical Characteristics.— From these observations stand disclosed

the following physical features of the planet's surface
; (1) that nothing veils it in the

way of clouds; (2) that it holds no appreciable atmospheric envelope : (3) that it has

no polar snows; (4) that it contains no bodies of water; (5) that it supports no

vegetation; (6) that no change takes place upon it; and that, in short, it is a dead

world. The first point is proved by the continuous visibility of the markings ;
the

second, negatively by what I have stated above, and positively by the albedo of the

disk and the loss on the terminator shown by micrometer measures of the diameters

;

the third, by the absence of white at the poles ; the fourth and fifth, by the entire



NEW OBSERVATIONS OF THE PLANET MERCUltY. 445

absence of both change and color anywhere ; and the sixth, by the immutnbihiy

of the whole.

All these characteristics are just what tlie rotation period anJ the kinetic tboory

of gases would lead us to infer as probable upon a globe of Merr^'irj's size rntntiug r

he does. Observation thus corroborates inference.

Two further points are worth noting, the one the brlghlne««! along lliu limb, tbe

other the shadings at the cusps.

21. Brightness along Limb,— From some time before to some time nft(>r the

moment of dichotomy the hmb is noticeably brighter than any other part of the

disk. The brilliancy is almost invariably confined to a bright line or a narrow Imic;

and what is curious, it is not always in the centre of the limb, but on ocrasions is

conspicuous along its southwestern edge while being absent from its middle. I luive
-

noted this peculiar position of the illumination at recurrent elongu'tionf^, allhougli

o but once. My written notes are as follo\v

Sept. 2, '96, limb brightest part of planet;

14, limb brierht all-round like Moon.

At another elongation

:

Oct. 16, '96, limb much brighter than rest of disk;

18, limb, especially S, the brightest part of the disk

;

20, planet's disk brightest a little in from limb N.

And at yet another :

Feb. 6, '97, hmb brighter than rest of planet;

bright along limb, brightness in a line along limb

;

disk brightest along central portion of limb

;

23, very bright along limb

;

F

Mar. 2, bridit along hmb
22. Shadings at the Cusps.— At one or both of the cusps is frequently

a shading, especially when the phase is a cres

the failure to see the cusps, although it may be d

This is not, seemingly, a part of

but apparently is

produced by a shad The effect may last until the planet

fairly gibbous. See Figs. L 2, 3, 4, 5, 6, 8, 9, Plate XXX.; Figs. 1, 2, 3, Plate XXXI

and Figs. 1, 2, 3, 4, Plate XXXII.

23. Albedo. -The look of the planet shows its albedo to be low. For whde the

markings are more contrasted with their surroundings than is the case with Venus

-with which body it is best to compare Mercury, -- the general reflective power ot

the planet's surface i.s much less. This appeared passim in the course of the obscrva-
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tioiis. At tlie time the observations began the planet was between superior conjunc-

tion and eastern elongation, and lay at the time very conveniently placed for

comparison with Venus, the two planets being near each other, Mercury lying at

first at a somewhat greater angular distance from the Sun, and then at a slightly less,

Venus passing out and Mercury in on September 24. The difference in the albedo

or intrinsic brightness of the surface of the two bodies was most marked. My initial

note on Mercury, on August 21, reads: "Mercury, — strikingly not so bright in

albedo as Venus
;
just looked at on a brighter sky, too." At this time Mercury was

nearer the Sun in the proportion of 100 to 165, and therefore his surface was 2.73

times more brilliantly illuminated than hers. But the relative lustre of the two was

even more disproportionate the other way. This relative appearance continued to be

presented on every occasion, only with ever increasing contrast. For as Mercury's

phase increased, his surface lost visibly in lustre ; that is, quite apart from the loss m
area as a whole, what illuminated surface remained showed much less bright, square

unit for square unit, than it had when the disk was nearer the full. A similar loss of

albedo w^ith increase of phase is shown by our Moon.

In consequence of this loss with increase of phase, the disproportion between Venus

and Mercury is not quite so great as appeared on August 21, inasmuch as Venus at

that time was the nearer to the full.

On the other hand, I have compared Mercury with the Moon and found his surface

the brighter of the two in about the proportion that his greater proximity to the Sun

would cause. He thus shows as an airless body should.

24. Explanation of the Map.— From the markings detected at Flagstaff and in

Mexico is constructed the map of the planet in Plate XXVII. The face the planet

shows us suggested the projection to be used,— parallel projection for the latitudes and

an equidistant one for the longitudes. For since the axis of rotation is substantially

perpendicular to the Earth's orbit, the latitudes are seen forever foreshortened in

parallel projection, while the longitudes are all of them at one time or another seen

as they are.

To either side of the hemisphere of mean libration I have added wings on the

same projection for such further longitudes as the libration reveals.

The longitude of the centre of the disk when at its mean libration is taken as the

zero meridian.

25. Signification of the Symmetry of the Markings.— From all of the foregoing

we see that Mercury is a dead body, like our own Moon. Was it always so or n

the next question. With regard to this, the curious symmetry observed in th
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position of the markings has something to snj. AnJ in (liis connection it is dlaiinclJjr

to be noted that, though in a general way syininetric, the two sidu^ nrc bj nn iiuan»

the same. The markings are suggestively bilaf oral without Ijcin'^ like. Now wlun

we take three facts into account: (1) the syinnietry noitli jind «ou(h
; (2) the sym-

metry east and west; (3) the relation of Testudo regio to the line of iucmh lihmtion

we have pretty clearly hinted that the planet has turned the ,^nine fui o to Uic $un

from before such time as the markings were made; and that the markings are due

to some cause which has since operated upon this face to the exclusion of the other.

This cause can be none other than the heat received from the Sun. The continuous

hiding of one hemisphere from the Sun's rays would cause a greater contraction in it

than in the other in the days when the cooling was going on, and this unequrd cool-

ing of one side would result in cracks, — cracks which we now see s<ereo<y])ed in

the markings. This explanation, which has been suggested to me, f^ccms ilic most

probable one to adopt. Besides accounting for the general fymmetry of tlic mark-

ings, it explains in addition why they should be lines rather thaji p;itoh(>«.

2G. Genesis of Isochronism.— We perceive, also, that this theory of their g(m >is

agrees with what we should expect to find. i?or the present practically air

condition of Mercury must have resulted very early in its career as a body scpnrnic

from the primal nebula. In consequence there can since then have been neither

air nor water upon the planet,— none of the wherewith to cause tides to break its

rotation. The slowinsr up must therefore have been brought about by Hubslnntinl

CS8

o

tides,— tides, that is, of the whole body,— and therefore have taken plac before

the planet had solidified. Consequently when the planet was solidifying it \\as

keady presenting the same face in perpetuity to the Sun, from which crn

uld inevitably result. We conclude, then, that Mercury is not only a dead

rid now, but that it has never been anything else.

27. Surface Visible.— From the rotation period and the libration it nipears that

we see at one five ei"-hths of the planet's surface, and

three eighths remain forever hidden from view because forever unilluminatcd.

28. Measures of the Planet's Diameters. - Between the 2d of Septen»ber, 18%,

and the end of March, 1897, I made 109 sets of meas.ires of the planets diameters.

These were taken through the phase axis and the diameter perpendicular to it. Each

three double diameters. The sets were nearly all complete. The

mean of each set was then expressed in seconds of arc, corrected as m the tables.

especially for irradiation, reduced to distance unity, ami tabulated. The rcsnlfs fen-

the polar measures are given in Table IV.; those for the equatorial ni Table \.

Vol. IL No. 4.-3.

ted of
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As tlie markings showed that the planet's polar axis was substantially perpendicular
the plane of its orbit, these phase polar and phase equatorial diameters practically

conicided with the
/

29. Conection for Threads.— The correction for the threads, owing ^y
the diameters were taken, is a very small quantity and is massed with that for the

spurious disk. The correction for the micrometer thread and the spurious disk is

taken at 0".20 for the old micrometer; at 0".10 for the new micrometer in January;
and at 0''.07 for the new micrometer in February and March.

30. Correction for Irradiation.— A word upon the correction for irradiation is

necessary. In all planetary measures the correction for irradiation is of fundamental
importance, in spite of which it is usually either not applied at all, or applied en hloc

to the final result. Determinations are obtained ignoring it, which in consequence
are quite worthless. To show the magnitude of the error thus committed, I may
take the expression for the polar compression say of Mars ^^—^, with a and b

nearly equal. If the correction for irradiation, as frequently happens in conse-

quence of phase, be a third as great again on b as on a, while on either it is two
or three times as great as the difference between them, it is evident that by
ignoring it the value obtained for the ellipticity is vitiated nearly one hundred
per cent.

The correction for irradiation I got from intercomparison of measures made upon
a painted disk, upon Mars, Yenus, and Mercury, and from estimates made upon the

old moon in the new moon's arms, taking in all these cases relative albedos,

eyepieces, object-glass, and sky illumination into account. That the resulting

correction is not far from the truth seems to be indicated by the fact that the

diameters thus got for Yenus and Mars agree closely with the best previous deter-

mmations; the polar diameter of Yenus, at distance unity, coming out 16".96, and
that of Mars 9''.32.

For the polar diameter, the correction for the irradiation is taken at 0".07 at

the beginning of the time, and thence graded to 0".20 at the end, because of the

constantly increasing illumination at the cusps.
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TATILE IV.

VOLAR DIAMETERS OP MKUCUHY, 1897,

jreasuros on these dates ma.lc with <.ld micmmctor .
an oui r
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TABLE V.

EQUATORIAL DIAMETE-RS OF MERCURY, 1897.

The correction for irradiation was taken at 0".13 throughout
Measures of Drawings

#

phases of

Besides tabulating the measures^ I have measured

x^ d tabulated them in Table VI Pl tered for

any day being the mean of the values for that day. The ratio of the visible pol

and equatorial d

sponds

at the

dififerci

given first; then the phase angle which
and, lastly, the difference between this phase angle and the the ph

Besides these for

g fr the

compar are placed the phase ratios, ang d

corrected for irradiation

measures corrected for the raid eads, but not

words, such as they appeared to the eye
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TABLE VI
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E
ft

before discussing them

accurate as the measures

evident at a gl

This is a point worth

that the drawing

because of a very gener

but quite unfounded prejudice towards pinning one's faith to measures. As a matter

of fact both measures and drawings depend upon eye estimates, and which of the two

thy is a question of the kind of estimate involved
3

first the micrometr

Diameters too Small

of the polar d

Th measur 3S to be discussed

d the first result indicated

by them is that the hitherto received value of the planet's diameter is apparently mucl
too small. Instead of giving the value 6".68 for

1

the diameter at distance
measures make the polar diameter at that distance, after all correction had been
taken V'M

33. Explanation of it.

produce

They do

Not only d measures state this definitely, but they

what

to account for the smallness of P deter

may seem an
Measures of Mercury h

pected manner

be
(2) upon the planet as affected by phase, inasmuch

made, either (1) upon the planet

Now the present measures

(T s

appears smaller than it

that in both these the planet necessarily

is:

through relative invisibility of

the first case, through irradiat m the nd

cusps W o d to the irradiation, th

have
qiient loss of apparent size at transit speaks for itself; the present
lowever, somethmg to say about its amount, as we shall see presently. With regard

of through relative invisibility of cusps, the m established
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three points: (1) in poor seeing the measures decreased; (2) uhcn the cusps were

estimated, however slightly, the measures dwindled till tlioy were actually snialUr

than previous determinations; (3) as the planet passed from quadrature toward con-

junction, the measures of the polar diameters (reduced to distance unity) plcudily

increased. The first of these facts was testified to, jmssim. As an instance ^vc mny

take the observations of March 2d and od.

TABLE VII.

Oorrocted «iid n<Hluccd

to DiBUnce Unity.

ing poortr.

ing poon r

r-WTii'

We see

definition.

how the decrease in the measures kept step with the decrease in the

The second point is interesting because apparently For in the day

of almost all observatories where previous determinations have been

to a greater or less extent is ibl So that th case th

Flagstaff were assimilated to those of other Th

Dnditions at

Table r\\\.

TABLE VTTI.
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The tliiid point we see at once on taking the means of the polars for

dates and arranging them in a table as follows.

TABLE IX.

MEANS OF POLAR DIAMETERS

Date.

Feb.

Jan.

Feb.

Reduced to Dist. Uuity.
Cor. only for Threads
and Spurious Disk.

Feb. 25-Mar. 1

Mar. 2-10

(( 11-20

21-26

7.20

7.35'

7.52

7.67

Reduced to Dist. Unity.
Cor. for Irr.

n

6.87

7.01

7.06

7.18

7.30

7.41

34. Value of Polar Diameter.

proportionate result at conjunction, we have for

values

:

Uncorrected for irradiation,

Corrected for irradiation,

Taking now Table IX. and extending it to its

the polar diameter the following

r.8o

7".54

These measures give for the planet a polar diameter of about 3,400 miles
35. Dichotomy We now come to anothe

upon quite a different subi

Pl the measures fford

dichotomy. D o the

namely, the retardation of the app time of

(Washington mean time) ; namely

period covered by the observations dichotomy occurred fou

1896, September 11, Q h. about
a October

1897, January

25, a C4

2h
U February 13, 14 h

r

while dichotomy should have occurred on

1896, September 16, 20 h.

22, 8h." October

1897, January Ih,
iC

February 10, 12 h.
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The discordance between the calculated and observed times of the phenomenon

was therefore

:

5 days 20 h.

2 days 30 h.

2 days 23 h.

3 days 2 h.

and the mean : — 3 days 4 h.

To translate these times of retardation into phase angles of lu,^,-, uc may li.if^

recourse (1) to the calculated phase; (2) to the phase loss of the drawings nt tlir liih^.

Thus obtained, the phase loss at these times respectively w.is:

(1) (2)

11.0 .... 1 11 .... 1

18.7 .... 1 13 .... 2

13.6 .... 4 li . . . . 4

7.6 .... 3 7 . . • • 3

and the means, (1) 11°.9 (2) ll-°4

From the measures of the drawings we find further that the observed i-hnso W^

at the times of theoretic dichotomy at these four elongations wa^^ respectively:—

September 16, 9.6 ... . 1

October 22, 13.7 .... 1

January 8, 8.1 . . . • 1

February 10, 8.0 ...» 1

Giving a mean of 9°.9

36. Explanation of it.— The cause of the discordance between the apparen

theoretic times of dichotomv has not hitherto been satisfactorily explained. D
of dichotomj

f Table IX. will, I think, betray

If the centre of the terminator and
phn«e th

inability in the eye to detect the oblique illumination out to its theoretic l.nnt, no d

cordance between the observed and calculated times of dichotomy conid, ni the ca>-

a sphere, ensue ; in the case of an ellipsoid, there would be a difference between t

observed and the calculated times of dichotomy, but as observed dichotomy won

of

be just as likely

crepancy w^ould

1 lue long ran, tu ul.^ui v^.. —- ----
^

the mean be zero, ^vherea, the discor-lunce oh.ervc^ „ alw.j

Vol. XII. No. 4. —4.
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ing, and

on the same side of its theoretic value, being behind time when the phase is increas-

ahead of it when it is decreasing. This proves, then, that the discrepancy

is due to a relative visibility or non-visibility of the cusps, as compared with the centre

of the terminator.

Now, if the illumination at the cusps was relatively less than that at the terminator,

dichotomy would before its predicted time geometrical consideration

show

omy

We are therefore left with the alternative ; namely, that retardation of dichot

d to relative prolong of the cusp And th can ly b

geometrically to be the fact, as in the following diagram, where A B, Fig. 1, and B (7;

Figs. 2 and 3, represent the loss at their respective phases.

J^.r-tj ^sS-IT. J'.

37. Loss at the Cusps. — On the other hand, it is evident that there is some loss

of visibility at the cusps. This is evident, both theoretically— otherwise there would

be no loss at the centre of the terminator, since the cusps cannot be infinitely

brighter than the centre and practically witnessed to by the measures of

the polar diameter, which (Table IX.) show an increase steadily from the time of

dichotomy to the time of coniunction.

38 with

It varies with the ph

The relative loss at the cusps

This is shown by the following tabl
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TABLE X.

:0 rOLAR DIAMETER, FROM DRAWINGS AND DIFFERENCE
OBSERVED AND THEORETIC PHASE.

G. M. T.
Bute.

Sept.

Oct

a

Ratio Equat. to
Polar I)iam.

from Drawings.

Observed PLase
Angle.

Tlieoretic

VhnBd Angle.
Utd lUl-nrrtlc i'bfMW.

.510 9L6 so! 11.6 (?) only ono.

.549 84.4 82. 2.4 i>oor (?) only one.

.377 104.2 96. 8.2

.299 113.7 107. C.7

.291 114.7 114.3 .4 ouly wijc

.245 120.7 118. 2.7

.188 129.6 129. -0.4

.183 129.4 127. 2.4

.239 121.5 120.1 1.1 poor (?

.241 121.2 114. 7.2

.250 120.0 108. 12.0

.300 113.6 102. 11.6

.445 96.3 81.
*

ir <? 1 very good, cxam-
'''"*

I
incd carefully.

.535 8G.0 76.1 9.9 ouly oue.

.532 8G.3 64. 22.3

.595 79.0 60. 10.0

.G48 72.8 56. 16.8

39. Amount of ]

cusps is, we may be

(Art. 35) that the differ

Drawings To d what the absol the

by considering the case of the drawings

ence of phase loss at the centre of

21

of theoretic and observed dicliotomy was 11.

9

that the limb at the equator is brightest a1

9^9,or2^0

There wc found

uiiiator between

Now Article

of dichotomy

Article 38 that the loss at the cusps decreases fi

mu
the

supe Both of these factors affect the pha.sc deduced from

but only th affe hown by ( 'o
th
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case the pliase is obtained by DOting deviation from a straight line joining the

apparent cusps. We see, then, that in the case of the drawings we have a differ-

ential catching np in the visibility of the cusps between theoretic and observed

dichotomy of 2°. This shows again that there is a loss, but does not state its amount

at either time.

40. Amount of Loss.— Measures.— For the loss in the case of the measures
r

we may proceed as follows. The loss of visibility at the centre of the terminator,

except when the libratory swing brings dark markings upon it, must be constant.

Now it appears from Table XL that, after making all corrections for irradiation—
and inspection will show that no conceivably possible amount of correction will

further materially affect the result-— there is a difference of 10° between the phase

loss at and near dichotomy and later on. This then would mark the loss at the cusps,

other things being equal. The mean taken later on was carefully taken between

dates when the centre of the terminator w\as as free as possible from the presence

of dark markings. It must, however, be noticed (see the map) that the terminator

crossed at the later period a much darker region than was the case at the time of

dichotomy.

On the other hand, it is to be remembered that at most observatories the phase

loss would bo much greater, owing to poorer air. So that we may take provisionally

10° for the phase loss of the usual observations of Mercury.

41. Discrepancy in Mercury's Right Ascension accounted for.— Now the loss of

the cusps and the increased value for the diameter explain a discrepancy in the right

ascensions of the planet, noticed by Newcomb and published in his Astronomical

Constants. He say

« The reduction of the semidiameter of the planets was a point to which special

attention was given. In the case of Mercury, the adopted semidiameter at distance

unity was 3".34.
. . . When the published Right Ascension was that of the centre of

light simply, a reduction to the true centre was computed by the empirical formula

used in Washington observations. ... It was assumed that when the illumination

was such that the thickness of the crescent approached zero, the point observed would

be two thirds of the way from the centre of the planet to the limb, and that when the

planet was dichotomized the centre of observation would be five twelfths of the way
from the centre to the limb. ... The value of S r" therefore indicates that there is a

remarkable systematic difference in the observed Right Ascension according as the

planct^ is east or west of the Sun, and therefore according to the illuminated side.

The sign of the result shows that the reduction to the centre of the planet was
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apparently too small. . . . The most natural conclusion is that the reduction fnun

the limb of the planet or the observed centre of light, to the true centre un^ 1<.(>

small by an amount which, at the mean distance of the Sun, must Lave hxn neailj

or quite a second of arc (cf. § 3). The adopted scmidiamctcr 3".4 fiooma so well

established, both by micrometric measures and by liellomcter measures during frnnplis

of Mercury, that such a correction to the diameter seems inadmlssiblo."

Now if we employ the data given by the measures I liavc just discu^J^O'l instead

of those of previous ones, we shall see that the discrepancy lie noticed in Mercury'•

right ascension is accounted for.

Taking the hitherto received value for the diameter and appl^IuK lils formuln,

we get five twelfths of 3".34, or 1".39, for tlie correction froui fix; centre of light to

the centre of the disk at the time of dicliotouiy.

Now from the present study of the planet we wee, first, tlint at the time uf

theoretic dichotomy there is a loss In addition to the phase loss along the torniiuntor

due to the loss of the cusps (Art. 37), and that this amounts to 10°. This !- -• is

represented hj A B in Fig. 1 of the diagram in Article 36.

It is the sine of 10' into 3".77, or 0".65.

This is the first part of the correction ; there is a second. Subtracting 0".C5 from

3".77, we cret 3".12 for the diameter of' the disk actually seen. Now at the time of

theoretic dichotomy this disk was not a half-moon, as theory supiio.es, but a rrr^ccnt,

of which the centre of light by Newcomb's formula would lie in consequence not

five twelfths of the way, but about halfway to the hmb. Dividing tbcrefore .7M2

by 2, we get 1".56 for the second part of the correction, u Inch, added to 0".C5, n.akcs

2".21 for the whole correction from the new data. The difference of

nations for the correction from the centre of light to the centre of liic d.^k is 2".21,

less 1".39, or 0".82. Now 0".82 is very nearly the discrepancy to be accounted for.

i± General Discussion of Measures. - We shall now proceed to a general

discussion of the measures; beginning by taking up Table VI, and then Tables lA.

and XII. In Table VI. Is given the ratio of the equatorial to the polar d.ameter,

first as observed in the drawings, and secondly as measured micrometncally, uncor-

rected; in Table XI. the ratio between the same diameters of the nucrou..ter

measures for different irradiation corrections at and near the tune of dichotomy
;
m

f(] fonntonai to
Table XII. the ratios of the micrometnc

d

of the

d p

If we study the columns ot the various phase ratios, angles, arul .lilT.rcnccs, ^vc

shall become aware of some curious results.
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43. Effect of Testudo regio. — To begin with, we must note that the onlj

extrinsic or predicable cause for variation in the differences from top to bottom is to

be found in the notes at the side. At the times there specified the long dark

o called Testudo regio was in the act of passin terminator

quence of the libration. And this happened presumably a little earlier for the

measures than it did for the drawings, first, because tlie eye can see better when

not hampered by wires near the object observed, and can therefore in the case

of the terminator see a little farther out into the decreasing Illumination; and

secondly, because in taking the measures a somewhat higher power was used, 167

as against 140.

This is the only cause for variation which we can eliminate from the discussion

by taking account of it at the start.

44. Increase of Visibility of the Cusps.— Considering now the respective col-

umns of the differences of the drawings and the measures as compared with the

theoretic phase, we see that the differ being, both sets of them, small

and near dichotomy, then in increasing, and then in decreasing slightly

conjunction. The increase, which for the measures "culminates about March 3

part due to the passing of Testud Eliminating its effect

we find a fairly steady increase starting from the time when the phase was greatest up

to the time that foreshortening began to work, on approaching superior conjunction.

The general cause underlying this was the increase of visibility in the cusps of the

polar diameters already considered in Article 33. How definite a factor it is, is seen

more clearly yet by continuing on to an even greater phase, where from its nature

it became more marked. We cannot do this with the measures because of having

none, but fortunately we can do it with the measures of the drawings ; and this

is shown in Table X.

45. Foreshortening due to Irradiation.— Lastly, we perceive what we should

expect to find, a falling off of the differences as we approach conjunction, owing to

the mcrease of irradiation at the terminator due to foreshortening, an apparent

which
polar diameter is not able to overcome

In the following ratios the polar diameter is also corrected for irradiation, fi

correction amounting to twice 0M3, or to 0^26, at conjunction, making it 7^54.
The value 7".50 is used throuo^hout
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TABLE XI.

FOR IRKADIATION TO TUliEE DUTEUENT EXTENTS.
COURBC

43 between Drawings and Micrometiic Measures Th<> nl)Ove nre

the points in which the two sets of measures, those by the micrometer and tho<^ from

•awinffs, ajrree. We now come to others, more interesting poinU, those m
the d

\rvhich they disagree,

kinds of measures are

To understand them we must first consid

d

from of

The measures of the drawings differ e

micrometer in that the drawings are concerned solely

1 what the two

ontially

pparent phase, while the micrometric measures are not concerned with the phai?e

such at i

from the

but solely of the apparent equatorial and polar d

of which the phase follows as a resulting corollary We

continuance that not only drawin£?s directly interested in the d

of the

tion to

phase, but that near dichotomy the drawings have a comparativoly c.-usy

determine: simply the question of whether the terminator be a straigl

i
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TABLE XII.

RATIO OF MICROMETRIC MEASUREMENT OF EQUATORIAL DIAMETER TO POLAR MERCURY
' WITH THREAD CORRECTIONS ONLY.

* Polar taken at 7".80 throughout.

Now this is a point susceptible of some nicety, for it is not, properly speak
estimate at all, but a matter of direct observat

be curved one way or the other.

Tl eye is very quick

determination is in truth a criterion of

of cusp or of terminator visibl

So quick is it, indeed

o of th

We come now to adeduction of some interest which follows ft
<^»'^

o

1

best criterion for the apparent phase, and
of the centre of the terminator and of the cii

- at the centre of the i9.vm',,.ni... ^l. :ii

Since

m that they

micrometric

fainter at
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the cusps in consequence of which
1

f light throughout, we see at once tliat the micromo
,'

dichotomy^ show a less loss of phase tlian tlie drawhigs, flion^li ila^y iiiny ^linw mow;

in other words, that no correction for irradiation at the liinl) Icsb limn {hni lUwc .*.v

to reduce the equatorial diameter to such a ratio is aJiiiissi]ile,yyy>/iw/ci/?/( ffn il,,.'!..j

with a sphere.

For such a difference hctween the niicrometric mcn^urcs and the drawiiu i-*

just what an ellipsoid would cause whose longest axis pointed to the Sun. Nor

would such ellipticity be more directly revealed. For when ihc planet i« in

transit his greatest axis would be pointed directly at the Earth, fclnce llic Siui

h his centre. It is onlyand the Ea o

at the times mentioned above, at and near dicliotomy, that the (•nii)tioi(y wuuM

show itself.

47. Spheric and Ellipsoidal Phase. — This is not all. There is another curious

fact to be found on comparing Tables I. and VI.

If an ellipsoid be illuminated by the light from a point in a principal plane con-

taining its longest axis, and an observer be placed in that plane at an nngle from the

of light, the phase sliown by the ellipsoid will not In general be

I

be

that shown by a sphere whose diameter is one of the two sbortcr axc.^ of the

ellipsoid. It will only be so in the particular case uhere both the terminator ai

"

observer are in the line of the minor axis of the ellipse made hy the plniie.

other positions it will be greater or less than the spheric phase, acrordin-

terminator is on one side or the other of the minor axis, provided tlie ob-;r
^

between the line joining the tangential points on the circle and ellipse n iH-ctivcly

and the minor axis. If we suppose the source of light to be in the third quadrant

with the major axi^ to its left, which were the conditions in the case of Murcury m

February, and call the angle a between the source of light and the mnjur axis of the

ipse t + w, we see that, if

c +O 90°, then the phase shown by the ellipse > than that shown by the .phere.

t 4 CO = 90%

t + CO < 90%

a u « « «

« u a a " < tc il « **

t is the phase angle ; while a> is the angle of libration.
. , , t,^

To an observer, then, placed nearly in the line of the minor axis, the pha- =ho

by an ellipsoid would suddenly change from being greater than thnt .hown

sphere to bein. less as . + a, passed through 90°. This would cause, in

Vol. XII. No. 4.— 5.

\
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of a planet whose phase was constantly increasing, a halting or even retroo^ression in

that phase about that time.

Now in Table I. we see that t + m became 90° between February 16 and 17.

Turning to Table VI. we note that between February 16 and 17 occurred a sudden

halt and retrogression in the phase,

48. Phase of Measures. — Thirdly, it will be noticed that the micrometric

measures do not keep step with this halting of the measures got from the drawings.

The former keep on more evenly, are bigger than the latter up to February, and

then lose. This is precisely what should happen if the planet were an ellipsoid

with its longest axis at the point of mean libration; for this was all the time getting

squarer to the line of sight up to February, in consequence of which the equatorial

diameter would increase up . to that time, thus offsetting the loss on the terminator

le to that terminator's passing through the minor axis of the ellipse, which factd

taken account of hy the drawing

49. Mercury All this is interesting from being app

ently but a curious concatenation of circumstances ; for though there is very Httle

doubt that Mercury is such an ellipsoid, its longest axis pointing to the Sun, its

middle one being perpendicular plane of the ecliptic, and its shortest

being the planet's polar axis, there is also but little doubt from theory that the

difference in the diameters is much too small to be visible, even indirectly. For

each of these phenomena may be otherwise explained. Article 46 is explicable by

greater irradiation at the centre of the limb; Articles 47 and 48, by the passing

of Testudo regie across the terminator.

50. Summary.— These observations, therefore, go to show that Mercury is :

(1) A body somewhat larger than has been supposed ; its polar diameter sub-

tending at distance unity about 7".50, e<juivalent to about 3,400 miles. From the

difficulty of evaluating the irradiation I consider that this is probably too large, and

that 3,300 miloB is nearer the truth. The older measures, however, are certainly

too small.

<^

(2) Of a probable density much less than the Earth's, and according, within errc

of observation, with what a ^nW principles of size and solar position would lead ns

to suppose
;

Of a probable mass, from (1) and (2), between the older and later determina-
tions,— about 2V of the Earth's :

(4) Rotating in 87.969 days, its orbital period- The decimal is here given

9
O

because though the period of rotation may differ ty a minute amount from the
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orbital period, no "such deviation has been observed and il is very unlikely tlmt nnv

exists ; especially as

(5) There seems to be evidence that it has rotated thus froui the timo il w.t? pln^'lc

;

(6) About an axis approximately perpendicular to the plane of its (uliit;

(7) Possessing no certain signs of atmosphere
;

(8) Nor sign of water
;

(9) Nor of vegetation
;

(10) Nor of organic life

;

(11) Covered with long narrow markings best explained as the results of cooling;

(12) Somewhat symmetrically disposed, thus suggesting (5)j

(13) A world as dead as the Moon, but dijQTerently brought to such condition.



INDEX TO PLATE XXVII.

t

1. Maia.

2, Hypate.

8. Zugoil.

4- Thoth.

5. Ouciraton.

6. Ala.

7. Cyllene.

8. Psychopompos.

9. Licbauos.

10. Petasus.

11. Kcras.

12. Agctor.

13. Parhypate.

14. Hegemonios,

15. Enodios.

16- Agoraios.

17. Caduceus.

18. Enipolaios.

19. Mese.

20. Ansfuis.

21. Serpens.

22. Keryx.

23. Diemporos.

24. Pedilla.

25. Cornu

26. Talana.

27. Plectron.

28. Ebur.

29. Corneus.

30. Somnus.

3 1

.

Oneiropompos.

32. Poimandres.

33. Psychagogos.

34. Trismegistos.

35. Aphorismos.

36. Paramese.

37. Kuranides.

38. Smaragdina,

39. Chlamys.

40. Tcstttdo.

41- Pteron.

42. Paranete.

43. Nomios.

44. Dolios.

45. Lichanos.

46. Sokos.

47. Pheneos.

48. Pliara.

49. Pelene.

50. Cai-vara.

51. Kephalos.

52. Hegemomos-

53. Vayu.

54. Turms.

55. Necropompos.

56. Trite.

57- Hermes.

58. Boukolos.

59. Kriophoros.

60. Polygios.

61. Promaxos.

62. Sarameya.

63. Mese meson.

64. Parhypate hypaton«

65. Mese hypaton.

66. Nete hypaton.

67. Paramese hypaton.

68. Nete meson.

69. Trite diezeugmenon.

70. Trite hyperbolseon.

71. Lichanos hyperbola^on.

72. I\rese hyperboteou.

73. Lichanos synemmenon.

74. Mese diezeugmeuon-

75. Paramese meson.

76. Lichanos meson.

77. Paramese hypaton.

78. Lichanos hypaton.

f
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The names have been given In

themselves outline

accordance with the suggestion of markinf^s

gularly like the shell

god; the lines along the parallels of latitude b
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O o

re invented by the

and the conspicuous
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PART I.

INTRODUCTOHY

In view of the fact that

3 cause of typhoid fever appears to be able to survive for I

the environment of man, it becomes important to di.scovc

behavior under various natural conditions. Some knowled-.- m, .m,s

monly confiidcred to lie

arly as niaj

kind wc I

already in the case of heat and light; some, also, in respect to low tompcr.'.ti.re.s

under certain conditions. But a careful review of the present state of our knowl-
edge in regard to the influence of cold upon the bacillus of typhoid fever shuws th.-.t

much still remains to be done in order to make our knowledge in this direction

more precise.

The subject assumes great practical importance when we begin to consider the

influence of external conditions upon the longevity of the bacillus in nature, par-

ticularly in those regions in which there is a considerable variation of climate. It

was a theory formerly widely held that the specific organism of typhoid fever was not

only capable of enduring for a long time outside the human body, but even tli;it a

residence in earth, filth heaps, and the like was an essential phase in its life hi-s-

tory. Modern researches have thrown grave doubt upon this earlier theory, but at

the same time rigid inquiry into epidemics and further knowledge of the disease itself

nave shown how readily the micro-organism may become widely distributed in the

environment. Prolonged and careful studies of the influence of temperature upon

the bacillus of typhoid fever, have led us to believe that this factor plays a part in

the seasonal distribution of the disease which is of the highest importance, making it

possible to explain, by the co-operation of this and other factors, such as light and

ui'yness, certain phenomena hitherto inexplicable or little understood. An obvious

and direct application of the principles worked out concerns one of the principal food

supplies of man, and an important section of the following paper is therefore devoted

to a consideration of the danger of the conveyance of the disease in question by pol-

luted ice.



II A REVIEW OF THE LITERATURE RELATING TO ICE AS A VE

IIICLE OF DISEASE AND TO THE BACTERIOLOGY OF ICE.

A. INFECTIOUS DISEASES ATTRIBUTED TO POLLUTED ICE AND ICE-CREAM.

The interest of the authors in this subj was fi used by the practi

nuc connected with ice supply and the public health. As appear the

P mediately following, diseases, and particularly typhoid fever

frequently been attributed to impure

The first outbreak of d directly ascribed to ported in th

try in 1875/^' at the summer of Rve Beach. Dr. Nichols of Boston, who

was called in to hivestigate the affair, found the illness, a more or less severe

disorder, confined to the guests of one of the two large hotels of the pi

The other hotel and adjacent cottages were unaffected The milk and water suppli

and the drainage appeared above suspicion. The ice for the hotel, ho

on a small pond whose waters were rendered very foul by a mass of

of

aposed

and of

f marsh d and decomposing sawdust A chemical Ij

fr th pond, showed high total g-anic matte and

free and albuminoid. Three cases of the disease outside th

ad eviden still

some

directly following the use of this ice m
later Dr. Smart, U. S. A.,^^; attributed

in a Rocky Mountain army post to the

snow. The high organic content of the water in early sp

this (

onger Three year

tent fever
of a " malarial remittent

n of mountain streams by melti

•ing was probably d

ause, and he believed that the " materics morbi" of mal

origni. I the f 1879 utbrcak of dysentery d

had

n C

ilar

(3) Out

hired

which is discussed in the Second Report of the Board of Health of that State

of the eleven persons, including the family residing in a certain farmhouse, two

men, and relatives who came to assist in nursing, there were eight cases of dysentery

three of them fatal, and two cases of persistent diarrhoea. The drinking w
gave satisfactoi s alysis, but adj the was damp and

am w^hlch served
polluted, and the ice used came from a small stn
for pigs. Analysis of the ice-water showed hicrh ammonias, and

running pla

ppe d
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investigators the most probable cause of tbe disease. In (lie Kottoil of the same
Board for 1882/^' an interesting single case of typhoid fovrr is oiled as probably
derived from ice. The patient had lived alone for some monlliH in a liouse wboso
sanitary conditions were apparently perfect. He was inordinately fund of icc-uatcr.

and the ice for his house was cut on a small pond near by. Tl

tion that the drains from some laborers' houses emnfied din-p

cstigi

emptied dircclly info the pond,

that in these houses there had been three cases of typlioid fever during (he prr^

summer. Attention was also called to the general danger from ice fupjdy, by

Connecticut State Board of Health in 1880, by the iATiissaclmsetl-- ?ia(e Bonn

1876 and 1889, by the Michigan Board in 1882 and 1884, by the New Hami)sliirc

Board in 1882, the New York Board in 188G, the Minnesota Board in ISSG, and the

sanitary authorities of Chicapro in 1896 and of Milwaukee in 1876.

Duclaux^^^ appears to have been the first Euroj g fU1

h a recent French writer^'^ mentions an ice epidemic at **E
*t

in 1882, of which we have found no other account. Duclaiix enlarged at length npon

the danger from ice, especially the artificial ice made in Paris from the water of

certain highly polluted canals. In 1893 Professor Kiche^*" made a long report to the

Conseil dhygiene d de saluhrite de la Seine upon the dangers to the inhabitants of

Paris from the sale of highly polluted ice. He quoted a letter from Pu.-iciir as

folio Le docteur Roux vous a dit son opinion, et c'est aussi la mienTic, que

eau impropre a la boisson Test egalement pour preparer, en hiver, de la glace i)our

I'alimentation. Les microbes inoffensifs ou pathogenes resistent prcsrjue tons a des

temperatures meme tres basses." M. Riche showed that much of the Paris ice came

from contaminated d recommended strong legal restrictions upon

Finally, Dr. Dorange, in the Revue d'Hygienef''^ described a supposed ice-epidemic

of typhoid fever at the military post of Rennes in the autumn of 1895. Eight

lieutenants of the regiment there stationed were taken ill between the twelfth and

the twenty-fifth of December. The fact that these officers did not habitually live in

common but had all been present at a regimental banquet upon the fourth of

December, pointed the moment of infection. The higher offi

dined In a separate room, and used no water but the town supply, which was excel-

lent. The lieutenants, on the other hand, drank a " tisane " of champagne mixed with

chilled water. The man who provided this claimed that it also was derived from the

regular town-supply. The fact that the town water could be obtained l)y him only

from a considerable distance and under strict police regulations, led Dr. Dorange to

suspect that he had made use of stood in the room
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4

wliere he cooled his decanters and which received the meltings from his stock of

ice. The ice supply of the town was considered highly polluted. The additional

fiicts are cited that the menus of the different classes of officers were the same and

that certain of the petty officers who did not drink from the " tisane " but made

use of beer Instead, escaped the disease.

me

Altogether it appears probable that the milder intestinal disorders, caused

e decomposing organic matter and not by specific germs, have at times been

caused by polluted ice. The Rye Beach epidemic was carefully and thoroughly

studied, and leads directly to that conclusion. With respect to typhoid fever the case

is different. The only ice-epidemic of typhoid fever which has come to our notice,

VIZ., that at Rennes, rests on a doubtful chain of circumstances, and lacks the con-

firmation of a complete exclusion of all possible factors other than Ice. We have

been unable, then, to find any conclusive evidence that typhoid fever has been caused

by polluted ice-supply.
w

A number of English epidemics of typhoid fever, more or less clearly traced to

Ice-cream, should be noticed here, although the conditions are quite different from

tliose which obtain in the case of ice. The first of these epidemics occurred in the

English sanitary districts of Greenwich and Rotherhithe in 1892.<«> During the last

week of September and the two months next following 511 cases were reported, the

beginning of the attack In 15 per cent of the cases falling on October 1 and in 57 per

cent of the cases falling in the fortnight preceding October 3. A remarkably large

proportion of the victims were young children. The water supply and sewerage of

the four separate foci of infection were different and apparently all in good condi-

tion. The milk supply of the households attacked came from seven dairy farms, and

1 my cases consisted only of condensed milk. Suspicion was then directed
ice-cieaiu sold by Italians from barrows in the street. A careful canvass of one

neighborhood in which 56 cases of typhoid fever had occurred .showed that 924

persons lived in houses where ices h.ad not been eaten. 232 lived in houses where
d been obtained from shops, and 395 ices had been obtained

from i. ceriam ice-cream vendor. All the eases of typhoid fever were in this latter

class. A detaded examination of the cases in all the infected areas showed that

bb9 per cent of the sufferers had eaten ices, and that, of these, 91.4 per cent had
obtained their supply from ten Italian vendors living in a certain Mill Lane, of whom

TuJT ! K
'•'' "'""' '"«"''«"'=^- The sanitary conditions in Mill Lane were

f .uml to be abominable
; and in the family of one of

child
pHrveyor.s of

sickened with typhoid fever on July 29 and August 5 respectively
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An epidemic of typhoid fever wlilcli attacked over 800 persons In tlio eounty of

Renfrew, in Scotland, in 1893, was atlriljuted by Dr. A. C. Mnnro i.artly to ic . -.naui

and partly to the public water-supply .<»> Out of the first 180 casc^ 03 w.tc shown to

have eaten Ice-cream prepared by a dealer In whose family a c;uso of lyplioid f<n

had occurred during the previous month. Tlic patient had been in Inlimale confnrt

with the ice-cream business during the greater part of her illnesR.

Vaughan and Perkins, in ]895/^^> ascribed two epidemlrs of sevciv, but not fiifal,

intestinal disease to a new pathogenic bacillus which they isolated fioiii Ice-cro:un In

one case and from cheese in the other. The germ belonged to the colon gn)np, iuu]

the authors note that neither twenty-nine days of continuous freezing nor allernntc

freezing and thawing could destroy Its vitality.

Dr. Hope, in 1898,^"^ studied an epidemic afYecting 27 school children in Liverpool

in which the only clue appeared to be the presence of all the patioiHH at a fair juhl at

the time of infection. Here 24 of the children had eafen ice-cream nnd (wo more
r

had partaken of "chip" potatoes sold by an Italian In whose house there Ijad Immh

two cases of typhoid fever.

In these cases of Infection from Ice-cream there Is, of course, no cerfalnfy llial the

disease germs were actually frozen. The possibility of contamination from spoon,'?,

vessels, and the hands of the vendor might easily account for all the plienomonn.

Even if the infection was really carried In the ice-cream the expfwure to a low

temperature must have been a relatively short one. The same reasoning applies to

the famous Plymouth, Pa., epidemic of typhoid fever. This little mining town had

1200 cases of the disease and 130 deaths amonsr its 8000 inhabitants in 1885, and the

fl

o

Investigation ^^^^ clearly traced the infection to the dejecta of a single typhoid fei

patient which were thrown out on the snow on the banks of the brook pn]>plyi

the town with water, and which had been washed in by the fir.st general thaw of \

spring. It may easily have been that the discharges thrown out during the day

two preceding the thaw were never really frozen at all. In any ca'^e the conditi*

affectincr jrerms imbedded in a solid mass of rich food material are quite difTtn
o o

from those which obtain in the formation of ice ui.on a stream or pond

B. BACTERIA IN NATURAL ICE, SNOW, AND HAIL, AND IN irE-CREAM.

Tn spite of the absence of epidemiological evidence, it has been the common

opinion of sanitarians that ice might be an important source of infection for typhoid

fever or any other germ disease. Its apparent purity was shown by the earh^t

bacteriologists to be deceptive. Burdon-Sanderson,^'^' In 1871, found that liquid
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culture media sliowed bacterial growth when inoculated with melted ice or with
r

snow. In tlie next year, Colin ^"^ described experiments in which nutrient solutions

containing bacteria were not sterilized by exposure to a temperature ranging as

low as -18° C. for about 6 hours or by a temperature with a minimum of —7° C. for

18 hours.

Professor Joseph Leidy, in 1884/^^^ exhibited, at a meeting of the Academy of

Natural Sciences at Philadelphia, snow water derived from melted ice, containing

only Infusoria but also Rotifers and W Pohl same year,^^''^ recorded

the finding of many bacteria in snow and ice, 110 per centimeter in Neva ice, and

20,774 in one sample of bubbly ice. He also found bacteria in falling snow, the

number decreasing with the continuation of the storm. A report on the ice supply

of the city of Syracuse ^^^^ was made to the New York Board of Health in 1886 in

which the presence of a great number of bacteria was noted in ice from Onondaga

I d the Erie C I 1888 Breunig<^«^ found 1310-2760 germs in ice, and

Kowalski ^''•^' analyzed sixty samples of natural ice, and found from 10 to 1000 germs

per cub pie beino Still another paper was published at

1888-89, by Hey ho studied the Berl pply, and, in 25

found from 2 to 133,000 bacteria per cubic centimeter, the highest fig

ipond mi analy showed the m marked poUu An
elaborate report was made by the State Board of Health of Massachusetts in 1889

in which 238 samples of natural from the ponds and streams of this State

cak

lyzed bacteriologically.. The figures for ice from different por of the

were as follo^vs

:

r
t

I

Transparent Too
Clear Ice , ,

Bubbly Ice . .

Snow Ice . .

Number of
Samples.

* —

27
75
113
23

Bacteria per c.c.

Maximum.

893
370

1950
2968

Minimum. Average.

, 105
16

111
622

-

A "Lancet" analytical sanitary commission made an examination of some ice sold

London in 1893, and found that while all the specimens gave coc 1 chemical anah
amined contained 400 00 bacteria per cub

(22)

in 189

Girard and Bordas'-> published some startling analyses of the Paris ice-supply
They found a minimum of 23,000 colonies and a

per cubic
maxHTium of 100,000

centimeter, including the Bac us coli com dap tho
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4 / /

genie vibrio. These q ge as to suggest that tl »c sam-
ples were probably not planted promptly after melting

Christomonas<2^) has recently studied artificial ice, and reports that ^vhcn wat,r
containing 71 bacteria per centimeter was frozen, 450 germs per centimeter wtre
found in the central core and 8-10 in the clear ice at the sides.

The bacteria of snow and hail have also received considerable attention. Soon
after the work of Pohl/'^' Janowsky<*> made analyses of old and of frcbLIy fallen

snow In the neighborhood of Kiew, and found bacteria in both, less in tlie former <}i;m

in the latter. Schmelk^^^) studied the bacterial life in the snow of a Norwe^nrm
glacier and in the chill streams flowing therefrom ; and in a later paper ^"^ he recorded

numbers in both snow and ice at Christiania. Buiwid^^^ found 21,000 cria

per cubic centimeter in the analysis of a melted hail-stone; and Foutin^'*^ in Russia

obtained similar, though smaller, figures.

Giacosa^^^ found bacteria present in small numbers in snow lying at an elevation

of 3800 meters above the sea, and Abbott ^^^^ noted 703 colonies per cubic centi-

meter in hail. Dominguez/^-^ in 1892, published a paper on the bacterial content of

hail; and finally, Scofone,^^^ who accompanied a scientific expedition to Monte

Kosa in 1894-95, recorded the presence of small numbers of bacteria in melted

snow obtained from high altitudes. In the following year he gave the results

of some examinations made on a plateau 2460 meters above the sea, which coi

his previous conclusion that the bacteria in the deeper layers of the snow were

somewhat more numerous than in the superficial layers.^^^

firmed

The number of bacte presen has been shown at times to b

enormous. Klein ^^^ found the germ content of London ice-cream very high, and B.

coH communis frequently present. Nield-Cook^^). recorded from 5,000,000 to

14,000,000 germs per cubic centimeter in ice-cream from the same source, the

majority being colon bacilli. Stevenson^^'^ testified, at the trial of an Italian ice-

cream vendor, that he had found over 4000 germs per cubic centimeter, of which

three proved to be B. coli communis. Wilkinson ^^> reached similar results, and

quoted, without reference, the following results of other observers :

—
Macfadyen 119,000 — 7,000,000 bacteria per cubic centimeter.

U ti {( «
Kantback 8,000,000 - 13,000,000

Foulerton 500,000- 7,000,000 " " "
"

In this connection it may be interesting to note the very small numbers of

bacteria present in the air and water of the Arctic regions. Nystrom'^^ discovered

this fact in 1868 by the exposure of a number of flasks of putrescible matter, after the
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manner of Pasteur. Coiiteaud ^*°* found but one colony in 19 flasks exposed to A
nerliuent being carried open sea, so that the

not surprising. He also found but few species present in some analyses of w^ater and

of soil. In the Nanseu expedition the poverty of the bacterial flora of the air was

noted. Finally, Dr. Levin
(**J

of Stockholm made an elaborate study of the subject

with the Natthorst expedition. In 21,600 liters of air examined at twenty different

places 3 germs alone were found, all in one sample. In sea water, at the sur-

face, 11 germs per centimeter occurred, belonging apparently to two characteristic

species. Fresh water and melted ice and snow gave similar small numbers. Samples

from considerable depths in the ocean showed somewhat hicrher numbers than wereo
obtained at the surface. Finally, tests of the alimentary canals of various Arctic

animals and birds showed many of them to be completely sterile.

C. rXPEKniENTS ON THE EFFECT OF FREEZING AND OTHER LOW
4

TEMPERATURES UPON THE VIABILITY OF BACTERIA.

Laboratory experiments have confirmed the conclusion, drawn from the examina-
tion of natural ice, that freezing is by no means always fatal to germ life. Von
Frlsch^^^^ froze putrefy d reduced the frozen mass to a temperature of

b

87* C, and after some hours found that sterilization had not ensued
Pictet and Young (*^) subjected bouillon cultures of several species to a tempera-

70 C. for 108 hours, during twenty hours of which time the temperature
was below -130^ After this treatment B. anthracis and the bacillus of '' charbon
symptomatique " were altve and virulent; B. subtilis and B. ulna grew readily; half

the moculations made from the cultures of two species of micrococci grew and half

Finkler and Prior («) stated that the vibrio described by them could survive
did

perature of -4- C. for many days! McKendrick coram to the

Bntish Association in 1885, noted that putrcscible liquids were not sterilized by a

temperature of -84° C. Forster<*') found tliat the phosphorescent bacteria which he
isolated from fish preserved by cold storage grew vigorously at 0° C. Fischer

'«'

ed o species of bacteria from the water of the harbor at Kiel, and 9 other forms
the soil, all capable of multiplying at 0°. In the research already cited,'»> Hey-

roth froze gelatine stick-cultures of various species for from seven to ten days, and
nen placed them once more under favorable conditions; out of 30 species, thus

from

Jlw'ltr;! f:::"''
"'"'°'' ' "' «-- ^^^^ P-^-^^ l-^ their liquefying power.

»onvai,
,„ 1801, recommended liquefied carbonic acid for use in steriliz-

'»o organic extracts, and stated that when the treatment is prolonged, especially
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if broken by a return to 40° for a time, " nothing living can resist it/' but his own

and other later researches showed the error of this conclusion. Foisler, in 1^02,'*''

examined various natural waters, foods, wastes, sweepings, and >inU fur l-acterin

capable of growth at 0°, and found a few such forms in water, cartli, and i^freot

sweepings. When present at all they occurred in great nunibors. Forstcr n1«o

demonstrated the multiplication of bacteria and the progrew of decomposition in

butcher's meat chopped up and kept in an ice calorimeter. Fischer^ noted that

Miller's vibrio and the vibrio of Finkler and Prior could withstand a freezing tempera-

ture for some days.

Pictet, in 1893,'^*^ studied the effect of cold on planb and animals of (ho rno^t

widely separated classes. Of the bacteria he subjected 30 to SO species to Icuipora

tures ranging as low as -200^ C. by immersing them in liquid air, but the viability of

the germs used appeared unaffected after "prolonged" treatment of this mti.

D'Arsonval and Charrin^^^^ subjected cultures of Bacillus pyocyaneus to a temperature

of -40° to -60° C. with the result that, in six out of eight instances, the germs

remained alive.

In another paper ('^^^ these authors mentioned that Bacillus pyocyancus after

Iexposure to -40°, -60°, and -95° C. exhibited profound changes in morpholo-y an

physiology. For some generations the descendants of the frozen germs showed

o ted, ovoid, and other abnormal forms, and gcla

of unusual character. Weber ^^^ noted that Ilofer's bacillus, produc

disease among Crustacea, can endure a temperature of -40° C. for fo

as repeated thawings and fi

Professor Masoi

f

i(^> recorded the exposure of cultures of "ordinary bacteria" to the

d carbon dioxide for many hours without causing their destruction.

Still more recently Kavenel<^> submitted cultures of the anthrax, diphtheria, and

typhoid bacilli, and of Bacillus prodigiosus-to the temperature of liquid air, 191 below

zero Centigrade, for periods of three hours, thirty minutes, one hour, and one hour

respectively
; in no case could any weakening of the vegeUitive power of the culture

be detected

Besides Pictet and Young <«> and Eavenel '«> a number of other observers have

Cad&c
tested the effect of low temperatures upon specific pathogenes.

found that tuberculous matter kept frozen for four months still produced char.-

teristic symptoms in guinea pigs. In some work on the spores and vegetative for,

of Bacillus anthracis carried out by one of the Franklands and Dr. Tcmpleman il

was found that a single freezing at -20' C. reduced the numbers present m water from
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15,000 to 3500 per cubic centimeter, and after 29 successive freezings, extendini

period of three months, 3000 germs per centimeter could still develop; Evi

sporedently the vegetative forms were killed by one. freezing, and the

Another culture which was spore-free showed reduction from 8000 germs per centimeter

to 2 per centimeter after one freezing, sterilization following the second freezing.

Gabritschewskj, Wladimiroff, and Kressling and Gladin quoted bj Kasansky^^^)

found that the plague germ could bear an artificial cold of -22' C. for two and
natural cold ranging from 0° to -20° C. for from twelve to forty days. Kasansky
himself in 1897-98 made some interesting experiments on the resistance of the specific

O of plague and diphtheria against cold. The cultures were placed outside

window of the laboratory at Kasan, sheltered from light but exposed to the
cold, which ranged front a maximum of 5° C. to -34' C. Bouillon cultures of the
plague germ showed life after thirty-two days ; four months' exposure sterilized most
of the tubes, but in one' case growth was obtained after six months. Of the agar
cultures tested some died in four months, and others contained living Lrerms aftergerm
five months and a half. Sixteen bouillon tubes of the diphtheria bacillus were kept
for six months under similar conditions, and one tube only showed growth at the end
of that time

;
two of the others, however, still gave positive results on the fifty-third

d one hundred and eighteenth day, respectively.

exposed cultures of the diphtheria germ on blood serum and on dried
Ab

ad the winter's cold at Greifswald, and compared them with cultures k

in

ge

in the room in the same condition. The first race used persisted on the blood serum
for the whole period of eighty-six days both in the room and out of doors, although

the second case the growth obtained was meagre after the fiftieth day. The dried
-ais had disappeared by the sixty-eighth day ont of doors and by the seventy-

lourth indoors. Of the second race the serum culture remained alive in the room
all through the experiment; the frozen one showed no growth after the seventy-
ouuh day^ The threads gave living germs up to the seventy-fourth day in-doors and
up to the fifty-sixth day out-doors. The threads of the third race gave precisely the

the end n tl '
'''"" '"^'""'^ ^'P* ^" '^'' -^"^ ^--^ vigorous growths up to

1 : '^'':J^''
The^out-door temperature durin. the.xn.r^n..nt12' C. to - 20' C

during the experiment varied from

With regard to the behavior of the typhoid bacillus in ice. there is more evidence
allable. Dr. Carl Seitz^-) noted in 18877^

"' '""' '" """""

.uillon, and rnill. ^... ' '}^^^ ^^""^ ^"^^^^^^ ^^ this organism in gbouillon, and milk were rendered by the continuance of a temperature
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below 3° C, although the growth on gelatine at the low t^uincraluiv was vcrv iiuhIi

ded
as vcrv

Dr. Billings, in this countiy/^-^ described a .single experiment in whidi fivt:

cubic centimeters of sterile water were inoculated witli the typhoid "-crm and frcxMn

by the out-door cold. On the next day the frozen maf^s was tluiwod, and three gel.if inc

tubes and one agar tube were inoculated with portions of it. Tlirce of flic four tubes

showed typical growths. Chantemesse and Widal^*^' recorded the freezing of bouillon

of the same microbe Bashcnow^^^ stated fhnt f\

germs survived exposure for thirteen days to a temperature between -8" and -](i C.

Janowsky published in 1890 some very extended researches <®^ in which he used pure

cultures of the typhoid bacillus in bouillon and froze them by means of ice and salt,

ice and chloride of calcium or carbon dioxide and ether. He made no quantitntivc

estimations ; but bouillon frozen by each of the above methods could still produce

growth in Esmarch roll-tubes. Janowsky tried also the effect of successive freezings,

using the calcium-chloride mixture. After the culture had solidified, it was left in

the freezing mixture for fifteen minutes, then thawed in a water bath at 25°-30^ C, a

sample taken, and the cycle repeated. This was done three times a day; and during

the night the culture was kept at 2'—5° C. After twelve such freezings sterilization

had not been accomplished; the development of the frozen bacilli wa.«, however, much

retarded. To imitate more closely the conditions in nature, Janowsky placed a

bouillon culture and two flasks in which were threads bearing the germ in a dried

condition, in a wire caare out of doors. Four sets of experlnientfl were conducted, in

f which periods of seven, ten, and twelve days, respectively, did not suffice f(

sterilization. In the fourth set of cultures the bo g after

nineteen days; the minimum temperature during the period had been -17' C. and

the -maximum 4"*, the culture thawing and freezing three times. Finally, among ex-

periments on the typhoid bacillus must be mentioned a remarkable paper by Rem-

linger,<«^) in which he states that he used a culture of B. typhi of such virulence

that .5 c.c. would kill a guinea pig in 36-48 hours. He took agar cultures of this

germ out of the incubator every two or three hours to immerse them in water, cooled

down to 22-23°, for ten minutes. After ten days of this treatment the cultures had

entirely lost their virulence, and after thirty-five days their power of growth as well.

The author does not state whether control experiments were made or not.

Even more extensive is the literature with respect to the effect of cold on the

cholera vibrio. Koch, the discoverer of the or<^anism, stated that it was not destroyed

temperature of -10° C Raptschewski*^' found that cholera germs

dure for a month severe cold, rauirin^r «« low as -15° C, but that a temp

31

}
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ture of —2V C. was fatal. Von Babes'^' succeeded in keeping a series of agar cultures

of the vibrio alive, though exposed to the cold of a Berlin winter (1884-85) ranging

as low as —14* C. In the year 1893 no less than eight papers were published dealing

with the relation of the cholera germ to cold. Schruff ^'°^ found that a broth culture

made from fresh choleraic faces was not sterilized by eight months' exposure to the

winter's cold ranging as low as—12.5° C. Finkelnburg^^*^ noted that cultures of an old

laboratory race were killed out in ten days, while c\dtures of fresher races were not.

Karschinski ^"^ stated that a.cholera culture with which he worked was sterilized in

four days by an average cold of —12.7° C. with a minimum of —17.6° C. Renk ^"^ froze

the germs in sterilized river water at —5° C. to —T C. and kept the flasks at that tem-

perature, removing one each day for examination. Growth resulting from the melted

ice was tested by cover-glass examination and by the Indol reaction. After five

days' uninterrupted freezing the cholera germs disappeared, but when the period was

broken by the melting of the contents of a flask for analysis and its re-freezIng, a little

longer period was necessary. When unsterilized river water was inoculated and frozen,

tlie bacteria present fell off from 1,483,000 per centimeter to 62,445 in twenty-four

hours, and to 4480 after three days. The cholera germs in this case could not be de-

tected after seventy-two hours, and in one case not after thirty-nine hours. Uifelmann ^'*^

found that cholera germs died out in five days at -15.5° C. and in three days at -24.8" C.

Wnukow,^^*^^ on the other hand, stated that gelatine stick cultures of the same micro-

organism were subjected for forty days to an outdoor temperature between -1° C. and

32° C. without aterili/nt.innwithout sterilization. Double thawing and freezing also failed to destroy their

power of growth. Montefusco ^'«> tested the pathogenicity of chilled cholera cultures for

guinea pigs, and recorded that a temperature of -10° to -15° C. entirely destroyed their

virulence in half an hour, while a temperature between 0° and -5° only weakened it.

Cultivation at 37.5° soon restored the powers of the germs, but in the chilled and

attenuated condition they produced a state of immunity in the animals injected.

Abel^) also mentions experiments in which cholera vibrios frozen in bouillon died out

completely in from three to eight days. Kasansky,'"«) in 1894, found that cholera

cultures withstood for four months the winter's cold at Kasan, where the temperature
fell to -31.8° C. One culture gave growth after twenty days of freezing. Some
were thawed and refrozen as many as twelve times. After longer exposure, for five

months, the cultures gave no growth. Kasansky demonstrated nearly as great a

resistance to cold in the case of the vibrios of Finkler-Prior, Miller, Deneke, and

Metschnikoff. Finally, some light was thrown on the discordant results of previous

observer, by the work of Weiss,^^ who inoculated tubes of broth and water from
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the Spree with cholera cultures and froze them, thawing, sampling, and nfnH'zin''

the tubes daily. In broth the germs persisted for twcnty-onc dnyg, hut iti livor

water only for five days, the addition of a little broth to tlie water
1

no
1

tlie time to eight days. Fresh intestinal contents of a cholera patient showed

vibrios after two or three freezings

From this long series of experiments it is evident that Bterllizntion of rich

cultures of bacteria cannot always be secured by the nction of even v«'iy «\(iriii,«

cold. Hence the conclusion was draw^n that the freezin<r of wafer conld not beo

trusted at all to remove its bacterial impurities. There are, however, two objeelionfl

to this line of reasoning. In the first place, the effect of cold on guriiiH Pii>pond«'d

in water may differ materially from its action on similar organismf* when in n richly

nutrient medium. In the second place, even if sterilization docs not result from frcM'X-

ing in cultures containing millions of bacteria, it is conceivable that ^tieh a lar;r«*

proportion of the microbes may perish as to render very slender the chance of daiij^tT

from ice formed under natural conditions. Experiments have shown that entity

detected germs like B. prodigiosus can pass through a sand fdter when aiiplied to

the surface In large numbers under certain conditions; yet a sand filler, in prac-

tice, is regarded as an efficient protection. A quantitative determination of the per-

centage reduction actually effected by freezing is required before drawing conclunojis

as to the sanitary significance of ice-supply In relation to the public health.

D. QUANTITATIVE STUDIES UPON THE DESTRUCTION OF BACTERIA BY

FREEZING AND OTHER LOW TEMPERATURES.

The quantitative studies of Frankland «^^ on B. anthracis, of Renk '"'' on river-

water bacteria, and of Christomonas,^-^) on artificial Ice, have already been mentioned.

Work on the disappearance of bacteria in the freezing of natural water had, however,

been undertaken at a much earlier period. Pengra,<«'> In 1884, made an actual

microscopic count of the organisms present, working with bacteria (species not dated),

and other micro-organisms from decomposing meat juice, infusion of hay, and stajr-

nant pools. His freezing was done by the winter's cold, and his figureswere

obtained by counting the contents of ten drops and taking an average. He found

^ Macfadyen (Lancet, I, 1000, p. 840) has recentl, exposed cult- of I^ilh.jH^.i^ii;^;^-^

nis. Bacillus diphthevi.. Spirillu.n choler. asiatic, Bacillus V^o^ensj^^^^^^^^ ,, «,,
st^i]i7'^*ion

and without impairing the properties of the organisms in any degree.
5 }„ i.^oth o,nuh\om in fine

Macfadyen and Rowlan.I (Lancet, Vol. T, 1000, p. 1130) treated

^^^/^^f/Jf;'^;"]^^^ growth wa* tioiired

quill tubes with liquid air for seven days with the same results, except that a sii^ni
> j

b

in some instances-
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in the upper part of the ice 16 bacteria; in the lower part, only partially frozen

2u0; in the upper anJ lower parts of a duplicate unfrozen vessel of water, ICO and

170, respectively. He obtained similar results with three species of Infusoria, and

concluded that 90 per cent of the organisms were removed by freezing. His experi-

ments appear, however, to show crystallization effects principally. The first careful

work on this subject was done by Fraenkel in Berlin.^^^^ He collected river water, and
after planting samples, froze them artificially at -8° to -12° C, thawinir after different

d In two days 83 per cent of the water bacteria present were killed

days 99 per cent; in five days, 90 per cent; in six days, 80 per cent; in six days,

in another case, 93 per cent; and in nine days, 99 per cent. The different samples
evidently varied greatly. Fraenkel also analyzed the regular Berlin ice-supply, and
got results ranging from 21 to 9700 bacteria per cubic centimeter. He concluded
that the ice was highly polluted and should not be taken into the system. About
the same time WolfThuegel and Riedel («^) gave an account of some experiments in

which flasks of tap-water were kept in the ice-chest without freezing, and showed
the following reductions

: after one day, from 148 germs per cubic centimeter to 126
Mud from 160 to 115; after two days, from 123 to 69 and from 158 to 101 ; after

three days, from 123 to 29 and from 156 to 33.

In 1887 Dr. Prudden of New York published the most exhaustive review hitherto

attempted of the subject of quantitative reduction, and the first in which specific

pathogenic germs were used.^^^^ His tubes, in the experiments with the latter organisms,
were moculated from pure cultures and frozen at -10° to -1° C, and his results were
as follows, the numbers in each case referring to bacteria per cubic centimeter :-

B. prod.giosus. In water, 6300; in ice after 4 days, 2970; after 37 days, 22;
after 51 days, 0.

Proteus vulgaris. In water, 8320 ; in ice after 18 days, 88 ; 51 days, 0.

oo. roc o
""''"' P^'"'^'''"' '''"''^'- T" ^^^^'^ innumerable; in ice after 18 days,

224,0.18; 20 days, 46,480; 54 days, 34,320; 66 days, 49,280.
In, water, innumerable; in ice after 4 days, 571,450; 11

amed

O-s, 020,520; 51 day,,, 183,040; 65 days, 10,078; 77 days, 85,008
Sp

B- typhi. I

In water, 800,000 ; in ice after 7 days,

^t^fii'r, Vo ,

' "'""'"^'•''l''^
;

in ice after 11 days, 1,019,403; 27 day;

336^07; 42 Jays, 80,796; 69 day., 24,276; 77 days, 72,930; 103 days, 7348.

5 !Z\ np"'t'';
'"''"'"^ '" ''" "'''' ^2 »>--' 164,780; after 3 day.,, 236,676

"'^ys, ^I,11G; 8 days, 76,032.
Br. Prudden then made experiments to determine the effect of
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freezing and thawing, and obtained the fullowing results. The tubes were here im-

mersed in ice and salt at 9O'^C.

Frozen 24 hours

iC

ii

cc

3 days

4 a

5 "

B. TiTllI.

In water

29,780

1,800

950

2,490

40,890

Befrozen 3 times

u

K

u

5 «

G "

6 a

Frozen 24 hours

((

t<

((

30

48

96

((

a

((

B. PRODIGIOSUS.

In water

36,410

41,680

14,440

4,850

330,516

Refrozcn once

if 2 limes

((

4i

3

4

i(

((

2,570

276

15

STAPHYLOCOCCUS PYOGENES AUREUS.

Frozen 15 minutes

(4 2 hours

((

u

u

24

48

96

((

((

(C

lu water

52,500

21,300

22,690

6,4GO

6,155

rco111,78

Kefrozcn once

K

((

3 times

4 "

13,405

110

Dr. Pr
w

found tliat, with fr 'o
of

49,280 germs remained

ty day when fi old

of innumerable germs

and dried agar were

[lis .'jfnphylucocc

Ijy present, aft

d, 102,000 g

appeared entirely after five days. He ultimately drew the following conclusions fro

these experime til pathogenic germs 1. Many bacteria are k 'J
freez

mg The vitality of the original culture affects the number so killed. 3

iiiber killed

freezii

with species 4 The number killed increases as the time

5. The
terium. 6. Alternate freezino- and

g is prolonged cold varies with udividual

'y My fatalIII", u. 2i.iLeiiiaie ireezmg aiiu liuiwuij^ ab v^ij ^v..^ j

Dr. Prudden also froze natural waters with their native bacteria for varying period

d obtained somewhat similar results. He analyzed 270 pics of New York

and found an average of 2033 bacteria per cubic centimeter The numbers

were highest the PP layers of and bubbly ice, and

the immediate vicinity of Albany, falling off rapidly in ice five or six miles dov

river. He ded that this highly polluted

of typhoid fever and should be

probably containc

human body

gern
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Liiter III tlie same jciir Bordoni-Uffreduzzi'''*^ published a paper in which he took

Prudden on .several points. He contended that the changes of

pcriincnts were too abrupt, that th of

had

germs worked

by on ficial media, and that the effect had

been abnormally severe on account of the small size of the tubes f He himself

ah the natural water in one of

frost, and then kept a la

irig off samples for analv J

of the

month

tiiclpal basil

in a doubl

He found 1

of Berlin, iust befo

zinc

bacteria were killed, and thought the duration of the freezing

break

about 90 per cent of

d not make
any material diflfere

the mioqual dlstribi

His results, of

of the bacteria

varied very widely on of

th

Piussell^^') a little later made similar experiments at M Wisco
he found that the ice formed Lake Mendota

germs p th water If A
d about 40 per cent of

tl ic St Board of Health of M 1889

eady cited

in which i

was m d tj

f

sources was analyzed

Averncrlntr nil rn«nUa

fifty

mpan with the water on which it had formed

there were 81 per cent as many bacteria present
ice as in the water, 10 per cent in all the rest of the d
in the clear ice. In

2 per cent

1
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Day
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III. EXPERIMENTS BY THE AUTHORS ON THE EFFECT OF C('l.I)

UPON THE BACILLI OF TYPHOID FEVER.

A. EXrERIMENTS ON THE PERCEXTAGE REDUCTION OF TYrilOII) FHVKK

BACILLI EFFECTED BY FREEZING FOR DIFFERENT rERIODS OF TIME.

Methods Employed.

The following investigation was undertaken in. order to so extend and amplify

the work of Prudden as to obtain some idea of the average fatality occurring auiuiig

typhoid bacilli in ice, and of the special conditions which affect such fatality. Pure

cultures alone were used, as it is obvious that figures, to ho of much value, must be

determined separately for each specific germ. Great pains were taken to prc.<orvo,

as far as possible, the vigor of the culture used, and new cultures from recent

post-mortem examinations were obtained at intervals during the work. Finally, a

large number of determinations were made for each set of conditions, in order tn

obtain average results free from the errors which may beset any individual cas**.

Our experiments on the percentage reduction effected by freezing were carried

on by freezing small tubes of infected water, as only in this way can the con-

ditions of the experiment be rigidly controlled. Ordinary testrtubes, containing about

10 cubic centimeters of sterilized tap water, were inoculated from a two or three

day bouillon culture, and duplicate samples were at once planted. The ten tubes

of the set under experiment were then placed in a double-walled tin vessel in

which they were to be frozen. The inner vessel was a cylinder about 8 inches

deep, nearly filled with a mixture of equal parts of glycerine and 95 }>cr cent

alcohol; in this solution the tubes were immersed, being supported by a di.sc per-

forated with holes to receive them. The solution served to make the lowermg of

temperature equal and gradual, and also acted as an antiseptic when the t"^^^«

^''^J;^^

which sometimes happened when they contained too much water, or

temperature went down too rapidly. In the outer vessel, which was jacketc^^ w.t^i

felt, was placed cracked ice which reduced the temperature of the glyccrme-a
-

-

mixture to about 10-15° C. in from an hour to an hour and a half lUe ice

was then replaced by a mixture of ice and salt which completed the freezmg

yrlion the

If-^oliol
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In a lialf or three-quarters of an hour more. The time occupied by the whole

process of freezing is recorded in the tabulation of each experiment. The tem-

perature, in the first set of experiments with " Race A," was observed by means

of three mercury thermometers inserted in different parts of the liquid, and at the

time when the tubes froze the thermometers registered 6°—7° below zero, C. In

later experiments the temperature was observed by means of a minimum regis-

tering spirit thermometer fastened to the inside of the cover of the inner cylinder,

which recorded the temperature of the air just above the liquid in which the tubes

were immersed. Partly on this account and probably partly because of its greater

quickness of response, this thermometer gave lower records than did the mercury

inslruinents in the first experiments. The readings of the spirit thermometer are

given in the tables for each set of tubes.

As soon as the tubes froze, they were removed from the freezer and either thawed

at once or kept frozen in an ice-chest for a few hours, or placed in a cold-storage ware-

house where they were kept for the longer periods at a temperature one or two

degrees below zero, C. After the frozen condition had been maintained for the de-

sired length of time, the contents of the tubes were thawed, shaken up, and sampled,

again in duplicate. As a rule the samples taken from the thawed tubes were planted

directly, while those made before freezing Avere diluted, one to ten, with sterilized

water. All plates, for these quantitative determinations, were planted with common

nutrient agar-agar, containing 1.25 per cent agar, LOO per cent Witte's peptone, and

.25 percent salt, and having an acidity equal to 1.50 per cent. As the counts to be

made were chiefly comparative, agar was preferred to any other medium, on account

of its freedom from liquefaction. The plates were allowed to develop at the room

temperature except in certain special cases to be noted later. Those made from the

unfrozen water showed their maximum growth in three days and were counted after

that Interval. Those made from the thawed ice, however, w^ere found to develop

more slowly
; for them five days was generally found sufficient, although after the

longer periods of freezing as much as ten days was sometimes allowed. The plates

wure finally counted with the aid of a hand lens.

In many of the sets of experiments a control tube was included, which was treated

just like the others except that it was not inoculated. Each series of tubes Includes

two lots of eight or ten each, frozen on two different days.
The cultures were grown in bouillon (containing 1.00 per cent peptone, .25 per

cent salt, and 1.00 pur cent acid), and were changed twice or three times a week. In

the carlior experiments the tubes were inoculated from a culture grown at the room



SEDGWICK AND ^YINSLOW.— BACILLUS OF TYniOlD Fl.VER. 4,^0

teuipcrature, itself inociilatea from one grown at Sif/ C. In the laier %vork the cul-

tures were all kept at the room temperature.

When experiments made on the culture obtained in November, lS98,gavc rcanlta

somewhat different from those given hy the culture used in February, it wn=! decided

that still a third culture from a different source must be compared with the first (wo.

The results showed that the descendants of these different stocks exhiltitcd sli^dit

though constant and persistent differences in their reaction to cold. Wc have called

the cultures derived from these original sources "Races," for physiological rarof*

they apparently must be considered.

The first culture used, Race A, was obtained from the Boston City Hospital as n

forty-hour-old blood-serum culture on February 23, 1898. Unfortunately, the history

and tests applied to this culture in the Hospital were not recorded, beyond fhe fart

had been isolated from an autopsy abo previously, bj

differential method

Race B was obtained by the kindness of Dr. M. W. Richardson of the Mn?^?achu-

setts General Hospital in the middle of November, 1898, with the following history.

It had been isolated from the spinal canal, in a case of typhoid meningitis. It gave

typical reactions in media as follow^s : bouillon, very motile; litmus nu'lk. no conguliim,

slight acid pi gar, no gas; peptone solution, no indol
; g

stab, typical growth, no liquefaction ; arsenic bouillon (Thoinot), no growth
;
Capaldi-

Proskauer sol. No. 1, no growth
;

potato, no visible growth ; tube medium of His,

clouding without gas production; typhoid serum, perfect reaction.

Race C was obtained, January 14, 1899, by the courtesy of Dr. Pratt of the Boston

City Hospital. It had been isolated, December 30, from the peritoneal cavity in a

case of peritonitis following typhoid fever. It gave typical growth.s on the ordinary

media, gelatine, bouillon, and glycerin-agar ; it was motile in the hnnging drop; it

gave no indol and no gas in glucose solution; it was decolorized by the Gram method

and reacted to typhoid serum.

Race D was isolated in the laboratory of the City Hospital, March 26, 1899,

fr
It was identified by the same tests used for Race C

Results Obtained.

The percentage reductions recorded in the subjoined tables (pp. 492-498), sum

niarized in final form, are as follows:
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percentactE reduction observed in experiments on the viability of

TYrilOID BACILLI IN ICE.

Race A. B. G. D.

Frozen 15 minutes 59.4 13.8

'< 30 " G3.7

" li hours
« 2 " 73.6

« 3 "

" 6 " 77.8

"12 «

« 15 "

"24 ''

32.2

ii 3 days

7 a

4AA 99.5 74.8

97.0

38.6 84.4

98.0

53.8 82.7 • 99.0

98.4 99.9

93.3 99.5
" 2 weeks 99.8 99.4 99.9
" 4 ii

it 8 "

99.8

99.8

99.8
I

Conclusions,

1. Evidentlj we may reaffirm for the bacillus of typhoid fever the first of Prudden's

conclusions as to the various pathogenes with which he worked, namely, that many

bacteria are killed by freezing. After two weeks' exposure to the freezing tempera-

ture an average of considerably over 99 per cent of the germs perished. Of the 140

tubes inoculated with Kaces A, B, and C, and frozen for periods of two weeks and over,

all but nine showed a reduction of over 99 per cent; and of the nine, all but one

d a reduction of 98 per We may safely conclude that less than 1

per cent of the typhoid germs present in water can survive fourteen days of freezing.

2. During the first half-hour of freezing a heavy reduction takes place, amount-

ing, perhaps, to 50 per cent. The tubes exposed for such short times to the un-

favorable conditions exhibit a remarkable variability among themselves. In the

same set one tube may show no reduction, while its neighbor is rendered almost

sterile. Whether these differences are due to the varying physical conditions in

the individual tubes, or to variations in the biological character of the loopful of

bacteria used for inoculation, is uncertain. From the general harmony of the

remits obtained it appears that this factor of variability, whatever it may be, is

practically eliminated by the averaging of 20 tubestt'"0
After this brief period of sudden but uncertain reduction, the destruction of the

germs proceeds pretty regularly as a function of the time. Although the different

races vary, there is in each race a steadily increased reduction, with slight variations,

as the t.me of freezing is prolonged. After 14 days, even with the most resistant



VM
SEDGWICK AND WINSLOW.— BACILLUS OP TYPHOTD ri:Vi,Il.

Stock, Kace B, the reduction was over 99 per cent. The reduction now jji-.u. ..],,

however, with increasing slowness ; the two or tliree germs per tlionsniid \vl,i,.l, UiyQ
survived thus far appear to possess special powers of resistance. Even alYur ] 2 v?^U
few of the individual tubes were rendered sterile. These results appeared <n reruark-

able that special experiments were conducted to test their accuracy, as it wm felt

that perhaps the few germs developing from the thawed ice might have Lctn inlro-

duced from the air, as was obviously the case in some instances. Fifty tub*- of

Races B and C were therefore frozen for periods of a week and a month; plale^

were planted from tliem, with special precautions, and incubated at 37.6 ; nnr?

the developing colonies were examined individually. The results, as the njiju ixbd

tables show (see p. 492), confirm those of the general investigation. Of the 20 tuhos

inoculated with Race B and frozen for a month, 10 were sterile; 9 gave one hfcrilo

plate, and one with one or two colonies of what j^roved to be extraneous germs; tui.e

IV. alone gave, on one plate, 7 germs per cubic centimeter, wliicJi examination in

the hanging drop, and growth on gelatine, and potato, in milk and glucoso poIu-

tion, showed to be the original typhoid culture. So of the 30 tubes of Race C

frozen for a week, 17 were sterile ; 9 showed contamination, one or two gerrn«

per plate; the other four showed 15, 4, 1, and 267 typhoid bacilli per cubic c<n-

timeter. These experiments confirm the results of those observers who froze

typhoid cultures containing millions of germs without effecting sterilization.

3. Prudden's statement that the number of bacteria killed by freezing varies

with the species may be extended. It is evident that within the species B. typhi

abdominalis there are races, each having a power of resistance of its own, depen-

dent upon its history within and

for the shorter periods of freezing

) body. A comparison ol

•ly that Race C succumbed I

greater readiness to the Influence of cold than did Race B ; while Races A
D occupied an intermed These differences appear constant through

various sets, so that in each race the progressively increased reduction with more

prolonged freezincr follows a narallel course. The facts cannot, we think, be at-

P
tributed to differences in the immediate environment of the germs; such differ-

ences do produce their effect, cultivation for a time on agar, for example, causlnir

a decrease in resistance. The last sort of change is, however, temporary and may

be quickly reversed by cultivation in bouillon; while the race dilTerunccs were

permanent during the period of experimentation. Correlated with them were cer-

tain minor characters; for instance, the weakest race, Race C, grew more slowly

than either of the others, and took perceptibly longer to produce a ^lefinitc

clouding in a liquid medium.

I
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Race A. Series I. Eace a. Series II.

of Tul>«.

1

2

3
4

5
6
7

8

9
10
n
12

11

itf

17

IS

19

20

N h*»r I ^"^^^^S^- Number Bacteria per c.c.

Unfrozen Water.

8750
910

4910
14G5
900

2475
1260
13G0
1535
1030

35210
22575
530G0
8575
94580

1 1 0235
140175
95725
4002

229050

Thawed Ice.

21

4
1

1

4
3
10

1

7

3

1

1

4

3
2

Keductiou
per cent.

99.8

99.5

99.9-f
99.9

99.8

99.8

99.2

99.9+
99.3

100.0

99.9 -(-

99.9+

99.9+

99.9+
99.9

99.9+

ivcrar/e 99.8

Tubes 1-10, frozen Marcli 2, 1898, in 1| liours; thawed
May 25, after lH ii-eeks.

Tiil.es 11-20, frozLii March 4, 1898, in 2 liours; thawed
May 27, after 12 weeks.

r Average Number Bacteria per c.c.Number
of Tube.

21

22
23
21
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40

Unfrozen "Water

10655
7695
3170
4265
90825
79625
5920
275
5400
2085
11480
24637

214200
2760

10430
32110
12757
26547
15155
19890

Thawed Ice.

17
42
2
2
1

2
6
1
1

3
2
12
9

7

113
4
7
4
8

1

Reduction
per cent.

99.8

99.4

99.9

99.9

99.9+

99.9+
99.9

99.6

99.9+
99.9

99.9+
99.9

99.9+
99.7

98.9

99.9+
99.9

99.9+
99.9

99.9+

Average 99.8

Tubes 21-30, frozen March 7, 1808, in 1\ liours; thawed

May 2, after 8 weeks.

Tubes 31-40, frozen March 12, 1898, in 2^ hours ;
tliawed

May 7, after 8 weeks.

Eace A. Series III. Eace A. Series IV.

N\nii1)er

of Tube.

Average Number Bacteria per c.c

Unfrozen Water. Thavredl

3730 6
7880 5
2810 6
710 7
4470 4
9026 3

10482 2
3035 12
2085
5710

136710
41 230
82215
26285
22225
19145

Control
1 2320

10850
10920

11

6

5
3

1

5

1

3
Control

2

4

3

Reduction
per cent.

99.8

99.9

99.8

99.0

99.9

99.9+
99.9+
99.6

99.5

99.9

99.9+
99.9+
99.9+
99.9

99.9+
99.9+

99.9+
99.9+
99.9+

Average
gg^g

A^^O'I^'!:^:'-'^ ''' ^^««> n '.ours
;
thawed

Number of
Tube.

51

52
53
54
55
56
57
58
59
60
71

72
73
74
75
76
77

78
79
80

Average Number Bacteria per c.c,

Unfrozen Water.

24640
49000
48930
40450
29340

282240
44380
132300
24185
93555
55650

Control
52395
9230
86870
46025
1740

41825
S3 1 55
23250

Thawed Ice.

3

25
10

GO
SO
65

110
50
25
75

Control
35
70
60
25
25
6

35
30

Reduction
per cent.

99.9

99.9+
99.9

99.8

99.9

99.9+
99.7

99.9+
99.9

99.9

99.9

99.2

99.9

99.9

98.6

99.9+
99.9

99.9

~Z
' t)9 8Average *'

Tubes 51-60, frozen March 18, 1898, in

April 1, after 2 weeks.

Tubes 71-80, frozen March 21,1 898, in

April 4, after 2 weeks.

\\ hours ; thawed

oUionrs; thawed
'2t
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Race A. Series V. Hack A. bh:nn> \l.

Number
of Tube.

HI

173

171

175

176
177
178
191

192

193
194

195
196
197
198

Average Number Bacteria per c.c.

Unfrozen Water.

G2S425
5355

520380
3551)50

354C90
206010
474390
402020
3365
3300

103320
133875
348655

40
214200
169155

Thawed Ice.

48090
2040
8610

122535
36540
19775
4000

15
40
30

275
315315

70
350

64575

Rednction
per cent.

92.3

61.9

98.3

65.6

89.7

90.4

99.0

99.5

98.8

99.9+
99.8

9.6

0.0

99.8

61.8

Average 77.8

Tubes 171-178, frozen May 9, 1898, in 2 liours ; thawed
same day, after 6 hours.

Tubes 191-198, frozen INIay 13, 1898, in 21 liours ; thawed
eanie day, after 6" hours.

Number of

Tube.

Average NimiTwr r.,i(*!rria jHi < .i...

Kl'^ln* lM»ff

Unfroten W.itrr. Tliawed I .

|H! ...4.

151 40775 2iuia 4(;.i

152 30235 1 70«0 56.5
153 4 ^>\ 65

1

11770 (57.5

154 2< ;530 15190 42 7

155 36295 li osr, 00.1

156 30710 511U r,'j 3
157 23520

. 38U0 8.3.8

158 127260 40005 r.s.o

181 300 15 s\r,()

182 51030 9GG0 Sl.l

183 13265 1110 8!».4

181 20475 2!155 85.G

185 14500 1145 92,2

186 23415 805 9t>.6

187 22365 2915 87.0

188 2260 —
Average . . . , 73.G

Tubes 151-158, froxon April 30, 1^'^ in 2J hours;

thawed, same (hij, after J hours.

Tubes 181-188, fro/op May 11, IP^B, in 21 houri;

thawed same daj, after ^' hours.

Race A. Series VIL Race A. Skuiks VIII.

Number
of Tube.

81

8.2

83
84
85
86
87
88
89
90
101

102
I0:i

101

105
106
107
108

109

no

Average Number Bacteria per c.c

Uufrozeu "Water,

1820
2795
1265
820
355
430

2515
1285
755
165

25970
11665
16955
30730

Control

8750
9205
9345

20090
14315

Thawed Ice

990
40
25

15
15

2075

10
6

11340
8015
4555

Reduction
per cent.

45.9

98.6

98.1

100.0

95.8

96.5

17.5

100.0

98.7

97.0

56.3

31.3

73.1

26355 14.2

Control .

6510 25.6

5525 40.0

3380 63.8

11410 43.2

9170 35.9

Average 03 I

oa J^'^^l®^~^°' ^""^^e" March 25, 1898, in 1 1 hours ; thawedsame d^, after 5(7 mmufes. ' ^

th.wlf 101-110, frozen April 9. 1898, in 2 hours;
thawed same day, after 30 mnutes.

Number
of Tn!)e.

121

122

123

121

125

126

127

128

161

162

163

164

165

166

167

168

Average Numb<^r B-^t*^ri;i per ex.

Unfrozen Water.

500220
492345
57420
53795

Control

5705

1241 1

77400

33810

276900 !
275940

715"

252G40

27 755

705

Control

955

7175

9800

176 JO

3-19020

246645
120775

472500

i

170100

1 20960

1 1 1 030

62050
2;56850

5 1 ».'>575

123795

Average

R»Huctlon
pL. .cut.

99.9

48.7

61.7

98.7

8.3.2

94.2

87.3

47.9

.3

6'*>.3

54.6

48.6

49.9

3^i.2

27.2

59.4

JX.— . ».

Tubes 121

thawed same
Tubes 161

thawed same

128,

(lay,

168,

day,

frozen April 23, 1898, in

after 15 mwjttes.
,

frozen May 4, 1?V8, in

after 15 minnffs.

\\ hour*;

\\ hours;

1
-,

<

t
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TJvcE B. Seiuks I, Race B. Series II.

Nuinlier

of Tiil'«.

Avtriine Number Bacteria per c.c

Unfrozen W.kter.

71

TliuweJ Ice.

i
>

7S

71

76

77

7!)

80
81

Hi
84

87
88
8!)

f>0

402
27

189
382
773

590
378
467
613
47
23
11
8

7

9

10

21
11

51
15

Reduction
per ceut.

98.8

99.9

99.5

99.4

97.1

98.3

98.0

98.8

98.6

99.9

99.9+
99.9+
99.9+
99.9+
99.9+
99.9+
99.9+
99.9+
99.9+
99.9+

Average

Tubes 71-80. frozen Deceml.tT 16, 1898, in U hours-
tlmwod December 30, after ^ weeks. Miuiaial tempera-
ture, ( -U° C ).

^

Tubos 81-90. frozen December 17, 1898 in 2 hours-

tu?77-8° cT'^''"'
^^' ''^^'''"

" "''''''' ^•"™^' tempera-

Kace B. Series III.

dumber |

Average Number Bacteria per c.c.

of Tube.

94

97
OS
on
100

1 .'»

2

157
158
MO
160

Unfruzeu Water.

34965
25445
285G0
29085
33810
32745
26880
15sr,5

22;;;10

2560
1 595
15.55

Thawed Ice.

180
00

60
165
365
25

5705
15

75
30
2

4

225
1195

95
80
30
25

1

4
2
1

Reduction
per ceut.

99.5

99.8

99.8

99.4

98.9

99.9

78.8

99.9

99.7

99.9+
99.9

99.7

Aiwnn/e

99.6

99.6

97.9

98.8

100.0

100.0

~98l
Tubes 91-100, frozen neceiiibcr '>ft l«Qa • o ,

^
thawed December 23, afur ^ iL J- -

'

'V
- '"'"":

ture, { 12^ C.).
^'- M"""><il tempera-

TiiWs 15M60, frozen January P, 18'>0 ;„ 9 1.thawed .lanuary G, after 3 J,n,<, m' • }" ^ """rs;
(-12° C).

»"<-r J t/a//.s. Minimal teniperalua..

Number
of Tube.

Ill

112
113

114

115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130

Average Number Bacteria per c.c.

Unfrozen Water. Thawed Ice.

52605

952S5
63065
31080
43470
47040
37065
32890
54495
10290
54705
69990
21175
45150
01005
61950

114030
90090
6650

3622
1386
4018
1270
1165
1470
896
511
441

2935
2373
4106
1466
2993

Reduction
per cent.

4452

93.1

98.4

95.8

98.0

96.3

96.6

98.1

98.6

98.7

94.6

76.9

92.5

97.9

85.9

92.7

3633 94.1

17042 85.1

8127 91.0

805 87.9

A verage . 93.3

Tubes 111-120, frozen December 23, 1898, in 2 hours;
thawed December 30, after 1 week. Minimal temperature,
(-10° C).
Tubes 121-130, frozen December 24, 1898, in \\ hours;

thawed December 31, after 1 week. Minimal temperature,
(-12° C).

Race B. Series IV.

I Number
Of Tube.

41

42
43
44

45
46
47
48

49
50
51

52
53
54
55
56
57
58
59
60

Average Number Bacteria per c.c

Unfrozen Water.

70560
52290
38040
48405
71505
44100
63945
28245
91035
27300
14140
37800
29925
14280
39710
27825
13685
12565
32760
24570

Thawed Ice.

38535
31605
28665
10589
14458
10822
21641
13541
19845
li;340

6740
25830
15995
5810

16870
9486
5390
5565

3307 5

9345

Ave^Htge

45.4

39.5

25.8

78.1

79.8

75.4

66.2

52.1

78.3

58.3

59.4

31.7

40.6

59.3

57.5

65.9

60.6

55.7

0.0

62^

53.8

Tubes 41-50, frozen December 1,
thawed December 2, after 2^ hours.
ture, (-7° C).
Tubes 51-60, frozen December 8,

thawed December 0, after 24 hours.
ture, (-10° C).

1898, in 2 hours;

Minimal tctnpera-

1898. in 2] If""™;

Mininuil temptTa-
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Race B. Seriesi V. Race B. bEUii.:) YI.

Nuinber
Of Tube.

Average Number Bacteria per c.c.
BeJitctlon

r

per cent.

«h VnmhfT
Of Tube.

ArtxM^ numher BM*t«ri« !« t r e.

Unfrozen Water. Thawed Ice, Unfniiin Watvr.
1 Th^nnid Ir«.

01 30135 13510 55.2 21 10 200 on
no62 23025 8505 64.0 22 75

mm^ TIF

17u
63 19635 10430 46.9

1
n 190 70 ^^:I

61 13055 12600 3.4
1

1

24 2695 a%o Oft

65 2 1 840 10500 51.9
1

1

25 100 iriQ <Mt

66 13085 6720 50.9 26 210
• »•* Mr on

67 1G800 10535 37.3 27 1005 1 ,'.0.'; 6.2

68 12075 8435 30.1 28 180 350 on
69 13230 11130 15.9 29 1875 18L'5 2.7

70 18025 12740 29.3 30 3400 62n hi,

8

101 32865 18515 43.7 1

1 31 22«M)5 12O40 47.4

102 31710 37275 0.0 32 32G55 8295 71.G

103 42525 5670 86.7 33 1 S550 C."«)0 r.f ; . 1

104 32805 36225 0.0 34 22225 61 25 72,4

105 4585 65 98.5 35 13755 4 1 65 r«.7

106 22050 9380 57.5 36 15575 3972 7 4 .5

107 5280 184590 0.0 37 15750 7490 52 4

108 5267 206010 0.0 38 15470 3920 74.7

I0»» 15155 100.0 39 192 1

5

6705 7(».:'.

110 4585 107740 0.0 10 9590 2r, 10 72.8

Arc:rarre . .
, 38.6 AtsBrfff^e . 41.4

l/ • • • M-^L 1' %^ r' ' ^ ^

Tubes 61-70, frozen December 9, 1898, in 2| hours;
thaweil December 10, after 12 hours. Minimal tempera-
ture, (-G-^^ C.).

Tubes 101-110, frozen December 21, 1898, in 1^ hours;
thawed December 22, after 12 hours. Minimal tempera-
ture, (-8° C).

Race B. Series VII.

Tubes 21 30, frozen November
thawe*! game day, alter S honr$,

(-8°C.).
Tubes 31-40, frozen November

tliawed same day, after 3 hours,

(-8° C).

Race C.

28, 1898, in 1 } bourt

;

Minimal tunptrat'jrp,

29, 1898, in 1j Mmrt;
Minimal trmi»eraturr,

Ski:IE8 L

Numl>er
of Tube.

Average Number Bacteria per c.c.

Unfrozen Water.

1

3

4

5
6
7

8
9
10
11

12

13

16

17

18

19

20

3515
2180
3535

Control
4300
4975
3105
4305
4615
7960
16380
7560

19460
12215
21700
7665
13300
10920
10360

Thawed Ice.

2080
3000
2620
3105

Control

4325

Reduction
per cent.

3160
5970
3225
6300

11 too

6860
21560
10080
15085
8400
11060
11340
14770

40.8

0.0

25.9

30.3

0.0

29.1

0.0

0.0

30.1

20.8

11.5

9.2

0.0

17.5

30.5

0.0

16.8

0.0

0.0

Ave)'age 13.8

Number
of Tube.

1

I

5

6

7

8

9
10
21

22

23
24

25

26
27

28
29
30

Unfrozen Water.

C.'iSO

13475
4795

9310
10005

10885

6230
521

5

1 0.''»25

1 1 5.50

1 20645
1420r>5

16695

13755

378945
101115
4370

128520

per <»i<<

Thuwed loe.

5

7

4

6

102

6

12

16

1

12
1

2

88

90.0+
9(>0

no.9+
99.9+

.9+
9«1

1 00.0

9i'.1*+

9f»9+

9f».9+

100.0

99.9

99.9+
00.0

90.9t-

99.9

Tubes 1-10, frozen November 19, 1898, in
"lawod, same day. after 15 mwutrs.

tl.a .
^^~2^' ^'"'^en November 21, 1808, in

'"a«e.l, same day, after 15 minutes.

2\ hours
;

1 \ hours

;

Average

^^, 1-10. '-» •';s. '*Ml„"S;itJlp-:
thawed Jantiary 30, after f «reci*. ^"'

< TU.H.J2I-8O, f-X?*"S MninulU^^
thawe.l February 1, .iitir - "ff**
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Race C. Series II. Race C. Series III.

Niimbor
of Tube.

51

52
53
54
55
56
57
58
59
60
71

72

73
74

75
76
77
78
79
80

Average Number Bacteria per c.c.

Unfrozen Water

1920
2G75
2200
2510
20G5
1605
1G85
835
460
1820
6580
7700
2485
6440
5145
4130
3920
3080
3535
510

Thawed Ice.

2

2

1

3
33
10
1

13
15

Reduction
per cent.

99.9

99.9

99.9+
99.9

98.4

99.4

99.1

98.4

96.7

10
1

1

3
1

1

4

100.0

99.9

99.9+
99.9+
99.9

99.9+
99.9+
99.9

100.0

100.0

Average qq 5

*l.?iv^'^^^'^*'' oT'^''?
January 23, 1899, in 1^ hours;

tl.awo,]^ January 30, after 1 week. Minimal temperature,

Tubes 71-80, frozen January 25, 1809, in ll hoiir'^ •

tl.awe,y ebruary 1, after 1 .eek. MininJd ten'^,erature;

Race C. Series IV.

Number
of Tube.

61

62
63
64
65
66
67
68
69
70
81

82
83
84
85
86
87
88
89
90

Average Number Bacteria per c.c.

Unfrozen Water.

3335
3520
195
885
235
215
2105
555
40

500
1855
1830
260
935
110

3595
4480
315
50

6
25
10
55
25
60
10
20
20
15
85
20
55

35
95
30
35
70

40
40

Reduction
per cent.

Average

99.9

99.3

94.9

93.8

89.4

72.1

99.5

96.4

50.0

97.0

95.4

98.9

78.8

96.3

13.6

99.2

99.2

77.8

20.0

Tubes 61-70, frozen January 24 1899 intliawcil January 25, after 2A kmL lir: '

,

H
V20 C.).

TiiIh

, hours;
al temperature.

l.ihos 81-90, frozen January 26 180D inhawed January 27, nftcr ^4 A.ur.. MiniSiT.(-13° C.J.
Minimal ten

U hours

;

il>erature.

Number
of Tube.

11

12

13

14

15

16
17

18

19

20
41

42

43
44

45

46
47
48
49
50

Average Number Bacteria per c.c

Uiifrozeu Water.

167G5
17220
14315
900

18270
9170
6930
7385
2925
9555

83475
S3100
64890
6G570
11200
21350
2030
700
185

1625

Thawed Ice.

9

2
2

3

1
F

1

6

5
2
4
1

23

3
1

Reduction
per cent.

99.9

100.0

99.9+
99.8

99.9+

99.9+

100.0

100.0

100.0

99.9+

99.9+

99.9+

99.9+

99.9+

99.9+
99.9

99.9

99.9

98.9

99.9

Average 99.9

Tubes 11-20, frozen January 17, 1899, in IJ hours;
thawed January 20, after 3 dai/s. Minimal temperature,
(-13° C).
Tubes 41-50, frozen January 20, in 2 liours; tbawcd

January 23, after 3 da//s. Minimal temperature, (-10° C. )•

Race C. Series V.

Number
of Tube.

Average Number Bacteria jier c.c

91
92
93
94
95
96
97
98
99
100
111

112

113
114
115
116
117
118
119
120

Unfrozen Water

10710
7280
9555
4645
7735
1570
1325

Thawed Ice.

20
75
90
5
35

355
20

Reduction
per cent.

6440
13090

143610
234360
105525
41265
11655
36855
27195

1 1 9070
45360
15855

500
10
5

105
10

135
5

20
40
50
5

9.9.

8

99.0

99.1

99.9

99.5

77.4

98.5

90.8

99.9

99.9+

99.9+

99.9+
99.7

99.9+
99.9

90.9

99.9+
99.9+

Average 98.0^
I^ .

. . .. _
I ^M I

•• I

^~"^^^^^""

Tubes 91-100, frozen January 27, 1899, in 2 hours;

thawed January 28, after 15 hours. Minimal teniptraturc,

(-14° C).
Tubes 111-120, frozen February 3. 1899, in 2 hours;

thawed February i, after 15 hours. Minimal temperature,

(-15°C.).
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Race C. Setjtes VT. Race D.

Nnmber
of Tube.

1

1

Average Number Bacteria per c.c.
Re<Uiction

l>er cent.Unfrozen AVater. Tliawed Ice.

31 350 10 97.1

32 270 100.0

33 185 100.0

34 90 5 94.5

35 5 100.0

36 —

37 5 100.0

38 20 100.0

39 5 100.0

40
h

101 172080 1 99.9+
102 GlllO 9 99.9+
103 5G700 1 99.9+
104 40005 4 99.9+
105 1GG60 100.0

106 14G475 1 99.9+
107 8855 1 99.9+
108 9345 12 99.9

109 6930 2 99.9+
110 5075 100.0

Ave'iraae . . 99.5^ ™ ^ ^^ ^^ ^p ^^

Tubes 31-40, frozen January 19, 1800, in 2 hours;
tliawed san\e day, after S hours. Minimal temperature,
(-8° C).
Tubes 101-110, frozen February 2, 1890, in 2 hours;

thawed same day, after S hours.

Sfimtts I.

A\ t;raRC NuiiiUr lUt'UTiii per r r

Unfrozen M'.itcr. Tliaw \iiX l(»ft.

5355
5915
G090

5G70
3010
4410

3745
3290
4375
C5S0

2380

7210
1 855

3<;75

30S0
32r,."i

24 n;

G70
ini5

7S0

3fi5

1000

480

3GI0

9

05

40

90

|K'r wut.

42.5

59.5

.SS.L'

4r..3

82.3

90.3

no.G

80.0

44.7

90.0

99.1

97.8

97.5

Avera;/e 74. S

Tubes 1-10, frozen .\pril 27, IS'.iH, in 2 1k.iii«: tl,rnv,.l

same ilay, afier 5 /((»«),«. Minimal Iciuperature, ( I'l ('.).

Tubes 11-20, frozen April 28, \^'X\ in '2 lionr«
;
\hnw< ]

same day, after S huurs. Minimal tenii-craturc, ( U C).

Race D. Series II. Race D. Series III.

^

NnniTier
of Tube.

31

32
33
34
35

36
37
38
39
40
71

72
73

74
75

76
77

78
79
80

Average Number Bacteria per c.c

Unfrozen Water.

52G05
53235
77175
65G5

184275
6580
1890

G2055
3255
C020
243G0
29505
8925
2430
12810
24355
9450
20G5
31G0
2185

A verarje

Thawed Ice

318
5072

52
927
7339
120

6157
87
131

2
2

2

4

3
210

1

1

1

Reduction
per cent.

99.4

90.5

99.9

83.3

96.0

93.G

89.6

97.3

97.8

99.9+
99.9+
99.8

100.0

99.9+
99.9+
97.8

99.9+
99.9+
99.9+

97.0

Tubes 31-40, frozen :\Iav 1, 1S<)9, in 2 liours ; tliaAvcJ
5anie .lay, after (J hours. Minimal [cini)eraturc, (-10° C).

lubes 71-80, frozen May 8, ISOO. in 2 bonrs; tliawed
same day, after 6 /,o„rs. ilinimal leniperalnre, (~lGn'.)

Number
of Tube.

21

22

23

24

2.1

26
27

28

29

30
41

42

43

44

45

46

47

48

49

50

Averngr Niimbpf T^arteria i>er c.c

Unfrozen Water. Th;iwtHj Ice.

3990
3075

G70
180
595

2275
180

140

25

240
515
1575

495

^ P^

1855

2G25

7175

1025

Avei'f'fjr

Tubes 21-30. fmren

15
20

15

100

45

15

20

25

25

33

152

9

88

409

511

102

R' Juriioll

p* t i * lit.

.
I J_M—^ ^i-l_

99.0

99.5

97.8

41.1
9 'J. I

99.3

88.9

83.0

0.0

100.0

93.G

90.

3

92.2

95.3

84.1

92.9

81 .3

84.4

r

I

A

Apri!2S. lS(tO,in21mnrR: tba«ed

,,^IL'.^after /.V..«^s. Minini.i «-
_^^^^

Tubes 41-50, frozen May 1, l^^•^ '"
-J

'""
' , ., >

'o .*.,. /V/.„«r.,. Minim.iltenaKrature. ( 1" < 4-

.Mav 2, after i^ /'<'«'•*-

^2

s
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Number
Of Tube.

51
52

51
55
5(i

58

59

Gl

62
63

65
66
67
6s

70

I? act: D. Stories IV.

Average Number Bacteria per c.c.

Unfrozen \V.iter.

. 33015
24570
C0795
159C0
24S05
8SL'0

(>8(;o

89r;o

2nno
1.10110

2 1 7:{5

3200
5215
G160
955

2085
10885
250
790

1150

Thawed Ice.

lOG
33
35
89

103

6
55

29
199
32
71

5
63

10
40
G5

3
34
23

Reduction
per cent.

99. G

99.9

99.8

99.6

98.8

99.9

99.4

98.9

99.8

99.9

97.8

99.9

99.0

99.0

98.1

99.4

98.8

95.7

98.0

^''''•tuje 99.0

Tiilir. 51 60 frozpn M;xy 2, 1899, in 2 liours ; thawed
AI«y .{, after S4 hours. Minimal temperature, (-13° C )Tiihes 61-70, frozen May 3, in 2 liours ; thawed May 4
after f^ hours. Minimal temperature, (-12° C),

'

BACILLUS OF TYPHOID FEVER.

Race B. Special Skkies.

Number of
Tube.

Number Colonies
per c.c.

Unfrozen Water.

Number Colonies
per c.c.

Thawed Ice.

I 56070 83790
II 55440 53550
III 62370 61110 1

IV 19320 21210 7 «

V 42210 29190 .0
VI 28980 30030
VII 28770 18060 1
VIII 23730

J

33390 1
IX 46410 42630 1 2
X , 7420 1
XI 13720 12180
XII 22050 28980 1
XIII 11830 7700
XIV 7980 7560
XV 7070 6020 1

XVI 6020 4690
XVII 5810 4690 1

XVIII 1840 1850 1

XIX 1260 1510 1

XX 3430 4200

Tubes I-X, frozen February 10, 1890, in 4 bonrs

;

thawed March 10, after 4 loeeks. Minimal temperature,
(-10^ C).
Tubes XI-XX, frozen February 15, in 1^ hours;

thawed March 15, after 4 weeks. Minimal temperature,

(-10° C).

* Coloniei in ice of Tube IV proved to be typlioid. Colonies in ice In tubes not starred proved to be contaminations

Race C.

Kntnber of
Tube.

I

II

ni
IV
V
Vi
VII
VIII
IX
X
XI
XII
XIII
XIV
XV

Xunober Colonies per c.c
Unfrozen Water.

4690
6440
7110
9870
6560

10f)^0

40f;o

4l«0
1

1
117420

2
63630
579G0
87570

5390
6300
6320
12880
7210
llOCO
3710
3990

1

2
148050

71190
48510
SG940

Number Colo-
ines per c.c.

Thawed Ice.

18
3

1

1

1

1

12
4
1

1

2

Number of
Tube.

XVI
XVII
XVIII
XIX
XX
XXI
XXII
XXIII
XXIV
XXV
XXVI
XXVII
XXVIII
XXIX

Special Series.
I

Number Colonies per c.c.

Unfrozen Water.

21840
9520

15960
7910

25410
34020

3
20790
107730

380

330
150

1330

9

17640
14070
8680
16170
30450
31920

1 7640
103950

560

210
280
1440

Number Colo-

nies per c.c.

Thawed Ice.

Zi

3 1

—

—
o 262

1

1 #

ih.ZrjutlZT- ^'^7"y ^^' ^^' •" 3 hours
; XItI.a^vtJ after 1 u..k- ,n each case. Minimal temperaiure.

XX, February 23, in 2 hours : XXI-XXX, March 3, in If hours;

-lOP C.

• Colonies in ice proved to be tvnhni^ n i • • • .i> lo oe tj phoid. Colonies in ice in tubes not starred proved to be taminations.
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H. EXPERIMENTS ON THE EFFECT OF AJ.TKii.NATK FI:KI:ztN0 ANI> ilUUIN.;
uroN THE BACILLI OF TYriioiD ri:vi:i!.

Dr. Prudden, as we have seen, considered intermittent more fatul than iniinl. t.

upted freezing, and, indeed, succeeded in one case in entirely jstcrillzing a <nl»«-

inoculated with B. typhi by this method. Our four Forics of cxpcriinont,« on \\{\n

subject were conducted by freezing tubes in ih^ freezer as dc cribcd in the prr-vloiw

section. The tubes of Series I, Race A, were frozen daily for five days and nllo\v<'d

to thaw each time after about eighteen hourf, samples being planted after cnrh

thawing. Those of Series I, Race B, were frozen three times, on alternate days,

remaining frozen for twenty-four hours each time and kept below 2' for the rest nf

the tune. The two series in Race D were treated like the tubes frozen for three hnnr«

and six hours in the last section, except that instead of remaining frozen thoy \\ tic

thawed and refrozen once and twice respectively during that time.

The results of these experiments with the results of simple freezing directly com

parable are as follows :

Frozen once in one day . . .

Frozen twice in two days . . .

Frozen three times in three day

Frozen four times in four days

Race A.

y(;.i

<iS<J

if.+.r*

. . 00.8

Race B.

Kept frozen for three days (see previous section, Race B, Series III) 0"!

Frozen twice in four days * .' ' '
.,

«*

Kept frozen for seven days (see previous section, Uace V», S.-nefl llj IKj-*?

Frozen three times in six days '

'

Rape D.

Kept frozen for three hours (see previous section, Ence D, Series I) <4.

Kcfrozen once in three hours
1»7.0

Kept frozen for six hours (see previous section, Race I), Series 11) •

^^
Refrozen twice iu six hours

Conclusion. ThawinL^ and refreezin- are somewhat more fatal than simple fror-7-

Four successive freezings and fhawings doO "-"^^ ^v^-'-^ -,

V -

J"g in its effect on the typhoid bacilli

not, however, suffice to kill off the nios
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Kace a. Series I.

NuiiiJ>er

of TuJ*«.

91

92
9i

9(»

97

98

100

111

112

113

114

115

116
117

118

120

Average befortj

JjVeeziiig.

41)010

22785
348:590

308385
107580
li77515

50820
COO

34090

23875
29750
o
8290

31500
4G585

21

48335
38430
25200

A I'cragcs

After One Freezing

Average.

175
26320
1735
535
40
745
180
190
380

2G5
1785

75
17

4450
155
215

Reduction
f)er cent.

99.3

92.5

99.5

99.7

99.9

98.5

70.0

99.4

99.5

97.1

99.3

04.3

99.8

90.8

99.0

99.1

90.1

After Two Freezings.

Average,

6

2495
171

G

1

290
4

65
80

355

40
1232

3

15
3895

11

14

Reduetion
per cent.

99.9

99.3

99.9

99.9

99.9

99.4

99.3

99.9

99.9

98.5

99.9

96.1

99.9

91.9

99.9

99.9

98.9

After Three Freezings.

Average.

1

644
59
2
3

200
1

16
22
33

3
416
23
2

2440
2
2

Reduction
per cent.

99.9

99.9

99.9

99.9

99.9

99.6

99.8

99.9

99.9

99.9

99.9

98.7

99.9

95.0

99.9

99.9

99.5

After Four Freezings.

Average

8
20
13

42 I

3

2

2

3

ReductioTi

per cent.

3 99.9

147 99.9

2 99.9

2 99.9

2 99.9

120 99.8
F

99.9

99.9

99.9

100.0

98.6

99.9

99.9

99.9

99.8

TuhoR 91-100, frozen March 28, 1898; thawed and sampled and refrozen, on each of the four days succeeding. Tubes
rLiiiaintd frozen 18 hours ea(;h time.
Tubes 111-120, treated in same nuinner week of April 11, 1898.

Race B. Series I

Namber
of Tube.

1

3
4

6
7

8

9
10

12

13
11

15

16
17

18
19

20

Average before
Freeziug.

4G950
222G0
12810
12145
10(U0
8715
7945
4190
2520
2450

11.^290

142G95
1 8.".385

74970
138915
227745
104205
107730
163485
120015

Averages

After One Freezing.

Average.

420
155
315
215
20
120

80
G5
85
95
775

1980

1140
480

11805
670

12.^0

650
390

Reduction
pPF cent.

99.1

99.3

97.5

98.2

99.8

98.6

99.0

98.4

9G.6

96.1

99.3

98.6

99.8

98.5

99.7

94.8

99.4

98.8

99.6

99.7

98.5

After Two Freezings

Average,

67
24
21
52
10
10
13
13

9

7
280
1008

96
595
276
5733
198
403
139
171

Reduction
per cent.

99.9

99.9

99.8

99.6

99.9

99.9

99.8

99.7

99.6

99.7

99.8

99.3

99.9

99.2

99.8

97.5

99.8

99.6

99.9

99.9

99.6

'sissssassssr -"'-•'

After Three Freezings.

Average.

38
23
19
29
7

5

9

7
4
1

161
356
85

354
116
458
129
269
65
75

Reduction
per cent.

99.9

99.9

99.9

99.8

99.9

99.9

99.9

99.8

99.8

99.9+
99.9

99.8

99.94-

99.5

99.9

99.8

99.9

99.8

99.9+
99.9

99.8

liours more ; refrozen April 12 and
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Race D. Series L
I

Number
of Tube.

101

102
103
104

10J

106
107
108
109
110

131

132

133
134

135
136
137
138
139
140

Average Number Bacteria per c.c

Unfrozen Water.

78435
76230
1765
2730
275
7735
1120

11690
6895

3500

29190
20160
6055
5710

3885

Thawed Ice.

147
451
23
47
15
26
49
134
235

175

77
371
192
388

144

Reduction
per cent.

99.8

99.4

98.7

98.3

94.5

99.7

95.6

98.9

96.6

95.0

99.7

98.2

96.8

93.2

96.3

Average 97,4

Tubes 101-110,
frozen in 3 hours.

Tubes 131-140,
frozeu in 3 hours.

frozen May 5, 1899;' tliawed and
Minimal temperature, (—13° C).
frozen May 13,1899; tliawed and
Minimal temperature, (-19° C).

re-

re-

Nntnber
of Tube.

Ill

112

113

114

115

no
117

IIH

119

120

121

122

123

124

125

126

127

128

129

130

Kace 1). Si 1!I

Averife KuuiUT IW'Uirik par c.c.

Unfrozen W:<iir.

34020
r.'.io'ju

3jn25

1 54 5

4270
2095

GGS5

5250

13C85

203 1 75

4 0005

56070

170100

925

Accrage .

Tlaiu J lue.

71

1 52

7

274

9
20

1

5

OS

21(>

3
1
o

r

207

1

11.

J.

90.7

90.4
<x>3

0R.7

98.5

!W94-

998

99.9

rin 5

Tubes 111-120, frozen May O.lS'ifl; tliiiwH and rcjW-'-i

twice in next <i honrs. Minini.il tt'ini*crature, ( U°C.).

Tubes 121-130. frozen May 10,1891»; thawed and wfmtm

twice in next O hours. Minimal temperature, (
-10' C ).

C. EXPEKIMENTS ON THE EFFECT OF TEMPERATURES SLIGHTLY ABOVE THE

FREEZING-POINT UPON TYPHOID BACILLI IN WATI

In these experiments sterilized test tubes were Inoculated with pure ci

Afterward they were treated in one of three wa}
preceding work

eitlicr

placed in

from 8-1

an ubator at the room temperati J

20' C, or in an ice-chest ranging

V, or cooled in the freezer

effected by filling the outer chamber

point just above freezing T was

In the three sets of tubes treated by the last method at 1°, the duration

sure d the reduction as follow Race A In two hours was reduced 47-8 per

Race B in one and one-half hours red 32.9 percent; Race C

duced 80.1 per cent. The reductions for the same races actually frozen

for the nearest correspond periods, were 73.6 per cent, 41.4 per cent, and 99

cent, respectively

tion in the chilled

Each race maintains its relative positi

IS very ly as g
the

ily what the temperature difference might be expected to prod

Therediic

d the dilicrence ii

I.
Evidently tbert



502 SEDGWICK AND WINSLOW BACILLUS OF TYniOID FEVER.

is iiuLliiiig mysterious about the act of freezing, no mechanical crushing of bacteria-

the |)iocess of destruction Is continuous above and below the freezing-point, dependintj-

iipou the two main factors of time and temperature.

Series K and III of Races B and C cover longer periods of time and higher tein-

pcrat Half of the tub kept 10
o

d half 20^b
marked differences appeared as the result of these two modes of treatment, and the two

I

sets arc averaged together in each series. The tubes were kept in these experiments

for two weeks, one-half of them being sampled on the second and the seventh day, the

others on the third day and the fourteenth. The tubes were, of course, protected from

the action of light. V

Race B. Race C.

Time.

1 day

3 clays

7 days

14 days

Reduction per cent.

Series II. Series III

Reductiou per cent.

Series II. Series III.

92.2

99.3

99.9

99.9

78.7

86.7

99.3

98.8

88,4

90.4

94.1

99.9

71.0

83.3

89.6

99.9

It will be noted with each race the second sho greater

d. The explanation for this lies in the fact that these expe
carried on some time after the regular experiments on freezing

During the intervening period the germs had been grown on i

P

first

f perunents with each race showed

day The results of have not b

dinary reduction, over 99 per

jen tabulated. The second

while by

of each race, Series II above, showed more moderate, but still high reduction

third series was inoculated, a week later, the cultures, by
bouillon, had regained their normal

The tubes inoculated with Race D were kept for twenty-four hours only, sampl
being planted after 3, 6, 12, and 24 h Series I was kept at 20" and Series II at 10

After 3 hours.
Series I (20°) ..... 70.S
Series II (10°) q^^

C hours.

72.6

74.0

12 hours.

85.7

87.4

24 hours.

88.4

95.5

CONCLUSIO

bel

From these experiments it appears that typhoid fever bacill

few minutes' exposure

uch as they do A arge proportion of killed

the unfavorable conditions ; during the next few hours th

3n proceeds paripassu with the duration of the
for ^ome time.

periment ; while a few germs
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i
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Th results differ fr those obt lined by actual freezing in

freezing for short periods produced varying and unc

'-four hours old showed a constant reduction of over PO

'ilalii Ti Mjli>. wliilo

tubes of
TJiU

frozen remained subject to this uncertainly
I

Inspection of the tables will show that individual tub

days,

tubes

half of their original germ content after a week, (

On the other hand, complete sterilization ensued

f(

I

of it aficr three

Iian in ihe frozen

A second characteristic of the viability of the fact, clo; (

the fi fcjuni etiiiiea to occur. The successive sam

js of the same tube show in certain instances a slidit ii

The reduction in water at 10° does not seem to be any
1
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Race B. Series L

Race A. Series I.

of Tube.

13!

134

1 3.1

136

137

in
112

111

115
146

147

Average Number Burteria per c.c

Unfrozen Water.

14041)0

505
10G40
12:590

3Ur,r>

273105
17745

112770
254205
157815
721.35

302715
141750
17360

Th.iwed Ice.

51450
10

11410
6965
165

87885
9870

63000
105840
92610
42490

302715
45990
21735

Reduction
per oent.

63.4

98.0

0.0

43.8

99.5

67.8

44.4

44.1

58.4

41.3

41.1

0.0

67.6

0.0

ivcrage 47.8

Tubes 131 138, cooled ilown to l°r. in \\ liours, April
25, 1808. Kept at that temperature for \ hour more.
Tubes 141-147, cooled down to 1° C. in 1| hours, April

21), 1898. Kept at that temperature for \ liour more.

Number
of Tube.

131

132
133
131
135
136
137
138
139
140
141

142
143

144
145

146
147
148
149
150

Average Number Bacteria per c.c.

Unfrozen "Water. Thawed Ice.

1946
1610
1848
1571
1370
1291
123'^

874
892
1022
4095
260
205
270
40
215
290
225
215
80

1690
1001
1105
1183
1155
1505
1438
962

1473
1051

5

50
90
55
5

145
275
140
120
75

Reduction
per cent.

13.2

37.8

37.0

24.7

IG.l

0.0

0.0

0.0

0.0

0.0

99.9

80.8

56.1

79.G

87.5

32.6

5.

37.8

44.2

6.3

Average 32.9

Tubes 131-140, cooled down to 0°, without freezing, and

kept at that temperature for U hours. Date, December
29, 1898.

Tubes 141-150, cooled down ioQP, without freezing, and

kept at that temperature for U hours. Date, January 2,

1899.

Race C. Series I.

Nitmber
oi Tube.

121

122
123

124

125
126
127
128

129
130
131

132

133
134
135
136
137

13S
130
140

Avernge

Average Number Bacteria per c.c.

Unfrozen TTater.

55125
244755
66465
62685

211050
269955
103005
105840
67725
23100
139860
76545
58275

219135
82530
84105
1290

30030
55,30

Thawed Ice.

14910
217350
11045
59010
32760
75915
7385
8085
20685
4725
9660
3675
6580

23205
3675
3150

2105
860
640

Tubes 121-130. cooled down
at that temperature (not frozen)
Tubes 131-140, cooled down

at that temperature (not frozen)

Reduction
per cent.

73.0

11.2

83.4

5.9

84.5

71.9

92.8

92.4

69.5

79.5

93.1

95.2

88.7

89.4

95.6

96.3

100.0

94.6

97.1

88.4

80.1

to Qo
in \ hour, February G, 1899

;

for three hours.
to 0° in \ hour, February 7,1899:
for 3 lionrs.

I

kept

kept
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Race B,

L

Number
of Tuho.

201

202
203
204
205
200
207
208
209
210
211

212
213
214
215
216
217
218
219
220

Average after

Inoculation.

232155
93870

104895
9345

72135
51CG0
5C070
1515

216405
Control
11025
17885
20790
10420
81270
10640
825
170

22330
74340

Averages

After Oue Day.

Average.

20
6755
4515
1180

CO

5075
90
30

2020

Reduction
per cent.

99.9+
92.8

95.7

87.4

99.9

100.0

71.6

99.6

99.7

75.2

92.2

After Thi lit D»y«

Average. Rcductiou
per ceuU

1837

2972
Con

100.0

00.3

100.0

98.8

1

1

5
623

trol

99.9+
100.0

99.4

99.9+

99.2

99.3

Spt?ii> II,

Aft*r PfTPii P«yii.

Average.

2

1

1

51

73

RMnrt|t*n

9l>.9+

1UU.O

lOU.O

99.9+

01).'J+

99.7

100.0

100.0

99.9

99.9

Tubes 201-210, inoculated March 17, 1899 ; kept in ice-chest at aUnjt lOo C.

Tubes 210-220. innrulatfid \farch 17. 1899: kent in room at about 20° C.

AvwrtcR.
•iHI

n

21

lon.o

lono
".•'•".1^

O'li tn.l

1

8

3

JfMI O

lOu.u

Race B. Series III.

Number
of Tube.

Average after
Inoculation.

113400
74340
74340
48510
137025
17535
103635
74055
25200
85050
34650
18795
7320
5145
5505
507-5

10535
4340
17955
6090

Ave)'ages

After One Day.

Average.

21630
385

13405
.7840
2425

5355
6930
1205
3420
1195

Reduction
per cent.

After Three Days.

Reduction
per cent.

92.1

61.0

03.3

90.0

91.2

AfUr Sereii Day*.

Average.
R^Mltirtloti

per rrnt.

24G7

3
1043

1043

97.8

99.9+

98.C

97.8

100.0

30 00.9

AfUr F"UTt©Mi IU>». j

Arerafe,

0835

1003

28

1J2

Tubes 221-230. inoculated March 24, 1899 ;
kept in

Tubes 231-240, inoculated March 24, 1899; kept m
ice clicst at aljout 10° 0.

.,v^rn nf alinut 20*^ C

100.0

o:;.4

i^7.0

[»9.9

9H.9
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Race C. Series II.

Niiiuber

of Tube.

141

112

111

115

117

149

l.iO

151

152

151

155
156
lo7

IjS

l.>9

160

Average aftor

luof'iiiation.

68085

S1270
143G10
1 98 150

132300
198450
21 0735
80325
822 1

5

79005
61345
GG780

349650
73395

168210
41265
17395
83790

120015

Avernf/ps

After One Day.

Average.

159G
10206
1141

107730
1883

1170)

14238
11970

7

407G1

Reduction
per oeut.

97.7

87.4

99.2

45.7

98.6

97.7

78.7

96.9

99.9+
82.3

88.4

After Three Days.

Average.

13041
2142
238
479
228

135229
1400
16

340
42

Reduction
per ceut.

93.4

99.0

99.9+
99.9

99.9+

19.6

9G.6

99.9

95.9

99.9+

90.4

After Seven Days.

Average.

30
1043

56
125956

38

2

501
128

8347

Reduetioii.

per cent.

99.9+
98.7

99.9+
36.5

99.9+

99.9+
99.2

99.9+
100.0

96.4

94.1

Tubes 141-150, inoculated March 20, 1890; kept in ice-cliest at 10°.

Tubes 151-160, inoculated March 20, 1899; kept in room at about 20° C.

After Fourteen Days.

Average.

196
30
2
2

54
22
1
5
3

Reduction
per cent.

99.9

99.9+

99.9+
99.9+

100.0

99.9+
99.9

99.9+

99.9+
99.9+

99.9

Number
of Tube.

161

162
16:{

164

166

167
168

170
171

172
173
171
17J
176
117
178
179
180

Average after

Inoculation.

10535
26985
44205
6705
340

4 1C85
lOSO

24465
15330

Control

420
1205
305

19740
1065

4105
1725
620

17850

Averages

Race C.

After Oue D.iy.

Average.

15
5

30GG0
30
230

40
805

9275
310

Reduction
per cent.

99.9

99.9+
30.6

99.4

32.4

90.5

33.

100.0

53.0

70.9

71.0

After Three Days.

Average.

7497
45

2709
15876

Control

46
271

1

1596

Reduction
per cent.

82.0

95.8

8S.9

0.0

98.6

93.4

99.9

100.0

91.1

83.3

Series TIL

After Seven Days.

Average.

1

1
242

1

1

609
2

Reduction
per cent.

99.9+
99.9+
99.5

100.0

100.0

99.9

99.7

96.9

99.8

89.6

After Fourteen Days

Average.

i

Tntot i?^lln'
'.""'^"\^ted Marcli 27, 1809; kept in ice-chest at 10°.

1 lines 171-180. moculated March 27, 1899 ; kepr in room at about 20° C.

119
1

14

Con

1

2

Reduction
per cent.

99.7

99.9

99.9

trol

99.9+

99.9+

100.0

V
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Race D.
Seriks L

Nunihor
of Tube.

141

143
144

146
147
148

149
no
151

152
153
154

155

156
157

158

159
160

Average after
Inociilatioit.

2590
5670
2315
8185

15
340
745

• 60
45

230
62920
8080

G8G70
43155
0050

4189
74025
53235
23205
3255

Averages

After Throe Iluuia.

Average.

30
25
5

140
10
70
30
35
30
40

22890
0300

28350
715

1025
7000

12355
7980
6090
2745

Reduction
per cent

98.8

99.5

99.8

95.0

33.3

79.4

9G.0

30.0

33,3

82.0

56.7

27.4

58.7

98.3

84.6

83.3

83.3

85.0

73.8

16.0

70.8

After Six Honrs.

Avera^^.

20

225

90
15
60

210

60
5

18690
3780

26885
385
380
7105

14700
13125
9695
19.^'

R**iiu<'tio!i

per cent.

100.0

99.6

90.3

97.2

0.0

82.4

71.8

100.0

0.0

97.8

64.7

56.5

G0.8

99.1

94.3

83.0

80.1

75.3

58.2

40.9

72.6

Aflt I Tutlvt llouin.

Av

7969

1704
21 1 68

252

273
5323

11056

14647
8061

1669

5

20

10

10

5

6

99.8

100.0

100.0

99.1

33.3

97.1

99.3

100.0

100.0

97.8

81.0

86.

1

69.

2

9'.t.l

9r..<>

S7.3

8.-,. 1

72..T

65.2

48. (

85.7

^"-Tw.ii^j .«r||

AvMlft.

6

Tubes 141-150, inoculated May 11, 1899. Kept .it room temperature
Tubes 151-160, inoculated May 15, 1899. Kept at room temperature

25
10

2"

5

5

770
1 ,s. i

2(Ki',t7

1 .".S

•1110

6617

10200

11S0

.

'.7.«

91 1

70.7

9H.7

•.>7.6

'M

nil,

^.^.l

Race D. Seuies If.

f

Niiiub«r
of Tube.

161

162
163

164
165

166
167

168

169

no
171

172
173
174
175

176
177

178

179
180

Average after
Inoculation.

27615
291060
200340
208530
178605
54810

106785
212625
25095
2660

236250
240975
199395
299565
179550
1077.30

133235
141750
211G80
47565

A oentfjm

After Three Hours.

Average

7455
47145
1 1235
24045

7000
11655
4130
1960
145

95415
120330
98595

150255
104895
61260
69930
89515

226800
30765

Reduction
per cent.

73.9

83.8

43.9

88.5

99.0

87.2

89.1

98.1

92.2

94.5

59.0

50.1

50.6

49.8

41.6

40.4

47.5

36.8

0.0

35.3

63.

1

After Six Hours.

Average.

5810
21000
205

10500
355

2275
1385
745

78435
144585
41840

156200
54180
72265
81900
35700

158760
8610

Reduction
per cent.

79.0

92.8

99.9

95.0

99.8

:

97.9

99.4

97.1

98.7

66.8

40.0

<9.0

47.8

69.8

32.9

38.5

74.8

25.0

71.9

i 4.0

After Twelve Huurs.

Average.

25578
45360

1 60( ;5

29578
9<>70

17010

17671

20790
56891

1111

Redurti-in

JifT c*rnt.

87.4

Tubes 161-170, inoculated May 17, 1899. Kept in ice-clic.«t at 10^.

Tubes 171-180, iuoculatcd May 19, 1899. Kept in ice-cliest at lU".

Afltr Tw'jit^ fuu; H(tiir«

f
Av

626H

3895
1

5261

21

15 1:5

200

1

:vM\}

7110

1101

311 (.5

288

I
fU-A

77.3

98.7

99.9+
97.5

99.9-t-

629 97.9

129 95.2

3613
1

9K..'

201 2H 91.8

llMi f>9.9

5691 «).>. 1

2992 9>..

;

86.4

m 1

97.S

91.6

99.2

85.

1

99.1

95.5

t
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]). EXTERIMENTS ON THE VIABILITY OF TYPHOID FEVER BACILLI IN EAETII

AT VAEIOUS TEMPERATURES.

These experiments were carried

a rcM of the number of typhoid bacilli

der to compare the conditions affecti

in soil, with those operating on them

organism.

water and ice. The general method pursued was the same, the inoculation of

inimerous small portions of a sterile medium with a pure culture of the micro-

In each series of experiments about one hundred grains of sifted clayey

soil were sterilized by baking for sixteen hours, on two successive days. The whole

of the earth was then inoculated by mixing with it a bouillon culture two or three

days old, of B. typhi, Race B; and an even distribution was accomplished by stirring

kneading with a spatul The th, having been dried by the previous bak
J

)d the bouillon culture without becoming visibly damp. Fifty portions of

tod earth of one gram each were then weighed out and placed in fifty ste

(y test-tub Of fifty portions, ten were at once mixed with sterile

d two check plates made from each flask. The remaining forty tubes were carried

the coki storage warehouse or kept at the room temperature, as the case might be,

in either condition being protected from the action of light. After one day, th

da\ week, and two week tub were

gram of earth was mixed

noved and planted. In every

hundred or nine hundred cubic

The

of sterile water ; and two check plates were made from the dil

and tubing of th th nducted a gla

chamber some three feet square, with a sliding door raised only sufficiently to admit

of th

bef

perator. Control plates were made from four portions of

ore the portions of g
like the regular tubes

apie being tubed and planted

rth

tly

The following were the results per gram

Colonies per Gram.

1 2

14 1 3

3 4

SCO

The tubes of the first three series were kept at the cold storage warehouse durin

the period of the experiment, at 0° C. Those of the fourth series were kept at the

room temperature. The summarized average results of these four series are as

follows:
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TinioiD Bacilli in Eaiitu. Avkraot^ NiMnr.R vvm GraM.

After Inoculation. Aftiir 1 day. 3 day*. 7 <1iir». U <Us

Series 10° 18077G 4n;;5 705 1'5 *

It 0° 484G855 95017 13'J5 5L'5 f.ss

III O'^ 7778595 324588 4656 1304 lit."

IV 20° 4673683 25G5 450 05 iC

Two more series of experiments with earth were carried out to thruw light uii

the part phiyed by dryness in tlie reduction manifest in the first experiments. In

these latter researches the sets of fifty tubes were inoculated ju«t ;ls before, and ten

of them were planted at once.* The remaining forty were divided into two pnrtlun'='

The gram of earth in each of twenty of the tubes was moistened by tlic nddifion of

about one-third cubic centimeter of sterilized tap water; while the earth in the <>Hkt

twenty tubes was left in its comparatively dry condition. The tubes wrro all kf*pt at

the room temperature. Thus a comparison may be drawn as to the vinbility of the

germ in damp and in dry earth. The results were as follows:

Typhoid Bacilli in Dry and Damp Eautii. Avera^.l Nimi.kk rtu T.kam.

After Inoculation. AfU'r5<Uy. 3 day*. 7 <U>». 14<l«y».

Series V 939115
fDry 2070 50 2 h

I Damp 225 7010 1205 8

fDiT 566 71 12 4
^I ^''''''

{ Damp IGOOllO - - 205S7

Conclusions. 1. The typhoid bacilli in dry earth behave just a.s in wal.r mid

in ice. They die out, rapidly at first, and their numbers arc progressively reduced

ed. A fraction of one per cent persists fo
ne treatment is prolonged. A traction oi one pci vc"«> i—
2. Cold alone does not materially affect the reduction of typhoid germs in dr)

earth.

3. In moist earth, although the main phenomena are
dc«t ruction

bactci-ia is .nucli less rapid. With the liberal fooJ supply introJuced ».

bouillon in these experiments, they appear sometimes to hold their own c.ituely



510 SEDGWICK AND WINSLOW. BACILLUS OF TYPHOID FEVER.

TYPHOID BACILLI IN EARTH.

Series I.

NiiTiibor

of TiiV.

I

2

3

5
6

8

February 13, 1809.

Bacteria per gram

233000
217000
114000
123000
504000
107000
178000
157000

Acemye

243000

112000
J 20000
207000
1 2G000
141000
1 53000

180776

Number
of Tube.

11

12

13
14

n
16
17

18

19
20

February 14, 1899.

Bacteria per gram.

5400
4500
7200
6300
2700
900

1800
8100
3600
2700

Average

1800
4500
1800
4500
3600
5400

13500
9900
1800
2700

4635

Number
of Tube.

21

22
23
21

25

26
?7
28
29
30

February 16, 1809.

Bacteria per gram.

900
1000
000
coo

900
900
400
300
900
400

Avet'age

600
900
200
400

1600
400
700
400
800
700

705

Number
of Tube.

31

32
33
34
35
36
37
38
39

February 20, 1899,

Bacteria per gram,

30
10
90

30

SO
10

Average

10

50
10

80
70
40

25

Number
of Tube.

41

42
43
44
45
46
47
48
49
50

February 27, 1S99.

Bacteria per gram

20
30
10

O

20

Average

40

30

9

Tubes kept at 0° C.

I

1
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Seriks II.

1

I

Number
of Tube.

1

2
3

I

5
6
7

8
9

February 20, 189'J.

Bacteria per gram.

4932900
5046300
521G400
2286900
5953500
2570400
5159700
6860700

Average

589G800
4649400
4876200
4706100
7030800
628800

4309200
5443200
4989G00

o
O

484G855

Number
of Tube.

II

12

13

15

16

17

18

19

20

Frbruary 21, IKIW

BftctcrU per (tram.

1 30500
103500

110700
55800

64000

102600

41100

1 1 7900

ii4;;(io

120000

Average 9501

7

I

Number
of Tube.

21

22
23
24
25
26
27
28
29
30

February 23, 1899.

Bacteria per gram.

1200
1400
700
500

1100
300

2200
2600
1100
400

Average

1300
1900
1700
1200
800
700

4000
3100
700

1000

1395

Number
of Tube.

31

32
33
34
35
36
37
38
39
40

February 27, 1899.

Bacterid per gram.

1

30 110

210 310

60 240

660 470

110
240
310
820
190

2890

Average

90

290
500

210

240

2620

525

Number
of Tube.

41

42

43

44

46
47

48

Mnrrh H, l£)0.

liArU'TiA jMT irr»Tn

340
](io

1770

1070
161)

120

360

A verfige

400

110

750

I'Of)

430

Kept at 0" C.
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Series IIL

Number
1 '>i t

"
Febmani 24, 1890.

Number
of Tube.

Fetiruary 25, 1S09.

ui fiibti.

Bacteria per gram. Bacteria per gram.

1 8541900 7144200 11 466200 522900
2 6747300 7200900 12 529200 . 229500
3 7314300 6066900 13 409500 621100
4 10432800

J

10092600 14 415800
^ ^r ^^^^^ ^^^^r —^^^'- ^u—^ 'u.^

371700
5 7711200 6917400 15 270900 258300
6 6860700 7597800 16 289800 216900
7 7881300 8278200

i

17 573300 340500
8

*
8731800 6577200 18 144900 171100

9
4 ^V

6463800 7711200 19 5400 3600

^

10 9695700 7994700
^^^ ^w^^ ^'r ^m'^

-

Acerago 7778595

{

1

Average 324588

Niimbor
of Tutte,

21

22
23
24

25
20
27
28

Februaryr 27, 1809,

Number
of Tube.

31

32
33
34
35
36
37
38

March 3, 1800.

Number
of Tube.

March 10, ISOO.

I3uctoria

oo

oo

oo

30

30

90

30

30

per gram.
Bacteria per gram. Bacteria per gram.

16i

24i

69(

15<

16(

401

19(

105(

1400
1500

7300
900

2600
3600
1600

25200

220
380

3710
310

3290
5530
930
690

370
250
370

240
2310
270
480

41

42
43
44
45
46
47
48

1710
1390
1770

2870
660

160

1510

420

350

2150

420

210

40
1

1

1

39 1020 4410 49 1360 1450

Acen

1

4656

1

40 190 14(3 50 2420 1220 1

ige
Average 130^

1

Average 116

1

Kept at 0^ c ft

I

I
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4

Series IV.

I

f

Number
of Tube.

1

2
3

4

5
6
7

February 28, 1899.

Bacteria per gram.

4139100
3712200
3798900
3685500
589G800
52 1 6400
4025700

Acevnge

6010200
48 76200

2721600

7144200
5556600
3G28800

4673683

Nunil^r
of Tube.

II

12

13

15

16

17

18

19

20

lUrrh I, IS'.Kt

Radi'rU pcrgranu

lOSOO

2700

2700

900

1800

000

1800

900

541)0

1800

i neraye

450(1

900

] S( K

I

9(Mt

27<M)

900

900

7200

]8(M)

2565

Number
of Tube.

21

22
23
24

25

26
27

28

29
30

March 3, 1S99.

Bacteria per gram

900
900

1800
900

900

Acerage

1800

900

900

450

Number
of Tube.

31

32
33
34
35
36
37
38
39
40

March 7, 1899.

Bacteria per gram.

20

20

60

30
90

690

340

120

250

10

Average

10

30

20

10

10

60

100

20

10

95

Number
of Tube.

41

42
43

44
45
46
41
48
19

lUrrli H, ISA.

B«et«rU p^r (tram

10

140

20

130

350

160

40

40

190

Average

380

17(»

no

6(1

20

92

Kept at 20° C.

I

I 33
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Series V.

AFTER INOCULATION,

r —
ri

Number
of Tube.

1

2

3

4

5
6
7
8
9
10

March 15, 1890,

Bacteria per gram.

1045800
1140300
1663200
673300
592200

1297800
1348200
1004400
1026900

Average

863100
989100
1499400
938700
686700
863100

919800
636300
875700

939115

DAMP EAKTH.

Marcli 18

March 22

Marcli 29

Number
of Tube. Bacterk

U
12 900
13

U

21

22 100
23 21100
24 8400
25 400

31 220
32 10
33 3300
34
35

II 40
42
43
44
45

1

900

25100
15000

40

Averages,

225

7010

1295

8

March 16

March 18

JMarch 22

March 29

Number
of Tube.

16
17

18
19
20

26
27
28
29,
30

36
37
38
39
40

46
47

48
49
50

DRY EARTH

Bacteria per gram.

900
9000

900

200
100
100

10

10
260
20
20
10

900
1800
2700
3600
900

100

10

30
100

20

Averages.

2070

50

2

47
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Series VI.

AFTER INOCULATION.

«

Number
of Tube.

1

2
3
4

5

6
7

8

9
10

March 29, ISM.

Bacteria per gram.

1455300
1G82100
1152900

1083600
926100
1304100
1152900
1115100

92G100
1398600

Average

1379700
1455300

1228500

825300
11529(10

1020G00

1568700

1266300

1096200

771900

1198260

DA]\IP EARTH. Dnr EARTIL

Number
of Tube.

11

Bacteria per grain. Averages.

1

i

1

XunilMT
of Tube.

16

Bart^HeI pf r gram
1

-

1341900 1266300

*

1

200 300

12 2060100 1719900 17 600 4200
^larcli 30 13 1436400 1247400 March 30 18 50 1 .".

1

1

14 2891700 3364200 1

19 60 10
1 — ^kj ^^^H

1

1

1

1
15

21

963900 699300 1699110
'

20 60

30

20 566

1

26 40

22 27 320 20

April 1 23
24

April 1 28

29

70 40

b

25

31

30

36

50 71

32
'

37 10 10

April 5 33 April 5 38
1

10 30
4 /^

1

1

1

1

34 1

JL

39 10 10
1

1

1

1

35

41

1

1

1

1

1

1

^

40

46 10

40

12

5

12

33300 41400
42 900 47 6

1

April 12 43
^^J^ ^_^ ^h^

1800 1800 April 12

19

50

1

1

2

4
1

44 88200 69300
29587

4
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E. FATERIMENTS ON THE EFFECTS OF SEDIMENTATION AND CEYSTALLIZATION

DURING THE FREEZING OF TYPHOID FEVEE BACILLI IN WATER.

In tlie experiments under Section I, the reduction effected represented simply the

doatli-r.ite amono!: the bacteria due to the adverse conditions. All the bacteria in theO

unfrozen water which did not perish must, from the nature of the case, be present in

the til awed ice. In nature, however, the conditions are widely different. Ice is

formed immediately over and in immediate contact with a large body of water. In

the water, before and during the process of freezing, the bacteria, being particles

somewhat heavier than water, continually tend to settle out from the region where

ice is to form and fall gradually to the bottom. And when the ice formation actually

takes place, a still more powerful force comes into play. In the process of crystalli-

zation there is a strong tendency to throw out all substances other than the pure

compound chiefly concerned. If, then, soluble chemical compounds, other th

hydrogen monoxide are excluded to a large extent when water freezes, this mi

be still more the case with suspended particles like the bacteria.

These a nt o d by the work of Pengra and of the

o

o

Massachusetts State l^oard of Health as well as by common scientific knowled

To test them more carefully with respect to Bacillus typhi abdominalis and Bacil-

lus coli the following experiments were made. A new wine-cask, of about ten

dlons capacity, was allowed to stand full of water for a few days in order to remove

any extractives present. Four pet-cocks were then screwed in, on opposite sides

of the cask, two about four inches from the top and the others an inch or so from

the bottom. The whole cask was jacketed with felt so that when placed at a low

temperature it would freeze from above down and not from the sides inward. It

was then filled with water, at about the boiling-point, drawn from an ordinary water-

heater. This water was then allowed to stand for twenty-four hours, when it was

found cool and still very nearly sterile, containing three or four germs per cubic

centuneter. The barrel of water was then inoculated by pouring into it a boui

culture of the germ used, the conunon colon bacillus in the first four experiments

the typhoid bacillus, Race B During the course of the exper
no sterilization was attempted beyond that partially effected by the boil

After adding the culture and stirring with a sterile rod, samples were taken from the

four pet-cocks and planted. The covered cask was then set aside in the room or

placed on a broad sill just outside the window of the laboratory, where it was exposed

4
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to the cold. After twenty-foiir hours of
\ llllll >]n'0\ of

quarter

taken fr

to half

om the

a

ck was found covering the surfiu'e. ?;

pper cocks just th and fi

mnili's wt'rc H<f

the lower cocks at tl H

bottom of the barrel, and ^Dortions of the ice were also planted, b

bottles, after washing with the water produced

the usual technique.

Conclusions.

g i \

1. These experiments iiiilicate lliat sedimentation does nof i»ro*1

marked or constant effects on colon and typhoid bacilli in water durin

period as twenty-four hours.

1

g as hi

Ih .

horf :a

2. the hand, the exp show that ice forincl on llic .'^luT; c ( .f a

quiet body of water contains only about ten

water just below. This difference is probably

b

plij'siriil exclusion by

P of cry and not

the ice can

ny germicidal f

The

Illy differ from that of the adj y a very sligl

two d fo work, the low temperaturo, killing out g

the ice and water nearly equally, and the crystaUizing process extruding gerniR fru

the ice into the water below.

*

i DEDUCTION OF BACTERIA BY SEDIMENTATION.

Top
Bottom

Top
Bottom

)

Bottom

B. CoLi. Series L

Bacteria per c.c. in samples taken from top and bottom of capk.

60270
ri M—

A

ODiO

11200
51030

7070
51870

December 29, I SOS.

51870
"680

19320
4550

Pocember 3Ct, 1898.

15G10
44730

12390

13020

Deceiiiber 31, 1898.

0800
8120

5110
5Sio

Kept in room

1m)0

10095

13580

5495

40740

AvrrAfm.

f.l 32
2«»i40

Top
Bottom

Top
Bottom

1209G0
114030

51180
52920

Series II.

January 3, 1899.

110880
97050

114GG0
103320

Januar}' 4, 1 *W.

60910
60270

101430

85050

,56070

621 60

Put outdoors. Temperature -5° to -10° C. Surface did not freeze.

Av«

1 144.S0

10»t«U2

.",1 ft i.^O
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KEDUCTION OF EACTEEIA BY SEDIMENTATION AND BY FORMATION OF ICE
ON .a'.E SURFACE.

I

Tup
Bottoii 1

Ton
U , fii

V lop
Bottom

Top
Uottom

I

Ice

iop
Rottom

Top
Bottom

Ice

I [ Top
cj \ Bottom

B. CoLi. Series III.

January 9, 1899,

2sr.no

25020
2 1 ( ;30

10010
23100
32760

20370
12180

January 10, 1899.

370
4620
4410

250
4900
10360

650

7490

670

7700

rut outside. Temperature -1°C. i inch ice formed.

Seuiks IV.

January 11, 1809.

69930
57330

02370
61110

45990
68G70

76860
77490

January 12, 1S99.

Put outside. Temperature, -15° C. \ inch ice formed.

147420
247590

21840
234360
209790

B. Typhi. Series I.

January 18, 1899.

226800
211680

198450
245700

January 19, 1899.

28350
194670
176G60

Put outside. \ inch ice formed

27090
147420
232470

204120
153090

/
23940
145530
181440

Averages

23415
20142

460
4380
7490

Averages.

63787
66150

1215
11440
11462

Averages.

194197
214515

180495
200090

Top
Bottom

Ice

II Top
^l Bottom

202230
154980

68040
270270
307180

Series II.

Jamiary 19, 1899.

198450
218610

156870
302400

January 20, 1899.

75600
404460
257040

18480
578340
386820

Put outside. \ incli ice formed

171990
254520

17430
319960
238140

Averages

182385
232627

44887
393257
297295
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IV. DEDUCTIONS FROM THE EXPERIMENTS CONCEIiNIXG ICE AS A VVUWhE 01
INFECTIOUS DISEASE, WITH SrECIAL KEFEKENCE TO THE riI'>l;LEMS

OF ICE-SUPPLY AND THE PUI^LIC HEALTH.

Reviewing the several series of experiments described in detail above and k
I

ing carefully in mind the conditions under which natural ice i« fornud, ciil,l.ai\('^l(»d

stored, delivered, and finally consumed, as well as those pertnining to tlio inanufac

ture, distribution, and consumption of artificial ice, certain conchisions appear <o h(

justified concerning ice as a vehicle of disease; and these conclusions me, on iIh

whole, decidedly reassuring.

f

The conditions which tend naturally to purify polluted waters, arc now well

stood. Light, cold and poor food-supply are antiseptic or diMnfectant agenh (

siderable power; hostile infusoria may devour the living germs of infeciiotiH disca^-;

the chemical composition of the water may be unfiivorable to their survival; and

gravity may cause them to settle to the bottom, where they may soon perish for wajit

of air. The main factor determining the reduction of germs in water is, however, the

time,— the time during which these and other forces are left to act. EpidemioloL'-y

shows clearly that disease follows best a direct, quick transfer of infections mnferial

from patient to susceptible victim ; and, if storage of water for some months could

be insured, many sanitarians would consider such storage a sufficient purification.

In ice we have this condition realized,— a forced storage of at least weeks and at

best of many months. At the same time the other effective conditions arc also

heightened. It is no w^onder, then, that our experiments show a reduction of over

99 per cent in typhoid bacilli frozen; and Ave may be sure that in nature tlie

destruction would exceed, rather than fall short of, such a limit.

This reduction obtains in tubes which are frozen solid, where there is no chance

for mechanical exclusion. In natural ice there is another purifying influence. Of

the germs remkinino- in the water at the time of freezing, 90 per cent are thrown out

the physical phenomena of that process. This reduction is separate from, and

supplementary to, the disinfecting action of the cold. Accordingly, when both

factors work together, it is obvious that only one out of a thousand typhoid germs

present in a polluted stream has a chance of surviving in the ice.

Under natural conditions the pathogenic germs present in the most highly pol-

paratively few. Of these few, one-tenth of one per cent mayuted

^e present in ice derived therefrom. But even ttercd Individ

akened by their soiourn under unfavorable conditions^ so that, as wc h
ir sojourn
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they require nearly twice as long for their develo2)ment as do the normal germs and

these few and weakened germs very likely could not produce many, if any, cases of

typhoid fever, for vitality and virulence in disease germs are probably closely related.

AVitli art! fie different, for such ice is made from

frozen solid, and is, as a rule, quickly consumed. Artificial ice, if made from pure

water, should be above reproach ; but if it be made from water that is impure it

may contain the germs of infectious disease ; and inasmuch as artificial ice is used

quickly after its manufacture, the possibility of purification by time is excluded, and

such ice might therefore conceivably be a menace to the public health.

With natural ice, as long as absolute sterilization is not effected, there must always

remain a certain element of doubt, as in the use of sand filters, alluded to above, or in

the practice of room-disinfection after o The thickness of a lay

of ice is oRen artificially increased by cutting holes in it and flooding that already

formed with the water of the pond. In such a case the effects of crystallization are

laboratory tubes. Ice thus formed might be cut at once, and

onal case we cannot say that

led

served within a week or two ; and in such an except

sufficient of the virus might not persist to excite the malady. Yet such an instance

must be very exceptional; and the general result of human experience, the absence

of epidemics of typhoid fever traced conclusively to ice, the fact that cities like

New York, and Lowell and Lawrence in Massachusetts, have used the ice of polluted

streams, and have yet maintained low death-rates from typhoid fever, all tend to

support the conclusion at which we have arrived, namely, that natural ice can very

rarely be a vehicle of typhoid fever.
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PART ir.

STATISTICAL STUDIES ON THE SEASONAL TREVALENCE OF TYl'HOTD
FEVER IN VARIOUS COUNTRIES AND ITS RELATION

TO SEASONAL TEMPERATURE.

i

i

i

I

I. A REVIEW OF THE LITERATUEE OX THE SEAROXAL niEVALKNC^K
OF TYPHOID FEVER.

TnE variations

one of the charact

observers. Elisha

the prevalence of typhoid fever with the changing

of emarkable disease which strnck the ven

B 1842 wrote of foil not !«' ff]cf1

typhoid fever occurs, with any degree of uniformity, more frt;(|iH'nilj

year than in another.

P g

. . I am sure, however, that,

In the autumn. In New Engl

g
ijt'f

season of the

ride, its annual

unfrequently called the autumnal or fall fever."

Dr. Flint, in 1855,^^^^ pointed out as one of the points of distinction between

typhus aud typhoid fever that while the former is unaffected by season, (be latter

fe

icted

predil for the autumnal months, althouo no UK'.'UH

occurrence to the latter." G n
o

ddle Europe and North America the majority of cases as well as the ep

breaks

the sp o
of Octo

18G0. D

irred most abundantly in autumn, and that the winter typl

intensity, followed by that of summer, while the fewest ca

He quoted Lombard as authority for the fact that in Gcr

shows seven

Pweedle^^) published a table of

mes many typhoid cases as the month of Mar

the admissions of tlie difftrent f

I

ued fever into the London Fever Hospital for ten years and bro

interestln
o contrast(r

typhoid were as foil

between typhoid d typhus fevers. His monthly fig f

ows :

1

J

113

F

85

#

J

157

i

A

233

8

2C0

1

253 223

u

77
r

1

A

1

M

79

1

J
1

1

jr,i

GO 119
i

V.
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By quarters the difference between the two forms of fever, then just beginnino- to be

clujirly cli.stliiguisheJ, \vas sLown very markedly.

QuARTEULv Admissions.

Typhus Fever,

First Quarter . 1074

Second " 1088
Third « 725
Fourth " . G19

Typhoid Fever,

275

258

650

637

Dr. T concluded that "typhus is most prevalent in spring, and the

in autumn, while enteric fever is least prevalent in spring, and most pi

autumn." In the same year, Hirsch, in the first edition of

extensive resum^ of current
)

he " Historisch-geogra]iU-

opinion on the subject.scheii Pailiolorjie,'' ^^^> gave an

lie quoted statistics to show that of 519 typhoid epidemics, 168 occurred

140 m 132

typhoid cases at

summer, and only 79 in spring. He also printed a table of

hosp of Lausanne and Gene Lowell and Nassau, and

f typhoid deaths in the canton of Geneva and the State of Massachusetts, sh

every case. Summer occupi<
an autumn maximum and a spring minimum in

second place except at Nassau and the canton of Ge As to the weather influences

prevalence of the disease he quoted very conflicting opini V^

iM-ake and Huss attributed the autumnal fever largely to the summer temperature,

Davidson and Lombard considered a relatively high humidity as of prime significance.

Thomson maintained that both factors were of importance, and Seitz, Cless, and Franque
denied any effect of meteorological conditions Another review of the
of typhoid fever was published by Murchison in 1862 He quoted nine English and

admis

Octob

cntal authorities as recording the autumnal maximum, and added a table of

ions into the London Fever Hospital which showed a steady rise from Apri

ir. Fiedler, in the same year,^^) noted that typhoid fever in Dresden was m
more abundant in the second half of the year than in the first, and gave the follow
table of typhoid admissions for eleven years.

1

Admissloxd TO THE Dresden Hospital, 1850-60.

J M

IJt

A

82

J -

M

83

1

1

J

105 113

A

191

B
1

N

143

D

IIG
1 2:t

189 132
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Tlie first systematic attempt to show a relation

nite meteorological dition was ade

tallied that the seasonal curve of typhoid

11

O'P^ ov(T rmd driiI

r in ISGO.'-'^

•ndcd to that

1 I" iii.ijii-

tliat the greatest

the alleged fact

prevalence was at periods of

pri"-»'ntT. nn(l

the isotherm of 22° C. Hall

typhoid fever docs not occur auloclitlioiKHi^ly 80uth of

results, however, were not confi

observers : and new theory to

complete possession of the field

kofer and the Munich school.

('f1 by

y of typhoid fuver soon took u

This was the famous ground-wafer theory of P
As applied to typhoid fever thi« thcorv

th

by Ludwig Buhl in the first article of the first number of the " ZciUMftfar Blohn/ie:' <»'

The author dealt with eight hundred and ninety-nine typhoid deaths in a Munich

hospital during the period 1855-64, and compared, by the graphic met1i<Ml, (he

monthly and yearly variations with the changes in temperature, prccipifnl ion, and

o und level. Th showed a maximum between D
March, culminating in February, and a minimum in August and October. Tli«^>e

monthly variations, and tlle fluctuations from year to year, did not corn'-pond to tin-

temperature or the precipitation, but did show a certain inverse relation to the litiL-bt

of the ground water.

Seidel ^^'^ analyzed the fig g by Buhl He

compared for each of the one hundred and eight months, from 1S5C to 1^'M, the

typhoid cases

the value for

whole period.

nd the ground-water level, using in each case the diffe

dividual th and the average value for I during

In 3.5 cases an excess of typhoid fever corresponded ullh an

excessive fall of the ground water, and in 34 the reverse relation obt

Seidel
Ited probability of this preponderance being d

rty-six thousand. His monthly averages for morbidity are as foil

Typhoid Cases. Mlxich Hospital. Average, 1856-64.

In the

precip

diffe

year, SeideP^Unalyzed Buhl's figures in relation

aij-ain ding any differen of per se, by

to the monthlv-

tlH
fences between the value for a month and the average value f

le

th
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during the nine years considered. He demonstrated a certain inverse relation
4

between an excess of precipitation and the prevalence of typhoid fever just as in the

case of the variation in ground-water level, and considered both factors as of impor-

tance. Of the fifty-six months in which precipitation and ground-water level varied

in the same sense, forty-six showed a variation of typhoid morbidity in the opposite

sense. .

rii

The studies relating to the cases at the Munich Hospital were extended

ty by Pettenkofer in 1868 He reproduced a chart prepared by F. Wa
whicli gives by m the typhoid mortality for the whole city from 1850 to 1867

m comp with the precipitation and the height of the ground water. Th

seasonal distribution of the d coincided that observed at the hospital

number of typhoid deaths for the whole city being as follows

J F

1

M A M
1

J J

15.8

1

A
1

B
1

N D

aa.r. 3G.8 r,i.8 23.1 17.6 15.2 16.7 16,1 15.0 lao 28.5

A long series of polemical papers on the relation of typhoid, and more particularly

of cholera, to the ground water was contributed by Pettenkofer to the '' ArcMvfur I1>J-

7^W?e"and the '' Zcitschrift fiir Bwlogie;' ;x^di his conclusions were finally summarized
in pamphlet form.^"^)' <»«> Por a time the theories of the Munich school appeared

hold field

1854

Virchow ^^"'^ studied the typhoid mortality in Berlin for the period

water level. A

and concluded that there was a striking inverse relation with the gJround

ow d Guttstadt

1

published curves for Berl fr

S.
d the pe and an vers^

1883 to

ation to

the grouud-wator level. Finally, a mo.st elaborate presentation of the facts
by Dr. So}

part on th

water froii

188 Like f thor rested his case in large

the intensity of the disease and the height of the g
3 to year- but h

length. Althoucrh his table

eated of the seasonal variations at some

o
« #

produced bel

of the monthly distribution of the d in seventeen

ed an autumnal maximum in all but four cases, he

red that these exceptions, Augsburg, Munich, Prague, and Vienna, proved the
I

d one.

I
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Percentage Monthly Di.'^tuibution of TvrHOMi.

Afrrr ^01 Va

Place. Period

.

Berlin

Neufchatel
}

Lausanne
Breslau

Frankfort-a-M
Hanover
Basel
Paris

Au^sbury;

Bern
Munich
Praii'ue

Vienna
Basel *

Leipzig

Copenliagen *

Bremen *

Chemnitz *

Christiania *

1854-85

1835-52

1863-78
1853-85
1874-85
1826-73
1867-78
1856-78
1871-80
1851-85
1873-84
1871-85
1875-85
1851-65
1842-58
1872-84
1838-82
1845-64

Total No. J.

16660

933

2521
1496
397

2213
4152
1092
340

7530
998

4992
3599
1052
3198
1648
1455

6.5

8.6

7.7

7.9

7.6

8.6

6.2

11.0

9.7

11.5

10.5

8.2

10.3

9.4

6.1

7.6

6.2

F.

6.0

5.2

7.5

7.1

5.1

6.4

5.7

6.7

6.8

11.9

9.9

7.1

7.1

5.7

M

5.4

5.5

7.5

6.2

6.4

6.1

4.6

8.1

7.3

11.2

10.2

11.8

8.0

5.1

3.3 I 3.2

A. M.

5.9

2.6

6.4

5,6

5.9

4.0

6.1

5.8

6.1 10.0

5.4

4550 11.3

7.0

6.4

7.3

6.6

7.3

6.1

4.9

5.3

9.1

9.0

8.0

10.1

6.7

4.3

7.2

4.2

5.1

6.1

7.5

9.3

9.9

8.0

3.8

J

2.8 3.1

4.8

5.2

4.3

4.9

5.1

4.0

5.G

6.1

7.4

6.2

7.4

7.6

4.9

5.2

7.3

6.9

9.6

8.0

8.2

6.0

5.0

4.7

6.9

3.3

J.

8.1

A.

i .7

11.0

10.1

9.6

10.6

9.1

9.1

« X )'

8.5

8.4

5.0

8.4

6.9 12.8

7.3

5.8

9.8

8.1

10.1

9.3

7.9

8.1

7.4

6.1

i.riliT.o

n .'^ in.."}

11.8 Ji>.i

12.1 ii?..r,

i

infH 8.2

f* s *JA
*

^.9

G.l

6.5

G.9

7.5

11.

«

13.0

13.3

1 0.

7

1 3 . i

9.7

10.0

G.3

7.1

7.3

b.u

12 9

I U. 7

12.5

9.7

7.9

8.71 «o
9.0

9.li

lO.C

1 iiJt

lo.r,

li'.'.t |iiC

5.8 6.?<t ^"c

5.0

7.3

C.9

13.2

18.1 ! If. 1

9 6 ].T8,10.3

9 3

8.8

13.2

8.6

13.2

9.6

6.2

C.9

5.7

9.4

9.9

9.1

1C.8

7 7

4.9

t

I

7.(1

in.2

* Morbidity. Otlier figures refer to mnrtalitj'.

Sov finally plotted typhoid fever and ground-water level in IJcrlin. F

fort, Bremen, and Munich, and

fi conclusion was that '' the hy tl

d quite regular coniplenientnrj

n of typhus abdoniinalis is ii]

II V

gen a] tl li

ted rhythm of the ground-water fluctuations
??

Unfortunately hes did not harmonize with the So

Basle ^"») and Fodor at Buda-Pesth<"*') found quite different relations between t^

and ground-w

Munich, failed

level. L

the

examinations of the yearly variatIoii<», even in

;pondence noted prior to 1S81. Most potent of

however, in overthrowing the gi theory was

of z> for miasmatic pt of di

the gradual suh-fitntion

which robbed it of any rational,

gical b

The only plausible explanation of the connection bet\\ gro

typhoid fever, on the b of the germ theory

n<\ Avater

Li

d

be c

thei

00 ted in 1860 that the phen

ue to the concentration of imp

r ansmissio usually large d

ad been furnished

observed by Buhl might

Is at the time of low wa

ho drank therefrom. A

nd

modification of Liebermeister's idea, including a recognition of the fact th

use d

from

ider area when the
t)

d water is low and is thus liable to poll

distant has been ;ly ad ted in this country by D 1 >.

Baker of M o As rly as 1878 Dr. Baker ("^> published
the
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seasonal distribiitlou of tlie more important diseases, and pointed out the contrast be-

tween such diseases as bronchitis, pneumonia, and croup which culminate in the winter

and the fevers and diarrhoeal diseases which attain a maximum in the hot months,

ills curves showed a slight rise in October for typhoid fever and much more marked

rises for the classes of " Typho-malarial," *^ Remittent," and " Intermittent " fevers,

the n^iues for which in absolute value greatly exceeded those for the former disease.

Slinllar tables were published in the succeeding annual reports; and in 1882 it was

stilted that " more than the average per cent of weekly reports stated the presence

of typhoid fever in months when the average daily temperature, the average daily

range of temperature, the absolute humidity of the atmosphere, the monthly and the

average daily range of the barometer and the average daily pressure of the atmos-
L

phere were greater than the average for the year ; and less than the average per cent

of reports stated the presence of typhoid fever in months when these conditions were

less I ban the average for the year." These curves and conclusions have been repeated

year by year in each annual report, the only change being the gradual increase of

"typhoid fever" relative to the " typho-malarial " and "remittent" fevers with

itiipiovement in diagnosis. In 1884, Dr. Baker ^"^^ treated typhoid fever in more

detail, comparing the of the disease for five year

of the ground water in Michigan and showing that the disease increased quite regularly

with the number of inches of earth above the water in the wells. He concluded that " in

summer when vegetation is active and not decaying, a lowerirrg of the water is

uniformly followed by increased prevalence of typhoid fever; with the advent of

colder weather there is a rise in the water level which is uniformly followed by a

decreased prevalence of the fever ; that this decrease continues through the winter

and .spring even though the level of the well water Is lowered, provided the surface

of the earth is deeply frozen ; that on the contrary high-water level in wells in winter

and spring coincident with ground not thoroughly frozen is followed by increased

prevalence of the fever."

The relation to ground water was again studied in the Report of the Michigan

Board of Health for 1888 (p. Iv.), and 1890 (p. 247); and in the Report forSt

l'^94 (p. 300) and succeeding reports, new diagrams were published and the follow

conclusions were added ; "The evidence is conclusive that there is a necessary relation

between the low water in wells and the sickness from typhoid fever. The fluctuations

in the sickness from typhoid fever and the depth of the water in wells are nearly

coincident throughout the several months. The maximum of sickness and the

minimum of water are coincident in October." Finally, in 1897, Dr. Baker
^^-«'
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prillted new diagram exhibiting

fourteen years, and

shown that ai

distant privies

oo ted

the curves of typhoid fever and <,Tnnnd wn^ i H

pport of his ex])lanatioii of the r» l:ili (>!J

ther ftictor of less universal importance than the poll

might be the infection of air, food, and drink by genu

or

1) fr

surface of the ground, which must be dryer and more exposed to .^uch ndion wIm n iIm*

ground water is low.

Dr. Baker's theory regarding the pollution of wells at times of low water Hfcm^ «juit<»

insufficient to account for such a universal phenomenon as tlio aufumnnl niiixlimim of

typhoid fever, even with the additional suggestion as to air contagion. W* II walcr

is by no means the most important source of tlie disease; and even as (o wells (he

theory does not take all the facts into account. Other observers have alf('ni|i<fd in

trace with some success an almost exactly opposite relation between fyphoi*! fever

and excessive precipitation. Dr. F. H. Welch,'"'> for example, who iu<U^i\ that 1l.

maximum of typhoid fever occurred in the last quarter of the year In Malta and In

Bermuda, in the latter half of the year at Gibraltar, during the autumnal monlh%

from March to May,— at the Cape of Good Hope, and in the warm season in India,

finally concluded that " the i^reat natural assistant (in the spread of the discn^'^) i^ <he

rainfall in giving

to

moisture for growth and putrefaction, in causing waici clrcu la(ion

on the surface and in the subsoil, in its mechanical removal of material from drain

and hidden receptacles."

Whatever the explanation, it seems to be proven that at Munich in the pcrKx

studied by Pettenkofer and his followers a real relation did exist between groun

d typhoid In no other case, as far as we are aware, has another factor been

excluded which normally varies inversely with the ground r ich dofs

bear a plausible relation to the distribution of the typhoid germ. This factor

temperature : and the seasonal curve in any

Be in, can be more satisfactorily explained by

places, Michigan, for example, and

1 direct relation to the temperature

by to the gr

call attention to the importance of

nd-water level. The first author forcibb

perature factor was Murchlson. In

to

econd

admiss

edition of his work on the continued feversr '>e g'^ve . table of tbo montby

the London Fever Hospital f 1848 1870, of which th

were as follows :

J

433

p

306
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1

Marchisoii pointed out that a " great increase of enteric fever in the autumn

monllis was observed in cacli of the twentj-three years, with one noteworthy

exception (18G0)." Tie also noted that the autumnal increase did not subside

iiainedlately on the advent of winter, and concluded that ^^ it would seem as if the

cause of the disease were only exaggerated or called into action by the protracted

heat of summer and autumn, and that it required the protracted cold of winter and

ppring to impair its activity or to destroy it."

He rpioted numerous observers, Todd and Burne in England, Stewart in Scotland,

Luinbard and ItilHet and Barthez in Switzerland, Piedvache, de Claubry and Druher in

France, Forget and Quincke in Germany, and Bartlett, AYood, and Flint in the United

Stales, as recording the autumnal character of the disease. Finally he added, " Not

only does enteric fe but it has been found to be unusuallv

prevalent after summers remarkable for their dryness and high temperature, and to

be unusually rare in sunnners and autumns which are cold and wet." The references

to the early authorities quoted by Murchison will be found in his elaborate

bibliography.

Liebenneister also had a clear conception of the possible effect of temperature

upon tlie prevalence of typhoid fever. In his article on typhoid fever in Zlemssen s

Cyclopedia,^^'^) he plotted the monthly deaths in Berlin and hospital admissions in

London and Basle, compared with curves of the monthly variations in temperature,
and commented on the results as follows: "The Lreneral bearing of these curves is^^iAV^iCli IJ^<*Llllg

evident. The curves representing the frequency of typhoid correspond to the

curves of average temperature, only with this difference. The different points of the

typhoid curve follow those of the temperature curve by an interval of some months.
The minimum of temperature falls in January, that of typhoid in February or April;
the maximum of temperature flills in July, that of typhoid in September and October.
It appears, therefore, that the development and spread of typhoid fever is favored

the high sunnner temperature and checked by the low winter temperature. The
nitcrval of two or three months between the temperature and the typhoid curves
correspond to the time which is necessary for the changes of temperature to penetrate
to the places where the typhoid poison is elaborated, for the development of the

poiso without the human body, for the period of incubation, and for the time
between the commencement of the attack and that of the patient's admission to the
hospital, or that of his death."

Coir-ot,''^) in France, about the same time, noted that the month of October always
showed a maximum of typhoid, that the intensity then diminished till spring, and
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that the summer was marked by unnnportunt oscillations. This Innueiice of the

season he attributed to the effect of temperature and moisture, nnd he coiU'liukMl that

a moderate temjoerature accompanied by humidity furnished tlio conditions most

favorable for the spread of the disease. Further evidence was contributed by Buchan

and Mitchell/^^^^ who tabulated deaths by weeks from all causes distinguished by the

Registrar-General in London, for thirty years, 1845-74, and for cnch disease ploucd

a curve showing the average weekly deviation from the general weekly mean. For

typhoid fever only the six years, 1869-74, were available as prior to 18C9 typhii<.

typhoid and continued fevers were not distinguished. The curve showed a maximum

in October and November and a miniuium from the middle of May to the end of.lnnr,

the rise beginning only at the beginning of July, " when the heal of summer has

fairly set in."

Pistor/""- who compared the typhoid cases and deaths for lSSr,-S5 in Berlin, with

the height of the ground water and of the river Spree, the precipitation, llie hei»,dit of

the barometer, and the temperature of the air and the earth, difTcred from Vircliow

and Guttstadt (see above) in finding no marked correspondence with the ground-water

variations. As regards temperature, he concluded that "typhoid is in general more

abundant in the hot months than in the cold; it appears, however, tliat mild and

damp spring, autumn, and even winter months favor its spread, although not m fli«'

, same degree as the hot season." Almquist/^^^^ who studied in detail the seasonal

prevalei

that an

f fourteen diseases in Goteborg, concluded with regard to typl 1

but that this nicreai>e

is sometimes postponed till the end of the year or the beginning of the next year.

A second maximum in January is sometimes combined with the summer maxunnni.

Dryness and the variation in the ground-water level, and
'^^^^^'^^^^^^

^^'l
''"'"'!

,^|]

summer and autumn, appeared to him to be operative. Goldberg,'""' ni b
,

ma eau

elaborate study of the seasonal prevalence of a large ""^'^'' "^^^^^'^''^^"'^^^^^^^^

to various meteoroloLrical conditions, and arrived at the conclusion that tic wta la

influen

plicati(

on the \

the mortality from the infectious diseases both by its effect on the^

^^^^^
' the germs and their facilities for entrance into the body an.

}
i s c

^^

1 resistance of the human body in its reaction against t^^^^'"^^^^"-
^^

°'

^

isms. With regard to typhoid fever he anal}'

and Cologne, and summed up his results as

A. As regards individual disposition, the

the resistance against typhoid.

for Berlin, Hamburg

follows

of air temperature weaken

^- As regards time-and-phice disposi

34
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1. Tiic rise of tjphoid morbidity and mortality in Berlin regularly follows the

rise in the tcinpcraturc of the earth one-half to one meter below the surface.

2. The very different annual periods and annual variations in Berlin, Hamburg, and

Cologne correspond throughout to the rhythm of the movements of the ground water.

3. TliO distribution of rainfall in Berlin and Hamburg, if allowance be made for

evaporation, cxi)lains satisftictorily the variations both in the height of the ground

water and the frequency of typhoid fever.

Goldberg noted what so many other observers have failed to consider that not only

the (cMiperature of a given month but also the course of the temperature curve during

the months innncdiately preceding, must be considered ; thus the same mean monthly

temperature in May and October need not correspond to the same amount of typhoid.

temperature favored the spread of typhoid fever, and believed

that this was due to a lowering of the vital resistance of the human body by extremes

lie saw that a hio-h

of temperature.

The JUl

of lU id fe\

t evidence bearing upon the relation of heat to the preval

publlbhod in 189

ted by Davids Geograph Pathology

d

Tliis author strongly emphasized the seasonal character of

and considered the temperature to be the one factor of

He .stated that in So
P portan

Australia, Victoria, and IN

xunum the autumn
South Wales typh

September tobe

ths of March, April, and May, and its minimum in

Novemb In Queensland the
IIpon hot

maxim seems to fall

from November to February. For India, he concluded that

in the Bengal Presidency the disease attains its maximum in the second quarter
Central India, Bombay, and Madras
d Germany, he mentioned tl

d quar In consid o E O

as quoted below, he

maximum: and fo

gave specific figures as to monthly pre\

Monthly Pkevalence of Typhoid Fever.

Compiled from figures given by Davidson

PUce, Period.

Fiuhiiul

France
(Paris)

France

1889

NumWr
of Cases.

18G8-78

(Marseilles)
\

Italy

Norway
Scotland

(principal towns)
Sweileu

1886-87

tbree years
1886-87

I 1876-85

1886-H7

639

Moutlily Percentage of Total for Year,

J.

3.1

6.2

3138

3.148

10743

6.7

6.7

11.3

8.5

8.9

F.

4.2

5.7

4.2

6.5

7.3

7.7

6.5

M

2.8

4.6

A. M.

4.4

6.8

8.9

7.4

2.7

4.9

5.3

4.2

4.5 6.5

J.

3.1

4.9

J.

11.9

6.9

A.

7.2

8.4

7.4

6.8 5.9

7.3

5.8

8.8

6.3

7.0

7.2

6.1

7.4

i).i

10.4

9.4

7.0

5.9

8.1

20.5

12.3

14.6

11.2

8.1

7.4

10.3

s.

11.7

13.5

14.6

11.1

9.5

9.6

11.5

o.

12.4

12.5

11.0

10.6

10.5

11.7

10.0

N. D.

13.6 8.6

13.6 10.3

8.2 7.8

8.G

8.7

7.4

8.4

8.7 9.4

11.2 8.7

t

I

4

*

I

I

I

I
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Davidson also attempted to

peratiu variations fr

4

the causal relation between Uuho'ul
ye

o of the gronnd-water theory

year after the method a.lopfed

In

figures for the period 1877-87, with a

the case of N(

mean summer

•y So}k

Soulh Wales h

tempeiafuro (Dcccnil

February) of 71.14 F., and a mean typhoid death rate of 5.02 per 10,000, and di

them to form the two following- tables.

\o

Six Years with Temperature and Typhoid Rate above the Mean FOR THE WUol I Ti I lull.

1S77.

Mean Summer Temperature
Mean Typhoid Death Rate

71.40

5.96

isrjs.

72.00

6.70

1 ss>. isst. 1SS.1. IS

71.17

5.66

71.47

6.86

Tl
71.87

5.10

7:M0
6.o:j

Five Years with Temperature and Typhoid Eate below the Mean for tiii whoi.k l*ji!i..t».

i8r!».

Mean Summer Temperature
Meau Typhoid Death Rate

71.00

3.84

isso. 18S1. 1SS3. issy.

70.17

3.31

70.03

>

70.07

4.7G

71.10

4.24

j

Again, in the case of England, Davidson separated from the period 1803-87. four

liici 1 \\ < I

e

years in which enteric fever was nnusually prevalent, and five years w

remarkably free from that disease, and tabulated the relative mean temporal un- n>r

those years as follows

:

Four Years with Maximum Typhoid.

Tear.

1865
1878
1880
1884

Difference between Temperature and
Meau Temperature, 1SG3-S7.

For the Year.
For the Third

Quarter.

Five Years with Minimum Tviihoid.

Tew.

+ 1.0

4-0.3

-fO.l

+1.4

+2.1
+0.4
+ 1.0

+2.3

1867

1877

1879

1881

1885

Difference betu t . .» Tcui^raXun and

Mean Temperature, IM K.

For the Third

Quarltr.

0.7

+0.1

3.1

0.6

0.7

-0.7

1.9

2.3

-4).4

1.3

These investigations of the yearly variations in typhoid fever are of

interest and uld be b e diffier hown by Diivid

and the material so limited as to nreclude the drawing of any

The

the snr

d most defi statement of the effect of temperatii pen

spread of typhoid fever that we have seen was made by Professor Woodheafi

m testify

1893

ng before the Royal C on Metropol ^ piv

II f the importance of spring floods in carrying Infection



532 SEDGWICK AND WINSLOW. BACILLUS OF TYPHOID FEVER.

water-supplies, he was asked why the maximum of typhoid occurred in autumn

instead tjfat the time of the i^rcatest floods, and his replyWas as follows:—

1

** You were speaking Just now of the conditions under which the typhoid bacillus develops,

and you were speaking of it as being a pathogenic organism^ and therefore as not compethig on

equtil terms with the saprophytic organisms ; and here tlie matter of temperature alone plays

swh a \ery important part that it cannot be left out of consideration. Although you liave in

February the highest point of floods, you have the temperature so low that the typhoid bacillus

could Bcarccly develop under any conditions, whereas when you come to August, wlien the

temj)eralure i9 much nearer that of the body, that is, the temperature under wliich tlietyphoid

bacillus can exist, then the conditions become so much more favorable that the organism can

live more readily, more easily, and become more virulent outside the body than it can when the

temperature is put very much lower, and, therefore, although at flood times the highest flood

points one would expect (if yon leave out the temperature) the typhoid bacillus to do the greatest

amount of damage, still the temperature is so low that the presence of the bacillus is practically

a matter of no importance at that period, and it is only when you get to the flood periods when

tlie temperature is higher that you can take these statistics as bearing on the point. But beyond

this, should there be a sporadic case of typlioid due to the use of contaminated water, the conditions

for the propagation of tlie disease are not nearly so favorable during the cold months of February

as they are in tlie hotter months of the year, and therefore the health returns and the tables

would be much less affected, not only at the time of the primary outbreak but for some little time

afterwards.'*

Plausible the

gained

isions of Murchison, Davidson, and Woodhead appear, they

ptance, and in Germany have been utterly ignored, except

by Liebermeister in the passage quoted ab I lime year that his

appeared, Oestcrlen ^"^> published some figures on the quarterly prevalence of typhoid

: " That temperature exerts no, or at least a veryas gn^en helow. and d

secondary, influence, is obv

between

from the y sm diffe which often appe

arise

heat.
»»

n the different seasons, and from the circumstance that typhoid epidemics may

nd culminate at the extremes of temperature, in great cold as well as great

Quarterly Prevalence of Typhoid

After Oesterlen

Place.

Geueva . .

London . ,

Kassau . .

Massachusetts
Lowell . .

Period

Berlin (average monthly deaths) .

1849-53
1818-56
1845-49
1840-17
18:]0-38

"Winter. Spring. Summer.

180 109 105
2813 2527 2916
670 470 486
429 259 528
130 102 163
27 18 23

Autumn

o
O

203
305
863
1132
250
41
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A little later, Sander^^^^) gave a table showing the qiiarleil> distribntion of t\|.h..;.l

fever in Berlin, Munich, Halle, Hamburg, Schleswig-lIolsLein, Dresden, Lfi|, >. nn.l

Chemnitz, and stated that the winter in Munich and the autumn in most otlici i.latcn

is the period of special incidence, while May and June arc ahvays the UKmlhs which

are most exempt. In 1881, Oldendorff^^*™^ published a few fiLruros as to (niarlcrlv

prevalence, and repeated Oesterlen's conclusion as to the hiuiteil importance of the

temperature factor.

In the second edition of the ^' Geograpliical and Historical Patho1ojry,"<"'''> Hirsch

devoted considerable space to a consideration of the meteorological farton? afTcc<ing

the spread of typhoid fever. He quoted first numerous earlier observer?, to ulium

references are given in his bibliography. Zlilzer at Berlin and Trier at Copenhagen

thought that hot and dry weather favored the disease, while others held a wet summer

to be a tributory Schiefferdecker at Konigsberg, Pribram and Popp

Prague, and Jacoby at Breslau believed they had traced a connection between typhoid

and the ground-water level. Hirsch then gave the very valuable Libles of

P reproduced below, and in comment remarked, "The result ol.tnincd from

these tables amo of sickness touches its highest

fully borne out by the facts as to the greatest prevalence of typi
1 •

many oth He cited Schwerin, Bremen, Iceland, Malta, Italy, the Cnpe

Greenland, and Newfoundland : and added, " All the more noteworth)^

stance that opical and subtropical regions, it is chiefly th

the typhoid season," quotin

An analysis of

Al-iers, Tunis, Japan, India, Cochin China, Bermud

and Cuba,

to show any

the excess of

typhoid of B 1871 to lb7S failf^d

ispond

peratu

b the amount of typhoid m any given )
r nd

compared the mean for the whole period ;
and

author concluded his sid of the bject as foil That no pperial

1 nport

or low

this connection can be bed

hi/ itself^ follows fr fact

temperature of the

of the disease falls
^

h

\
o Uitudes. either in autumn or m.inter;rf>Ie, in .h

opics, it falls mostly at the time of the g
>»
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Monti ILV DISTRIUUTION <or TyiPUOID Feveb

After Hirsch.

Moxiths.
IlAM.

1

J. J. A. 1 s. 0. N. D. J. F. M.

283

A. M.

182Christinnia* . LS45-64 154 281 402 393 437 768 602 517 335 196
Di'nrnTnen* . . lsGl-(;7 46 100 149 180 253 251 202 141 92 88 56 55
Cnponhagt'ii* . 1842-58 162 254 428 588 526 317 328 195 105 103 92 100
Hamburg . . 1873-80 82 82 122 116 147 127 158 146 149 125

1

90 102
l?orlin . . • 1851-7t) 850 1159 1610 1879 1905 1540 1184 997 919 854 921 910
lircslau • . . 1863 78 187 215 244 287 207 220 202 197 192 192 164 154
Leipzig* . ,

1 CT*
1851-65 04 98 137 135 144 99 76 100 60 54 44 41

Cheninilz *
. . 1837-75

1

171 208 303 300 245 185 241 148 166 121 112 154
Prat^iie *

. . . 1874-76 78 90 09 79 76
i

84 115 191 122 119 106 110
Nassau* . . 1818-50 1118 140G 1742 2093 2350 2207 1946 1850 1584 1428 1060 848
Frank f<>rt-u-]\r. 1863-80 52 74 91 106 113 93 76 60 58 50 50 43
Stuttgart . . 1852-77 69 76 83 87 88 108 122 106 84 90 73 06

Munich • • *]
1852-68
1873-79

408 377 379
1

365
1

363 425 619

i

718 783 699 548 444

Nonfi'lKitel ) .

J.ausanne \ .

^ ^^ ^^ ^^ ^ -'^

I 1

i

1

183o-o2 57 72 95 125 159 92 ^d> 81 49 52 25 38

1824-73 169 180 202 237
1

237 236 193 192 143 137 121 160
Loncion* . . 1848-62 163 220 333 361 377 334 222 197 122 136 89 103
Glasg(nv *

. • 1871 7") 12 15 30
1

43 36 31 20 23 18 29 18 17
1 aris .... 1807-78 205 289 511 559 522 565 429 259 240 192 205 176
Boston * • . 1840-47 30 47 86 92 98 60 48 39 43 40 21 41
1 ittsburg . . 1873-77 27 32 65 64 90 65 52 53 37 43

1

1

44 53

Hospital admissions. Other figures refer to reported deaths.

Seasonal Ratio of Typhoid.
After Hirsch.

Place.

Coponhageu
Drammeu .

Lausanne .

London , .

Paris . .

Massaclmsetts
Leipzig , ,

Christiania .

Boston . ,

Frankfort-a-:M

Berlin . .

i

Autumn. Winter.

4.9 2.1

3.4 2.2

3.3 1.9

3.2 1.7

2.9 1.6

2.8 1.3

2.7 1.7

2.4 2.2

2.4 1.2

2.2 1.3

2.0 1.2

2.0 1.6

Summer.

2.9

1.5

1.9

2.2

1.8

1.6

2.1

1.3

1.6

1.5

1.4

1.3

Place, Autumn. Winter,

Geneva .

Chemnitz
Basel

Glasgow
Pittsburg

Breslau .

Sweden .

Hamburg
Stuttgart

Munich .

Prague .

1.9

19
1.7

1.7

1.5

1.5

1.2

1.2

1.2

.7

.7

1.7

1.4

1.3

.9

1.0

1.2

1.2

1.3

1.3

1.3

1.3

Summer,

1.0

1.8

1.3

.9

.9

1.3

1.1

.9

1.0

.7

These ratios refer to a value of 1 for the Spring T.phoid. Spring is considered to begin with March.

t
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The work which has been done upon the seasonal prevalcnoo of iyuM f.vcr
within the List ten years has, if anything, only made the suhjocl n.orr ob.ruic
Magelssen, in his classic brochure (^^'^) on the dependence of discn^.. upon the wontln,'
in which he showed so clearly the unfavorable influence of oxtreine low Icinpcrafiin-
upon the general mortality, only alluded to typhoid in parsing, stating that it is n.M
abundant in the latter months of the year. Korosi, in ISOi^^ mA m clalH.ralo

comparison of the reported cases of the infectious diseases In Berlin with the rnoisfuro

and temperature by periods of five days, a week and a month, according to tli.-

incubation period of the disease. He criticised those observers, especially Il.-.lh r

died the relation of d
o 1

a comparison can throw no light on the causation of disease as the ph.'numona

nivolved are too complex. His method consisted in the division of his pcntnds and

months into five groups, designated as very cold, fairly cold, fairly warm, warm, and

hot, and the calculation of the relative prevalence of the disease Iji each giuiip of

periods. He thus eliminated all the effects of the weather preceding the period < 11-

sidered and obscured the facts. When analyzed into his five temperature group*, two

le fairly cold months,— and he concludf (]

'e, on the other hand, appeared to e?rert

maxima appeared,— one in the hot, one in the

that no positive relation is shown. Moisture

an appreciable effect, and he finally concluded that the maximum of morbidity occun^ 1

in dry weather with medium warmth, while the minimum was reached when a medium

temperature coincided with an excess of moisture. Fotlor, in 1896,^'^'' declared that

" the striking dependence on the warmth, and on the season which is so charactt'rlsfic

of cholera is almost entirely wanting in typhoid fever." In the same year, JesBcn''*'

published curves which showed the monthly prevalence of measles, croup, and

diphtheria, typhoid fever, cholera, pneumonia, phthisis, and diarrha^nl di.^ui-"^ of

children In comparison with variations in wind, temperature, humidity, and rainfall.

With regard to typhoid fever he concluded that temperature was the only factor

'Inch affected the disease, and that this was only ofslight Importance, as typhoirl fever
»

imiimthough occurring principally in the cold months (!), sometimes attained a max

when the temperature was high. Knoevenagel ^'^^ noted the increased prevalence

of typhoid fever in Mecklenburg-Schwerin at the end of July and in August and

September. Berger^^^^ and Ruhemann,^^^) in 1898, emphasized the importance of

atmospheric conditions In a)tiology, and criticised the exclusive attention paid to the

l>acteriological factors in .lisease." The former author, after an excellent review
•

hterature on the influence of weather on various diseases (tuberculosis, pneumonin;,

Piiblished curves of morbidity from diphtheria, scarlet fever, measles, and typhoi

f
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a rural district for a period of four years. Typhoid fever gh thefever in

total number of cases was only twenty-two, showed a maximuui in August and a

between November and February. Berger concluded that typhoidmmimum
fever is most prevalent with a falling barometer and a rising thermometer, hy-

grometer, and dew point, and that its occurrence Is favored by damp and cloudy

weather. Ruhemann alluded only in passing to typhoid fever, mentioning its

summer maximum. Finally, in 1899, Weichselbauni*^^^^^ concluded that " no seasonal

distrlbudon of tvphoid, no preference of that disease for any special time of year,

at least in the marked sense in which it has been shown for cholera, has been, or will

be demonstrated."*

Curschmann, in the latest monograph on typhoid fever, ^^^^^ notes that this disease

shows a " constant and for many countries a uniform relation to the seasons.

" Everywhere the increased frequency occurs during the late summer and autum

months." *' The period of least prevalence of typhoid fever is everywhere the sprin

and the begiuntug of the summer, especially the months of March, April, and May

yy

?)

IIo rpjotcs the figures for London (Murchison), Dresden (Fiedler), and the Hamb
epidemic of lSSC-87, and 6 ible for Leipsic which is reproduced below The

London and Leipsic figures, when plotted, show very regular curves.

Cases of Tvi'hofd Fever received into Jacobsspital, Leipsic, from 1880 to 1892.

J r

122 9G

M

9 (

A M

78 71

J

75

J

136

A

252

s

210

o

193

N

150 88

In commenting on these facts Curschmann says: "The causes for this remarkabl

ty the of typhoid fever to season are y holly unk

» Belli en.. (Einjluss der Wltterung auf DljJdherie, Schnrlack, Maseru unci Tuphus, Arch. f. Hyg
nas recently publislieil an exliau.stiv« study on the influence of weather on the prevalence of diphtheria, scarlet

fever, mca-A':*, and typhoid. His motljod consists in the arrangement of the individual inouths for a i^eriod of

In* n!!.?iT
^^^^'-'^^ ^*^f'^'"o ^^ temperature, humidity, and precipitation, and the tabulation of the morbidity

rpj^^
cities treated are Carlsruhe, Berlin, Bremen, and Breslau

A seriea of t.iblcci Is apixiiided

.tss«s or moncns. l lie cities treated are Carlsruhe, Berlin, Bremen, and i>resi.iu.

of morbidity in Carlsruhe from the four diseases treated by five-day periods with

-» yiaM..nu..- analysis ox tne meteorological conditions. The results of the investigation are conflicting and incon-

clusive. \\ ,th reference to typhoid fever. Dr. Behrens sums up the evidence from his own work and that of Jesseii

and Kurosi as follows: ' Typhoid reaches its maximum in hot weather at Carlsruhe, Berlin, and Breslau, in cold

weaMier at Hamlmrg, and in weather of medium warmth at Budapest. At Bremen no influence of temperature^•rg, ana m weather of medium warmth at Budapest. At Bremen no influence of temperature

f f u ^, ^f
^=*''^'^^' ^'^'^''^ Breslau, and Budapest agree in the fact that the number of typhoid cases is

greatest when the hutnuiity is least; in Bremen, on the other hand, the maximum occurs when the hygrometer i«

u UT A f^^'Y
P''^?^P»tatiou and a maxinmm of rainy days favor the disease in all cases." His final conclusion

tempe
disease is as follows: "Typhoid with a coole
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The universality of the relation, Its recurrence In all possible, remotely situated region?

indicate that it is dependent not upon local, but upon general conditions, possibh

such as are responsible for the power of multiplication and the vital activity of the

typhoid germ itself. Although much is known with re^^ard to the details in this con-

nection, an insight into the solution of general questions is wanting, particulailj the

relation of the poison to important cosmic conditions. It is, therefore, better for the

present to leave a glaring deficiency rather than to bridge it over with unstable

theories."

II. STATISTICAL STUDIES BY THE AUTHORS ON SEASONAL VAPJATTOXS

m TEMPERATUEE AND ON THE PKEVALENCE OF TVriTOIl)

EEVER IN VARIOUS COUNTRIES.

It appears, then, from a review of the literature that, although most ohHcrrpr?

have' noted a characteristic seasonal distribution of typhoid fever, others, including

some of those who have written most recently, have denied the existence of snrh

regular variations. Of those who realized that the variations did exist, a few sought

an explanation in the factor of temperature. Their views did not, however, gain

acceptance, as the evidence furnished was insufficient; and the common view, among

medical men and sanitarians, has been that the fall maximum of typhoid fever wa? an

unexplained phenomenon.

The bacteriological work on the effect of low teuiperatures upon the bacillus' of

typhoid fever, reported in the first section of this paper, lent force to the idea that

the temperature really might in itself exercise a direct effect upon the aetiology of

this disease. We therefore determined to see whether the relation .shown by Mur-

chison, Liebermeister, and Davidson for a few places could be demonstratnl by a more

exact examination of statistics collected from a wider field.

We have, accordingly, brought together statistics of the monthly variations in tcm-

perature and in the p"revalence of typhoid fever for thirty commuuitIe«, as followi,:

The States of New York and Massachusetts, the District of Columbia, and the cnen

of Atlanta, Baltimore, Boston, Charleston, Chicago, Cincinnati, Denver Mulnle,

Newark, New Orleans, New York, Oakland, Philadelphia, St. Paul, and
.

.n ^nan.

in the United States; the city of Montreal in Canada ;
the cities of H.rhn Dresden

Leipsic, London, Munich, Paris, and Vienna in Europe; the Empire ^^^^^"
the British Army in India, in Asia; and the cities of Buor.os Ayre. nnd ^ntijj^

Chile in South America. Four continents and both hemispheres are thu. n-pre^nM,

and a very wide rano-e of climate. (See pp. 640-566.)

. ^ •
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The mean moiitlily temperatures for the American cities were obtained from the

rcpoi-ts of the United States Weather Barean; those for the German cities, from

ublicatlons of the astronomical observatories in their resp d

those for London, Paris, Montreal, Buenos Ajres, and Santiago from special local

piiMIcaiions mentioned in connection with the tables. For the States of New York

and Massachusetts, it was assumed that the temperature of New York Citj and Boston

would serve without serious error. For Japan, where the range of temperature is

rather wide, an average was taken of the record of ten stations in different parts of

the Empire, as given by the Central Meteorological Observatory. In the case of India,

it appeared inadvisable to attempt to calculate an average for the whole empire, as the

seasons in the difTerent districts are so very different. The typhoid figures are, there-

fore, compared with two sets of temperature values, for Central India, and for the

Punjab, taken from lUnrC^ '' EUmatohgie,'' which give a fair idea of the two most

imi^)()rtant meteorological zones. For each of the cities and stations, with one or two

exceptions, the figures for ten years have been used in order to secure a reliable

average; and the mean monthly temperatures finally obtained have all been reduced

to the Fahrenheit scale for uniformity and convenience in plotting the curves.

The typhoid statistics include records of hospital admissions at the two hospitals

of Santiago de Chile, of hospital admissions in the British Army in India, of reported

cases at Newark and of deaths in all other instances. The figures for the American
Stiites and cities, for Montreal, London, and Paris, were obtained from the published

reports of the local Departments of Health, supplemented in some cases by informa-

tion furnished in reply to correspondence; the German statistics were taken from the

''Verofcnilichmrjm des Kmserlichen GcsundhcUsamtes ;'' for Japan, the Annual Reports
of the Central Sanitary Bureau, for India, the Parliamentary blue-books, and for the

South American cities, local sanitary periodicals referred to in the tables, were cbn-

sulted. The figures for ten years were averaged in each case except as follows: for

Vienna and Japan the period was five years; for Atlanta, six years; for Montreal
and New Orleans, eight years; for Denver and Paris, nine years; for the Army in

India, eleven years; for Buenos Ayres, twenty-two years. In each case the average
number of deaths per month has been reduced to a ratio of one hundred deaths per
year, the final figure for each month representing the number that occur in that

month for every hundred deaths in the year. Thus the absolute amoimt of the
disease is entirely eliminated, and only its seasonal distribution considered. The value
of the statistics will not therefore be impaired by errors of registration, which it may
be assumed will not vary from month to month.

i
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Finally

plotted on

the monthly values for temperature and typhoid prevalence liave been
the appended plates in order to shou' graphically the relation of the tuo

curves. For each locality the abscissae represent

nates the monthly temperature and percentage of annual tv

however, expect the effect of January temperatures to be

death until March about

fection to

phoid. We should not,

manifest in the typhoid

ths will be taken up in the tran^Ter of the

incubation of the disease, and in its course toward a

f; Accordingly, in order to make the relation of

strikin
5
the typhoid curve has in each case been sliifted along to the left by just

ths, so that March typhoid abo January mperaturc, and so
k

Where cases and not deaths have been considered (Santiago, Newark, Ind

has been only moved by one month. This transposition does

alter the shape of the curves or their relation to each other, but only mak

relation clearer to the (See Plates I.-VIII)

f

t
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BOSTON.

Monthly TrrHOiD Deaths.

To J. F.

t

1 «88 7 5

1889 6 7

1890 7 5
1891 8 4
1892 2 5
1893 13 9

1894 3 5
1895 8 3

1S9G U 6

1897 14 7

1

Average 8.1 5.G
Katio of 100 5.1 35

H.

5

7

7

11

7

6

5

6

2

9

6.5

4.1

^

A

11

7

7

9

7

10

7

7

5

11

8.1

5.1

I

H.

3
9

7
8

9

13

7

11

6

8

8.1

5.1

J.

11

12

8

4

6

12

4

8

7

9

8.1

5.1

From Reports, Local Department of Health

J.

11

17
9

7

6

7

4

9

8

10

8.8

5.5

A.

19

35
20
14

15

15

18

26
13

25

20.0

12.5

s.

31

33
27
29

18

14

30
28
30
27

26.7

16.7

o.

42
23
20
29
29

26
27
26
34
22

27.8

17.4

N.

17

17

19

15

18

17

20
13

23

18

17.7

11.1

D.

18

13

19

IG

15

6

11

18

14

13

14.3

8.9

Mean Monthly Temperature.

From " Monthly Weather Review," U. S. Weather Bureau

Year.

1888

1889

1890

1891

1892
1893
1801

1895

1896
1.S07

J

Average

20
36

32
31

28

21

30
29
25
28

28

V.

28

26
33
32
28
27
27
25
29

31

29

M.

32
38
35

34
33

34
42
35
32
37

35

A.

42
48
46
48
48
44
47
46
47
49

46

M. J. J.

52 67 68
60 69 69
57 64 71
56 65 69
56 70 73
56 65 71
58 69 74
GO 67 69
60 66 72
58

57

62

66

72

71
,

A.

69

67
70
70
70

70

68

71

71

70

i

s.

59
63
63
67

62
60
65

62
63

63

o.

47
48
51

52
53
55
54
50
50
54

51

N.

43
45
42
41

41

42
38
45
46
41

42

D.

34

38
26

40
30
30
32

36

30

34

33
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NEW YORK CITY

Monthly Typhoid Deaths.

Tear.

1887
1888

1889

1890
1891

1892

1893

1894

1895

1896

Average
Ratio of 100

J.

28
12

27

20
14

15

22
22

17

20

19.7

5.6

r.

13

14

15

28
11

25
19

11

16

17

16.9

4.8

M.

21

13

21

13

17

17
29

17

8

11

16.7

4.8

A.

11

II

18

12

13

19

25

18

14

12

15.3

4.2

M.

11

23

15

11

20

23

29

11

13

10

16.6

4.8

J

16

11

19

11

23

23

23

14

23

13

17.6

5.1

J.

33

35

31

31

28

52

28

27

25

8.7

31.1

From Reports, Sute Bnard «f Iltallli.

A.

51

42

71

49

67

53

21 35

42

37

42

47.9

13.5

8.

53

82

57

C4

65

57

42

57

4G

38

56.1

15.8

0.

38

52

57

49

56

55

70

46

48

39

51.0

14.4

I.

;j7

40

84

51

81

41

82

37

34

36.3

10.1

D.

29 n

8.2

]

21

2:1

2K

36 i

T

t

I

I

t

Monthly Temperature

Year.

1888

J. F. M. A.

26 32 32 48
1889 88 28 41 52
1890 40 40 37 51
1891 35 37 38 62
1892 30 33 35 50
1893 23 30 36 48
.1894 35 30 44 50
1895 30 25 36 48
1896 28 30 32 50
1897

Average

29

31

33 39
1

49

32 37 50

From '* Monthly Wenthcr Reriew/' U. S. Weather Biin^Mi

s. D

45 34

47 41

46 31

44 42

43 31

44 35

42 37

46 37

48 32

44 36

45 36

r



542 SEl)(iWlCK AND WINSLOW. BACILLUS OF TYPHOID FEVER.

MASSACHUSETTS.

AVF.RAi^K ^^'EEKI.Y Til'HOID DkATHS FOR EACH MONTII.

From Reports, State Board of Health.

Tmt. J. F. M. A. M. J. J. A. 8. 0. N.

11

D.

10
1886 6

1

5 4 5 3 3 4 10 15 16
1887 4 8

1

8 7 6 7 5 u 22 16 12 7
1888
1880
^B dik ^^ ^-^

6

6

5

8
6

7

7

5

5

6

6

G

5

7

10

15

16

18

26

16

11

13
8

8
1890 6 7 5 4 5 5 4 9 16 14

*

18 15
1801
^ #« ^^ "^

15 11 7 7 4 2 4
1

6 14 15 11 9
1802
-tf ^^ /^ ^

6 5 7 4 5 5 6 9 11 37 11 12
180.1 9 8 5 6 5 5 4 9 13 17 11 10
1804
V 1 1 f k V

5 7 4 5 6 2 4 7 16 15 15 9
l'^',K) 4 2

6.6

5

_

6 5

5.0

5

4.6

5 12
1

lO.l

16 12 10

12.3

11

AvciM^e
Katiu of 100

0.7 5.8 5.6 4.8 15.7 18.4 9.9
6.4 6.3 5.5 5.3 4.7 4.4 4.5 9.6 13.9 17.4 11.7 9.4

—

NEW YORK STATE.

To^ur.

,

1887
1888

1889
isoo

1801

1892
1893
1804
1805

1806

Av ' 'aire

Katio of 100

M.

72

81

GO

72
121

96
115

131

99
103

9G
5.9

1

Monthly Typhoid Deaths.

A.

56

45
78

73

103
77

111

94
115

87

84
5.2

M.

37

59

63
i 2

88
71

93

85
92
50

72
4.5

J.

54
45
45
69

90
75

83
72
81

66

68

4.2

J.

102

73

117
101

97
131

87
93

108
103

101

6.3

From Reports, State Board of Healtl I

A.

194

174
224
167

171

182

157

183

156
171

178

11.0

s.

248
279
247
234
287
282
227
229
220
221

247
15.3

o.

182
288
261
240
200
205
253
234
265
105

241
14.9

N.

149

153

169

216
241

184
180
189

204
132

182

11.3

D.

144
8.9

104

138
117

157

183

147

158

130

169

126
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m

ST. PAUL.

Monthly Typhoid Deaths.
From Reports, TxKal Botnl of Ik-allb

Year. J.

7

1

p.

8

AT. A. M. J. J.

1

A. s. 0. H. D.

1888
1

4 5 6

1

4 6 14 27 29 22

1

10

1890 7 4 2 5 2 2 17 U 6 6 3

1
1891 3 6 4 1 2 3 2 6 12 10 7 5

1 1892 2 1 6 1 2 1 4 12 7 11

1
1893 3 2 1 2 3 1 11 8 9 5 6

1 1894 1 1 1 2 2 4 6 5 6 4

1 1895 3 5 3 1 1 3 4 5 2 8 I i

1
1896 7 6 3

1

3 1 1 5 4 5 i

' 1897
1

2 2 2 1
1

1 1
1

1

3

8.1

3 6
1

1

Average 3.6 3.9 2.9 2.1 1.4 2.1 2.1 7.1 8.4 7.2 4^
1

Ratio of \ 00 6.6 7.2 5.4 3.9 2.7 3.9 3.9 13.2 1.J.1 15.7 1:^.1 9.1

I

Fl

'l-

1

Year.

I

1888
1889

1890
1891

1892

1893
1894
1895

1896
1897

Average

J.

1

20
10

21

10

3
10

6

IG

9

10

F.

12

10
18

11

21
9

14

11

21
19

15

Mean Monthly Temperature,

From " Montlily Weather Review," U. S. Weather B
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DENVER

MoNTHT.r TYPiioin Dkattts.

From Reports, Local Dcp.irtment of Ilealtli

T»«f.

1SS«

IHHO

1 «'J 1

1«'J5

18'J6

A Tt»mge
n if io of too

J.

8
4

7

2

4

1

5

5

5.8

4.8

r.

1

5

9

1

4

2

1

2.C

2.1

3

1

2

4

2

1

2

2

1.9

1.6

A

1

1

3

3

5

1

1

1

1.8

1.5

M.

2

4

9

2

2

8

3

2

4

4.0

3.3

J.

5

1

7

3

6

5
6

2

3.9

3.2

J.

14

14

17

6

2

8

3

2

6

8.0

6.7

A,

22

23

31

11

12

4

8

5

13

15.4

11.9

s.

24
51

56
15

5

8

8

28

22.7

18.9

o.

31

55
72
17

9

10

7

6

17

24.9

20.7

N.

21

22

50
9

15

15

48
8

12

22.2

18.5

D.

3

12

30
7

1

3

8

2

3

7.7

6.4

Mean Monthly Temperature.

From " Monthly Weather Keview/' U. S. Weather Bureau

T«ir.

1888
1889
1800

1391
1H02

I HO

3

iv'i;

Vvt'rage

J.

17

27
2H

25

26

38
31

28
37

27

29

F.

3339

30 43
31 41
27 32
33 86
31 38
25 40
27 37
38 37
31

31

36

37

8.

61

60
62

64

66

63

63
66
61

66

63

o.

48
52
49
52
50
51
54
51

50
51

51

N.

31

32
40
38
43
39
45
38
36

41

39

D.

34
40
39
31

27
38
32
34
39
28

34
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MONTREAL.

Monthly Typhoid DEATir<».

Prom RpporU, Local Iteptrlitutit -f TT»-.'tii

Year. J. P. M. A. M. J J.
1

A.

1

1. 0. s.

-

1888 6 2 4 2 4 4

1

4 20 24 11 6 %
1889 3 3 2 3 2 2 3 15 19 8 6 6
1891

1

8
1

1 2 2 4 7 13 10 8 7

1892 4 6 3
1

1 2 4 6 8 12 ]: 4

1893 6 3
1

2 4 4 3 5 2 6 8 i A
1894 6 3 4 5 3 1 C 6 ! 6 1

1895 1 2 1 2 5 2 4 3 10 6 5 a
189G 3

3.5

3 2

1

3.2

2 3 1

2.0

7 4 4 9 4 4

44Average 2.7 2.4 3.0 4.0 7.9 11.2 M.5

Ratio of 100 5.9 4.6 5.5 4.0 5.1 3.4 6.7 13.3 18.9 11.3 10.9 7.4

« J

I

Year.

1888

1891

1892

1893

1894

1895

1896

Averaera

J.

4

F.

12
15 19

15 17

15 18
13 13
15 14
12 15

1513

M.

23

27

26
23

32
22
20

25

Mean Monthly Temperature.

A.

37
40
42
41
45
41
41

41

H.

54

52
52

53

56

58

58

55

From ReporU, IDcpirtrr^-t d lU*u%,

J. J.

64

68

69

36
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BALTi:^rORE.

MoNinLT Typhoid Deaths.

From Reports, Local Department of Healtli

Y. ir. J. F.
*

M. A. M# J.
1

J. A. s. P- N. D.

171888 7

1j

II

g 6 G

1

5 10 4 26 34 21 17

1889 14 4 12 10 8 30 26 14
JL 4

19

^ 1

26

181)0 10 12 15 19 13 13 29 36 30 34 25 11

isni 15 8 3 5 9 6 9 14 22 29 17 13

1802 13 9 8 9 11 8 16 30 26 29 21 13

1803 20 5 11 10 4 13 23 33 32 27 34 12
1894 12 8 6 U 14 8 18 39 28 31 21 23
180.') 11 11 6 9 7 3 24 12 27 31 19 13

180G 7 11 4 11 11 13 19 23 29 28 22 10
1897 7 8

8.9

6 6 6 8 13 36 36 27 19 17

15.5Average 12.7 7.9

1

9.3 92 9.8 16.3 27.9 29.0 27.1 21.4
Ratio of 1 00 6.6 4.6 4.1 4.8 4.8 5.1 8.4 14.4 15.0 14.0 U.l 8.0

Mean Monthly Temperature.

From "Montlily Weather Review," TJ. S. Weather Bureau

Year.

1S38
1889

1800
1«01

1802

1893
1894

1895

1896
1897

Average

J. w. M.

37

A. M.

29 35 53 63
39 31 43 55 66
44 43 42 54 64
38 41 39 56 62
32 37 37 52 63
25 34 40 53 61
37 34 48 52 65
31 26 41 53 62
34 36 88 67 69
32

34
1

37 45 53 63

35 41 54 64

J.

73

71

75
71

76

72

73
74

71

70

73

J.

74
77
75

72

76
77

78
73
78
77

76

A.

75

74

74

74
76

75

73

77
76

74

75

8.

64
66

68

71

66

67
71

72

68

69

68

o.

51

54
57
55
56
57
57
53
55
58

55

N.

47
48
48
44
44
44
43
47
51

46

46

D.

36
46
35
44
33

39
38
39

36
39

38
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LONDON.

Weekly Typhoid Deaths and Average Mean TempklUTUKE

Weekly typhoid rate is average for ten years, 1888-1897. Temperature is average for yean, 1840-1890.

Average Weekly Typhoid Deaths for each Month.

r
Deaths
Ratio of 100
Temperature

J.

13.0

8.9

38.0

F. M

9.0

G.2

40.0

8.0

5.0

42.0

From the Weekly Returnn of il le Rr^giitPit GntrtI

n

1. 8. 3. 4. 5.
1

6. •3. 8. 9.
1

10.

1

11. u.
i

IS.

Deaths
Temperature

13

38
14
38

13

38
11

39

12

40
7

39
1

10

40
1

9

40

9

41

9

41
i

9

42

m '

42

8

9

61

14.
1

15. 16.

8

48

17. 18. 19. 20.
1

21. 2«. ts. 94.

1

u

9

CO

Deaths . . ,

Temperature ..

9

46
6

46
7

48

8

50
7

52
1

9

54

8

56

8

57

7

58

9

.59

%

27. 38. 29. 30. 31. 33,

9

63

33. 34. 35. 30.
1

a:. 3«.

17Deaths * . ,

Temperature
*

8
62

10

63
7

63

9

62

10

62

13

62

12

61

19

CO

15

59

IC

.'is

17

56

40. 41. 42.
1

43. 44. 45. 46. 47. 48.
i

49. 50 ^1. Ml
1

Deaths
Temperature

17
53

19

51

19

49
18

47

20

47

19

45

19

42

20

41

17

il

16

41

19

40

15

39

LEIPSIC.

Monthly Typhoid Deaths.

I

1888
1889
1890
1891

1892
1893

1894
1895
1896

1897

Average
Ratio of 100

J.

1

2
6

5

2

1

2

3

2.2

6.3

F.

2

2

1

5

3

2

2

3

3

5

2.8

8.1

M,

1

2

1

4

1

2

1

2

3

1.7

4.9

From " Veruffentlichungen des Kniserlichen GesunJI.eifanitw.

Mean Monthly Temperature 1861-1890.

From "Amtliche Publication des Konigl. siiehsischen meteorologisehen Institutes,

^aol.sen." Heft III, 1895.

Dm Kliia* des K -nigre'cbi:!

Centigrade

l*'aluenheit

I
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bp:rlin.

Monthly TynioiD Deaths.

From " Vero
h

ffentlichungen des Kaiserlichen GesundheitsamtPS."

YuAr. J. F.

1

M. A.

11

M. J. J.

1

A. s. 0. N. D.

1888 38 19 10 8 10 18 22 13 15 11 13

1881) 11 21 58
1

23 U 11 28 20 23 18 36 27

isao 11 15 11 9 10 8 10 16 18 18 9 5

1891 9 7 16 7 9 9 7 20 19 31 20 12

181»2 12 6 15 7 10 10 7 9 23 15 10 13

1893 7 6 11 8 13 8 7 19 42 16 18 5

1891 7 9 8 7 7 5 7 5 10 10 5 12

1 8 f) 6 7 8 2 4 14 8 16 22 17 8 14

1896 9 G 6 11 8 6 U 14 17 11 4 5

1897 3

ll.G

1 8 8 5 4 4 20 11 10 7 9

AveraiTP 9.7 15.1 9.3 8.8 8.5 10.7 16.1

1

19.8 16.1 12.8 11.5

liutio uf 100 8.0 6.7 10.0 6.0 6.0 5.3 7.3 10.7 13.3 10.7 8.7 7.3

Mean Monthly Temperature^

From "Ergebnissedermcteorologischen Beobachtungen von dem Koniglich. Preussischen meteorologlsclien Institut/'

T,»w, J.

-1

V.

-2
h

M. A. M. J. A. s. o. N. D.
i

21888 1 14 17 17 17 15 8 4
is.HO -2 -1 1 9 19 22 18 17 13 9 4
18W 3 1 6 9 16 16 18 19 15 9 4 -4
iM'.tl -3 1 4 6 15 16 18 17 16 11 4 3
IS',) 2
^B ^^ ^~^ f^^

-1 1 2 8 13 17 18 20 16 9 2 1

1893
4 f% «^-k. M

-7 2 5 9 13 17 19 18 13 11 3 1

ISOl -1 3
1

6 11 13 16 20 17 12 9

9

5

4

1

Average 2
1

3 8 15 17 18

1

18 14
rnhrenheit 28 32 37 46 59 63 64 64 57 48 39 32

i
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EMPIRE OF JAPAN.

Monthly Typhoid DEAins.

From Annual Reports of llic Central Sanitary Buruiu of J«p»n

Year. J. F.

•

M. A. H. J. J. A.

838

B. 0. M. 9.

7751890 568 386 380 402 540 527 603 1 1 aP 1.^00 977

1891 556 285 264 392 724 1038 1028 910 1 255 1 2>«\ I'MIH R37

1892 541 382 366 405 468 628 734 938 1165 12->2 '.•21 7»
1893 508 361 368 340 450 520 646 827 119(1 12t^2 lOlfi f^u,>

1894 515 319 226 256 338 515
,

681 1068 12:)8 nil

1250

y ;»

5

984

7ui

Average 538 347 321 359 504 646 738
'

922 1203 74M

Ratio of 100 6.3 4.1 3.8 4.2 5.9 7.5 8.6 10.8 14.1 14.6 11.5 $n

Stations.

Knmamoto
Matsuyama
Hiroshima .

Ozaka . .

Wakayama
Nagano
Tokio . .

Hakodate .

Sapporo
Nemuro

Average
Falirenheit

Meak Monthly Temperature. (10 stations,) (3-6 years.)

From ^' The Climate of Japan/' Central Meteorological Ob^^

3 7

4 6
1

3 5

4 5

5 5

-2
3 4

-4 —2
~7 -5
-6 —5

2
32 36

10

8

8

9

9

4

7

3

1

6

43

16

13

13

14

14

11

13

7

5

4

11

52

19

17

19

18

18

14

16

11

11

7

15

59

J.

22

21

22

22

22

19

21

14

15

10

19

J. A.

26 27

25 26

25 27

26 27

26 27

23 24

24 26

18 21

19 21

15 18

23 24

74 75

8.

25

23

23

24

23

20

22

18

17

16

21

70

0.

18

17

17

17

17

12

11

9

10

11

58

V.

12

12

n
12

12

7

11

5

3

4

9

4d

D

8

9

7

7

8

4

6

1

1

5

41

I

*
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SAN FRANCISCO.

Monthly Typiioid Deaths.

From Reports, Local Department of Health

T«r. s. F. M. A. M. J. J A.
1

1

8.

18

0. N.

15

D.

1888

1

1

1

12 10

1

13 12
188D G 10 8 13 12 9
isao 17 6 7 6 4 17 17 13 11 21 11 10
1891 L'J 6 10 5 9 8 18 16 7 8 11 12
1802 8 6 8 4 4 1 13 14 5 13 11 7
1803 4 5 3 4 3 12 10 11 10 9 16 10
1.^01 11 7 5 5 9 6 8 13 12 9 10 20
1890 U 11 4 6 5 11 16 5 12 8 7 9
IB'^'^ 10 6 6 5 7 10 8 7 10 7 9
\K^7 13 2 7 5

5.9

3 4

8.7

3 4
1

5 4
1

lO.G

4

Avorajjc 10.7 6.7 6.1 6.2 10.8 10.4
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10.2 10.7 10.3
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1

Mean Monthly Temperatiire.

From " Monthly Weather Review," U. S. Weather Bureau
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CINCINNATI.

Monthly Typhoid Deaths.

From Reports, Local Department of IKallli.

Year. J.

41

F. M. A. M. J. J. A.

1

12

8. 0. N.

1

22

D.

1888 34 16 11
1

6 7
1

6 17

—

16 15
1889 11

1

14 11
1

19 7 9 12 14 11 11 12 9
1890 18 11 17 9 14 14 23 24 20 23 23 9
1891 10 17 14 21 14 21 10 16 7 22 22 12
1892 17 10 8 4 4 7 6 10 12 9 11 23
1893 10 14 8 4 14 6 8 15 14 12 12 n
1894 18 11 15 10 10

'

8 12 6 10 21 11 37
1895 22 12 7 6 5 5 7 7 8 10 8 23
1896

1

34 22 15 11 11 5 6 14 9 11 11 15
1897 9 8

15.3

5 5 10 3 17 9 9 9

14.4

6 11

Aveiaiire 19.0 12.6 10.0

1

9.5

1

8.5 10.7 12.7 12.0 13.8 17.1

Ratio of 100 12.3 9.9 8.2 6.5 6.2 5.5 6.9
1

8.2
i

7.8

t

9.4 8.9 11.1

Mkan Monthly TEJirERATUKE.

Avera

From " Monthly Weather Review," U. S. Weather Bureau

N. D.

45 36

43 48

48 36

43 42

40 32

42 36

11 37

44 37

48 38

46 36

41 38
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DISTRICT OF COLUMBIA

Monthly TyrnoiD Deaths.

Froin Reports, Local Department of Healtli.

1

J.

1

1

F. M. A. M. J. J. A. S. 0.
1

1

J

N.
1

D.

1887

1

'

18 32 22 20 18 15

\!^HH 8
1

7 8
1

7 3 10 12 23 27 34 19 7

1 S.S'J 11 7 9 5 6 7 23 18 29 15 18 29

1 890 9 6 19 11 10 21 33 26 29 30 21
1

17

1891 i-2 6 12 9 5 8 6 22 21 36 26 12

1892 i;3 la 8 7 8 11 19 21 30 22 25 18

1893 6 7 C 11 11 10 21 24 28 23 23 21

1894 10 5 5 G 5 20 33 30 26 30 24 16

189;; 3 8 1 1 1 1 12 27 56 55 24 20

189G 9 8 3 3 4 7 8 15 25 25 18 16

1807 i;j 4 4 4
1

1

6 9

29.3 17.1Avcrnirc 9.7 7.1 7.5 6.4 5.9 10.4

1

18.5 23.8 29.0 21.6
Katinof 100 5.2 3.8 4.1 3.5 3.2 5.G 10.0 12.9

4
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1

9.2

Mean Monthly Temperature.

From Keports, Local Department of Health
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41 — *
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1
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1
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36
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i
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MOBILE.

Monthly Typhoid Deaths.

Obtained, in correspondence, by courtesy of Local Department of Health
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59

57
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Mean Monthly Temperature.
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66
69

C6
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From " Monthly Weather Review," U. S. Weather Bureau
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OAKLAND.

Monthly TYnioio Deaths.
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From " Montlily Weather Review/' U. S. Weather Bureau

J.

61

59
CO

62

62

61

60

61

64
64

61

J.

—

60

62
61

64

62

59

63

64
C3
62

G2

A.

61

62

63

64

61

61

59

63
61

62

62

s

63

61

62

63

62

62
62

C3
CI

62

o

61

62

59

58
58
59

56
58
58
60

59

N.

57

67
57
53
54
56

54
51

51

53

54

D.

50
49

49
49

51

49

47
49
47
47

49



SEDGWICK AND WINSLOW BACILLUS OF TYPHOID FEVER. 555

DRESDEN.

Monthly Typhoid Deaths.

From " Veroffentlichungen des Kaiserlichen Gesundheitsanites."
-

Year. J.

,
—

F. M. A. M. J. J. A.

6

a. 0. N. D.

1888 4 2 2 1 1

1

4 1 2 8
1889 4 2 1 3 1 2 4 1 2 1

1890 1 3 4
1

1 1 1 2 1 3 3 2
1891 3 1 3 1 2 2 2 3 3 5 2
1892 .

*
4 1 1 2 1 1 3 1 2

1893 1 1 3 1 1 8 2

1894 1 8 3 2 1 3 5 ^L 2
1895 1 1 0' 2 1 4 3 1 2 1

1896 0^ 4 2 2 1 1 1 3

1897

Average 1.4

1

1.6

1 1 3
1

1

1

1

2 2 1

.9 2.0 1.6 1.0 1.6 2.3 1.9 1.4 2.2 1.6

Ratio of 100 7.2 4.6 8.2 10.3 8.2 5.1 8.2 11.8 9.7 7.2 11.3 8.2
Pi

Mean Monthly Temperature. Average 1864-1890.

From "Anitliche Publication des Konigl. sachsischen meteorologischen Institutes. Das Klima des Konigreiches

Sachsen." Heft III, 1895.

J. F. M. A. M. J. J. A. S. 0.

Centigrade

f'ahrenheit 32
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34
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37
8

46
13
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61
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57

9

48

». D.

4

39 32

>
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MUNICH.

Monthly Typhoid Deaths.

From " Veruffentlicliungen des Kaiserlichen Gesundheitsamtes."
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From " BeobaclUuugen der mcteorologischen Stationen im KGnigreich Bayern."
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VIENNA.

Monthly Typhoid Deaths.

From " Veruffentlichungen Jes Kaiserlichen Gesundhcitsamtcs."
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Mean Monthly Temperature.
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CniCAGO

"^^uMlII.v Tvrnoin Deaths.
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From Reports, Local Department of Ilealtli.
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Mean ^Ionthly Temperature.

From " Monthly Wcallier Review," U. S. Weaflier Bureau.
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PHILADELPHIA.

Monthly Typhoid Deaths.

-
'

J From Reports, Local Department of Health.

Tear. J. r. M. A. M. J. J. A.
J-

s.

— - *

0.
r

N. D.

32

L

1888 63 46 40 37 84 49 62 169 100 67 36

1889 62 79 61 41 64 50 68
4

, 83 70 03 33 G6

1890. 126 54
J

52 52 51 36 56 62 ; 57 47 39 34

1891 : 50 44 102 141 76 42 49 ; 42 53 35 ; 23 26

1892 51 68 51 37 ; 30
*

24 20
L

; 40 44 37
! 11 27

1893 43 34 38 35 61 37 26 1 47
r

47 29 25 85

1894 43 18 20 25 36 24 29 i 50 34 31
L

29
1
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1895 36 64 48 40 39 38 33 ; 36 32 43 30
i

30

1896 34 23 21 40 46 27 1 31 38 34 17
1

28 63

1897 36 18 27
1

41 50 32
1
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—

31 48

Average 64 45

1
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From " Monthly Weather Review," U. S. Weather Bureau
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NEWARK.

MONTOLT Tri-iioiD Cases.
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Mean :\roNTnLY Temperature.
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PARIS.

Monthly Typhoid Deaths.
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J.

81

102

44

37

90

63

33

22

30

50

8.6

A

51

153

54

43

89

73

37

30

35

66

9.7

8.

70

120

76

40

97

72

21

43

26

56

9.7

0.

65

92

92

39

105

48

22

34

17

51

8.8

N.

C9

84

71

54

62

33

29

24

28

45

7.7

D.

71

208

78

46

59

29

24

26

9

54

9.3

Mean Monthly Temperature.
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NEW ORLEANS.

Monthly Typhoid Deaths.

From Reports, Local Department of Health.
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ATLANTA.

Monthly Typhoid Deaths.
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CHARLESTON.

Monthly Typhoid Deaths.

From Reports, Local Department of Healtl \
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EMPIRE OF INDIA.

Monthly Typhoid Admissions, British Troops in India.
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SANTI AHO dp: CHILE
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III. INTEEPRETATIOX OF THE STATISTICAL KESUT/rS.

An examination of the curves plotted as above described allows (hat a vcrj

king parallelism exists between the monthly variations in temperature and tj i)lioid

P
prevalence. Of the thirty communities considered, elg-Ii teen show this

be almost perfect; these are the Empire of Japan, the States of New York and iMassi-

chusetts, the District of Columbia, and the cities of Atlanta, Baltimore, Bcilin, IJoslou,

Buenos Ayres, Denver, Leipsic, London, iMobile, Montreal, New York, St. Paul,

San Francisco, and Santiago. Three other typhoid curves — those for India, for

Charleston, and for New perature in spring, and f

it in autumn, but show a temporary decrease in the disease during the time of great-

est heat. In all these twenty-one cases the connection between tlic two factors

seems too close not to indicate a vital relation. In the northern cities— Montical,

Boston, Denver, and St. Paul — the curve of typhoid is acute ; in cities with a more

and more equable temperature the curve of the disease is progressively flattened, the

limit being reached in tlie case of San Francisco. In the northerly localities the

maximum occurs in September and October; in the southern cities, with a milder

winter, it conies in August (Atlanta) or July (Charleston and Mobile). In the two

cities of the southern hemisphere the curves of both typhoid fever and temperature

are exactly reversed. In the case of the tropical and sub-tropical regions— India,

Charleston, and New Orleans— it appears that the rise with the temperature, after

beginning in the usual fashion, is checked by some other factor, perhaps strong sun-

TI

hght or extreme dryness. (See Plates I.-VITI.)

It remains now to consider the nine cities which show more o

and to see if their abnormalities are capable of explanation.

Chicago, Cincinnati, Dresden, Munich, Newark, Oakland, Paris, Philadelphia, and

Vienna. The first thing to notice in this connection, and the one all previous students

of seasonal variation have neglected is the necessity of discriminating between sharp

epidemic outbreaks of the disease and the slow succession of isolated cases which

characterize that condition known to the older sanitarians ms '^ende

endemic has been so misused and has become so associated with the idea of

I

mysteriousmiasm inherent in a geographical reg be safely

-i more scientific sense. At the s:une time a distinction, vital to t..e ei.,.,u,„u,.,„,. .,

mist be drawn between the infection winch reache. a number of i.erson.s at once

tI>rot,gh a single medinm as water or n.ilk, and the slower, more con.plex process by

winch a disease passes from person to person through a population, the patii o.
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o

contagious iriiittTKil being diirerent in each individual instance. For this sort of

infection \Yhich spreads gradually in a community instead of striking a larije number
of persons at a single blow, the term "prosodcmic," meaning "throuf'-h" or "amon<'-"

the people^ has been suggested.

In the examination of data bearing on the question of the seasonal prevalence of

ty[i}i()i<l fever it is obviously the prosodemic disease which should be mainly considered.

Casus of this sort furnish a large number of independent facts which may be avera<rcd

together fairly lys be a perturbincj element. Thus, for

c xample, a public water supply furnishes exceptional facilities for the distribution of

tifection from its watershed to a large number of individuals. Twelve hundred cases

f typhoid fever at Plymouth, Pa., derived from a sincrle house on the banks of a

for a study of normal

fifty

far less significance than

of infection are separate and independ
Curves of seasonal variation which are based on a small number of
lys be liable t

loid deaths be

o

o b

due to single epidemics; and if our tables of

once be seen that four of the nine exceptions

to this cause. Thus the form of the Oak-
distorted by the epidemic of twenty-two deaths in July, 189

arc informed by the local authorities was due to an infection of the milk supply.
The largest number of deaths in any other month in the ten years was seven, so that
this irregularity could not be compensated. Similarly, the Munich curve owes its

peculiarity to the epidemic of thirty-five deaths in June and July of 1893, the largest
nuinber m any other month being nine. The curve for Vienna is controlled, in a
snmlar way, by an epidemic in December, 1888, and January and February, 1889. In
all these cases the curve would follow the temperature more or less normally if these
perturbations were eliminated. Again for Dresden the tot
small that eight cases in April, 1894, cause a notable distorti
this city did follow the temperature when there was enoi

of d

Th

We may

hy Fiedler's figures for 1850-60, quoted

gh of

of the Oakland, Munich. Vienna, and
uresden curves are explainod hy the fact tliat the lu.mber of cases considered .. --
smuU to ehmu.a(e the haphazard effect of epidemics. There remain to be explained

of which

ptions offered by Chicago, Cincinnati, Newark, Paris, and Philadeli
i uries tiie amount of material is amply sufficient to prevent mere chance

irregu anties. If the curves for these five cities be compared, it will at once be noted
that they exhibit a remarkable resembl Besid ach

J-'

I

h

K

i

i

1
r

v
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exhibits two secondary maxima, one in December or January, the other between

March and May. If our general theory be correct, there must in these localities be

some special condition tending to produce typhoid epideuiics in the early winter and

the early spring, which modifies the normal influence of tiie season. Fortunately, we

know exactly what this influence is. These five cities— and of the thirty connnnnitles

we have considered, these five only— draw their water supply from surface sources

liable to gross pollution. The epidemics of March, 1S99, at Newark; of May, ISOl,

at Chicago; of January, 1888, and December, 1889, at Paris, as well as the lesser

winter and spring outbreaks in other years, were unquestionably due to the public

water supplies of those cities. We have here then a special condition influencing

the occurrence of epidemics in cities having surface water supplies and therefore de-

ranging the normal course of prosodemic typhoid. Tlie heavy autumn rains and the

spring floods consequent on the melting of the winter's snow, carry into surface waler

supplies a larger amount of pollution than reaches them at any other time,— as is

own by a comparison of the bacterial content of surface

We may venture to generalize by saying that winter and sprin

characteristic of ply is most subject to pollution ;
they

absent from communities which use filtered water or water obtained from adequately

«

protected watersheds.

Finally, then, it appears that of the thirty communities we have studied, all but

four, in which the number of cases is too small to furnish average results, give typhoid

curves corresponding to one of three types,- the normal temperature distribution

opical modification, and fication due to winter and spring water-

epidemics. These latter types of distribution are explicable as tbe rosulln„t of a

combination of the temperature factor with another. We ni.iy thur,.for.. concl.ulo

that wherever a sufficient number of cases has been considered a dn-..d, relafum

between typhoid fever and temperature appears to be general and uivarKible.

IV. CONCLUSION OF THE AUTHOES THAT THE ^^^^^^^J:^
""

TYrilOID FEVER DEPENDS MAINLY UPOX SEASONAL ULMl LLA IlI.E.

The increase of typhoid fever with a gradual rise in the mean air *-U'-<'.- of •^

given locality appear; to be a phenomenon so widespread and -S"-'- » '"-^-

beyond reasonable doubt some relation between the two factors, ^be ber rcl

,1 L. .;.. ;n,n,..ct. must be determined by cons.derafons as to the xt.o 0,3 «f

06 direct or inonecb mwv u^ v.v..^ .
^ i

• i„o t^oJuU

disease and as to the relation of temperature to .he var.ous veh.cle, mamly

cerned in its transmission.
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The nit'tliof?.s ])y which prosodcmic typLoid mny spreud .-ire almost innumerable.

The l;i-f link in the chain is, in mo.sL cases, some article of food or drink, and tlie food

I..comes Iiifccte<l, in many instances, from the fingers of a typhoid patient or of his

unpioffssionul attendants. The transmission of typlioid fever on a large scale by

water and milk has led sanitarians to minimize unduly this direct personal element in

itM iutiulogy. In a well-organized, thoroughly sanitary city dwelling the distinction

hctweon rnntagion and infection is an important one; but In dirty surroundings

typhoid becomes, for all practical purposes, a contagious disease. This fact, in itself,

throws some liftle light on its seasonal prevalence. A large number of persons

who live ordinarily in cities, surroimded by many sanitary safeguards, in vacation

fiiiie are exposecl in camps and summer resorts to abundant opportunities for filth

inft'ction. The autumn fever, in small part at least, occurs among those who are

Attacked on such summer vacations or immediately after their return home.

Again, several special sources of food contamination have a more potent influence at

this season of the year. Tliose observers are perhaps correct who consider that ground

waters arc most dangerous when the wells are at their lowest and liable to receive

impurities from a wide area. Professor Gualdl would explain the facts by attaching

great significance to raw vegetables as vehicles for the transmission of typhoid fever;

and he has traced out a more or less close connection between the consumption of

these articles and the amount of typhoid in Rome. Most original of all is the sugges-

tion of Bonne, who seeks to explain the autumnal maximum at Hamburg by the in-

creased amount of bathing in the Elbe beginning with the July heat.

Of the three great intermediaries of typhoid transmission, fingers, food, and flies,

the last is even more significant than the others in relation to seasonal variation.

Since the emphasis laid on this vehicle of infection by the surgeons who studied the

conditions of the late Spanish War, our conception of its importance has grown more

and more considerable. There can be little doubt that many of the so-called " sporadic

cases of typhoid fever which are so difficult for the sanitarian to exnlain are cond

>>

d 1 y the passage of a fly from an infected vault to an unprotected table or an

open larder. The relation of this factor to the season is of course close and complete

;

and a certain amount of of fever is undoubtedly traceabl

presence of large numbers of flies and to the opportunities for their pernicious activity.

None of the factors noted, however, nor the whole of them taken too-ether, seem
TA us to account satisfactorily for the observed phenomena. Neither the agency of

m.sects, nor the exposure of urban subjects to rural unsanitary conditions, though
both are undoubtedly important, can be held to account for a phenomenon so con-
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stant, so striking, and so universal. The parallelism between tlie nn'ves of (yplioid

and of temperature is too close not to suggest in the strongest maimer Muiie din'(;l

relation such as was postulated by Murchison, Liebermeister, and Davidson. No one

doubts a direct correlation between the growth in a wlieat-field and the clianges of

temperature during the changing seasons. The fundamental properties of protoplasm

are so constant that there seems no reason to doubt a similar favorable effect of tlie

warmth of summer, not on the crop of typhoid plants growing in human bodies, 1)iit
r

on the survival seed which passes from one body to another througli the enviroiuncnt.

This is theoretical ; but the experiments reported in the first section of tliis p;iper

furnish practical evidence to confirm the a priori hypothesis that it must b^ mnrc

difficult for an organism habituated to a temperature of 98° ¥. to persist in Nature

when the thermometer is at 30° than when it is in the neighborhood of SO^

We do not wish to assert that the typhoid bacillus multiplies in the environment

during the summer months of a temperate climate. It is the absence of the destruc-

tive influence of cold, rather than any stimulating influence of heat, which permits the

rise culminating in the autumnal maximum.

In fine, the probable mechanism of the seasonal changes according to our conception

(r is as follows :
—

The bacteriology and the jBtiology of typhoid fever both indicate that its causal

agents cannot be abundant in the environment during the colder season of tli.' year.

The germs of the disease are carried over the winter in the bodies of a few patients

and perhaps in vaults or other deposits of organic matter where they arc protected

from the severity of the season. The number of persons who receive infection from the

discharge of these winter cases will depend, other things being equal, upon the length

of time for which the bacteria cast in these discharges into the environment, remain

alive and virulent. The length of the period during which the microbes live wil

depend largely upon the general temperature; as the season grows nnlder, more and

more of each crop of germs sent at random into the outer world wdl survive long

^ ^ The process wdl be cumu-
Ji to gain entry to a human being and bear fruit. Hie pr

lative. Each case will cause more secondary cases ;
and each of

a still more extensive opportunity for widespread damage. In oi

, • .• r.f tvnl.nid fever is a direct ellect

reasonable explanation of the seasonal variations ot t>piu)ia

^^^^^

temperature upon the persistence in Nature of germs which procee r

victims of the disease.

the most

of



I

*.

I
n
w

1



PART 111.

BIBLIOGRAPHY.

A. ON DISEASE ATTRIBUTED TO POLLUTED ICE AND ICE-CREAM.

1. Nichols, A. H. Report on an Outbreak of Intestinal Disorder attrilxitablc to f lie CoiitnTninatinn

of Drinking Water by Means of Impure Ice. Seventh Ann. lie])urt, S. E. II., Ma.ss., ISTn,

p. 4G7.

2. Smart, Charles. On Mountain Fever and Malarious Waters. Am. Jouru. 'Mvd. Sci., Jan.

1878, p. XT.

3. Sickness from Impure Ice. Second Ann. Report, S. B. TL, Conn., 1879, p. 90.

4. Chamberlain, C. W. Impure Ice. Fifth Ann. Report, S. B. II., Conn., 1882, p. 205.

5. Duclaux. Les Inipuretes de la glace. Ann. d'Hyg., 1884, 3rd series, XII, ]>. 97.

6. Riche, A. Eniploi de la glace dans I'aliaientation. Ann. d'Hyg., 1893, 3rd scries, XXX, p. 47.

7. Dorange. Epidemic de fievre typhoide due a I'ingestion de glace impure. Rev. d'Hyg. at de

rolice Sanitaire, XX, 4, 1898, p. 295.

8. Turner, G. Report on an Epidemic of Enteric Fever due to the Consumption of Ice-Cream.

Practitioner, London, 1892, XLIX, p. 141.

9. Munro. AC. Wate

and attacking: over Eisrht Hundred Persons. 1894-9
o " ' ^^ -—'»

10. Vaughan, V. C, and Perkins, G. D. Ein in Eiscreme und K:lse gefundencr giftproducimnder

Bacillus. Arch. f. Hyg., 1896, XXVII, p. 308.

11. Hope. Ice-Cream as a Vehicle of Infection in Typhoid Fever. Liverpool M.-Cliir. J., 1898,

XVIII, p. 185.

12. Taylor, L. H. Report upon tl:
Fir^t

Health

Q

B. ON THE BACTERIOLOGY OF NATURAL ICE. SNOW AND HAIL, AND OF ICE-CREA.M.

13. Sanderson, J. B. The Origin and Distribution of Microzymes (Bacteria), in Water, etc.

Jour. Mic. Sci., XI, 1871, p. 323.
^ ^^^ ^, ^ t le--

14. Cohn,F. Untersuchungen iiber Bakterien. Beitrage zur Biologic der Pflanzcn, Land I, 18,.
,,

II, p. 220.

15. Leidy, J. Organisms in Ice. Proc. Acad. Kat. Sci., Phila., 1884, p. ^W^.
, o. t> .

16. Pohl. (Cliemical and bacteriological investigations in relation to the water-supply of St. I eters-

burg.) Wratsch, 1884, No. 9. ^ , ., -n • n i .f <i,..onncn

17. Gardiner, J. T. Eeport on the Purity of Ice from Oi.ondaja Lake t.eKne Canal a Sybase,

auJ fr ,., Cazc-uovia Lake. Koport to the State Board of Ilea th °' ^^^'^ "/''•• '/^'^^
18. Breuuig, J. Bakteriologisehe Untersuchung dcs Trinkwassers dor Stadt K,el. (fnang. D,.scr-

tatioii.) Kiel, ISSS. (Eef. Hauingaiten's Jalire.sl.en.lit, I"*, P;'"^--'
.

w„,h„„,ohrift
19. Kowalski. Uel4,- bakteriologische Was^e.-untersuclmngen. W.ener khu..che Wochenschnft,

1888,' Nos. 10, 11, U, 15, and 10. (Ref. Centr. f. Bakt., IV. p. 407.)
G^sundbeit-

samte^ IV, 1888, p. 1.



574 SEDGWICK AND WINSLOW. — BACILLUS OF TYPHOID FEVEK.

21. Report upon the Pollution of Ice Supplies. Twenty-first Ann. Report, S. B. H., Mass., 1889,

p. 1 1:;.

Quality

23. Girardj C. et Bordas, F. Analyses cliiuiiq^ues et bacteriologiques des glaces consommees a Paris.

Ann'. tVilyij., 1893, 3ra scries, XXX, p. 78.

24. Christomonas, A. C. Ueber einige Eigenscliaften des kiinstlichen Eises. Oesterr. clieni. ztg., 1898,

p. 48G.

25. Janowsky. Ueber den Bakteriengelialt des Schnees. Wratsch, 1888, IX, p. 727. Also Centr. f.

T?akt., IV, 1888, p. 547.

2G. Schmelck. Eine Gletscherbakterie. Ceiitr. f. Bakt., IV, 1888, p. 545.

27. Schmelck. Bakteriologische Untersuehungen des Trinkwassers in Christiania. Centr. f. Bakt.,

A'lII, p. 102.

28. Bujwid, 0. Die Bakterien im Hagelkornern. Centr. f. Bakt., Ill, 1888, p. 1.

Also Ann. de I'lnst. Past., 1887, I, p. 592.

29. Foutin, W. M. Bakteriologische Untersucliun:

Centr. f. Bakt., VII, 1890, p. 372.)

30. Giacosa, P. Studii sui germi di niicrorgatiismi nella neve delle alte montagne. Giornale della R.

Aceadenna di niedicina, 1890, Nos. 11-12.

31. Abbott, A. C. Bacteriological Study of Hail. Johns Hopkins Hospital Bulletin, 1890, Vol. I,

Xo. 5, p. 5G.

32. Dominguez, S. e Calumbide. Bactcrias del hielo. Ann. asist. piib. Buenos Aires, 1891-2, II,

pp. 213, 203.

33. Scofone, L. Esamc batteriologico delle acque di neve di torrente e di lago. Arch, per le sc. med.

de Torino, XX, 1895, n. 12.

34. Scofone, L. Esanie batteriologico di neve e ghiaccio. Arch, per le sc. med. de Torino, 1897,

XXI, p. 437.

35. narris, A. E. Report to Chairman and

(Ref.

Menibe

)

3G. Nield-Cook, J. The Bacteriology of Ice-Cream. Public Health, London, 1895-6, VIII, p. 252.

37. Stevenson. Bacteria in Ice-Cream. Food and Sanitation, April IG, 1898.

38. Wilkinson, J. Ice-Creams: their Manufacture and Bacteriology. Public Health, London, 1899, XI,

p. 255.

39. Nystrom, C. Om fasnings och forruttnelseprocesserna pa Spetsbergen, Upsala, Lakareforenings

fru-liandlingar, t. IV.

40. Couteaud. P,acteriologie de la zone glaciale. Arcli. de med. nav., 1893, LIX, p. 119.
41. Levin. Les microbes dans les regions arctiques. Ann. de Flnst. Pasteur, XIII, 1899, p. 558.

C. OX THE EFFECT OF FREEZING AND OTHER LOW TEMPERATURES UPOX BACTERIA

42. von Frisch, A. Sitzun;rsber. der Wiener Akad. d. Wi
43. Pictet et Young. De Taction du froid sur les microbes. Compt. rend. Acad, des Sc, XCVIII, 1884,

p. 747.

und die Cholerabakterien. Bonn, 1885.
45. McKendrick. The Action of Cold on Microphytes. (Communication to Biological Section, British

Association for the Advancement of Science.) Nature, XXXII, 1885, p. 5G1.
46. Forster, J. Ueber einige Eigenschaften leuchtender P.akterien. Centr. f. Bakt., 1887, II, p. 337.

47. Fischer. Bakterienwachsthum bei 0° C. Centr. f. Bakt., 1888, IV, p. 89.
48. d'Arsonval A. Eraploi de I'acide carbonique liquefie pour la filtration et la sterilization rapides

des iiquides organiques. Compt. rend. Acad, des Sc, 1891, CXII, p. G67.

T

1

-J

i

I-



SEDGWICK AND WINSLOW.-— BACILLUS OF TTniOID FEVER. 575

49. Forster, J. Ueber die Entwickelung von Bakterien bei niederen Tempcraturcn. Ccntr. f. Hakt.,

1892, XII, p. 431.

50. Fischer. W
51. Pictet, R. De I'eraploi methodique des basses temperatures en biologie. Archives des sciences

physiques et naturelles de Geneve, Srd period, XXX, Xo. 10, p. 293.

52. d'Arsonval et Charrin. Influence des agents atmospheriques, en particulier de In Inniiere, .bi froid,

sur le bacille pyocyanogene. Compt. rend Acad, des Sc, 1894, CXVIII, p. 161.

53. Do. Influence des agents cosmiques (electricite, pression, lumiere, froid, ozone, etc.) sur I'evobi-

tion do la cellule bacterienne. Arch, de physiol. norm, et path, 1894, 5 s., VI, p. 335.

54. Weber, A. Zur Aetiologie der Krebspest. Arb. aus dem K. Gesundheitsainte,XV, 1899, llcft2.

55. Mason, W. P. Examination of Water. New York, 1899, p. 117.

5G Ravenel, M. P. The Eesistance of Bacteria ro Cold. Medical Xcws, Phila., June 10, 1.^09.

57. Cadeac et Malet.- Recherches experimentales sur la virulence des matieres tuberculeuses desscS-

che'es, putrifies ou congelees.. Lyon Med., 1888, p. 229.

58. Frankland, Grace and Percy. Micro-Organisms in Water. London, 1891. p. 2o3.

59. Kasansky, M. W. Die Einwirkung der Winterkalte auf die Pest- und Dipbtber.ebaclleii.

f. Bakt., 1899, XXV, p. 122.
,.

60. Abel, R. Versuche liber das Verhalten der Diphtheriebacillen gegen die Emwirkung der Winte.-

kalte. Centr. f. Bakt., 1895, XVII, p. 545.

61. Seitz, C. Bakteriologische Studien zur Typhus-Aetiologie. Munchen, 188b.

62. Billings, J. S. Sanitary Engineer, January 29, 1887, p. 211.
u r,- vrP tv,.hoido

63. Chantemesse et Widal. Eecherches sur le bacille typhique et I'etiologie de la fievre tjpl-ido.

Centr.

Arch, de Phys. norm, et path., 1887, p. 217.

64. Baro^ '^^7m:Z^.<^^^^ *yphoia bacilU of E^e.^KoC.) EJened. .Un. ,...

St. Petersburg, 1885, V, pp. 81, 9o.
C5t. ireLerbuurg, ±oauy v, ^i^ ^^^ *^—

^ -r. i . -ctttt icon t^ liO

65. Janowski. Z«>- Biologic de.T,iAu=b..iUen II Ce;.. .B^^^^^^^^^^^^

m. Remlinffer. P. Sur la sensibilite du bacille dEbeith aux variauu i

67.

rend, de la Societe de Biologie, 1897, 9 juillet.

if^f^ho inprlizinische Wochenschrift,

68. Raptschewski. Wratsch, 1886, No. 5.

69. Cornil et Babes. Les bacteries. Paris, 1890. 183
Weiss.)

70. Schruff. Zuni Sanitlitsbericht uber aen iviei. ;^"";;,^^
, ^^.,,^ Centr f. Bakt., 1893, XIII,

71. Finkelnburg. T^nv Frage der Variabilitat der Cholerabacillcn. Centr.

p. 114.

72. Karschinski, W
schau, 1893.

73. Eenk. Ueber

74. Uffelmann, J. Weitere BeitrSge zur Biolo

an der Universitat zu War-

, r.1 1 u ninn ini Else Fortschritto der Med., 1893, p. 396.

das Verhalten der Cholerabacillen ini bise. ro
^^^ .j^^^

w.if... lX.\tr^A.e. zur Biolode der Cholerabacillen. ^.mtluss

telmann, J. vveicere xjeiti^yc -"- o
-.oor, „ irjs

Lebensfahigkeit. Berliner klin. Wochenschr., l^^^;

'
/; '

; Xemperaturen auf die Kochs-

n.Vow 1^ TTeber den Einfluss langerer Euiwirkung niedriger P
75. Wnukow, N. Ueber den Einfluss

Chen Konima-bacillen. Wratsch, 1893, No. 1».

76. Montefusco

Annali

mtefusco, A. Azione ueuii ua=o^ —f-- g^

deir Instituto d' igiene delP Universita di Eoma, 1893, 111, P

77. Abel. (Ref.) Centr. f. Bakt., XIV, lf93,
p. 184.

^^^^ ^^^^^^^^^^^^.^,, ,on Koch und iihnli.Le

78. Kasansky, M. W.

Vibrioneu von

Ueber den Einfluss der na... '^"^
. • Metschnikoff.

Finkler-Prior, Miller, Deneke und die Vibrionen
Centr. f. P'akt.,

79. Weiss
bei

Zeit. f. llyg. »

XVIII



'^76 SEDGWICK AND WIXSLOW. — BACILLUS OF TYPHOID FEVER.

D. ON Tlin QUANTITATIVE STUDIES OF THE DESTRUCTION OF BACTERIA BY FREEZING

^a Pengra, C. P. rurificatioa of Wuter by Freeziiis- Twelfth Ann. Report, S, B. H., IMichicran
1>^^1. p. 79. .

^'
'

m

SI. frankel, C. Ucbcr tloii B;ikterieiigelialt des Eises. Zuifc. f. Hyg., I, 188G, p. 302.
8?. Wolffliuegel nnd Eiedel. JJie Vcrmehrung dcr Bakterien im Wasser. Ark aus deiu K. Gesund-

li»'its:iiiitc, Berlin, 1S80, p. 455.

bu. Prudden, T. M. On JJacLcria in Ice and their Relations to Disease, with Special Referenoe to
the If'p-Sn|.plj of New York City. The Medical Record, 1887, March 26 and April 2.

81. Bordoni-Uffreduzzi. Die Biologische Uutersuchung des Eises in sein Beziehung znr offentlichen
GcsundheiLspflege. Centr. f. Bakt., II, 1887, p. 489.

8r». Russell, H. L. Preliminary Observations on the Bacteria in Ice from Lake Mendota, Tkladison,
^^'i.s. The Medical News, August 17, 1889.

Mills, H. F. Typhoid Fever in its Relation to Water Supplies. Twenty-second Ann. Report
S. B. IL, Mass., 1800, p. 542.

80.

E. ON THE SEASONAL PREVALENCE OF TYPHOID FEVER AND ITS RELATION
TO SEASONAL TEMPERATURE.

r

87. Bartlett, Elisha. The History, Diagnosis, and Treatment of Typhoid and of Typhus Fever,
1842.

Handb

SS. Flint, A. Clinical Reports on Continued Fever, Philadelphia, 1855.
80. Griesinerer. Iiifektionskrankheiten. Vol. IIj Abth. 2 of Virchow's

Puthologie und Thorapie. Erlangen, 1857, p. 122.
on. Tweedie, A. Lectures on Fevers. Lancet, 18G0, Vol. I, p. 1.

'

91. Haller Die Volkskrankheiten in ihrer Abhangigkeit von den Witterungsverhaltnissen. Wien,

Mtinclien

9 Hirsch, A. Ilandbuch der historisch-geographischen Pathologie. Erlangen, 1860. p. 177.
9J. Mujchison Charles. A Treatise on the Continued Fevers of Great Britain. 18G2.

't'o* ^^f''^'''^^
Mittheilungen liber Typhus abdominalis. Archiv der lleilkunde, III,

IbhJ, p, 1d5-

95. Buhl L Ein Beitrag zur Aetiologie des Typhus. Zeit. f. Biol., I, 1865, p. 1.
Jt). seidel, L. Ueber den numerischen Zusannnenhang, welcher zwischen der Haufigkeit der Typhus-

Erkrankungen und dem Stands des Grundvvassers wa" "
"

hervorgetreten ist. Zeit. f. Biol., I, 1865, p. 221.

TT -fT"!.
.y'[^^':'*^^"S^ ^'' Sehwankungen der Regenmengen mit den Schwankungen in der

OS T Ji ^ /
cles Typhus in Munchen. Zeit. f. Biol., II, 1866, p. 145.

m ItlZTr ^'"'J^f'^'T
'" ^Wonunaltyphns. Deutsche' Klinik., 1866, p. 89.

• ^'
fo.7 ^f''' f-^.

^^^^^^'/^^ Schwankungen der Typhussterblichkeit in Munchen von 1850 bis

«
^eit. f. Biol., IV, 1868, p. 1.

100. Socm, B. Typluis, Regenmenge und Grundwasser in Basel Basel 1871101. Virchow. Ueber die Sterblichkeitsverhaltnisse Berlins. trlW /l
'

i
1872, p. 597.

Berliner klinisclie Woclien

102. MuroMsoa, C. A T.eatise on the Continued Fevers o£ Great Britain. Second Edition, London,

liebermeist Typhoid Fever.
can Edition, edited by A. H. Buck, 1874).

(A

101, Cousot. tt
105. Oesterlen, F Handbnoh T* ,^'^^!^\ ^* ^« traitement de la fievre typhoido. 1874. p. H^-II; ilandbuch der medicinischen Statistik. Tubingen. 1874

I

4

4

/

ti

fr



SEDGWICK AND WINSLOW.— BACILLUS OF TTTnOID FEVER. 077

106. Buchan, A., and Mitchell, A. The Influence of Weather on ^Mortality from difTcrcut Piscascs and

at different Ages. Journ. Scot. Meteor. Soc, 1874-5, N. S., IV, p. 187.

107. Sander, F. Ilandbuch der offentlichen Gesundhcitspflcgc. Leipzig, 1877.

108. Sixth Ann. Report, Secretary, State Board of Health of Michigan. 1878. p. 203.

109. Oldendorff, A. Article, Morbid itiits- nnd Mortal i I ilis-Statislik, in Eiilcnhu iK'yclopJidie

der gesammten Heilkunde, Vol. IX, 1881, p. 304.

110. Fodor, J. Deut-sch. Viert. f. off. Ges., VIT, p. 205.

"Wasser. Braunschwoig, 1881-2.

Second Edition (transxatcd

111. Welch, F. H. Enteric Fever, Philadelphia, 1883.

112. Hirsch, A. Handbook of Geographical and Historical Pathology.

by Creighton, London, 1883).

113. Baker, H. B. The Relation of the Depth of Water in Wells to the Causation of Typhoid Fever.

Twelfth Annual Report S. B. H., Michigan, 1884, p. 80. (Ara. P. H. .Vssoc, October 10, I8s j.)

ffp

Mu

114. Virchow und Guttstadt. Die Anstalten der Stadt Berlin ftir die ()f

den naturwissenschaftlichen LTntersicht. Berlin, ISSO. p. 71.

115. V. Pettenkofer, M. Zum gegenwartigen Stand der Cholerafrage.

116. Pistor. Das offentliche Gesundheitswesen in Berlin, 1882-5. 1887. p. 57.

117. Soyka. Zur Aetiologie des Abdominaltyphus. Arch. f. Hyg., VF, 1887, p. 200.

118. V. Pettenkofer, M. Der epidemiologische Theil des Berichtes ubcr die Thiltigkcit der zu Frfor-

schung der Cholera im Jahre 1883 nach Aegypten nnd Indien cntsandten dentsrhen C.ninnssnm.

Miinchen und Leipzig, 1888.
» r w

119. Almouist, E. Ueber Einfluss von Jahreszeit und Witterung auf da. Anftretcn von Tnfektions.

krankheiten init besonderer Boriicksichtigung der localcu Epidemieen. Z.it. f. Ilyg., V, lH,s8,

p. 1.

120. Goldberg, B. Der Einfluss des Witterungsganges auf vorherrsehende Krankheiten und Tories

sachen. Ersjanzungshefte zum Centr. f. allgem. Ges. II, 1889 p. 317.
_

Witteruu''. liCinzig, 1800,

r-

o'o121. Magelsen. Ueber die Abhai

122. Davidson, A. Geographical Pathology. N. Y., 1892.

123. Woodhead, G. S. Minutes of Evidence, Royal Commission on Metropol ,i>ll-

124. Korbsi^.f'statSfk der i„feHi»sen E.kranU.n.gcu in den Jahren ,S,S.-0. ,.„a UntersuH g d«

Einflusscs der Witterung. Berliii, 1801.

125. Fodor, J. Hygiene des Bodens. Weyl's Hand buch der Hygieno, I 18%^

126. Jessen,F. Witterung und Krankheit. ^eit. f. Hyg., XXI 18% 1. ^<^'-

Dents Vi.r-

127. Knoev^nagel, 0. StudicnllberKrankheitsdispositionen und ul>cr Genius epidemicus. Dents.

telj. f. offentl. Gesundheitspflege, XXVIII 1896, p
-08

^.^^^^ty-fourth Annual It-Tort of

,ker, H. B. The Etiology and Pathology of Typhoid Fever. 1 vventj
128. Baker, H. B.

129. Berger, H. Die Bedeutung des Wetters

Mo
130. Ruhemann, J,

kalischc T'-^l^^I'^^f^^-^P-j^f•

,vevrs Han,lbuch de,- Hj-gi.n., TX, 1S9!), ,,441.

eichselbaiim, A. Epidemioiogie. >^^>
x-.fi.„om.r< Ent^vc onedia o:131. Weichselbaiim

132: Cur.cl.mann. H. Tyi^oid Fever and Tyj.'-s fever^ -N«- -

Medicine. Endish Tianslation, edited by Osier. Plnl., London, IJO

;ir!tical



EXPLANATION OF THE PLATES.

Plates L-VIII. arc based upon the statistics given on pp. 540-566, as is stntcdon p. 539. Abscissa!

indicate iiiontlis ; ordinutes indicate temperatures (shown by broken Hues), and also pcrccnta^ros of

yearly typhoid-fcAxr mortality (solid lines) except in the curves for Newark, N. J. (Plate VI.), the

Empire of India (Plate VII.), and Santiago de Chile (Plate V.), in which deaths, not cases, arc

indicated

-

It is important to rememl)er that the curve of typhoid deaths in each case has been moved back

exactly two months from its true position, and that for typhoid cases one mouth, as is explained on

p. 539.

/
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Complete Works of Count Rumfoi,!. 4 vol^., |5.00 each.

Mvuunr of Sir Benjamin Thomp'^nn, Count Rumford, with Notices of

his Daughter. By George E. Ellis. S5.00.

Complete sets of the Life and Works of Rumford

to members, S5.00.

5 vols., 625.00;

For sale at the Li)>rarv of The Amrrfcan Academy- op Arts and
SriiNCEs, Hot Boylston Street, Boston, Massachusetts.


