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1.—On new species of the Genus Plectopylis of the Family Helicide.—By
Ligvur.-CoLoNEL GopwiN-AusTEN, F. R. G. 8., F. Z. 8., &c., late
Deputy Superintendent Topographical Survey of India.
(Received October 7th, 1878 ;—Read March 6th, 1879,)
(With Plate L)

Since the paper on the shells of this group of Helices was published

in the Proceedings of the Zoological Society of London, Nov. 17th, 1874, I
have had the good fortune to obtain three new species, one from Tenasserim,
among a collection of shells made by Mr. O. Limborg, of which a list is
being prepared ; the other two are from Eastern Assam. I give a plate,
drawn with the aid of the camera lucida, shewing enlarged the arrangement
of the internal plice, which differ materially from all those I have as yet
examined and figured ; these differences form the best of characters by which
the species may be determined. Some conchologists may be inclined to
doubt the persistence of these internal characters ; personal observation is,
however, the best means of settling such a point. Having a very large
number of P. brachydiscus, described below, I set to work and broke open
42 specimens without finding the very slightest variation; of P. brakma
thirteen were examined with the same result ; there is some slight variation
in the young, but only in so far that the barriers shew an undeveloped state,
the general arrangement being the same. In P. ackatina, I found perfect
similarity in some 12 specimens, and the result has been similar in all other
species that I have examined. I think we may therefore feel certain
_that such internal structures, depending as they do on the form of the

1




2 Godwin-Austen—On new species of the Genus [No. 1,

animal, its mantle and secreting organs, will be as persistent as the shell
itself, and that their form and relative positions being more complicated
and more pronounced than mere outward shape, any divergence in the
former is of importance and more noticeable and noteworthy in a specific
sense. The animal, I am sorry to say, I have never had an opportunity of
examining very closely.

P, shanensis, Stoliczka, (J. A. 8. B., 1878, p. 170,) overlooked in my
first paper, is I find, the same as P. trilamellaris, which I described in the
P. Z. 8., Jany. 1874, from Burmah; so this last title will not stand
Ferd. Stoliczka’s fine collection of shells passed to the Indian Museum, and
Mr. G. Nevill compared the two shells and settled their identity. It
should be placed after No. 12, perarcia.

Helix (Plectopylis) brachydiscus, n. sp. Plate I, fig. 1.

Shell dextral, umbilicus very open and shallow, very discoid, rather
strong, dull umber-brown, epidermis thick with a cloth-like texture, finely
and beautifully ribbed longitudinally ; in young fresh shells the upper outer
margin is closely set with a strong regular epidermal fringe about -075
inches long. Spire quite flat, approaching the concave in some specimens,
the apex itself having a subpapillate form. Whorls 7, the last rather flat
on the side and angular above, descending at the aperture, which is very
oblique and oblate. Peristome strongly reflected, thickened, white, the
margins connected by a well raised ridge, notched above and below. A long
borizontal lamella is given off from the upper middle portion of this
towards the vertical parietal lamina, but only extends for 0-20 inches,
then terminates, but at *15 inehes is again developed, becoming thicker and
higher as it approaches the vertical lamina and ending just short of it,
in this respeet being similar to P. perarcta.

The parietal vertical lamina is pointed above and gives off from the
lower basal end a short lamella towards the aperture, and a very slight
short thin, free lamina is to be seen just below the vertical barriers. Pala-
tal teeth simple, six, the 2nd, 3rd, 4th and 5th, are the best developed, the
1st and last are small, 2nd the longest.

Animal not observed.

The measurements of the specimen drawn and of the largest specimen
are respectively—

Major diam. 0'82. Minor diam. 0-68. Alt. at axis about 0-24 and

" . 095 , 083 . ., , 028

Han.—This shell was found by Mr. O. Limborg on the high range of
Mulé-it, east of Moulmein, Tenasserim, and in the neighbourhood. He
collected an immense number in a dead bleached state, but only a dozen in
a fresh state ; the others were, however, exceedingly valuable for proving,
as above shewn, the persistency of the internal structure in all.
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This form should be placed between No. 11, P. pseudophis, and
No. 12, perarcta in my key to the species, vide P. Z. 8., 1874, pp. 612, 613.

Helix (Plectopylis) Oglei, n. sp., Plate I, fig. 2.

Shell dextral, widely umbilicated, sub-discoid, dull pale brown with
close-set sienna markings crossing the whorls. Epidermis thick and nacre-
ous, and somewhat rough. Apex flat but slightly concave, the whorls rising
regularly. Whorls 8, the last descends slightly near the aperture, which is
very oblique and ovate. Peristome slightly reflected, white, continuous on
the body whorl, but nqt strongly developed. Palatal teeth 6, 8rd, 4th and
5th equal, 6th longer, double. On the parietal side is one single vertical
lamina with buttress-like supports on posterior side above and below.

Major diameter 0°65 ; minor diam. 058 ; alt. axis 025 inches.

HaB.—The above shell was discovered near Sadiya, Assam, by Mr.
M. T. Ogle of the Topographical Survey, after whom I have much plea-
sure in naming it. Mr. Ogle collected and sent me a very fine collection
of land-shells from this eastern part of the Assam valley, comprising many
new and interesting species, which I am engaged in working out. The
nearest species to P. oglei is serica of the Burrail Range, but the former is
very much larger and may be known at once by its less flattened form and
darker rougher surface. In the synoptical table of this sub-genus, P. Z. S.,
1874, p. 612, this shell should follow No. 1, P. serica, G.-A.

Helix (Plectopylis) brahma, n. sp., Plate I, fig. 8.

Shell sinistral, rather closely umbilicated, discoidal, pale ochry-brown,
finely and regularly striate. Apex flat yet slightly convex. Whorls 7,
last angular above and rounded below, slightly compressed behind the
aperture and hardly descending. Aperture lunate, oblique. Peristome
slightly reflected and thickened, white, continued as a callus on the body
whorl.

Internal structure complicated ; the parietal vertical lamina is strong
and gives off a short borizontal lamella at the lower end; above this are
two other and parallel free lamelle,* both short, the lower being the best
developed ; the upper is occasionally united to the upper end of the vertical
barrier. There is a very thin thread-like lower free lamella extending to the
peristome and uniting with the parietal callus. The palatal plice are
arranged in two rows, those of the anterior row are few and large, four in

® In three cases out of twelve I examined, the upper /amells was united to the
vertical barrier, but this does not affect the order of position and arrangement of all
these processes in this species.
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number, the two upper long, narrow and adjacent, the 8rd is a flattened
dome-like mass, the 4th is long and curving inwards. Behind this at a short
distance is the second row, consisting of fourteen very minute, closely
arranged, thin, longer or shorter tooth-like processes, those on the upper
side being slightly the largest.

Major diam, 0-35 ; minor diam. 0:82 ; alt. axis 02 inches.

Has.—This very interesting new form was also obtained by Mr. Ogle
near Brahmakhund, eastern Assam, at 1,000 feet elevation.

The arrangement of the internal barriers is unlike any species of this
sub-genus I have yet examined, and shews a decided departure from the
usual North-East Frontier f6rms, a sort of foreshadow that in the mountains
further east this particular development is to be found of a like or more
marked character.

In external form the present species resembles P. shiroiensis, but may
be distinguished from it by the coarser epidermis and more regular striation,
and the broader wider size of the last whorl near the aperture, shewing no
constriction. It is of interest to note that the flattened dome-like barrier on
the palatal or mantle side coincides with the vertical barrier in P. shiroiensis
where we see the distinct result of two teeth fused as it were together.

This species should come in after No. 18, P. re¢fuga, var. dextrorsa, as a
sub-section &' of group B of the key in P.Z.S. Palatal vertical plica only
compound, in two rows, numerous. Horizontal parietal lamine short.

A~~~

11.—On the Operations for obtaining the Discharges of the large Rivers in
Upper Assam, during Season 1877-78.—By Lirur. H. J. HARMAN,
R. E., in charge Assam Valley Series, Survey of India. Communicated
by Masor-GeNL. J. T. WaLkee, R. E,, C. B, F. R. S, Surveyor
General of India.

[One of the Survey Operations during the field season of 1877-78 was
to explore as much as possible of the region between the Subansiri and the
Dihang Rivers, with a view to ascertaining which of these two affluents of
the Brahmaputra river had the best claim to be considered the recipient of
the Sanpo River of Thibet. As there was reason to fear that political
difficulties might intervene to prevent the survey officers from proceeding
a sufficient distance into the interior to settle this disputed point, Lieut.
Harman was directed to measure the discharges of the several rivers at
various points, and to ascertain the volume of water in each river in order
that additional evidence might be forthcoming on an interesting geogra-
phical problem. The following paper gives the details of these operations.

J.T. W.]
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The first river measured was the Subansiri. The method of proce-
dure was as follows, and the same method of work was adopted for all the
other rivers :

A gauge-post was planted in the bed of the stream to note the varia-
tion in level of the water during the operations. Four parallel lines were
laid out across the river, at a perpendicular distance apart of 758 ft.,
the shore portions of the lines being marked by flags (vide fig. 1).

¥

B A R
JR. B E_ B
Y]
bap BB
BB
Fig. 1.

Base lines A B and C D were measured, and on a plane table a

chart was made on the scale of 70 feet = 1 inch showing the lines of flags
and the margins of the river. The section was obtained in the following
manner :
A small dug-out (canoe) was anchored at (a) and the cable eased off
until the observer (myself) in the boat was exactly on the upper or first
Yine A C. A signal was made to an assistant stationed with the plane
table at B or D, who at once cut in the position of the observer in the boat
on the line A C. Soundings were then taken, and the boat let down to the
2nd line or upper line of the “ Run.” The position of the observer in the
boat was again cut in and soundings were taken ; and so on for the remain-
ing two lines. The boat was then hauled up, the grapnel raised, and a new
position (a,) taken up.

It was found that in most cases, the line joining the four sounding sta-
tions obtained from one anchoring position, closely agreed in direction with
the sarface flow of the water at that part of the river.

The instruments for measuring velocities were discs of wood 3 in.

diameter and } in. thick, marked by a little mass of cotton

@ wool thrown over a peg standing upright in the centre
r of the disc (fig. 2). Also tin tubes, 1 in. diameter, closed

Dise. at one end, varying in length from 2} to 10 ft., containing
Fig. 2. enough water to sink the tubes, so that only 3 or 4 inches
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of them remained above water (fig. 8). In the

mouth of the tube was a cork and some cotton
Level [{§ of water. wool for a marker. I obtained from Calcuttaa
: number of hollow balls 8 in. diameter, for sub-
surface velocity measurements : I did not get them
till February and found that unfortunately they
were defective and were of little use to me.

I had also a current-meter by “ Casella,” with
which I intended observing sub-surface velocities.
Capt. Willans, R. E., Executive Engineer, Shil-
long, very kindly designed and had made up for
me an effective apparatus, a lift by which the

Fig. 8. current meter could be lowered and fixed to any
desired depth in the water, could be started and stopped at pleasure, and
raised easily to allow of the record being read off. Unfortunately, when
too late, I found that the meter would not work except with a very high
velocity of water, and those records obtained were untrustworthy.

The method of measuring the velocity was as follows :—

The boat was moored on the upper line A C (vide Fig. 1), and the
floating instruments dropped into the water. The general line of direc-
tion taken by the floats was observed with a prismatic compass ; on the bank
were two observers M and N, each furnished with a good pair of binoculars.
A recorder, with a large chronometer (Dent’s) beating half seconds, was
seated at O.

The flag staves were thin and straight. When the observer M saw a
float cross his line E F he ecried “past,” and the recorder at O noted the
time in his book : when the float passed the line G H, the observer ¥ cried
“ past” and the recorder noted the time. The interval between the two
noted times, gives the time taken by the float to pass over the “ Run.”

The following example shows the method of computation adopted in
the majority of cases: of course it sometimes happened that the section of
the bed of the river between adjacent sections where velocities were taken

Saa Level of water 8%  was as in fig. 4, or the direction of
| the flow of the water at a differed

— greatly from that at &, or the obser-
Bed Qfm;v vations at one of the Sections were

Fig. 4. untrustworthy ; in such cases moditi-
cations were necessary and methods recommended by one’s judgm(.mt
were resorted to ; but the following example gives the type of computation
adopted in most cases :—

The length of run = 50 feet.




1879.] Discharge of large Rivers in Assam. 7

From chart the length o ¢ = 200 feet (vide Fig. 5). Make ¢ G = Ge.

Through G draw G K, showing & mean direction of flow of floats, <. e.
265°.
Draw f @ & perpendicular to G K and the lines ¢f, eh perpendicular
tofg k.

Then for computation of discharge ; the area of the section from ¢ to

e is very nearly [200 x Cos 9° x (12 ; 10)] = A

From the velocity measurements—
The meantime of passage of 10 discs thrown in at ¢ = 125
6 tubes, each 10 ft. long, at ¢ = 14'5}
»w » 38ft.long, ate = 120
vereesssensesessasansnsesrenns of 12 discs thrown in ate = 120
4 tubes, each 8 ft. long, at ¢ = 14'5}
3 ” ” 3 » at e = 120
Assumed meantime of passage for section is 13:5—

650 x sec. 9°
136 =V
and AV = discharge, or number of cubic feet of water passing through

¢ to ¢ in one second of time. .

The mean velocity per second required for section is

N,
. 018, 6
y v f':'u%,, (Vetacity s¥)
gt

3
E¥ (Pelocrly 32)
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There is a clumsiness in the formula, but no alteration has been made,
because I set up all the quantities for giving the discharges before it was
noticed. The values of the discharges are not affected, but I may as well
note how the formula took its shape.

Let M N O P (Fig. 6) be an open channel of considerable length
the flow of water uniform, the section of the channel rectangular. '

Let cd and ¢f be two lines parallel to each other, at a perpendicular
distance apart equal to gh. ab is a section at right angles to length of
tube and to the direction of flow of water.

Let the angle cgi = 90° + 6, and v be the depth.

Let # be the time in seconds taken by a particle of water to move
from g to K.

Then the Discharge through the section ¢d = ed x f; X y’l.

v x gh
4

The Discharge through ab = ¢d x ¢0s § x v x gh s«:c 9 )= od x
It is this formula (1) which has been employed.

e C b [
~ < ¥
6 ,,..-""’ \
0 @ a J o
Fig. 6.

(a) The line of maximum velocity of a river is found at a short dis-
tance below the surface. The velocity at the bottom of a river is less than
the surface velocity ; the retardation is great if there are many weeds.

The bottoms of all the rivers measured were of coarse heavy sand,
excepting a short stretch of big pebbles in the bed of the combined Dihang
and Dibang rivers.

Professor Rankine assumes that the mean velocity on a vertical line,
is to the greatest velocity on the same line, as 8 to 4 for slow rivers and 4
to 65 in rapid streams.

The velocity of a rod extending to nearly the bed of the stream is ap-
proximately the mean velocity of the water in the vertical plane traversed
by the rod. In assigning a mean velocity for computation to the several
portions of the sections of the rivers, all the above facts were kept in view.

At some sections of observation for determining velocity, many differ-
ent instruments were used and many passages made; at other sections only
a few observations were made.
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(b) The arithmetical mean of the times noted at a station of the pas-
sages of a certain floating instrument, was taken as the mean time of pas-
sage of that instrument. The record of times was kept to half seconds,
and it is rarely that discrepancies of over 1 second from the mean occur.
These discrepancies were due, first to errors of observation and 2ndly to
considerable divergence of the floating instrument from the general line taken.
Having obtained at a station the mean time of passage of each kind of
instrument, and having regard to the number and quality of the observa-
tions, a value was assumed as representing the mean time of passage of the
water at that station.

For the adjacent station, a mean time of passage was obtained in a
similar manner. Then for the whole included section, a value was assumed
as representing the mean time of passage, and this value was employed in
the computation.

In such a case as the following: at station (a) the velocity of the
water is high, and the swift water extends nearly to the adjacent station ¢,
and shows a well defined margin-line of the current. At station o the
velocity is low.

In such cases the section from station (a) to station (c) is sub-divided
into 2 parts ; the swift water portion is dealt with by itself, the remaining
part by itself.

The method adopted of obtaining the data for computation gives, I
think, the results required, and without much labour.

(¢) The Flood Discharges are merely probable values. They were
obtained in the following way. The section lines were laid down on the
Revenue Survey large-scale maps of the rivers. An examination was made
on the ground to see what changes had taken place since the maps were
made. All vertical heights on these flood sections (shown on charts of
river sections) were estimated. The flood section was then divided into
portions, and an assumed velocity was assigned to each portion, the value
being chiefly determined by the section of the portion, its position, and from
what local information I could gather. The main-stream high flood velo-
city has been taken at 7 feet per second. To obtain the total Flood Dis-
charge it was necessary to increase the velocities of each portion of the
dry season section. After once assuming values for the flood velocities of
the different portions, no alterations were made subsequently.

(d) Some of the rivers measured, were above the mean low-level of
the dry season. To obtain the discharge of the river at its mean low-level
of the dry season, the following method was adopted : the area of each por-
tion of the section, due to rise, was computed and subtracted from the
observed area of that portion ; then, to the diminished area of the portion,
& mean velocity was given which was less than the observed mean velocity

2
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of the portion. After velocities have been once assumed they have not
been reconsidered or altered.

In the case of the reduction of the observed discharge of the Dibang
river, to its mean low-level discharge of the dry season, the rise of water
was taken us 4 feet, but subsequently it was taken as 6 feet.

The depths along the section of the Brahmaputra above Sadiya were
all obtained on the same day. The velocity observations at some of the
stations were made when the river had risen 1 foot to 1} feet: reductions
were therefore made to the observed velocities at these stations,

(¢) The columns in the Synopsis Table, headed “ Mean Veloeity of
river at its mean low-level of the year,” and at “high flood level,” do
not contain much information unless they are compared with the sectional
areas, and form of section.

The sum of the discharges of the rivers forming the Brahmaputra river
should equal the discharge of the Brahmaputra itself. The work done ful-
fils this test sufficiently nearly to allow, I think, of the stated discharges
being considered as sufficiently approximate for geographical purposes.

The Subansiri measurements were made between the 25th and 28th of
February 1878. The weather was fine for the work, the level of water
constant ; very little wind disturbed the observations. The boatmen and
others living at the site of the section stated that the water was very rarely
gseen at a lower level, and that during the observations it was at the dead-low
of the dry season.

Ninety soundings were made to obtain the section of the stream ; at
21 stations observations were taken for velocity and there were 510 record-
ed passages of the floating instruments. The resulting discharge at lowest
level of the year was found to be 16,945 cubic feet per second : the super-
ficial area of the section 9,687 superficial feet, so that the mean velocity of
the water was 1-7 feet per second.

During the very high floods of the year the water is known to rise 22
feet, but calculations have been made for ordinary high flood, taken at 16
feet ; with this rise of water I have computed the discharge to be at least
170,000 cubit feet per second ; area of section is 85,700 superficial feet, 8o
that mean flood velocity is 4-7 feet per second.

For extreme floods, 18,000 superficial feet must be added to the section
area and 70,000 cubic feet to the discharge, which would bring the maxi-
mum discharge up to 240,000 cubic feet per second, and sectional area to
48,700 superficial feet.

The site of the secction was at Pathalipam village, 8 miles west of
Gogah-muk ferry, and about 10 miles from the foot of the hills, from
the gorge where the river issues out into the plains.

Before issuing into the plains, the river flows gently for 9 miles in a
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great chasm; the depth of the water may be taken at 60 feet, (the few
soundings taken were 66 to 70), mean width 90 yards, and velocity fully
1 foot per second. Such dimensions give a discharge equal to the measured
discharge ; but I am of opinion that had I selected my site at the place
where the river leaves the hills, I should have obtained a greater discharge
than the one I measured, on account of loss by pereolation through the sand.

The Subansiri after leaving the hills spreads out into several sandy
channels, which unite above Gogah-muk. At Gogah-muk the river flows
in one channel and turns abruptly from a north to south course into a
west by north course.

The next river measured was the Brahmaputra river, at a site due
north of, and 8 miles distant from Dibrugarh Church. There was a rise in
the river just before the measurements were made, but the work was done
at the low level of the year, and the observations were made at favorable
times. On account of the wind and the rapidity of the current, the work
occupied me from March 11th to 18th. In the rapid parts of the river,
where the velocity was 5 feet per second, a light canoe manned by four men
could not make way up-stream, and it was therefore generally necessary to
bave the boat brought in shore, poled up-stream and then dropped down
into position : a position once missed could only be regained by going in

ghore again.
8 B

Fig. 7.

The site selected, though favourable for the operations, unfortunately
did not include the entire volume of the river: the blunder happened in
this way :

Between the site 4, (Fig. 7) and the Miri village of Saenga Jan (B) is
a distance of 8 miles. During the cold season of 1876-77 there was a wide
channel D in the sands, its mouth was choked with sand ; a little way down
the channel the water was less than knee-deep and the flow very slight.
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-Before commencing work I sent men to see the channel and they reported
it shallower than it was in the preceding year : just before closing work
I found that at the village O the channel was wide, breast deep and the
flow slow. To allow for this unmeasured percolation through the sands
I have added to the measured discharge of the Brahmaputra 3000 cubic feet
per second to bring the result nearer the truth. The *“ Buri Suti” channel
for two miles from its mouth has no water in it, but at 15 miles from its
mouth it is rarely fordable.

After the work was finished on March 19th there was a rise of 6 feet in
the river, and at Gauhdti on March 24th it caused the gauge register to
read 4.6 ft. above the zero.

For the section, 120 soundings were taken: observations for velocity
were made at 14 stations, and there were 255 recorded passages of the
floating instruments.

The resulting discharge at the low level of the year was found to be
113,115 cubic feet per second ; the superficial area of section was 24,477
superficial feet, so that the mean velocity of the water was 4.6 feet per
second. To the observed discharge, 3,000 cubic feet must be added for
percolation through the sands and flow through the channel D, mentioned
above, thus bringing the discharge up to 116,115 cubic feet per second.

During very high floods the water rises 20 feet, but calculations have
been made for an ordinary high flood rise of 16 feet, which gives a dis-
charge exceeding 830,000 cubic feet per second, a sectional area of 164,000
superficial feet, so that the mean velocity of the flood is 5 feet per
second.

For an extreme flood the discharge would exceed 1,100,000 cubic feet
per second, and the sectional area 208,000 superficial feet. For a rise of 3
feet over the low level of the year, the increased section would be 14,100
superficial feet and the increased discharge 54,000 cubic feet per second.

The next river measured was the united stream of the Dihang and
Dibang rivers, at one mile above the junction with the Brahmaputra and
one mile below the mouth of the Dibang river. At the time of measure-
ment the river was somewhat less than 3 feet above the low level of the
year.

The weather was fairly favourable and the site selected was a good
one. The work was done between March 24th and 27th of 1878.

For the section, 59 soundings were taken, observations for velocity were
made at 12 stations, and there were 170 recorded passages of floating in-
struments.

The resulting discharge was 110,011 cubic feet per second, sectional

area 25,105 superficial feet, so that the mean velocity was 4-4 feet per
second.
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The river at time of measurement was 8 feet above the minimum level
of the year. The increased section due to this 8 feet rise, is computed to
be 6,222 superficial feet, and the increased discharge to be 27,859 cubic feet
per second ; thus the cold weather low-level discharge of the united streams
is 82,652 cubic feet, sectional area 18,883 superficial feet, mean velocity 4-3
feet per second.

To obtain the cold weather low level discharge of the Dihang river it
is necessary to subtract the Dibang discharge, shown below to be 27,200
cubic feet per second, and this quantity subtracted from the discharge
of the united streams will give the Dihang discharge to be 55,400 cubic
feet per second at minimum level of the year.

During very high floods the united rivers rise 20 feet, but the cal-
culations have been made for an ordinary high flood rise of 15 feet which
gives a discharge of 485,000 cubic feet per second, a sectional area of
84,000 superficial feet and consequent mean velocity of 5-7 feet per second.

To obtain the flood discharge of the Dihang river, it will be necessary
to subtract that of the Dibang river which is shown below to be 122,488
cubit feet per second, which amount subtracted from the above 485,000
cubic feet leaves for the ordinary flood discharge of the Dihang river
862,517 cubic feet per second.

The next river measured was the Dibang river at one mile above its
mouth and half a mile below the mouth of the Senseri river.

The work was done on the 27th March 1878 when the river was &
feet above the low level of the year. This river receives a good deal of
snow-water, from snowy mountains close to the plains. After a hot day
the river will rise during the night 2 to 8 feet, subsiding during the morn.
ing. This is not the case in the Dibang river.

There were 37 soundings taken for the section. At 9 stations ob-
servations were made for velocity, and there were 116 recorded passages of
floating instruments.

The measured discharge was 47,388 cubic feet per second, sectional
area 10,992, and therefore mean velocity 4-8 feet per second. But at
time of measurement the river was 5 feet above minimum level of the
year,and this 5 feet rise has been computed to produce an increased sec-
tional area of 4,617 superficial feet and discharge of 20,181 cubic feet.

Thus the discharge of the Dibang river + Senseri river at the low level
of year is 27,202 cubic feet per second, sectional area 6,875 superficial feet
and mean velocity 4-2 feet per second. But the Senseri river brings down
about 1,200 cubic feet, so that the low level discharge volume of the Dibang
river is 26,000 cubic feet per second.

During the high floods the river rises 20 feet, but like the Dihang
computations an ordinary flood of 15 feet has been calculated for, and



14 H. J. Harman—Operations for obtaining [No. 1,

then the flood discharge is 122,483 cubic feet per second, aeetwm] area
23,692 superficial feet, and mean velocity 52 feet per second.

For an extreme flood of 18 feet, the discharge would exceed 144,000
cubic feet, the sectional area be 27,700 superficial feet, and mean veloclty
62 feet per second.

The next river measured was the Brahmaputra river at about 9 miles
above Sadiya and half a mile below the mouth of the united stream of the
Tengapéni aud Noa Dihing rivers. There wasa good deal of difficulty
found in the measurement of this river on account of bad weather and the
level of the water not remaining constant. The section was made when
the river was at 8 feet above the low level of the year, but most of the ve-
locities were measured when the river was at a slightly higher level. These
facts were kept in view when the calculations were made.

The measurements were made between April 2nd and 6th of 1878.
For the section, 61 soundings were made, observations for velocity were taken
at 14 stations, and there were 165 recorded passages of floating instraments.

The measured discharge was 66,251 cubic feet per second, sectional
area 16,396, so that the mean velocity was 4 feet per second. At time of
measurement the river was 8 feet above the minimum level of the year : the
increased volume due to this rise was computed to be 82,419 cubic feet per
second, and sectional area 8,168 superficial feet ; so that the mean low-level
dry season discharge of the Brahmaputra river below Tengapéni-muk is
88,832 cubic feet per second, sectional area 8,228 superficial feet, and, con-
sequently, mean velocity 4-1 feet per second.

To obtain the minimum discharge of the Brahmaputra at the Brah-
makund, it will be necessary to deduct from the above figures, the eold sea-
son mean low-level volume of the Tengapini and Noa Dihing (which
is stated below to be 8,000 cubic feet per second), and that of the Di-
garu river which I would estimate from hearsay at 5,000 cubic feet per
second. Thus the minimum discharge of the Brahmaputra at the Brah.
makund would be 25,000 cubic feet per second.

The ordinary high flood of the Brahmaputra below Tengapéni-muk
has been calculated at 16 feet. It gives a discharge of 298,000 cubic feet per
second, a sectional area of 53,017 superficial feet and méan velocity of flood
65 feet per second. For the flood dischdrge at the Brahmakund one should
subtract from above discharge 53,000 cubic feet for the Tengapani and Noa
Dihing rivers (vide below), and I would estimate 60,000 for the Digira
river, which would leave 180,000 cubic feet per second for flood discharge
of the Brahmaputra at the Brahmakund.

For an extreme flood of 18 feet the discharge below Tengapéni-muk
would be over 826,000 cubic feet per second, sectional area 59,000 super-
ficial feet and mean velocity 5-5 feet per second ; then calculating by pro-
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portion, the extreme flood of the Brahmaputra at the Brabhmakund would
be not less than 200,000 cubic feet per second.

Before closing work at Tengapéni-muk I thought it well to make a mea-
surement of the united stream of the Tengapini and Noa Dihing rivers.
This I did on the 6th April 1878 at & site 200 yards below the junction
of the Tengapéni and Noa Dihing rivers. At the time of measurement the
water was fully 8 feet above mean low level of the year, and more than half
of it came from the Noa Dihing river.

For the section 18 soundings were made, observations for velocity
were taken at 2 stations and there were 19 recorded passages of the floating
instruments.

The measured discharge was found to be 6,807 cubic feet per second,
sectional area 2,203 superficial feet, mean velocity 8:1 feet per second.

At the time of measurement the river was 3 feet above minimum level
of the year ; it is computed that for the low level of the year the discharge
is 8,000 cubic feet, area of section 900 superficial feet, and velocity 3-8 feet
per second ; and of this 3,000 cubic feet, 2,500 cubic feet comes from the
Tengapéni river.

For an ordinary high flood rise of 15 feet, the discharge is computed
to be 58,000 cubic feet per second, sectional area 10,400 superficial feet and
mean velocity 51 feet per second.

For an extreme flood rise of 18 feet, the discharge is 65,000 cubic feet,
sectional area 12,800 superficial feet and mean velocity 51 feet per second.

From the Synopsis Table attached, it will be seen how closely the sum
of the volumes &c. observed, for the two great streams which form the
Brahmaputra River, agree with the observed volume of the river at
Dibrugarh. The river at Dibrugarh should be of greater volume than the
combined Dihang and Sadiya streams, because of the Lali channel of the
Dihang which joins in just below the place where the section of the Dihang
and Dibang was taken. During the cold season, and at time of observations
it was a small and fordable stream 100 yards wide, but during floods the
channel brings down a very large volume of water.

During the floods a considerable volume of water passes down the
Buri Suti, the mouth of which is on the north bank snd between Dibrugarh
and the mouth of the Dihang river.

The Buri Suti falls into the Brahmaputra near the mouth of the Dihing
river, south of Dibrugarh.

I bave endeavoured to be as moderate as possible in my estimates of
the flood discharges, but I think it may fairly be stated that at Poba, a
few miles above the mouth of the Buri Suti, there is every season a
flood when 1} million cubic feet per second passes down the Brahmaputra.
The rise of the flood I have calculated at 15 to 18 feet. The rise at
Gaub4ti is 28 to 30 feet.
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Discharge of large Rivers in Assam.
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BRAHMAPUTRA RIVER

NEAR DIBRUGARH.

March 16th, 17th, 18¢h, 1878.
Computation of Discharge.

Length of “Run” =75 feet. Magnetic Bearing of Section lines = 8483°.
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BRAHMAPUTRA RIVER,—Continued.
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II1.—Hemiptera from Upper Tenasserim.—By W. L. Distaxy. Commu-
nicated by J. Woon-Masox.

(Received 22nd Feb. 1879 ; read 5th March, 1879.)
(With Plate IT).

The following paper enumerates and describes the Hemiptera collected
by Mr. Ossian Limborg in the district east of Moulmein, Tenasserim Pro-
vinces, and placed in my hands for determination by Mr. Wood-Mason, to
whom the insects belong. 8o little has yet been done in enumerating the
Hemipterous Faunas of the East, and this collection is so limited in extent,
that it would be futile to attempt any elaborate scheme of tabulation in
illustration of geographical affinities and distribution. The publication,
however, of the details of such collections as this from a well specified neigh-
bourhood will afford material for such work hereafter. Many of the species,
as might be imagined, are common to Northern India, others range through

the whole Eastern Archipelago as far as Celebes.

Heteroptera.
Fam. PACHYCORIDE.
Chrysocoris grandis, Thunb.

0.  porphyricolus, Walk.

Hotea curculionides, H. S.
Fam. Harypma.
Dalpada oculata, Fab.
D. varia, Dall.

Fam. PENTATOMIDA.
Antestia anchora, Thunb.
Catacanthus sncarnatus, Drury.
Prionaca lata, Dall.

Strachia crucigera, Hahn.
Fam. EbDEssIDA.

Oyclopelta obscura, St. F. and 8.

Fam, Miormms.
Dalader acuticosta, A. and S.
Mictis tenebrosa, Fab.
M. gallina, Dall
Physomelus calcar, Fab.
P.  parvulus, Dall.

Fam. HoM®OCERIDE.
Homaocerus javanicus, Dall.
H. marginellus, H. 8.

Fam. ANI808CELIDA.
Serinetha augur, Fab,
S. abdominalis, Fab.

Fam. Avryoma.
Riptortus pedestris, Fab.

Fam. CoRema.
Acanthocoris scabrator, Fab.

Fam. PYRRHOCORIDA.
Lohsta grandis, Gray.
Iphita limbata, Stil.
Physopelta gutta, Burm.
Antilochus russus, Stil.

A.  coguebertii, Fab.
Odontopus nigricornss, Stil.
Dindymus rubiginosus, Fab.
Dyodercus cingulatus, Fab.
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Fam. REDUVIIDE.
Euagoras plagiatus, Burm.
Velinus malayus, Stal.
Reduvius mendicus, Stal, var.

- Vesbius sanguinosus, Stal.

*

Fam. ARADIDE.

Brachyrhynchus membranaceus, Fab,

Fam. ACANTHASPIDIDE.
Tiarodes versicolor, Lap.
Sminthus marginellus, n. sp.

Velitra rubro-picta, A. and 8.

Fam. GERRIDE,
Ptilomera laticauda, Hard.
Limnogonus, sp. ?

Fam. BELOSTOMIDA.
Belostoma indica, St. F. and 8.

Homoptera.
Fam. CrcApIpa.
Platypleura nobilis, Germ.
P. insignis, n. sp.
Huechys sanguinea, De Géer.
H. philemata, Fab.
H. thoracica, n. sp.

J. Wood-Mason—Hemiptera from Uppér Tenasserim.

[Neo. 1,
Scieroptera splendidula, Fab.
Dundubia mannifera, Linn.

D. intemerata, Walk.
Pomponia tigroides, Walk. var.

P. sp.?
Cryptotympana rects, Walk.

Fam. CERCOPIDE.
Cosmoscarta tricolor,St. F.and S.var.
C. megamera, Butl
0. masgoni, Dist.

Fam. CENTROTIDAE.
Centrotypus assamensis, Fairm.

Fam. Iassmo=.
Tettigonia ferruginea, Fab.

Fam. EURYBEACHYDIDA.
Eurybrachys (?) punctifera, Walk.
Ancyra appendiculata, White.

Fam. Ricaxtma,
Ricania guttigera, Walk.

Fam, Frarmx.
Cerynia maria, White. var.
tenella, Walk.

NotEs AND DESCRIPTIONS.

CHRYSOCORIS PORPHYRICOLUS, Walk.
Call. porphyricola, Walk., Cat. Het., Part. I, p. 29, (1867).

Walker describes this form as being allied to . stockerus, Linn.

On

the contrary it is very closely allied to O. purpurcus, Hope, if not evea

a variety of that species.

SMINTHUS MARGINELLUS, n. sp. Pl II, Fig. 1.
Sanguineous ; head, elytra, lateral borders of sternum and abdomen
beneath, and anal abdominal segment black. Antenn® obscure, testaceous ;
a sanguineous spot behind each eye and base of coriaceous portion of the

elytra narrowly of the same colour.

Allied to 8. fuscipennis, Stil, from which it dxﬁers by the very much
more robustly developed eyes and the narrower space between them ; the
head is also slightly more elongated, and the sculpture of the posterior lobe
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of the pronotum is different. The colour of the head, extent of the basal
coriaceous patch and the colour beneath also differentiates it.
Long. 18 mill.

PLATYPLEURA INSIGNIS, n. sp. Pl II, Fig. 2.

Body testaceous, thickly covered with griseous pubescence, Pronotum,
mesonotum and metanotum not differing in stracture and markings from
P. nobilis, Germ., but more pubescent ; pectus, abdomen above and below
also resembling that species. Rostrum with the tip pitchy, reaching a little
beyond posterior coxse. Legs pale ochraceous, fore and intermediate tarsi
with the base, apex, and claws pitchy.

Tegmina pale hyaline, with the veins, membrana cost=, area costalis,
area radialis (excepting almost apical half) and a large basal patch trans-
versely terminated from near the apex of the lower side of the area radialis
and the inner border of tegmina at apex of the lower of the aresm ulnares,
fulvous covered with griseous pubescence. The area radialis is transparent
hyaline from sbout its middle (where it is darker in colour) to near the apex,
which is narrowly fulvous and has a subconical fuscous spot on its outer
border. A row of small spots on outer margin of the are= apicales, situated
one on each side of the veins, a submarginal waved row of larger spots
situated in like manner, and an irregular series of similar sized spots situat-
ed on the bases of the arem apicales and apices of the arem ulnares, black.
The veins in some places are greenish. Wings pale hyaline, with the veins
fulvous and a large black basal patch.

& . Long. ex. tegm. 15 mill. ; exp. tegm. 45 mill.

Allied to P. nobilis, Germ., but tegmina and wings very distinct, the
opaque portion being much less than in that species. The rostrum is
shorter in length and the drums do not overlap each other so much as in
P. nobilis.

HvuecHYSs THORACICA, n. sp. PL II, Fig. 8.

Black, pilose ; pile griseous. Face sanguineous with a large triangu.
lar sub-basal black spot, transversely strigose and with a deep, central
longitudinal impression, Antenns testaceous with the basal joint black ;
eyes testaceous, more or less streaced with black (black in a second speci-
men I have seen). Ocelli, a triangular patch at base of head, the apex of
which is situated between the ocelli, a central longitudinal hour-glass shaped
fascia extending through whole length of pronotum, abdomen and three
large spots on mesonotum, two lateral and one central, sanguineous. Pec-
tus sanguineous with some frontal black markings. Rostrum and legs, black
pilose. Tegmina opaque ochreous brown. Wings pale fuliginous hyaline
with the nervures dark fuscous.
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The rostrum reaches the apex of the intermediate coxz.

2. Long. ex. tegm. 19 mill. ; exp. tegm. 48 mill.

Two other unnamed specimens of tlns species are in the British Museum
from Hindustan.

PoMPONIA, 8D. 7

Owing to the number of insects described under the Genus Dundubias,
frequently only one sex being known, I have considered it better to avoid
describing this form until the other and allied genera are structurally
monographed.

CRYPTOTYMPANA RECTA, Walk. Pl II, Fig. 4.
Fidicina recta, Walk. Cat. Hom. I, p. 79, 1850.

‘Walker's type is a @, and I have therefore figured the underside of a
& in the collection, which seems to belong to this species. It is much paler
in colouration above, being more olivaceous than black, but to this I attach
no importance, nor do I to its smaller size. All the other characters agree
The drums are olivaceous inwardly, broadly margined with black.

Long. ex. tegm. 82 mill. ; exp. tegm. 95 mill.

CoSMOSCARTA TRICOLOR, St. F. and Serv. Pl II, Fig. 5.
Ceroopis tricolor, 8t. F, and 8. Enc. Méth. X, p. 604, 1827.

This only differs from the typical form in having the sub-basal fascia
represented by a transverse waved series of four sanguineous spots; there is
also a spot of the same colour at base. It is thus intermediate between C.
tricolor and O. basinotata, Butl. with the last of which, before expanding the
tegmina, I confused it. Butler’s form differs also in the colouration of the
abdomen. I have called this form a variety of C. #ricolor, though the term
“local race” would be more correct. The difference is certainly not “ speci-
fic,”” using that definition in the ordinary sense.

CosmoscarTa Masont, Dist. Pl II, Fig. 6.

0. Masoni, Distant, J. A. 8. B., 1878, Vol. XLVII, Pt. 2, p. 194.

Pronotum stramineous, with a quadrate black spot on anterior margin; head
luteous; tegmina, pectus, legs and abdomen shining black. Prosternum with lateral
borders stramineous.

Faoce robustly tumid, transversely strigose, with a central impunctate longitudinal
impression; eyes prominent, luteous; ocelli distinct, shining, situated at abont an
equal distance from each other as from eyes; basal portion of the head somewhat
pitchy. Pronotum thickly and finely punctured, with the lateral margins dilated and
strongly reflexed, the lateral angles produced prominently outwards, and the posterior
margin rounded, the disc is prominently raised and convex, &cross the centre of which
is a faint impunctate central longitudinal line. The frontal quadrate black patch con-
tains a deep, angular, linear impression on each side behind the eyes, and two small
tounded impressions on the posterior border.
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Tegmina obscurely and finely punctured; wings dark fascous with the nervures
black. Hind tibim with a small spine towards apex.
Q. Long. ex. tegm. 17 mill. Exp. tegm. 45 mill.
Greatest long. pronot. 74 mill. Exp. lat. ang. pronot. 11 mill,
Habitat, Taco, Tenasserim. Alt. 3—5000 ft.

ExpravatioN oF Prate IL
Fig. 1. Sminthus marginelius, Dist.
2. Platypleura insignis, Dist.
»w 3. Huechys thoracica, Dist.
4. Cryptotympana recta, Walk.
6. Cosmoscarta tricolor, 8t. F. and 8. var.
6

” masons, Dist.

IV.—On the Diurnal Variation of Rainfall Frequenoy at Calcutts.—By
Heney F. Braxrorp, F. G. S, F. Z. 8, F. M. 8.
(With Plate ITL.)

[The greater part of the following paper was written some months
since in France, and laid before the Society at its meeting in November
1878. In the original paper, the registers of only six years were discussed ;
but inasmuch as those for twenty years are available in the Meteorological
Office, on my return to India, with the permission of the Council,
I have withdrawn and recast the paper, including in the data the whole of
the existing registers. As might have been anticipated, the inclusion of a
period more than three times as long as that originally treated of, has had
the result of clearing away some irregularities, and of bringing out more
distinctly the true character of the variation ; some of the minor features of
which were but doubtfully indicated in the original restricted table ; while
the more prominent features have been confirmed and emphasised. With
a view to their more ready appreciation, a plate has been added, which
will enable the reader to compare the diurnal variation of rain frequency
at different seasons, with the normal diurnal variations of pressure, tempera-
ture, relative humidity and vapour tension at Calcutta. H. F. B.]

The tables here summarised are based on the hourly observations re-
corded at the Surveyor General’s Office from August 1856, to March 1877*;
during the greater part of the period on the autographic traces of an Osler's
anemometer. The form of the reduction does not show the quantity of the
rainfall, but only the fact of its occurrence at the several hours specified ;
in other words, its comparative frequency ; and it is possible that the two
kinds of variation may not strictly coincide. The traces in question have
not yet been reduced for quantity, otherwise than for the total diurnal fall ;
but the laws of diurnal variation in point of frequency are so salient and
decided, that it is bardly likely that any conclusions to which they may lead,

* As published in the Society’s Journal.
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bearing on the causes that determime precipitation will require serious
modification, when the quantity of precipitation is also taken into account.
This investigation, I hope to enter upon when the completion of
other more pressing matters shall allow of my taking up the enquiry.
Meanwhile, the present will, I think, be found a not unimportant contribu-
tion to Meteorological Science.

Tuble showing the Number of Hours in whick rain

during 21 years at Calcutta.

was recorded

Hours A. M.
g
- K-
—

fle|s|s|s|s|s|s|sl3 /2|8 4

g - 3] © - w © |~ |® | ! — = ﬁ
January,........| 3/ 3 & 8 o 8 8 7 8 8 11 10 88
February, ......| 9 9 14 10 11} 7 o 12 9 e 13 6 115
March,.... 71 9| 11) 8 4 & 7 9o 9 11 6 8 o4
April, . o e 7 8 & & 7 5 & 6 8 & 73
ay, 12 14 14 120 12 14/ 14 11 10 13 18 20/ 16¢
June, . 65 68| 64 53| 70/ 70| 73| 75| €3 81 88 95 K67
July, 80 92/ o4 88 82 95 88 07 102 114 121 135 1188
August, ........| 97 94| 94' 112] 107, 109, 105/ 102 103 107; 124/ 133 1287
September, ......| 36, 47| 65 64 68 67| 65 65 48 72| 83| 86| 746
October, ........| 20 26| 31| 34/ 37| 45 42 44| 41| 36 42/ 66 454
November, ......| 2| 3 6 8 6 8 8 8 6 100 9 82
December, ..... 3 3 4.! 3 3‘ s 4 1 3 1 1 2 31
Yearly Total, ..| 343| 374 409i 410 414|1 426| 430| 426 409] 461 622i 565, 3189

Hours p. M.

.| 4

2 g5

2lx|=|2|s|a|a|g|a|a|g|q] %

‘8’ Q183|882 |L8|L8|L|L|jLl=e §

Zz QA2 |2 5|83 |8|8|8|8| &=
January,........| 6 6/ 6 6 11 9o 6 4/ & 5 4 6 72
February, ...... 7798 7 18 9 9 10 13 8 10, 9 8 112
March,...... 6 7| 9 18 18 23 23 28 22 14 12/ 9 18¢
April, ..., 7| 6| I 25| 25/ 26/ 24 83| 30, 23 11f 9 229
May, .... 23| 26/ 271 23| 31 63 62 64| 57| 44/ 38 16| 454
June,.. .uere... 101' 89 96l 74| 83' 86 88 86| 85 67 66 59/ 980
July, eerreenen. 152 150) 140/ 119 118/ 103) 100/ 93| 85| 56 65 60 1241
August, ...oe