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L—On the occasional Inversion of the Temperature Relations between the
Hills and Plains of Northern India.—By Jonx Evior, M. A., MrE-
OROLOGICAL REPORTER TO THE (YOVERNMENT OF INDIA.

[Received December 2nd ;—Read December 4th, 1889.]

One of the more important features of the meteorology of the month
of January 1889 in Northern India was the remarkable variations of the
f#smperature relations between the hills and plains of Northern India
s more especially of Upper India. Under normal conditions of de-
owmmese of temperature vertically the temperature at the Punjab hill
#’mns should be 15° to 20° lower than at the adjacent plain stations.
e relation is sometimes reversed in the cold weather and the night
& tures are found to be several degrees higher at the hill stations
in the Punjab plains. Such variations or inversions of the or-
temperature relations are of occasional occurrence in all moun-
and adjacent valley districts. They have been observed in pre-
years in Northern India, but were larger and more prominent in
India in January 1889 than has been the case for many years.*
‘present hence appears to be a favourable period for discussing the

& fiwiler large and prolonged inversions of temperature oocurred in the years
39, and 1881 in Upper India.
1
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facts and causes of these occasional inversions of temperature in North-
ern India.

Before commencing with the subject proper of the paper it is de-
sirable to give a summary of what is known generally of these occasional
inversions of the ordinary vertical temperature relations.

Ferrel states it is probable the diurnal temperature oscillations of
the upper strata of the atmosphere in the open air away from the in-
fluence of contact with the Earth’s surface are extremely small. The
effect of the Earth’s temperature on that of the air above is not so
great as it is below, so that this causes the amplitudes in the oscilla-
tions of the air temperature near the Earth’s surface, though less than
those of the Earth’s surface, to be greater than those of the air
above. The effect of this, it is readily seen, is to cause the temperatures
in winter and during the night to approximate more nearly to the tem-
peratures above, and hence to diminish the rate of decrease of tempera-
ture with increase of altitude at these times. But during the summer
and the warmest part of the day, the effect is the reverse ; it causes the
temperatures below to differ still more from the temperatures above, and
hence to increase the rate of diminution of temperature with increase of
altitude. In the diurnal oscillations the rate near the surface at night
from the effect of nocturnal cooling is reversed for some distance above the
Earth’s surface, the temperature being greater above than at the sarface.
As the Earth cools, the air in contact also cools when the air is calm,
until the surface and likewise the lower air strata are cooled very low
and the law of decrease of temperature is reversed. It is different
during the day. The increase of the temperature of the Earth’s surface,
and of the lower strata in contact, brings about a state of unstable equi-
librium from which at once arises a vertical interchange of air, by means of
ascending and descending currents, which tend to equalize, in some mea-
sure, the temperatures above and below, so that, although the Earth’s sur-
face may be heated to a much higher temperature than the air immediately
above, the decrease of temperature with increase of altitude never becomes
very much greater than that of about 1° C. for 100 meters, corresponding
to the initial state of unstable equilibrinm. The effect of the heat of the
Earth's surface cannot be confined to the lower strata merely, as that of
the cooling of the surface is, but, as soon as the first stratum in contact
with the Earth is heated, the effect is carried to those above.

Spriing also refers in his meteorology to the same subject and states that
the inversion of the ordinary temperature relations takes place occasionally,
and usually during periods of very high pressure, and when the amount
of cloud and humidity is abnormally small. The cause of the increased

temperature at a higher elevation is ascribed to compression of the air.

1
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The following extract from an article on Climate in the Encyclo-
podia Britannica (written by A. Buchan, Esq.), I believe, fairly repre-
sents the opinion of English meteorologists on this subject : —

“ These results which only affect the mean daily temperature in
different seasons, and which are due exclusively to differences of ab-
solute height, though of the greatest possible practical importance, yet
leave untouched a whole field of climatological research—a field embra-
cing the mean temperature of different hours of the day at different
heights, for an explanation of which we must look to the physical con-
figuration of the earth’s surface and to the nature of that surface, whether
rock, sand, black soil, or covered with vegetation.

* Under this head by far the most important class of conditions are
those which result in extraordinary modifications, amounting frequently
to subversions of the law of the decrease of temperature with the height.
This will perhaps be best explained by supposing an extent of country
diversified by plains, valleys, hills and table-lands to be under atmos-
pheric conditions favourable to rapid cooling by nocturnal radiation.
Each part being under the same meteorological conditions, it is evident
that terrestrial radiation will proceed over all at the same rate, but the
effects of radiation will be felt in different degrees and intensities in
different places. As the air in contact with the declivities of hills and
rising grounds becomes cooled by contact with the cooled surface, it ac-
quires greater density and consequently flows down the slopes and ac-
cumulates on the low-lying ground at their base. It follows, therefore,
that places on rising ground are never exposed to the full intensity of
frosts at night ; and the higher they are situated relatively to the im-
mediately surrounding district the less are they exposed, since their re-
lative elevation provides a ready escape downwards for the cold air
almost as speedily as it is produced. On the other hand, valleys sur-
rounded by hills and high grounds not only retain their own cold of
radiation, but also serve as reservoirs for the cold heavy air which pours
down upon them from the neighbouring heights. Hence mist is fre-
quently formed in low situations whilst adjoining eminences are clear.
Along low-lying situations in the valleys of the Tweed and other rivers
of Great Britain, laurels, arancarias, and other trees and shrubs were
destroyed during the great frost of Christmas 16860, whereas the same
species growing on relatively higher grounds escaped, thus shewing by
incontestible proof the great and rapid increase of temperature with
beight at places rising above the lower parts of the valleys.

“This highly interesting subject has been admirably elacidated by
the numerous meteorological stations of Switzerland. It is there ob-
served in calm weather in winter, when the ground becomes colder
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than the air above it, that systems of descending currents of air set in
over the whole face of the country. The direction and force of these
descending currents follow the irregularities of the surface and, like
currents of water, they tend to converge and unite in the valleys and
gorges, down which they flow like rivers in their beds. Since the place
of these air-currents must be taken by others, it follows that on such
occasions the temperature of the tops of mountains and high grounds is
relatively high, because the counter-currents come from a great height
and are therefore warmer. Swiss villages are generally built on emi-
nences rising out of the sides of the mountains with ravines on both
sides. They are thus admirably protected from the extremes of cold in
winter, becanse the descending cold air-currents are diverted aside into
the ravines and the counter-currents are constantly supplying warmer
air from the higher regions of the atmosphere,

“Though the space filled by the down-flowing current of cold air
in the bottom of a valley is of greater extent than the bed of a river, it
is yet only a difference of degree, the space being in all cases limited
and well defined, so that in rising above it in ascending the slope the
increased warmth is readily felt, and, as we have seen, in extreme frosts
the destruction to trees and shrubs is seen rapidly to diminish. The
gradual narrowing of a valley tends to a more rapid lowering of the
temperature for the obvious reason that the valley thereby resembles a
basin almost closed, being thus a receptacle for the cold air-currents
which descend from all sides. The bitterly cold furious gusts of wind
which are often encountered in mountainous regions during night are
simply the outrush of cold air from such basins.” '

The most important recent contribution to the subject is & memoir on
¢ Mountain Meteorology” by Professor William Morris Davis, Harvard
College, Cambridge, U. 8., in which he gives a summary of the
facts up to date. In this he points out that examples of inversion
of temperature relations are by no means rare in mountain districts
in Europe and America, and that they are most common in winter.
He quotes a monograph of Professor Hann'’s which states that the
inversion is best shewn in hill-enclosed valleys where the air stagnates
and is not replaced by air from above. Such inversions, it is there
pointed out, are most frequent during the passage of areas of high
pressure or the prevalence of anti-cyclonic conditions. The unusual
warmth in the hill regions is shewn to be an effect of the compres-
sion of the descending air, whilst the cold in the valleys and low
ground is due to other canses, and takes place in spite of the descent of
air into it. A remarkable example in Europe of the inversion due to
the prevalence of anti-cyclonic conditions occurred in December 1879
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and was the subject of numerous investigations. Hann, in his paper on
Die Temperatar Verhiltnisse des Decembers 1879, investigated the
matter very thoroughly. He made in that paper a comparison between
the temperature of Klagenfurth (in the valley) and Hochober (at an
elevation of 5215 ft. above Klagenfurth), and states that from December
6th to 18th it was continually warmer on the mountain than in the
valley. The mean difference of the 7 A. M. temperatures for these thirteen
days was 23:4° in favour of the mountain, at 2 p. M. 21'2° and at 9 p. u.
196° F. Other examples are given in the same memoir of the abnormal
vertical temperature conditions which oocasionally obtain in Europe and
America. Buchan, in a paper published in the Journal of the Scottish
Meteorological Society, states that on the 31st December 1883 the tem-
perature at the top of Ben Nevis was 4°5° higher than at Fort William.
In this case too pressure was abnormally high. Woeikoff, the Director
of the Russian Meteorological Department, on the strength of certain
evidence, believes there is a persistent inversion of temperature during
the winter in Siberia. Inversion of temperature is also said to be of
common occurrence on Mount Washington (in Massachusetts). It is
also occasionally shewn by the Pikes’ Peak Observations. That moun-
tain has an elevation of 14134 feet and is 8,840 feet higher than Denver.
Professor Loomis gives 39 examples of higher temperature at the top
of Pikes’ Peak than at Denver from four years’ observations. In the
most extreme cases the differences of temperature amounted to 15° and
16°. It may be noted that these inversions all occurred during the
It is not necessary to quote from the earlier meteorological works
of Herschel, Buchan, &c., as they only recognize the occasional oc-
currence of lower temperature at night in valleys than on the adjacent
hills, and ascribe the effect chiefly to the flow of cold air down the sides
of the hills.

Recent meteorological writings in some cases continue to ascribe the
cooling almost entirely to the descent of the air from the mountain sides
into the valleys, and state that the inversion of the vertical temperature
relations is of comparatively frequent occurrence in mountanous districts.
The facts about to be given, however, appear to indicate the probabi-
lity that these inverse relations which are exhibited by the mountain
observations are due to general conditions that prevail in plains
88 well as in mountain districts, and hence that similar relations may
obtain much more generally and widely than is usunally supposed. No
distinct statement, however, oceurs to this effect, so far as I am aware,
and the evidence of inversion of the vertical temperature relations is, in
the absence of suitable balloon observations, confined to differences be-
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tween mountain stations and the neighbouring valley or other low-lying
stations. They are hence assumed to be phenomena restricted to
hills and the neighbouring confined valleys and hence of limited extent.
The explanation generally given, whilst making the inversion a pheno-
menon of terrestrial radiation, attaches much weight to the flow of cool
air down the mountain sides into the valleys, and hence suggests that it
is peculiar to mountain districts.

The present paper will, I believe, prove that inversion may ocour
over very large plain areas, and that it has, in some cases at least, little
or nothing whatever to do with air motion between hills and valleys.
It will also shew that the vertical temperature relations during the cold
weather in Northern India are much more variable and complicated
than they have been hitherto supposed to be, and that the descensional
motion which accompanies cooling of the air during the night in fine clear
weather is almost entirely one of slow compression, and is not the
opposite of the ascensional and convective movement which takes place
largely during the day, or, in Professor Ferrel’s suggestive words, ¢ the
effect of the heating of the earth’s surface is not confined to the lower
strata merely, as that of the cooling of the surface is, but as soon as the
first stratum in contact with the earth is heated, the effect is carried to
these above.” The principle is, I believe, of great importance generally,
and more especially in India, in connection with the production of the dry
winds of the Gangetic plain during the hot weather months of March,
April, and May.

The paper consists of three parts ;—lst, a statement of the normal
meteorological temperature conditions of the plain and hill districts of
Upper India in the month of January and of certain meteorological
conditions and actions upon which temperature mainly depends; 2nd,
a statement of the more striking abnormal temperature relations of the
month of January 1889 and of the cold weather period generally in
Upper India; and 3rd, a discussion of the canses which produce these
unusual temperature conditions and variations.

It may be premised that one or two of the actual observations
quoted for the month of January 1889 appear to me to be somewhat
doubtful. Ihave, however, thought it best to include them, as it is on the
whole more probable that they are exaggerated examples of the peculiar
temperature relations about to be discussed than that they represent
instrumental or observational errors.

The following table gives the average maximum temperatures of
the month of January of certain selected pairs of stations in Upper
India, each pair consisting of a hill station and the nearest plain
station at which there is an observatory :— -
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o PR '8
C TEE R
C] ’g Mean maximum tem- g i—i.a ° §‘>‘ g. i
s g peratmforJanury.usogasi 5'
Names of pairs of 85 A §3£ E.s:gg §
stations. §§ g Hill Plain ga'o'% §J&g§_§§
S tation. ion. s g% o
g g station station gaéﬂgés:s"s—.
Quetta . . . o
Incoabed }| ss00 | 1es| sree | mew | mr| a1
urree g . JRO .Q0
Bamipindi }| 4700 | so| are° | esse | 156°| 8%
imla 0 o o o
Ludbiana }| 6200 | 80| 513 676 164 | 87
Chakrata ! ‘ _ "
Roorkee }| 6200 | e8| S0 | eos | 19w | 81
ikhet ! 10 ,10 o
Bareilly } 5600 | 80| B640° 701 1611 29
Dhubri 00 o e .0
Duroing }| 7300 | ne| sss 734 291
”“ . ", o ]
Mouat Abn }| 8500 | 40| e71° | 823 161° | 48
'achmarhi o o )
Hohangabad }| 2000 | 48| 706° | 8010 |. 95 8

A full description of these observatories and of the more important
local peculiarities of exposure will be found in Mr. Blanford’s Report on
the Meteorology of India for 1885. It will suffice here to point out
that both Ranikhet and Simla are situated at some distance within the
first line of hills, whereas Murree and Chakrata are practically on the
crest of the first line of elevations overlooking the plains. Assuming these
as more typical of the relations between hills and plains, the preceding
data shew that in Upper India the temperature near the hills decreases
vertically with elevation at the hottest time of the day in the month of
January very nearly 8° in 1000 feet up to a height of 7000 feet at least.
The remarkably low day temperature at Darjeeling during this period as
shewn by the table appears to be due to the following causes, of which
the first is probably the most influaential.

1st.—The great humidity and large amount of fog at that station

(as in the Eastern Himalayan districts generally) in January, in
which respects it contrasts strikingly with the hill stations of
Upgper India, where the air is, except in stormy weather, very
dry and clear.

2nd.—The contigunity of the immense snow mass of Kanchinjunga

and neighbouring mountains, which include some of the highest
peaks in the Himalayas. This area embraces an enormous ex-
tent of snow covered ground, the southern edge of which (in
sammer) is at a distance as the crow flies of not more than 30
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or 35 miles from Darjeeling. The first line of snows is at a
distance of at least 45 or 50 miles from Simla and Murree and at
a distance of about 40 miles from Chakrata. The neighbouring
areas of perpetual snow are of greater elevation and of con-
siderably less extent in the case of all these stations than of
Darjeeling and hence exercise a much smaller influence.

As the meteorological conditions of Darjeeling are thus essentially
different from those of the hill stations of Upper India, it will be ex-
cluded from the final discussion, although data for it are given in the
tables for the preliminary comparisons.

The following table gives the average minimum temperature data
for the same pair of stations for the month of January.

> 5 oS-l bhany 2S
3 -§ Mean minimum tem- 5 g.s - B3 85
- . 8 | perature for Jannary. | © g8 & ggg"c‘»%
Names of pairs of 3§ k| :3"9‘..5 3"63'83
stations. ] g 3 § w8 o9 §-
&
5 8 | mm Plain | EHgp = §°§§,.f.
g g station. | station. g §83 E 8334
Quetta oo .90 Q0 .a° .
Quetta, } 5300 | 168 | 292 428 136 26°
Murree vae RO .Q° .40 RO
Rawalpindi } 4700 30| 855 879 24 0’6
Simls s ~}| 6200 | 80| ses | 486 71° OL
Chakrata .es . g0 g0 .40
Booties } 6200 | 68| 857° 442 86 14
m;‘ - } 5500 | 90| 895° 459° 6 1e°
l];::jl;:iling } 7300 | 116 | 84€° 58'5° 189° 26°
Deesa . .Q° .10 "
Doott, | tn } 8500 40| 509 511 o 0
Pachmarhi eee 47-9° 52'5° .30 .30
e L } 2500 | 48| 47 5 3 21

This table shews that at all these stations the average difference
of temperature at night is much smaller than by day. The rate of
difference is greatest in the cases of Quetta and Jacobabad, Pach-
marhi, and Hoshangabad, and Darjeeling and Dhubri, for which it
averages about 2° or less than half of the rate of difference for the
maximum temperature. The result for Deesa and Mount Abu is so
anomalous as to point to peculiar local conditions, the nature of which
have, however, not yet been determined.* 1In the case of the pairs of
stations in Upper India the average rate of change of temperature with

# T have recently (January 1890) visited these two stations: the temperature
observations are carefully recorded, and are taken under the same conditions of ex-
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elevation at night in January varies from 0'5° for Murree and Rawal-
pindi to 14° for Chakrata and Roorkee, and averages 1°, that ig, little more
than one third of the day rate of decrease of temperature vertically.

These two tables may hence be summarized as follows :—

(a). The rate of decrease of temperature with elevation at the
time of maximum day temperature in the month of January averages
3° per 1,000 feet in the Western Himalayas and 4° per 1,000 feet in the
Eastern Himalayas up to 7,000 feet and in the Aravalli and Vindhya
Hills and perhaps also in Beluchistan,

(b). The rate of decrease of temperature with elevation at night
or at the time of minimam temperature averages 1° per 1,000 feet in the
Western Himalayas, 2° per 1,000 feet in the Eastern Himalayas and
Vindhyas, and 23° per 1,000 feet in Beluchistan,

An interesting point in connection with the night temperature in
the plains of Upper India is shewn by the data of the following table. -
The first column gives the average minimum temperature of the mouth
of January at stations nearest to the hills and the second that of stations
at a greater distance than those of the first columa.

e
= & g 0.4 S¢o
g 88 |3EEf | %
B 5 Plain stations| .E 5 k 2o ® = g'
Plain stationsnear| -5 5 ., | at consider-| .£B . |3 g £y &l ®
hills. HEP> | abledistance| E £ E‘ 2 2 || Bas
:&g from hills. SB8 |8,°8 « 238§
g54 355 |sd2%4 | §E83%
=25 =35 MEEdd | B2
(A. (B) R L
Rawalpindi 87-9° Peshawar 891° —12 100 miles
Bialkot 42-9° Lahore 42-4° 05° 7%
Ludhiana .| 435° Sirsa 42'4° 11° 100 ,,
Roorkee | 442° Meerut “e —02° 60 ,,
Delhi % .
Bareilly .. | 459° g Agra 120 ,,
Lucknow 439: 0° 125 ,,
. Allahabad 47°6 11° 125 ,
Gorakhpar - | 46°6° Benares 479° o7 100 ,:
Dhubri . | 685° Berhampore 63-2° 0-8° 150 ,,

The geographical relations between Rawalpindi and Peshawar are
quite different from those of the other pairs of stations, which are all
situated in the great plain of Northern India stretching along the foot
of the Himalayas from the North Punjab to East Bengal.

posure as at other stations in India. Several series of hourly observations of tem-
perature during the night have been recently taken, and, as they confirm the con-
clusions of the present paper, I hope to discuss them in a brief paper to be
submitted to the Booiety shortly.

2
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The differences here are small and to some extentundoubtedly depend
upon the peculiarities of position of the observatories at the observing
stations, Their general uniformity, however, appears to indicate clearly
that the lowest minimum temperatures in January in the great Nor-
thern or Gangetic plain of India are not found at and near the foot
of the hills, but in the midst of the great plain at a distance of 100 to
200 miles from the Himalayas, or, as it might be more fully expressed,
the axis of minimum or lowest night temperature in Northern
India in the month of January runs nearly parallel to the Himalaya
mountains at & distance from their southern base varying from 100 to
200 miles. This fact seems to be of great importance as it shews that,
whatever the rapid cooling in these plains may be due to, it canmnot
be ascribed to the cause usually assigned for the greater cold in valleys
than in hill sides, viz., the sinking of air cooled by contact with the
sides of the hills into the valleys. For it is not possible that the
cooled air sinking down with a motion which is imperceptible to
the anemometer or senses should produce the greatest effects at
distance of one or two hundred miles from the foot of the hills and
where the temperature is higher by day, as is shewn by the following
table :—

. Y .

£a g4 (129 3

(R 48 | g% 2
Sy ;
gg. Plain stations gﬁ . 20. < gg
Plain stations E‘ at oonsider- 3.5‘ § 58 | =g
near hills, | FH | abledistance| FEI |gE5 = | 38
5 © R | from hills. il g8% :|§

HHQ. K
(A) (B.) gk i E 3

=) -]

Rawalpindi | 638° Peshawar 640° or 100 miles

Sialkot ..| 667° | Lahore 67:6° 09° %
Ludhiana .| 676° Sirsa 70°8° 8-2° 100 ,,
Roorkee | 694° Meerut 70'1° o7 60 ,
Delhi 7-0° 09° 80
Bareilly .| 701° {Agm 78'4° 88° 120 ,,
Lucknow gsg: 8‘7: 126 ,,

. Allahabad 8 02 126
Gorakhpur | TBE {Benms 757 18° 100
Dhubri oo | 784° Berhampore 78:2° 48° 150

The following table gives mean daily temperature (i. 6., means of the
maximum and minimum temperatures) data of the month of January for
the same pairs of stations:—
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- Mean daily tempera- 8 o
g g ture January. g by
Pairs of stations. E'{:’ ] ] £ § é
& & | Hill sta- | Plain sta- L] S
HaE tion. tion. A 2 i
A (A.) (B.) B.—A. o
Qnetta “ee one 4% o . o
Insobebe } 5300 404 68:0° 17:6° 38°
arree ... oon o " .Q° o
Ramaiin } woo | 417 50°6° 89 19°
imla . ... .Q0 Q0 R0 .
L . } 6200 | 488 556 118 19°
rata oo o 0 o o
Roorier. .__} 6200 428° 568 140° 29°
et . . N° . 5
]l;aremﬂ.ly } 5500 467 580 11'8° 21°
hﬂbﬁ .ee .oe RO g0 o Q0
Bm. i } 7300 89'5 63°5 24'0° 83
coss aee oon . N o N
Momt Al } 8600 | 6590° 667 7 22°
'achmarhi .er L . . e
Hoshangabad } 2500 589° 663° 74 80

The data of this table are not of much importance in connection
They shew that the average decrease of
temperature with elevation (as determined from day and night observa-
tions) varies from 1-9° per 1000 feet in the North-West Himalayas to 3-8°
per 1000 feet in Beluchistan and Sind, whcre the general climatic con-
ditions at that time are apparently very similar to those of the Punjab.

The following table gives the average daily range of temperature at
the plain and hill stations of each pair of stations,

with the present discussion.

Average daily range
of temperature for

Ratio of daily

January. range at plain sta-
Pairs of stations. B o | st bill station.

station. station. m

(A.) (B.) (A)

Secobatad Ty me | wE e
Ramarpindi ol { I a1t
gndhian. - - } ue . 1€
Chakrata ... N . 144° 26-2° 17°
tg{%‘ % 146° 242° 7
Dt L T} e | v 20"
w Abu - : - - } 16:2° 811° 1-9°
;:;wm;ﬁ.. o - } 28:4° 27-6° 12°
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This shews that in Upper India the average daily range of tem-
perature in January is very nearly twice as great in the plains as at the
adjacent hill stations at elevations of 6000 to 7000 feet. The ratio is
even greater in the Eastern Himalayas, the daily range of temperature
probably varying from 21 to 3 times as much in Assam and North
Bengal as it is in the adjacent Himalayas at an elevation of 7000 feet.
In the hills of Upper Indis this diminished range of temperature
cannot be ascribed to any deficiency of radiating power, either of the
sun or of the earth at this period of the year, for the air is much clearer
(free from dust, smoke, etc.) and drier in the hills than the plains in Up-
per India, and, as shewn in the following tables, solar heat is absorbed more
largely by day and terrestrial heat given out more rapidly by night in the
hills than in the adjacent plain districts. The only measure for the radi-
ating power in either case that we at present possess is the average daily
difference between the readings of the solar radiation thermometer
and maximum thermometer in the one case and between the readings of
the grass radiation thermometer and minimum thermometer in the
other. The following two tables give these differences for the pair of
stations selected. '

Average difference be-
tween readings of solar
radiation and maximum | Ratio of differ-
thermc:]meter in shade. ence for hill
anuary. station to tha¢
Names of pairs of stations. for plain sta-
tion.
Hill Plain
stations. station. A
A. B. B
Jacobabad " s} e 509" e
Murree o 40 N o
Rawalpindi ... } 60°4 506" 12
Simla .ne . . .

" Ludhiana ... e s } 627 615 e
Roorkee sy e | s 17
Ranikhet ... . . . .
Bareilly .. } 607 480° 18
Dhawi S L m n)| e | sow 11°
Do o} er | 17
Pachmarhi ... coe . .Q° . .
Hoshangabad e } 618 66:8° e
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This table establishes conclusively that the average direct heating
power of the sun is greater at the hill stations in January than at the
corresponding plain stations. And, if it might be assumed that the re-
lative intensity in the two cases is, roughly speaking, proportional to
the ratios given in the preceding table, the heating power of the sun at
an elevation of 7000 feet in the Himalayas is on the average about one-
fifth greater than at the level of the adjacent plains, or, in consequence of
the absorbing action of the lower strata, the sun is one-sixth less power-
ful in heating the earth’s surface at the level of the plains than it is at
that of the hill stations of the Himalayas.

The following table gives similar data for nocturnal radiation from
the Earth’s surface :—

Average difference between
grass radiation thermo- : Bor.
meter readings and those R::::; c;ﬁrd;gﬁr
of minimum in shade ther- station to that
Names of pairs of stations. mometer for Jannary. of corresponding
plain station
Hill Plain A
station. station. B.
A, .
uetta
JQacobabad } 104° 10°1° 1-0°
Murree .49 .
Rawalpindi ... } 114 78 1-6°
Simla ree
Ludhiana . } 12:2° 9'8° 1:8°
Chal
Roorkee. e 1 7 1
Ranikhet
Bareilly } 18:0° 88° 16°
Dhove 6 s} e 6o e
Mount Abu ...
Deets . } 171° o1° 19
Pachmarhi ...
Hoshangabad - } 120° 86° 14°

These figures show that nocturnal radiation goes on much more
rapidly at the hill stations than at the adjacent. plain stations, and that
the ratios as measured by the differences given in the preceding table are
n}nch greater than the ratios in the corresponding tables for solar radia-
tion. Taking the average of all the stations as a rough approximation,
they appear to indicate that nocturnal radiation goes on upwards of 50

per cent. more rapidly at the hill stations than at the adjacent plain
stations,
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This result is undoubtedly in part due to the greater length of
the night (or period of effective terrestrial radiation) than of the day
in the month of January in Northern India, and perhaps also to the
greater clearness and homogeneity of the atmosphere arising from the
stillness of the air and absence of wind at night as compared with the
day. It will, however, be presently seen it is probable that the mean
monthly minimum temperature at the hill stations represent an average
of conditions different from that at the plain stations and hence the figures
given above are almost certainly of little value for the comparison of
nootarnal radiation in the plains and hills of Northern India. It is,
however, evident that the figures as a whole support the inferences based
on the known laws of radiation from cooling bodies. It is certain there-
fore that in clear weather in January, if there were no other action than
mere radiation and heating and cooling of the adjacent air by contact
with the Earth’s surface, the Earth’s surface and adjacent air would be
heated to a greater extent by day and cooled to a larger amount at night
at the hill stations than at the plain stations and hence the daily range
of temperature might be expected on this account alone to be consider-
ably greater (probably from 10° to 20°) at the hill stations than at
the plains.

The following table gives the average cloud amount during the
month at the selected stations.

Mean proportion of cloud | Ratio of cloud
in January. proportion of hill
station to plain
Names of peirs of stations. =il Plai station.
i ain
station. station. A-
A, B. B.
Quetta s 8 . .
Jacobabad .. . } b z6 7
Murree ---} . , .
Bowalpindi . ) - &8 44 13
1mis voe eer o o .
gudhian& . oee }" b6 89 14
hakrata . ons . .
. 48 84 14
Roorkee
%:::ikﬁ\;t cee .. . } 41 80 14
B;;jg:iﬁng . ,."} 56 17 82
g:;:t Abu ... v ...} 26 22 18
Pachmarhi ... X . .
Jubbulpore ... 3 3 z2 o
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The following table gives the average humidity of the month of
January at the same pairs of stations.

Mean relative huamidity | Ratio of average
in January. humidity of hill
station to that of
Names of pairs of stations. - Plai plain station.
n
ion. station. A,
A, B. B.
Jacobabad | w 14
Murree |
Rawalpindi .. ...} b 78 o8
Ludhiana ... Y 6 68 09
Chakrata .
Roorkee } 63 65 1o
Ranikhet )
Bareilly } 63 67 09
Dhubri ... } L ” 10
Mount Abu ... N
Deesa b -..} b 88 10
Pachmarhi ... R
Jubbalpore ... } &4 60 11

These tables show that while the amount of cloud is considerably
greater at the hill-stations that at the plain stations in Upper India, the
air is actually on the average drier or less humid in the former case. As
these results are based on day observations chiefly, it is probable if night
observations of equal weight were included the difference would be even
more marked. .

The following is a brief general summary of the mean temperature
conditions at the level of the hill stations in the Himalayas and on the
adjacent plains.

(1.) The rate of decrease with elevation of the average daily tem-
perature of the month of January is very approximately 24° per 1,000 feet
or more exactly 1° per 470 feet. The rate of decrease is, however, very irre-
gular, varying not only from day to day but also from hour to hour
during the day. The rate of decrease of the average minimum or night
temperature with elevation in Upper India is only about 11° per 1,000
feet and of the average maximum temperature is 3° per 1,000 feet.

(2.) The daily range of temperature is much less at the hill
stations than in the adjacent plain districts and is little more than half
that at the adjacent plain stations.

It also follows from the previous remarks that any explanation of the
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smaller average difference of the minimum temperature at the hills and
at the adjacent plain stations (or of the small night vertical range of
temperature compared with the day) must recognize :—
(a.) That the airis on the average less humid at the hills than at
the adjacent plain stations in Upper India.
(b.) That there is on the average more cloud at the hill stations.
(c.) That the intensity of solar radiation is considerably greater at
the hill stations, probably at least 20 per cent. greater.
(d.) And that the intensity of radiation from the earth’s surface
at night is very considerably greater at the hills than the
adjacent plains.

We now proceed to give data for the same pairs of stations for
January 1889.

The following tables give the comparative temperature data of eight
hill stations in Northern India and of the eight nearest plain stations at
which there are observations for that month.

The first table gives the maximum temperature of each day of the
month of January 1889 and the variation from the normal. The
variations are obtained from the daily means of the past eleven years
(1878-88) smoothed so as to give a fairly regular series. The poxitive
sign affixed to a number in this table indicates that the actual tempera-
ture was above the normal and a minus sign that it was below it.

The second table gives similar date for the minimum temperature
of the same 16 stations for the same period.

The third table gives the daily difference of the maximum tempera-
tures for each of eight pairs of stations consisting of a hill station
and adjacent plain station. Iu every case the maximum temperature
at the plain stations exceeds that at the neighbouring hill station.

The fourth table gives the difference between the minimum tem-
perature registered at each of the eight selected hill stations and the
neighbouring plain stations. In the majority of cases the minimum
temperatures at the plain stations exceed those at the plain stations in
which case no sign is prefixed to the number. In a few cases the latter
temperatures are the greater and this is indicated by the minus sign pre-
fixed to the number.
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22  John Eliot—On the occasional Inversian of the Temperature [No. 1,

The following table (Table IV) gives the differences day by day of
the night or minimum temperature at the pairs of stations named in the
headings, a negative sign indicating that the night temperature was higher
at the hill than at the corresponding plain station.

Table IV.
Murree | . . Pach-
Quetta Simla & | Mussoo- |Ranikhet| Darjee- | Mt. Abu .
1889, |&Jaco- [ p ¥ | Ludhi- [ ree& [ & | lngd | & parki &
babad. | "pinq; | ama. |Roorkee. Bareilly.  Dhubri. { Deess. gabtd.-
Jan. 1| 118 | —68 o7 | =81 | —a7 [ 197 09 80
88 | -84 | ~41 | —26 | -87 | 178 | =380 45
s| 88 |-134 | —28 | =87 |-102 | 171 | -90 40
4| 48 | —b4 | —46 | =34 | —02 | 1468 | —45 50
5| 178 37 86 87 | -02 | 192 | -05 16
6| 183 | —28 53 41 28 | 196 | -85 40
w| 48 | -48 08 | -08 18 | 188 | -16 46
8| 143 |-103 20 | =70 | -87 | 168 09 | -79
o| 28 | -88 | =19 | -71 | —62 | 178 0 56
10| o8 48 76 47 | -832 | 192 0 61
1| 188 07 68 | 179 93 | 190 0 36
12| 167 | 108 | 110 | 107 83 | 168 64 56
18| 18 &7 | 194 | 289 | 168 P 29 06
14| 138 42 | 186 | 167 | 148 | 218 54 48
15| 168 19 93 96 | 118 | 228 54 41
16| 138 92 | 194 | 1328 | 118 | 207 59 51
17| 208 67 | 126 | 107 | 118 P 15 26
18| 258 12 g2 | 126 93 | 168 35 111
19| 157 07 91 76 93 | 179 34 36
20| 218 | —48 29 | =11 | -27 | 178 44 96
21| —12 | —94 | =71 31 08 | 151 | —40 56
22| 142 | 1568 | —24 | -55 | -82 | 168 | —50 46
23| 148 | 118 | 168 | 288 78 | 158 54 | —04a
24| 143 62 | 145 | 182 | 208 | 218 | 104 71
25| 68 62 | 116 | 147 38 | 226 | —05 | 100
26| 212 53 | 118 | 128 63 | 178 | —o6 26
27| 206 78 89 71 43 | 180 10 | =19
28| 1562 | 168 | 118 72 43 | 198 49 56
29| 168 | 178 | 201 | 184 | 168 | 172 70 o1
so| 118 | 168 | 262 | 219 [ 218 | 212 | 119 01
81| 158 | 178 | 196 | 151 | 188 | 217 | 138 51
Mean ..| 133 31 83 7y &7 | 186 20 37
Normal . ) . . 3 o .
orma’ }136 24 71 85 64 | 189 02 53
Diff. from =08 | 407 | 411 | -08 | 17 | -08 | 418 | -18

An examination of the preceding data shews that there were three
periods in Jannary 1889 during which the minimum temperature of the
hill stations was in excess of that at the neighbouring plain stations,
These were—

lst. From the 1st to the 4th.
2nd. From the 8th to the 11th.
3rd. From the 20th to the 22nd.
The abnormal temperature relations were most marked during the
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first period, and we shall therefore use chiefly the data of that period in
the discussion.

During the first period extending from the 1st to the 4th the mini-
mum temperature was on every night several degrees higher at the hill
stations than at the adjacent plain stations. The minimum temperature
on the night of the 3rd for example was 12}° higher at Murree than at
Rawalpindi, 3° higher at Simla than at Ludhiana, 5° higher at Mussooree
than at Roorkee, and 10° higher at Ranikhet than at Bareilly.

The following method of stating the facts will shew that the in-
version of the temperature relations was not confined to the neighbour-
hood of the hills only. On the night of the 3rd (or early morning of the
4th) the minimum temperature at Murree, Simla, Ranikhet, and Mussoo-
ree was higher than at all the plain stations in the Punjab, North-Western
Provinces (except Jhansi), Rajputana, 8ind, Central India, and the greater
part of Behar and Bengal and the Central Provinces.

The following statement gives exact data for representative stations
in each province.

) . IS -N] =& -k
H £E (858 183 |3%%,
2 BE [Ban |Ead |BEa” 4
g8 B8 887 188 88 8
. . 3= . . . 8~ 39 3 g . 8,5
Hill stations. | g 7 Province. | Plain stations. s 2 (8. 3 g 3° 8% 3
P o |§H828|98a8|8 M %
e e leabsifaagliany
8 8 :agﬁﬂﬁaﬂm gamn‘
Murree . 498 Rawalpindi 869 | -124| -11'6 | -181
Punjab ‘ Lahore 872 | =121 | -11'2 | —~128
S8imla . 484 Sirsa 891 | ~102 -98 | -109
S8ind Jacobabad 886 | -107 —g 8| ~11'4
. Jeypore 42'2 -71 -62 ~78
Rajutans {|727P0 48| -45| -36| -62
Nagpur 02| +09| +18| +02
Contral { Khandwa 40| —58| —s4| —60
VInGes { | yubbulpore 389 | —104| -95| -111
Berar Akola 432 -61 -52 -68
Malegaon 446 -48 -89 -6'6
Bomboy { | poons 90| -o0s8| +06| -10
Chakrata 536 N. W. Pro- Agra 436 -~57 -48 -64
{ vinoes Lucknow 410 -838 ~74 -90
Ranikhet 50-0i Allababad 427 -66 -567 -738
Bebar { Patna 46'9 -24 -15 -81
Durbbunga 50'4 +11 +20 +0'4
Hazaribagh 498 0 +09 | -—-07
Calcutta 488 -05 +04 -12
Burdwan 488 -10 -01 -17
Bengal Jessore 469 -24 ~16 -81
Burrisal 49'1 -02 +07 -09
Dacoa 542 +49 +68 +4°2
| Saugor Island | 512 +19 +28 +12
Assam Dhubri 53 2 +39 +4'8 +82
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The minus sign in the preceding table indicates that the plain sta-
tion to which it refers had a lower minimum temperature than the hill
station with which it is compared and the plus sign that it had a higher
temperature.

The preceding table shews over what an extensive area in Northern
and Central India it is possible for the minimum temperature to be consi-
derably (from 1° to 12°) below that of the hill stations in Upper India.

Table 1. shews that the inversion of temperature obtained on at least
eleven nights during the month. The following examples from previous
years, which examination shews to be fairly average cases, will indicate to
what extent the temperature variations of January 1889 were abnormal.
In January 1888 the night temperature of Mussooree ranged from 5-6°
above that of Roorkee to 21'8° below it (giving a total range of 27°4). The
average difference of temperature was 8'1° for the month, which is almost
identical with the normal average (8:5°). The minimum temperature at
Mussooree was in excess of that of Roorkee on only three nights of the
month. In January 1886 the night or minimaum temperature at Simls
ranged from 2-8° above that at Ludhiana to 23-5° below (giving a total
range of 26'3°) and was above that at Ludhiana on three nights only
during the month. The difference between the minimum temperatures
at these two stations averaged 10°. It is not necessary to multiply cases,
a8 all that have been examined give similar evidence. Hence it appears
that in ordinary seasons the minimum temperature may be on two or
three nights in January in slight excess at the hill stations of Upper
India as compared with the adjacent plain stations of the Punjab and
North-Western Provinces. These figures hence establish that, although
inversion of the normal vertical temperature relations is not infrequent
in the month of January in Upper India, it was of abnormal frequency
in January 1889. It was undoubtedly related to or connected with the
holding off of the winter rains in that month. Anticyclonic conditions
prevailed in Upper India with unusual persistency, and it was not until
the end of the month that general rain accompanying a depression and
cold weather storm occurred in the plains and heavy general snow in the
hills. Hence the high temperature was undoubtedly associated with
anticyclonic conditions of pressure, as has been found to be the case in
Europe and the United States during similar vertical temperature re-
lations, and also with the protracted delay in the depression of the snow
line in the hills during winter produced by general snowfall.

The preceding paragraphs have stated fully one important feature
of the anomalons temperature conditions of the month of January 1889.
Before proceeding to discuss the causes of these features, it is desirable
to trace the varying temperature relations between the plains and the
hills in Upper India more exactly. There are three prominent types of
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weather conditions and relations in the hills and plains of Upper India
daring the cold weather. These are as follows :—

1s¢.—The prevalence of fine clear weather with light winds or calms
in the hills and plains. These conditions accompany prolonged anti-
cyclonic pressure conditions of moderate intensity in Upper India, and
may be described as “ ordinary anticyclonic conditions.” They obtain
frequently during the cold weather.

2nd.—The prevalence of disturbed or stormy weather in the hills
and plain districts. This type of weather is due to the formation,
passage, or existence of cold weather depressions. Skies are heavily
clouded, rain falls more or less geumerally in the plains of Upper India,
and heavy general snow is received in the higher mountain regions
down to a level determined chiefly by the intensity of the storm. Winds
are weak in the plains, but their directions usually indicate feebly mark-
ed cyclonic circulation about an ill-defined centre. The winds are on the
other hand often strong or violent and the weather very stormy in the hill
districts for periods varying in length from a few hours to several days.
These periods may be described as those of ‘““cold weather cyclonic
storms.”

3rd.—The prevalence of unusually bright clear cool weather such as
always obtains over the whole of Northern India, after the breaking
up of a large and well marked cold weather storm. In this case, a strong
and steady cool westerly current flows from Upper India and the ad-
jacent hills over the whole of Northern India as far east as the Bengal
coast. The air is remarkably dry and bracing. The change of condi-
tions is most marked in Bengal, where the weather during the previous
unsettled period is nsually damp, cloudy, and warm, with light southerly
winds.

These are the three chief types of weather in Northern India du-
ring the cold weather period extending from November to February or
March. They merge into each other, more especially (3) and (1).
Again it frequently happens that small depressions pass over Upper
India which give a brief period of clondy weather without rain in the
plains, and light local rain or snow showers in the hills. The pre-
cipitation in this case is almost entirely confined to the higher elevations.
This type of weather gives rise to somewhat different temperature
relations than (2). They will, however, be included in (2) as it is
hardly possible to differentiate between all the numerous varieties of
cold weather storms.

The temperature conditions and relations in ordinary anticyclonic
weather in Upper India will be sufficiently shewn by the following data
given in three small tables for the two pairs of stations, Murree and

4
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Rawalpindi and Simla and Ludhiana. The first table gives the daily
range of temperature at three pairs of stations on six days of January
1889, when anticyclonic conditions accompanying inversion of vertical
temperature relations obtained in Upper India.

Da Rawal- - - p —
of mosth., | Murree. pindi. Simla. | Ludhiana.| Ranikhet. | Bareilly.
8rd 9-8° 838-6° 188° 29-6° 16:1° 814’
4th 18-8° 29-2° 20-8° 86-2° 16'1° 80°4°
8th 18'6° 86'7° 17'6° 28'6° 14-2° 84-9°
9th 14°9° 87-1° 16:9° 82:8° 16-2° 81-9°
21st 18-8° 88-2° 18-0° 84'8° 20-1° 29-4°
22nd ? ? 15'8° 29-6° 16:1° 80°4°
Mean daily
range of select-|
ed periods ... 14:2° 83-8° 16.1° 81-9° 160° 81'4°
Normal daily
range of select-
ed periods ... 18-1° 271-0° 15-8° 25°0° 149° 24'9° .
Difference ... +11° +6:8° +08° +69° +11° +66°

This table shews a considerable amount of irregularity at the hill
stations in the daily range of temperature during these periods of in-
version of night temperature. On the other haud the daily range of
temperatnre at the level of the plains is always excessive and approxi-
mately uniform as shewn by the Rawalpindi and Ludhiana data.

The following table gives the variations of the maximum and mini-
mum temperature on the same days at the hill stations from their normal
values at the same stations, a plus sign indicating that temperature was
in excess and a minus sign that it was below the normal,

Murree. Simla. Ranikhet.

Day of month.
Maximum. | Minimum. | Maximum. | Minimaom. | Maximam.}| Minimam.

8rd + 97° +126° + 96° +11:6° +10'7° +10-6°

4th + 96° + 84° +14'4° + 9°0° +16:7° +16°6°

8th + 88° + 8'6° + 52° + 2:8° + 72 + 80Q°

9th + 7-8° + 6y° + 46° + 2:6° + 61° + 58°

21st +168° +101° + 8%6° +109° +11.2° + 49°

22nd ? P +11-6° +108° +18'7° +12:2°
Mean variation
from nor-

mal doring|{ t95° | +81° | +90° | 479" | +108° | +97°
periods ..

This table shews conclusively that during these periods of inverted
temperature relations temperature was excessive at the hill stations and
the excess was nearly as marked in the night as in the day temperature.
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The following gives similar data for the neighbouring plain sta-
tions :—

Rawalpindi. Ludhians. Bareilly.
Day of month.

Maximum. | Minimum. | Maximum. | Minimum. | Maximuam. | Minimum.
8rd +64° +08° +70° +36° +07° -46°
4th +43° +81° +96° -06° +17° +21°
8th +28° -59° +56° +24° +62° -42°
9th +78° -20° +52° -2'8° +27° -39°

3lst +59° -89 +64° -49° +47° -16°
22nd v +656° -08° +36° —-84°
<90 -]B° -Q° —0r4° .1° —a-g°
Average ... N +5°8 J 18 1\_+66 g 04 I¥+81 J 26_}
Range of
variation ... 68° 70° 87°

Theee figures are very consistent and establish that in these periods
under discussion the day temperature was considerably above the average
at the plain stations and the night temperature was generally below it but
by smaller amounts. They also shew that what may be termed the range
of variation from the normal diminished from west to east in the plain of
Northern India.

Hence it may be inferred that the temperature conditions of periods
of ordinary anticyclonic weather in Upper India are :—

(a.)—Increased day and night temperatures at the hill stations, the
excess being nearly as great in the night as it is in the day temperatures,
o that practically the daily range is unaltered.

(b.)—Increased day and decreased night temperature and hence a
much greater daily range of temperature at the plain stations.

(c.)—When these conditions are most pronounced, in consequence of
the opposite variations of the night temperatures at the hill and plain
stations, the minimum temperature is occasionally during such periods
several degrees higher at the hill stations than in the adjacent plains.
The data for January 1889 also shew that the low temperature in the
plains, more especially when compared with the hill stations, is not a
phenomenon of valleys or of the low lying districts in the immediate
neighbourhood of the hills, but may extend over the whole of Northern
and Central India, and therefore to a distance of some hundreds of miles
from the mountains of Northern India.

The same tables (I to IV) also give three examples of very low tem.
perature of the hill stations during stormy weather. These are:—

Llst, the night of the 13th.
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2nd, the night of the 23rd.
3rd, the nights of the 30th and 3lst.

The last is the most striking example and is therefore best adapted
toillustrate the temperature relations between the hills and plains during
cold weather storms.

The following gives a brief description of the character of these dis-
turbances taken from the India monthly weather report for January
1889.

¢ The barometer began to fall briskly on the afternoon of the 8th in
Upper Sind and Beluchistan, and a very shallow depression was formed
on the 9th, which followed the same course as the previous disturbance
and gave moderately heavy snow to the Punjab Himalayas on the 10th,
and brought the snow line down to below 9,000 feet. The weather con-
tinned somewhat disturbed in Northern India for three days longer, and
light showers fell at the hill stations on the 12th, and in Behar, Chutia
Nagpore, and Central Bengal on the 13th. Pressure increased steadily
until the 17th, when very strongly marked anti-cyclonic conditions, with
fine, clear, cool weather and strong westerly or north-westerly winds,
prevailed over the whole of Northern India. The highest pressures of
the month were recorded on the morning of the 17th, the absolute maxi-
mum being 30'38” at Peshawar. No change of importance occurred un-
till the 22nd, when the barometer fell briskly in North-Western India.
The disturbance then initiated differed considerably in character from
the previous. There were two separate areas of disturbance in which
the barometer fell rapidly, and more or less general rain was received.
The first included the Punjab Himalayas and adjacent plains from
Sealkot to Roorkee, and the second comprised the greater part of
Rajputana and Indore. The disturbance in the Punjab passed away
after giving moderate snow in the hills on the afternoon of the 23rd and
light showers in the adjacent plains. That which originated in Raj-
putana drifted during the next two days eastward into East Bengal and
Burma, and gave moderate general rain to the North-Western Provinces,
Central India, and light local showers in Behar, Bengal, and Assam.
A short interval of fine weather followed until the afternoon of the 27th,
when the first large and important cold weather storm of the year
wag initiated. It was, like the previous, a double disturbance. It
consisted in part of a shallow depression which passed into Sind from
Beluchistan on the 28th and advanced during the next three days in an
east-south-east direction across the head of the Peninsula into Upper
Burma, to which it gave cloudy weather on the 1lst February. It ap-
pavently filled up very slowly in that area and gave low pressure in
Burma until the 5th, The appearance of this depression in Sind on the




1890.]  Relations between the Hills and Plains of Northern India. 29

28th was followed on that day by a very rapid fall of the barometer in
the North Punjab and the formation of an independent deep depression,
the centre of which was to the north of Rawalpindi and Peshawar on
the morning of the 29th. It intensified comsiderably during the day
and marched slowly to the south-east along the hills, to which it gave
very stormy weather and heavy snowfall during the next forty-eight
hours. A very rapid rise of the barometer set in on the 31st, and the
depression filled up very rapidly. This deep depression very largely
modified the distribution of pressure over the whole of North-Western
and Central India, and obscured the shallow depression in Central India
on the 29th and 30th ; but with the disappearance of the former on the
3lst, the latter again became clearly marked and formed the chief fea-
ture of the weather during the next two days. The double disturbance
gave a large general and much needed supply of rain to the greater part
of Northern India, including the Puujab, Rajputana, Central India, the
North-Western Provinces and Behar, and showers in Bengal.”

The following gives the precipitation at the hill stations during the
storm :—

January 1889. February 1889.| Total
fall du-

ring
27 28 29 380 81 1 2 period.

Murree ... - 071 2:49 2:45 075 1-06 - 675
Simla ...| 007 - 078 1-98 1:65 0'30 - 473
Chakrata... - - 076 298 1-44 028 - 545
Ranikhet... - - 090 262 192 026 - 569

At the three first named stations rain and sleet fell during the
earlier part of the disturbance, but it changed afterwards to snow,
which fell steadily during the night of the 30th and the greater part
of the 31st and 1st, when the weather cleared up rapidly. At Ranikhet
little or no snow fell. The depth of snow at the end of the storm at
Simla was quite three feet, at Chakrata about the same, and at Murree
about five feet. The nights of the 30th and 31st were hence stormy
with strong winds, thick cloud, and constant snowfall. The cloud
canopy extended over the greater part of Northern India, or over the
East Punjab, N.-W. Provinces, Behar, and East Rajputana.



30 John Eliot—On the occasional Inversion of the Tomperature [No. 1,

The following gives the minimum temperature on these nights at
Simla and at a large number of stations in the plains.

M Dbifmnce
. Minimam s inimum tween
Hill Plain .
Date. | giation. textnnprzl.-s- station. Province. te:xnpr:m- hgll;::d
A, B. B—A
Night of
80th Jan.
1889, Simla 28'6° | Ludhiana 58-8° 25-2°
Punjab
Lahore 490° 20°4°
Lucknow N 68-9° 808°
-W. P.
Allahabad 59-2° 80-6°
Patna 59-8° 81-2°
Bengal
Calcutta nee 62-8° 837°
Jeypore Rajputana 541° 26-6°
Nagpur Central Pro- 62'8° 337
vinces
Deesa Bombay §7-9° 29-3°
Jacobabad Bind 41-1° 12'5°
Do. of 81st,
Jan, 1889.| Simla 24:0° | Lahore Punjab 421° 181°
Lucknow 569° 329°
} N.-W. P.
Allahabad 69-7° 85-7°
Patna } 69-8° 85'8°
Be
Caloutta ngat 61-8° 87-8°
Jeypore Rajputana 41-¢° 17-2°
Nagpur ° | Central Pro- | 69:8° 85'8°
vinoes
Deesa Bombay §79° 83-9°
Jacobabad Sind 42-1° 181°

These figures indicate that over the whole of the plains of Northern
India the minimum night temperature was from 20° to 30° higher than
at the hill stations of Upper India. These very large differences (in the
opposite directions to those discussed in the previous case) were mainly
due to the abnormally low temperature in the hills, and in part to the in-
creased night temperature in the plains due to the presence of clouds
diminishing radiation., The characteristic features of these periods will
be best shewn by examining the whole of the temperature data of the
same stations as in the previous oase.
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The following gives the daily range of temperatare on six days of
the month during these stormy weather periods.

Date. | Murree.| Rawalpindi. | Bimla. | Ludhiana. | Ranikhet. Bareilly,
11th 12'0‘,‘ 28-6° 9-2° 281° 17-2° 24-9°
18th 14°0° 277 21-9° 18 5° 19-8° 28-9°
23rd 8-8° 15'6° 14-8° 18-9° 181° 22:4°
24th 10'5° 29-2° 106° 14-6° 24'8° 78°
80th 84° 7r 14'6° 9-4° 21-2° 104°
8lst 59° 10-2° 16°6° 17-6° 256-8° 19-9°
Average
daily range
during se-
lected pe-|
riods ... 9-0° 19'5° 14:8° 16-2° 20°9° 18-2°
Normal
daily range|
ofmonth...| 128° 25'4° 148° 24°1° 14'6° 24'2°

The figures show that at such periods the daily range is slightly
diminished at the hill stations, but is very greatly reduced at the plain

stations.

The following table gives the variations from the normal of the maxi-
mum and minimum temperatures on the same dates at the hill stations,
a plus sign indicating excess and a minus sign defect.

Simla. Maurree. Chakrata.
Date. Maximum. | Minimum. | Maximam.| Minimum. | Maximum. | Minimum,
11th —~88° +1-6° -62° -59° —-28° +08°
13th -08° -74° -62° ~74 +86° +1-8°
23rd —-08° -04° -~87° -08° +168° +24°
24th —-84° —4'8 ~86° -8 +42° -09°
80th -60° —4:9° —-84° —-47° +2:2° -32°
8lst -9-8° -97° -181° -6'5° o [ ad -50°
Mean. —4'6° —-4:8° =77 —-48 +22° -0

This table shows that during these periods the night and day tem-
peratures at the hill stations were considerably reduced below the normal
and by nearly equal amounts.
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The Chakrata observations at this period, it should be noted, were
apparently vitiated by large occasional errors, but in examining their
figures it shonld be taken into consideration that the only stormy weather
which influenced Chakrata was that of the 30th and 3lst.

The following table gives similar data for the adjacent plain stations.

Ludbhiana. Rawalpindi. . Roorkee.

Date. Maximum.| Minimam. | Maximum | Minimum,. | Maximam, | Minimum.
11th +21° +2:6° +6-6° +60° +07° +11:4°
13th -0'4° +4°1° -2'1° -86° +2'1° +100°
28rd -16° +74° -11° +58° +67° +137°
24th ~70° +0°6° +52° -24° —44° + 50°
30th —42° +10-8° -9°4° +7°2° -75° +10-2°
81st -63° +04° -82° +6-0° -111° - 08

Mean. -29° +4°2° ~16° +838° —-2-8° +8-8°

These data shew that at the plain stations the range of temperature
was diminished not only by decreased day temperature but also by in-
creased night temperature to an equal or greater amount. Hence dur-
ing these storms the temperature was reduced at the hill stations through-
out, whereas at the plain stations it was raised at night by amounts nearly
equal to the decrease in the daytime, and there was practically no altera-
tion in the daily range at the hill stations, whereas it was largely
reduced at the plain stations.

It hence follows that the temperature relations which obtain during
stormy weather accompanied with snow in the hills and rain showers in
the plains are:—

1st. Diminished temperature throughout the whole day at the hill

stations and hence the maximum and minimum temperatures
are reduced below the normal by nearly equal amounts and the
daily range of temperature is only slightly affected.

2nd. At the plain stations temperature is below the normal to a

moderate extent in the day, and is considerably above it at
night, and hence the daily range of temperature is very con-
siderably reduced.

3rd. In comsequence of the decreased night temperature at the

hill stations and increased night temperature at the plain
stations, the differences of the minimum temperature at hill
stations and adjacent plain stations are then exaggerated and
are occasionally 10° to 15° greater than the average differences.
The third type of temperature relations which obtain in the cold
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weather in Northern India are those which hold during the fine clear
weather and strongly marked anticyclonic conditions that follow a
severe cold weather storm. There is no marked example in the tempera-
ture date of January 1889. The conditions are shewn in the weather
which followed the snow storms of the 30th, 31st January, and 1st Feb-
ruary in the hills of Upper India.

The account of the storm has been given in a preceding paragraph.
The snowfall which it gave was far heavier in the Punjab Himalayas
than in the N.-W. Provinces and Nepal hills. At Simla an average
depth of 3 feet lay on the ground at the end of the storm. The weather
cleared up in the Punjab on the 1st, and fine clear weather prevailed for
some days. The skies cleared in the N.-W, Provinces on the 2nd and
3rd, and in Bengal on the 4th and 5th.

The two following tables give the maximum temperatures and their
variations from the normal at eight typical stations in Northern India
during the period from the 30th January to 5th February.

Maximum temperature.
Station.
Jany. | Jany. | Feby. | Feby. | Feby. | Feby. | Feby.
80th. 81st. 1st. 2nd. 8rd. 4th. 6th.
Murree | 826°| B841°| 407°| 487 | 477°]| 687 46°7°
8imla .| 895°| 288 | 858 | 866°| 418 | b51'2°| b516°
Lahore ..| ©86°| 606°( 600°| 580°| 625°| 656°| 670°
Roorkee ..| 688 | 6568 | 628 698°| 628 | 648 | 683°
Lucknow el 781°1 7011°| 691°) 671° 671°| 686°( 716
Patoa ..| 6562| 82| 677°| 67| 702 | 692 | 682
Burdwan .| 81'5°| 840°| 766°| 760°| 780°| 746°| 746°
Calcutta 825° | 886°| 760°| 736°| 766° 786° | 746°
Variation from normal of maximam temperature of
Station. Jany. | Jany. | Feby. | Weby. | Feby. | Feby. | Feby.
80th. | 8lst. 1st. 2nd. 8rd. 4th. 6th.
Murree v | =181° | —114° | —47° | -1%° | 481°| +87°| +01°
8imla vee| =98 | —208 | -181° | —12:4°| —~82°| +07°| +(1°
Lahore —| -9 | -78| -82°| -102°| ~-55°| -2 | —11°
Roorkee wee | =10:1° ) =39° | =70 | -104°| ~79°| -64°| -8
Lucknow | ~08| —88 | ~58 | —78| -86>| -7%| -48
Paina ] =84 —56°| —88 | —686°| —46°| 59| -74
Burdwan | +28°| +48 | -2 | —37°| -22| -64°| -69
Caloutta | +49° | +69°| —-16°| ~55°| —88 | -57°| -5

These observations show that on the 30th and 31st, when stormy
weather prevailed in Upper India, but had not extended to Behar and
]
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Bengal, the maximum temperature was considerably below the normal in
Upper India (the deficiency being most marked at the hill stations),
and was much above the average in Bengal, Behar, and the greater part
of the North-Western Provinces. In the hill districts the maximum
temperature was lowest on the last day of the storm and rapidly in-
creased during the next few days, so that at Simla on the 5th, when
the snow was nearly all melted except in sheltered spots, the maximum
was slightly above the average. The most important fact is that the
lowest day temperatures in the plains were not recorded during the
passage of the cloudy weather of the storm, but on the first two days of
cloudless skies and fine dry weather which followed the storm. The
greatest depression of day temperature occurred at Lahore and Roorkee
on the 2nd, at Lucknow on the 3rd, at Burdwan and Calcutta on the 4th
and 5th. This transmission of the cold wave corresponds to the rate

of transmission of the storm itself, which ronghly averaged from 250 to

300 miles per diem, or 10 to 12 miles an hour.
The two following tables give similar data for minimum tempera-
ture. (The data are of the night preceding 8 A. M. of the day named.)

Minimum temperature of night preceding 8 A. u. of

Station. Jany. | Jany. | Feby .| Feby. | Feby. | Feby. | Feby.
30th. | Slst. 1st. 2nd. 8rd. 4th. 5th.
Murree | 267°| 28%° | 267°| 257°| 847 | 837°| 847
Simla. .| 240°| 2100°| 262°| 26:0°| 814°| 886°| 885°
Lahore | 421°) 3896°| 421°| 87-2°| 3862°| 887 | 416°
Roorkee | 481°| 4111°| 441°| 416°| 420°| 431° 50'3°
Lucknow | 569°( 480°| 470°| 505°| 46:0°| 420° | 440°
Patna .| 698 | 629°| 479°| 499°| 489° | 438 | 489°
Burdwan | 624°| 614 | 533 | 518 | 482°| 432 518°
Calcutta ..| 618 | 618 | 5238 | 528 | 688 | 638°| 498

Variation of minimum temperature of date from the normal.

Station.

Jany. | Jany. | Feby. | Feby. | Feby. | Feby. | Feby.

80th. 31st. 1st. 2nd. 8rd. 4th, 6th.
Murree | —68°| —90°| —6'8| —64°| +26°| +41°| +16°
Simla | =97 | —181°| —-82°| —-88° | —38 | +29°| +81°
Lahore e | =02 ~82°| =10°| -55°| —64°| ~40°| —-08°
Roorkee | —08 | —-29°| —07°| —-87°( —-86°| —26°| +47°
Lucknow o | #108° | 418 +04°| —85°| -12°| —54°| —86°
Patna v | +108° | 439 | -11°| 406°| -08| —-59°| —10°
Burdwan o | +77°| 468 | =11°| —84°| -11'° | =12:0° | —41°
Calcutta el #6277 +58° | —82°| -36°| +238° | -87 -76°
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These figures shew that the minimum temperature was greatly below
the normal at the hill stations during the storm and largely above it in the
plains on the 30th and in Bengal on the 30th and 31st, the excess being
greatest in the North-Western Provinces. The night temperature slowly
and steadily rose at the hill station frem the 3lst to the 5th, when it was
above the normal. It was lowest in the Punjab on the 2nd and 3rd, in
the N.-W. Provinces on the 3rd and 4th, and in Behar on the 4th and
5th, and in Bengal on the 5th. These facts are most easily summarized
by the statement that a wave of cold was transmitted eastwards across
Northern India at the rate of about 300 to 400 miles per diem.

The humidity data of the same stations for the same period are even
more interesting and instructive. The first of the two following tables
gives the humidity at 8 A. u. and the second the aqueous vapour pressure
at the stationsnamed. The third table gives the amount of cloud at the
same hour and illustrates the rapid and complete clearing of the skies
which follows the cold weather storms of Northern India.

Humidity at 8 a. u.
Station,

Jany. | Jany. | Feby. | Feby. | Feby. | Feby. | Feby.

80th. | 31st. 1st. 2nd. drd. 4th. 6th.
Murree 98 100 99 83 84 26 36
Simla .. 28 81 13 47 42 68 27
Lahore 93 90 94 94 92 78 68
Roorkee 94 79 86 90 94 90 90
Lucknow .. 85 95 78 62 81 63 100
Patna 91 99 90 85 83 51 89
Bardwan 83 84 82 62 73 69 67
Calcutta 87 89 94 69 69 65 72

Vapour tension at 8 A. M.
Station. |

Jany. | Jany. | Feby. | Feby. | Feby. | Feby. | Feby.

80th. | 3let. 1st. 2nd. 8rd. 4th. Gth.
Marree | 162 ‘159 *146 ‘189 ‘149 "069 099
Simla | 049 ‘043 ‘017 ‘087 067 ‘148 ‘072
Lahore .| -835 +281 276 276 ‘245 *197 219
Roorkes .| 891 ‘261 242 *281 *265 -269 *270
Lucknow o 486 *488 ‘316 -257 *822 *228 *300
Patna oo | 275 525 *403 *308 854 *237 ‘378
Burdwan | 506 *524 480 *289 *354 *302 *299
Calcutta v | -B52 642 *549 ‘867 *342 *309 ‘343
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Cloud proportion at 8 A. M.
Station.

Jany. | Jany. | Feby. | Feby. | Feby. | Feby. | Feby.

80th. 81st. 1st. 2nd. 3rd. 4th. 6th.
Murree e 10 10 10 4 0 10 8
Simla 10 1 2 9 0 0 0
Lahore 10 0 0 10 0 0 0o
Roorkee 10 0 8 2 1] 0 (1]
Lucknow 7 8 0 0 3 0 (1]
Patna 10 10 0 0 9 0 (1}
Burdwan [ 8 0 0 0 (1] 0
Caloutta 0 0 0 0 0 7 0o

The second table shews that the amount of aqueous vapour pressure
in the air was greatest in the Punjab on the 80th and in the Gangetic
plain on the 31lst. A large decrease occurred on the lst in the Punjab,
on the 2nd in the Gangetic plain, and the decrease continued until the
end of the period in Bengal. The lowest aqueous vapour pressure
was registered in the North-Western Provinces on the 4th and in
Bengal on the 5th, and the amount of vapour was only from one-half to
one-third of that present in the air on the 31st. This very great change
accompanied the extension of west and north-west winds across the
Gangetic Valley into Bengal.

Two more remarkable illustrations might be given from the meteo-
rology of recent years of the remarkable weather changes which occur
in the rear of cold weather storms in Northern India and follow their
disappearance (vi#., the periods February 1st to 6th, 1886 and February 5th
to 12th, 1887). The last week of January or first week of February is,
in at least two years out of three, one of stofmy weather in the hill dis-
tricts, and some of the most severe snow-storms of recent years have oc-
curred during that fortnight. The second of these two periods, viz.,
February 5th to 12th, 1887 is selected in further illustration of the
peculiar features of the fine weather immediately succeeding severe
stormy weather in Northern India and the Himalayan region.

The disturbance which gave this stormy weather first appeared as
a depression in the South-west Punjab on the 27th of January. It in-
tensified on the 28th and moved eastwards. It passed into the Himalayan
region of the North-Western Provinces on the 29th and 30th. Heavy
snow fell in the North-West Himalayas and Afghan highlands at this
time, and extended eastwards to the Eastern or Assam Himalayas.
Stormy and cloudy weather with much snow continued over the whole
Upper Himalayan region until the 7th, when the weather suddenly cleared
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up, and fine bright clear and oool weather prevailed for some days over
the whole of Northern India.

The following tables give data of tho temperature, humidity, and
other meteorological conditions of the period.

Maximum temperature.

February 1887.
Station.
7th. 8th. 9th. 10th. 11th. 12th. 18th.
Murree e 87-6° 43-8° 40'8° 44°9° 41-0° 42 40°6°
Rawalpindi e 60'1° 69-2° 613> 63-6° 60'1° 64-1° 64-1°
Lahore con 66-6° 67-0° 66-5° 68-5° 69-5° 68'0° 71-1°
Agra oo 78-9° 711° 70.1° 70-1° 72:4° 77-8° 79 7°
Allahabad . 79-8° 78'8° 70-8° 68-8° 70-9° 740° 787
Patna | 778 758 71°°| 692 | 706°| 728 | %68
Calcutta .. 82-1° 82-5° 78:0° 72-8° 72'6° 72-8° 76-6°
Dacca .| 821°| 827°| 811°| 776°| 770°| 744° 759°

Minimum temperature.

February 1887.
Station.
7th. 8th. 9th. 10th. | 11th. | 12th, | 18th.
Murree .| 258°| 271°| ‘2862 | soo| 2030 | sae | o9
Rawalpindi | 204°| 829°| 287°| 834°| 450°| 420°| 3894°
Lahore .| 822°| 81°7°| 38112°| 842°| 415°| 460°| 406°
Agra ..| 466°| 887 | 887°| 817°| 4106°| 486°| 492
Allahabad o| 447°] 416°| 891°| 896°| 896 | 417°| 5286°
Patna .| 6509° 47-9° 4“7 454° | 438° | 469° 58'4°
Calcutta W | 687 698 | 578 | 628 | 477°| 477°| 6518
Daoca | 696°| 562°| 6533°| 491°( 466°| 458° | 500°
Diurnal range of Temperature.
Febrnary 1887.
Station.
7th. 8th. Sth. 10th. | 11th. | 12th. | 18th.
Murree W 121°( 1620 122°| 1420 | 11| 108 | 108°
Rawalpindi ...| 807°| 863 | 3826°| 3801°| 12:1°| 221°| 247
Lahore .| 848 | 858 | 3858 | 843°| 280°| 230°| 305°
Agra .| 270°| 824°| 323°| 298| 308 | 286°| 806°
Allahabaed | 831°| 31:8°| 812°| 292 | 818°| 3828 | 262
Patna .| 269°| 279°| 298| 238 | 268 | 254°| s829°
Caloutta | 184°| 282°| 207°| 248 | 248 | 251°| 247
Dacca .| 226°| o75°| 208 | 285°| 804°| 889°| 959°
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Humidity at 10 hours.

February 1887.
Station. -
7th. 8th. 9th. 10th. 11th. 12th. 13th.
Murree 82 65 50 61 79 80 67
Rawalpindi 37 30 44 61 48 65 47
Lahore 33 83 24 28 28 41 34
Agra 33 32 28 29 26 36 39
Allahabad 44 88 27 81 32 - 24 85
Patna 45 54 41 88 42 43 47
Calcutta 85 33 32 26 34 36 53
Dacca 90 33 28 22 46 42 53
Aqueous vapour pressure at 10 hours.
February 1887.
Station.
7th. 8th. 9th. 10th. 11th. 12th. 13th.
Murree ‘168 109 126 ‘164 ‘169 ‘196 ‘148
Rawalpindi . .. 146 ‘116 163 ‘178 226 211 230
Lahore ‘140 136 106 ‘146 ‘169 235 209
Agra .. 183 *166 ‘142 150 145 287 259
Allahabad . 238 ‘168 ‘136 174 *189 ‘174 253
Patna s 808 *296 225 214 238 277 332
Calcutta . ‘680 261 *208 168 208 287 877
Dacca . ‘648 289 217 ‘184 292 296 ‘396
Amount of wind during 24 hours ending 4 P. M. February, 1887.
Station.
7th, 8th. 9th. 10th. 11th. 12th. 18th.
Murree 167 |- 17 170 117 267 206 200
Rawalpindi oo 115 1566 79 56 68 58 117
Lahore 50 66 75 56 42 35 95
Agra e 92 86 856 121 59 66 77
Allahabad e 85 43 114 108 47 97 144
Patna e 43 62 88 98 50 66 76
Calcutta . 94 86 126 125 80 126 77
Dacca 34 63 99 126 62 67 40

The following gives a brief summary of the chief conclusions from
the data of this period :—

1st.—The lowest day temperatures were recorded at Murree and
the hill stations just before the storm disappeared and at the
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plain stations during the fine clear weather which followed
the storm. The lowest maximum temperatures were observed
in the Punjab on the 9th and in East Bengal on the 12th.
This may be summed up by assuming the eastward passage
of a cold wave along the plains of Northern India.

2nd.—The lowest night temperatures of the period were registered
in the hills on the 6th and 7th during the storm, and in the
plains during the fine clear weather which followed in the
rear of the storm. Thus the lowest minimum temperatures oc-
ourred in the Punjab on the 9th, in the North-Western Pro-
vinces on the 9th and 10th, in Behar on the 10th and 11th
and in Bengal on the 11th and 12th. This further proves the
passage of a wave of cold eastwards along the length of the
plains of Northern India, at a rate of about 300 miles per
diem.

3rd.—The period immediately following the breaking up of the
storm was one of large diurnal range of temperature. The
effect of the dry weather which followed in increasing the
daily range was shewn most strikingly in Bengal. The daily
range’ at Calcutta increagsed from 13:4° on the 7th to 25'1° on
the 12th and at Dacca from 22:6° on the 7th to 30'4° on the
11th.

4th.—There was a large temporary increase in the air motion, which
was first shewn at the western stations and extended east-
wards. It occurred at the Bengal stations two or three days
later than in the Punjab and Western districts of the North-
Western Provinces. These winds were the cool westerly winds
which followed in the rear of the storm and accompanied the
setting in of fine clear dry weather.
5th.—The most important change was in the amount of vapour and
the humidity of the atmosphere. This was far more marked
in Bengal than in the Gangetic area. In Bengal local
damp sea winds prevailed during thc existence of the cold
weather storm, and after it disappeared they were replaced by
dry land westerly winds. The humidity at Calcutta decreased
from 85 to 33 and at Dacca from 90 to 33 in 24 hours. The
aqueous vapour pressure data shew that this was due to a large
reduction in the amount of vapour pressure and hence to the
displacement of the previous winds by an air current of op-
posite characteristics. The amount of vapour in the air at Cal-
cutta on the 10th was less than a fourth of that present in it
on the 7th,
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The following hence gives the chief features of the anti-cyclonic
weather immediately following a cold weather storm during which heavy
general snow has fallen in the Afghan highlands and the Himalayas :—

(a.)—Pressure is excessive in Upper India and unusually clear bright
fine weather prevails. Strong westerly winds set in over
Upper India and extend rapidly eastwards. In Bengal
these winds displace the light southerly or easterly winds
which prevailed during the previous disturbed weather.

(b.)—During the stormy weather both day and night temperatures
are very low at the hill stations, but, with the melting of the
snow, temperature rapidly increases and the ordinary anti-
cyclonic conditions of increased temperature are again exhi-
bited at these stations. The important factor in determining
this change of temperature conditions appears to be the melt-
ing of the snow from all the lower elevations.

(¢.)—During the disturbed weather the day temperature in Upper
India is below the normal and the night temperature is
above it. In Bengal and Bebar, in consequence of the pre-
valence of light southerly and easterly winds, both day and
night temperatures are considerably above the normal and the
weather sultry and oppressive. The disappearance of the
disturbance is usually followed by a rapid reduction of both
the day and night temperatures. This accompanies a complete
shift of wind from some southerly to some northerly direction
and the prevalence of unusually clear bright- skies in which
the solar radiation is even greater than usual. This passage
of a wave of cold is hence evidently due to the intrusion of a
body of cold air advancing from Upper India or the Hima-
layan mountain region into the Gangetic plain and Bengal.

(d.)—The setting in of these winds produces & very rapid reduc-
tion in the humidity of the air and the amount of vapour.
The reduction is far greater in Bengal than in the interior,
and is sometimes excessive.

(e.)—In consequence of these large changes of humidity and tem-
perature, the periods immediately following cold weather
storms in Upper India are especially cool, pleasant, and brac-
ing in Bengal and stand in marked contrast to the weather
prevailing before and during the existence of the storms.

We proceed to give an explanation of these facts.

The chief feature of the cold weather in Upper India is great still-

ness of the air, the stillness being most marked at night.

The following table gives the amount of winds measured by the
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self registering anemographs during the month of January 1889, and
illustrates this feature of the air motion.
The following table gives the amount of wind during the day and

night hours
Roorkee. Lucknow.
Date. Amount of wind in miles. Amount of wind in miles.
6aM—6pPM | 6PM—6AM |6aM—06pPM |6PN—6AN
1st January 1889. 82 3 60 24
2nd 1 0 81 24
8rd 83 0 16 12
4th 20 0 18 11
6th 2 ] 12 6
6th 12 2 43 39
7th 80 10 49 28
8th 14 6 53 24
9th 14 7 80 2
10th 513 13 4 2
11th 20 0 5 1
12th 1 17 17 16
13th 4“4 0 41 6
14th 2 0 3 6
15th 0 2 18 9
16th 2 2 45 17
17th 5 4 838 13
18th 4 10 41 42
19th 89 18 100 47
20th 29 8 108 48
21st 4 o 26 17
22nd 18 21 40 11
23rd 29 0 14 16
24th 13 4 6 3
25th 19 0 23 6
26th 6 2 4 1]
27th 6 4 4 3
28th 1 34 10 8
29th 67 153 102 100
30th 63 25 165 25
3lst 26 1 67 11
Average of period
from lst to 27th. 17 miles. 4°5 miles. 81 miles. 16 miles.

These figures shew very clearly the quiescent state of the atmosphere
in Northern India during the cold weather and more especially at night.
This is especially observable in the periods of ordinary anti-cyclonic

conditions.

In fine clear weather the range of temperature is large. It aver-
ages 27° for the whole of the Punjab for the month, and in fine clear
weather usually varies little from 36°F. or 20°C. Tho range at the hill
‘stations is much less, averaging 15° and rarcly exceeding 18° even in

6
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clear weather. It is not necessary to give data for theee statements, as
a reference to the Tables I to IV will confirm them. We shall therefore
assume these two figures, viz., 18° and 36°, as representing approximately
the daily ranges of temperature of the air at the hill stations and adjacent
plains in Upper India in ordinary fine clear anti-cyclonic weather in
January. If there were absolutety no motion of the air, vertical or
horizontal, an increase of temperature of 36° of the lowest strata of air
over the plains would cause pressure, as measured by the barometer, to
increase about two inches. No such increase actually occurs. The
only large barometric movement in such weather is the diurnal oscilla-
tion (slightly exceeding in amount a tenth of an inch), which goes on
with great regularity. Aguain, as no such large increase of pressure oc-
curs, it is evident that it is counterbalanced by the subsequent changes
of pressure due to air motion of expansion, convection currents and
horizontal movement. The cooling of the air takes place most
rapidly for some hours after sunset when the air movement is ap-
parently least. The adjustment of pressure to the changing temperature
conditions during night is frequently not accompanied by any per-
ceptible or measurable air movement (vide data of Table, p. 41). The
slightest observation of the way in which the smoke of the evening
fires in an Indian town in Upper India lies over it motionless indicates
clearly that the only important air movement which occurs in the
evening during the rapid cooling of the air, can only be one of compres-
sion due to descent of the air above the lowest stratum, and that this is
so extremely slow a process as to be imperceptible even by its action
on mist and smoke. Considering the first 1000 feet thickmness of the
atmosphere to be homogeneous, the upper surface would have to descend
about 60 feet in order to produce the compression required to maintain
pressure at the same amount. This motion may appear to be consi-
derable, but if it occurs as an accompaniment to the cooling it will
take several hours to be completed, A total downward movement
of the air at a height of 1000 feet through sixty or seventy feet
spread over several hours is exceedingly small and cannot be detected by
any of the ordinary methods of measuring air motion. The assump-
tion of thisslow motion of compression is hence in accordance with
facts and competent to explain them. The cooling by night hence
takes place in a nearly quiescent atmosphere, and if there be any com-
vection currents, they are so feeble, more especially when compared
with tkose which accompany heating during the day, as to be of mno
jmportance and negligible. Hence the motion of the air at night
in Upper India during fine clear weather in January may be assumed
to be a very small general downward movement producing the
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smount of compression necessary to ocounterbalance almost exactly the
effect of diminishing temperature on the pressure. In the open Gange-
tic plain, more especially near the hills, it may be accompanied by slight
horizontal movements, but they are generally too small to be measared
by an anemometer. Hence the adjustment of pressure takes place im
the cold weather during the day time chiefly by convection currents and
partly by expansional movement of the lower strata and partly by hori-
zontal motion from west to east or from the area of later to earlier solar
action during the day; and during the night, almoat solely by vertical
movement accompanying or producing compression.

Throngh such a nearly motionless atmosphere the heat radiated
from the earth’s surface will pass readily. The chief proportion of the
small absorption which occurs will be in the lowest strata. Hence the
upper strate which receive little heat and give out little by radiation
will have their temperature very slightly affected by this cause. Also
if the compression of the lower strata be effected by the expansion of the
npper strata, these strata will be slightly cooled, whilst the compression
of the lower strata will canse a slight increase of temperature, but these
changes can be shown to be so small as not to affect the temperature at the
utmost more than 1° or 2°. The most important action, however, occurs
in the lowest strata. The earth is cooled rapidly by radiation from its
surface into space, and in the vast level plains of Northern India, the air
remains quiescent or stagnant over it and hence cools down rapidly. (The
oooling of the lowest strata probably takes place chiefly by conduction
and to some extent by convection currents extending to a comparatively
small height, determined partly by height of vegetation, trees, houses,
&c.) The chief fact, however, remains that the cooling occurs in a
stagnant or quiescent stratum near the earth’s surface, and hence goes on
continnously during the night, and produces a very large accumulated
decrease of temperature.

This action is, however, chiefly confined to the lowest strata and
sbove these the fall of temperature will be almost solely due to conduc-
tion (a slow process in air) and hence be small in amount. Also, as
the lower strata are compressed and the upper strata expand, there will
be some level at which at each instant there is neither compression nor
expansion. Whether this will alter much in position during the night
can only be conjectured, bat it appears on the whole most probable that
it will not. The total fall of temperature during the night will henoe
decreaso rapidly in amount with elevation and at some elevation become
practically constant where it will be due almost entirely to slight
cooling by radiation and by expansion and to & very slight extent by con-
duction and probably not exceed 2° or 3° in amount.
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In the preceding discussion it has been shewn that the temperature
conditions and changes at the hill stations are usually different from
those of the plain stations. For example, ordinary anti-cyclonic weather
gives increased day and night temperature at the hill stations, and hence
increases the mean temperature and only affects the diurnal range very
slightly, whilst in the plains it gives increased day and decreased night
temperature, and hence increases very largely the diurnal range of tem-
perature, whilst it only slightly affects the mean daily temperature. Again
stormy weather in the mountain districts of Northern India gives de-
creased day and night temperature and hence a much lower mean temper-
ature than usual with little change in the dinrnal range of temperature.
The same weather in the plains gives decreased day and increased night
temperature, and hence the diurnal range of temperature is largely
diminished, whilst the mean temperature is very slightly affected. Hence
the important conclusions,

1st.—That the chief weather changes and conditions in Northem

India during the cold weather affect the temperature in
entirely different ways in the plains and hills. In the
former they modify the diurnal range of temperature chiefly
and in the latter the daily mean temperature.

2nd.—That the monthly means of temperature or of daily range of

temperature are in consequence not comparable for the hills
and plain stations, and that similar variations from the nor-
mal imply different conditions and actions in the two cases.
8rd.—~Hence the nature and causes of these changes and variations
of the vertical temperature relations cannot be properly
estimated and investigated by comparing monthly means,
but by comparison of the actual temperature conditions
prevailing in each particular state or type of weather.

Hence typical cases have been selected in the previons portion of
the paper and the same principle is adopted throughoat.

We are now in a position to give a simple explanation of the high
night temperatures at the hill stations observed during fine clear
weather in December and January.

In ordinary anti-cyclonic weather in January in the Punjab plains
the temperatare ranges from an average maximam of 72° to an average
minimum of 36° giving thus a mean diurnal range at such periods of
86°. The hill stations in Upper India are at an elevation of about 7000
feet above the sea or 6000 feet higher than the neighbouring plain
stations. The rapid increase of temperature in the plains during the
morning gives rise almost entirely to convection currents. As the air
is very dry, it may be assumed that in riging and expanding it will cool
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and diminish in temperature ata rate not much less than that of a
rapidly ascending current of dry air, which is very approximately 1°
for every 193 feet. Assuming the rate of decrease of temperature in
these ascending currents to be 1° for every 200 feet, the motion of the
stmosphere would tend to give a temperature of (72°—30° or) 42° at the
elevation of 6000 feet above the plains of the Punjab. Little or no
change would occur at night, when there are practically no convection
currents, and hence at that elevation above the plains of Northern India
the temperature in sach periods would remain permanently at about 42°
and hence be about 6° higher than the average night or minimum tem-
perature at the level of the plains below.

The day temperature at the hill stations would be considerably
higher than 42° in consequence of the heating of the air by contact
with the land surface, and average about 60° in such weather. About
sunset temperature would fall quickly and a short period of rapid de-
crease of temperature would occur until the temperature reached that
of the same level above the plains, viz.,, 42°. The continuous decrease
of temperature in the hills and plains for some time after sunset would
evidently give rise to a compressive movement over the hills and plains
and also to a very slow downward movement of air from the hills to-
wards the plains and to a mnearly horizontal upper movement from
above the plains towards the hills. Hence the air which cools by contact
with the mountain sides and moves down towards the plains is replaced
from a large source (that of the whole mass above the plains at the
higher levels), and hence arrives at a nearly constant temperature
corresponding to that level. Thus air brought in from the level of
7000 feet would arrive during the night at that level in the hills at &
nearly constant temperature at 42°, and hence when the temperature at
the hill stations has fallen to a little below 42° it would remain fairly
steady during the night at about that temperature.* As the tempera-

® In order to verify this statement I had two series of temperature observations
taken in a snitable open position on the top of a ridge at Simla on the nights of the
9th and 11th of December last, when ordinary anticyclonic weather prevailed in
Northern India. They are given in the following table and it will be seen fully
to confirm the conclusion given in the text.

Temperature of the air. E..'a

3

Date. | 16 [16:30] 17 [17:90| 18 |18:30] 19 [19:80| 20 |2080] 21 [21-30] 22 [*
hrs | hrs, | hrs. hra. | hre.| hrs, | hrs.| bhre. | hre.| hrs. | hrs.| hrs, hrs.§’§

L k-1

December9th| 54'9| 524 492| 477/ 45 4'466469 460/407) 449482 466|459 410
, 11th| 5077 48:5|48'9| 438|42:0| 422|427 43-1|42°¢| 438] 43-6] 449 45-2| 41-2
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ture at the level of the plains would probably fall to about 36° on such
clear nights, the minimum temperature in the plains would hence be
slightly below that at the hill stations 6000 feet above.

The previous supposition gives an average case, and shews that in or-
dinary anti-cyclonic weather in December and January the minimum tem-
perature at the hill stations tends to be higher than at the plain stations.

The following are specific examples taken from the observations of
the inversion of the vertical temperature relations was most marked :—

On the 2nd the maximum temperature at Rawalpindi was 70°5°.
The corresponding temperature of convection at the level of Murree
4800 feet higher would be (70°5—24°) or 46°5°. The minimum tempera.
tare on the night of the 2nd was 49-3° or slightly greater. On the 3rd,
the maximum at Rawalpindi was 68:9° and the convection temperature
at the level of Murree 44'9°, which was practically identical with the
actual minimum at Murree 44.6°. The minimum temperatures on these
two nights at Rawalpindi were 87:4° and 36 9° or 11:9° and 7'7° lower
than at Murree. Again at Ludhiana on the 8rd the maximum was 777
and at the level of Simla 6200 feet high the carresponding convective
temperature would be (77:7°—31°) or 46'7°. The minimum at Simla on
the night of the 3rd was 48'4° and 2'8° higher than at Ludhiana. At
Roorkee on the same day the maximnm was 72'3° and the corresponding
convective temperature at the level of Musoorree (6000 feet higher) was
42:3°. The minimum at Mussooree was actually 42:0° and 5'7° higher
than at Roorkee. It is not necessary to multiply examples, as these shew
roughly that the minimum temperatures at the hill stations and therefore
the temperature during the greater part of the evening and night is prac-
tically that of dry air at the level of the hill station rising rapidly with
the maximum day temperature at the level of the plains or what may be
termed the convective temperatures corresponding to the maximum
temperature conditions of the lowest stratum.

Hence the explanation and facts appear to establish the following:—
(a)—In ordinary anti-cyclonic weather when the horizontal air
motion by day or night is very small, the temperature at

With these figures may be compared the following temperature observations
recorded at Lahore on the same days.

Temperature of the air at g ég - g éags.:

Date. 4brs. | 8hrs. |10 hrs. | 16 brs. ’ 32 brs. g i~dlg s ¥
asf 23§
December 9th .| 406 | 475 | 660 | 762 ' 500 | 742 I 38-9
. 1th .| 410 | 460 | 660 | 726 | 486 | 752 | 39-4
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considerable elevations above the plains is nearly constant,
and is determined by the temperature at that elevation of
the rapid upward convective currents at the hottest period
of the day. '

(3)—There is at such periods a slow steady descent of air during the

night from the hills towards the plains and a horizontal in-
flow from higher levels of air at nearly constant tempera-
ture to the hills.

(¢)—Temperature decreases very rapidly at the hill stations shortly

before and for some little time after sunset until the tem-
perature falls to or slightly below that of the same level in
the open atmosphere over the plains of Northern India, after
which it remains nearly constant throughout the night.
The short chilly period immediately after sunset is a
very characteristio feature of the hill stations in ordinary
fine weather during November, December, and January.

(d.)—The temperature of the earth’s surface in the plains of Nor-

thern India falls rapidly and steadily during the whole night
and until very shortly before sunrise. Hence also the
temperature of the quiescent mass of air immediately above
it falls pari passu, and by amounts ranging from 30° to
40° in ordinary clear weather in Jaouary. The fall of
temperature is greatest at a considerable distance from the
foot of the hills, where the observations shew that the
maximum temperatures are higher, the daily range of tem-
perature greater, and the minimum frequently lower than
immediately under the hills. The following gives examples
for the 2nd and 3rd January, 1889, The stations which were
to be compared are grouped by means of brackets,

2nd 8rd
Station.
Mazx. Min. | Range. [ Max. | Min. | Range.
Ludhfans . 697 410 287 762 456 296
Labore .oe } 720 862 868 780 872 868
Roorkee . e 708 389 819 708 366 842
Meerut } 727 42-1 806 742 890 852
Delhi 781 411 320 781 401 880
Bareilly } 87 413 82'4 712 3898 314
Agra . 756 446 810 786 436 850
Gorakhpur - 689 454 236 s 479 239
Lucknow } 762 430 82-2 7111 41-1 300
Allahabad . 714 437 277 770 427 343
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As there is little or no difference, so far as can be judged, in the
radiating power of the earth’s surface at Ludhiana, Roorkee, Bareilly,
and Gorakhpur as compared with Lahore, Delhi, Agra, and Allahabad
in January to account for the greater cooling of the earth’s surface and
the superincumbent air, it is almost certain that the mass of air descend-
ing from the hills is warmed by the action of compression in descending,
and that this is one, if not the chief, factor in giving a smaller fall of tem-
perature and slightly increased night temperature at the stations nearest
to the hills when compared with the more distant ones. Hence it is
clear that the descending air does not contribute towards the cooling of
the plains of Northern India during the night but actually tends to dimi-
nish it.

The efficient factors in the rapid cooling of the air in the plains of
Northern India at snch periods are :—

1st.—Absence of cloud and other conditions favouring rapid radiation

from the earth’s surface.

2nd.— Absence of air motion, and more especially of downward

convection currents, 8o that the same mass of air remains
in contact with the earth’s surface.

The first ensures the rapid cooling of the earth’s surface and the
second of the air immediately above the earth’s surface.

A brief explanation will serve for the temperature conditions in
Upper India during and after stormy weather. The most important factor
appears to be snow fall in the hills and rain in the plain districts. The
condensation takes place largely, if not almost entirely, in the upper return
current of the north-east monsoon circulation and hence at a great ele-
vation. The falling rain and snow carry down with them the temperature
of their place of origin and hence tend to cool considerably the whole maas
of air through which they fall. The amount of the cooling will evidently
depend greatly upon the amounnt and period of the rain and snowfall. In
the hill distriots, the temperature falls steadily throughout a long snow
storm, and the lowest temperatures are usually recorded just before the
weather begins to clear. In the plains, the day temperature fallsin con-
sequence of cloud and rainfall and the action of rainfall referred to above.
But the cloud canopy causes terrestrial radiation to proceed very slowly
at night. The effect of the cloud in diminishing radiation is so large that
the night temperatures are hence at such periods considerably higher
than usual. Hence stormy weather in January and February depresses
temperature largely throughout the whole day at the hill stations, and
in fact tends to give them a temperature nearly equal to the permanent
temperatures of a stratum considerably above their level (i. e. of the stra-
tum in which condensation occurs). Whereas in the plains the chief
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effect is to diminish the daily range of temperature by decreasing the
day and increasing the night temperature.

Finally, when the stormy weather passes away unusually dry clear
weather sets in. In the hills the snow probably extends down to a level
of 4,000 or 5,000 feet. The temperature of the air at and above that
level is mainly determined by that of the snow surface with which it is
in contact, and hence, even in the middle of the day, differs little from
82°. Hence a period of low and nearly constant temperature conditions
sets in until the snow is melted and the snow line retreats. The snow
melts very rapidly, at a rate of six to nine inches per diem in clear
weather in exposed positions, and a snow fall of 3 or 4 feet will melt
away and disappear in five or six days in favourable weather except in
sheltered positions. Consequently, temperature in the hills at such periods
is at first low, but rapidly rises with the melting of the snow, and after
a few days of fine clear weather the conditions merge into those of
vormal ordinary anticyclonic weather, which have been already stated.

In the plains the conditions and actions are different. Solar radia-
tion during such periods is more active than usual in consequence of the
great clearness of the atmosphere, the absence of dust, &c. Hence not
only is the upward convective motion over the plains during the day
greater than usual, but in consequence of the low temperature over the
snow-covered surface of the hills there is a rapid flow of air from the
hills towards the plains, which in consequence of the first action is pro-
bably greater by day than by night. This mass of air starting from, say,
a level of 4000 feet above the plains at a temperature of 32° will by rapid
descent be heated about 20° and hence will arrive at the level of the
plains at a temperature of about 32°+20°=52° or 20° lower than the
maximum temperatore prevailing in the plains in ordinary anticyclonic
weather. Hence there will be a steady flow of cool air towards the
plains from the hills, the temperature of which, when it arrives at the
level of the plains, will be very low when compared with the ordinary
day temperature at the period. As the snow melts and the snow line
ascends, the temperature of the descending current at the level of the
plains will increase. Hence in the plains immediately after a severe
storm in the hills there will be,

1st. A strong and steady current from the hills towards the plains

and hence a strong easterly carrent from the north north-
west and west down the Gangetic Plain.

2nd. This current will be fed from a source of nearly constant

temperature above the elevation of the snowline, and hence
the temperature of the descending current at the base of
the hills will be least immediately after the clearing up
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of the weather, and will increase slowly with the melting
of the snow in the hills. Hence one of the most striking
features is the low maximum temperatures recorded at
such periods in Upper or Northern India, although the
air is unusually clear, and the solar radiation at the earth’s
surface more intense than usual.

3rd. One of the chief features of a descending current is

great dryness, hence the descending currents from the hills
at such times will tend to give abnormally low humidity to
the whole area over which their influence extends. The
change of humidity due to this will evidently be greatest
in the area over which damp sea winds previously prevail-
ed, that is, usually in Bengal.

It will thus be seen that the features of the very cool and dry
periods after stormy weather in Northern India during January and
February are explicable on the assumption of unusually large and
massive carrents from the hills at a time when the snow surface has
greatly extended downwards.

It is hardly necessary to point out that these cool perieds are of
occasional occurrence in Bengal, and are the most characteristic and
pleasant feature of the cold weather. These cool periods in Northern
India hence shew most strikingly the rapid and large influence which
snowfall over a large mountain area exerts. Mr. Blanford and myself
have shewn the probably large influence it occasionally exercises on the
distribution of the south-west monsoon rainfall. This has been ques-
tioned by some writers as the effect appears to them to be dispropor-
tionate to the cause. The large changes in air motion, temperature, and
humidity over the whole of Northern India which follow general snowfall
in the hills, and which continue for longer or shorter periods according

to the intensity and extent of the storm, are & frequent strong argument
in its favour.
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IL.—Natural History Notes from H. M.'s Indian Marine Survey Steamer
¢ Investigator,” Commander ALFrED CARrPENTER, R. N, D. S. O,
commanding.—No. 14. Observations on the Gestation of some Sharks
and Rays.—By ALFRED Avucock, M. B., Surgeon-Naturalist to the
Marine Survey.

[Received November 18th, 1889 ;—Read January 1st, 1890.]
(With Plate 1.)

The observations which I have to record were, of necessity, made so
hurriedly that I can only hope them to be regarded as a gleaning in the
outskirts of the field of bionomic science. But any one who, single-
handed, and almost without appliances, has been called upon, at a
moment’s notice, to undertake the examination of large dead animal
bodies in the plains of tropical India will readily realize the difficulties
which hinder the exact and exhaustive dissection, under similar condi-
tions, of huge fishes, on board ship, in the Bay of Bengal. And I trust
that the drawbacks alluded to will be taken into consideration with the
unfinished appearance of the work.

§ 1. Observations on the Gestation of Carcharias melanopterus,
Zygeena blochii, and Carcharias dussumieri.

a. CARCHARIAS MELANOPTERUS. A female, five feet long, was cap-
tared by Mr. W. H. W. Searle, of the ‘Investigator,’ on the Orissa coast,
off the entrance to the Chilka Lake, on the 21st January, 1889, The
abdomen was much distended ; and, on opening it, the distal ends of the
oviducts were found to form, on each side, an enormously dilated uterus,
each occupying the whole length of the abdominal cavity on its own side.

On section, the walls of the uteri were found to be hypersemic,
rather hypertrophied, and spongy : their cavities were divided off, each
into three separate longitudinal compartments: and tightly-packed in
each compartment, lying head forwards, parallel with the antero-
posterior axis of the mother, was a young one twelve inches long. Each
young one was, further, completely enveloped in & very delicate mem.
brane, on removal of which the placental-cord was found to be extended,
in a semi-spiral curve, from a point midway between the pectoral fins
of the feetus to its maternal attachment at the hinder end of the uterus.

Each placental cord, which is about eighteen inches long, and
one-sixth of an inch in diameter, is seen to divide, near the maternal
attachment, into two equal branches, each of which subdivides again
and again to form a compact arborescent mass, which is closely applied
to a flat vascular disk on the wall of the uterus, and thus the placenta
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is formed. The maternal attachment of each placental cord is separate
and distinct.

At the feetal end, the cord, having pierced the ventral wall between
the pectoral fins of the footus, divides into two branches. The lower of
these, which is the artery, can be traced into the mesentery, where,
at the level of the proximal end of the large intestine, it is found to
be furnished with a pouch-like gland : its connexion with the dorsal
aorta could not be made out. The upper branch (venous) subdivides
into two branches, which ascend in the median fissure of the liver to the

portal vein.
A transverse section of the placental cord shews one artery and one

vein.

A transverse section through the wall of the uterus shows an outer,
thin, compact layer of muscular and connective tissue; but the greater
part of the section consists of an indefinite spongy network (venous ?),-
with numerous large thick-walled arteries.

The red blood cells of the foetus are 3’55 of an inch long, and 3455
of an inch broad.

b. 7ZvcaeNa BLocHII. On the same occasion, a female of this
species, nearly five feet long, was taken. The general appearances were
similar to the appearances in Carcharias melanopterus ; but each uterus
contained five feetuses ; and the placental cords, which were much more
delicate, were uniformly covered, except at the extreme footal end, with
flattened, leaf-like, bilobed or trilobed appendicula, from one-eighth
to one-quarter of an inch long, each lobe being about one-eighth of an
inch broad.

A transverse section of a placental cord, which includes vertical
gections of the peripheral appendicula, shows, in the cord, a single
artery, a large vein, and four large irregular channels ; and, in each
of the appendicula, a central longitudinal vessel apparently opening
into one of the channels of the cord.

A single intact appendiculum, examined under & moderate power,
is seen to have a thick external epithelial investment, while internally
the central vessel is secn to break up into a fine ramifying and anasto-
mosing capillary-like plexus.

A transverse section of an appendiculum, under a high power,
resolves the epithelinm-like investment into a gland-like aggregation of
round large-nucleated cells, about ten strata deep, beneath which is the
loose-meshed connective tissue of the appendiculum which supports
the ramifying branches of the contained vessel.

The structure of the placenta, and the ultimate distribution of the
vessels of the cord, are the same as in Carcharias melanopterus, but there



1890.] A. Alcock—On the Gestation of Elasmobranch Fishes. 53

is no gland-like body in connexion with the artery. The red blood-cells
of the foetus are 1555 of an inch in the major, and 5455 of an inch
in the transverse diameter.

The length of the foetuses was about fifteen inches.

The nature of the appendicula is difficult to understand, seeing that
the foetus is connected with the mother by a large and well-developed
Placenta ; bat their richly cellular investment is evidence of some active
function, either in the elaboration or purification of the blood proceeding
to the footus. 1If the channels of the cord are regarded as lymphatics,
the appendicula might be looked upon as forming a diffused and pri-
mitive lymphatic gland-system, their thick investment of lymphoid cells
being analogous to the medulla of & mammalian lymphatic gland.

¢. CarcHARIAS DUSSUMIERI. A female, seven feet and a half long,
was hooked at sea, off the west coast of Middle Andaman Island, on the
13th of April, 1889,

Immediately after death, lively movements commenced in the ab-
domen, which was much distended ; and the abdominal cavity, on being
opened, was found almost completely filled by the dilated, congested,
spongy-walled uteri, as in the case of Carcharias melanopterus and Zygena
blochii. Each uterus contained five living foetuses, each two feet long,
lying head forwards in separate compartments, each with its own
placenta, exactly in the manner already described. The placental cords
had the usual appearance.

The young ones when removed to a tub of sea-water swam about
vigorously for nearly an hour, but died eventually from hemorrhage,
due to rupture of the placental cord.

The structure of the placenta, and the distribution of the vessels
of the cord, were exactly similat to those of (. melanopterus ; but no
gland-like organ was found on the artery.

Unfortunately, the selected specimens, though placed in strong
alcohol, putrified.

The specimens of Curcharias melanopterus and Zygena blochi,
though packed in salt, became so rotten that they fell to pieces.

§ 2. Observations on the Gestation of Trygon bleekeri, and on the
Uterus of Myliobatis nienhofii.

a. TryeoN BLEEKERL. A female, with a disk of very large dimen-
sions, was taken in the seine, by Mr, W. H. W. Searle, in False Point
Harbour (Orissa coast), on the 15th December, 1888.

The distal end of the right oviduct was enormously dilated, and
contained in its cavity a fully-developed male footus with a disk 113
inches long and 10% inches broad.
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The striking feature was, that there was no connexion of any kind
between the foetus and the mother, and no evidence of any such pre-
vious connexion.

The mucous membrane of the uterus, however, was covered with
an abundant glairy albuminous fluid, the secretion apparently of a layer
of thick-set papille which formed its inner coat; and the inference
seems irresistible that this fluid constituted the nutriment of the feetus,
and was, in short, a true uterine milk. Unfortunately, the examination
of the stomach of the foetus was delayed for twenty-four hours, when
the viscera had undergone such changes that the verification of this
theory was hardly possible.

On removal of the fluid, which was then found to form a nearly
solid coagulum on the application of heat, the papillary layer of the
mucous membrane of the uterus was found to be of a vivid scarlet.

The papillee themselves average about half an inch in length, and-
are filiform in shape, and very delicate. They are so thick-set as to be
in contact when not floated out in water.

Beneath them is a thick mucous layer rich in blood-vessels, and
outside this is (1) an inner circular and outer longitudinal layer of
muscle, and (2) a connective-tissue coat; the whole aggregating in
thickness one-eighth of an inch.

The thickness and compactness of the muscular coat is in striking
contrast with the loose spongy nature of the uterine walls in Carcharias
and Zygena, and appears to indicate much greater parturient effort in
Trygon.

b. MvyrioBaTIs NIEUHOFII. A female, with a disk seventeen inches
long and twenty-eight broad, was taken in the seine, by Mr. W. H. W.
Searle, off Cocanada, on the 31st March, 1889.

The left ovary was full of large ova, and the distal end of its
oviduct formed a large globular swelling, with thick, firm, muscular
walls, and a uniform internal lining of broad flattened papille nearly
half an inch long.

On the posterior surface of this uterus, and closely adherent to it,
was an indistinctly lobulated gland-like organ, which, on section, was
found to consist of an aggregation of tubules with blood-vessels and
characteristic glomeruli, and a small amount of intertubular stroma.
The tubules were lined with large-nucleated, cubical, epithelium. Un-
fortunately, the other relations of this kidney were missed.

A section through the uterus shows, from without inwards, (1) a
compact connective-tissue investment about ome-eightieth of an inch
thick, with numerous large blood-vessels; (2) a layer of unstriped
muscular tissue in transverse bundles; (3) a layer of similar muscular
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tissue in longitudinal bundles, the united thickness of the two layers
being about one-nineteenth of an inch; (4) & mucous layer of varying
thickness, containing numerous blood-vessels and lymphatic (?) spaces,
and crowded with lymphoid cells.

This mucous layer forms the long papille above mentioned, and a
uniform sheet of close-set tubular glands, which resemble, for the most
part, the lieberkuhnian follicles of human anatomy, covers its entire sur-
face, both papillary and inter-papillary. These glands, at any rate near
their orifices, are lined with short columnar epithelial cells, and similar
cells invest the sarface of the mucous membrane between the orifices
of the glands.

The individual papille, as already stated, are about half an inch
long, and are flattened. In some cases they bifurcate or trifurcate.
In breadth they vary from one forty-eighth to one twenty-fourth of an
inch. They are formed by a central prolongation of the mucous coat
richly provided with lymphoid cells, and containing at least one blood-
vessel and numerous lymphatic (?) spaces; and are invested externally
by the above-described layer of tubular glands. These glands are
mostly simple at the bases of the papilles, but peripherally they fre-
quently become racemose, and in this case the acini are lined internally
with a cubical epithelium.

As to the fanction of this vast surface of glandular tissue, we are
able to form an opinion by referring to the case of Trygon bleekeri.
There we found a uterus exactly similar in its naked eye anatomy to
the one we are discussing; and in this uterus was a large foetus entirely
separate, as far as structural connexion goes, from the mother; while
the uterine papillary surface was concealed by a copious secretion of
a highly albuminous, and presumably nutritive, fluid. In the absence of
any vascular connexion between the feetus and the mother, we assumed
that this flaid served for the nutrition of the foetus.

In Myliobatis nieuhofit, in which the uterine papille are less
attennated, and more amenable to manipulation, we find the whole
intra-uterine mucous membrane forming a superficial gland; and I
think we are justified in assuming that this gland is practically a milk-
gland, the secretion of which furnishes the developing foetus with nutri-
ment.

In the Zoological Record the only allusion to uterine villi that I can
find is to a paper by Trois, in the * Atti del Instituto Veneto” Vol. II,
_ p- 429, “On the uterine villi of Myliobatis noctula and Centrina salvi-
ans ;"' but I regret that I have not been able to obtain access to this.
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EXPLANATION OF Prate I

Fig. 1. A piece of the placental cord of Zygena blockii, natural size.

Fig. 2. Transverse section through the same, showing artery and vein, lym-
phatic (?) spaces, and three appendicula in oblique section with parts of two more
in vertical section. x 16.

Fig. 8. A portion of one of the appendicula of the same, showing the ramifying
vessel. x21.

Fig. 4. Transverse section through part of one of the appendicula of the same,
near its base. x110.

Fig. 5. Transverse section through uterine wall of Myliobatis nienhofii, showing
fibrous and muscular coats, and mucous membrane, with the bases of three papillae.
x 21.

Fig. 6. Obliquely transverse section through part of one of the uterice papille
of the same, showing some of the simplo follicles of the mucous membrane in oblique
section, and one of the racemose follicles. x 110.

II1.—On Clebsck’s Transformation of the Hydrokinetic Equations.
By Asurosa MuknorapaYAY, M. A,, F.R. A. S, F. R. S. E.

[Received Febroary 27th ;—Read March 6th, 1889.]

A first integral of the hydrokinetic equations of Euler may be
obtained by known methods in three cases: (1) Irrotational motion ;
(2) Steady rotational motion; (3) General rotational motion. It is the
object of this note to show how the method of applying Clebsch’s
transformation to the third case can be materially simplified, and inci-
dentally the relation between the three solutions is pointed out.*

Starting, then, with the hydrokinetic equations, we remark that
they may be at once reduced to the forms

% — 20¢ 4 2um + ‘%2 =0 coveeemeee (1)

% — Quwé + 2uf + "% =0 crrvnnnenns (2)

%_2un+2v£+ %’; =0 vecerrnneans (8)
where : R=fd_ﬁ)+7+%qi

¢* = uS+4 o8+

® For the ordinary method, see Basset’s Hydrodynamics, vol. i, p. 28.
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In the first case, for irrotational motion, the components of mole-
cular rotation §, %, { vanish, implying the equations

= V= Q w= i’-
=% "Tay "%
and the equations of motion reduce to
auv au au
3 = 0, E = 0, 3 = 0
where
=%
U= dt+ R.
Hence, the required first integral is
dp dp

1
o’ S ==
A +7V+ 59 + T F,
where F is ordinarily a function of the time, but for steady motion an
absolate constant throughout the liquid.

Secondly, if the motion is rotational but steady, we have

du dv dw
75_0’ ?t—O, -EE-—O
and the equations of motion lead to
dR dR dR
“ a—;+v Ty-+wa;-=0
dR dR dR
f-d;"i'ﬂ'd—y'i'c Ez'=0-

These linear differential equations lead, by Laplaces’s method, to the
subsidiary systems

d _ dy _ de
% v T w
da _ dy _ ds
£ 7

which denote respectively stream lines and vortex lines. Hence, it is
possible to constract a series of surfaces

R = constant

each of which shall be covered over with a net work of stream lines
and vortex lines. Hence for steady rotational motion we have

.‘.i;’f +7V+ %gﬁ = constant,

the constant being an absolute constant so long as we pass from point
to point on a stream line or vortex line, but which varies as we pass
from one stream line to another or from one vortex line to another.

8
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Thirdly, if the motion of the liquid is perfectly general, neither
steady nor irrotational, we may put, after Clebech,

udo + vdy + wdz = d¢ + A dx.

Observe for a moment that as this simply signifies that the differential
expression on the lefthand side, when not a perfect differential may be
resolved into two, one of which is 80, and the other may be made so by
means of an integrating factor, the legitimacy of the transformation is
selfevident. 'We have then
_d & . dx
+Ada,"— dy'i'xd_y)

da¢
w= d——z- + A

furnishing the known expressions
geo dhdx_ & dx
dydz dz dy
gy I dx_ M dx
dz dx dx dz
9¢= d\ dx _ dA dx
de dy dydx

These lead to the eqnations
¢2 +n@ t—=0

dx dx _
.17.,"'”&;""&‘

both of which give the subsidiary system

§ 7 1T
the differential equation of vortex lines. Hence the vortex lines are
obtained as the intersection of the surfaces A = constant, x = constant.
Again, the value of u gives
du_d (3 ) iy dhix
dt  da\dt dt dtde da df
Substitating in equation (1), we have at once

dH  OS\dx 8xdA
TR T Y

H=fd”+v+—+x +

where
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and & denotes particle differentiation. Equations (2, and (3) lead to
two similar equations, and we have

dH dH  ,dH
eEa—-""d—J-"tFi_o

leading to the subsidiary system
dz _dy _ds
§T0 1

which denote vortex lines. Hence, we see that it is possible to construct
a family of surfaces

H = constant,
covered over by vortex lines, and the mode of integration shows imme-
diately that the constant is a function of the time alone. Therefore, for
steady rotational motion we have

f ;“1’+V+ RrZg=r@

along a vortex line.

Y s

IV.—Note on Stokes's Theorem and Hydrokinetic Oirculation.
By AsurosE MuksOPADEYAY, M. A, F. R. A. 8, F.R. 8. E.

[Received March 24th ;—Read April 8rd, 1889.]

The object of this note is to give a new proof of Stokes’s formula
for hydrokinetic circulation

f(uda+vdy+wdz)=2ff(lé+mw+n()d&

and to point out how it is an immediate consequence of the theory of
the change of the variables in & multiple integral.
Assume, after Clebsch,

udz + vdy + wdz = dp + A dy,
#0 that the integration being performed round a closed curve, we have

f (vde + vdy + wdz) = f)dx.
fkdx

Bat, the value of
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taken round the closed curve is clearly equal to the sum of the values of

e

taken round the projections of the closed curve on the coordinate planes,
Now, for the projected curve on the coordinate plane of yz, we have at
once from the ordinary formule for the transformation of multiple

integrals,
ff dA dx
_ dhdy _d\dy
- [ @E-22ua

The projected curves on the other two coordinate planes lead to two
similar expressions. Hence, the circulation round the given closed

curve is furnished by
f (udz + vdy + wds)

_ dNdx _d\ dy
‘ff (dydz &z ay) ™ %
dAdx dde
+ff % da dadz)d’d“
Adx A d
ff aa—@adwdy.

But, a8 an immediate consequence of Clebsch’s transformation, we have

u=—¢+xdx

whence
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Therefore, putting
dyds = 1d8, dsds = mdS, dedy = ndS,
where I, m, n are the direction cosines of the normal, we have

(udz + vdz + wdg)
=ff{l(%—%:)+m(g—g%’ +n %—%)}ds
=2ff(ze+mn+n:)ds,

which is Stokes’s Theorem. It is worth noting that as no physical con-
ception enters into the above proof, it holds good whether we regard the
theorem as a purely analytical one or as merely furnishing a formula for
hydrokinetic circulation.

V.—On a Curve of Aberrancy.
By Asurosm MukroPADHYAY, M. A, F.R. A. S, F. R, 8. E,

[Received May 28rd ;—Read June 5th, 1889.]
If a curve be referred to rectangular arxes drawn through any
origin, the coordinates (a, B) of the centre of aberrancy, which is the

centre of the oscalating conic at any given point (#, y) of the curve,
are given in the most general form by the system

e

- 3gs — 5%

_ . _ 3g(pr—3¢%)
B=y- 3gs — 518

where p, g, r, s are the successive differential coefficients of y with
respect to z.# The locus of (a, 8) is called the aberrancy curve of the
given curve, and in this note, I shall investigate the aberrancy curve
of a plane cubic of Newton’s fourth classt

y=az®+ 3ba® + Bex + d
in which the diametral conic degenerates into the line at infinity.

‘We have
P = 3 (az® + 2bx + ¢)

g="6(ax+d)
r = 6a
s=0

® J. A. 8. B. 1888, vol. lvii, part i, p. 824.
t+ Salmon’s Higher Plane Curves, (Ed. 1879), p. 177.
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whence
pr = 8¢% = 18 (ac — b3) — 90 (ax + 3)8
o te, 8
5  bSa
B=y+2+D (18 (a0 %) — 90 b)t
Y+ Togr- { 18 (@ = B) = 90 (am + 1) ]
Therefore
- 0_3b
8 8a
ax+b=g(aa+b)
and

y=p-2C2 D ooty - 3 (a4 1y}

But from the equation of the curve we have
ady = (ax + b)? + 3a(ac — b3) x + aid — B8,
Therefore, substituting for » and y in terms of a and 8, we have
64 a%8 = — 125 a%® — 375 a%ba® + (192 ac — 5670%) aa
+ (64a*d — 189%%),

or, writing #, y for a, 8, we see that the aberrancy curve of the plane
cubic

y = aa® + 3bat 4 80w + d
is another plane cubic of the same claes
y= A4+ 3Be* + 30s+ D
where
A= —ka
B=~kb .
0= —ko+(4+nZ=Z
3d —
D--kd+(l+k)“da, ¥
125
k=-6T.
If, therefore,

H=ac—- ", G=a%d ~ 3abc 4+ 2b°
be the invariants of the given cubic, and H’, @ the corresponding quan-
tities for the aberrancy cubie, viz.,
H'= A0 - B%, Q' = A*D - 34B0 + 2B?,
we have by direct calculation
H = -LH
G = pa.
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It follows, therefore, that the quantity

HY (ac—33)

‘G~ PAd—3abc + 268
is an invariant for the given cubic and its aberrancy curve.

If we seek the common points of intersection of the two ocubics,
we find on subtracting the equations
(ax+ 02 =0

which shews that the two cubics have only one common point of in-
tersection which is the point of inflexion for both; the coordinates of
the point are
G

e=_20 =8
=T ¥Ta

V1.—Natural History Notes from H. M. Indian Marine Survey Steamer
‘ Investigator,’ Commander ALFrep CaArPENTER, R. N, D. 8. O,,
commanding.—No. 15. Desoriptions of seven additional new Indian
Amphipods.—By G. M. GiLes, M. B., F.R. C. 8., late Surgeon-Natu-
ralist to the Survey.

[Received and Read November 6th, 1889.]
(With Plate I1.)

Before proceding to the description of the species now described,
I have to make a correction in my last paper read on February 1st, 1888,

In that communication, I described, under the name of QOoncholestss
dentallii, gen. et sp. nov., & curious corophiid which inhabits deserted
dentalium shells; remsarking that I believed that such a habit had not
beeu previously noted in an amphipod. I find, however, I was in error
in this matter, as, while searching for references to species which might
be identical with those described in the present paper, I came across
& description of a Norwegian species which is certainly congeneric and,
like the Indian species, inhabits deserted dentaliumshells. Sars (Forh.
Vidensk.-Selsk. Christiania, 1882, No. 18, pp. 113, Part VI, fig. 7)
describes this species as Siphonaecstes pallidus.

I do not see, however, how either Sars’ or my species can be in-
cluded in Siphonacetes without unduly straining Kroyer’s definition
of the genus in Nat. Tidskr. I, p. 491. In the two species under consi-
deration, the 1st and 2nd gnathopoda, instead of being subequal, present
o very marked difference of size; and again, the eighth thoracic appen-
dages are very long, instead of the 6th, 7th, and 8th being * very short.”
My species too wants the double hook to the single ramus of the lagt
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abdominal appendage, having indeed no rami, and, as far as I can make
out, Sars’ species agrees in these particulars also.

It appears to me therefore preferable that Sars’ species should stand
a8 Ooncholestes pallidus (Sars).

- While, however, certainly congeneric, the two species are without
doubt specifically distinct, mine differing from O. pallidus in the even
more marked disproportion between the second and third thoracic
appendages, and in the third having a much better developed subchela,
which is formidably armed with two strong teeth, as also in having the
excessive length of the eighth less marked.

MELITA CcOTESI, n. sp., Pl II, Fig. 1.

This species is allied to M. leonis and M. formosa described by
Murdoch, P. U. S. Nat. Mus., VII, pp. 521.

It illustrates the danger of naming & species from what may, at’
. first sight, appear a very prominent peculiarity. In a previous com-
munication, I described a Melita which I named megacheles on account
of the large size of the subchela of the second gmathopod, which
appeared larger proportionally than that of any species which I could
find described. Our present find, however, out-herods Herod in this
particular, and fearing to mse any superlative appellation, lest another
even more formidably armed should turn up, I name it after Mr. Cotes
of the Indian Museum, but for whose kindness in undertaking the
wearisome work of searching through references while I was at sea,
this series of papers on Indian Amphipoda would have been greatly
delayed in appearance.

About 7 mm. long; semitransparent, with minute reddish dots
scattered over the whole surface, and an especially large patch on the
propodite and basipodite of the second gnathopod.

Head small, no larger than an average thoracic segment ; eye small,
round, placed in the angle between antennules and antennse.

Thoraz forms more than half the length of the body ; coxal plates
rather narrow, especially the hinder ones.

Abdomen relatively small, the hinder edge of each segment save
the last shewing more or less distinctly three dentations on either side
of the middle line.

. Antennules nearly as long as the head and thorax, the peduncle,
the second joint of which is considerably the longest, forming rather
the shorter half ; appendix three-jointed.

Antennos rather shorter, the peduncle, whose first three joints
are very short, having the last two joints so long that the entire peduncle
forms at least two-thirds of the length of the organ.
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Maxillipedes moderately large, subpediform.

The 2nd of the thoracic appendages small, barely subchelate. The
8rd of the left side is enormously developed. The propodite alone
a8 long as the first five segments of the thorax and wider than the
depth of the body including the coxal plates. The inferior border
smooth with one broad lunate projection. The dactylo-podite propor-
tionally large. The appendage of the left side barely subchelate and
but little larger than the second appendage. The 4th small, and the 5th
almost minnte. The 6th, 7th, and 8th large, the seventh being the
largest and as long as the head and thorax, while the eighth falls but
little short of it.

The gill plates are exceptionally large.

The abdominal appendages are small, but call for no special remarks,
being in every way normal and typical of the genus.

Has. Andaman Islands, in shallow water.

PBoxus UNCIROSTRATUS, n. sp., Pl. II, Fig. 2.

This species was dredged in 5—10 fathoms off the “Seven Pagodas”
on the Madras coast on a sandy bottom.

It is about 5 mm. in length and of a uniform dirty white colour.

The head is small, the arched and excavated rostrum considerably
exceeding the head proper in-length. The former is long and pointed,
and is bent down at the tip so as to form a distinot hook, a feature in
which it appears to differ from all the previously described members
of the genus.

The thoraz is large, forming mnearly half the entire body length, and
this portion of the body, excluding the coxal plates, is depressed rather
than compressed. The first four coxal plates are very large, exceeding
their corresponding segments in depth, the fourth being of exceptional
size ; they, besides being the deepest, are of great width, exceeding in
this diameter the length of any two of the thoracic segments; the three
hindermost coxal plates, on the other hand, are exceptionally small.

The abdomen i8 of moderate size, its first four segments being of
nearly equal length, while the last two are extremely small.

The felson is small and cleft, and is farnished with a few fine
hairs.

The antennule is as long as the head and first thoracic seg-
ment together, the peduncle forming rather the shorter portion of the
organ. Its first joint is very long and stout, but is almost completely
hidden under the excavated lower surface of the rostrum, the remaining
two joints of the peduncle being short, and comparatively slight. The
flagellum consists of 14—16 short articuli, and is but little longer than

9
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its appendage, which consists of about twelve joints, and almost exactly
equals the peduncle in length.

The antenna is subequal to the antennule in length, and is quite
equally divided into peduncle and flagellum, the first of the five joints of
the former being hidden beneath the rostrum.

The gnathites are small and weak, the mandibles being quite
simple, and armed with a small catting and a serrated masticatory
tubercle ; its appendage is two-jointed, and but feebly armed with bairs.

The maxille are proportionally somewhat stouter, and have their
rami armed with a number of very stout curved spines.

The maxillipedes are of considerable size, and pediform.

The gnathopoda are small, not more than twice as long as the
depth of their corresponding coxs ; both are of similar form, subchelate,
with the palm obligne, and defined by a large triangular process, but
the hinder pair is somewhat the larger.

The fourth and fifth thoracic appendages are of the usual ambu-
latory type, are subequal, and but little exceed the gnathopoda in length.
The sixth and seventh resemble each other in form, being stoutly bailt
and laterally armed with strong spines; the seventh, however, is the
longer, equalling the entire thorax in length, while the sixth is but as
long as its first six segments. The eighth is the shortest of the thoracic
appendages, and is of peculiar form, its basipodite being expanded into
& broad oval plate which projects downwards behind the distal arti-
culation of the appendage, so as almost to reach the level of the point
of the dactylopodite.

The first three abdominal appendages are rather small, but quite
of the usual type. Of the last three, the fifth is the shortest. Itand
the fourth are armed with numerous stout, almost hooked spines; their
rami are nearly equal. The sixth is peculiar in having its outer ramus
distinctly two-jointed, while the inner ramus is considerably shorter than
the first joint of the outer; both rami are armed with a brush of stout
hairs.

Although I carefully dissected the head of ome specimen, I could
make out no trace of eyes.

AMPELISCA DALEYIL n. sp., Pl. II, Fig. 3.

A single specimen of this species was dredged in 7 fathoms, off the
Seven Pagodas, on the Madras coast. Unfortunately the specimen was
accidentally destroyed, but not before I had made a drawing.

It differs considerably from its congener previously obtained in
Indian waters (4. lepta from 107 fathoms) in being a larger and much
more robust form, in the minuteness of its superior antenn®, and in
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the comparative shortness of the limbs, and appears to most nearly
resemble A. australis, Haswell, from which, however, it differs in the
comparative length of the joints of the thoracic appendages.

My specimen was 11 mm. long; of a pale brown colour liberally
marked with patches of a deep brown.

The head is small and oval, the two pairs of simple eyes being
Placed respectively opposite the origins of the antennules and antenns.

The thoraxz forms more than half the body length, its four anterior
segments increase progressively in length, but the three hinder are
subequal and longer than any of the other segments, thoracic or
abdominal. The first four coxal plates are deeper than their corre-
sponding segments, the fourth being the deepest, and also exceptionally
broad. The fifth coxal plate has an anterior lobe of moderate depth,
and has the hinder border of the posterior lobe subdivided by a notch
into two lobules, of which the upper is the smaller.

The abdomen forms rather more than one-third of the entire body
length, its first three segments are subequal in length, and each is as
long as the remaining three together. Their depth is moderate, not
exceeding that of the thoracic segments with their attached coxe.

The telson is small, squamiform, and deeply cleft.

The antennule is very minute, being barely as long as the head
and first thoracic segment; the first joint of the peduncle is moder-
ately stout, but the remaining two joints can barely be distinguished
from the articuli of the flagellum, especially the third, which but little
exceeds them in length. The peduncle forms about one-third of the
entire length of the organ.

The antenna is more than twice as long as the antennule. Its
first two joints are short and moderately stout, while the distal three
are very long and slender, the third being the longest and the fifth
the shortest; the flagellum is composed of a namber of long slender
articuli, but was broken off, so that the entire length could not be ascer-
tained.

The gnathites are completely hidden beneath the opaque first coxal
plate.

The second and third thoracic appendages (gnathopoda) are small,
and have the propodite merely dilated without forming a true subchela.
The third is somewhat the larger. The fourth and fifth are of similar
form, but the fifth is a little the larger, the fourth being as long as the
head and first four thoracic segments. In both, the meropodites are
peculiarly long and the carpopodites very short. The last three
are remarkable in having their dactylopodites curved backwards, instead
of forwards, asis usually the case. The sixth and seventh have the
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basipodites much enlarged, especially the latter. Their meropodites
are short and their dactylopodites remarkably long and slender, the
seventh, which is the longer, is subequal in length to the fourth, The
eighth is peculiar in having its posterior border provided with a
flat plate which reaches considerably below the articulation with the
ischiopodite ; the ischio- mero- and carpopodites are subequal, the pro-
podite comparatively long and slender, and the dactylopodite minute.

The first three abdominal appendages are of the usual type, and the
last three equally biramous and of progressively smaller size, the sixth
being proportionally smaller than in nearly any member of the genus,
except 4. propingua, Boeck., which differs, however, in a number of other
points.

Lys1aNAssA W0OD-MASONI, n. sp., Pl. II, Fig. 4.

This species was dredged from a coral sand bottom in 17 fathoms
in Macpherson’s Strait, Andaman Islands.

The animal is 8 mm. long, semitransparent, and colourless, with
the exception of the eye, which is of a deep purple tint.

The head is small, having, in profile, an irregularly pentagonal out-
line. The large compound eye occupies the greater part of its anterior
half, and the border articulating with the antennule is marked by two
notches with a tubercle between them.

The thorax forms rather more than half the entire body length, its
segments increasing regularly in dimensions from before backwards.
All the coxal plates are deep, the fourth, however, markedly exceed-
ing the others. The lower borders of the last three present a notch for
the articulation of their corresponding basipodite.

The first three abdomiral segments are large and subequal ; the
fourth, nearly as long, but much less in depth; and the last two very
small.

The telson is laminar and notched.

The antennule is as long as the first four thoracic appendages.
Its peduncle forms but a third of its length, the first joint being large
and baving its lower border produced distally into a sort of process,
while the last two are extremely short. There is & very minute appen-
dage consisting of four articuli. The first joint of the flagellum is
mach larger than those that succeed it, approaching the first joint
of the peduncle in length. It bears on its lower border & brush of long
silky hairs.

The antenna is as long as the thorax : its peduncle forms but one-
fourth of its length, and consists of two subequal, very short basal,
and three, also subequal, somewhat longer, distal joints. The flagellam
is made up of a large number of short articuli.
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A single specimen only having been obtained, the gnathites could
not be closelyexamined.

The 2nd of the thoracic appendages is very small, not as long as the
antennule, and imperfectly subchelate. The 3rd is nearly twice as long
as tho 2nd, but is scarcely at all stouter, and is provided with an
obliquely palmed subchela, the dactylopodite being minute and much
curved. The 4th and 5th are ordinary ambulatory legs, moderately stou$
and subequal to each other, and equal to the 3rd in length. The 6th
is barely as long as the lst gnathopod, and is remarkable for its
basipodite, which is of nearly circular outline and very deeply serrate on
its posterior border. The 7th is mnearly as long as the 2nd gnathopod,
and its basipodite has a tendency to the same form as that of the 6th.
Its basipodite is rather broader than long, but its borders are quite
smooth. The distal joints of each of the last three thoracic appendages
are armed with closely set, sharp, short spines.

There is nothing remarkable about the first three abdominal appen-
dages, and the last three are equally biramous, armed both on propodite
and rami with short, stout spines. The 4th is the longest of the three,
and the 5th, the smallest, while the 6th is remarkable for its short,
stout, almost spherical propodite, and for the size of its rami, which are
larger in all respects than those of the preceding abdominal appendages.

ANoONYX INDICUS, n, sp., PL II, Fig. 5.

The present species was dredged in 5—10 fathoms off the Seven
Pagodas, Madras, on the same occasion as Phozus uncirostratus. In
colour it is of a pale earthy white, and it measures about 5 mm. in
length.

The head is small and oblong, its anterior upper part carrying the
large compound eyes.

The thoraxz and abdomen are subequal in length, but the abdomen
is much the deeper and stouter.

The thoracic segments increase somewhat in length and depth
from before backwards, but are everywhere narrow. The first four
coxal plates are large, the fourth being the largest, and are each nearly
twice as deep as their corresponding segments. The last three are
markedly smaller and are much narrower than their segments.

The first three abdominal segments are large in all dimensions; the
fourth is as long as the seventh thoracic segment, and the last two very
short indeed.

The telson is laminar and double.

The antennule is short, the peduncle, which forms the larger
half of its length, being barely as long as the head. Its first joint is
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nearly spherical, and exceeds a good deal in length either of the remain-
ing two pieces, of which the distal is somewhat the smaller. The flagel-
lam is composed of 12 or 14 short articuli, and its appendage, which is
about half its length, of & smaller number of shghter, but otherwise
closely similar, pleces

The antenna is slighter but somewhat longer than the antennule.
In the female, the flagellum but little exceeds that of the antennule,
but, in the male, it often forms a lash of considerable, but variable,
length.

The gnathites are small and feebly armed, the mandibles having
but a simple chisel-like cutting plate, and a two-jointed appendage,
and the maxillepedes being small and not pediform.

The first of the gnathopods is short, stout, and subchelate, the palm
being but somewhat oblique and the dactylopodite short and strong.
The second is much longer than the first, but is very slender. Its
propodite resembles that of the first in gemeral outlines, but the
dactylopodite is so small that it might easily be overlooked, forming
only a small extremely hooked claw projecting from the middle of the
distal extremity of the propodite. It was only, however, after a re
peated and very troublesome examination that I succeeded in getting a
clearly uninjured specimen of the appendage to project beyond the coxal
plates. In length the second gnathopod almost equals the first six seg-
ments of the thorax.

The fourth and fifth thoracic appendages are subequal to each other,
but shorter and slenderer than any of the other appendages; they
are quite of the usual ambulatory type. The sixth, seventh, and eighth
closely resemble each other in form, but differ considerably in length,
all three having the posterior border of their basipodites provided with
very broad and strong buttress-like plates, and the remaining articula-
tions broad and strong; while, however, the eighth is as long as the
head and thorax, the seventh is about two-thirds and the sixth a little
over one-half this length.

The first three abdominal appendages are of medium size and of
the usual type. The last three are biramous, the rami of each being
equal. The fourth is much larger than the fifth, the sixth still smaller,
the entire length of the last only equalling that of the propodite of
the fourth.

PARAPLEUSTES PICTUS, n. sp., PL II, Fig. 6.

This species appears to answer best to the genus Parapleustes pro-
posed by Buchholz (Zweite deutsche nord polar Fahrt, 1866—1870, p.
837) for a species (much resembling the present) which was dredged off
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the east coast of Greenland. Our species was dredged in 30 fathoms,
in Manner’s Straits, Andaman Islands. Found crawling upon a Penna-
tula, the pink and white colours of which are almost exactly imitated
in the amphipod.

The distribution of the colouring varies in different specimens. In
one, the head and body as far as the fourth thoracic segment and the
entire abdomen were pink, while the remaining middle zone of the body
was of an opaque glistening white. In another, the distribution was
almost reversed, the pink forming a broad band in the middle of the
animal. In a third it was almost confined to the hinder part of the
body. In all, however, the tints were the same, the pink parts having
a uniform transparent character diversified by minute opaque spots of a
darker tint, while the white was remarkable for its dead opacity.

The largest specimen measured about 7 mm., the smallest little
more than @ mm.

The kead is rather long and cylindrical, its anterior half being
almost completely covered by the eyes, which are of a pink colour,
deeper than any other part of the body.

The remainder of the length of the body is almost exactly divided
between thoraz and abdomen, the latter, however, being much the
deeper. The segments of the thorax are of nearly equal length through-
out, but the more posterior are much the deeper. In the abdomen the
third segment is considerably the longest, while the second exceeds the
rest in depth, as well as all, save the third, in length.

The fourth abdominal segment is nearly as long as the first, but
very narrow, while the last two are very small in all dimensions.

The telson is simple and squamiform, equalling in length the
protopodite of the sixth abdominal appendage. It is armed with a few
fine hairs.

The first four coxal plates are very deep and broad, the fourth being
the largest, the last three comparatively small. Spence Bate (Ann.
Nat. Hist. Ser. 3, Vol. I, p. 362, 1858), in his definition of the genus,
states that the * Coxa of the second pair of pereiopoda ”” (fourth coxal
plate) is “ very deeply excavated upon the upper part of the posterior
margin to receive the coxm of the third pair of periopoda.” This is,
however, more apparent than real, at any rate in the present species;
the appearance being the optical expression of the fact that the fifth
coxal plate overlaps the fourth as well as the sixth, the upper part of
the former not being remarkably excavated, but narrowing uniformly to
its articulation with the pleuron of its segment.

The antennule has a three-jointed peduncle not exceeding the head
and first thoracic appendage in length. The first joint is somewhat
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longer than the second, while the third is very short. The flagella
of both antenns® vary somewhat in length in various specimens, the
namber of articuli, however, remaining about the same, the increase being
gained by an elongation of all the pieces. In the specimen figured the
flagellum but slightly exceeds the peduncle in length, but in others
it was considerably longer, There is no appendage to the flagellum.

The first three joints of the peduncle of the antenna are very short
and, except the end of the third, hidden beneath the excavated cephalon.
The last two joints equal in length the first two of the antennule.
The flagellam also varies in length, but is always about a third shorter
than that of the antennule.

The gnathites were not dissected out, but a mandibular appendage
was distinguished, and it could be seen that the maxillipeds are small
but pediform.

The two pairs of gnathopoda closely resemble each other alike im .
size and form. Both are feebly subchelate, with the palm oblique,
the propodite forming about ome-third of the entire length exclusive
of -the dactylopodite. Their carpo- mero- and ischiopodites are shorter
than their breadth, while the basipodites form nearly a half of the
length of the appendage exclusive of the dactylopodite.

The 4th and 5th thoracic appendages are of the usual ambnlatory
type, are subequal to each other, and, in length, to the gnathopoda,
each being as long as the head and first five thoracic somites. They
are very slender and closely resemble each other in all particulars.
The 6th, 7th, and 8th closely resemble each other in all points save
in size, each being stoutly built and having the basipodite provided
with a strong buttress-like plate along the posterior border. The 7th
and 8th are subequal, being as long as the thorax and the first two abdo-
minal segments, but the sixth is about one-sixth shorter.

The first three abdominal appendages are small, but quite of the
usual type. The last three are biramous, with equal rami; the fourth
being the longest and the sixth the shortest of the three. The fourth
and fifth have their ramiarmed with stout spines, while the sixth has
only fine hairs.

CYRTOPHIUM ANDAMANENSE, n. sp., Pl II, Fig. 7.

Taken in the surface net at Port Mouat, Andaman Islands. Onmly
8 single specimen was obteined and this was swimming free, nor could an
trace of a tube he found; probably this had got destroyed by the wash
of the tide.

The animal is about 3 mm. long and of a dirty white colour,
sparely sprinkled with minnte dark brown spots.
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Its nearest allies appear to be C. orientale, Dana, and O. cristatum,
Thomson, from the former of which it differs in its superior autenna
being proportionally smaller, in the comparative shortness of the dacty-
lopodite of the second gnathopod, and in the details of the armature of
the hinder pleopoda ; and from the latter in both pairs of antenne being
proportionally smaller and in wanting any marked orest on the hinder
part of the thorax.

The head is subquadrate, rather deeper than long, its length form-
ing only one-eighth of the entire bady length.

The small eye is placed on & prominence opposite the origin of
the antenna. '

The thorax is long, forming three-sevenths of the entire length. Its
segments are long and slender, the anterior and posterior ones being
larger than those at its mid length, and the fifth segment exceptionally
small.

The abdomen is small and, like the thorax, slender. Its first
three segments are rather shorter than average thoracic segments. The
fourth, thoungh narrow, is longer than the others, while the fifth and
sixth are extremely small,

The teleon is emall and laminar, and is armed with a few short,
stiff hairs.

The antennule is fully as long as the head and first foar thoracic
segments. More than three-fourths of its length are formed by the ped-
uuncle; the first joint of which, though very stout, is shorter than either
of its two other joints, while the second is considerably the longest.
There is a minute secondary appendage, consisting of four short
joints. The flagellam is only as long as the first joiut of the peduncle ;
it too consists of four joints, the first of which forms quite half its
length. The entire inferior surface of the appendage is armed with
closely placed long hairs.

The antenna is as long as the head, thorax, and first two abdominal
segme:{ts; it is very stoutly buailé and adapted for climbing. The first
three joints of its peduncle are short and together as long as the
flagellnm, while the two distal joints are ‘subequal, and form two-thirds
of the entire length of the organ. The flagellum consists of two stout
long joints, which are armed with strong hooked spines. The entire
lower surface of the peduncle being furnished with long stiff hairs, like
those on the superior antenna. Its last joint is armed with two pairs
of stout, hooked spines, and by a hooked terminal nail.

The gnathites could not be closely examined, but it could be
seen that the mandibular appendage is large and clawed, and that the
maxilliped is exceptionally large and pediform.

10
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The first of the gnathopods is small, being no longer than the first
two joiuts of the peduncle of the superior antenna ; nearly half its length
is made up by the basipodite. The articulation between the ischiopodite
and meropodite is very oblique, and the appendage appears to consist of
but five pieces, owing probably to the dactylopodite being fused
with the propodite, the subchela being formed between these and the
dilated carpopodite. The second is very much larger than the first, being
nearly as long as the head and entire thorax; it, however, resembles it
closely in general form, and like it is composed of but five pieces.

The foarth and fifth thoracic appendages are subeqnal and exactly
similar, and have the distal extremities of their articuli dilated so as to
admit of very free flexion, but are otherwise of the usual ambulatory
type. In length they nearly equal the first six thoracic segments. The
sixth, seventh, and eighth much resemble the fourth and fifth but are
stouter built, and, while the sixth is only subequal to them, the seventh
is a8 long as the antennule, and the eighth as long as the antennule
except the last joint of the flagellum.

The first three abdominal appendages, though of the usual type,
are exceptionally small. The fourth is as long as the last joint of the
peduncle of the antennule, its propodite forming half its length., Its
rami are mnequal, the outer being hardly more than half the length of
the inner, both rami and peduncle being armed with stout spines.
The fifth is only two-thirds the length of the fourth, but is stouter;
like the fifth, its rami are unequal and spinose. The sixth is reduced
to a rudimentary tubercle, armed with one or two spines.

EXPLANATION OF PLATE II.

Fig. 1. Melita cotesi, x 20; la, 2ud and 3rd right thoracio appendages, x 10.

Fig. 2. Phowus uncirostratus, x 15; 2a, mandible and appendage, x 30; 2b,
the maxille, x 120; 2¢, the 6th abdominal appendage, x 80.

Fig. 8. Ampelisca daleyi, x 7.

Fig. 4. Lysianassa wood-masoni, x 10,

Fig. 5. Anonyw indicus, x 12'6; ba, distal joints of 3rd thoracic appendage,
x 50.

Fig. 6. Parapleustes pictus, x 185.

Fig. 7. Cyrtophium andamanense, x 35; 7a, flagellum of inferior antennce,
% 80; 7b, last three abdominal segments with appendages, x 30.
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VI1.—A Descriptive List of the Uredinese occurring in the Neighbourhood
of Simla (Western Himalayas). Pt. III.—By A. Barcray, M. B.,
Bengal Medical Service.

[Received January 27th ;—Read February 5th, 1890.]
(With Plates III.—V1.)

In this third instalment of a descriptive list of the Uredinee of
Simla (in continuation of the second part in this Journal, Vol. LVIII,
Pt. 11, 1889), I complete a description of all the species known to me
up to the present time. The present part includes descriptions of 6
species of Uromyces, 4 of Phragmidium, 3 of Melampsora, 8 of Coleo-
sporium, 1 of Qymnosporangium, 2 of Chrysomyza, 2 of Ceoma, and 6 of
isolated Uredo forms. I have also added descriptions of four Aecidial
forms, which should have been included in Part I of this List, and seven
species of Puccinia, which should have found a place in Part II.

I must here express my obligations to Dr. George Watt, C. 1. E.,
for his kind and ever ready help in determining the species of many
hosts.

UROMYCES, Link.

There are remarkably few of these in this region, only six species
% far as I am at present aware, and all but one on the higher phaner-
11

L
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ogamous plants, the exceptional one being on a grass. The most re-
markable of these is U. Cunninghamianus, presenting extremely ano-
malous characters. Another interesting species is that on Strcbilanthes,
as this host also bears an Aecidium which is, however, in no way related
to the telentosporic fungus. ‘

a. HEMIUROMYCES, Schréter.

1. UroMYCES VOSSLE, nov. sp.
On Vossia specioss, Benth.

This grass is sometimes largely attacked by a species of Uromyces.
In August the leaves may be seen in commencing attack with the for-
mation of brown uredo pustules on the under leaf surface. These pus-
tules are small, oval or linear, and isolated. '

The uredospores are brownish, with sometimes a tinge of orange red,
very deciduous, falling off without any portion of stalk adhering. The
cell wall is uniform in thickness, and presents three or four pores, easily
seen by treatment with sulphuric acid. They measure on an average
24 x 19-2p, varying from 25 x 22 to 23 x 174. The epispore is finely
warty. They germinate in water in the usual way, throwing out a
simple germ tube (fig. 1, P1. I.) '

Late in the year teleutospore pustules are formed. These are well
raised oval or linear dark brown sori, also hypophyllous. The spores
are very readily detached, coming off with a small portion of stalk
adhering. They do not germinate on maturing, but only after a period
of rest. These are thicker walled than the uredospores, and are espe-
cially thickened at the apex. They measure from 24 x 21 to 29 x 22y,
when fresh and examined in water. In spring they germinate very
readily in water (fig. 2, P1. 1.)

b. UROMYCOPSIS, Schriter,
2. UroMYcEs CUNNINGHAMIANUS, Barclay.
On Jasminum grandifiorum, L.

For a complete description of this parasite I must refer the reader
to a paper on its life history read at the Linnean Society on the 18th
December, 1889. The diagnostic characters of the species are as follows:

Towards the end of August the leaves and smaller stems of the
host are largely attacked in the aecidial stage, and these are then much
hypertrophied. The peridia burst in a stellate fashion, allowing the
orange red aecidiospores to fall out. When these spores have been shed,
teleutospores are formed within the old peridia. These teleutospores are
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adherent, and remain in a quiescent state until the following year, when
they germinate and reproduce aecidia on the newly developed leaves.
Experimental evidence, which will be found detailed in the above-men-
tioned paper, fully confirmed the autoscions nature of the fungus.

The aectdiospores are round or oval pale yellow bodies, and measure
on an average 16u in diam. They are tuberculated on the outer sur-
face. Their mode of germination is quite peculiar, A germ tube is
emitted, about 35x in length, which then divides into two by a
transverse septum, and each part forms a long narrow sterigma, which,
however, forms no sporidium, but directly penetrates the host to form
another mycelinm, bearing aecidiospores at first (but no spermogonia)
and teleutospores later.

The peridium is formed of a single layer of cells about 26 x 19u in
size.

The spermogonia accompany the first crop of aecidia: they are not
numerous, and measure about 145 in depth and width. They have a
tuft of protruding paraphyses.

The teleutospores are brown single-celled bodies, thickened at the
free end, firmly adherent to their beds, becoming detached with a portion
of stalk adhering. They measure 36 x 20u on an average. They ger-
minate after a winter’s rest in the usual way, each promycelium forming
three sporidia as a rule, but sometimes four.

The sporidium is oval, and measures 12 X 8u to 14 x 10x. Secon-
dary sporidia are abundantly formed, often before the primary one has
become detached.

3. UroMycEs VALERIANE, Schum.
On Valeriana Wallichii, D. C.
For a description of this species see the Journal of this Society,
Vol. LVI, Part II, No. 3, 1887, page 352.
Dr. P. Dietel (Leipzig) to whom I sent specimens of this fungus
thinks it is a new species.

¢. LEPTUROMYCES, Schréter.
4. UROMYCES SOLIDAGINIS, Niessl.
Cn Solidago Virgaurea, L.
This host may be found in some localities largely attacked in
August and September. Attention is drawn to the fungus by the cir-
cular discoloured patches produced, mostly on the radical leaves, but

sometimes also on higher leaves. An attacked plant, however, does not
usually form a flowering stalk. These discoloured patches (pale yellow)
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when first coming to notice are about 5 m.m. in diameter, and then bear
bat a few spore pustules on the lower surface; but as they grow older
they enlarge, become paler, and therefore more conspicuous, bear very
numerous minute pustules, still mostly on the lower surface, but a few
isolated ones on the upper surface also. An old patch may attain a
diameter of 1 o.m. A single leaf may bear from 1 to 30 patches and
even more. The spore pustules are minute brown sori, with the spores
fairly adherent. If these spores be examined they are found to be
teleutospores ; there are no uredospores. A careful search over both the
upper and lower surfaces of patches disclosed no spermogonia, even on
the youngest.

Each spore is pale brown, with a small portion of stalk adhering,
much thickened at the apex, and with a clearly defined nucleolar space.
Through the apical thickening a germ pore may be seen. The free end
of the spore is usually rounded, but is sometimes conical, and may even -
be pointed. The surface of the spore is smooth. The fresh spores
examined in water measure 27 to 30 by 17u, the apical thickening being
10p. These spores germinate at once, if placed in water in & watch
glass, in the usual way, producing four sporidia on long narrow sterig-
mata. The sporidia are round to oval, measuring from 10x in diameter
to 12 x 10u. These also germinate readily. If the spores are placed in
a hanging drop of water, with very little air, the peculiar germination
described by Kienitz-Gerloff as occurring in Gymnosporangium spores
takes place. That is to say, the end of the promycelium breaks up into
three or four cells, which become detached, and which further germi-
nate by throwing out a germ tube. I have already described this in a
paper on the life history of Oeoma Smilacts, the teleutospores of which
exhibit the same phenomenon.* These detached cells, which apparently
ach as sporidia, measure from 8 x 8to 18 x 9u, or on an average of several
measurements 140 x 8'1pu.

d. MICRUROMYOES, Schréter.

5. UROMYCES STROBILANTHIS, nov. sp.
On 8trobilanthes Dalhousianus, Clarke.

In antamn the leaves of this host bear numerous pustules on the
lower surface. Whilst it is common in some years it is rare in others.
I could not, for instance, find any in 1889. The spores are very firmly
adherent to their beds and when scraped off retain a portion of stalk.
They are more or less elongated bodies, reddish brown by transmitted

* Bcientific Memoirs by Medical officers of the Army of India, Part IV, 1889,
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light, with the free end considerably thickened. When well moistened
the spores measure from 26 X 16 to 34 x 14u, or on an average of several
measurements 30'4 X 14'6ux. The length of the stalk adherent is usually
about 40u. They germinate only after a period of winter rest; at least
they do not germinate in autumn; but I have not observed their ger-
mination in spring.

This teleutospore has no genetic relationship with the Aecidium
borne by the same host.*

6. UroMYCES MCINTIRIANUS, nov. sp.
On Hemigraphis latebrosa, Nees.

This fungus was collected by Mr. A. L. MclIntire, of the Forest
Department, in the Simla region ; but I have not myself found it. The
pustules are circular, minute, coalescing, and mostly hypophyllous. The
spores are brown, coming off with a long piece of stalk attached. They
are oval, contracting slightly towards the stalk, slightly thickened at the
apex which is rounded, and quite smooth on the surface. Among them
are a fow two-celled spores (Puccinia) and some fewer single celled
but much larger spores, possibly though not probably of the nature of
uredo-spores. The teleutospores vary considerably in size, 33 — 24
% 26 — 18u, when just moistened. The few two celled spores measured
38— 32 x 24 — 16u. These spores are also brown, rounded at both ends,
smooth, and with little or no constriction at the septum. The large
single-celled spores measured 36 — 34 x 27 — 22u. None of these
spores germinated when placed in water; but they had been preserved
some months in botanical drying paper.

Remarks.—As far as I am able to determine this is a new species
and I have named it after the collector.

PHRAGMIDIUM, Link.
s. EUPHRAGMIDIUM, Schréter.
1. PHRAGMIDIUM SUBCORTICIUM, Schrank.
On Rosa moschata, Mill.

I found this host attacked by a species of Phragmidium early in
September. The leaves bore at this time both yellow uredo- and black
teleutospore pustules, the latter readily distinguishable from the species
on Rubus by their smaller size, and by their irregular and general
distribution over the lower leaf surface, instead of being in special cir-

¢ Bcientific Memoirs by Medical officers of the Army of India, Part II, 1886,
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cular patches on the leaves. On examining the yellow pustules they
were found to contain numerous uredospores, with some immature
looking yellow teleutospores, while the black pustules contained mostly
dark brown teleutospores. These spores were put at once into water,
and while the uredospores germinated in the usual way no teleutospore
did so.

The wuredospores are angular orange red bodies, with an epispore be-
set with numerous warts (almost spines) and punctured by 7 to 9 germ
pores. They measure about 26 to 30 in diameter. Only one germ
tube is emitted by each spore.

The teleutospores are readily distinguished from those on Rubus by
their pointed or mucronate ends. In young pustules some teleutospores
are orange yellow, though most are dark brown. They are also more
divided, each containing usually 7 or 8 cells, but sometimes even ten.
They measure about 100 x 33u (an unusually long spore with ten com- -
partments measured 126 x 33u). The spores are covered with coarse
warts. Another peculiarity consists in a very well marked bulgiug in
the stalks with a cavity containing yellowish granular matter (fig. 3,
PL. I). These spores germinate only after & period of winter rest. In
April I obtained sporidial formation in spores I had kept since the
preceding autumn. The sporidia are spherical, bright orange red, and
9'5 to 125p in diameter.

The aecidial stage consists in the formation of very bright orange red
beds, sometimes of very extensive area. These beds are formed on the
leaves and on the smaller stems, and the myceliam bearing them always
gives rise to hypertrophy, sometimes very excessive, on the stems. In
the latter situation the hypertrophy is due to an excessive enlargement
of the parenchyma cells between the hypoderma and the central vascular
bundles. This stage is met with throughout the summer months. The
aecidiospores are given off in long chains, but there is no peridium of
any kind. The margin of beds is, however, fringed with club-shaped
paraphyses. In this stage spermogonia are numerous. They are super-
ficial, and frequently coalescing groups of them may be found on the
upper leaf surface opposite a bed of spores below. The aecidiospores
are pale orange red or yellow oval bodies, measuring on an average
20 x 17u. The epispore is thick and beset externally with tubercles.

A bush in my garden is frequently attacked with this aecidium-
bearing fungus, but curiously enough it never bears teleuto- or uredo-
spores.

Remarks—This is probably Phragmidium subcorticium, but the
hyaline point at the free end of the teleutospores is not nearly so long
as is given by Schriter and Plowright in their works. I wonld also
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draw attention to the resting property of the teleutospores which is in
strong contrast with the immediate germinability of the next species.

b. HEMIPHRAGMIDIUM, Schréter.

2. ParAGMIDIUM RUBI, Pers. ?
On Rubus lastocarpus, Smith.

A Phragmidium on this host is fairly common. On the 21st Feb-
ruary I collected some leaves bearing both yellow uredo-like pustules
and black teleutospore pustules on separate green leaves. Both kinds
of pustules are hypophyllous, in scattered circular pustules, indicated
above by a brownish red discoloration of the leaf, especially marked in
the case of teleutospore formation. I put some spores from each kind
of pustule into growing cells on the following day ; but whilst none of
the teleutospores from the black pustules germinated, several of those
contained in the yellow pustules did so freely, forming ordinary pro-
mycelia, dividing into four parts, each bearing a sporidium at the end
of a pointed sterigma (fig. 5, Pl. I). The sporidia are round orange
yellow bodies, 8 to 10p in diameter, the diameter of the promycelial
tube being 8u. These latter teleutospores were among numerous uredo-
spores, and were orange red in colour as contrasted with the deep brown
of the former teleutospores, which would not at this time germinate.
The orange yellow teleutospores were evidently just formed, and, indeed,
bat for their ready germinability, would be described as immatare
spores, the more so as they contain fewer cells than the brown spores,
namely, 3 to 5 cells against 5 to 7 in the brown spores. Curiously
enough the uredospores, which were in the majority in such pustules
did not germinate in the cultivations in which the young teleutospores
did.

The uredospores are round pale orange yellow bodies, with numerous
club-shaped paraphyses among them. They are tuberculated on the
surface, and measure about 21, in diameter. I never succeeded in
observing their germination (fig. 6, Pl. I).

Later in the year, from July to December, fresh crops of black
teleutospore pustules are produced, without any uredospores. Some of
these later teleutospores, which are dark brown and many-celled (on an
average six-celled), I put into water on the 10th September, and now
they germinated very freely, producing immense numbers of sporidia
(four to each promycelium), round or pyriform in shape, orange yellow
in colour, and 10 to 12u in diameter. These brown teleutospores
measure on an average 100'8 x 37u; but of course they vary consider-
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ably, especially in length. The free end of the spore is rounded, with
occasionally a minute knob. The surface of the spore is beset with
tuberocles (fig. 4, Pl. I).

I have never seen any aecidial form of this species.

I may add that I collected some of these telentospores from green
leaves in the middle of December, and placing them in water found that
they germinated very freely, even so late in the year as that.

Dr. P. Dietel is inclined to think this is a new species as it differs
from Phr. Rubi in having thick stalks and in frequently wanting an
apical cone. He thinks it comes near the Australian Phr. Barnards,
Plow et Winter though the latter has lighter coloured spores and forms
small punctiform pustules.

o. PHRAGMIDIOPSIS, Schriter.

3. PHRAGMIDIUM QUINQUELOCULARE, NOV. Sp.
On Rubus bifiorus, Ham,

In April, the stems bear orange yellow pustules, the leaves very
rarely. These are probably aecidia. The spores are brilliantly orange
red, bluntly angular with slight thickenings at the angles, and densely
beset with warts. The fresh spores measure 24 — 20u. in diameter.
The margins of the pustules are surrounded by club-shaped paraphyses.
On applying sulphuric acid (with a view to determining the existence
of germ pores, in which I was unsuccessful) the spores first turn deep
blue and then later pale blue. The spores germinate readily in water
throwing out exceedingly long slender unbranched tubes.

On old dead leaves I found numerous minute, circular, discrete,
black teleutosporic pustules, very unlike those of Phr. Rubi (above
described) to the naked eye. The teleutospores are mostly brown, but
someo are orange red, and are very regularly divided into 4 to 5 cells,
each well rounded, with a minate, colourless rostrum at the free end.
The stalk is slightly bulged, and contains a cavity. They measure
80 — 64 x 22 — 20x. The length of each cell is about 12 —13u. I
could not determine the number of germ pores to each cell.

After a winter rest the teleutospores germinate freely. The pro-
celia before forming sporidia are filled with orange red matter. The
sporidia are spherical and orange red, measuring 12u in diameter, and
are borne on fairly long narrow and pointed sterigmata.

Remarks.—I do not think this fungus is identical with Phyr. Rubs
Pers, Phr. violacewm or Phr. Rubi-Idaei, Pers. I have regarded it as a
new species provisionally ; but it is difficult to be certain about this.
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d. PHRAGMIDIUM (INCOMPLRETE.)
4. PHRAGMIDIUM INCOMPLETUM, NOV. 8P.
On Rubus paniculatus, Smith.

In March I found the leaves of this host bearing the uredospores
(aecidiospores ?) of some species of Phragmidium probably, which I
have not been able to determine, never having seen the teleutospores.
It was found ina deep valloy near Simla. The nerves of the leaves
were mostly attacked, and in such places they were distinctly hyper-
trophied : a few pustules were also found, however, upon the blade
proper. The pustules were entirely hypophyllous, but their places were
indicated on the upper surfaces of the leaves by reddish brown spots
of discolouration. The pustules were light yellow and small.

The spores are yellow, round to oval, beset with prominent spines,
and measared when fresh 34 — 30 x 25 —23u. There are no para-
physes. They germinated readily in water, throwing out single loug
unbranched straight tubes, mostly aerial.

Remarks.—In this incomplete stage it is impessible to identify it
with any known species.

MELAMPSORA AND COLEOSPORIUM.

I have found considerable difficulty in separating certain Uredines
into Melampsora and Coleosporium, mainly because I have not been able
to observe the germination of the teleutospores sufficiently accurately.
Apart from this, however, the morphological characters of each group
are sufficiently definitely set forth in Winter’s work* to enable one to
separate them with confidence, were these characters maintained in each
species. For example, it is stated that in the genus Ms'ampsora the
teleutospores are single-celled, or vertically divided, rarely horizontally,
and that the uredospores are borne singly on basidia ; whilst in the genus
Coleosporium the teleutospores consist of several, usually four, super-
imposed cells, and the uredospores are in short ehains. But in the case
of the Simla forms these characters are not separately maintained, for
whilst in some species the teleutospore forms conform with the descrip-
tion of Melampsora spores the related uredospore forms resemble Cole-
esporium forms. This is the case, for example, with the parasites on
Hypericum and Leptodermis. In these species the telemtosporic forms
are distinctly of the Melampsora type, whilst the uredos being in well
defined chains, resemble Ooleosporium. As the teleutospores are the
more important I have considered these forms species of Melampsora.

# « Die Pilze Deutschlands,” &o.
12
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In only one species, namely, that on a species of Salix, do the characters
of the telentospores and uredospores coincide with the descriptions given
by Winter. This wounld appear to show that the distinctive characters
of the uredospore formation in the two genera as usnally given, are not
of generic value. Lastly, I would draw special attention to the forma-
tion of spermogonia in one of these fungi, namely, on Hypericum. So
far as I am aware the existence of this form of fructification has never

yet been observed in any other species either of Melampsora or of
Ooleosporium.

MELAMPSORA, Castagne.
s. HEMIMELAMPSORA, Schroter.

1. MgrLaMP30RA SANCTI-JOHANNXIS, nov. sp.
On Hypericum cernuum, Roxb.

This is & very remarkable parasite, causing very noticable abnor-
malities in the host ; for not only are its leaves sometimes covered with
conspicuous localised patches of discoloration, but whole shoots are
often involved (fig. 3, P1. IT). In the latter case the shoot is, before
the formation of teleutospores, of a sickly pale yellowish green colour ;
often hypertrophied when quite young ; but this hypertrophy is masked
later on by arrested growth of the shoot, and the normal shoots of equal
age continuing to grow throw the attacked shoots out of comparison.
The leaves borne by such attacked shoots are always considerably smaller
than healthy ones. The fungus in one form or another is to be met
with almost throughout the year upon the living host. It is extremely
common in this neighbourhood, and plants are often met with completely
eaten up with it. The normal course of the fungus through the year
is as follows :

In early spring (March) both the localised leaf patches and wholly
involved shoots are abundantly met with; but the latter are always
more abundant than the former. In April some uredo pustules are
formed on both localised patches and on the leaves of wholly in-
volved shoots; but much oftener on the latter. These pustules are,
however, very uncommon, and must be looked for diligently. I have
found them only in April. During the time uredo pustules are formed
spermogonia also are found on the same leaves. These are mainly
epiphyllous, though a few may be found also on the lower surface. The
uredo pustules are minute circular pale yellow sori, mostly hypophyllous.
After April there is a cessation of activity in the reproduction of the
fungus until July. In this interval, however, if from unusual wet
weather new shoots are formed by the host, some of them are found
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attacked. Under similar circumstances a few localised patches are also
found; but as a rule the interval is one during which the fungus is
comparatively rare. Early in July, after the commencement of the rains,
the host puts forth new shoots abundantly, and many of these are then
found to be wholly attacked ; localised patches are very rare, and almosg
entirely absent. The September, towards the end of the rains, localised
patches are again formed, and bscome fairly abundant, though not so
abundant as in spring. Lastly, from October to spring the fungus is
again rare in both forms; and, indeed, in the depth of winter (Decem-
ber to February) it may be said to be absent.

The localised patches are found on quite healthy leaves. When
quite young they are circular, very conspicuous, especially on the upper
leaf surface, from their yellowish green colour, and measure about 5 m.m.
in diameter.  The edge of the patch above is often surrounded by
irregular reddish brown spots. The patches in time increase consider-
ably in area. A single leaf may contain from 1 to 8 such patches.

The leaves of wholly involved shoots are generally covered on their
under surfaces with irregular beds of a brownish orange to deeply
orange colour, forming diffused blotches, which often in time coalesce,
and uniformly cover the whole of the lower leaf surface. A few such
blotches sometimes occur on the upper surface also; but rarely.

The uredospores are given off in short chains, and there are no
paraphyses among them (fig. 2, Pl. II). They simply burst through
the epidermis, a fray of which may be seen on the margin. The whole
depth of the uredo bed is about 0'100 m.m. They are very irregular in
size and shape, pale orange or yellowish red in colour, with an epispore
finely tuberculated. They measure when fresh and examined in water
25'3 x 21'7u on an average, varying from 22 x 20 to 30 x 28u. After
lying many hours in water they measure 38 x 30'8x on an average,
varying from 25 to 44°1u in diameter. They germinate in water, but
not readily, throwing out a simple germ tube. In transverse sections
three to four ripe spores may generally be seen in a row, with as many
immature ones below. It is noteworthy that in fully involved leaves
from wholly attacked shoots there is no differentiation of the leaf tissue
cells into palisade and spongy cells: the former are, however, quite
typical in normal leaves (fig. 2, Pl. 11).

The teleutospores are formed beneath the epidermis, which is gradu-
ally lifted and disorganised, laying the spores bare. These beds, when
just formed, are seen in transverse sections of leaves to be very slightly
elevated above the general epidermis level. The depth of such a bed
is about 30x. When transverse sections of leaves through eleutospore
_beds are kept in water the spores germinate, throwing out a simple
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promycelial tube, measuring 4 to 6u in diameter, which bears a spori-
diom 6p in diameter, The teleutospores are long very narrow oells,
very densely packed together side by side (fig. 1, Pl. IT) ; so much so
that in section the spores are polygonal. Each spore is about 26u long
and 6 to 8x broad. The spores are never horizontally divided but are
sometimes obliquely divided, Fig. 4, Pl. II represents a surface view of
portion of a spore bed. It will be seen how small they are in diameter.

The spermogonia are large flat structures, very frequently contigu-
ous to a uredo pustule. They measure from 0252 to 0-346 m.m. in
width, and 0126 to 0°144 m.m. in depth, and their bases rest upon
subepidermal tissue (fig. 2, Pl. II). They appear to have no tuft of
paraphyses protruding, at least I saw none in the numerous permanently
mounted preparations I made and examined.

Remarks.—This is evidently distinct from M. Hypericorum (D. C.)
as both the uredo- and the teleutospore beds are large and extremely
conspicuous, whilst those of the European species are said to be very
inconspicuous and small.

2., MrerAMPsORA LEPTODERMIS, nov. sp.

On Leptodermis lanceolata, Wall.

Early in August the leaves of this host discover small saffron
yellow uredo pustules on the lower surface, with pale yellow spots onm
the upper surface opposite them. The leaves are generally extensively
bespattered with these pustules.

The wuredospores are given off in chains (fig. 6, Pl. II), and are
orange yollow (more yellow than orange), round, or slightly oval, beset
with prominent spines. The fresh spores examined in water measure
25 % 20p. 1 did not observe their germination: they refused to ger-
minate in water on the several occasions I examined them. There are
no paraphyses among the uredospores.

At the same time some bright orange red, more or less waxy looking
beds may be seen interspersed among the uredo pustules, which are the
teleutospore beds. The uredo stage is quickly over, and towards the end
of August only teleutospore beds are found. These beds rest on the
subepidermal cells. They are formed below the epidermis, which they
gradually lift up and disintegrate. In transverse sections through
newly formed beds it is seen that they are somewhat elevated above the
general epidermis level. Such young beds measure about 30x in total
depth, 18 of which is above the outer surface of the surrounding epi-
dermis. This elevation continues as the bed grows older, until at last
its base is on the level of the outer surface of the epidermis.
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The teleubospores are brilliant orange yellow in ocolour, and are
usually siogle celled, and somewhat thickened at the free end, and the
whole bed is covered externally with a thin hyaline layer (fig. 5, Pl. II).
Each spore measures abont 13p in breadth, and 30 to 35x in length:
each usually displays a clear nucleolar space. When a portion of leaf
blade containing telentospore beds is kept in & moist atmosphere the
latter are found after some hours covered with minute orange red hairs,
just distinguishable with the naked eye. These are the promycelial
. tabes which each bear a very large oval deeply orange red sporidium,
measuring about 27 by 15u, attached asymetrically to the sterigmata.
Theee sporidia germinate readily in water throwing out a simple germ
tube, into which the orange red contents wander. As affected bushes
have usually immense numbers of pustules on almost every leaf I
thought there might be a perennial mycelium ; but an examination of
the stem bearing numerous such leaves showed no trace of mycelium.

A very remarkable peculiarity in this fungus is the occurrence of
hypertrophies on the leaves and smaller stems, bearing Puccinia pustules.
It is 8o extraordinary that one is inclined to believe that it is an acci-
dental association of two parasitic fungi, each perfectly independent ;
and this view commends itself the more favourably when I note that
I never found these Puccinia hypertrophies on any other than one parti-
calar bush. On this bush, however, I collected many, and a few of them
were on leaves bearing immense numbers of Coleosporium teleutospores.
As the Puccinta were so intimately associated with the Coleosporium I
will note its characters here, leaving the final determination of accidental
association, or relationship, to future biological experiment.

1 found these Puccinia hypertrophies on the 7th August, when the
Coleosporium is in full growth, on the stem, petiole, and leaf blades.
The hypertrophies were studded with black pustules containing Puccinia
spores. The spores are firmly adherent, and when scraped off appear
brownish yellow to the naked eye. By transmitted light they are pale
brownish yellow bodies, with thin walls, and very clearly defined nucleo-
Jar spaces in each cell. They are clearly, though not deeply, constricted
at the septum ; sometimes with a slight apical thickening, but oftener not.
Externally they are smooth (fig. 7, P1. II). The fresh spores examined
in water measured from 42 to 47u in total length, and 20 to 24u in
breadth at the septum, which divides the spore into two almest equal
halves. The stalks adhering to the scraped off spores are very long,
measuring in diameter 5u at the far end to 10u at the insertion into the
spore. I placed these spores into water with a view to observing their
germination : but they do not germinate apparently until after a period
of rest.
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3. Meranpsora Savnicis Carrex, (Pers). P
On Baliw, sp.

In April I found this host attacked by a uredo-bearing fungus, but
by no means largely. Young shoots were attacked, and in such cases
every leaf bore beds. The uredo pustules were extremely numerous on
each leaf, and on the lower surface mostly, with only a few on the upper
surface. These are round or oval and prominent (hemispherical). The
spores are pale yellowish orange, and very deciduous, and each pustule
contained club-shaped paraphyses (fig. 8, PL. I). The spores were very
uniform in size and round, measuring 20 in diameter when examined
fresh. The epispore is coarsely tuberculated and the contents granular.
T placed these spores in water in a watch glass, but they did not germi-
nate.

After this I lost sight of the fungus until July, when I saw the
same host in the same locality much more extensively attacked, probably
by the same parasite. Now the leaves were more generally attacked,
not as before only leaves ou particular shoots. The leaves exhibited
patches of discolouration, blackish brown in the centre with a surround-
ing zone of brownish red, and lastly the whole surrounded by an irregu-

.lar zone of pale yellow. On the lower surfaces of such patches spore
beds were erupted. On the blackish centre there was usually a central
pustule, surrounded by a circlet of others; and beyond this circle, and
outside the blackish centre, irregularly disposed small yellow pustules.
The spure beds everywhere contained the same uredospores, with very
large club-shaped paraphyses surrounding the base, and sparsely also
among the spores. A uredo bed may often be seen in the middle of
teleutospore beds. The uredospores are not given off in chains but are
borne singly on stalks (fig. 8, PL. I). These spores are oval, and beset
sparsely with coarse spines, The fresh spores measure 28 X 22u, on an
average. The heads of the paraphyses are smooth.

Again in September I found the leaves bearing teleutospore fructi-
fication. The leaves were now speckled irregularly on their lower sur-
faces with orange red spots, mostly round but sometimes of an irregular
shape from the coalescence of pustules. With a field lens a central
cushion of spore beds may be seen, about 2 to 3 m.m. in diameter. On
the upper leaf surface these invaded areas are dark red and very conspi-
cuous. Individual leaves are often very extenmsively attacked. The
central spore cushion contains uredospores with extremely large capitate
paraphyses. The spores are very pale yellow and echinulate, oval to
round, 23p in diameter to 26 x 2lu. The heads of the paraphyses
measured 27p in breadth by 34ps in length. The teleutospores in
mounted specimens, after treatment with alcohol, measure from 34 to
54p in length and 8y in breadth.
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Remarks.—I have thought it best to name this fungus M. Salicis
Capreae ; but further research may show it to be different.

OOLEOSPORIUM, Léveillé.
HEMICOLBOSPORIUM, Schroter.

1. CoLEosPORIUM PLECTRANTHI, nov. sp.
On Plectranthus Gerardianus, Benth.

This host begins to be attacked towards the end of July, and in
August is in the uredo stage. The pustules are entirely hypophyllous,
and consist of little yellow heaps of the size of an ordinary pin’s head.
The pustules sometimes exhibit a circinate tendency. The position of
pustules above is indicated on the upper leaf surface by yellow areas,
irregular in size and contour. Some leaves have very numerous areas
of invasion, whilst others have but very few. The uredospores are very
pale yellow, oval, densely tuberculated, measuring on an average when
fresh and in water 24 X 17x. The epispore is very thick; but I could
not detect any germ pores. They are given off in fairly long chains.

Around these uredo pustules, early in August, some indistinct
smears of orange red colour may be seen, the commencing telentospore
beds, and these rapidly acquire prominence. At the end of August
teleutospore beds are very numerous: they are strictly hypophyllous on
the uredo areas of invasion. The beds are bright orange red waxy
looking cushions. A uredo pustule is often, though not always, the
centre of a concentric arrangement of teleutospore beds. At the end of
August I put some uredospores and some sections of leaf blade through
teleutospore beds into water. The former did not germinate, probably
because they were too old ; but the latter produced a few oval sporidia.
I was unfortunately unable to make out the exact morphological form
of the promycelium ; but as far as I could see it was of the nature of a
Coleosporium one. The teleutospore beds are covered with a well marked
hyaline layer, and the top of each spore often presents a globular mass
of the same hyaline substance. The spore cells are usnally single but
sometimes divided into two or three parts. The whole length of a spore
is about 24 to 28, and in breadth about 12 — 14y, (fig. 4, PL IV).

2. CoLeosporiuM CLEMATIDIS, nov. sp.

On Clematis montana, Don.
Clematis Buchananiana, D. C.

A Coleosporium on Clematts montana is not infrequently found about
Simla during Aungust to October: it is not, however, common in the
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neighbourhood of the station. Deep orange red waxy looking beds are
formed on the under surfaces of the leaves, frequently circinating round
& central uredo pustule of much paler and more yellow colour. A
single leaf may bear numerous such pustules. On the upper surface the
position of these beds below is indicated by irregular patches of paling,
not of definite outline or shape.

The uredospores, given off in chains, are orange red, densely beset
with large tubercles, and measuring when fresh 30 x 20 on an average ;
but varying a good deal in individual measurements.

The teleutospore beds.—In Clematis montana the teleutospores are
usually divided into four cells by transverse septa (fig. 3, P1. IV). The
average length of each spore is about 50 to 60x and 12 to 14x in breadth.
A single sporidinm is formed by each cell on a long narrow sterigma
(fig. 5, Pl. 1V). The spore beds are initially formed beneath the
epidermis.

A little later (September) a similar parasite may be found on
O. Buchananiana ; but I am not certain that it is of the same species. In
the absence of biological data it may be regarded provisionally as the
same. The circinate arrangement of teleutospore beds around central
uredo pustules is not observed on this host. The uredo pustules are
saffron yellow, and scattered irregularly over the lower surface of the
leaf.

The uredospores, here also given off in chains, are pale yellow, tuber-
culated, and measure when fresh 27 x 22u.

The teleutospors beds are brick red, and occur here and there amongst
the uredo pustules, which are at the time I got specimens (September),
much more numerous, the reverse being the case in the former host.
These beds form, as above, elevated cushions on the surface, above the
level of the epidermis. In transverse sections the free surface is seen
to be covered with a thin hyaline layer, about 25u in depth. In such
sections the palisade layer of cells on the opposite side are seen to be
undisturbed. The whole depth of the teleutospore beds in fresh sec-
tions examined in water was found to be about 0189 m.m. Each te-
lentospore in this host is larger than on the former, measuring about
80 to 100x in length by 14u in breadth. Moreover the spores on this
host are usually not divided, but sometimes into 2 or 3 parts.

3. CorrosPORIUM CAMPANULAE, Pers.
On Campanula colorata, Wall.

Even as early as the 6th February (1889), a few days after the
snow had melted, I found this host bearing brilliant orange red uredo-
spore pustnles. At this time only the young lowermost leaves and their
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petioles were thus attacked, the pustules breaking out from both sar-
faces of the leaf blade. At this time I found that the uredospores
germinated freely in water, throwing out a simple long tube (about 200
in length, and 5u in diameter), into which the coloured contents of the
spore wandered, leaving the walls of the latter colourless. In March
this stage is still common, but now the sori are more frequently erupted
from the lower surface of the blade, a few pustules occurring on the
upper surface, exactly opposite some below. Still only the lower leaves
near the ground are attacked. The sori on the lower surface tend to
coalesce now. Towards the end of March the uredospores do not germi-
nate so readily in water. The fungus is then missed to general observa-
tion until early in July, when a new orop of uredo pustules attracts
attention. These are numerously erupted from the upper leaf surface,
and now from the upper leaves on the stalks. At the same time such
attacked plants usually exhibit some generally paled lower leaves, on
the lower surfaces of which waxy orange red elevations may be seen,
which are teleutospore beds. The same leaves usually bear a few uredo
pustules as well. This stage continues throughout August; but the
teleutospore beds increase in numbers whilst the uredo pustules diminish
and become very scarce, though never entirely absent. At the end of
September a third crop of uredo pustules is produced, now all over the
green parts of the plant, ascending to, and involving even the green
parts of the flower and young fruit capsules. Shortly after this the
host withers and dries up. From July onwards the teleutospore beds
are constantly met with.

The uredospores of all three orops are alike, both in measurement
and in general appearance (fig. 10, Pl. IV). They are given off in
chains, are orange red, thick walled, beset with tubercles, and measure
on an average 21 X 17u; but after lying in water for 12 to 24 hours
25 x 18x. Each spore appears to have three germ pores.

The teleutospores are covered by a well marked hyaline layer. The
gpores are orange red and are divided by transverse septa into 3 to 5
cells (fig. 2, Pl IV). The average length of each complete spore is 40
to 454, and the average breadth 14pu.

Remarks.—1 have named this species provisionally 0. Campanulae;
but it should be noted that both the uredo- and teleutospores are smaller
in the Simla species; neither are the uredospores so variable in size and
shape as they appear to be in the European species.

13



92 A. Barclay—A4 Descriptive List of the Uredinese [No. 2,

GYMNOSPORANGIUM, Hedwig f.
1. GYMNOSPORANGIUM CUNNINGHAMIANUM, Barclay.

On Cupressus torulosa, Don.
And Pyrus Pashis, Ham.

For a detailed description of this, the only species of GQymno-
sporangium in this region, I must refer the reader to a paper on its life
history in the  Scientific Memoirs by Medical Officers of the Army of
India,” Part V, 1889.

The aecidial stage I have already described in & former volume of
this Journal* under the name @. clavariaeforme, as at that time its
characters appeared to me to agree most nearly with those of that
European species. Since the discovery of its complete life history,
however, I have no doubt that it is a distinct species, and I have re-
named it as above.

The teleutosporic stage on Cupressus torulosa may be described as
follows. The teleutospore beds are hemispherical dark brown compact
bodies during dry weather, and are formed on the ultimate small
branches as well as on twigs of 4 to 5 m.m. in diameter. During moist
weather these beds swell up enormously into gelatinous masses, which
quickly assume a yellow ochre colour, due to a rapid formation of sporidia.
During heavy rain the gelatinous spore masses fall to the groond.

The teleutospores are slender spindle shaped yellow bodies on long
stalks covered with a substance capable of swelling greatly when mois-
tened. When the spore becomes detached from the stalk after mois-
tening & characteristic disc remains at the place of junction. There
is no appreciable constriction at the septum, and the walls are usually
uniformly thick, with sometimes a slight thickening at the apex. The
spores when scraped off dry beds and examined immediately in water
measare 75'6 x 25:2u. Each cell of the spore has two germ pores near
the septum. They germinate very readily in water: a promycelium is
formed by each cell, dividing into four parts, each forming a sporidium
on stout sterigmata. The sporidia are orange red, oval, measuring from
15 x 9 to 22 x 14u. The formation of secondary sporidia is not un-
common. Experimental evidence fully confirmed the genetic relation-
ship between these teleutospores and the aecidial form on Pyrus
Pashia.

* J. A, 8. B, Vol. LVI, Pt. II, No. 3, 1887.
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OCHRYSOMYXA, Unger.
LEPTOCHRYSOMYXA, Schriter.

1. Carvsomyxa HiMALENSE, Barclay.
On Rhododendron artoreum, Sm.

A detailed description of this fungus will be found in the ¢ Scienti-
fic Memoirs by Medical Officers of the Army of India,” Part V. It is
an extremely conspicuous parasite, since it gives rise to witches’ brooms
on the host, and is very abundant. The fructification of the fungus may
be seen from early spring to the end of May. This has its seat especi-
ally on the petioles and along the midribs a short distance into the leaf
blade. When ripe the fruit bodies, which are orange red, clothe
the petioles so densely as to hide it completely. Each separate fruit
body is club-shaped. The expanded upper part measures on an average
2 m.m. in diameter, and the whole abont 15 m.m. in length. These
fruit bodies are also occasionally found on the main axis of shoots and
as isolated groups on the leaf blade. In a moist atmosphere they be-
come pure yellow from rapid sporidial formation. These fruit bodies
are found only on the leaves and stems of the previous year’s growth;
never on the newest. The shoots attacked are dwarfed in growth, and
bear smaller leaves than normal. There are no uredospores.

Localised attack of the leaf blade is not common. When it occurs,
always on leaves of the previous year’s growth, small patches are formed
reddish brown above with a cluster of about 25 fruit bodies on the lower
surface. The leaf blade at such places is very slightly thickened.

The mycelium in the stem is perennial. 1t is of the usual cha-
racters, contains an abundance of orange red oil globules and forms
haustoria.

The fruit body consists of four parts: (a), the primary lowermost
stalk cells, forming the stalk of the club-shaped fructification: (b), a
group of large central cells, three to four in each row, usually forking,
and forming the main part of the expanded club end of the fruit body :
(¢), secondary stalk cells, branches of the last, which give rise to pro-
mycelia: and (d), the promycelia proper, measuring about 50x in
length by 10x in breadth, and dividing into four cells, each of which
produces a sporidium at the end of a narrow sterigma. The sporidia
are round or oval, orange red, and measure from 9u in diam. to 12 x
10x. The sporidia are thrown off forcibly as in the case of C. Rhodo-
dendri (D. C.).
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2. CHRYSOMYXA PICEAE, nov. sp.
On Picea Morinda, Link.

I first found this parasite in June at Narkanda (40 miles from
Simla) where it is fairly, though by no means very, abundant; but I
have since found it fairly common much nearer, namely, at Mashobra,
a suburb of Simla. In Simla itself I have never met with it on the
comparatively few individuals of the host which are present. At
Mashobra I found numerous trees attacked with it in the middle of
May, and some very extensively. The upper sides of the needles bore
brilliant orange red convex beds, round or oval to oblong. Each needle
usually bore several such beds; but varying from 2 or 8 to 16, mostly
in a single row. Sometimes, however, there was an imperfect parallel
row on the other side of the upper needle surface. I observed that in
most trees almost all the beds were on one particular side of the needles,
so that they could be much better seen from one side of the tree than
from the other. This was probably due to some light effect ?

Thus the usual site of eruption is the upper half of the needle
surface; but sometimes beds are extruded from the lower side also. In
the immediate vicinity of the beds the needles were very slightly paled
or yellowed, but very inconspicnously. These fruit bodies occur mostly
on the older needles, and by far the most frequently on two-year old
needles, and were never present on the youngest just evolved needles.
I never found any on the axis. The beds varied from about 06 m.m.
in diameter to 2:5 or 3 m.m. in length by 0'6 m.m. in breadth. Indepth
(i. e. from the free end to the base on the subhypodermal tissue they
usually measared 0'44 m.m.).

The mycelinm ramifies among the chlorophyll containing cells be-
tween the hypoderma and the endothelial sheath, but appears never to
penetrate within the latter. The hyphae are on the whole sparingly
distributed, except at the bases of fruit bodies where they are very
abundant. They are easily seen in fresh sections as they contain orange
red oil globules, and measure 41 in diameter. The resin canals never
contain hyphae; but these are sometimes seen in the air spaces below
stomata.

The fruit body consists mainly of radiating long oval cells, borne
by much septated filaments forming a pseudo-parenchyma. These
long cells measure from 0-100 to 0°157 m.m. by 12 to 16u broad.
They may frequently be seen to contain a central well marked
nucleus, staining deeply with carmine. These cells are never forked
(fig. 1,PLLIV.) There are a few scattered cells beyond the outer ends of
the long cells, on the surface of the fruit body, but they do not appear to
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be portions of a promycelinm. Unfortunately I have never been able to see
any sporidial formation. I have kept needles bearing the fructification
in a moist atmosphere, but without seeing any germination. My descrip-
tion of this parasite is therefore very imperfect.

Remarks.—In comparing this fungus with Rees’s description of
Chrysomyza Abietis, Ung, there appear to be considerable differences,
and especially in the large cells forming the main elements of the fruit
body. I have examined numerous sections, but have never seen these
cells septated, nor forked. It would therefore almost seem that the
parasite is more nearly related to Coleosporium than to Chrysomyzxa.
The want of observation of the nature of germination unfortunately
precludes any decision on this point, and I have included it among
Chrysomyzxata on general rather than on particular analogy. Should
future research show that it is in fact a Chrysomyra it would be an
interesting example of the very close morphological relationship between
this genus and Coleosporium.

Among other points of difference may be noticed the larger size of
the teleutospore beds in the European species, the smaller namber of
them on each needle (one to two), their eruption from the under surface
of the needle, the conspicuous yellow bands of discolouration produced
on the néedles, the smaller number of teleutospore cells on each frait
body (about 12 against 20 in Simla), and the presence of haustoria.

CAEOMA, Link.

1. Cagoma Swmiracis, Barclay.
On 8mtlax aspera, L.

For a detailed description of this parasite I must refer the reader
to a paper on its life history in the ‘Scientific Memoirs by Medical
Officers of the Army of India,” Part IV. It is apparently a complete
autoecious species, but the experimental evidence for this is not complete.*

The aecidial stage is found in July on the newly evolved leaves and
their petioles. Bright yellow patches are formed on the leaves, more
or loss irregular in shape, and varying in size from a small point to
2 cm. in diameter. These patches are considerably thickened. When
mature such patches bear minute brownish papillae on both surfaces,
which are the aecidia. The latter open by a pore, through which the
aecidiospores are extruded. These patches also bear spermogonia mostly
on the upper leaf surface.

In October, when the aecidial stage is disappearing, the same
generation of leaves bear uredo pustules, formed by a distinct mycelium.

# Since this paper was read I have completed the evidence,
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The lower surfaces of the leaves exhibit a few or a very great many
slightly paled circular areas on each of which a minute pustule is
formed, containing yellowish brown uredospores. The invaded areas
are not in the least thickened. When a leaf is not excessively attacked
the uredo pustules frequently exhibit a marked circinate arrangement,
two circles around a central pustule.

The teleutospore stage consists in the gradual production of Pucci-
nia spores in the uredo pustules, which latter then enlarge very greatly.
The teleutospore beds are well raised dark brown compact masses. 1f
& leaf bearing telentospore beds be placed in a moist chamber the beds
swell very noticeably, and become light brown in colour. This swelling
is due to the swelling of a gelatinous sheath enclosing the stalks of the
telentospores.

The mycelium bearing uredo- and teleuto-spores does not contain
orange red oil globules, does not form hausteria, and does not give rise
to any hypertrophy of the host’s tissues. That bearing aecidia contains
conspicuous coloured oil globules and gives rise to considerable hyper-
trophy of the host’s tissues; but still does not form haustoria.

The uredospores are oval or pyriform, pale yellow, and beset exter-
nally with very prominent spines. Among them are a few club-shaped
paraphyses. They are formed singly on short stalks. The fresh spores
measure on an average 46'5 x 31'7u. The epispore is thickened at the
free end. They do not germinate readily in water, and I have con-
sequently not observed their germination with accuracy.

The teleutospores are pale yellow, with long stalks surrounded with
a gelatinous sheath. The free end is thickened. They vary in length
from 74°0 to 50'8u : the upper cell varies from 38 x 16 to 25 x 15pu,
and the lower from 36 x 16 to 25 x 15sx. The spore is slightly con-
stricted at the septum, and measures about 14u in breadth. They are
firmly adherent. The epispore is smooth. When the stalk is swelled
in water the thin central axis is clearly defined as in Gymnosporangium.
The spores germinate by forming two usual promycelia, but instead of
forming sporidia on sterigmata, the four cells of each promycelium
separate from one another, and apparently represent sporidia. These
detached cells measare from 14 x 8 to 18 x 1llx. I never observed
these cclls germinating. At the time I wrote the paper referred to
above I had never witnessed any variation from this mode of germina-
tion. At that time all my cultivations were made in hanging drops of
water in a confined atmosphere. Recently, however, I caused the te-
leutodpores to germinate in water in a watch glass, in a large moist
atmosphere (as recommended by Plowright), and then the usual spori-
dial formation took place. The sporidia are oval and orange red and
measure from 10x in diameter to 18 x 8y,
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The aecidium is deeply placed and is not bounded by any peridium,
but by a layer of convoluted hyphae. The aecidiospores are given off
successively from basidia, but ripe spores do not remain attached to one
another in rows as usual. As each spore ripens it is cast off, and the
spore below, which up to this time remained in & radimentary condition,
then grows rapidly, forming another ripe spore, and so on. The spores
are pale yellow, mostly oval, with an epispore of variable thickness,
thickened at one end, and beset with large coarse spines, which are
deciduous. The fresh spores measure 43'2 X 25:6x on an average,
varying from 36 x 28 to 52 x 16x. The thickness of the epispore is
usually about 4u, and 6 to 10x at the thickened end. These spores,
like the uredospores, do not germinate readily in water.

The spermogonia are plentiful, are deeply set, and a tuft of para-
physes protrude through the mouth. They measure 1454 in depth, and
157 in breadth.

2. Caeoma Moert, nov. sp.
On Morus alda, L. var. 0. serrata.

This fungus is one of those species sitnated so nearly between two
genera that it is somewhat difficult to decide to which it belongs. On
the whole I am inclined to regard it as a species of Oaeoma.

Curiously enough I only once found it, namely, in November, 1885,
and although I have frequently searched for it again I have never suc-
ceeded in finding it. Owing to this circumstance my notes of it are
very imperfect.

The aecidia are hypophyllous. Although there is no regular co-
herent peridinm the outer aecidiospores resemble peridial cells in being
colourless and larger than the aecidiospores proper (fig. 6, Pl IV),
which are reddish yellow, round or oval, and measuring when fresh
from 14 in diameter to 20 X 14p, but on an avernge 17 x 14ux. The
epispore is thick, measuring 2u. .The outer colourless pseudo-peridial
cells measured from 19 X 11 to 22 x 12x.. T did not observe the
germination of the aecidiospores.

ISOLATED UREDO FORMS.

Of isolated Uredo forms six are known to me. Among these two
are remarkable, namely, those on Vitis himalayana and on Gomphrena
globosa, the former for forming columnar spore masses, and the latter
for producing a curious flocculent mycelium on the surface of water
when allowed to germinate there in a moist atmosphere.
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1. Ureoo Evurartoriag, (D. C.)?
On Potentilla (Kleinicura, W. and A. ?)

This host may sometimes be found in July extremely attacked by
a uredo bearing fungus. Brilliant orange red or yellow pustules may
be found in great numbers on_the stem, leaves, petioles, bracts, and even
fruit. The spores are brilliantly orange red, irregularly round, beset
externally with spines or tubercles, measuring on an average 20u in
diameter when fresh. When placed in water they germinate readily,
and normally like uredospores.

2. Urepo BUPLEURI, nov. sp.
On Buplewrum falcatum, L.

In September this may be found attacked. Numerous minute
brown circular pustules are borne on the lower leaf surface, with some
irregular discolouration on the opposite or upper leaf surface. The host
is at this time in full flower. The spores are brown, round, measuring
when fresh 20p in diameter, with an epispore studded with shallow
warts, and with three germ pores usually, but sometimes four. When
placed in water they germinate readily in the usual manner of uredo-
spores. Though I have examined pustulesup to the time the host dies
and is withered up I never saw any other form of spore.

8. Urepo CRONARTIIFORMIS, 1OV. SP.
On Vitis himalayana, Brand.

This host is very extensively attacked with a peculiar uredo-like
affection, suggestive of Oronartium, since the spores are aggregated
together into small cylindrical columns, with numerous curved para-
o bases of the columns. The whole, colamn of spores and
are borne on minute papillae on the lower leaf surface.
£ spores is about 1 to 2 mm. in length, and 019 to

physes at th
paraphyses,
The column o

025 m.m. in diameter.
The parasite is first met with towards the end of July, but conti-

nues to increase in abundance until the leaves fall off in autumn (Octo-
per and November). The pustules are exceedingly small, and are
distributed in immense numbers all over the lower surface of the leaf
blade. The upper surface of the leaf is studded with reddish brown
stains, which makes this otherwise inconspicuous fungus remarkable.
When these columnar heaps of spores are scraped off, which may
very easily be done with a light touch, and placed in water, they readily
break up into their component elements, and the weight of a cover glass
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immediately dissociates the spores. Even when a leaf bearing these
columns is first hardened in absolute alcohol the columns do not attain
any greater coherency.

The individual spores are obovate or club-shaped, and fairly densely
covered with spines. They are pale orange yellow, and measure about
30 x 18 to 27 x 18u when fresh (fig. 9, Pl. 1IV).

The earliest formed pustules are yellowish in colour, but later, at
the end of August, when the fungus is extremely common, the pustules
are brown. The leaves are now old and this may be the sole reason,
for the spore columns and spores are identical in size and structare,
though the latter are also brownish now. Placed in water the spores of
both colours germinate similarly, exactly like uredospores, and very
readily, even up to the middle of October.

In August, when the parasite is beginning to appear, I tied some
leaves bearing yellow pustules to & plant in my garden which was quite
healthy, and in September many of its leaves were studded with similar
yellow pustules.

Although I looked carefully and continuously for some teleutosporic
form I never found any trace of such.

4. Urepo APLUDAE, nov. sp.
On Apluda aristata, L.

This grass harbours & uredo bearing fungus towards the end of
September, but I have never found any teleutospores on it. The uredo
pustules are brown, small, oval to linear, very inconspicuous in that it
gives rise to no appreciable discolouration in the blade, and entirely
hypophyllous. The spores are round to oval, pale brown, thick walled,
and measure when fresh 22 x 20u on an average. Some few are much
larger, viz., about 30 x 2lu. The epispore is densely beset with minute
tubercles, and has four germ pores. At the end of October I found the
same pustules even on drying leaves.

5. Urepo GOMPHRENATIS, nov. sp.
On Gomphrena globosa, L.

Late in October this host is largely attacked in certain localities
only. In such places the lower surfaces of the leaves are often densely
besprinkled with dark brown, minute, circular pustules, whilst only
exceptionally are some fonnd on the upper leaf surface. The upper
surfaces of attacked leaves are very slightly paled opposite spore beds
on the other side. Spore beds are also formed on the stems and are here
linear or oval. The spores are very deciduous, and there are no para-

14
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pbyses. The uredospores are spiny and yellowish brown, and fall off
without any portion of the stalk adhering, although the place of attach-
ment to the stalk is generally very noticeable (fig. 8, Pl. 1V). The
walls are generally uniformly thick, but in some cases with a very
slight apical thickening. The fresh spores examined in water measure
on an average 35 X 262u, varying from 32 x 27 to 40 x 24pu. Each
spore has two germ spores. When placed in water these spores germi-
nate at once most freely, forming immensely long germ tubes, so long
that if numerous spores are floated on water in a watch glass in 24 hours
a white silky mould appears to have been formed by them. In germi-
nation they are typical uredospores. I mnever found any teleutospores
though I looked carefully for them until the host withered in winter.

6. Urepo DEUTZIAE, nov. sp.
On Deutzia corymbosa, Br.

I found this host attacked with a Uredo-bearing fungus in June.
The pustules are very pale yellow, hypophyllous, on paled circular areas
of the leaf. They are numerous on each leaf. Each pustule, of which
there are many on each discoloured patch, is minute and hemispherical.
The upper leaf surface is paled opposite the spores below. In general
appearance they resemble the Uredo pustules of Melampsora or Coleos-
porium. The spores are pale orange yellow, sparsely spiny, round to
oval, and measuring 25 — 22 x 21 — 18u, after lying 24 hours in
water.

Remarks.—I found fungus while this paper was passing through
the press and I have been unable therefore to illustrate it in the plates.
I have not had an opportunity for observing its further development,
and must class it meanwhile with isolated Uredo forms. It may
possibly be U. Hydrangeae, Berk. et Curtis.

ADDENDA.

In the first portion of this list of Uredines* containing a descrip-
tion of the Aecidial forms I noted that I would defer a description of
the two forms occurring on Pinus longifolia and P. excelsa, a8 my notes
of them were at that time incomplete. Descriptions of them now
follow. In addition to these I bhave noted the characters of other two
isolated Aecidia.

Since the publication of the second part of this list,t dealing with

# Journal of the Asiatic Society of Bengal, Vol. LVI, Pt. 1I, No. 3, 1887.
% Ibid, Vol. LVIIL, Pt. 1I, No. 2, 1889.
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the Puccinia, 1 bhave discovered six other species, all on the higher
Phanerogamia, most of them apparently new.

1. AECIDIUM COMPLANATUM, nov. Sp.
On Pinus longifolia, Roxb.

This Aecidium, on the needles of Pinus longifolia, is extremely com-
mon in Simla, and, indeed, it is rare to find the host free from it. I
have once only seen it on the stem (var. corticola) and my further re-
marks refer only to the variety on the needles. The Aecidium may be
found from autumn to June. A minor crop of aecidia is produced in
November on the needles developed in spring, and although numerous
in certain localities is not by any means so abundant in general as a
second crop which commences in February and which gradually reaches
& maximum development in May. The crop commencing in autumu is
associated with well marked spermogonia, while that commencing in
February is apparently without them.

The needles of the host are annual in this region falling from May
to June, that is just before the rains set in. At this time the new
needles are emerging from their brown scaly covering, and are about 2
to 3 inches long, and, growing rapidly, entirely replace the. needles of
the year before in July. (I should here mention that & minor evolu-
tion of young shoots and needles occurs in autumn, about November).
These newly developed needles bear no sign of attack until the middle
of August, when many of them, in favoured localities, may be seen bear-
ing paled areas with spermogonia, which long precede the eruption of
peridia. After May the dying needles still adherent may still of course
be seen bearing peridia ; but these are old, and are either empty or
contain only a remnant of aecidiospores. In July, when all the old
needles have fallen, there is no vestige of the parasite left.

The aecidia are large, flat, prominent bodies, reddish yellow in
colour, and borne on paled portions of the needles. Each needle bears
from 1 to 8 peridia, mostly on the lower or lateral surface. Their
length coincides with the long axis of the needle and is very various.
The peridia are usually about 1/5th inch (5 m.m.) in length, but are
sometimes as much as 1/2th an inch (12'7 m.m.) in length, and in height
from the surface of the needle 1/10th inch (2'5 m.m.).

The mycelium is confined to the paled areas of the needle, and does
not enter within the endothelial sheath. The hyphae ramify extensively
among the parenchymatous cells between the endothelial shoath and
the bypodermal cells. They do not appear to do any injury to these
parenchymatous cells. There are no haustoria.
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The peridium is very resistant, and when emptied of the orange
red aecidiospores is white. It raptures along the summit or ridge when
ripe to allow the exceedingly numerous aecidiospores to fall omt. It
consists mainly of two layers of cells (in some parts of three) very
firmly adherent to one another, by the interlocking of the prominent
spines which cover them externally. The walls of these peridial cells
are 4p thick, and the cells themselves measure when moistened from
28 x 20 to 44 X 29u, or on an average 33 X 4lu.

The aecidiospores are formed in very long rows, those towards the
basidia being separated from one another by clearly defined intercalary
lamellae. They are oval orange red bodies, with thick epispores, beset
with numerous and prominent spines, which doubtless aid in their aerial
distribution. The dry spores measure on an average 24'3 x 17'9u, and
when moistened 25'4 x 17-9u. After lying 24 hours in water they
measured 26'4 X 196 on an average. I never succeeded in getting
these spores to germinate in cultivations, although I have tried various
fluids.

Spermogonia. These are of the usual structure; but are very large
and deeply set.

Remarks.—This species must, I think, be considered different from
Aec. Pini (Willd) Pers., as the aecidia are very different in shape and size.
‘Whilst the species I have described has large jflat peridia, from 5 m.m.
to 1 c.m. in length and 2°5 to 3'5 m.m. in height, those of A. Pini are co-
nical or oylindrical and 2 to 2'5 m.m. in height. Moreover, whilst the
aecidiospores of the latter are 30 to 34 x 20 to 22u those of the Simla
species are 26 — 24 x 19 —17u.

2. AECIDIUM BREVIUS, NOV. 8p.

On Pinus excelsa, Wall.

This is an almost equally abundant Aecidium, though less promi-
nent than the above, the peridia being much smaller. It is, I believe,
8 distinct species. I have only met with it on the needles and never on
the stem. It is markedly later in appearing to observation than the
former. The saecidia begin to appear early in April, and increase in
numbers to June. The needles of this host are not altogether annual,
though & great many are shed annually, and those attacked by the
parasite are apparently always so shed, as after July no vestige of the
aecidia remains. New needles begin to emerge from their scaly coverings
towards the end of April, and are full grown in July to August. These
new needles are never found attacked.

The aecidia are like those of the above species, elongated, flattened,
orange red bodies, but much smaller (fig. 2, Pl. III). One of ordinary
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size measures yith. inch in length and y4th. to ;th inch in depth.
The number of these borne on one needle is usually about foar ; but varies
from one to six, and in exceptional instances even more may be found.

The myceliwm is confined to the paled portions of the needles and
is therefore strictly localised as in the above species. The hyphae
ramify among the parenchyma cells between the hypoderma and the
endothelial sheath, and does not penetrate within the latter. There are
no haustoria.

The peridium is very tough and white, consisting of two layers of
cells firmly adherent to one another, as in the case of the above species ;
bat the peridial cells are much larger, measuring about 40 x 22u or
42 x 21p (figs. 6, 7, PL. III). This difference is 8o great as to justify
me, I thiuk, in regarding it as a distinct species.

The aecidiospores are oval and orange red, with a stout epispore
beset with prominent spines. The epispore is often thickened more on
one side than on the other (fig. 2, Pl III). They are formed in long
serial rows, and in great numbers within each peridium. Between the
lower ones intercalary lamellae are present. The dry spores measure on
an average 275 X 16'9x and when moistened, 27'3 x 19-3u. After
lying 24 hours in water they measure 30'2 x 212x on an average. I
have failed to observe the germination of these spores also in cultiva-
tions, although I have tried them in various media.

Spermogonia. These are of the usual structure; but are very large
and deeply set.

Remarks.—1 think the differences between these two Aecidia are .
sufficient to warrant their separation as two distinct species. With' a
view to ascertaining the exact difference in the size of the aecidospores
and the peridial cells of the two species I simultaneously treated both
in the same way, and then carefully measured them. The needles bear-
ing aecidia were first placed in a mixture of equal parts of glycerine
and alcohol and then examined in pure glycerine. The aecidiospores
from P. longifolia measured on an average of several individual measure-
ments 223 x 15u, whilst those from P. excelsa measured 286 x 18:4pu.
The differences between the aecidiospores and the peridial cells are
shown in the following table :

AECIDIOSPORES. PERIDIAL CELLS,
Host.
Moistened 24 hours | Alcohol | Alcohol
in Dry. in and and Water.
water. water. |glycerine. | glycerine.
P. excelsa ... [27°8 x 19:8/27'6 x 169302 x 21'2/286 x 18'4| 40 x 22 (1295 x 915

P. longifolia (26°4 x 17°9{24'8 x 17:9|26'4 x 196|223 x 15°0[27°6 x 17'2( 880 x 41'8
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Cooke, considered both species identical (see Indian Forester,
Vol. II1, 1877-78) and named it Peridermium orientals, C. but as 1 think
there is no doubt whatever they are quite distinct I have re-named both
species.

In a paper describing a Okrysomyxa (C. Himalense) which is ex-
ceedingly common in Simla on ZRhododendron arboreum, Sm., I have
drawn attention to a possible connection between the Aecidium on
P. excelsa and this Chrysomyra,* and have given reasons why a connec-
tion with the Aecidium on P. longifolia is not probable. The occurrence
of a double crop of aecidia on P. longifolia, of which I did not know
when I wrote the paper referred to above, renders it, however, still more
difficult to conjecture the life history of this parasite.

N. B.—In order to complete this list I would here draw attention
to three other Adecidia on other gpecies of the Coniferae, namely, two
distinct species on the needles of Picea Morinda and one on the Deodar.
These I had already fully described in this Journal before I commenced
e systematic review of all the Uredineae of this region. For one of
those on Picea Morinda (Abies Smithiana) described in Vol. LV, Pt. II,
No. 1, 1886, I propose to retain the name

3. Acxcioiom Tromsoni, Berkeley.

although there is some doubt as to the identity of that species with the
species in this region ; and for the other, described in the same volume,
Pt. 2, No. 2, I propose the name

4. AExcioiom PicEAg, nov. sp.

The species I have described on the Deodar, Volume LV, Pt. II,
No. 2, 1886, I now propose naming

5. Agc. CEbri, nov. sp.

6. AgcipIUM PLECTRANTHI, nov. sp.
On Plectranthus Coetsa, Ham.

An inconspicuous and rare Aecidium was found first on the 4th
July, and then shortly afterwards on a very few bushes in the same
locality. The aecidial patches are small, and a single leaf sometimes
contained several of them ; but usually only one or two. On the upper
surface of patches spermogonia could be seen with a field lens, while
the under surface bore the peridia. These are short cups open stellately,

# Scientific Memoirs by Medical Officers of the Army of India, Part V, 1889,
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and discover brilliant orange red spores. The aecidio-spores are round
or oval, beset densely with shallow tubercles or warts, and measure
when fresh 25u in diameter to 26 x 24pu.

7. AECIDIUM INFREQUENS, nOV. sp.
On Geranium (nipalensis, Sweet P)

This is also & very rare Aecidium. I have only once found it in
July, 1886. The aecidial patches in the only specimen I ever saw were
very numerous on the leaves, each division of the five lobed leaf bearing
from one to six patches. The patches were about % inch in diameter.
The peridia were entirely hypophyllous, and burst stellately, showing
orauge red aecidiospores within. The under surfaces of the leaf patches
were yellow, and the upper surfaces greenish yellow. After the aecidio-
spores have fallen out of the peridia the latter become deep brown, and
then look like telentospore beds.

The aecidiospores are round, or angular when dry, of a pale
yellowish colour, and with very thin walls. The spores become de-
tached in rows of three or more. The fresh spores varied in size from
14p in diameter to 18 x 16u.

The peridial cells are thickened on one side: when seen flat they
are angular in contour, and measure about 20u in diameter.

a. HEMIPUCCINIA.
1. Poccinia Iripis, (D. C.)
On Iris florentina, L.
Or Iris pallida, Lam,

This host is very frequently attacked by a uredo bearing fungus,
and I have found it abundantly both in spring (March) and in autumn
(September, November). The pustules, which are borne on both sar-
faces of the leaves equally, are linear and brown, flanked by the rent
edges of the epidermis. The spores are rouund or oval, deep brown,
deciduous, falling off without any portion of stalk adhering, and
measuring when fresh from 26u in diameter to 30 X 24 or 34 x 20u.
The epispore is spiny or tuberculatéd. They germinate freely in water
after the manner of uredospores. The end of the long germ tube
sometimes swells into a head, not, however, separated by & septum (fig.
7, PL. 1V). The spores, whether collected in spring or late autumn from
dried leaves, always germinated in the same way. Each spore has three
germ pores.

I found the teleutospores for the first time at the end of 1889,
although I had looked carefully for them in previous years, and then
in one locality only. They are therefore rare notwithstanding the
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abundant distributfon of the uredo form. The dried leaves are covered
with black pustules, round to oval, on both sides of the leaf, mostly
remaining covered with epidermis, and with the spores firmly adherent.
The pustules contained a few uredospores also. The teleatospores are
small, much constricted at the septum usually, though the spores vary
much in shape, and much thickened at the apex. The fresh spores
measured 36 to 44u in total length, by 14 to 18 in greatest breadth, or
10 to 13 at the septum. The thickening at the apex is 6 to 9x. The
spores did not germinate on being put into water, and I therefore
conclude that they require a winter rest.

2. PucCINIA ARGENTATA, Schulsz, ?
On Impatiens amphorata, Edgw.

In the middle of September I found this host attacked with a
brown uredo bearing fungus ; but only in certain localities, and I would
characterise it as rare. The upper surfaces of attacked leaves display
circalar paled patches, and the lower surfaces of these patches bear
minute circular brown pustules. Later when the leaf is beginning to
wither the invaded areas are conspicuous by their green colour against
the yellowed general leaf surface, showing again & lichenoid symbiosis
between the chlorophyll cells of the leaf blade and the mycelium of
the fungus. A single leaf usually bore immense numbers of these, while
the petioles also bore some. Towards the end of September, when the
host is beginning to disappear for the season, Puccinia pustules are
developed, though uredo pustules are still more numerous ; but gradually
the uredo pustules recede.

The uredospores are brown oval bodies, spiny on the surface, and
often displaying & nucleus or nucleolar space, and thus resembling @
Uromyces spore (fig. 11, Pl I). They are very deciduous, falling off
without any portion of stalk adhering, though the place of union with
the stalk is usually clearly definable. The fresh spores measured 24 x
16p on anaverage. These spores germinated readily in water, throwing
out a long simple germ tube, the end being often curiously twisted into
an intricate loose knot. Some smaller germ tubes produced a swelling
at the end, but this was not separated off by any septum.

The teleutospores are plump rounded spores, irregular in size and
shape, and with little or no constriction at the septum. Most of them
display a small. conical colourless thickening at the free end ; but some
are without this (fig. 11, P1. I). The spores are readily detached from
their beds, and little or no portion of the stalk adheres. They are deep
brown in colour, and the external surface is very faintly tuberculated
over both cells. An averaged sized spore measured when fresh 32x in
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total length, and 18u at the septum, which divides the spore into equal
parts: a nucleus is contained in each cell. Thespores do not germinate
immediately after ripening.

3. PUCCINIA NITIDA, nOV. 8P.
On Polygonum amplezicaule, Don.

I have never found this fungus actually in Simla; but it is fairly
common at Mashobra, a suburb about 6 miles from the station. In one
locality many plants were abundantly attacked. Leaves usually bore
innumerable pustules, some brown and some black, mostly hypophyl-
lous, rarely epiphyllous. The former are uredo and the latter teleuto-
spore pustules.

The uredospores are round to oval, light brown, spiny, and 22 x 24
in diameter when fresh (fig. 10, Pl. I).

The teleutospores are plump, rounded, deep brown, and very slightly
constricted at the septum. Each cell has a well marked nucleolar space,
and the free end is not thickened (fig. 10, P1. I). The germ pore of the
upper cell is clearly visible a little to one side of the summit. The spores
are readily detached, with usually no portion of stalk adhering. The epi-
spore over both cells is finely tuberculated. The spores are very variable
in size and shape: some of the smaller squatter spores measure 26p in
total length, by 16u at the septum, and 19x in greatest breadth. Larger
spores measured 38 to 44u in length, by 18u at the septum. The spores
do not germinate immediately after ripening.

Remarks.—Saccardo notes three species of Puccinia on species of
Polygonum, namely, P. Polygoni, Pers, P. Bistortas, Strauss, and P.
mammillata, Schroter. I do not think the Simla species is identical with
any of them. At any rate it is not P. Polygoni, Alb et Schwein, becanse
the uredo sori in Simla are not irregular and not circinate ; the teleu-
tospores are not adherent, no portion of stalk remaining on the detached

spores; they do not contract towards the stalk; and are not thickened
at the apex.

4. Puccinia FacoPyri, nov. sp.
On Fagopyrum esculentum, Moench.

At the beginning of October I found some stray plants of this host
growing on a weedy bank far from cultivated fields, largely attacked
with a fungus bearing black and dark brown teleutospore and uredo
pustules, all hypophyllous, with circular paled areas on the upper leaf
surface.

15
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The uredospores are pale brown echinulate bodies, oval and measur-
ing 23 x 18u on an average. The spores germinated in water in the
usual way (fig. 9, Pl. I). I have occasionally seen a globular expansion
at the end of the germ tube, as shown in the figure; but this is never
separated off by a septum.

The teleutospores are very deciduous, falling off with only a frag-
ment of stalk adhering. They are dark brown and very variable in
size and shape, somewhat constricted at the septum, with a smooth
surface, and slightly thickened at the apex. A clear nucleolar space is
seen in each cell (fig. 9, Pl. I). The fresh spores measured from 25
to 36u in total length, by 11 to 13u at the septum. The septum divides
the spore into two almost equal halves. The upper cell is often much
broader than the lower, and is more or less globular. The apical thicken-
ing is about 4u in depth, the cell wall elsewhere being about 2u in
thickness. The spores do not germinate immediately after ripening.

5. PuccINIA GENTIANAE, (Strauss).
On Gentiana Kurroo, Royle.

I found two plants of this host at the end of December largely
attacked with a Puccinia, on a hill some miles from Simla to the south
(near Solon) ; but have never seen it again. The plants I found were
withered. The under surfaces of the leaves bore numerous black cir-
cular isolated pustules. Onu examining the spores from these they were
found to consist of teleutospores with a few uredospores. The spores
are readily detached from their beds, coming off with a fragment of
stalk usually adhering. ‘

The uredospores are oval, pale brown bodies, spiny, measuring 26 X
22u after lying 24 hours in water.

The teleutospores are plump and rounded at both ends, and slightly
if at all constricted at the septum. The epispore is very finely tubercu-
lated over both cells, and is uniformly thick, with the exception of a very
shallow mamillated thickening at the free end. Each cell of the spore
exhibits a clear nucleolar space or body. After lying 24 hours in water
these spores measured from 38 to 40u in length by 25 to 26 in breadth.
They are very uniform in size. They do not germinate immediately
after ripening. Occasionally a single celled teleutospore may be seen.

Remarks.—This is most probably P. Gentianae (Strauss) as the
characters of both uredo and teleutospore agree; but I have not seen
any Aecidium. The locality, however, in which I found the fungus is
not familiar to me : I have only once visited it in winter.
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b. MICROPUCCINIA, Schroter.

6. PucciNnia LepTODERMIS, nov. sp.
On Leptodermis lanceolata, Wall.
For description see above under Melampsora Leptodermis.

7. Puccinia WATTIANA, nov. sp.
On Clematis puberula, H. £, and T.

This fungus was collected by Dr. George Watt in the Sutlej valley,
near Suni, 2,500 ft., in October 1889. The leaves were covered with
blackened, more or less circular patches, on the under surfaces of which
were numerous dark brown pustules, with a marked circinate arrange-
ment: a few pustules, however, were found also on the upper leaf surface.
The blackened areas of discoloration measured 3—4 m.m. in diameter,
and each leaf bore numerous such patches, from 5 to 30. Some pustules
were also discovered on the petioles and ultimate stems.

The spores are readily detached, coming off with a considerable
portion of stalk adhering. They are deep chestnut brown, smooth on
the surface, rounded at both ends, with little constriction at the septum,
and often presented a small colourless 10ammilla at the free end, which
is not otherwise thickened. Spores were often seen divided into 3 and
even 4 cells, and a few were single celled. There were no uredospores.
The spores measured, when just moistened 42 — 37 x 21 — 20 u.

The spores, which had been preserved i sit« in ordinary botanical
drying paper, were placed in water on the 4th May 1890, and on the
following day they were found to have germinated freely. The pro-
mycelia are usually quite short, though sometimes long, and are colourless.
It is remarkable that whilst the upper promycelium issues from the
apex as usual, the lower one is emitted from a point close to the stalk.
The sporidia are oval and colourless, measuring 15 — 14 x 8 — 7y,
and are borne on short sterigmata. No secondary sporidia were formed.

Remarks.—Saccardo mentions 2 species of Puccinia on species of
COlematis, vis., P. stromatica, Berk. et Curtis, and P. instdiosa, Berk.
In the absence of measurements it is impossible to determine whether
the species I have described is identical with either. The general
characters of the spores of P. insidiosa are unlike those I have described.
The spores of P. stromatica are somewhat similar; but the sori are
said to be diffuse and ruddy. I am inclined to think that the species
I have described is distinct, and I have named it after Dr. G. Watt. I
regret being unable to give figures of the spores, as I obtained the
specimens after this paper had been sent to press.
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N. B.—Since the publication of Part II of this List I have been
able to follow the complete life history of the Puccinia there described
under the name P. helvetica, Schroter, and there is no doubt that it is a
new species. Aeocidial fructification is entirely suppressed. I have
given a full description of it under the name Puccinia Collettiana in the
Scientific Memoirs by Medical Officers of the Army of India, Part V,
1889.

DESCRIPTION OF THE PLATES.

Prare III.

Fig. 1. Uromyces Vossiae, uredospore. 2, ditto, teleutospore. 8. Phragms-
diwm subcorticium, teleutospore, x 220. 8. a, ditto, aecidiospore. 4. Phragmidium
Rubi, teleutospore. 6. ditto, germinating, with sporidial formation. 6. ditto,
uredospores. 7 Melampsora Salicis Capreae, transverse section through teleutospore
bed, x 220. 8. ditto, through uredo bed, x 220. 9. Puccinia Fagopyri, teleutos-
pore, and germinating uredospore. 10. Puccinia nitida, three teleutospores and
uredospore. 11. Puccinia argentata, two teleutospores and uredospore.

Prare IV.

Fig.1. Melampsora Sancti-Johannis, transverse section through teleatospore bed,
x 150. 2. ditto, tranaverse section though leaf bearing uredo bed and spermogonia,
x 220. 8. ditto, natural appearance of wholly involved very young shoot. 4,
ditto, surface view of teleutospore bed. 6. Melampsora Leptoderiis, transverse sec-
tion though young teleutospore bed, x 220. 6. ditto, though uredo bed, x 220.
7. Puccinia Leptodermis.

Prate V.

Fig. 1. Aecidium complanatum, natural appearance. 2. Aec. brevius, natural
appearance. 3. A. complanatum, transverse section though peridium. 4. ditto, pe-
ridial cells seen flat. 6. ditto, lowermost cells of row of aecidiospores, showing inter-
calary lamellae. 6. A. brevius, peridial cells seen flat. 7. ditto, transverse section
though peridinm. 8. A. complanatum, aecidiospores. 9. Aec. brevius, aecidiospores.

Prare VI.

Fig. 1. Chrysomyea Piceas, transverse section though fruit body, x 150. 2.
Coleosporiwm Campanulae, transverse section though teleutospore bed, x 820. 8.
Coleosporium Clematidis, transverse section through teleutospore bed on leaf of C.
montana, x 220. 4. Coleoporium Plectranthi, transverse section through teleutos-
pore bed, x 220. B. Col Clematidis, promycelinm with sporidial formation (C.
montana). 6. Caeoma Mori, sterile and fertile aecidospores. 7. Puccinia Iridis,
germinating uredospore. 8. Uredo Gomphrenatis, uredospore. 9. Uredo cronar-
tiiformis, uredospore, 10. Coleosporium Campanulas, uredospore.

N. B.—Unless otherwise specified all figures are x 350.
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I = Vol. LVI, Pt. II, No. 8, 1887.

Il = ,, LVIII, Pt. II, No. 2, 1889.
III = ,, LIX, Pt II, No. 2, 1890.
Aecidium brevius, III, p. 102,

” Cedri, n. 8., III, 104,

»” Complanatum, n. s., ITI, 100.

» Compositarum Martius, I, 878.

» infrequens, n. s., IIT, 105.

»» Jasmini, n. 8., I, 363.

» lencospermum, D. C., I, 861,

» Piceae, n. 8., III, 104.

» Plectranthi, n. s., III, 104.

”» Saniculae, n. s., I, 352.

» Strobilanthis, n. s., I, 869.

» Thalictri flavi, D. C., I, 862,

» Thomsoni, Berk, III, 104.

» Urticae, Schm. v. Him,, I, 868,
Caeoma Mori, n. s., 111, 97.

»  Smilacis, n. 8., ITI, 96.
Chrysomyxa Himalense, n. s., III, 93,

”» Piceae, n. 8., III, 94.
Coleosporium Campanulae, Pers., III, 90.
» Clematidis, n. s., III, 89.
» Plectranthi, n. s., III, 89,
Gymnosporangium Clavariseforme, Jaog., I, 870.
" Cunninghamianum, n, 8., III, 93,

Melampgora Leptodermis, n. s., III, 86.
» Sancti-Johannis, n. s., ITI, 84.
» Balicis Capreae, Pers., III, 88.
Monosporidium Andrachnis, n. s., I, 871.

» Euphorbise, n. 8., I, 864.
Phragmidium incompletam, n. s., I1I, 88.

» quinqueloculare, n. s., I1I. 83,

» Raubi, Pers., III, 81.

s suboorticium, Schrank, III, 79.

Puocinia Acetosae, Schum., II, 240.
”» Andropogi, Schw., II, 246.
»  Anthistiriae, n. s., I, 248.
”» argentata, n. s., III, 106.
»” Arundinellae, n.s., II, 245,
o Cariocis, Schm., II, 244.
» Caricis filicinae, n. s., II, 260,
» Chrysopogi, n. 8., IT, 247,
» Circaeae, Pers., 11, 2365.
” Collettiana, n. s., I1I, 110,
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Puoccinia coronata Corda, II, 248.

Fagopyri, n. 8., III, 107.
flosculosorum, Alb. et Schw., 1I, 238,
Fragariae, n. 8., I, 3569, I1, 244.
Galii, Pers., II, 239,

Gentianae, Strauss, III, 108.

Geranii silvatioi, Karst., II, 236.
Graminis, Pers., I, 867, 11, 249.
helvetica, Schrt. (see P. Collettiana).
Iridis, D. O., III, 105.

Leptodermis, n. s., III, 109.
Menthae, Pers., 11, 242.

nitida, n. s., III, 107.

Pimpinellae, Strauss, I, 856, 11, 244,
Polliniae, n. 8., I, 369, 11, 248.
Rosae, n. 8., II, 238.

Roscoeae, n. 8., I1, 287.

Saxifragae ciliatae, n. s., II, 234.
Urticae, n. 8., II, 284,

Violae, Schum., I, 854, II, 244.
Wattiana, n. 8., IIT, 109.

”»
Uredo Apludae, n. 8., III, 99.

,» Bupleuri, n, 8., III, 98.

»» Cronartiiformis, n. s., III, 98,

s Deutsiee, n. 8, III, 100.

» Eupatoriae, D. C,, III, 98.

,» Gomphrenatis, n. 8., I1I, 99.
Uromyces Cunninghamianus, n. s., III, 76,

”
”»
”
»

Mclntirianaus, n. 8., 111, 79.
Solidaginis, Niessl., III, 77.
Btrobilanthis, n. s., I1I, 78.
Valerianae, Schum., I, 858, III, 77,
Vossiae, n. 8., III, 76.

[No. 2,




1890.] @. King—Materials for a Flora of the Malayan Peninsula. 118

VIII.—Materials for a Flora of the Malayan Peninsula.—By GroRGE
King, M. B,, LL. D, F. R. 8, C. 1. E., Superintendent of the Royal
Botanic Garden, Calcutta.

(Oontinued from p. 408 of Vol. LVIII of 1889.)
[Received and read 5th February, 1890.]
Orper IX. BIXINEA.

Trees or shrubs with alternate minutely stipulate or exstipulate
leaves. Flowers regular, 1-2-sexual. Sepals 4 or 5 (rarely 2 to 6)
imbricate, free, or concate and bursting irregularly, usunally deciduous.
Petals 4 or 5, or absent, imbricate or contorted, deciduous, often with
basal scales. Stamens hypogynous or sub-perigynous, (united into a
column in Ryparosa) : anthers 2-celled with porous or longitudinal
dehiscence. Disc thick, often glandular. Ovary free, usually l-celled,
the placentas parietal. Stules and stigmas free or united. Fruit dry with
valvular dehiscence, the seeds along the middle of the valves; or fleshy,
indehiscent. Seeds arillate, albumen fleshy, embryo axile straight or
curved: cotyledons foliaceous. Distrib. Chiefly tropical: genera 30:
species about 170.

Tribe I. Bixinew. Petals broad, contorted, without
basal scales : anthers elongate, opening by termi-
nal pores or short slits.
Capsule with parietal placentas, 2-valved,
softly muricate ... «s 1. Biza.
Tribe II. Flacourti®. Petals small and imbricate,
or absent. Anthers short, opening by slits.
Flowers hermaphrodite : petals 4 to 6.

Stamens numerous ws 2. Scolopia.
» oorb e oo 3. Erythrospermum.
Flowers dicecious : petals 0.
Ovary 2 to-8 celled oo 4. Flacourtia.

Tribe ITI. Pangie. Flowers dicecious, petals with
an adnate basal scale or appendage : fruit large,

indehiscent.
Sepals free.
Sepals 5, imbricate ; Petals 5. Stamens
5to8: Stigmas3to6 ... oo 8. Hydnocarpus.

Sepals 4.- Petals 8, in 2 rows ; Stamens
20 to 30, Stigma 1 o oo 8. Taraktogonos.
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Sepals combined into a cup, its mouth entire
at first, bat irregularly toothed on expan-
sion.
Flowers large : stamens numerous, free 7. Pangium.
Flowers small: stamens united in a
column bearing 5 anthers . 8. Ryparosa.

1. Bixa, Linn.

A tree. Leaves simple; stipules minute. Flowers in terminal
panicles, 2-sexnal. Sepals 5, imbricate, deciduous. Petals 5, contorted
in bud. Anthers opening by 2 terminal pores. Ovary 1l-celled ; style
slender, curved, stigma notched ; ovules many, on 2 parietal placentas.
Oapsule loculicidally 2-valved, placentas on the valves. Seeds many,
funicle thick, testa pulpy ; albumen fleshy ; embryo large, cotyledons flat.

1. B. OreLLANA, Linn, A small tree. Leaves cordate, acuminate,
glabrous; length 5 to 7 in., breadth 3 to 5 in., petiole 1'5 to 2°5.
Flowers in short terminal branched cymes, 2 in. in diam., purple or
white. Oapsule compressed-ovoid, softly prickly, 1'5 in. long; seeds co-
vered with coloured pulp. Bl Bijdr. 55. Roxb. Fl. Ind. II, 3}. Miq.
FL Ind. Bat. I, Pt. 2, p. 107. Hook. fil. Fl. Br. Ind. I, 190.

Cultivated widely in the tropics on account of the dye (Arnatto)
yielded by the testa of ite seeds.

2. Scororia, Schreber.

Trees, spinous in Indis, spines often compound. ILeaves alternate,
entire ; stipules minute or 0. Flowers small, racemed, axillary, 2-sexnal.
Sepals 4-6, slightly imbricate in bud. Petals 4-6, subsimilar, imbricate
in bud. Stamens many with a row of glands outside them ; anthers
ovoid, opening by slits, connective produced into a terminal appendage.
Ovary 1-celled ; style erect, stigma entire or lobed ; ovules few, on 3 or 4
parietal placentas. Berry 2-4-seeded. Seeds with long funicles, testa
hard; cotyledons foliaceous.—Distrib. Species about 15; Australian,
Asiatic, and African.

S. BHINANTHERA, Clos. in Ann. Sc. Nat. Ser. IV, Vol. 8, p. 252. A
tree; young branches puberulous. Leaves sub-coriaceous, ovate-lanceolate
to lanceolate, shortly acuminate, obscurely and minutely glandular-tooth-
ed, the base usumally rounded, glabrous, shining; nerves about 7 pairs,
faint; length 3'5 to 5 in.; breadth 1'75 in. to 2:5; petiole biglandular at
the apex, '35long. Racemes axillary and terminal, pubescent, bracteolate,
8-4 in., long. Flowers on tomentose bracteolate pedicels. Sepals 4, ovate-
lanceolate, tomentose externally. Petals 4, larger than the sepals, rotund,
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tomentose on edges and slong midrib. Stamens indefinite, connective
glabrous. Overy cylindric. Stigma hemispheric. Fruit pisiform, 2-6
seeded. Hook fil. F1. Br. Ind. I, 190; Miquel FI. Ind. Bat. I, pt. 2, 107.
Phoberos rhinanthera, Benn. Pl. Jav. Rar. 187, t. 39. P. macrophylla,
W. & A. Prodr. 30. Flacourtia inermis, Wall. Cat. 6673 G, H, only.

Malacea, Griffith ; Penang, Curtis. Distrib. Java, Boraeo.

2. S. RoxsurcHII, Clos. in Ann. Se. Nat. Ser. 1V, Vol. 8, 250.
A glabrous shrub or small tree with spiny stem. Leaves sub-coriaceous,
shining above, ovate, ovate-lanceolate to oblong-lanceolate, shortly acu-
minate, sub-entire or faintly and remotely crenate; the base rounded
or slightly narrowed, 3 to 5-nerved; lateral nerves about 3 pairs, bold ;
length 45 to 65 in., breadth 1:75 to 3'5 in.; petiole biglandular at the
apex, ‘35 in. long. Racemes pubescent, axillary, about 1 in. long, 2-6-
flowered, bracteolate. Flowers on tomentose pedicels. Sepals and petals
5 or 6 each, densely tomentose externally, broadly ovate. Stamens in-
definite, the connective ciliate. Ovary ovate: style cylindic: stigma
3-lobed. Fruit baccate, the size of an olive. Seeds few. Hook. fil. Fl.
Br.1Ind.T, 190 : Miq. Fl. Ind. Bat. I, pt. 2, 107. Phoberos Rozburghi,
Benn. PL Jav, Rar. 192. Ludia spinosa, Roxb Fl. Ind. ii. 507. Fla-
courtia stigmarota, Wall. Cat. 6678, in part.

Penang, Curtis; Perak, King’s Collector. Distrib. Burmah, Su-
matira.

3. 8. creNaTA, Clos. in Ann. Sc. Nat., Ser. IV, Vol. 8, 250. A
tree, glabrous except the inflorescence. Leaves coriaceous, shining above,
ovate to oblong-lanceolate, obtusely or sharply acumiuate, obscurely
glandalar-orenate ; the base narrowed, rarely rounded, obscurely 3-5
nerved ; lateral nerves about 5 pairs, faint; length 2 to 5 in., breadth
1 to 1'75 in., petiole *25 to "35 in. Racemes axillary or terminal, pube-.
scent or tomentose, bracteolate, 1 to 3 in. long. Flowers pedicelled.
Sepals and petals 4, rarely 5 or 6, the former tomentose and smaller
than the petals. Connective of anthers glabrous. Ovary globular, smooth.
Style cylindric. Stigma discoid. Fruit globose, about *75 in. in diam.
Hook fil. F1. Br. Ind. I, 191. Miq. Fl. Ind. Bat. I pt. 2, p. 167. 8.
pseudo-crenata, acuminata, chinensis, lanceolata, and crasssipes, Clos. 1.
c. 8. seva, Hance in Ann. Sc. Nat. Ser. 4, xviii, 182. Phoberos crenatus,
W. & A. Prodr. 29; Dalz. & Gibs. Bomb. Fl. 11. P. lanceolatus and P.
Wightianus, W. and A. Prodr. 30. P. acuminatus, Hookeriunus, and
Arnottianus, Thwaites Enum. 17 and 400.

Penang, Curtis; Perak, King’s Collector. Distrib, Brit. India and
Ceylon, China, Philippines.

In the young state this is thorny. It is a very variable species
indeed, and too near S. rhinanthera.

16
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3. ERYTHROSPERMUM, Lamarck.

Trees or shrubs. Leaves alternate, quite entire. Flowers racemed,
fascicled or panicled, 2-sexual. Sepals 4-6, imbricate in bud. Petals
4-6, usually small. Stamens 4-6; anthers lanceolate-sagittate, connec-
tive dilated. Ovary 1l-celled; style short, stigma entire or 3-4-fid ;
ovules many, on 3-4 parietal placentas. Capsule coriaceous, 3-4-valved ;
valves bearing the seeds on the middle. Seeds few, testa coriaceous or
fleshy; embryo incurved. Distrib. Species about 8, of which 6 are
Mascarene, one is from Ceylon, and the following Malayan.

E. ScortecHINII, King n. sp. A small glabrous tree, the branchlets
lenticellate. Leaves thickly membranous, broadly ob-lanceolate, abrupt-
ly shortly and bluntly acuminate, faintly crenate-serrate, the base slight-
ly narrowed ; nerves 5 to 6 pairs, thin, anastomosing ‘25 in. from the
margin ; length 4 to 6 in., breadth 2 to 2'5 in.; petiole *5 in.; Stipules
caducous. Racemes two to four in a lax terminal panicle, 8 to 4 in.
long in flower, and twice as long in fruit. Orary glabrous, 12—20 ovuled ;
style glabrous ; stigma 3-lobed. Capsules on thin pedicels 5 in. long,
globular, smooth, ‘35 in., in diam., crowned by the conical style with
3-cleft stigma, 3-valved, 1-seeded. Seed sub-globular with red pulp.

Perak. Scortechini,

This species was collected only once by Father Scortechini; and
he found no flowers. He describes it as a tree 30 to 40 feet high.
No species of the genus has hitherto been described from any
Malayan province, Ceylon being the nearest country iun which one is in-
digenous.

4. Fracourtia, Commers.

Trees or shrubs, often spinous. Leaves toothed or crenate. Flow-
ers small, dicecious, rarely 2-sexual. Sepals 4-5, swall, imbricate. Petals
0. Stamens many; anthers versatile. Ovary on a glandular disk;
styles 2 or more, stigmas notched or 2-lobed; ovules usually in pairs
on each placenta. Fruit indehiscent ; endocarp hard, with as many cells
as seeds. Seeds obovoid, testa coriaceous; cotyledons orbicular. Dis-
trib. About 12 species, natives of the Old World, some being cultivated
in various tropical countries.

FracourtiA RUkAM, Zoll. et. Moritzi Verz. 33. A tree; the young
branches puberulous and lenticellate. Leaves ovate or ovate-lanceolate,
membranous, shortly acuminate, slightly and remotely crenate-serrate, the
base narrowed, glabrous except the puberulous petiole and midrib ; nerves
7 to 8 pairs; length 4 to 55 in., breadth 2 to 2'5 in., petiole ‘3 in. Ra-
cemes three times as long as the petioles, axillary, pubescent, bracteolate,
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4 to 8-flowered. Flowers diceceous, pedicelled. Sepals 4, reniform,
tomentose internally. Male flower with a circle of glands outside the
numerous stamens ; pistil none. Female flower with a sub-entire flattish
fleshy disc at the base of the globular glabrous ovary: styles 6 to 8,
distinct to their bases, stout, spreading: stigmas discoid with a mesial
groove. Fruit sub-globular, ‘5 to ‘75 in. long, its pericarp succulent,
when dry 6-8 ridged : Hook. fil. Fl. Br. Ind. I, 192, Clos in Ann. Sc. Nat.
Ser. iv. Vol. 8, p. 216, Miq. FL Ind. Bat. I, Pt. 2, 104. F. cataphracta,
Bl (not of Roxb.) Bijdr. 55, (probably).

Perak. Common at low elevations. Malacea, Griffith. Distrib,
Burmah, Sumatra and the Malayan Archipelago generally; Philippines.

This species is badly represented in collections and is not well under-
stood, all published descriptions of it being very brief. Clos diagnoses
it by its having 5 sepals; but I do not find that this character holds at
all. It approaches F. inermis, Roxb. very closely in foliage and fruit.
According to Roxburgh, who originally described F. inermis from plants
from the Moluccas cultivated at Calcutta, its flowers are hermaphrodite ;
and in that respect they differ from those of the other species of the genus.
The only authentic specimens of F. inermis which I have seen were
cultivated in the Bot. Garden, Calcutta, and these are undoubtedly her-
maphrodite. The styles are moreover very short and united, and the 5
stigmas form a radiating star on the apex of the ovary, each stigma being
cuneate-emarginate. The stigmas of F. Rukam are quite different; in-
asmuch as they are discoid and the styles are distinct to the very base.
Forbes’s Sumatra specimens No. 12062 appear to belong to tnermdis,
and they are the only uncultivated ones whichI have seen. The fruit of
Rukam as well as of inermis is eatable, although sour. I have not seen
an authentic specimen of Blume's F. cataphracta; but I can readily believe
that it is F. Rukam, which isa common Malayan plant. The plants issued
as Wall. Cat. 6673 belong (as regards many of the sheets) in my
opinion to this, and not to F. inermis, Roxb.

2. Fracourtia CaTAPHRACTA, Roxb. in Willd. Sp. Pl iv. 830; Cor.
PLiii. t. 222; FIl. Ind. iii. 834. A small tree, often thorny when young.
Branchlets glabrous, lenticellate. Leaves membranous, oblong or ob-
long-lanceolate, bluntly acuminate (the older sometimes blunt) obscurely
crenate-serrate, narrowed to the base; both surfaces glabrous, shining ;
the 3-4 pairs of nerves thin, sub-erect ; the reticulations minute; length
3 to 4in., breadth 125 in., petiole 3 in. Flowers in axillary racemes
shorter than the leaves, small, (‘15 in. diam.); ovary flagk-shaped ;
stigmas 4-6, capitate. Fruit the size of an olive, purple. Hook. fil. FI.
Br. Ind. I, 193, Clos. in Ann. Sc. Nat. Ser. IV, Vol. 8, p. 216 (not of
Roth, Blume, or Dalzell). F. Jangomas, Gmel. Syst., Miq. FL Ind.
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Bat. Vol. 1, pt. ii, 105. Stigmarosa Jangomas, Lour. Rowmea Jangomas,
Spreng. Spina spinarum, Rumph. Amb Cap. 43, p. 38, xix, t. 1, 2.

In all the provinces. Distrib. British India, China. Often cul-
tivated. :

5. HypNocArprus, Geertner.

Trees. Leaves alternate, serrate or entire; transverse venules nu-
merous ; stipules deciduous. Flowers solitary, or in irregular axillary
few-flowered racemes or fascicles, moncecious or dicecious. Sepals 3,
equal or unequal, imbricate in bud. Pefals 5, with a scale opposite
each. Fr. & ; Stamens 5—8 ; anthers reniform, connective broad. Ovary
0 or rudimentary. FrL. @ ; Stamens as in the & but without pollen, or
reduced to staminodes. Ovary 1—celled ; stigmas 3—6, sessile-or subses-
sile, spreading, dilated, lobed ; ovules many, on 3—6 parietal placentas.
Berry globose, many-seeded, rind hard. Seeds many, imbedded in pulp;
testa crustaceous, striate; albumen oily; cotyledons very broad, flat.
Distrib. Species about 12, tropical Asiatic. ‘

1. HybpNocArPUS CASTANEA, Hf, and Th. FIL. Br.Ind. I, 197. A glab-
rous tree 50 to 60 feet high. Branches and young shorts brown. Leaves
coriaceouns, narrowly elliptic to oblong, gradually narrowed to the shortly
acuminate apex ; the base unequal, rounded at one side, contracted at the
other; both surfaces shining and pale brown when dry; nerves 4—9
pairs, sub-erect, thin but prominent as are the reticulations; length 7
to 14 in., breadth 2'5 to 4'5 in.; petiole thickened at both ends and bent
at the apex, *75 to 1in. long. Flowers in axillary clusters of 2-6, male
and female alike and about equal in number, both on tawny-pubescent
pedicels 1425 in long.  Sepals obovate, imbricate, shorter than the petals,
the exposed parts tomentose. Pefals ‘6 in. long, linear-oblong, the scales
linear-obtuse, short. Stamens with thick subulate filaments; anthers
ovate-cordate; rudimentary ovary small, hispid. Female flowers like
the male, the stamens barren. Qvary ovoid, acaminate, tomentose :
stigmas gessile; ovules numerous. Fruit on a pedicel 125 to 1'54 in.
long, globular, 1 in. to 1'5 in. diam., minutely rugose, densely covered
with short fulvous tomentum; stigma persistent, hemispheric. Seeds
large, angular, Kurz F. Flora B. Burmah, I, 77.

Malacca ; Perak; common, Distrib. Burmah.

2. HYDNOCARPUS NANA, King n.sp. A shrub or small tree; the
branches and young shoots glabrous or (var. pubescens) pubescent. Leaves
subcoriaceous, from ovate-lanceolate to oblong-lanceolate, inequilateral,
subfalcate, shortly acuminate, remotely and minutely mucronate-serrulate,
narrowed and unequal at the base, shining and glabrous except the
midrib and nerves which, on both surfaces, are usually more or less
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pubescent ; nerves 5 to 8 pairs, spreading or sub-erect, thin but pro-
minent beneath ; length 2-5 to 5 in., breadth *75 to 2°5 in., petiole ‘25 to
‘35 in. ; stipules persistent, linear-lanceolate, pubescent, about as long as
the petioles. Male inflorescence small, supra-axillary, 1 to 4-brauched,
nniparous, tomentose, bracteolate, cymes not much longer than the
petioles : flowers ‘25in.in diam. Sepals 5, rotand, the 3 external slight-
ly imbricate, pubescent ; the 2 inner much imbricate, glabrescent. Petals
5, smaller than the sepals, fleshy, with long white silky hairs externally,
and each internally with a small oblong scale. Filaments short, thick,
sericeous, the connective reniform; the anther cells small, remote from
each other. Ovary0. Female flowers solitary, supra-axillary, on glabrous
pedicels *5 in. long. Sepals and petals as in the male : stamens without
pollen : ovary ovoid, tomentose ; stigmas 3, large, flat, bifid, reflexed.
Fruit on a pedicel ‘5 in. long, solitary, axillary, depressed-globular,
minutely rugose, and velvetty tawny-tomentose; about 1 in.in diam.,
or less ; pericarp dry, thin. Seeds 3 or 4, plano-convex, 5 in. long.

Penang, Curtis, 854: Perak; King’s Collector, Scortechini, Wray.

This varies considerably as'to size of leaf and fruit and in the amount
of pubescence. In some specimens of the male plant the leaves towards
the apices of the branches are much reduced in size. The form which has
larger more pubescent leaves may be separated as a variety, and
farther acquaintance with it may prove that it is separable as a species.

Var. pubescens. Young parts, branchlets, and lower surfaces of
adult leaves pubescent.

Perak, at Goping, King’s Collector, No. 761.

3. Hryorocareus Cuerrisi, King, n. sp. A glabrous shrub or small
tree. Young branches slender, pale brown when dry. Leaves coriaceous,
shining on both surfaces, oblong-lanceolate, rarely ovate, slightly inequi-
lateral, gradually narrowed to the acuminate apex ; the base unequally
narrowed, rarely rounded ; nerves 7 to 11 pairs, thin, spreading ; reticula-
tions obscure on the npper surface ; length 6 to 12 in., breadth 2:25 to 8 in. ;
petiole less than -5 in,, thick. Male flowers in small, axillary, branch-
ed, bracteolate, uniparous cymes not much longer than the petioles,
75 in., in diam.; pedicels scurfy-tomentose, ‘75 in. long. Sepals re-
flexed, ovate, blunt, imbricate, pale, minutely pubescent, shorter than
the petals. Petals 5, narrowly oblong, blunt, concave at the apex, 65 in.
long, glabrous; the gland nearly as long, linear. Anthers much
longer than the filaments, cordate at the base. Ovary 0. Female flowers
on shorter, grooved, pedicels ; ovary elongate-ovoid, tawny-tomentose :
the stigmas 3, fleshy, bifid, spreading. Frui¢ on a stout pedicel
nearly °5 in. long, globose with long apical papilla, minutely rugose and
velvetty, vertically ridged ; the stigmas persistent ; nearly 1'5 in. long and
1 in. in diam. Seeds few, plano-convex, ‘4 in. long.
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Penang, Curtis, 800, 1534. Perak; King’s Collector, Scortechini.

No specimen that I have seen has female flowers showing anything
besides the ovary. Complete female flowers are much wanted.

4. HrypNocarpUS ScORTECHINII, King n. sp. A tree, all parts except
the sepals glabrous. Branchlets pale brown when dry, angular. Leaves
sub-sessile, coriaceous, shining on both sarfaces, slightly inequilateral,
elliptic or elliptic-oblong, tapering to the acuminate apex, the edges slight-
ly recurved when dry ; the base rounded, slightly unequal; nerves 7-8
peirs, thin, spreading; the reticulations minute and distinct on both
surfaces : length 5 to 7 in., breadth 25 to 3'5 in. petiole about -2 in.
Cymes small, moncecions, axillary or extra-axillary, on the young branches,
about three times as long as the petioles, densely bracteolate, 2-3 branch-
ed. Male flowers on pedicels ‘75 in. long. Sepals elliptic, blunt, their
apices incarved, puberulous. Petals smaller than the sepals but of the
same shape ; the gland nearly as long, linear. Anthers narrow, elongate ;
filaments short, conical. Ovary none. Female flowers like the males,
but on short pedicels and the stamens barren; ovary ovoid below, its
upper half cylindrie, ridged, pale-coloured, glabrous; stigmas large
fleshy, reflexed, shortly bifid. Frui¢ (young) ovoid, minutely rugose,
glabrous. :

Dinding Islands ; Scortechini, Curtis.

This species bears a general resemblance to H. Curtisit. But it differs
from that species in having broader leaves on shorter petioles, much
broader and shorter petals, and a glabrous ovary. Ripe fruit of this is
unknown.

5. HYDNOCARPUS CUCUBBITINA, King, n. sp. A tree 60 to 80 feet high;
very young branches and leaves with minute ferruginous mealy tomen-
tum ; otherwise glabrous. Leaves thinly coriaceous, slightly inequilateral
and contracted at the base on one side, elliptic-oblong, tapering to either
end, the apex with a short rather blunt acamen, the edge very slightly
recurved when dry ; both sarfaces, but especially the lower, shining and
with the transverse veins and minute reticulations very distinct; main
nerves 5 to 6 pairs, sub-erect, thin ; length 35 to 6 in., breadth 15 to
2:25 iu., petiole ‘25 in. COymes diceceous, (the female flowers few)
axillary, three times as long as the petioles, bracteolate, 3 to 6-branched.
Male flowers on pedicels ‘35 in. long, about ‘3 in. in diam. Sepals broad-
ly ovate, blunt, pubescent-tomentose externally. Petals ovate-rotund,
glabrous, thin, each with a fleshy scale with white ciliate edges and
nearly as large as itself. Anthers ovate-cordate, glabrous; the filaments
short, conical ; Ovary rudimentary, sericeous. Female flowers like the
males, but on slightly shorter pedicels acrd with smaller barren stamens.
Ovary oyclindric, densely sericeous-tomentose : stigmas elongate, fleshy,
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bifid at the apex, not reflexed when young. Fruit narrowly obovoid,
cylindric, mamillate at the apex and contracted at the base; minutely
rugose, smooth, dark brown when ripe and from 3 to 5 in. long; carpo-
phore and pédicel about ‘5 in. each, or more. Seeds one or two, obovoid,
emooth, about 1 in. long.

Perak, up to elevations of 1,000 feet. ~Common.

Distinguished from every hitherto described species of this genus
by its elongate cucumber-shaped fruit. The scales of the petals are
also much larger and broader than is usnal in Hydnocarpus.

6. HryoNocArrUS WeaYI, King, n. sp. A small sub-glabrous tree.
Young branches with pale brown, minutely lenticellate, puberulous bark.
Leaves sub-coriaceous, elliptic, shortly and abruptly acaminate, the
edge slightly recarved when dry ; the base rounded, sometimes narrow-
ed and unequal; the reticulations on both surfaces very prominent ; upper
surface glabrous, shining, minutely pustulate when dry; the lower of a
pele brown when dry, glabrous except the pubescent midrib and 8-9 pairs
of bold sub-erect nerves; length 8 to 10 in., breadth 3'5 to 5 in.; petiole
less than 5 in., stout. Mals flowers nearly 5 in.in diam., in very minute,
axillary, pedicelled, few-flowered cymes. Sepals 5, slightly imbricate,
rotund, pubesceunt, larger than the petals. Petals 5, of the same shape
as the sepals but smaller, each with a fleshy roughly cuneate scale the
apex of which is irregularly toothed and ciliate. Stamens 15, the fila-
ments glabrons, much thickened at the base; anthers broadly ovate,
cordate. Female flowers unknown. Fruit narrowly ovoid, tapering at
both ends, often 3 in. long. and 1'75 in. in diam., minutely fulvous-
velvetty ; the apical mamilla ‘75 in. long with its apex depressed and
crowned by the 3 fleshy bifid stigmas; one-celled, several-seeded. Pedi-
cel short, stont. Seeds embedded in a little pulp, elongate, plano-convex,
‘75 in long.

Perak. King's Collector, No. 3800 ; Wray, No. 2608.

This species has more stamens than are usual in the genus Hydno-
carpus. In this respect it appears to form a connecting link with
Taraktogenos : but in shape the anthers do not agree with those of that
genus.

6. TaARAKTOGENOS, Hassk.

Trees with entire alternate leaves and minute fugaceous stipules.
Flowers in more or less dense, short, axillary, few-flowered cymes; a
few hermaphrodite, but the majority staminiferous only. Staminiferous
flower ; sepals 4, in decussate pairs, much imbricate, rotund, conocave :
petals 8, in two rows, smaller than the sepals, imbricate, each with a
gland at its base; glands less than half as large as the petals, fleshy,
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cuneate, plano-convex, ridged, the apex often irregularly toothed and
with 2 or 3 cylindric pits. Stamens 20 to 32, the anthers deeply cordate.
Female flowers like the males, but the sepals often only 3, the petals
6, and the stamens 16 or 17; ovary elongate-ovoid, sulcate, divided
above into 4 oblong, divergent, reflexed lobes, each bearing a stigmatic
surface internally; l-celled with 4 multi-ovulate parietal placentas.
Fruit large, globular or ovoid, with hard fibrous or woody rind, and
several large seeds embedded in a scanty pulp. Seeds with thick hard
testa, copious albumen, and straight central embryo; the cotyledons
large, cordate, foliaceous, 3-nerved. Species probably about 8: all
Malayan.

Note.—This genus was founded by Hasskarl (Retzia, i. 127) on the
plant named Hydnocarpus heterophyllus by Blume (Rumphia, iv, 22, t.
. 178 B, fig. 1, and Mus. Bot. i, 16). Until now that plant has been
the only known species. But the following have been discovered by
Messrs. Kunstler and Wray in Perak. And from the similarity in
externals to Hydnocarpus, and from the imperfect nature of the Herba-
rium materials of the latter, it appears to me extremely probable that
several things now referred to Hydnocarpus really belong to Tarakto-
genos. In the Calcutta Herbarium, there are imperfect wmaterials of
of, at least, 8 undescribed species which belong either to one or other of
these two genera.

1. TarakToGENOS ScorrecHINII, King, n. sp. A large glabrous
tree ; young branches with dark-coloured bark. Leaves coriaceous, shining,
inequilateral, oblong-lanceolate, oblong or elliptic, with a short abrapt ra-
ther blunt acumen and slightly waved edges; the base slightly narrowed
and unequal, 3-nerved, ; the upper surface smooth, the lower rough from
the prominent reticulations and 4 to 5 pairs of ascending nerves; length
85 to 7 in., breadth 1:5 to 2:75 in.; petiole ‘5 to ‘75 in. Cymes tricho-
tomous, 1in. in diam., on pedicels as long as the petioles, solitary, axillary,
few-branched, uniparous. Male flowers 5 to °6 in. in diam. ; pedicels ‘25
to '35 in. Petals densely sericeous externally ; the basal scales less than
half their length. Stamens 20 to 24, filaments hirsute, anthers sagittate.
Female flowers and fruit unknown.

Perak ; Scortechini, No. 833 ; Wray, 1169..

Var. graciltpes, King; petioles longer (‘75 to 1 in.) and more slen-
der; leaves smaller, 2'5 to 4 in. long, by 125 to 1'5 in. broad.

Perak ; Bujong-Malacca ; Scortechini, No, 1894. ¢

2. TaragT0GENOS KUNSTLERI, King, n. sp. A sub-glabrous tree 40 to
60 feet high. Young branches fulvous-puberulous. Leaves coriaceous, un-
equal-sided, oblong-lanceolate to elliptic, shortly acuminate ; the base nar-
rowed and unequal, 3-nerved ; both surfaces shining, the lower rough from
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the prominent nerves and reticulations ; lateral nerves 3 to 5 pairs on the
narrower and 4 to 7 pairs on the wider side, sub-eroct, prominent; length
45 to 6 in., breadth 1'5 to 3 in.; petiole ‘3 to 5 in., puberulous. Cymes
dense, many flowered. Male flowers as in the last, the scales half as
long as the petals, their apices erose, glabrous. Stamens 32 ; the filaments
short, subulate, sericeous; anthers elongate, deeply cordate. Femals
flowers like the males, but sepals 3, petals 6, and stamens 17 only. Ovary
ovoid, glabrous, deeply sulcate, with 4 radiating reflexed oblong stigmas,
1-celled, with 4 multi-ovulate parietal placentas. Fruit solitary, glo-
bular, smooth, 2'5 in. in diam. ; the pericarp thick, the outer layer fibrous,
the inner woody. Seeds embedded in scanty pulp, plano-convex, ‘75 in.
or more in length. :

Perak ; in dense forest at low elevations; King's Collector, Nos.
6042 and 8183 ; Wray, 3389. -

3. TARAETOGENOS TOMENTOSA, King, n. sp. A tree 60 to 80 feet high.
Young branches fulvous-tomentose. Leaves coriaceous, often inequilate-
ral, ovate-oblong, abruptly and very shortly acuminate, the base rounded
aod slightly unoqual; the reticulations prominent on both surfaces,
upper surface smooth, shining; the lower fulvous-tomentose; lateral
nerves 6 to 7 pairs, bold, sub-erect ; length 5 to 7 in., breadth 2:'5 to 3
in.; petiole ‘25 to ‘5 in, tomentose. Cymes woody, dense, short.
Fruit ovoid, smooth ; when ripe 8 in. long ; the pericarp nearly *5 in. thick,
the outer layer fibrous, the inner thin and woody.

Perak ; at an elevation of 500 feet ; King’s Collector, No. 7795.

Flowers of this are unknown. It is readily distinguished from the
former two species by its tomentose leaves, but in other respects it
much resembles them.

I subjoin a description of the Burmese species referred to Hydno-
carpus heterophylius by Kaurz.

TaraToGeN0S Kurzil, King. A tree 40 to 50 feet high. Youngest
branches, leaves and inflorescence tawney-pubescent; otherwise glabrous;
older branches grey, minutely lenticellate. Leaves sub-coriaceous, lance-
olate or oblong-lanceolate, rarely elliptic, abruptly and very shortly and
bluntly apiculate; the base narrowed and equal-sided ; both surfaces
shining, the reticulations minute and distinct; main nerves 6 to 7 pairs,
sub-erect ; length 7 to 10 in., breadth 2 to 3'5 in., petiole *75 to 1 in., thick-
ened at the apex. Cymes axillary or extra-axillary, from the smaller
branches, on thick peduncles, nearly as long as the petioles, with many
very short branches at their apices, many-flowered. Male flowers '3 in.
in diam., on pedicels less than ‘5 in. long. Sepals 4, imbricate, ovate-
rotund, blunt, concave, pubescent externally. Petals 8, broadly ovate,
blunt, with ciliate edges, cach with a flat fleshy pubescont gland with

17
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white ciliate apex. Stamens 24 ; anthers elongate, deeply cordate ; the
filaments short and with long white hairs. Female flowers unknown.
Fruit globular, as large as an orange, on a thick peduncle ‘25 in.
long; the rind minutely granular, tawny-velvetty, the outer layer
thick and fibrous, the inner thin. Seeds numerous, irregularly oval,
embedded in pulp. Hydnocarpus heterophyllus, Kurz (not of Blume)
F. Flora B. Burmah i. 77. Wall. Cat. (indeterminatas) No. 7508.

Burmah ; Griffith, (Kew, Dist. 4363), Falconer, Brandis, Kurz,
Gallatly. Chittagong; Lister, Schlich. Sylhet, Wall. Cat., 7508.

This is the plant referred to in Hooker’s Fl, B. Ind. i. 197 as “too
immature for description.” Since that remark was written, better
material was got from Burmah, on which Kurz described the species in
his Forest Flora as Hydnocarpus heterophylla, Bl., with Blume’s descrip-
tion of which it, however, manifestly disagrees. Kurz had modified the
description of the genus Hydnocarpus to admit this plant. Female
fiowers of it I have never seen: but the males agree with those of
Taraktogenos.

7. PanciuM, Reinw.

A tree with entire, rarely 3-lobed, ovate-cordate, acuminate leaves.
Flowers diceceous, axillary, solitary, large. Calyx globose, sepals 2-3,
concave. Petals 5-6, each with & large sericeous scale at its base.
Male Fl., stamens 20 to 25; anthers ovate, innate ; ovary 0. Female
Fl., staminodes 5 or 6; ovary ovoid, 1l-celled, with 2 parietal multi.
ovulate placentas; stigma sessile, obscurely 2-4 lobed. Fruit large,
ovoid, indehiscent, many-seeded, pulpy. Seeds large, ovoid, angled,
rugose, with a large elongate hilum, copious oily albumen, and broad
foliaceous cotyledons.

P. epuLe, Reinw. in Syll. Pl Soc. Ratisb., ii. p. 13. Leaves 6 to 8
in. long, by 3:75 to 5'5 in. broad. Ripe fruit with crustaceous pericarp,
brown with white dots, 9 in. long by 6 in. in diam. ; seeds nearly 2 in.
long. Miq. Fl. Ind. Bat. I, pt. 2, p. 109. Benn. Pl. Jav. Rar. 205, t.
43. Blume Rumphia iv, 20, t. 178; Maus. Bot. i, p. 14.

Perak; King's Collector. Distrib. Malayan Archipelago.

8. RyrarosA (RyPariA), Blume.

Trees or shrubs with eatire, alternate, elongate, petiolate leaves
finely reticulate and more or less glaucescent beneath. Flowers rather
small, dicecious; the males in long axillary racemes; the females in
shorter racemes, solitary, or in pairs. Calyz globose in bud, 3 to 5-cleft.
Petals 5, imbricate, coriaceous; in the female flower each with a large
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sericeous scale at its base. Male flower ; filaments united in a column
with 5, ovate, 2-celled, extrorse anthers at its apex. Female flower ;
staminodes 5, alternate with the petals. Ovary l-celled, with 1 to 3,
biovulate, parietal placentas. Stigmas 2 to 3, sessile, broad, emarginate.
Fruit baccate with little pulp; the pericarp coriaceous, tomentose.
Seeds 1 or 2, sub-globular, smooth.

Note.—This genus was first published by Blume in his Bijdragen
(p- 600) as Ryparosa, and in that work he published only the single
species RB. cmsia. In a footnote to the preface of his Flora Javae (p.
viii), the same author referred to the genus (apparently by inadver-
tence) as Ryparia instead of Ryparosa; and the name Ryparia has
been adopted by most subsequent authors. Blume regarded the genus
a8 FEuphorbiaceous, in which view he was followed by Endlicher (Gen.
5836), Hasskarl (Pl. Jav. Rar., p. 267), and Baillon (Etud. Euph., p.
339). Miill. Arg. (in DC. Prod. XV, ii, p. 1260) excluded the genus
from PBuphorbiaceae; and, in their Genera Plantarum, the late Mr.
Bentham and Sir J. D. Hooker, (G. P. iii., 257), also exclude it; but,
having seen no specimens either of it or of Bergsmia, they make no
suggestion as to the true position of Ryparosa or of the relation of
Bergsmia to it. Kurz (Journ. Bot. for 1873, p. 233, and For. Fl
Burm. 1. 76) was the first to refer Ryparosa to Bizineae. But Kurz
made the mistake of describing in the latter work, as “ Ryparia caesia,”
a plant which agrees neither with Blume’s description nor with hia
specimens of Ryparosa caesia. The name of Kurz’s plant I have there-
fore altered to R. Kurzit. In 1848, Blume published, in Rumphia IV,
p- 23, t. 178 C., fig. 2, a new genus called Bergsmia which, as Kurz also
pointed out (Journ. of Bot. for 1873, p. 233), is nothing more or less
than his older Ryparosa. Only one species (B. javanica) was known to
Blame. To this Miquel added (Fl. Ind. Bat. Suppl. 389) two species,
namely, B. Swmatrana and B. ? acuminata. I have seen neither of
these ; but the cymose inflorescence of B. Sumatrana leads me to believe
that it must be a Hydnocarpus, while the second (B.? acuminata) was
referred doubtfully to Bergsmia by its anthor himself. The collections
brought, within the past year or two, from Perak by the collectors of
the Calcutta garden contain copious suites of specimens of Ryparosa
and, from an examination of these, I have no doubt that Ryparosa be-
longs to Bizineae, aud that Bergsmia must be reduced to it. Besides
the seven species described below, there are in the Calcutta Herbarium
imperfect materials belonging to several additional species from Perak,
and to some from Sumatra. Wall. Cat. No. 7847 B. (from Penang), and
Beccari’s No. 702 (from Sumatra), are also clearly species of Ryparosa.

1. Rrrarosa Kurzii, King. A tree or shrub. Young shoots ad-
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pressed ferruginous-pubescent. Leaves elliptic to elliptic-oblong, shortly
and bluntly acuminate, the base slightly narrowed; upper surface
shining, glabrous except the puberulows midrib; lower glaucous, the
reticulations distinct; nerves 7-8 pairs, spreadiug, prominent beneath ;
length 8 to 12 in., breadth 4 to 55 in.; petiole 1'5 in., thickened in
its upper fourth, pubescent. Male racemes 5 to 10 in. long, ferrugin-
ous-tomentose, the petals reflexed : female racemes shorter and sub-
glabrous. Fruit globose, the size of a cherry, lenticellate, 2-seeded.
R. cesia, Kurz F. Fl. Burm,, i, 78, not of Bl.

Andamans ; Kurz, King’s Collector. Nicobars, Kurz.

2. Ryrarosa Wravl, King, n. sp, A tree 60 to 80 feet high, glab-
rous except the inflorescence. Leaves coriaceous, ovate-lanceolate to ob-
long-lanceolate or elliptic, the apex sub-acute; slightly narrowed to the
base ; upper surface shining; lower dull yellowish green when dry, the
midrib and 4 pairs of sub-erect nerves prominent below as are the trans-
verse veins ; length 6 to 10 in., breadth 2:5 to 45 in. ; petiole 1 to 1:25
in., slightly winged at the apex. Racemes solitary or in pairs, axillary or
from below the leaves, 6 to 9 in. long, longer in fruit. Male flowers
pedicelled. COalyz with 3 broad ovate teeth, pubescent externally. Petals
5, oblong-ovate, pubescent externally, each with a triangular sericeous
scale half as long as itself. Staminal tube pubescent; anthers b, ovate,
reflexed. Female flower ; sepals and petals a8 in the male; disc annular
with 5 conical staminodes. Ovary rugulose, pubescent, globular, 1-
celled. Stigmas 2, sub-bifid, spreading. Fruit globular, crowned by the .
stigmas, rugose, pubescent, ‘5 to 75 in., 1-seeded.

Perak ; King’s Collector, Wray ; rather common.

3. Ryrarosa Hurierri, King, n. sp. A small nearly glabrous
tree. Leaves membranous, obovate-elliptic, with- a very short abrupt
acumen, the base narrowed; both surfaces shining, the midrib and 3-4
pairs of spreading nerves prominent on the lower, as are the reticula-
tions; length 5 to 7 in., breadth 8 in.; petiole 1'5 in., thickened in its
upper fourth. Male racemes a foot or more long, puberulous. Male
flowers ; calyx membranous, with 3 broadly ovate teeth. Petals 5, ovate ;
scale small, sericeous. Staminal tube glabrous ; anthers 5, ovate, reflexed.
Female flower and fruit anknown.

Singapore : on Bukit Timah, R. H. Hullett.

Distinguished from the other species by its thin obovate leaves.

4. Ryrarosa ScorTEcHINII, King, n. sp. A slender tree ; the branch-
lets and inflorescence rusty, otherwise glabrous. Leaves large, thinly coria-
ceous, oblong-lanceolate or oblanceolate, shortly and abruptly acuminate,
gradually narrowed from the middle to the base ; both surfaces glabrous,
the upper shining, the lower dull, pale; the midrib and 5 or 6 pairs of
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nerves very prominent ; length 10 to 15 in., breadth 4 to 6 in.; petiole
2 to 25, thickened and bent at the apex. Racemesin tufts from tubercles
on the stem and large branches, the male 8 to 12 in. long. Calyx split-
ting into 3 ovate segments, tomentose. Petals 4, oblong; the gland
large, rotund, sericeous. Female racemes shorter ; sepals and petals as
in the male; ovary tomentose, 4-angled ; styles 2, discoid. Fruit angled
when young : when ripe transversely oblong, 1'5 in., by 1 in., velvetty
rusty-tomentose with green or white dots ; seeds two, plano-convex.

Perak : Scortechini, Kunstler, Wray; common.

The male flowers have been found only by Scortechini from whose
field notes the above description of them has been taken.

5. Ryrarosa Kunsrtreel, King, n. sp. A glabrous tree, the branch-
lets smooth.  Leaves coriaceous, ovate-oblong, obovate-oblong to oblong,
shortly and abruptly acuminate, the base narrowed ; upper surface shin-
ing ; lower dull, pale, much reticulate, the midrib and 5-7 pairs of nerves
very prominent ; length 5 to 8 in., breadth 2'5 to 3'5 in. ; petiole1'25 to 1°75
in., swollen and bent towards the apex. Racemes axillary, solitary, rarely
2-3 from an axil, the male 6 to 8 in. long, the female half as long; flowers
pedicelled. Male fi. Calys thin, pubescent outside, with 3 ovate broad
teeth. Petals 5, oblong-lanceolate, pubescent externally, each with a
large sericeous gland at its base; staminal tube glabrous, the anthers
ovate-oblong. Female flower. Sepals and petals as in the male ; annular
disc at base of ovary small; staminodes none. Ovary ovoid, angled,
tomentose, l-celled, with 4 parietal bi-ovulate placentas ; stigmas ob-
ovate, radiating. Fruit globular, yellowish, velvetty, about 1-5 in. diam. ;
seeds 5 or 6, oblong, compressed, striate, about *75 in. long.

Perak, at elevations up to 800 feet ; common. A tree 40 to 100 feet
in height, with shorter and (in proportion) broader leaves than R. fasci-
culata, 4 stigmas and more globular pedicellate frait.

6. RYPAROSBA FASCICULATA, King, n.sp. A glabrous tree 30 to 60 feet
high. Young branches lenticellate. Leaves thinly coriaceous, narrowly
oblong, acuminate, the base narrowed, shining above, pale beneath ;
midrib, 5 to 7 pairs of lateral nerves, and the bold sub-erect transverse
nerves and reticulations very distinct especially beneath ; length 9 to 15
in., breadth 2:25 to 3'25 in. ; petiole 1 to1°5 in., grooved, thickened in its
upper fourth. ZRacemes in fascicles of 4-7 from tubercles on the large
branches and stem. Petals rotand, much imbricate and inflexed. Fe-
male flower with annular disc bearing 5 conical staminodes, the petals
with hairy scales at their bases ; stigmas 3, large, reniform. Fruit sessile,
rusty-tomentose, pyriform, the apex mammillate and crowned for some
time by the remains of the stigmas, about 6-seeded, 1'5 to 2 in. long.

Perak at elevations up to 800 feet ; common.
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7. Rrrarosa cAesiA, BL Bijdr. 600 ; Ryparia, F1. Javae (praef. VIII).
A small tree, the branchlets and inflorescence ferrugineous-silky. Leaves
coriaceous, oblong, shortly acuminate, the base slightly narrowed ;
upper surface shining; lower pale, rather densely adpressed-sericeous;
nerves 5 to 6 pairs, ascending; length 6 to 9 in.; breadth 2 to 3 in.;
petiole 1:25 in., stout, thickened in its upper fourth. Racemes solitary,
supra-axillary, the female longer than the leaves. Male flowers ; sepals and
petals 4, tomentose, the latter with a small basal hairy scale. Staminal
tube short, glabrous; anthers 4, broadly ovate, reflexed. Fruit crowned
by the 2 shortly-stalked fleshy radiating reniform emarginate stigmas,
globose, ferruginous-tomentose, ‘5 to ‘7 in. diam. Hassk. Pl. Javan.
Rar. 267 : Baillon Euphorb. 339. Miq. Fl. Ind. Bat. i. pt. 2, p. 361.
DC. Prod. XV, 2 p. 1260. Kurz in Journ. Bot. 1873, p. 233.

Java, Blume. Sumatra; Teysmann, Forbes, at an elevation of 3,500
feet.

Blume describes the lower surfaces of the leaves as * tenuiter
strigosis”’; but the hairs, although adpressed, are not stiff but silky.
This is the only species in which the hairs on the lower surface of the
leaves are at all conspicuous. The leaves of the Andaman plant referred
to R. caesta by Kurz are nearly glabrous beneath.

Orpep X. PITTOSPORE.ZE.

Trees or shrubs. Leaves alternate or subverticillate, quite entire
(very rarely toothed); exstipulate. Flowers usunally hermaphrodite,
terminal or axillary. Sepals 5, imbricate. Petals 5, hypogynous, imbri-
cate. Torus small. Stamens 5, opposite the sepals; anthers versatile.
Ovary 1-celled, with 2-5 parietal placentas, or 2-5-celled by the pro-
jection of the placentas; style simple, stigma terminal 2-5-lobed ;
ovules many, parietal or axile, anatropous. Fruit capsular or indehis-
cent. Seeds usually many, albumen copious; embryo small, radicle
next the hilum.—Distrib. Genera 9; species about 90, chiefly Aus-
tralian,

1. PirrosroruM, Banks.

Erect trees or shrubs. Sepals free or connate below. Petals erect,
claws connivent or connate. Stamens 5, erect; anthers 2-celled, in-
trorse, bursting by slits. Ovary sessile or shortly stalked, incompletely
2-3-celled ; ovules 2 or more on each placenta. Capsule 1-celled, woody,
2- rarely 3-valved; valves placentiferous in the middle. Seeds smooth,
imbedded in pulp. Distrib. Species about 50, subtropical Asiatic,
Australian, and Oceanic.
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P1TT0sPORUM FERRUGINEUM, Ait. DC. Prod. I, 346. A tree 40 to 60
feet high. Young branches leaves and inflorescence softly ferrugi-
nous-pubescent. Leaves membranous, lanceolate or ovate-lanceolate,
acute or acuminate at base and apex, the edges minutely undulate ; when
adult glabrous except the midrib and larger nerves; upper surface shin-
ing, the lower dull with the minute reticulations distinot; nerves 7 to 8
peirs, not prominent, spreading; length 2 to 3 in., breadth 1 to 1'5 in. ;
petiole slender, rusty-tomentose, *5 in. long. Flowers, *25 in. long, green-
ish-white, in short terminal corymbs. Sepals lanceolate, pubescent.
Petals linear, the apices reflexed, pubescent, 3-nerved. Ovary cylindric,
rusty-tomentose ; style short, glabrous, excentric ; capsule globose, when
ripe compressed, rugose, with 6 to 8 black flat seeds. Hook fil. Fl. Br.
Ind. i,, 199. Putterl. Monogr. Pittosp. 7. Benth. Fl. Austral. i, 112,
Bot. Mag. 2075.

At elevations of from 800 to 1500 feet; common. Distrib. Burmsah.,
the Malayan Archipelago, Philippines, Queensland.

There is some variability in leaf in different individuals of this
species, some having leaves narrowly lanceolate, others ovate-lanceolate.

Orpxe XI. POLYGALEAE.

Annual or perennial herbs, erect or scandent shrubs, or timber
trees. Leaves alternate (rarely whorled) or occasionally reduced to
scales or 0, simple, quite entire. Stipules 0. Flowers irregular, 2-sexual,
3-bracteate. Sepals 5, unequal, 2 inner often petaloid (wing sepals),
deciduous or persistent, imbricate in bud. Petals 5 or 3, distinct, un-
equal, the inferior usually keel-shaped. Stamens 8 (in Salomonia 4-5,
in T'rigoniastrum 5) hypogynous, filaments united into a sheath, more rarely
distinct ; anthers opening by terminal pores, rarely by slits. Quvary free,
1.3-celled ; style generally curved, stigma capitate; ovules 1 or more
in each cell, anatropous. Fruit generally a 2-celled, 2-seeded, loculici-
dal capsule; or indehiscent and l-seeded, or (in Trigoniastrum) of 3
indehiscent carpels. Seed usunally strophiolate, albnminous, rarely exal-
buminous. Distrib. The whole world except New Zealand, chiefly in
warm regions ; genera 16 ; species 450—500.

Herbs or (more rarely) erect shrubs. Capsule loculicidal, 2-celled.
Stamens 8, united; 2 interior sepalsaleform 1. Polygala.
Stamens 4-5, united ; sepals petaloid, near-

ly equal oee we 2. Salomonia.
Climbing shrubs.
Stamens 8, united ; fruit 1-celled, inde-
hiscent, samaroid o s 3. Securidaca.
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Trees or erect shrubs.
Stamens 5, united ; frunit of 3 samaroid

carpels we 4. Trigoniastrum,
Stamens 8, distinct; fruit l-celled, mnot
winged v 9. Xanthophylum.

1. Porvaara, Linn.

Herbs or more rarely shrubs. Leaves alternate. Sepals usually
persistent ; 2 inner larger, usually petaloid. Petals 3, united at the
base with the staminal sheath, the inferior keel-shaped and generally
crested. Stamens 8, filaments united for their lower half into a split
sheath ; anthers opening by pores. Ocary 2-celled, ovules 1 in each
cell, pendulous. Capsule 2-celled, loculicidal, 2-seeded. Seeds almost
always strophiolate and albuminous. Distrib. conterminous with the
order, except Tasmania. About 250 species.

Sect. I. CeaMzBUXUS, (Tourn. genus). Shrubs with large hand-
some flowers. Calyx deciduous, the lower sepal large, concave-cucullate.
Keal crested. Seeds with a large strophiole, exalbuminous.

1. PoOLYGALA VENENOSA, Juss. in Poir. Dict. V. 493. A glabrous shrub
4 to 10 feet high. Leaves membranous, lanceolate or oblanceolate to
oblong-lanceolate, acuminate, entire, narrowed to the short petiole ;
primary nerves 7 or 8 pairs, the secondary nerves nearly as prominent,
the reticulations open, rather prominent; length 5 to 8 in., breadth
15 to 25; petiole *2 in. Racemes axillary, pendulous, 1 to 3 in.
long, often much elongated in fruit. Flowers more than '5 in. long.
Oapsule reniform, striate, more or less 4-winged, 4 in. in diam. DC. Prod.
1,331. BL Bijdr. 59. " Miq. FL Ind. Bat. I, pt. 2, p. 126. OChamebuxus
venenosa, Hassk. Pl. Jav. Rar., 294. PL Jungh., I, 126.

Var. robusta. Miq. 1. c. ; Hassk. Pl. Jungh. 1. c. Leaves large, ellip-
tic-oblong to oblong.

In all the Provinces at low elevations. Distrib. Malayan Archi-
pelago.

A common shrub with handsome flowers; the inner sepals white
with pink veins ; the petals white, spotted with pink and the keel pink.

Sect. II. Herbs. Flowers small. Oalyz deciduous after flowering.
Keel not crested, Seeds albuminous.

2. PorygarA TRIPHYLLA, Ham, in Don Prodr. 200 ; var. glaucescens
Hf. Fl. Br. Ind. I, 199. A glabrous, weak, erect or ascending herb.
Leaves thinly membranous, lanceolate or ovate-lanceolate, sub-acute,
contracted into the petiole; main nerves about 7 pairs, thin; length 1'5
to 2 in., breadth ‘75 in., petiole ‘5 to *75 in. Racemes axillary, 2 to 4 in.
long, (or more) slender. Flowers ‘1 in. long. Lateral sepals petaloid,
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a8 large as the corolla. Keel hooded. Capsule sub-orbicular, entire,
narrowly 2-winged. Wall. Cat. 4182 (species).

Perak. At low elevations.

Sect. III. Herbs, sometimes woody at the base. Oalyx persistent.
Keel crested. Seeds albuminous.

3. Porveara LepTaLEA, DC, Prod. I, 325. A perennial glabrous
herb, the root-stock woody. Stems erect, rigid, boldly striate, few-
leaved. Leaves sessile, linear-lanceolate, ‘5 to *75 in. long. Racemes
1 to 3 in. long, elongating with age, slender. Flowers ‘2 to 25
in. long. Capsule ovoid, emarginate at the apex, narrowly winged ;
Hook. fil. Fl. Br. Ind. T,202. Benth. F1 Austral. i. 139 ; Hassk. in Miq.
Ann. Mus. i. 173. P. oligophylla, DC. 1. c. 325; Wall, Cat. 4188, P.
discolor, Ham. in Don Prodr. 199.

Nicobar Islands. Distrib. British India, Ceylon.

4. PoLYGALA BRACHYSTACHYA, Bl Bijdr. 69. A slender, prostrate
or sub-erect herb. Branches puberulous, terete below, angled above,
4 to 6in.long. Leaves with very short petioles, linear-lanceolate, bristle-
pointed, glabrous, 4 in. long, and ‘05 in. broad. Racemes much longer
than the leaves, few-flowered, slender, axillary or extra-axillary ; pedi-
cels nearly as long as the flowers. Flowers *15 in. long; lateral sepals
obovate-oblong. Keel narrow below ; the apex suddenly dilated, 3-lobed.
Capsule sub-orbicular, the apex emarginate, the edges ciliolate. Hassk.
in Miq. Ann. Mus. Lugd. Bat. I, 157; Fl. Ind. Bat. I, pt. ii, p. 125.
P. chinensis, Linn., var. brachystachya.

Malacea, Griffith. Distrib. Java, Sumatra.

5. Porveara TeLEpHIOIDES, Willd. Sp. PL iii, 876. A prostrate
annual with a woody root. Stems 2-4 in. long, pubescent or glabrous.
Leaves glabrous, often imbricate, fleshy, sessile, obovate or oblong,
obtuse or acute, the margins recurved, the base slightly narrowed, the
midrib promiuent; nerves obsolete; length -5 to 65 in. Flowers ‘1 in.
long, in short, extra-axillary racemes. Capsules °1 in. long, sub-orbicular,
notched at apex, not winged. Hook. fil. Fl. Br. Ind. I,205. DC. Prod.
1,332; W. & A. Prod. I, 36, 7 P. serpyllafolia, Poir. Dict. V, 499; DC.
1. c. 326. P. buxiformts, Hassk. in Miq. Mus. Lugd. Bat. I, 161.

Nicobar Islands. Distrib. Peninsular India, Ceylon, Malayan Ar-
chipelago, Philippines, China.

2. Sarnomonia, Lour.

Leafy diffuse annuals, or (Sect. Epirhizanthes) parasites with leaves
reduced to scales. Flowers minute, in dense terminal spikes. Sepals
nearly equal, 2 interior somewhat larger. Petals 3, united at the base
with the staminal tube; the inferior keel-shaped, galcate, not crested.

18
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Stamens 4-5, filaments united for their lower half into a sheath ; anthers
opening by pores. Ovary 2-celled, each cell with one pendulous ovule.
Capsule much compressed laterally, 2-celled, loculicidal, margins tooth-
ed. Sceds albuminous, not or scarcely strophiolate. Distrib. Species
about 8, natives of Eastern tropical Asia and tropical Australia.

Sect. I. Sarosonia, DC. Stems leafy.

1. Saroyonia caNTONIENSIS, Lour. Fl. Coch. Ch. 14. A diffuse, much-
branched, glabrous, annual ; stem and branches winged. Leaves shortly
petiolate, ovate-cordate, 3-nerved, length ‘25 to ‘4 in. Spikes numerous,
terminal, dense above but lax below, 1-3 in. long; bracts minute,
fugacious. Flowers 05 in. long. Sepals linear, Capsule flat, reniform,
its edges with bold recurved triangular teeth. Seeds black, estrophio-
late; Hook. fil. F1. Br. Ind. I, 206. DC. Prod. I, 334; Benth. F1.
Hongk. 44; Miq. Flor. Ind. Bat. I, pt. ii, 127; Hassk. in Miq. Ann.
Mus. Lugd. Bat. 1, 144. 8. subrotunda, Hassk. 1. c. 146.

In all the provinces except Nicobars and Andamans; in swampy
places. Distrib. Brit. India, Malayan Archipelago.

2. SaLomMoNiA 0BLONGIFOLIA, DC. Prod. I, 354. An erect, simple
or little-branched, glabrous annual, 3-6 in. high: stem anrd branches
very slightly winged. Leaves elliptic or ovate-lanceolate, sessile, *15 to
*4 in. long. Bracts linear, often persistent. Spikes terminal, 1-3 in.
long, naked below. Flowers crowded above, ‘05 in. long. Sepals nearly
equal, lanceolate. Capsule reniform, teeth pointed, spreading. Seeds
black, estrophiolate. Hook. fil. Fl1. Br. Ind. I, 207; Hassk. in Migq.
Ann. Mus. Lugd. Bat. I, 147; Arn. Pug. Ind. IV ; Deless. Ic. Sel. III, t.
19. 8. sessiliflora, Ham. in Don Prodr. 201. 8. obovata, Wight Ill. i, t.
22 B. 8. canarana, rigida, ? Horneri, ? uncinata and ? setosa-ctliata,
Hassk. 1. c. 147, 148, 149 ? 8. stricta, Sieb. et Zucc. Abh. d. k. Baier,
Akad. d. Wiss. IV, 2, 152.

In all the provinces except Nicobars and Andamans, in swampy
places. Distrib. Brit. India, Malayan Archipelago.

Sect. II. ErirHIZANTHES, Blume (genus). Parasitic leaves none,
or reduced to scales.

3. SaLoMONIA APHYLLA, Griff. in Trans. Linn. Soc. xix, 342. A
brownish-purple, erect, little-branching, parasitic herb, 3-6 in. high.
Leaves reduced to a few distant, brown scales. Spikes terminal, dense,
1-3 in. long. Bracts minute, persistent. Flowers pale brown, ‘04 in.
long. Sepals ovate. Capsule transversely ovate, with a single apical
tooth. Seeds black, strophiolate, Hook. fil. F1. Br. Ind. I, 207. 8.
parasitica, Griff. Notul. IV, 538. 8. tenella, Hook. fil. in Trans. Linn.
Sec. xxiii. 158. Epirhizanthes, Bl. Cat. Hort. Buitenz. and in Flor.
Bot. Zeit. 1825, p. 133; Reuter in DC. Prod. X1, p. 44.
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Perak; in dense Bamboo Forests. Distrib. Java, Borneo, Tenas-
gerim.

3. SECURIDACA, Linn.

Shrubs, almost always scandent. Flowersin terminal or axillary,
usually compound, racemes. Sepals deciduous, 2 inmer (wings) larger
and petaloid. Petals 3, lateral nearly or quite distinct from the galeate
crested keel, superior petals 0. Stamens 8, filaments united : anthers
2-celled, dehiscing by oblique pores. Ovary l-celled, 1-ovuled. Fruit
a l-celled samara, 1-seeded ; wing broad, coriaceous. Seeds exalbuminous,
estrophiolate. Distrib. Species about 25; most numerous in tropical
America, rarer in tropical Africa and Asia.

SECURIDACA BRACTEATA, Benn. in Hook. fil. F1. Br. Ind. I, 208. A
powerful climber; branches terete, puberulous. Leaves elliptic, shortly
and bluntly acuminate, the margins revolute when dry, base rounded
or slightly narrowed; upper surface shining, lower densely covered
with minute pale pubescence ; nerves 5-6 pairs. Flowers in racemes or
panicles ; bracts ovate, acuminate, pubescent, deciduous. OQuter sepals
nearly equal, small, ovate, very hairy, ciliate; wings large, rotund,
pubescent externally. Lateral petals truncate; keel with a recurved,
plaited crest. Ovary orbicular; style curved. 8Stigma large. Samara
3-3; in., the nucleus smooth, sub-globular, 4 iun. in diam.; the wing
obliquely oblanceolate, membranous, with prominent transverse curving
arched nerves; the upper edge thickened entire, the lower erose.

Malacca, Maingay ; Perak, Wray.

Not having seen any specimen with perfect flowers, I have copied
the description of the sepals and petals from Bennet.

4. TrigoxNiasTRUM, Miquel.

A shrub or small tree. Leaves hoary beneath. Flowers in slender
terminal panicles. Sepals 5, nearly equal, the two outer larger. Petals
5, imbricate, unequal, the two lower partially united to form a keel ; the
odd petal the largest, saccate at the base and with a large hairy gland
in its concavity. Stamens 5 or 6, the filaments united into a group be-
tween the ovary and the keel. Ovary densely hairy, 3-locular; ovules
pendalous, solitary in each cell. Fruit of 3 samaroid, ultimately almost
distinct, carpels. Seeds 1 in each carpel, not strophiolate.

TRIGONIASTRUM HYPOLEUCUM, Miq. Fl. Ind. Bat. Suppl. I, 395. A
slender tree, 30 to 60 feet high; young branches hoary-pubescent; the
older with dark brown, lenticellate bark. Leaves elliptic-lanceolate, shortly
and bluntly acuminate, narrowed to the base; both surfaces shining ;
the upper glabrous;.the lower pale, very minutely scurfy-pubescent,
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the reticulations and 6 pairs of nerves bold and prominent; length 4 to
5 in., breadth 1°25 to 1'75 in. ; petiole ‘2 to ‘3 in. Panicles axillary and
terminal, slender, spreading. Flowers ‘25 in. in diam. ; shortly pedicellate.
Sepals 5, pubescent, slightly unequal. Ovary hairy. Samaras 2 in.
long ; the naucleus 1 in. to 1'25 long, triangular, flat; the wing thinly
membranous, pale yellow, oblong, its apex blunt, oblique, venation
vertical, the areolae wide. Isopteris penangiana, Wall. Cat. 7261.

Penang. Malacca. Perak; common.

The pubescence on the under surfaces of the leaves is 8o minute
that, without a good lens, it is not seen.

5. XaNTHOPHYLLUM, Roxb.

Trees or shrubs. Leaves coriaceous or sub-coriaceous, usually yellow-
ish green. Sepals 5, nearly equal. Petals 5 or 4, the inferior keeled,
not crested. Stamens 8, distinct, 2 attached to the base of petals, the
others hypogynous. Ovary often surrounded by & hypogynous disc,
stipitate, 1-celled ; style more or less filiform, ovules various in insertion
and number. Fruit l-celled, 1-seeded, indehiscent. Seeds exalbumi-
nous, estrophiolate, Distrib. Species about 27, mostly Malayan, a few
Indian and one in Queensland.

Ovaules 4.
Leaves membranous or sub-coriaceous (coriace-
ous in No. 2) small: flowers less than ‘4 in.
long.
Fruit not verrucose.
Ovary glabrous, fruit shining oo L. Andamanicum.
Ovary tomentose
Nerves of leaves 3 to 4, young
fruit tomentose ... v 2. Qriffithis.
Nerves of leaves4 to 5,fruit tomen-
tose, branches very slender ... 3. Maingay:.
Fruit verrucose.
Fruit verrucose only when ripe, glab-
rous; leaf-nerves 9 to 10 pairs ... 4. glaucum.
Fruit verrucose from its youngest state.
Nerves of leaves 4 to 5, ovary vil-
lous ; fruit glabrous, vertically
grooved «o 9. Palembanicum.
Nerves of leaves 4 to 5; ovary vil-
lous, fruit puberulous not verti-
cally grooved .., oo 6. eurhynchum,
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Nerves of leaves 10 to 13; ovary
villous, ripe fruit glabrous not
vertically grooved o
Leaves coriaceous, shining on both surfaces ;
flowers large, ‘4 to ‘6 in. long, (small in
No. 8).
Leaves 3 to 5 in. long, nerves 5 to 6 pairs
» 4to9in. » 8tolo ,,
» 9tollin. ,, » 6to8
» 9toldin. ,, » 14 to 16 pairs
Ovales 6 to 14.
Shrubs or trees with glabrous leaves.
Leaves shining on both surfaces, drying
brown. Flowers large, in short racemes.
Ovary cottony e e
Ovary glabrous.
Leaves 2 to 225 in. long, nerves 3 pairs
» 2'5to4in., nerves d to 6 pairs...
» 4 to 6 in., nerves 5 to 6 pairs...
Leaves dull white below, not shining, green-
ish above when dry : flowers large, ovary
tomentose ver
Leaves shining on both surfaces, drying yel-
lowish or greenish.
Leaves not cordate; panicles small,

not spreading . e
Leaves minutely cordate a.t base ; pa-
nicles large, wide-spreading
T'rees with leaves pubescent beneath, and tomentose
wnflorescence.
Pubescence sulphureous; ovary glabrous...
» rufous ; ovary tomentose ...
Doubtful species.
Fruit many-seeded 3 in. in diam. o e

1. XANTHOPHRYLLUM ANDAMANICUM, King, n. sp.

7. Wrayi.

8. Curtisiz.
9. Kunstleri.

10.
11

12.

13.
14.
15.

16.

17,

18.

19.
20.

21.

Hookerianum.
venosum.

stipitatum.
Scortechinii.

ellipticum,
obscurum,

pulchrum,

affine.

bullatum.

sulphuratum.

rufum,

nsigne.

A tree 20 to 30 feet
high, glabrous except the inflorescence, branches dark brown. Leaves
thinly coriaceous, drying a pale greenish passing into brown, elliptic to
elliptic-oblong, rarely sub-obovate, sub-acute, the base cuneate ; upper sur-
face smooth, shining; the lower dull, pale, minutely reticulate; main nerves
7 to 8 pairs, rather prominent : length 3 to 4 in., breadth 125 to 175
in.; petiole ‘3 to "4 in. Flowers ‘3 in. long, their pedicels about as long,
Panicles extra-axillary or terminal, 1'5 to 3 in. long, lax, few-branched,
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slender. Sepals rotund, pubescent, edges ciliolate. Petals broadly ovate,
glabrous, keel pubescent. Filaments flat and pubescent at the base,
otherwise glabrous.  Owvary ovoid-elongate, glabrous, 4-ovuled; style
rather flat, pubescent; disc small, glabrous. Fruit globose, *5 in. in
diam., smooth ; pericarp thin, crustaceous. .

Andaman Islands; Helfer, Kurz, King’s Collector. Burmah, Kurz.

This is not unlike X. Griffithiz in its leaves: but it differs in its
glabrous ovary and fruit.

2. XANTHOPHYLLUM GrIFFITHII, Hook. fil. Fl. Br. Ind. I, 210. A
tree 40 to 50 feet high; glabrous, except the inflorescence and young
fruit. Branchlets robust, dark brown, polished, terete. Leaves coria-
ceous, elliptic-lanceolate or lanceolate, acute or acuminate, the edges
slightly revolute, the base acute; upper surface dark (when dry) and
shining ; the lower pale, sub-glaucous, the minute reticulations and 3-4
pairs of main nerves distinct; length 3 to 5 in., breadth 1 to 1'5 in.,
petiole thick, dark-coloured, ‘35 in. long. Flowers about *35 in. long, in
tomentose axillary racemes shorter than the leaves, or in terminal few-
branched panicles : pedicels short, stout. Sepals broadly ovate, blunt,
dark brown, tomentose externally. Petals oblong, blunt, glabrous except
the pubescent keel. Lower half of filaments thickened, hairy. Ovary
sessile, tomentose, with 4 ovules from its base. Style cylindric, sparsely
pilose. Fruit (young), globular, tawny-tomentose.

Malacca and Perak. Distrib. Burmah (at Mergui). Ripe fruit of
this is unknown.

3. XaNTHOPRYLLUM MaiNgayi, Hook. fil. in Fl. Br. Ind. I, 210. A
tree 20 to 40 feet high. Branches very slender with pale brown bark, the
youngest puberulous. Leaves membranous, lanceolate or elliptic-lan-
ceolate, cordate-acuminate, the base narrowed; both surfaces smooth,
the lower pale but not glaucous ; nerves 4-5 pairs, the reticulations fine,
not prominent: length 2 to 3 in., breadth ‘65 in. to 1 in.; petiole
slender, about ‘25 in. Racemes axlllary and terminal, sometlmes branch-
ed, the rachises tawny-tomentose, 2 to 3 in. long; flowers white, ‘35 in_
long. Sepals rhomboid, unequal, pubescent. Petals much longer than
the sepals, spreading, glabrous except the pubescent keel. Filaments
much curved, with a bairy thickening above the base. Ovary shortly
stipitate, ovoid, ridged, tawny-tomentose; ovules 4, parietal. Frui¢
globose, 5 in, in diam., minutely tomentose ; pericarp moderately thick,
puckering when dry.

Penang, Malacca and Perak ; at low elevations.

4, XANTHOPHYLLUM GLAUCUM, Wall. Cat. 4199. A tree 20 to 30
feet high. Young branches terete, smooth, pale, the very youngest
brown and slightly angled. Leaves sub-coriaceous, oblong-lanceolate to
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elliptic-lanceolate, sub-acute, the base narrowed into the petiole ; upper
surface shining; lower dull, sub-glaucous ; nerves 8 to 10 pairs, not pro-
minent, reticulations minute ; length 3 to 4 in., breadth 1 in. to 14 in. ;
petiole rather thick, less than *25 in. Flowers ‘25 in. long, otherwise as
in X. Grifithii. Fruit globose when quite ripe, slightly warted, and 1
in. in diam. Hook. fil. Fl. Br. Ind. I, 209; Hassk. in. Miq. Ann. Mus.
Lugd. Bat. I, 193.

Trang. King’s Collector No. 1427. Distrib. Chittagong, Burmah,

This differs from X. Grifithit chiefly by having many more nerves
in its leaves.

5. XaNTHOPHYLLUM ParLemBaNIcUM, Miq. Ann. Mus. Lugd. Bat. I,
317. A glabrous tree 30 to 40 feet high; branchlets slender, pale.
Leaves membranous, drying pale green, lanceolate, rarely elliptic, caudate-
acuminate, the base narrowed ; acute or cuneate ; upper surface shining,
the lower dall, pale but not glancous, main nerves 4 to 5 pairs, slightly
prominent, reticulations minute ; length 3 to 4'5 in., breadth 1'1 to 1'3
in.; petiole ‘2 in., slender. Flowers ‘4 in. Racemes axillary, fow-
flowered, slender, shorter than the leaves. Sepals unequal, rhomboid,
spreading, flat, puberulous externally. Petals spathulate, glabrous except
the pubescent keel. Filaments thickened and pubescent in the lower
half. Ovary shortly stipitate, villous; the annular disc surrounding it
small ; style sparsely villous. Ovules 4, from near base of ovary. Fruit
globose, ‘75 in. in diam., glabrous, boldly verrucose and with several
irregular vertical grooves ; pericarp ‘1 in. thick, crustaceous.

Perak, rather common. Distrib. Sumatra.

This is not unlike X. Maingayi, but is at once distingunished from
that by its deeply grooved fruit.

6. XANTHOPHYLLUM EURHYNCHUM, Miq. Ann. Mus. Lugd. Bat. I,
277. A glabrous tree 30 to 50 feet high; branchlets terete, brown.
Leaves drying pale green, sub-coriaceous, elliptic-lanceolate tapering at
both ends, to elliptic with rounded base and apex shortly acuminate ;
both surfaces smooth, the upper shining, the lower dull slightly paler ; main
nerves 4 to 5 pairs, prominent beneath ; length 4 to 55 in., breadth 1:75
to 2°5 in,, petiole "3 in. Flowers ‘25 in. long, the pedicels not longer
than the calyx. Racemes shorter than the leaves, pubescent, axillary
and solitary or in terminal few-branched panicles. Sepals unequal, ovate-
oblong, blunt, spreading, minutely tomentose externally. Petals spathu-
late, glabrous except the pubescent keel. Filaments slightly flattened
and pubescent in the lower half.  Ovary villous, 4-ovuled. Style slight-
ly carved, villous. Fruit globose, ‘75 in. in diam., puberulous, rather
minutely verrucose, not vertically ridged ; pericarp crustaceous, brittle,
*2 in. thick.
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Perak, Pangkore. Distrib. Sumatra.

This comes very near X. Palembanicum, but is distinguished from
that species by its more robust branches, longer leaves, and velvetty fruit
which is not vertically ridged. The two are, however, closely allied.

7. XantHOPHYLLUM WRAYI, King, n. sp. A shrub 3 to 8 feet high,
the young branches puberulous. Leaves sub-coriaceous, drying & pale yel-
lowish green, elliptic to oblong, more or less acaminate, the base rounded
or narrowed ; upper surface shining ; lower slightly dull, paleand rather
minutely reticulate ; the main nerves 10 to 13 pairs, prominent, forming
arches ‘2 in. within the edge ; length 6 to 10 in., breadth 2:25 to 4'5 in.
petiole ‘3 to ‘6 in. Flowers '35 in. long, their pedicels shorter than the
calyx, in terminal or axillary racemes or small panicles less than a third
of the length of the leaves. Sepals ovate, blunt, puberulons. Petals
oblong, obtuse, puberulous in the upper, pubescent in the lower, half.
Filaments flat, pubescent. Ovary on a glabrous stalk, densely villous,
4-ovuled, the disc glabrons. Fruit globose, *75 in. in diam. ; when young
sericeous, when ripe quite glabrous and boldly verrucose.

Penang, Curtis ; No. 677. Perak, King’s Collector, Wray.

This is not unlike X. affine, Korth, but is distinguished from that
species by its sericeous ovary and deeply warted fruit. In its fruit this
resembles X. Palembanicum and eurynchum ; but it differs from both in
its much larger aud more numerously veined leaves.

8. XanrtHorHYLUM Currisii, King, n. sp. A glabrous tree, 30 to 50
feet high. Young branches rather robust, dark brown, glabrous. Leaves
coriaceous, drying brown, ovate-lanceolate, shortly acuminate, the base
rounded or cuneate ; both surfaces smooth, dull ; the lower paler, minute-
ly reticulate; main nerves 5 to 6 pairs, not much more prominent than the
secondary nerves ; length 3 to 5 in., breadth 1 to 1°3 in., petiole ‘4 in,
Flowers *4 in. long, the pedicels about as long as the calyx. Panicles axillary
or terminal, few-branched, nearly as long as the leaves. Sepals mnearly
equal, rotund, tomentose. Petals oblong, obtuse, glabrous except the
broadly obovate pubescent keel. Filaments with an ovoid pubescent
swelling near the base. Ovary sessile, ridged, pubescent, 2 to 4-ovuled,
thick walled, surrounded by a fleshy glabrous slightly angled bat not
wavy disc. Style conical, pubescent. Fruit (very young). globose,
tomentose.

Penang, Curtis; No. 1591  Singapore, Murton.

The leaves of this dry of an olivaceous brown colour.

Ripe fruit is unknown. Curtis’ No. 1486 from Penang, of which I
have seen no very complete specimen, is probably a variety of this with
leaves more attenuated to both base and apex, and with longer more
spreading panicles.
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9. XantHOPHYLUM KonstLerr, King, n. sp. A glabrous tree 50 to
80 feet high; the branchlets robust, dark brown, sub-glaucous. Leaves
large, coriaceous (with a yellowish green tinge when dry) elliptic to
elliptic-oblong, the apex very shortly and rather suddenly acuminate,
the edges (when dry) undulate, the base rounded or slightly narrowed
to the stout petiole ; both surfaces shining ; nerves sub-horizontal, 8 to 10
pairs, prominent beneath as are the secondary nerves and reticulations;
length 4°5 to 9 in., breadth 2-25 to 4°25 in., petiole ‘6 to ‘75 in. Flowers
‘6 in. long, shortly pedicellate, in axillary racemes less than half as long
a8, or in terminal few-branched spreading panicles longer than, the
leaves. Sepals slightly unequal, ovate-rotund, fleshy, thickened along
the midrib, minutely tomentose cn both surfaces; the edges thin, cilio-
late. Petals oblong-obtuse, glabrous except the pubescent keel. Fila-
ments with a pubescent ovoid swelling above the base. Ovary almost
sessile, sarronnded by a shallow wavy fleshy disc, ovoid, grooved, to-
mentose, 4-ovulate: style couical, slightly curved, pubescent. Fruit
globose, ‘65 in. in diam. (young) deciduously tomentose ; pericarp thick,
spongy, the calyx persistent.

Perak. Atlow elevations, not common. King’s Collector (Kunstler).
Penang, Government Hill, Curtis, No. 1550.

10 XantaopaYLLUM HoOKERIANUM, King, n.sp. A glabrous large-
leaved shrub; young branches rather stout, sub-glaucous. Leaves coria-
ceous, (drying yellowish) elliptic-oblong with a rather abrupt bluntish
acumen 1 in. long, the edges slightly revolute when dry, the base slight-
ly narrowed to the petiole ; both surfaces smooth, the lower slightly paler;
main nerves 6 to 8 pairs, thin but rather prominent beneath as are the
reticulations ; length 9 to 11 in., breadth 3 to 4 in.; petiole ‘75 in.
Flowers *4 in. long, the pedicels about as long as the calyx. Sepals
nearly equal, broadly ovate, minutely tomentose on both surfaces, the
edges thin, ciliolate. Petals oblong, obtuse, glabrous except the pubes-
cent keel. Filaments flat, puberulous. Ovary sessile, ovoid, tomentose,
4-ovuled ; style flat, grooved, pubescent, slightly curved. Fruit un-
known.

Perak, King's Collector ; No. 5997. )

11. XANTHOPHYLLUM VENOSUM, King, n.sp. A glabrous long-leaved
tree 20 to 30 feet high ; young branches rather robust, with very dark
brown bark. Leaves (drying pale yellowish-green), coriaceous, oblong,
sub-acute, the edges recurved when dry, gradually but slightly narrowed
in the lower fourth to the rounded or minutely cordate base; both sur-
faces shining, the lower slightly paler; main nerves 14 to 16 pairs,
horizontal near the base, sub-ascending towards the apex, prominent
on the lower sarface and forming bold arches ‘2 in. from the margin,

19
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secondary nerves and minute reticulations distinct ; length 9 to 14 in.,
breadth 25 to 3-25 in., petiole ‘75 to 1 in. Flowers ‘4 in. long, their
pedicels longer than the calyx. Panicles axillary, few-branched, 3 to
6 in. long. Sepals nearly equal, broadly ovate, fleshy with thin edges,
puberulous.  Petals oblong, obtuse, glabrescent, the keel pubescent.
Filaments flat, puberulous. Ovary surrounded by a shallow glabrous
wavy disk, ovoid, minutely tomentose, grooved, 4-ovuled; style pubes-
cent, slightly curved. Fruit globose with a conical apex, deeply ragose,
verrucose ; diam., 35 in. (young).

Perak, King’s Collector ; Nos. 10614 and 10804.

Ripe fruit of this is unknown. This species, in leaf characters,
approaches the Bornean X. cordatum, Korth.; but the fruit of that is
smooth ; of this the fruit is deeply corrugated-rugose as in X. Palem-
banicum and eurhynchum.

12. XaANTHOPYLLUM STIPITATUM, A. W, Benn. in Hook. Fl. Br. Ind.
1.210. A tree with slender, smooth, brown branches. Leaves sub-
coriaceous, ovate or elliptic, shortly and obtusely candate-acuminate ;
upper sarface dull, the nerves obsolete ; lower shining, the 3 to 4 pairs
of nerves indistinct ; length 1:75 to 2:25 in., breadth ‘75 to 1 in., petiole
°15 in. Racemes slender, axillary, longer than the leaves, pubescent.
Flowers *4 in long, shorter than their slender pedicels. Sepals sub-
equal, oblong, obtuse, glabrescent. Petals twice as long as sepals,
spathulate, oblong. Filaments thickened and hairy in their lower
half. Ovary stipitate, cottony ; style sparsely hairy; ovules 8 to 10.

Malacca.

Hitherto known only by specimens from Malacca; fruit not col-
lected.

13. XanTHOPHYLLUM SCORTECHINTI, King, n. sp. A tall glabrous
tree. Leaves thinly coriaceous, drying brown, ovate, obtusely acuminate,
the base slightly cuneate, shining on both surfaces; nerves 3 pairs, sub-
erect, not prominent; length 2 to 2'25 in., breadth 1 in., petiole ‘35 in.
Flowers handsome, 6 in. long, their pedicels ‘35 in. Zacemes axillary,
solitary, 2 in. long, few-flowered. Sepals fleshy, glabrous with ciliolate
edges; the three outer ovate blunt, the two inner rotund. Petals broad-
ly obovate, clawed, glabrescent, the keel pubescent. Filaments as long
as the petals, flat, pubescent; anthers short, ovate. Ovary shortly
stalked, elongated-ovoid, ridged, glabrous, 6-ovuled ; style little curved,
glabrous ; stigma capitate: disc small, annular, glabrous.

Perak, Father Scortechini, No. 2079.

Of this distinct and handsome species fruit is as yet unknown.

14. XaANTHOPHYLLUM ELLIPTICUM, Korth. in Miq. Ann. Mus. Lugd.
Bat. I, 276. A glabrous tree 30 to 60 feet high; branchlets slender,
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pale. Leaves drying pale brown, sub-coriaceous, elliptic-lanceolate to
elliptic, shortly and bluntly acuminate, the base narrowed or rounded ;
above shining; below dull, the reticulations distinct; nerves 5 or 6
pairs ; length 25 to 4 in., breadth 12 to 1'75 in., petiole ‘25 in,
Flowers ‘25 in. long. Racemes axillary, shorter than the leaves, the
pedicels longer than the flowers. Sepals ovate, fleshy, glabrous, con-
cave, unequal. Petals thin, spathulate, much longer than sepals, gla-
brescent. Quary glabrous, shortly stipitate; the stalk surrounded by a
shallow entire, undulate, annular disc ; 10-ovulate ; style glabrous. Fruit
globular, ‘5 to ‘75 in. in diam., when ripe smooth, pulpy; pericarp
thin, leathery. Hook. fil. Fl. Br. Ind. I, 211.

Malacca, Perak.

15. XaANTHOPHYLLUM 0BSCURUM, A. W. Beun. in Hook. fil. Fl. Br.
Ind. I, 211. A large tree; branches stout, glabrous, lenticellate. Leaves
coriaceous, elliptic, blunt, narrowed in the lower third to the stout petiole,
drying to a dark brown; both surfaces shining ; the lower slightly paler;
main nerves 5 to 6 pairs, thin, rather prominent as are the intermediate
nerves ; length 425 to 475 in., breadth 2 to 2:25 in., petiole "4 in.
Racemes axillary, 1 to 1'15 in. long, few-flowered. Flowers ‘6 in. long,
the pedicels short. Sepals oblong, blunt, the edges ciliate, the 3 outer
small. Petals glabrous, oblong, sub-spathulate. Ovary ovoid, glabrous,
ovules 8 to 10 ; style glabrous.

Singapore; Maingay, Hullett.

Fruit of this is unknown.

16. XaNTHOPHYLLUM PULCHRUM, King, n.sp. A glabrous shrub or
small tree, the young branches rather robust, the bark very pale. Leaves
coriaceous, shortly petiolate, elliptic, acute or very shortly and bluntly
acuminate, the edges recurved when dry, base rounded; upper surface
shining; lower dull, pale yellow, glaucous, the 5-6 pairs of nerves and
the fine reticulations very prominent ; length 4 to 8 in., breadth 2:25 to
4 in.; petiole stout, ‘2 in. Flowers ‘6 in. long, on short thick pedicels,
in denge, solitary, axillary, rufous-tomentose racemes half as long as
the leaves, or less; bracts broadly ovate, concave, deciduous, coloured.
Sepals nearly equal, ovate-rotund, with fleshy tomentose midribs and
thin minutely ciliate odges, coloured. Petals oblong, blunt, glabrous
except the pubescent keel. Filaments rather short, broad, flat, puberu-
lous. Ovary ovoid, pointed, tomentose, surrounded by a thin, rather
deep, glabrous disc ; style glabrescent, slightly curved ; ovules 12. Fruit
globose, 75 in. in diam., minutely tomentose when ripe, pericarp
thin.

Perak : rather common. A handsome bush or treclet with ycllow-
ish flowers tinged with pink.
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In leaf characters this comes near to the Sumatran X. vilellinum,
Blume : but the two differ in flower and fruit.

17. XANTHOPHYLLUM AFFINE, Korth. in Miq. Ann. Lugd. Bat. I,
271. A shrub or tree; young branches glabrous, pale brown. Leaves
thinly coriaceous (drying of a more or less yellowish pale green, especial-
ly beneath), elliptic to oblong-lanceolate, shortly and bluntly acuminate,
the base cuneate; upper surface smooth, shining, lower dull pale and
yellowish ; main nerves 5 to 8 pairs, ascending, prominent beneath ;
length 4 to 7 in., breadth 1'8 to 2'5 in., petiole ‘3 to *4 in. Flowers
35 in. long, the pedicels nearly as long. Panicles axillary or
terminal, few-branched, minutely tomentose, the axillary half as
long, the terminal as long as, the leaves. Sepals un-equal, ovate-
rotund to rotund, blunt, tomentose externally. Petals oblong, ob-
tuse, pubescent near the base or wholly glabrous, the keel al-
ways pubescent. Filaments flat, puberulous. Ovary shortly stipitate,
glabrous, from 8 to l4-ovuled. Style short, flat, pubescent. Disc
annular, fleshy, glabrous, often wavy. Fruit globose, ‘5 to 1'25 in. in
diam., smooth ; pericarp thin, crustaceous. Hook. fil. F1. Br. Ind. 1, 209.

In all the provinces; common. Distrib. Malayan Archipelago
generally. Tenasserim.

This occurs as a bush and also as a tree. It varies a little as to
colour and shape of leaves, and as to the pubescence on the petals. But,
when its commonness is considererd, its characters are really remarkably
constant, that of the size of the individual alone excepted.

18. XANTHOPHYLLUM BULLATUM, King, n. sp. A shrub or small tree
with large, sub-sessile leaves; young branches robust, pale, puberalous,
lenticellate. Leaves coriaceous, drying a pale greenish-yellow, elliptic-
oblong, sub-obovate, shortly and blantly acuminate, the edges sub-
recurved ; slightly narrowed to the cordate, sub-auriculate, slightly
unequal base ; bullate, especially in the lower half, shining and glabrous on
both surfaces, the lower a little paler; main nerves 18 to 25, bold on
lower surface and sometimes puberulous as in the strong midrib; length
11 to 18 in., bieadth 4 to 6'5 in.; petiolo '25 in., very stout, glandular.
Flowers *4 in. long, the pedicels twice as long as the calyx. Panicles ter-
minal, many-branched, spreading, pubescent; bracts deciduous, ovate.
Sepals unequal, rotund, fleshy, concave, tomentose, the edges of the
inner two thin and ciliate. Petals ovate-rotund, glabrous, not much
larger than the sepals. Filaments flat, fleshy, glabrous. Ovary glabrous,
ovoid, 8-ovuled, surrounded by a glabrous fleshy annular wavy disc;
style glabrous; stigma conical, pubescent. Fruit globose, glabrous,
*75 in. in diam. (? ripe;) pericarp thick, crustaccous.
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Perak, on low Hills.

This resembles X. adenotus, Miq., but differs in vonation of leaves
and in inflorescence.

19. XANTHOPHYLLUM SULPHUREUM, King, n. sp. A tree 100 (or even
150) feet high; branches with very dark brown bark, the youngest
minutely tomentose. Leaves coriaceous, drying bright yellowish-green,
elliptic-oblong, sometimes sub-obovate, acuminate, the edges recurved
when dry, the base cuneate ; upper surface glabrous, shining; lower sul-
phureous, softly but minutely pubescent especially on the midrib and 6
to 7 pairs of prominent ascending nerves; length 55 to 7°5 in., breadth
2 to 2°5 in., petiole *5 to "65 in. Flowers ‘4 in. long, the pedicels about
as long as the calyx. Panicles tomentose, with ovate deciduous bracts,
compact, many-branched, axillary or terminal, less than half the length
of the leaves. Sepals unequal, ovate-rotund, minutely tomentose on
both surfaces, the edges ciliolate. Petals oblong, obtuse, glabrous
except the pubescent tips; the keel obovate, vertically 9 to 10-ridged,
tomentose. Filaments flattened, glabrous. Ovary shortly stipitate, gla-
brous, ovate, 8-ovuled, surrounded at the base by a fleshy glabrous much
waved annular disc. Style villous in its lower, glabrous in its upper,
half. Fruit (young) globose, sulphureous, glabrous, faintly rugose.

Perak, on low hills.

Not unlike X. rufum, A. W. Benn. in general aspect: but with
smaller flowers, glabrous ovary and fruit, and leaves iuntensely sulphu-
reous beneath.

20. XANTHOPHYLLUM RUFUM, A. W. Benn, in Hook. fil. F1. Br. Ind. I,
210. A tree 40 to 50 feet high. Branchlets stout, terete, pale scurfy-
pubescent, the youngest rufous-tomentose. Leaves coriaceous, elliptic to
ovate or obovate-elliptic, very shortly and suddeuly acuminate, narrow-
ed in the lower third to the stout short petiole, the edges recurved when
dry; upper surface glabrous, dull; lower paler, covered with short soft
pubescence especially on the midrib and 7-8 pairs of bold semi-erect
nerves ; length 45 to 65 in. (acumen 5 in.,) breadth 2:25 to 2:75 in.,
petiole *5 in., Panicles terminal or from the axils of the uppermost
leaves, lax, few-branched, 3 to 7 in. long, densely tomentose, the ends
of the branches and sepals rufous. Flowers 6 iu. long, on short pedicels
in the axils of ovate sub-persistent bracts. Sepals unequal, ovate to sub-
reniform, densely tomentose on both surfaces, fleshy, concave. Petals
more than twice as long as the sepals, oblong, obtuse, glabrous except
the tomentose keel. Filaments glabrous, flat at the base. Ovary sur-
rounded by a shallow fleshy disc, sessile, ovate, pointed, ridged, tomen-
tose as is also the conical style ; ovules 12 to 16. Fruit *75 in. in diam.,
(? mature) globose, with 4 vertical rufous pubescent ridges; pericarp
thick, crustaceous,
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Malacca ; Perak. Distrib. Sumatra. (Beccari, P. S. No. 643.)

21. XANTHOPHYLLUM INSIGNE, A. W. Benn. in Hook. fil. Fl. Br. Ind.
1, 211. A glabrous tree with pale branchlets. ZLeaves drying brown,
coriaceous, elliptic, obtuse, the base slightly narrowed; upper surface
shining ; lower dull, pale, the 6-8 pairs of nerves and rather wide reticu-
lations prominent ; length 4:5 to 6'5 in., breadth 3 to 85 in. ; petiole stout,
‘6 in. Racemes 3 to 4 in. long, axillary, sometimes terminal and panicled.
Flowers ‘6 to ‘75 in. long; sepals unequal, sub-orbicular, puberulous.
Petals spathulate, glabrous except the pubescent claw ; keel adpressed-
sericeous, its claw pubescent. Stamens 8, the filaments flat at the base
and rising from an annular entire undulate disc which surrounds the
ovary. Ovary ovoid, ridged, glabrous, ovules 16; style little curved,
glabrous. Fruit globose, 3 in. in diam., minutely rugose, pericarp 5 in.,
thick ; seeds oblong, 1 in. long, embedded in pulp.

Malacea ; Maingay, No. 348. Miller.

OrpEr XII. PORTULACEA.

Herbs, rarely undershrubs. Leaves opposite or alternate, entire ;
nodes with scarious or hairy appendages, rarely naked. Inflorescence
various. Sepals 2, imbricate. Petals 4-5, hypogynous or perigynous,
free (or united below), fugacious. Stamens 4-c0, inserted with (rarely
upon) the petals, filaments slender; anthers 2-celled. Ovary free, or
}-inferior, 1-celled ; style 2-8-fid, divisions stigmatose; ovules 2-00, on
basal funicles or a central colummn, amphitropal. Capsule with trans.
verse or 2-3-valvular dehiscence. Seeds 1- o0, compressed; embryo
curved round & mealy albumen. Distrib. Cosmopolitan, chiefly Ameri-
can: genera 15, species about 125,

1. PorTULACA, Linn.

Diffuse, usually succulent, annual or perennial herbs. Leaves with
scaly or hairy nodal appendages. Flowers terminal, surrounded by a
whorl of leaves, solitary or clustered. Sepals connate below, the free
part deciduous. Petals 4-6, perigynous or epipetalous. ~Ovary }-inferior ;
style 3-8-fid; ovules o. Capsule crustaceous, debiscing transversely.
Seeds o, reniform. Distrib. Tropical regions, chiefly American;
one or two are cosmopolitan weeds extending to temperate regions ;
species 16.

1. PORTULACA OLERACEA, Linn. An annual glabrous, sub-succulent,
prostrate herb, 6 to 12 inches long; sometimes with minute scarious
appendages at the nodes. Leaves flat, cuneate-oblong, rounded or
truncate at the apex, ‘25 to 1'25 in. long : petiole very short. Flowers in
few-flowered terminal heads or in dichotomous cymecs, sessile, surrounded
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by a few ovate, pointed scarious bracts: petals 5, equal to the sepals,
yellow: stamens 8 to 12: style 3-8-cleft: seeds punctate: Roxb. FI.
Ind. 11, 463; W. & A. Prodr. 356, P. levis, Ham. in Wall. Cat. 6341,
Hook. fil. Fl. Br. Ind. I, 246. P. suffruticosa, Thw. Enum. 24 (not of
Wight).

In the Andamans, and probably in all the Provinces, in waste places.
Distrib. All warm climates.

2. PORTULACA QUADRIFIDA, Liun. An annual with diffuse filiform
stems, rooting at the nodes; nodal appendages copious, pilose. Leaves
flat, opposite, ovate or ovate-lanceolate, acute, almost sessile; length -2
to *35 in. Flowers solitary, terminal; calyx tube partly immersed in
the extremity of the axis, surrounded by long silky hairs and by about
4 bracteoles : petals 4, yellow; stamens 8 to 12; style filiform, deeply
4-fid. Seeds minutely tuberculate. DC. Prod. III, 354. Wight Ill. ii, t.
109. Hook. fil FL. Br. Ind. I, 247. Oliver F1. Trop. Africa, I, 149. P.
meridiana, L. Roxb., Fl. Ind. II, 463. [P. geniculata, Royle Iil. 221.
P. anceps, Rich. Fl. Abyssin., I, 301.

Penang, in the Fort; Curtis. Distrib. Throughout the Tropics of
Asia, S. Africa.

Orper XIII. HYPERICINELZ.

Herbs or shrubs, rarely trees. Leaves opposite, often punctate with
pellucid glands or dark glandular dots, entire or glandular-toothed ;
stipules 0. Flowers solitary or cymose, terminal, rarely axillary. Sepals
and petals each 5, rarely 4; petals contorted in bud. Stamens inde-
finite, or rarely definite, 3- or 5-adelphous, rarely free or all connate ;
anthers versatile. Owvary 3- 5-carpellary, 1- or 3-5-celled; styles as many,
filiform, free or united ; ovules few or numerous, on parietal or axile
placentas, anatropous, raphe lateral or superior. Fruit capsular or bac-
tate. Seeds exalbuminous, sometimes winged; embryo straight or
curved. Distrib. Temp. countries and mountains of warm regions;
genera 8, specics about 210.

1. CraToxyLoN, Blume.

Shrubs or trees. Leaves entire, usually papery. Inflorescence axil-
lary or terminal, cymose. Sepals and pefals each 5, Stamens 3- or 5e
adelphous, with fleshy hypogynous glands alternating with the bundles.
Ovary 3-celled ; styles distinct; ovules 4-8 in each cell. Capsule 3-
valved, seeds winged. Distrib. Tropical Asia; species about 12.

Sect. I. ANcisTrROLOBUS, Spach. Petals sub-persistent, inappendi-
culate. Stamens 3-delphous; glands more or less cucullate.

1. CraTOXYLON POLYANTHUM, Korth. Verhand. Nat. Gesch. Bot. 175,
t. 36. A largoe shrub, or trec 30 to 40 feet high, all parts glabrous;
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young branches pale brown, compressed. Leaves membranous, minutely
pellucid-punctate, elliptic-oblong, almost equally acute at base and
apex ; above shining, below rather dull; nerves about 7 to 10 pairs,
pale ; reticulations minute ; length 15 to 3'5 in., breadth 75 in. to 1'25
in., petiole ‘1 in. Flowers slightly supra-axillary, solitary or in 1 to
8-flowered cymes, ‘5 in. in diam. Sepals elliptic, obtuse, as long as the
petals. Petals oblanceolate, veined. Hypogynous glands large, fleshy.
Capsuleslightly exceeding the persistent sepals. Seeds obliquely winged.
Hook. fil; F1. Br. Ind. I, 257. Migq. FI. Ind. Bat. I, pt. ii, p. 516.

All the Provinces. Distrib. British India, China, Philippines.

Var. 1. LicusTrINUM, Blume Mus. Bot. II, I6 (sp.) ; leaves narrow-
ed at both ends, acute. O. lanceolatum, Miq. Fl. Ind. Bat. Supp. I, 500.
Ancistrolobus ligustrinus, Spach. Suit. Buff. V, 361. A. brevipes, Turcz.
Bull. Mosc. 1858, 1, 383. Hypericum pulchellum, Wall. Cat. 4821. H.
carneum, Wall. Cat. 4820.

Andamans, Malacca, Penang.

Var. 2. WigHTIi, Bl. 1. ¢. 18. (sp.) Leaves broadly oval, mostly
obtuse.  Ancistrolobus sp. Wight Ill. I, 111. Hypericum horridum,
Wall. Cat. 4822. Elodea sp. Griff. Notul. IV, 569.

Perak, King’s Collector.

Sect. II, TripEsMis, Spach. Pefals not persistent, with a basal
squamule. Stamens 3- or 5-adelphous.

2. CRATOXYLON ARBORESCENS, Blume Mus. Bot. I1,17. A tree 15 to
50 feet high, all parts glabrous. Young branches robust, the bark pale
brown, often ridged. Leaves coriaceous, broadly oblanceolate, obovate-
elliptic or oblong-obovate, very shortly acuminate ; dull on both surfaces,
the lower pale, yellowish-brown with black dots; mnerves numerous,
obsolete ; length 3 to 4'5 in., breadth 125 to 2 in.; petiole *25 in., stout.
Cymes in large terminal panicles usually longer than the leaves.
Flowers *3 in. iw diam. Sepals unequal, ovate-rotund, veined. Petals
about as long as the sepals, broadly cuneate, conspicuously veined and
with a laciniate basal scale. Capsule longer than the persistent sepals.
Seeds winged all round. Hook. fil. Fl. Br. Ind. I, 258; Kurz FI.
Burm. I, 84; C. coccineum, Planch. Hypericum arborescens, Vahl.
Symb. I1I. 86, t. 43. H. coccineum, Wall. Cat. 4823. Ancistrolobus
gluucescens, Turcz. Bull. Mosc. 1858, I, 383. Vismia ? arborescens, Choisy
Prod. Hyp. 36.

In all the Provinces. Distrib. Malayan Archipelago: Burmah.

Var. Miquelii, branches more slender than in the typical form ;
leaves thinner in texture, oblanceolate, acuminate. A small tree 15 to
20 feet. C. cuneatum, Miq. Fl. Ind. Bat. I, pt. ii, 517.

Penang, Perak., Distrib, Sumatra.
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3. CraToXxYLON FORMOSUM, Benth. and Hook. fil. Gen. P1. I, 166 A
shrub or tree 20 to 6 feet high, all parts quite glabrous, young branches
pale. Leaves membranous, broadly elliptic to elliptic-oblong, acute or
rounded, the base slightly narrowed ; upper surface shining ; lower dull
pale, glaucescent and with numerous minute black dots ; main nerves 6
to 8 pairs, little more prominent than the secondary; length 3 to 4 in.,
breadth 175 to 2:25 in. ; petiole ‘25 in., thin. Oymes axillary, or from
above the scars of fallen leaves, 2-3 flowered Flowers ‘75 in. long, their
pedicels *5 in.  Sepals elliptic, pointed, faintly veined, ‘2 in. long, nearly
equal, not accrescent. Petals thin, prominently veined, elliptic, with a
narrow scale above the slender cliw; Hypogynous glands small, oblong
or quadrate, crimson. Tubes of staminal bundles long, slender, exserted «
Capsules cylindric, acute, ‘6 in. long. Seeds ‘3 in. long, with an obtuse
obovate unilateral wing. Hook. fil. Fl. Br. Ind. I, 258; Kurz FI
Burm. I, 84. Tridesmis formosa, Korth. Verh. Nat. Gesch. Bot. 179, t.
37; Miq. Fl Ind. Bat. I, pt. ii, p. 517. T. ochnoides, Spach Suit. Buff.
V, 359. Elodea formosa, Jack in Hook. Journ. Bot. I, 374.

In all the Provinces. Distrib. Siam, Philippines, Malayan Archi-
pelago.

4. CratoxyLoR Mainaavi, Dyer in Hook. fil. F1. Br. Ind. I, 258. A
tree 30 feet high; all parts glabrous: young branches with pale brown,
ridged, bark. Leaves coriaceous, elliptic, acuminate at apex and base ;
both surfaces shining, the lower paler; main nerves obscure, about 6
pairs; length 2 to 35 in., breadth 1 to 1'5 in., petiole ‘25 in. Cymes
axillary, or from above the scars of fallen leaves, few-flowered. Flowers
about 5 in. long, their pedicels ‘25 in. Sepals oblong, unequal. Petals
elliptic, clawed, veined, the basal scale acute. Capsule ‘5 in. long,
narrowly cylindric. Seeds ‘25 in. long, with oblong unilateral wing.

Penang; Maingay.

Apparently an uncommon tree, since only Maingay has as yet
collected it.

Orper XIV. GUTTIFERAE.

Trees or shrubs with yellow or greenish juice. Leaves opposite,
ooriaceous or membranous, rarely whorled or stipulate. Flowers axil-
lary or terminal, golitary, fascicled, subracemose or panicled, white, yellow
or red, regular, dicecious, polygamous or hermaphrodite. Sepals 2-6,
imbricate or in decussate pairs. Petals 2-6 (rarely more, or 0), usually
much imbricated orcontorted. MALE FL.: Stamens usually indefinite,
hypogynous; filaments free or variously connate, monadelphous or in as
many bundles as there are petals; anthers various, FEMALE FL.:
Staminodes various. Ovary 1-2-00 -celled ; style slender, short or 0; stigmas

20
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as many as the cells, free or connate, sometimes peltate; ovules 1-2 or o,
axile, or erect from the base of the cell. Fruit usually baccate and in-
dehiscent. Seeds large, albumen 0; embryo consisting of a large radicle
(tigellus) with small or obsolete cotyledons, or of thick free or con-
solidated cotyledons with a very short inferior radicle. A large tropical
family, common in Asia and America, rare in Africa, of 24 genera and
320 species.
Tribe I. Qarcinee. Cells of ovary l-ovuled ; stig-
ma sessile or sub-sessile, peltate, entire or with
radiating lobes. Fruit baccate, indehiscent: em-
bryo with cotyledons minnte or undistinguish-
able.
Calyx of 4 or 5 sepals .. 1. Garcinia.
Tribe II. Calophylleae. Ovary with 1 to 4 erect
ovules: style 1, slender: stigma peltate, 4-fid.
Fruit fleshy, usually indehiscent. Embryo with
2 distinct cotyledons.
Ovary 1-celled.

Ovules solitary, style 1, stigma peltate ... 2. Oalopizyllum
Ovules 4; style 1, 4-fid. with a stigma

above each segment «. 3. Kayea.
Ovary 2-celled, 4-ovuled.
Style 1, stigma peltate eoo 4. Mesua.

1. GarciNia, Linn.

Trees, usually with yellow juice. Leaves evergreen, coriaceous, very
rarely stipulate. Flowers solitary, fascicled, or panicled; axillary or
terminal ; polygamous. Sepals 4-5, decussate. Petals 4-5, imbricate.
MAaLE FL. : Stamens oo, free, or collected into & ring, or an entire globose
or conical 4-5-lobed mass, often surrounding a rudimentary ovary;
anthers sessile, or on short thick filaments, 2 rarely 4-celled, adnate or
peltate, dehiscing by slits or pores, or circumsciss. FEMALE OR HERMA-
PHRODITE FL.: Staminodes 8-, free or connate. Ovary 2-12-celled ;
stigma sessile or sub-sessile, peltate, entire or lobed, smooth or tuber-
cled ; ovules solitary in each cell, attached to the inner angle of the cell.
Berry with a coriaceous rind. Seeds with a pulpy aril. Distrib. Tropi-
cal Asia, Africa, and Polynesia ; species about 100.

Subgenus I. GarcINIA proper. Sepals 4, decussate: petals 4,
imbricate.

Sect. 1. Stamens of male flower occupying both
sides of 4 pedicelled fleshy processes; anthers
sessile, 2-celled, the cells more or less orbicular
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(4-celled in cuspidata) dehiscing longitudinally,

the connective thick ; rudimentary stigma hemis-

pheric, entire, discoid and flat, or concave (in Mer-

guensis und rostrada) ; the style long, oylindric  species 1 to 7.
Sect. 2. Stamens of male flower in a 4-lobed mass

surrounding the rudimentary ovary : anthers 2-

celled, oblong, dehiscing longitudinally.

Rudimentary stigma 6 to 8-lobed e species 8 to 10.
Rudimentary stigma none ... .. 8pecies 11 to 13.
Sect. 3. Stamens in u single un-lobed mass; an-
thers 2-celled.
Stamens of male flower in a cone : rudy. stig-
ma large convex ... wo 14, Malaccensis.

Staminal receptacle stipitate : anthers broad-
ly oblong, caurved, dehiscence longitudinal ;

rudy. stigma broad, discoid ... o 15, Maingay:.
Stamens in whorls on a thin annular ﬂeshy
- receptacle ... e 16. atro-viridis.

Stamens of ma.le flower on a flat or convex
sessile receptacle.
Anthers bent round the apex of the con-
nective (horse-shoe-shaped) dehiscing
along the convexity : rudy. stigma 0
Leaves white beneath we 17, opaca.
» greem 18. calycina.
Anthers thick, cuueate, with flat broa.d
tops, the connective large, cells de-
hiscing longitudinally.
Rudy. stigma large, discoid ... 19. costata.
" ' none w20, Qriffithis.
Anthers with small connective, cells sub-
orbicalar, dehiscing longitudinally :
rudy. stigma 0 21. Forbesit.
Anthers with the oonnechve lengthened
transversely aud bearing at its extremi-
ties the small oval anther cells: rudy.
stigma 0 ... <. 22. Bancana.
Sect. 4. Anthers 4-celled species 23 to 26.
Sect. 5. Anther cells surrounding the central con.
nective, often confluent, their dehiscence cir-
cumscissile : rudy. stigma 0 wo  8pecies 27 Lo 30.
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SuB-GENUS II. XANTHOCHYMUS.
Sepals and petals 5, all imbricate o 8pecies 31 to 36.

Subgenus I. GARCINIA proper, sepals 4, decussate: petals 4, im-
cate.

1. GarciNiA ruGeNIZFOLIA, Wall. Cat. 4873. A small tree; the
young branches thin, 4-angled, rather pale when dry. Leaves sub-coria-
ceous, elliptic, tapering to each end, the apex with a short blunt tail;
upper surface shining; the lower dull, pale, opaque ; nerves thin, spread-
ing, less than ‘1 in. apart, very indistinct on either surface; length 2 to
3'5 in., breadth ‘9 to 1°35 in., petiole *2 to ‘25 in. Male flowers ‘2 in. in
diam., in axillary or terminal, minutely bracteate, 3- to 6-flowered fas-
cicles; pedicels ‘2 in. long. Sepals 4, orbicular, the outer pair small,
the inner pair as large as the petals. Petals 4, orbicular, thin with a
circular thickened coloured fleshy spot near the base : Stamens numer-
ous, forming with the rudy. stigma a dense convex mass; anthers nu-
merous, on both sides of 4 fleshy processes, orbicular-oblong, 2-celled,
the dehiscence vertical: rudy. stigma large, hemispheric, the style
cylindric. Female flower: ‘25 in. in diam., in pedunculate 3-flowered
cymes, sometimes several from same axil, pedicels ‘25 to ‘35 in. Sepals 4 ;
the outer pair small, fleshy, ovate-orbicular; the inner pair thin, nearly
as large as the petals, slightly keeled at the base; petals as in the male :
Staminodes and disk absent. Stigma large, hemispheric, sub-papillose,
entire, covering nearly. the whole of the ovary. Frait in fascicles of 2 to
4, globular, ‘75 in. in diam., smooth, brown, crowned by the papillose
stigma ; calyx not persistent. Hook. fil. Fl. Br. Ind. I, 268; Pierre Fl.
Forest. Coch-Chine, fase. VI, p. vi, in part; Q. brevirostris, Scheff. Obs.
Phyt. II, 41.

Penang: Wallich, Curtis, No. 669. Tenasserim and Andamans;
Helfer, 855. Perak ; King’s Collector Nos. §604, 5954, Wray No. 461.

There are two specimens in the Calcutta Herbarium of G. breviros-
tris, Scheffer, named by the author himself; and they agree absolutely
with Wallich’s No. 4873. This species is quite distinct from Griffith’s
No. 858 (Kew Dist.) from Malacca, which Pierre not only reduces here,
but of which he figures (tab. 90 E. F.) the flowers as the flowers of this.
This species does not appear to be a common one. Specimens of other
things appear to have been so much confounded with it, that I forbear
to quote more synonyms than G. brevirostris.

2. GarcINIA MERGUENSIS, Wight Ill. 122, Ic. 116. A tree 30 to
40 feet high; young branches thin, terete, dark brown when dry.
Leaves ovate-elliptic ta lanceolate, bluntly caudate-acuminate, the base
cuneate ; upper surface when dry shining, dark brown; the lower dull
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pale brown, the midrib distinct on both; nerves indistinct, thin, spread-
ing, about "075 in. apart: length 3 to 8'5 in., breadth 1'1 to 1°4in,,
petiole ‘25 in. Male flowers °15 in. in diam., in rather dense axillary
minutely bracteolate 3- to 6-flowered cymes longer than the petioles:
pedicels ‘2 in., buds globose : sepals 4, fleshy, the outer pair small, ovate-
orbicular, sub-acute; the inner pair orbicular, all concave; petals 4,
orbicular, fleshy, concave, covering the stigma in bud : anthers numerous
on both sides of 4 fleshy processes, sessile, oblong, dehiscing suturally ;
rudy. style long, cylindric, thick: stigma discoid, smooth, flat. Herma-
phrodite flowers ; sepals 4, the outer pair as in the male ovate-orbicular,
thin: petals 4, orbicular-reniform, fleshy, not covering the stigma:
stamens numerous on both sides of 4 triangular fleshy pro-cesses ;
anthers sessile, sub-orbicular, dehiscing vertically by the satures :
stigma sessile, very large, hemispheric, convex, smooth, covering the
anthers when young. Female flowers; sepals 4, the outer pair much
smaller than the inner, all thin and concave : petals 4, orbicular, about
the same size as the inner sepals, concave, thinly coriaceous, with a
thickened coloured patch at the base : staminodes and disk 0 : stigma
semi-hemispheric, almost covering the whole ovary. Fruit pedicelled,
globular, ‘75 in. in diam., smooth, covered by the concave smooth
stigma. Hook. fil. Fl. Br. Ind. I, 267 ; Kurz Fl. Burm., I, 89 : Pierre
Flora Forest. Coch-Chin. fase. VI, p. vi, tab. 68, 69, 91, D..

Malacca ; Griffith, Maingay, No. 155, Kew Distrib. Perak; Scor-
techini Nos. 244a and 812, King’s Collector, No. 2660, Wray, 1075.
Penang ; Caurtis, No. 900.

Maingay No. 155 is the type of Pierre’s species G. fulva, but, in
spite of very careful dissection of many of the flowers of this most
puzsling plant, I cannot see my way to adopting that as a species
separable from G. merguensis, Wight.

3. GARCINIA ROBTRATA, Benth. and Hook fil. Gen. Plantar. I, 174.
A tree 30 to 40 feet high. Young branches terete, pale, slender. Leaves
thinly coriaceous, elliptic-oblong, with a rather short blunt acumen,
the base much narrowed : both surfaces shining, the lower rather pale,
midrib prominent: nerves very numerous, thin, sub-horizontal, rather
distinct when dry, especially on the lower surface ; length 25 to 35 in.,
breadth 1-25 to 1'75 in., petiole ‘2 in. Male flowers *15 in. in diam., in
slender, pedunculate, lax, often dichotomous, 3- to 9-flowered cymes which
are in fascicles of 2 to 4 in the axils of the leaves; buds depressed-
globose, °1 in. in diam.; the pedicels ‘25 to ‘35 in., slender: sepals 4,
orbicular, concave, the outer pair small, fleshy, the inner thin as large as
the petals: pefals 4, orbicular, concave, thin, each with a fleshy coloured
circalar patch near its base: stamems numerous; anthers sessile, on both
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sides of 4 thick fleshy processes; cells 2, orbicular-oblong seated on
the apex of the thick connective, dehiscing along the convexity : stigma
very large, discoid, smooth, depressed in the centre, covering the
stamens. Hermaphrodite flowers in 3-flowered, axillary, solitary, sessile,
bracteolate cymes ; sepals as in the male; pefals 4, orbicular-reniform,
not covering the stigma, otherwise as in the male; anthers in 4 masses
as in the wale, 4-celled; stigma snb-sessile, covering the whole ovary,
large, discoid, smooth, entire. Fruit solitary, or 2 or 8 from an axil,
ovoid, sub-orbicular, '5 to ‘65 in. long and rather less in diam, smooth,
crowned by the discoid sub-concave stigma. Pierre Fl. Forest. Coch-
Chine, fasc. VI, p. v, tab. 91, B. Discostigma rostratum, Hassk. Cat. Pl.
Hat. Bogor. 213. Hook. fil. Journ. Linn. Soc. X1V, 486.

Malacca ; Griffith, No. 855, Maingay 156. Perak: Scortechini 1962,
King’s Collector Nos. 8486, 10762. Distrib. Java.

This is readily distinguished by its small flowers on slender pedicels,
and by its flattened buds: also by the sub-horizontal, close, rather
distinct, venation of the leaves.

4. GARCINIA CUSPIDATA, King, n. sp. A tree 60 to 70 feet high ; the
young branches terete, dark-coloured. Leaves elliptic-ovate, shortly
sub-spathulate, cuspidate, the base narrowed; upper surface shining,
the lower dull; nerves sub-horizontal, distinct beneath when dry, 1 in.
apart, anastomosing with an intramarginal nerve; length 2:5 to 3:25 in.,
breadth 11 to 1'5 in., petiole ‘3 in. Male flowers ‘15 in. in diam., in
shortly pedunculate, axillary, 6 to 9-flowered, spreading cymes; buds
pyriform; pedicels slender, ‘8 to ‘6 long; sepals 4, equal, reflexed, or-
bicular, thin, concave; petals 4, reflexed, covering the stamens and
stigma in bud, thin, orbicular, concave, a little larger than the sepals :
stamens numerous, on both sides of 4 fleshy processes, filameuts very
short and thick : anthers with 4 globular cells, each dehiscing by a long
vertical suture; style short, cylindric; stigma capitate, small, quite
concealed by the staminal masses. Female flowers and fruit unknown.

Perak, at low elevations : King’s Collector, No. 10865.

Collected only once by the late Mr. Kunstler. The leaves a good
deal resemble those of @. rostrata, Hassk.; but the nerves are slightly
more distinct, and the flowers have a different androecium, although
externally they much resemble those of Q. rostrata, Hassk.

5. GarciNia Weayy, King, n. sp. A small spreading tree; young
branches very slender, terete, dirty yellow. Leaves thinly coriaceous,
ovate or elliptic, the apex produced into a long sub-spathulate point,
the base cuneate ; upper surface shining, the lower dull, pale; nerves
slender, sub-horizontal, ‘05 in. apart, invisible on the upper and faint
on the lower surface even when dry; length 2 to 2:5 in., of which
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the apical tail is sometimes as much as *75 in., breadth ‘8 to 1-2 in. ;
petiole ‘2 in. Male flowers °15 in. in diam., in axillary.fascicles of 2 or
3 ; buds globose, pedicels ‘15 in.; perianth reflexed, sepals 4, the outer
less than half as large as the inner pair, all orbicular, sub-coriaceons and
concave ; petals 4, ovate-orbicular, blunt, with a thickened spot near
the base, covering the stamens in bud; stamens numerous, on both
surfaces of 4 fleshy processes ; anthers sessile, globular-oblong, the con-
nective rather thick, 2-celled, dehiscenoe vertical ; rudy. style cylindric,
convex, smooth. Female flowers axillary, solitary, pedicels as in the
male; sepals 4, orbicular, thin, concave, about the same size as the petals
and neither sepals nor petals quite covering the stigma in bud : petals
4, orbicular, concave, with a coloured thickened spot near the base ;
disk lobed, shallow, fleshy : staminodes none; ovary oylindric; stigma
hemispheric, smooth, entire, enveloping the whole of the ovary, ulti-
mately becoming discoid and slightly depressed in the middle.

Perak; on Ulu Batang Padang and on Gunong Batu Pateh, at
elevations of 4,500 feet and upwards. Wray, Nos. 267, 362, 1527;
Scortechini, No. 3235. ’

I have not seen ripe fruit of this, but (from the appearance of a
young one) it is probably ovoid. In its leaves, this species rather re-
sembles Q. merguensis and rostrata.

6. GARCINIA DIVERSIFOLIA, King, n. sp. A tree 40 to 60 feet high;
young branches rather thick, 4-angled, yellowish. Leaves lanceolate
and sub-acute, to elliptic and shortly and bluntly cuspidate, the base
always cuneuate; upper surface shining, the lower dull, slightly pale
when dry; midrib prominent on both surfaces; the nerves numerous,
about ‘05 in. apart, spreading, straight, visible on the upper, invisible
on the lower surface; length of the lanceolate form 35 to 45 in.,
breadth 15 to 175 in.; length of the elliptic form 25 to 425 in.;
breadth 1'4 to 2:75 iu., petiole ‘2 to ‘4 in. Male flowers *75 in, in diam.,
in 8 to 6-flowered, bracteolate, axillary cymes; buds globular-ovoid;
pedicels unequal, from ‘2 to ‘4 in. ; bracteoles orbicular, fleshy: sepals 4,
orbicular, fleshy, concave, the outer pair small, united by their bases and
sometimes irregularly denticulate, inner pair as large as the petals:
petals 4, ovate-orbicular to orbicular, fleshy, concave; stamens very
numerous, occupying both sides of 4 fleshy processes: anthers sessile,
2-celled, the connective thick, bifid, bearing at its upper part the two
sub-orbicalar suturally-dehiscent cells: rudy. pistil with cylindric style
thickened upwards: the stigma large, hemispheric, entire, sub-papillose.
Female flowers in cymes like the males but fewer-flowered and often
terminal, perianth as in the male; staminodes apparently none; ovary
depressed-globose, smooth : stigma sessile, discoid, entire, its suiface
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minutely lobulose. Frust (unripe) sub-globular, 6 in. in diam., crowned
by the stigma.

Perak ; at elevations of 3000 to 8,500 feet, King's Collector, No.
6920, Wray, No. 1209.

7. GarciNia CApELLIANA, King, n.sp. A tree about 30 feet high;
the young branches, slender, terete, brownish yellow. Leaves thinly
coriaceous, elliptic to elliptic-oblong, sub-acute, the base very cuneate ;
both surfaces shining ; main nerves 10 to 12 pairs, inter-arching very near
the margin, thin, slightly prominent on both surfaces when dry; length
35 to 5°5 in., breadth 1'5 to 25 in. ; petiole ‘25 to ‘35 in., stout. Male
flowers *25 in. in diam., in dense 3 to 8-flowered axillary fascicles, buds
globose, pedicels ‘1 in., bracteolate at the base, stout; sepals 4, slightly
unequal, small, orbicular, fleshy, the edges thin: petals 4, obovate-orbi-
cular, fleshy, concave: stamens numerous, on both sides but especially
on the inuer sides of 4 fleshy processes opposite the petals; anthers
oblong, sessile, 2-celled, the dehiscence longitudinal; style cylindric,
as long as the staminal bundles; stigma large, hemispheric, papillose,
entire. Female flowers and fruit unknown.

Andamans; King's Collector, No. 371.

8. GarcINIA 8PECIOSA, Wall. Pl. As. Rar iii. t. 258. A tree 40 to
60 feet high; the young branches slightly 4-angled, yellowish when dry.
Leaves thinly coriaceous, oblong or elliptic-oblong, sometimes ob-lan-
ceolate, shortly acuminate, the base cumneate; both surfaces shining,
the midrib, main and intermediate nerves all rather prominent ; length
5 to 8 in., breadth 2 to 3:75 in.; petiole *5 to ‘6 in. Male flowers 1'5
to 2 in. in diam., terminal in fascicles of 4 or 5, or solitary ; peduncles
longer than the petioles. Sepals 4, fleshy, concave, slightly unequal,
1 pair ovate and 1 pair reniform. Pefals 4, yellow, larger than the
sepals, rotund, slightly clawed. Stamens numerous, in 4 short, thick,
diverging, oval masses confluent at the base; filaments short; anthers
oblong with longitudinal dehiscence. Style short, thick, columnar ; rudy.
stigma large, convex, with 6 shallow, broad, blunt lobes. Female flowers
solitary, terminal, on short thick pedicels; perianth larger than in the
male; ovary sub-globular, the stigma large, convex, the margin 6 to 8-
lobed. Flower unknown. Unripe fruit ovoid, sub-globose, apiculate,
the hardened stigma and the thickened sepals persistent. Wall, Cat.
4855, 4852 E. Garcinia affinis, Wall. Cat. 4854. Choisy Guttif., Ind.
23; Planch. and Triana Mem. Guttif., 171; Kurz For. Fl. Burma. I,
88; Pierre Fl. Forest. Coch-Chine, fasc. 1V, p. xiv, tab. 79, excl. figs.
H.and I

Andaman Islands; Kurz. Distrib. Tenasserim.

This arboreous species is no doubt very closely allied to the shrubby -
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G. Kurzii, Pierre. And it appears probable that, although its head-
quarters are Burmah and Sylhet, G. speciosa does occur on the Anda-
mans. M. Pierre relies, as a diagnostic mark of his G. Kurziz, on its
having solitary male flowers, whereas those of G. spectosa are fascicu-
late, But in Calcutta Herbarium specimens of the same set which M.
Pierre would refer to his G. Kurait, the flowers are sometimes solitary
and sometimes clustered. Another mark which M. Pierre relies on is
that the peduncles of the flowers of G. speciosa are described by Wal-
lich as two or three times as long as the leaf petioles, whereas in G.
Kurzii, the peduncles are shorter than the petioles. The female flower
of G. speciosa is described in the Flora of British India as unknown,
and M. Pierre says the same of the female flower of his Q. Kurzii.
‘Wallich’s specimens of G. affinis from Sylhet have advanced female
flowers, and it is from these that I have described the female flower
(figured by Pierre, tab. 79, fig. G.) : for affinis appears to me in no way
distinct from speciosa. Wallich was no doubt mislead by the size of the
rudimentary stigma in the male flowers of speciosa into considering
these as hermaphrodite, and it is probable that he never saw true female
flowers. This view is supported by the fact that he does not describe
either ovary or fruit. Pierre (l. c. t. 79, figs. H. and I.) gives drawings
of what he believes to be the male and female flowers of Q. speciosa.
But in his text (fasc. VI, p. xiv), he states that the flowers thus
figured were, in the specimen from which he took them, unattached to
any leaf-twig and were mixed with flowers of other species. They are
therefore altogether doubtful even for M. Pierre.

9. Garcinia Kuezi, Pierre, Flor. Forest. Coch.-Chine, fasc. VI,
P. xiv, t. 78 B. A shrub with the branchlets and leaves of G. speciosa,
but the leaves less acuminate and with longer petioles. Flowers as in
speciosa, but the stamens less numerous and the rudimentary stigma
discoid and flat. Ripe fruit unknown.

Andaman Islands ; Kurz, King’s Collector.

This differs from Q. speciosa chiefly in being a shrub, and in its
rudimentary stigma being flat and discoid, instead of convex. Both
this and speciosa differ but little from G. cornea, Roxb., a species indi-
genous to Amboina.

10. Garcinia HoMBRONIANA, Pierre, Fl, Forest. Cochin-Chine, fase.
VI, p. xii, t. 79, figs. D. E. F.J. A tree, with rather stout, 4-angled
branches, yellowish when dry. Leaves elliptic to oblong-elliptic, slight-
ly inequilateral, sub-acute or very shortly and abruptly blunt-acuminate;
the base cuneate, slightly unequal: upper surface slightly glossy, the
under rather dull ; nerves numerous, ascending, not prominent on either
surface ; the midrib bold on both; length 35 to 5 on., breadth 2 to 275

21
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in,, petiole ‘5 in. Male flowers about 1 in. in diam., terminal, in fascicles
of 3 to 6, pedicels ‘2 to ‘4in. Sepals thinly coriaceous, concave, the
outer pair orbicular; the inner ovate-oblong, blunt. Petals ovate-orbi-
cular, twice as long as the sepals. Stamens numerous ; the filaments united
in a fleshy, slightly 4-lobed, annulus on which the broad, oblong, vertically
dehiscing anthers are inserted ; rudimentary stigma slightly protruding
above the mass of stamens, flat, 8-lobed. Female flower terminal, soli-
tary, with sepals and petals like the male; staminodes absent. Ovary
globose ; the stigma large, convex, recurved at the edge when young,
when adult with 8 shallow crenations. Frui¢ sub-globular, not mam-
millate, about 1 in. in diam. ; the pericarp rather thin, sub-crustaceous ;
sepals persistent. Seeds about 6, oblong, with soft juicy arillus.

Malacca ; Griffith, No. 857 (Kew Dist.). Perak ; Scortechini (1 speci-
men). Nicobar Islands; Kurz, Jelinek.

This species, which has been established by M. Pierre, comes (as
his own description and figures show) very near to @. cornea, Linn. It
differs chiefly from cornea by its broader leaves, stouter branchlets and
8-lobed stigma. Curtis’s Penang specimen No. 690, probably belongs
to this species.

11. GARCINIA MANGOSTANR, Linn. A glabrous tree 20 to 30 feet
high ; young branches cylindric, slightly grooved, the bark smooth,
green. Leaves thickly coriaceous; shining on both surfaces, elliptic-
oblong, acute or shortly acuminate, the base cuneate; nerves sub-
horizontal, numerous, interarching with a dounble intra-marginal nerve,
rather prominent beneath when dry ; length 6 to 10 in., breadth 2'5 to
425 in., petiole ‘75 to 1in. Male flowers 1'5 in. in diam., in terminal
fascicles of 3 to 9; pedicels ‘5 to ‘75 in., with several orbicular, concave,
scarious bracts. Sepals 4, unequal, coriaceous, rotund, concave. Petals
4, larger than the sepals, ovate, fleshy, yellowish tinged with greenish red.
Stamens indefinite, in a 4-lobed mass; filaments short: anthers oblong,
ovate, recurved, dehiscence longitudinal. Pistil 0. Disk fleshy, as long
as the stamens, its apex conical. Hermaphrodite flowers 2 in. in diam.,
solitary or in pairs at the apices of the young branches, and usunally on
different trees from the male flowers ; pedicel -5 in. long, stout, woody.
Oalyx and corolla as in the male, but larger. Stamens many; filaments
slender, connate below ; anthers irregular and mostly abortive. Orary
globular, 4 to 8-celled ; stigma sessile, 8-rayed ; ovules solitary. Fruit
as large as a small orange, smooth, dark purplish brown; pericarp
thick; seeds oblong, flattened, with large white juicy arillus. BI.
Bijdr. 213; DC. Prod. i, 560 : Roxb. F1. Ind. ii, 618: Bot. Mag. t. 4847 :
Choisy Guttif. Ind. 33: Planch. and Triana Mem. Guttif. 170 : Miq. F1.
Ind. Bat. I, pt. ii, p. 506: Hook. fil. Fl. Br. Ind. i, 260: Kurz For. FI.
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Burm. I, 87; Lanessan Mem. Garcin. 15: Pierre Flor. Forest. Cochin-
Chine t. 54.

Wild and cultivated in the Malayan Peninsula and Archipelago :
cultivated also in Burma, Ceylon and a few places in the S. of India.

12. GarciNIA MICROSTIGMA, Kurz, Journ. Bot. 1875, p. 324; For.
Flora Burmab, I, 91. A shrub 4 to 6 feet high: young branches ob-
scurely 4-angled, the bark dark-coloured. Leaves elliptic to elliptic-ob-
long or lanceolate, sub-acute, the base cuneate; rather dull on both
surfaces when dry, the midrib distinct beneath; main nerves 7 to 8
pairs, thin, interarching ‘1 to ‘2 in. from the margin ; length 3 to 4 in.,
breadth 15 to 2'3 in., petiole ‘5 to *75 in. Male flowers ‘3 in. in diam.,
in 2 to 3-flowered, few bracteoled, axillary cymes ; buds globose ; pedi-
cels ‘2 to ‘25 in. long ; sepals 4, the outer pair ovate-acute, fleshy, keel-
ed, the edges thin, longer than the inner obovate-orbicular, very con-
cave, thinner pair: pelals 4, obovate-orbicular, fleshy, concave, about
the same size as the inner sepals and barely covering the stamens ; stamens
about 20, on a single convex receptacle, filaments short ; anthers red,
broadly ovate, 2-celled, the dehiscence longitudinal : rudy. stigma O.
Female flowers (fide Kurz) on shorter pedicels than the male and pro-
bably solitary, terminal. Frust globose, 1'5 to 2 in. in. diam., the
pericarp smooth, thin, red, the sepals persistent at its base, and its
apex bearing the very minute discoid sessile entire stigma ; seeds 2 or
more. Pierre Fl. Forest. Coch-Chine, fasc. VI, p. xix.

South Andaman ; Kursz.

13. GargciNiA PENANGIANA, Pierre, Fl. Forest. Cochin-Chine, fasc.
vi, p. xxxvii, No. 46a. A slender tree 20 to 30 feet high; the young
branches glossy, pale brown when dry, slightly 4-angled. Leaves ob-
long-lanceolate, shortly and rather bluntly acuminate, the base caneate ;
upper surface shining, the lower slightly dull and paler, both, (but especi-
ally the Iower) with a reddish tint when dry ; the midrib stout: nerves
close, straight, sub-horizontal, faintly visible; length 45 to 7 in,,
breadth 1'5 to 2'5, or even 3 in.; petiole "5 in. orless. Male flowers 1
in. in diam., in terminal fascicles of 3 to 6, pedicels about ‘5 in. Sepals
4; the outer pair rotuud, fleshy, very concave; the inner pair larger,
thinver, elliptic, obtuse. Petals 4, rather longer than the inner sepals,
oblong, blunt, creamy-white. Stamens indefinite, the filaments united
in a slightly 4-lobed short fleshy mass: anthers short, broad, with
longitudinal dehiscence; pistil 0. Female flowers terminal, solitary,
larger than the male and on shorter stouter peduncles. Style short,
thick : ovary globular; the stigma large, convex, hemispherical, corru-
gated, and deeply 4-lobed; stamens none. Ripe fruit globular, more
than 175 in. in diam., crowned by the persistent stigma, the thickened
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sepals persistent at its base ; pericarp thin, crustaceous. Seeds few, ovate.
G. cornea, Wall. Cat. 4852 D.; Hook. fil. F1. Br. Ind. I, 260 (in part).
G. fascicularis, Wall. Cat. 4853, Pierre 1. c., p. xvi.

Penang; Porter (Wallich’s Collector), Curtis. Perak; King's
Collector, Scortechini.

This plant, first distinguished as & species by M. Pierre, seems
to be rather common in Penang and Perak. Ripe fruits are as yet un-
known : those in Mr. Kunstler’s specimens No. 3583 (noted by him as
unripe) measure 125 in. in diam. A fruit on one of Scortechini's
specimens measures half an inch more. Mr. Kunstler notes the tree
as occurring at elevations of 300 up to 3,000 feet. The foregoing de-
scription of the flower does not quite agree with that of M. Pierre,
which was drawn up from specimens without female flowers and with
buds only of the male flowers.

14. GarcINIA MALACCENSIS, Hook. fil. F1. Br. Ind. I, 261. A tree;
the branchlets rather stout, 4-angled. Leaves brown when dry, elliptic,
shortly and abruptly acaminate, the base much narrowed, shining above,
the lower surface rather dull ; midrib bold, prominent on both surfaces;
nerves numerous, faint, sub-horizontal, connected by oblique secondary
rerves ; length 4 to 8 in., breadth 15 to 2'5 in.; petiole ‘4 to ‘6 in.,
channelled. Male flowers 1 in. in diam., in terminal fascicles of 4 to 6 ;
pedicels ‘35 to *65 in. long. Sepals orbicular, concave, fleshy. Petals
twice as long as the sepals, dull red, broadly ovate, shortly clawed.
Stamens very numerous, densely imbricated in & sub-cylindric or conical
truncate mass formed of the fleshy conjoined filaments; anthers adnate,
broadly ovoid, 2-celled, the conunective broad : stigma large, convex.
Ovary abortive. Female flowers 1'5 to 2 in, in diam. terminal, solitary,
red., Staminodes few or 0. Ovary globose, 8-celled ; stigma sessile,
large, counvex, enveloping half the ovary, much corrugated and deeply
8-lobed. Fruit unknown. Pierre Flore Forest. Coch.-Chine, fasc. VI,
p. xi, t. 78, fig. D.

Malacca ; Maingay (Kew Distrib. No. 149). Of this I have seen
only Maingay’s specimens. In its leaves, in the colour of its flowers,
and in its 8-lobed stigma, this resembles G. mangostana.

15. GaRrOINIA MAINGAYI, Hook. fil. Fl. Br. Ind. I, 267, A tree 40 to
60 feet high; young branches thick, 4-angled, and dark-coloured when
dry. Leaves oblong-elliptic, obtuse with short blunt apiculus, the base
narrowed ; both surfaces shining, the lower pale brown when dry;
nerves 9 to 13 pairs, bold, spreading, prominent beneath as is the midrib ;
length 45 to 7 in., breadth 225 to 8'25 in., petiole ‘75 in. Male flowers
1 to 1'25 in. in diam., waxy white, in terminal or axillary, 3 to 6-
flowered, shortly peduncled umbels ; pedicels ‘25 to '5 in. long. Sepals
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4, orbicular, fleshy, concave, the outer pair rather smaller than the
inner. Petals 4, larger than the sepals, ovate-orbicular, fleshy, concave.
Stamens very numerous, forming with the rudimentary pistil a dense
globular mass ; the filaments slender, in several rows from a stipitate
fleshy receptacle ; anthers oblong, curved, 2-celled, with extrorse longi-
tudinal dehiscence; rudy. pistil cylindric, with a broad discoid stigma.
Female flowers solitary, terminal, sub-sessile ; sepals and petals asin the
male but smaller; staminodes few, slender ; ovary globose 4 to 6-celled ;
the stigma large, convex, papillose, entire or very slightly 4-lobed.
Fruit globular, 2 to 25 in. in diam. when quite ripe ; crowned by the
large, flat, discoid, papillose, slightly 4-lobed stigma. Pierre Flore
Coch.-Chine, fasc. VI, p. xvii.

Perak ; common. Malacca; Maingay (Kew Dist. 160 and 161).
Pangkore ; Curtis No. 1610.

In Scortechini’s field-note on this species, the young branches are
described as terete; but, in the dried state, they are distinctly 4-
angled.

Var. stylosa ; stigma on a thick style 3 in. long.

Perak. King’s Collector, No. 5359.

Ounly specimens with immature fruit are known, but these differ
from the typical form in no respect except the stout style.

16. GaeciNiA ATROVIRIDIS, Griff. MSS. A graceful tree 40 to 60 feet
high ; the young branches rather thick, sub-terete, yellowish-grey when
dry. Leaves coriaceous, both surfaces shining; narrowly oblong, very
shortly but sharply acuminate, the base cuneate ; nerves numerous, spread-
ing, straight, indistinct when fresh, but rather distinct when dry, anas-
tomosing ‘05 to ‘1 in. from the edge with a fine intra-marginal nerve :
length 4°5 to 8 in., breadth 1-25 to 2 in , petiole, ‘6 to *75 in. Male flowers
1-25 in. in diam., in terminal clusters of few-flowered cymes, pedicels un-
equal, from ‘25 in. to *75 in., long. Sepals 4, fleshy, concave ; the outer
pair orbicular or transversely oblong; the inmer pair broadly oblong or
orbicular, fleshy with thin edges, larger than the outer pair, streaked
with red inside. Petals 4, orbicular-obovate, concave, fleshy, larger
than the sepals, red. Stamens very numerous, forming with the large
convex rudimentary stigma a globose mass; filaments slender, nearly
as long as the anthers, inserted in whorls on & thin annular fleshy recep-
tacle: anthers narrowly oblong, 2-celled, extrorse, the dehiscence longi-
tudinal. Rudy. style cylindric. Female flowers terminal, solitary, rarely
geminate ; sepals and petals as in the male, but the petals smaller;
staminodes small, attached to a thin fleshy wavy annulus which sur-
rounds the ribbed, sub-cylindric, 12- to 16-celled ovary. Stigma thick,
fleshy, very convex, pileate, deep red, the edges undulate. Fruit (fide
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Scortechini) globular, 3 in. in diam. yellowish-green, crowned by the
sessile, concave, ribbed stigma. Hook. fil. Fl. Br. Ind. I, 266 : Pierre
Fl. Coch.-Chine, fasc. VI, p. xxiv, tab. 80, fig. C.

Malacca ; Maingay (Kew Dist. No. 154.) Perak; Scortechini, Wray.
Wellesley Province, King’s Collector. Penang, Curtis, No. 855.

According to Mr. Curtis, the fruit is eaten by the Malays in curries,
and the tree is a very handsgme one with pendulous branches. I have
not seen fully ripe fruit, and the above description of it is taken from
Fr. Scortechini's field notes.

17. GarciNia oracA, King. A tree 40 to 60 feet high ; the branchlets
when dry, dall dirty yellow, striate. Léaves oblong, narrowed at each
end, the apex sometimes shortly acuminate, the base cuneate ; upper sur-
face slightly shining, lower surface opaque, whitish ; the rather numer-
ous nearly Lorizontal nerves thin, little visible on either surface, the
midrib bold and promiunent on both ; length 4 to 5 in., breadth 1'75 to
225 in., petiole ‘6 in. Male flowers 75 in. in diam., in shortly pedicelled,
2 to 3-flowered, ebracteolate, terminal or axillary oymes; pedicels ‘25
in., annulated; sepals 4, obovate, concave, thin, veined; petals 4,
similar to the sepals but a little larger : stamens numerous, on a single,
convex, fleshy receptacle ; anthers sessile, depressed-globular, with cir-
cumscissile dehiscence: rudy. stigma 0. Female flowers solitary, termi-
nal : sepals more coriaceous than those of the male flower; staminodes
0; ovary cylindric; stigma convex, smooth, the edge-irregularly sub-
crenate. Fruit solitary, terminal, ovate-globose, slightly mammillate,
crowned by the broad flat stigma which has 4 broad shallow rounded
lobes ; the sepals rounded, cartilaginous, persistent; pericarp brown
when dry, thin, crustaceous. Seeds several, ovoid, flattened on one side.
Q. cornea, Wall. Cat. 4852 E.

Perak; King's Collector, Scortechini.

Distinguished by its leaves opaque and whitish beneath and with
faint sub-horizontal nerves. In fruit this resembles G. Penangiana ;
but it has a very different stigma.

18. GagciNIA 0ALYCINA, Kurz, Journ. Bot. 1875, p. 324. A shrub 15
feet high ; young branches slender, slightly angled, pale brown when dry.
Leaves thinly coriaceous, elliptic-oblong to elliptic, abruptly and shortly
candate-acuminate or sub-acute, the base cuneate ; upper surface shin-
ing, the lower rather dull and pale; main nerves 7 or 8 pairs forming
bold intra-marginal arches, the intermediate nerves very numerqus, all
slightly prominent beneath; length 3 to 5 in., breadth 125 to 2 in.,
petiole '3 to *5 in. Male flowers °15 in. in diam., axillary, solitary or in
2. to 3-flowered fascicles ; buds globular, pedicels 15 in. long. Sepals
and petals each 4, equal, orbicular, concavo, the petals veined ; stamens
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under 20, in a single convex group, the filaments very short, the con-
nective rather thick, the elongate 2-celled anthers bent like a horse shoe
over the apex of the connective and dehiscing along the convexity ; rudy.
stigma 0. Female flowers larger than the male, subsessile, solitary,
axillary ; sepals broadly ovate, the outer pair larger than the inner ; stami-
nodes about 12, distinct, short, square ; ovary hidden by the large hemi-
spheric, lacunose, deeply 4-lobed stigma. Frui¢ (immature) ovoid-oblong,
smooth, the sepals persistent at its base and the apex crowned by the
sessile stigma. Pierra KFlore Forest. Coch.-Chine, fasc. VI, p. xxxiii,
tab. 87 D.

Nicobar Islands; Kurz.

19. GarciNia cosTATA, Homsley MSS. in Herb. Kew. A tree 50to
70 feet high ; young branches pale, flattened. Leaves thinly coriaceous,
elliptic, acute, the base cuneate ; both surfaces rather dull, the lower paler ;
nerves bold, spreading, 13 to 18 pairs, very distinct on the lower surface
when dry; length 6 to 14 in., breadth 3'5 to 6 in.; petiole 1 to 15 in.,
stout. Male flowers 1 to 1'25 in. in diam., in shortly peduncled, 8- to 5-
flowered, terminal cymes ; pedicels ‘25 to -5 in. Sepals 4, equal, orbicular,
fleshy, concave. Petals larger than the sepals, pale yellow with a reddish
tinge, orbicular-ovate, fleshy, concave. Stamens numerous, forming with
the discoid stigma an oblong 4-angled mass ; filaments short, thick, in-
serted on a fleshy receptacle ; anthers thick, cuneate with flattish tops,
2-celled ; the cells large, curved, with extrorse longitudinal dehiscence ;
rudimentary stigma large, discoid. Female flowers solitary, terminal, on
short thick pedicels : sepals and petals as in the male : staminodes about
12: ovary with many vertical grooves; stigma large, discoid, with
radiating grooves corresponding to those of the ovary, the edge wavy.
FPruit depressed-spheroidal, 3 in. in diam. by 2 in. high, with many deep
vertical grooves, pale rose-coloured to crimson.

Perak ; on Gunong Bubo at elevations of 2500 to 3000 feet, King’s
Collector ; Maxwell’s hill, Wray.

A remarkably fine species, at once known by its large deeply
grooved eatable fruit.

20, Garcinia GrirriTHI, T. Anders. in Hook. F1. Ind. I, 266. A
tree 60 to 100 feet high, the young branches sub-tetragonous, yellowish-
green. Leaves large, coriaceous, bullate, oval to ovate-elliptic, sub-acute
or rather blunt ; the base slightly narrowed, sometimes slightly cordate ;
both surfaces shining, the lower paler; midrib stout; nerves 16 to 24
peirs, bold, sub-horizontal ; length 9 to 16 in., breadth 4 to 8 in., petiole
‘6 in. Male flowers *75 in. in diam., in dense 3 to 10-flowered cymes
from tubercles in the axils of leaves or of fallen leaves ; pedicels 25 in.
Sepals 4, equal, orbicular, fleshy, concave. Petals 4, oblong, blunt
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fleshy, red. Stamens from 25 to 40, in a square flat-topped mass:
anthers nearly sessile, broadly oblong, the connective wide; the cells 2,
lateral, slightly curved, their dehiscence longitudinal; rudy. ovary O.
Female flowers in few-flowered axillary oymes; pedicels thick, ‘2 in. long.
Sepals and petals as in the male; staminodes in 4 bundles of unequal
length : ovary ribbed, 12-celled ; style very short; stigma with many
conical papillae, peltate, slightly depressed in the middle, its margins
crenate, Fruit sub-globular, 2 to 3 in. in diam. when ripe, greenish
yellow, crowned by the concave papillate stigma, very glutinous. Pierre
Flore Coch.-Chine, fase. VI, p. xxvi, tab. 80, fig. B.

Malacea ; Griffith 861, Maingay 153 (Kew Distrib). Perak, com-
mon. Pangkore, Curtis 1609. Distrib. Sumatra; Forbes, No. 2994.

21. Garcinia Forsesir, King, n. sp. A small tree, young branches
subtetragonous, yellowish. Leaves thinly coriaceous, oblanceolate to ovate-
lanceolate, shortly acuminate, the base cuneate; both surfaces slightly
dull when dry, the lower slightly pale; nerves spreading, anastomosing
with an intra-marginal nerve, '15 in. apart, the intermediate rather bold,
all distinct below when dry; length 35 to 5 in. breadth 1'5 to 2'5 in.,
petiole '3 to *4 in. Male flowers ‘25 in. diam. in 3 or 4-flowered clusters
from small axillary tubercles, buds sub-globose, pedicels ‘1 to ‘15 in.
Sepals 4, equal, rather thin, pale-coloured, orbicular, concave. Petals 4,
fleshy, orbicular, dark-coloured, concave. Stamens numerous, in a single
convex mass, the connective small ; anthers sessile, sub-orbicular, 2-celled
with longitudinal dehiscence ; rudy. ovary 0. Female flowers axillary,
solitary, sessile : sepals 4, broadly ovate, blunt, fleshy, concave; petals 4,
orbicular, fleshy, concave, red to orange; stigma sessile, convex, com-
pletely covering the ovary, entire, its surface with prominent glandular
papille. Fruit (young) ovoid, crowned by the stigma.

Perak; Wray 3396. Sumatra; Forbes Nos. 2936 and 3152.

22. GARCINIA BANCANA, Miq. Fl. Ind. Bat. Suppl., 494. A tree 60
ta 80 feet high; young branches stout, nodular, not angled, black and
shining when dry. Leaves coriaceous, large, broadly obovate-lanceolate ;
the apex rounded, often slightly and bluntly mucronate : much narrowed
in the lower third into the stout winged petiole ; upper surface shining,
the numerous and very oblique nerves distinct; lower surface dull,
opaque, pale brown, the nerves obsolete ; midrib prominent in both;
length 5 to 7 in., breadth 2 to 3 in., petiole ‘75 to 1:25 in. Male flowers
‘15 in. in diam., in crowded fascicles of 6 to 12, from short densely
bracteolate tubercles in the axils of leaves or of fallen leaves; pedicels
unequal, ‘25 to ‘5 in. long; bracteoles ovate, coloured, °l in. or less.
Sepals 4, orbicular, concave, fleshy, the outer pair larger than the
inner. Pefals 4, ovate, blunt, fleshy, concave. Stamens numerous, in a
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convex sub-cylindric mass: the anthers sub-sessile, broad, with 2 small
oval cells at the extremities of the transversely lengthened connective ;
rudimentary pistil 0. Female flower solitary P, sub-sessile; staminodes
6 to 10, solitary or in two or three groups. Ovary sessile, globular,
slightly grooved vertically: stigma hemispherio, with 8 triangular rays.
Fruit ovoid, 1'25 in. long, and 1'1 in. diam.; about 8-seeded. Miq.
Ann. Mus. Lagd. Bat. I, 208 ; Hook. Fl. Br. Ind. I, 263; Scheff. Obs.
Phyt. pt. ii, 41; Pierre Flore Forest. Cochin-Chine fasc. VI, pp. xxvi
and xxxviii. QGarcinia Lamponga, Miq. Fl. Ind. Bat. Suppl. 494; Ann.
Mus. Lugd. Bat. I, 208; Pierre l. c. G. Hookeri, Pierre 1. c. p. xxvii.
Q. leucandra, Pierre, L. c. xxvii.

Perak; King’s Collector, Scortechini. Malacca ; Maingay (No. 158,
Kew Dist.). Distrib. Banka, Sumatra.

I have examined the type specimens of Miquel’s G. bancana and
Lamponga, and I believe them to belong to one and the same species.
One of his Sumatran specimens of @. Lamponga bears, however, besides
leaves of the shape described above, some that are broadly elliptic.
Pierre reduces to this two more of Miquel’s Sumatran species, namely,
G. oxyedra and G.P ozyphylla (Fl. Ind. Bat. Suppl. 494, 495) ; but of
these I have not seen Miquel’s types.

23. GarciNnia Cowa, Roxb. Fl. Ind. IT, 622. A dicecious tree 30 to
60 feet high : young branches slender, not angled, dark-coloured when
dry. Leaves broadly lanceolate, acute at both ends, the apex sometimes
acuminate, both surfaces rather dull when dry: the nerves thin but
rather distinct when dry, numerous, rather straight, oblique; length
3'5 to 5 in. breadth 1 to 1-75 in. petiole ‘3 to 5 in. Male flowers ‘4 in.
in diam., axillary or terminal, in fascicles of 3 to 8; pedicels ‘25 in.
Sepals broadly ovate, fleshy, yellow. Petals twice as long as the sepals,
obovate or oblong, blunt, yellow. S{amens numerous, on & convex fleshy
receptacle, anthers 4-celled, stigma rudimentary. Female flowers '8 in.
in diam., terminal, in fascicles of 2 or 3, pedicellate like the males;
ovary sub-globose, 6 to 8-celled ; stigma sessile, flat, deeply divided into
6 or 8, papillose, wedge-shaped rays; staminodes in 4 clusters of 3 to 8,
unequal. Frust globular-depressed, not mammillate, with 4 to 8 vertical
grooves, smooth, yellow, ‘8 to 1'5 in. in diam.; pericarp thin; seeds
*5 to 75 in. long, oblong, with a soft arillus. DC. Prodr. i, 561; W.
and A. Prodr. i, 101; Chois, Guttif. Ind. 34; Planch. and Triana Mem.
Guttif. 186; Wall. Cat. 4863 ; Lanessan Mem. Garcin. 54; @. Roz-
burghis, Wight Ic. 104. Kurz For. Fl. Burm. I, 90. Ozycarpus Gangetica,
Ham. in Mem. Wern. Soc. V, 344.

Andaman Islands ? Distrib. Assam and base of the Khasia Hills,
Chittagong, Barmah ; in tropical forests.

22
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This is very near Q. Kydiana but differs in the points noted under
that species.

24. GarciNia KypiaNa, Roxb. Fl. Ind. 11, 623. A diceceous tree, 25
to 40 feet high; the branchlets dark-coloured when dry, not angled.
Leaves thinly coriaceous, lanceolate, acuminate, the base acute, both sur-
faces shining; nerves thin but distinct when dry, rather few for this
genus; length 8 to 5 in., breadth 75 to 1'5 in.. petiole ‘35 to *5 in. Male
Sflowers 75 in. in diam., in small axillary or terminal pedunculate umbels
of 3 to 5, orsolitary ; pedicels ‘25 in. long ; peduncles of the umbels ‘4 to
‘6 in. Sepals 4, equal, ovate, obtuse, fleshy, yellow. Petals twice as
large as the sepals, broadly ovate, blunt, pale yellow. Amntkers numerous,
inserted into the slightly 4-lobed fleshy mass of conjoined filaments,
square, 4-celled (a cell at each angle) pistil 0. Female flowers axillary
and terminal, solitary, sessile. Sepals and petals as in the male ; stami-
nodes 4, small, 3 or 4-fid. Ovary globular, sessile, 6 to 8-lobed ; stigma
sub-gessile, with 6 to 8 spreading glandular rays. Frust 1 to 1'5 in. in
diam., smooth, yellow, globular, depressed, with 6 to 8 deep vertical
grooves near the apex, and with a nipple-like protuberance from the
depressed apex on which is inserted the persistent stigma. Seeds 6 to
8, oblong, *85 in. long ; the arillus soft, acid, juicy. Kurz For. Fl. Burm.
1, 90 ,in part ; Pierre F1. Forest. Coch.-Chine, fasc. VI. p. xxix. Lanes-
san Mem. Garcin. 59, in part ; G. Roxburghii, Wight Ie. 1I3; G. Cowa
Roxb. Hook. fil. Fl. B. Ind. I, in part.

Andaman Islands.

Of the true Roxburghian @. Kydiana, the only specimens that I
bave seen are from the Andamans. The Burmese specimens referred to
this species by Pierre and others belong mostly to @G. Cowa as Roxburgh
described and figured it. But the two species are very closely allied.
The chief points that separate Kydiana from Cowa are its larger flowers,
the arrangement of the males in distinct pedunculate umbels, the females
always solitary and sessile; and, in the fruit, the curious nipple rising
from the depressed apex, and the restriction of the vertical grooves to
the neighbourhood of the apex. In the Flora of Br. India the two are
united under G. Oowa. Griffith’s Nos. 865 and 867, referred to Kydiana
by Pierre, belong in my opinion to G. nigro-lineata, Planch.

25. GARCINIA NIGRO-LINEATA, Planch. MSS. A tree 20 to 50 feet
high ; young branches not angled, their bark rather dark. Leaves thinly
coriaceous, lanceolate and acuminate, or ovate-lanceolate and shortly
oaudate-acuminate, the base acute; both surfaces shining, the lower
ferruginous in some stages; midrib rather stout; main nerves rather
distinct when dry, about *1 to ‘15 in. apart, the intermediate nerves
almost as prominent; length 3 to 4'5 in., breadth 1 to 1'5 in., petiole
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2 to "4 in. Male flowers *25 in. in diam., in umbels of 3 to 8, on the
apices of the branches, or from the axils of leaves or of fallen leaves ;
pedicels *25 to *5 in., slender. Sepals orbicular, fleshy, concave. Petals
longer than the sepals, oblong, obtuse, concave. Stamens about 20,
forming a tetragonal mass inserted on a convex receptacle, the filaments
very short ; anthers broad, cuneate with flat tops, 4-celled with vertical
dehiscence, the connective thick; pistil 0. Female flowers apetalous,
solitary, or in clusters of 2 to 5, axillary; ovary ovoid, 5 or 7-celled ;
stigma large, convex with a central smooth depression, bearing many
black papille, and obscurely 5- to 7-lobed; staminodes about 8 to 10,
not branched, their heads flat. Fruit ovoid-globose, ‘5 to *75 in. in diam.,
orange-coloured, pulpy, with a thick fleshy apiculous crowned by the
persistent stigma. Hook. fil. FlL Br. Ind. I, 263. Pierre Flore Forest.
Coch.-Chine, fase. VI, p. xxix, (excl. t. 81, fig. F.) G. parvifolia, Miq.
Ann. Mus. Lugd. Bat. I, 208. Rhinostigma parvifolium, Miq. Fl. Ind.
Bat. Supp. 495. ‘

In all the provinces ; in tropical forests. Distrib. Sumatra.

This is one of the commonest species of the genus. The pulpy
fruit is eaten by the aborigines. Griff. No. 854 and Maingay Nos. 152
and 162 are the specimens on which Planchon founded the species. Griff.
Nos. 865 and 867 (referred by Planchon and Triana and also by Pierre
to @. Kydiana, Roxb.) in my opinion fall here, as also does Q. umbellifera,
‘Wall Cat. 4864, but Anderson reduces the latter to G. Cowa, Linn. Pierre’s
figure, (t. 81, fig. F.), which he names 8. nigro-lineata, does not represent
the flowers of the type specimens in the Calcutta Herbarium which bear
the numbers which Pierre quotes. I fear therefore that there must
have been some confusion in the distribution of the Griffithian collec-
tions.
It is quite possible that the description which I have given above
may cover two species. The specimens with lanceolate-acuminate leaves
have rather more erect and fainter nerves than these with ovate-lanceolate
caundate-acuminate leaves. But, although I have dissected a large num-
ber of the male flowers of each, I cannot detect any tangible difference.
Unfortunately I have been able to find very few female flowers. An
examination of Miquel’s type specimen of his Rkinostigma parvifolium
leaves no doubt whatever that it is identical with Planchon’s G. nigro-
lineata.

I never find the petals reflexed: but Anderson, in Hook. fil. FI.
Br. Ind. (1. ¢.), describes them, and Pierre (1. c.), figures them, as reflexed
from about the middle.

26. Garcinia Kunstieri, King, n. sp. A shrub, 6 to 8 (rarely 15)
feet high ; the young branches dark-coloured, not-angled. Leaves mem-
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branous, oblanceolate to narrowly ovate-lanceolate, shortly but sharply
acuminate, the base much narrowed; smooth on both surfaces, the lower
rather pale ; nerves indistinct, spreading, 9 to 13 pairs, some of the
intermediate almost as distinct as the primary; length 35 to § in.,
breadth 1:15 to 18 in., petiole ‘35 to ‘6 in. Mals flowers about ‘15 in.
in diam., in small axillary or terminal fascicles of 3 to 6. Sepals 4, orbi-
cular, fleshy, concave, their edges thin. Petals 4, broadly ovate, blunt,
fleshy, concave. Stamons about 15, forming & convex mass; the anthers
transversely flattened, 4-celled, the connective broad ; rudimentary pistil
0. Female flowers solitary; sepals 4, orbicular, membranous, veined.
Petals 0. Staminodes 4, with filaments half as long as the ovary, and flat
square heads. Ovary thick, oylindric, vertically grooved; the stigma
convex, with large prominent black-tipped conical papille, and with about
10 inconspicuous lobes. Frui¢ orange-yellow, depressed, sub-globose,
nearly 15 in. in diam., smooth, the sepals persistent at its base for some
time.

Perak ; at low elevations, common: King’s Collector, Scortechini,
Wray. .
This is allied to the Burmese @. linocerosdes, T. Anders. ; but has
smaller flowers, fewer stamens and more acuminate leaves.

27. GaARCINIA ScorTECHINII, King, n. sp. A tree 20 to 40 feet high ;
branchlets yellowish, slightly angled. Leaves thinly coriaceous, ovate-
elliptic, occasionally ovate-lanceolate, shortly and rather blantly acumi-
nate, the base acute: both surfaces sbining, the lower rather paler;
main nerves 5 or 6 pairs, spreading, anastomising ‘2 in. from the margin,
very distinct on the under surface when dry, reticulations indistinet;
length 275 to 475 in.,, breadth 1'5 to 2'5 in, petiole ‘25 in. Male
Slowers *2 in. in diam., sessile or shortly pedicellate, in clusters of 3 to 6
from small axillary tubercles ; sepals 4, orbicular, concave, thin, veined ;
petals 4, broadly ovate, fleshy, concave; stamens varying from 10
to 20, inserted on a 4-angled receptacle; anthers with circular peltate
tops, the connective in the centre the cells circumferential, dehisc-
ing along the edge; filaments slender, shorter than the anthers;
rudimentary pistil 0. Femals flowers nearly ‘5 in. in diam., axillary,
solitary, sessile or shortly pedicellate. Ovary globose; stigma sessile,
with large lobules, obscurely 4-lobed. Fru:t globular, *6 to *75 in. in
diam. ; the pericarp thick, leathery ; seeds about 4.

. Perak, common. Malacca; Griffith (Kew Distrib. 859). Penang,
COurtis, 1249.

This is not very different from G Choisyana, Wall. to which indeed
Pierre refers the Griffithian specimen 859. But Wallich’s specimens of
G. Choisyana have leaves of so much thinner texture that, on the strength



1890.] G. King—Materials for a Flora of the Malayan Peninsula. 167

of this character alone, the two must be kept distinct. This species is
readily known by its boldly 5 to -7-nerved leaves and hard, globular,
small fruit.

28. (GARCINIA UROPHYLLA, Scortechini MSS. A tree ; the branchlets
very slender, terete, yellowish. Leaves thinly coriaceous, ovate-lanceolate,
caudate-acuminate, the base cuneate ; both surfaces shining, the lower
pale; nerves 4 to 5 pairs, ascending, distinot below when dry ; length 2:25
to 3 in., breadth *7 to 12 in., petiole '15. Male flowers ‘2 in. in diam.,
solitary or in pairs, from small bracteolate axillary tubercles: buds
globose, pedicels 1 in. or less ; sepals 4, obtuse, sub-coriaceouns, concave,
subequal, ovate-orbicular; petals 4, orbicular, almost flat, very fleshy,
much thickened near the base ; stamens about 12, in a single group, with
flat circular tops, the connective in the middle, and the anther round
the edge dehiscing circumferentially ; filaments thick, fleshy: rudy.
stigma 0. Female flowers axillary, solitary, sab-sessile : sepals and petals
a8 in the male; staminodes about 6, free: ovary cylindric; stigma
convex, boldly lobulate and deeply 4-cleft. Fruit ovoid-orbicular, *4 in.
long by 35 in. in diam , smooth, crowned by the sessile lobulate stigma.

Perak ; Scortechini Nos. 32%, 723. Distrib. Sumatra; Beccari,
No. 963.

In the size and shape of the leaves, this has a superficial resem-
bance to G. rostrata, eugenia@folia and merguensis ; but the nerves are
only 4 or 5, while in these the nerves are numerous. Moreover the
androecium of this is totally different.

29. GARCINIA UNIFLOEA, King, n. sp. A small tree; the young
branches rather stout, terete, of a dirty yellow when dry. Leaves ovate-
oblong to elliptic-oblong, the apex abruptly shortly and sharply acaminate,
the base cuneate ; both surfaces dull, the lower pale and opaque; main
nerves 12 to 20 pairs, thin, but rather prominent, tho secondary nerves
almost a8 distinct ;. length 5'5 to 7°5 in., breadth 25 to 425 in. ; petiole
*75 to 1 in. thick, channelled. Male flowers *75 in. in diam., solitary, sessile
in the axils of fallen leaves, buds globular: sepals 4, sub-equal, obovate-
orbicular, membranous, veined, concave; petals 4, orbicular, concave,
fleshy, smaller than the sepals; stamens rather numerous, in an undi-
vided globose mass ; anthers sessile, peltate, or sub-globose with flat tops,
dehiscing by a circular infra-marginal slit. Female flowers solitary and
axillary like the males, and with & similar perianth ; staminodes 0;
stigma convex, deeply papillose; the ovary short, cylindric. Frait un-
known.

Perak ; on Gunong Batu Puteh, at elevations of 3000 to 4000 feet,
King’s Collector 8081, Scortechini 364P.

30. GAECINIA DUMOBA, King, n. sp. A shrub 3 or 4 feet high ; young
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branches 4-angled, yellow. Leaves thinly coriaceous, ovate-lanceolate to
oblong-lanceolate, shortly caudate-acuminate, the base acute ; both sur-
faces shining, the lower pale, opaque ; nerves 7 to 9 pairs, bold and promi-
nent beneath as are some of the secondary nerves; length 4°5 to 5°5 in.,
breadth 15 to 2 in., petiole ‘25 in. Male flowers about ‘2 in. in diam. in
dense 6 to 10-flowered fascicles from small minutely bracteolate axillary
tubercles ; buds turbinate ; pedicels slender, ‘1 in. or less in length ;
sepals 4, membranous, orbicular, concave; the outer pair much smaller
aud thicker, keeled ; petals 4, smaller than the sepals, fleshy, orbicular,
concave: stamens from a small receptacle; filaments short; anthers
broadly reniform, the connective expanded transversely, the cells some-
times confluent, bent round it, and dehiscing along the convexity ; rudy.
stigma 0. Female flowers on axillary tubercles like the males, but
fewer-flowered : sepals as in the male but subequal: petals as in the
male ; staminodes about 10, distinct, the filaments broad, the pseud-
anthers flat, ovate: stigma convex with 8 radiating ridges, its margin
8-angled ; ovary thick, cylindric, nearly as wide as tho stigma. Fruit
(fide Kunstler) ovoid, pointed.

Perak; at low elevations, Wray No. 2162, King's Collector, No.
2531.

Subgenus II. XantHOCHYMUS, Roxb. (Gen.). Sepals and petals
5, very rarely 4. Filaments connate in 5, rarely in 4, erect distant pedi-
celled spathulate bodies, antheriferous at the top, free portions very
short, incurved ; anthers small, didymous.

81. (GarciNiA XaNTHOCHYMUS, Hook. fil. Fl. Br. Ind. I, 269. A me-
dium-sized tree ; the branches glabrous, angled. Leaves glabrous, shining ;
narrowly oblong or oblong-lanceolate, acute, the base cuneate; nerves
numerous, not prominent; length 8 to 15 in., breadth 1'75 to 3:75 in.,
petiole about 75 in. Male flowers *5 to *75 in. in diam., in 4-10-flowered
fascicles, axillary or from the axils of fallen leaves, greenish-white ;
pedicels stout, *5 to 1 in. long. Sepals ‘25 in. in diam., orbicular, unequal,
fleshy, concave. Petals ‘35 in., orbicular, spreading, thin. Stamens in
5 broad bundles of 8 to 5, alternating with 5 fieshy glands: anthers 2-
celled. Hermaph. flower like the male, the pedicels 2 or 3 times as long.
Ovary ovoid, pointed, usually 5-celled ; stigma with 5, spreading, oblong
blunt lobes. Ripe fruit globose, pointed, 25 in. in diam., dark yellow.
Seeds 1 to 4, oblong. Kurz For. Flora Burma i, 93; Pierre Flore
Forest. Cochin-Chine, fasc. VI, p. iii, t. 21 A. Xanthochymus pictorius,
Roxb. Corom. PL ii, 51, t. 196; Fl. Ind. ii, 683. X. tinctorius, DC.
Prodr. i, 562; Chois. Guttif. Ind. 32 ; Planch. and Triana Mem. Guttif.
149; W. and A. Prodr. 102; Wall. Cat. 4837, except C.

Andamans, Penang. Distrib. Burmah and Chittagong, base of E.
Himalaya and Assam, S, India up to 1500 feet.
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Sheet C of No. 4837 of Wall. Cat. (said to have been collected in
Penang) does not in my opinion belong to this species. Its leaves have
too few nerves.

32. GaRrcINIA NERVOSA, Miq. Ann. Mus. Lugd. Bat. I, 208. A tree
40 to 80 feet high: young branches stout, compressed, 4-angled, 2 of the
angles winged. Leaves large, glabrous, very coriaceous, oblong-oblanceo-
late or oblong-ovate, sub-acute or obtuse, slightly narrowed below to the
rounded or minutely cordate base; upper surface shining; the lower
dull, pale; main nerves bold, numerous, anastomising ‘1 in. within the
margin with the bold intra-marginal nerve: secondary nerves and
reticulations rather prominent: length 9 to 20 in., breadth 3:5 to 7 in.,
petiole 1-25 in. Male flowers unknown. Female flowers ‘75 in. in diam.,
in axillary fascicles of 8 to 10; pedicels thickened upwards, 1 to 125
in. long, (longer in the fruit). Sepals 5, unequal, orbicular, much imbri-
cate and very concave, very coriaceous, pubescent externally. Pstals
5, much larger than the sepals, orbicular, concave, thin. Disk of §
thick, fleshy, pitted glands with 5 minute staminodes between them
each bearing 4-5 minute anthers. Ovary ovoid, narrowed into a dis-
tinct 5-rayed style, 5-celled. Ripe frutt ovoid or obovoid, yellow with
red blotches, 2 in. long and 15 in. in diam., with a large eccentrio
mammilla crowned by the persistent 5-lobed stigma. Seeds about 2,
elongate-ovoid. @. Andersoni, Hook. fil. Fl. Br. Ind. I, 270, 715;
Stalagmites ? nervosa, Miq. F1. Ind. Bat. Suppl. 496.

Perak; King’s Collector 10491, Scortechini. Malaoca; Maingay
(Kew Distrib. 157). Distrib., Sumatra.

Var. pubescens. Leaves densely and minutely pubescent below,
cordate and slightly unequal at the base, 15 to 24 in. long, the edges re-
curved when dry; petiole triquetrous, very stout. Fruit bright yellow,
8 in. long, 2 in. in diam., the mammilla about ‘75 in.

Perak : King’s collector, No. 3197.

This may be separable as a species when further material shall be
forthcoming. Male flowers are unknown.

33. Q@Garcinia puLcis, Kurz For. Flora Burmah I, 92. A tree 30 to
40 feet high: the young branches 4-angled, pale yellow. Leaves oblong
to ovate-oblong, with an abrupt short sharp point, the base rounded or
slightly narrowed ; upper surface shining, the lower slightly pale and
dull when dry, the midrib rather prominent on both; main nerves about
10 pairs, interarching near the margin, not much more prominent than
the intermediate nerves; length 5 to 10 in., breadth 175 to 4'5in.;
petiole "4 to 6 in., stout. Flowers globular, hardly expanding, about
‘25 in. in diam., male and hermaphrodite mixed in dense many-flowered
fascicles from small tubercles in the axils of the leaves or of the fallen
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leaves; pedicels 25 to ‘35 in., sepals 4 to 6, usually 5, orbicular, un-
equal, fleshy, concave, the 3 outer smaller. Pefals usually 5, larger than
the sepals, orbicular, fleshy, concave; Stamens about 40, in 5, pedicelled,
fan-shaped groups; filaments short, thick; anthers sub-globular, 2-
celled, with satural dehiscence ; disk in the male depressed, truncate,
corrugated, fleshy ; in the female with 5 lobes which alternate with the
staminal groups. Stigma in the male absent; in the hermaphrodite 5-
rayed, the ovary ovoid-globular., Fruit 25 in. long, from globular to
pear-shaped, pedunculate, smooth, yellow, with much sweet pulp; seeds 1
to 5, oblong, pointed ; pedicels 1 in. Pierre Flor. Forest. Cochin-Chine,
fase. VI, p. iv. Xanthochymus dulcis, Roxb. Cor. Pl t. 270; Wight Ic.
270; Bot. Mag. 3088; Choisy Gutt. Ind. 32 ; Planch. and Triana Mem.
Guttif. 149. Qarcinia elliptica, Choisy in DC. Prod. i, 561 (not of Wall.
Cat.) X. Javensis, Blame Bijdr. 216; Stalagmites duleis, Cambess. Mem.
Mus. xvi. 392, 425; Miq. F1 Ind. Bat. I, Pt. 2, 508; Hassk. Pl. Jav.
Rar. 275.

Perak ; King’s Collector No. 5750. Distrib. Malayan Archipelago.

34. GarcINIA ANDAMANICA, King, n. sp. A tree from 20 to 40 feet
high ; young branches 4-angled, pubescent. Leaves elongate-ovate, often
inequilateral, sub-acute; the base broad, rounded or slightly cordate;
both surfaces glabrous, shining; main nerves 14 to 16 pairs, rather pro-
minent; length 8 to 11 in., breadth 4 to 55 ; petiole *5 in., stont. Male
flowers about ‘3 in. in diam., in short dense axillary fascicles from short
wart-like branches. Sepals 5, coriaceous, ovate-rotund, imbricate,
pubescent externally. Petals 5, larger than the sepals, thin, rotund,
clawed, imbricate, glabrous. Stamens indefinite, in 5 thick fleshy
bundles; anthers minute, sub-globular, introrse. Disk of 5 broad
corrugated glands much shorter than the bundles of stamens and alter-
nating with them. Pistil 0. Female flower unknown. Fruit globular
or oval, smooth, bright yellow, 1 to 1'5 in. long and ‘75 to 1:25 in. in
diam., shortly apiculate; the 5-lobed stigma persistent. Q. dulcis, Kurs
(not of Roxb.) For. Flora Burma i, 92; Pierre Fl. Forest. Cochin-Chine,
fasc. vi, p. VI, in part.

Andaman Islands; Helfer No. 872, Kurs, King's Collector, No.
224.

Var. pubescens, leaves shortly pubescent beneath, the base cuneate.

Andamans ; King's Collector, No. 136.

This species was considered by Kurz to be identical with XaniAo-
chymus dulcis, Roxb., a native of the Moluccas cultivated in the Botanical
Gardens, Galcutta. It does not, however, agree with specimens still
in cultivation there, nor with Roxburgh’s description. Pierre (l. c.)
expresses his doubt as to the identity of the Andaman and Molucca plants :
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but he adopts Kurx’s name for the latter. The variety named above
pubescens may turn out to be a distinct species. At present only fruit-
ing specimens of it are known. This species is closely allied to G.
Villersiana, Pierre, a common Cambodian plant. The leaves of the
latter, as shown in Pierre’s figure (Fl. Forest Cochin-Chine, t. 21) have
however more nerves; the flowers have longer pedicels, and the staminal
bundles are longer and more slender than in this species: the lobes of
the disk are also narrower and longer.

This is the Helferian plant referred to under G. Xanthochymus in
Fl. Br. Ind. i, 269, as allied to, but differing from that species.

35. GARCINIA DENSIFLORA, King, n.sp. A tree 60 to 80 feet high :
young branches stont, 4-angled, brown when dry. Leaves thickly coriace-
ous, broadly elliptic to elliptic-oblong, sub-acute or rather blunt, the base
cuneate; both surfaces shining; the midrib stout: nerves 10 to 12 pairs,
sub-horizontal, anastomising by arches ‘1 in. from the margin; length 45
to 6 in., breadth 25 to 3:75 in. ; petiole *6 in., thick, deeply channelled.
Male flowers -85 in. in diam., in large dense many-flowered clusters 1 to
1’5 in. in diam., on bracteolate tubercles from the axils of the fallen
leaves; buds globose ; pedicels unequal, from ‘2 to '35 in. long : sepals 5,
the 3 outer smaller than the inner 2, orbicular, fleshy, concave, puberulous
externally, the margins ciliolate; the inner 2 as large as the petals,
glabrous, the margins ciliolate;- petals 5, fleshy, orbicular, concave,
yellow ; stamens in 5 pedicelled, fan-shaped branches of about 12: fila-
ments thick, fleshy ; anthers with 2 orbicalar, suturally dehiscent, cells:
Disk large, fleshy, much corrugated, with 5 radiating lobes which al-
ternate with the staminal groups; rudy. style cylindric, corrugated ; the
stigma oblong, smooth, small. Female flower and fruit unknown.

Perak ; at elevations under 1000 feet, King’s Collector, No. 5933.

A very distinct species collected only once.

36. QGarCINIA PrarNiaNA, King n. sp. A small tree : young branches
terete or compressed, not angled, pale yellowish. Leaves more or less
broadly elliptic-oblong, narrowed to the rounded or slightly cordate
base, shining on both surfaces; nerves 12 to 15 pairs, spreading, inter-
arching submarginally, rather prominent beneath when dry ; intermediate
nerves prominent, bifurcating ; the midrib stout; length 45 to 9 in,,
breadth 1'75 to 4 in. ; petiole -25 in., stout. Male flowers 4 in. in diam.,
in dense, 6 to 12-flowered, bracteate, terminal cymes; bracts numerous,
lanceolate, fleshy, keeled ; pedicels thick, flat; sepals 5, fleshy, concave,
orbicular; petals 5, darker in colour than the sepals, fleshy, concave,
sub-orbicular: stamens numerous, in a 5-lobed annulus round the globose
rudimentary ovary, 2-celled, with sutural dehiscence. Female flowers
unknown. Fruit (young 1'3 in diam.) globular, pulpy, smooth, crowned

23
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by the sessile smooth concave stigma : the sepals persistent at its base,
coriaceous, concave, about 5 in. long.
Perak ; at Kwala Dynong, Scortechini, No. 1796.

DouBTFUL SPECIES.

- Garcrra Jeninexir, Kurz MSS. in Herb. Hort. Cale. A specimen
with leaves like a Garcinia and detached fruit of a true Qarcinia (No.
169 Exped. Novara), collected in the Nicobars by Dr. Jelinek, has been
thus named in the Calcutta Herbarinm. The material is too imperfect
to be dealt with.

2. CaropEYLLUM, Linn.

Trees. Leaves opposite, shining, coriaceous, with innumerable
parallel slender veins at right angles to the midrib. Flowers polyga-
mous, in numerous axillary or terminal panicles. Sepals and petals 4-12,
imbricate in 2-3 series. Stamens very many, filaments filiform, often
flexuous, free or connate below; anthers erect, 2-celled, dehiscence
vertical. Ovary l-celled ; style slender, stigma peltate; ovule solitary,
erect. Drupe with a crustaceous putamen. Seed erect, ovoid or globose ;
testa thin, or thick and spongy. Distrib. About 35 species, chiefly
tropical Asiatic with a few American.

Series A. Serans 4. Prraus 0. (Apotersum, BL).

Flowers axillary, solitary or in pairs <. L. 0. microphyllum.
Flowers in axillary fascicles . we 2. 0. Kunstlers.

Flowers in axillary racemes.
Glabrous everywhere.
Leaves less than 5 in. long.
Leaves ovate or obovate-lanceo-
late, pedicels 2 or more times as
long as the flowers; fruit
ovoid ... .. we 3. pulcherrimum.
Leaves elliptic-oblong, pedicels as
long a8 flowers, fruit yellowish :
young branches yellowish ... 4. Prainianum.
Leaves elliptic-lanceolate, pedicels
not exceeding flowers, racemes
very numerous: young branches
brown .., e oo O. floribundum.
Leaves more than 5 in. long o 6. spectabile.
Apices of young branches, petioles and
inflorescence ferruginous-pubescent.
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Leaves thinly coriaceous, lanceolate
or oblong-lanceolate ; outer sepals
oblong: fruit globose or sub-
ovoid ; racemes not bracteate ... 7. ammnum.
Leaves coriaceous, ovate to ovate-
elliptic: outer sepals obovate,
clawed : fruit globose; racemes
not bracteate ee 8. retusum.
Leaves coriaceous, narrowly elliptic,
blunt or retuse; racemes brac-
teate at base: fruit globose ... 9. Ourtisii.
Young parts and leaves, except when
very old, softly ferruginous-tomentose 10. molle.
Flowers in terminal panicles oo 11, canum,.

Series B. SeraLs 4. PETALS 4 OR MORE.
Leaves elliptio, rarely obovate, blunt or emargi-

.nate, thinly coriaceous, fruit spherical vee 12, Inophyllum.
Leaves obovate, retuse or omarginate, thickly
coriaceous, fruit ovoid o oo 13, Inopylloide.

Leaves oblong, acuminate.
Young leaves and inflorescence rufous... 14. Wallichianum.
All parts glabrous.
Leaves 4 to 6 in. long, flowers ‘35
in. in diam. Petals 4 w18, Griffithas.
Leaves 5 to 10 in. long; flowers 1
in. in diam. Petals 4. Fruit5
in. long s 16, macrocarpum.
Leaves 1'75 to 3 in. long: flowers
*5 in. in diam. Petals 4 to 6 ... 17. venustum.

1. CALOPHYLLUM MICROPHYLLUM, T. Anders. in Hook. Fl. Br. Ind. i,
272. A glabrous, much branched, very leafy shrub; youngest branches
4-angled. Leaves rigidly coriaceous, obovate-cuneate or obovate, obtuse
or retuse, much narrowed to the base; nerves slightly and equally pro
minent on both surfaces; length ‘75 to 15 in., breadth '35 to 75 in.,
petiole °1 to ‘2 in. Flowers solitary or in pairs in the axils of the
younger leaves, minute; pedicels ‘15 to ‘25 in., slender, recurved, with
2 bracts at the base. Sepals sub-orbicular. Fruqt pisiform, topped by
remains of style.

Mount Ophir, near the summit.

The leaves are not unlike these of (. floribundum, but the inflores-
cence is8 quite different.
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2. CanopEYLLUM KunsTLERI, King, n. sp. A tree 40 to 60 feet high,
all parts glabrous except the buds, the 4-angled young branches, and the
petioles and lower part of rachis of inflorescence with its bracts which
are ferruginous-pubescent. Leaves thinly coriaceous, narrowly elliptic-
oblong, the apex obtusely acuminate, tapering in the lower third to the
short stout petiole ; both surfaces shining ; the nerves very close together
and like the midrib most distinct on the lower; length 35 to § in,,
breadth 125 to 1'4 in., petiole '3 to '4 in. Flowers in solitary fascicles
from the axils of the older or of fallen leaves, about 1'5 in. long, 3-4-
flowered ; bracts at base of pedicel 4, ovate, boat-shaped. Flowers ‘25 in.
in diam.; the pedicels often very unequal, the uppermost 1 in. and about
twice as long as the lower. Sepals 4, the outer pair obovate-oblong, the
inoer oblong, all obtuse. Pefals 0.. Fruit, (not ripe) ovoid or globular,
glabrous ; pericarp thick, crustaceous.

Perak; King’s Collector, Nos. 5328, 5374 5459.

A common species; varying a little as s to the amount of pubescence
on the branchlets and buds, and in the form of the fruit. Ripe fruit
has not, however, yet been collected ; and it may prove than when ripe the
fruit is uniformly globular. The nervation is closer than in any other
species that I have seen, and the surfaces of the leaves have a peculiarly
lustrous sheen.

8. CarorHYLLUM PULCHERRIMUM, Wall. Cat. 4848. A glabrous tree,
20 to 60 feet high ; the young branches as thick as a crow-quill, 4-angled.
Leaves thinly coriaceous, ovate or obovate-lanceolate, shortly and obtusely
acuminate, much narrowed to the base ; both surfaces shining ; the edge a
little thickened and undulate, the midrib stout; length 175 to 25 im.,
breadth ‘8 to 1'2 in., petiole ‘3 in. Racemes solitary, about half as long
as the leaves, from the axils of the older leaves, lax, spreading,
few-flowered. Flowers ‘25 in. in diam.; pedicels very slender, about *5
in. long. Sepals broadly ovate, the inner pair slightly larger and more
membranous. Ovary globose. Fruit ovoid with a very short beak,
‘65 in. long. Chois. Guttif. Ind. 14; Planch. and Triana Mem. Guttif.
246; Hook. fil. Fl. Br. Ind. i, 271 ; Pierre Fl. Coch.-Chine, t. 104.

Singapore. Malacca. Perak. Distrib. Cochin-China.

Miquel’s three species bancanum, plicipes and gracile are reduced to
this in Hooker’s Fl. Br. Ind. Miquel ascribes 4 petals to gracile, which
would throw it into another section. Pierre (1. c.) expresses doubts as
to bancanum and gracile falling here, and considers 0. plicipes as totally
distinct both as to leaves and flowers. Of 0. mesuaefolium, (Wall. Cat.
4850,) only fragmentary specimens exist. In the F1. Br. Ind. it is re-
duced here; but Planchon and Triana consider it quite different.

Var. oblongifolium, T. Anderson (in Hook fil. Fl Br. Ind. L ¢.);
leaves oblong, tip rounded.
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4. CavrorYLLUM PraINIANUM, King, n. 8p. A glabrous tree 40 to 60
feet high; the youngest branchlets polished, terete, yellowish. Leaves
thinly coriaceous, elliptic-oblong, shortly sub-abruptly and obtasely
acaminate, narrowed in the lower third to the short petiole; the nerves
rather distinct on both surfaces; lower surface paler than upper, both
shining ; the edge pale yellow, very slightly thickened; length 2:5 to
4 in., breadth 1 to 1'5 in., petiole 2'5 to 4 in. Racemass solitary, axillary,
rarely supra-axillary, about 1'5 in. long, ebracteate, lax, few-flowered.
Flowers 25 in. in diam.; pedicels slender, °25 in., the upper rather
longer. Sepals 4; the outer pair orbicular, concave, puberulous exter-
nally; the inner pair larger, imbricate, orbicular-oblong, glabrous.
Ovary ovoid, stigma very broad. [Fruit spherical, ‘4 in. in diam.,
crowned by the thin style, pericarp thin.

Perak ; King’s Collector, Nos. 5366 and 7243.

Very like 0. pulcherrimum, but with globular fruit: also like O.
Teysmannis, but the nervation of the leaves in that species is unusually
oblique for the genus, whereas in this the nerves are almost horizontal.

5. CALOPHYLLUM FLORIBUNDUM, Hook. fil. Fl. Br. Ind. I, 272, A
tree? much branched and everywhere glabrous; branchlets glaucous,
4-angled, as thick as a crow-quill. Leaves coriaceous, elliptic-lanceolate,
obtusely acuminate, the edges thickened and pale, the base acuminate, the
numerous nerves and midrib most distinct on the under sub-glancescent
surface, upper surface shining ; length 1'24 to 1'5 in., breadth ‘5 to *6 in.,
petiole 25 in. Racemes from most of the leaf-axils erecto-patent, more
than half as long as the leaves; pedicels opposite, spreading, not much
longer than the diameter of the flowers. Flowers ‘25 in. in diam. The
outer pair of sepals broadly ovate, sub-acute, the inner broadly obovate,
blunt, membranous. Sfamens numerous, style not longer than the sepals.

Malacca ; Maingay, Nos. 170, 171.

This is closely allied to C. pulcherrimum, Wall., but has smaller
leaves, the racemes are more numerous and longer in proportion to the
leaves, while the pedicels of individual flowers are much shorter.

6. CaALoPHYLLUM SPReTABILE, Willd. A tall tree; when adult all
parts glabrous, the buds and young parts ferruginous-pubescent. Zeaves
thinly coriaceous, narrowly or broadly oblong, rarely elliptic, sub-acute or
obtuse, undulate, the base cuneate; both surfaces shining, the nerves
very numerous, the midrib strong; length 6 to 12 in., breadth 1'5 to 3
in., petiole *5 to ‘75 in. Racemes umbelliform, axillary, solitary, lax,
few-flowered, '5 in. in diam.; pedicels slender, ‘5 in. Sepals orbicular,
glabrous. [Ripe fruit spherical, ‘75 in. in diam. DC. Prod. i, 562 ; Choisy
Guttif. Ind. 43, in part; Planch. and Triana Mem. Guttif. 238; Wight
INl. i, 128; Miq. Fl. Ind. Bat. i, Pt. 2, 510; Pierre Fl. Coch.-Chine, t.
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107 ; Kurz Fl. Burm. i, 94; O. tetrapetalum, Roxb. FIl. Ind. ii, 608;
C. Moonit, Wight Ill. i, 129, Ic. t. 111 ; Thw. Enum. 52 ; Beddome Flor.
Sylvat. Gen. xxii; 0. cymosum, Miquel Fl. Ind. Bat. Suppl. i,497; C.
Diepenhorstii, Miq. 1. c. 497; O. hirtellum, Miq. Pl. Jungh. i, 291; FI.
Ind. Bat. I, Pt. 2, 511 ; Apoterium Sulatrs, Bl. Bijdr. 218.

Penang, Singapore, Andamans, Nicobars. Distrib. Malayan
Archipelago, Cochin-China, Fiji, Society Islands.

7. CALOPHYLLUM AMOENUM, Wall. Cat. 4849. A tree 20 to 40 feet
high; the apices of the youngest branches, the buds, the leaf-petioles,
and the rachides of the racemes minutely ferruginous or griseous-pubes-
cent. Leaves thinly coriaceous, lanceolate or oblong-lanceolate, rarely
ovate-lanceolate or obovate-elliptic, acute or very shortly and obtusely
acuminate, the base cuneate ; nerves very close, about equally prominent
on both surfaces ; length 2:5 to 3'5 in., breadth 1 to 15 in., petiole ‘4 in.
Racemes stout, sub-erect, shorter than the leaves, few-flowered. Flowers
‘25 in. in diam., pedicels ‘2 in. Sepals reflexed, the outer pair oblong,
ferruginous-tomentose externally : the inner pair longer, sub-glabrous.
Fruit globose or sub-ovoid, -3 in. long, the pericarp pulpy. Choisy
Gauttif. de I'Inde, 41 ; Planch. and Triana Mem. Guttif. 235; Kurz FIL.
Burm. i, 95.

Andamans ; King’s Collector. Tenasserim, Helfer, No. 881; Am-
herst Wallich, No. 4849.

None of the Andaman specimens which I have seen are in fruit;
and none of the Burmese are in flower. But in leaf and other characters
the specimens are alike. The species seems to me a good one and to be
distinct from O. retusum, Wall., with which it has however been united
in F1, Br. Ind., and this is also the opinion of Planchon and Triana.

8. CaropYLLUM RETUSUM, Wall. Cat. 4846. A much-branched, very
leafy shrub ; the young branches 4-angled, softly ferruginous-pubescent,
as are the petioles and inflorescence. Leaves coriaceous, ovate to ovate-
elliptic, obtuse, the base rounded or slightly narrowed ; mnerves rather dis-
tant for the genus, more visible on the upper than on the lower surface ;
length 1°75 to 2:25 in., breadth '8 to 11 in.; petiole ‘2 in. stout, pubescent,
when old glabrous. Racemes solitary, axillary, sub-erect, ferruginous-
pubescent, especially at the base, 1in. long. Flowers ‘25 in. in diam.,
pedicels -2 in, Sepals; the outer obovate, clawed ; the inner ovate-oblong.
Fruit pisiform. Pierre Fl. Coch.-Chine, t. 102; 0. pisiferum, Planch.
and Triana Mem. Guttif. 266; O. retusum, Hook. fil. Fl. Br. Ind. i, 272,
(excl. syn. 0. amenum, Wall.).

Malacca; Griffith, Maingay (Kew Distrib. No. 166). Singapore;
‘Wallich, No. 4846.

9. CavoruyrLuM Curmisii, King, n.sp. A tree; the young branches,
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buds, petioles and inflorescence ferruginous-pubescent, sub-pulverunlent.
Leaves coriaceous, narrowly elliptic, blant or retuse, the base narrowed ;
upper sarface glabrous, shining ; the lower rather dull, pubescent on the
prominent midrib; the nerves rather distinot on both surfaces ; length 2
to 2'75 in., breadth 1 to 1'4 in., petiole "4 in, Racemes solitary or two to-
gether, axillary, umbellate, compact, 3 to 5-flowered, ferruginous-tomen-
tose, much shorter than the leaves and with several navicular ferrnginous-
tomentose bracts at their base. Flowers ‘25 in. in diam., the pedicels -2
long, more than twice as long in fruit, and the nppermost the longest.
Sepals 4; the outer oblong, sub-obovate, ferruginous-tomentose; the
inner smaller, oblong, sub-glabrous. Petals 0. Fruit ovoid.

Penang ; on Government Hill, at 500 feet, Curtis, No. 523.

A very distinct species ripe fruit of which is unknown.

10. CaLoPHYLLUM MOLLE, King, n. sp. A tree 40 to 80 feet high;
the young shoots, buds, under surfaces of adult leaves, and young fruit
softly ferruginous-tomentose. Leaves coriaceous, narrowly oblong, grada-
ally narrowed in the upper fourth to the sub-obtuse apex, the edges
thickened and slightly recurved, the base rounded, or slightly narrowed :
upper surface when adult sub-glabrous, the nerves close, slightly visible,
the midrib sparsely and coarsely pubescent ; lower surface pale and, ex-
cept when very old, more or less softly tomentose especially on the very
stout midrib: length 5 to 8 in., breadth 125 to 2:25 in., petiole ‘4 in. to
‘6 in. Racemes axillary, solitary, about1 in. long, 1 to2-flowered, densely
ferruginous-tomentose as are the ovary and young fruit. Sepals 4, the
outer oblong, ferrnginous-tomentose externally. Pefals 0. Fruit glo-
bular, slightly apiculate, 1 in. long, sub-glabrous when ripe.

Penang ; Curtis, No. 1426. Perak; King’s Collector, many numbers.

A species collected by Sig. Beccari in Sumatra (P. S. 953) comes
very near this ; but the leaves are broader and more inclined to be ob-
lanceolate, the thickening of the edge is greater and is pale in colour,
while the young fruit is ovoid and not tomentose. Judging from Pierre’s
figure (he gives no description) of his (. Dongnaiense, Fl. Coch.-Chine,
t. 108, that species and this must be near allies.

11. CavorEYLLUM CANUM, Hook. fil. F1. Br. Ind. i, 271. A tree 40
to 80 feet high; young branchlets as thick as a goose-quill, smooth.
Leaves coriaceous, glabrous, narrowly elliptic-oblong, bluntly and shortly
acuminate, slightly undulate, the base acute, upper surface shining, the
lower less so; midrib very strong, nerves very thin and numerous; length
5 to 7 in., breadth 1-75 to 2:25 in., petiole ‘5 to ‘75 in. Flowers *75 in.,
diam., in terminal hoary-pubescent panicles less than half as long as the
leaves, or in axillary racemes, pedicels 15 in. Sepals hoary-puberulous,
orbicular; the ounter pair coriaceous, concave; the inner pair larger and
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thinner, imbricate, the upper edge incurved, ciliate. Petals 0. Stamens
very numerous. Stigma discoid. Ovary depressed-spherical, glabrous.
Frusit ovoid, smooth, ‘75 in. long.

Malacca; Maingay. Perak; King’s Collector No. 5420, Scortechini
No. 2044. Penang; Curtis, No. 1543. Distrib. Cochin-China, British
India.

Not unlike 0. Wallichianwm, Planch. and Triana ; but apetalous and
the leaves never tomentose.

12. CavopmyrLUM INoPHYLLUM, Linn. sp. 732, A glabrous tree
20 to 30 feet high: young branches stout. Leaves thinly coriaceous,
elliptic, rarely obovate-oblong, apex rounded or emarginate, the base
acute, shining on both surfaces; length 4 to 6 in., breadth 25 to 35 in
petiole *75 in. broad. Racemes in the upper axils, lax, 3 to 4 in. long,
few-flowered. Flowers ‘75 in. in diam.; pedicels slender, 1 to 1:75 in.
Sepals 4, the 2 inner petaloid. Petals 4, longer than the sepals. Fila-
ments 4-delphous. Ovary stipitate, globose. Style longer than the
stamens; stigma peltate, lobed. Fruit globular; the pericarp smooth,
fleshy, 1 in. in diam. or more. DC. Prod. I,562. BI. Bijdr.217. Chois.
Guttif. Ind. 42. Planch. and Triana Mem. Guttif. 254. Roxb. Fl. Ind.
ii, 606. W. and A. Prod. 103. Miq. Fl. Ind. Bat. I, pt. 2, p. 510.
Wight Ill. 1, 128; To. 77. Hook. F1. B. Ind. i, 273. Kurz Fl. Burm. i,
95. 0. Blumei, Wight Il i, 128. 0. Bintagor, Roxb. Fl. Ind. ii, 607.(?)

On the Coasts, in all the Provinces. Distrib. Burmah, 8. India
and Ceylon, E. African Islands, Australia, Polynesia.

The pure white flowers are delightfully fragrant, the seeds yield a
beautiful mild oil, and the wood is useful for spars of boats and ships.

18. CarorEYLLUM INoPHYLLOIDE, King, n. sp. A glabrous tree, 60
to 80 feet high; the young branches about as thick as a goose-quill, dark
brown. Leaves thickly coriaceous, obovate or obovate-oblong, the apex
retuse or emarginate, the edges thickened, recurved (when dry), gradually
narrowed from about the middle to the stout petiole; both surfaces shin-
ing, the lower less so and paler; nerves very numerous, little prominent,
the midrib stout; length 3:25 to 45 in., breadth 1:75 to 2:75 in. ; petiole ‘6
to ‘1 in,, broad at the apex. Racemes from the axils of the upper leaves,
2 to 3 in. long, lax, few-flowered. Flowers globular in bud, about -75
in. in diam. when expanded. Outer sepals rotund, concave, reflexed, 4 in.
long ; the inner petaloid, larger than the outer. Petals narrower than
the sepals : pedicels slender, ‘65 to 1 in. long. Style stout ; stigma broad,
discoid. Fruit (not quite ripe) ovoid, ‘75 in. long, the pericarp not
pulpy.

Perak ; on low Hills, elevation 300 to 500 feet.

The leaves of this much resemble those of C. Incphyllum, but they
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are thicker, smaller, and invariably obovate and retuse. The flowers
are smaller than those of 0. Inophyllum ; the fruit also differs in being
smaller, ovoid and not pulpy. This species also resembles the British
Indian C. Wightianum, Wall. The existence of petals is certain, but the
condition of the flowers on the only specimens hitherto collected is such
that their number cannot be made out with certainty.

‘'14. CaALLoPHYLLUM WALLICHIANUM, Planch. and Triana Mem. Guts.
249. A tree; the branchlets pale yellowish, the youngest 4-angled and,
with the buds under surface of young leaves and inflorescence, minutely
ferruginous-tomentose.  Leaves thinly coriaceous, narrowly elliptic-
oblong, the apex shortly and obtusely acuminate, the base acute; npper
surface shining, the midrib narrow; lower surface dull, the midrib pro-
minent, at first minutely ferruginous-tomentose, when adult glabrous:
length 45 to 6 in., breadth 1°5 iu.; petiole *75 in., rasty. Racemes
axillary and terminal, less than half as long as the leaves, ferrugin-
ous-tomentose, erecto-patent. Flowers 5 in. in diam, pedicels ‘2 in.
Sepals 4, orbicalar, ferruginous-tomentose on both surfaces. Petals 4,
cuneate-oblong, glabrous internally. Frait (fide F. B. Ind.) globose,
the size of a cherry. Wall. Cat. No. 4843, in part. Hook. fil. Fl. Br.
Ind. i, 273.

Malacca ; Maingay.

This species was founded by Planchon and Triana on a specimen
mixed with Wall. Cat. No. 4843, (the bulk of which is C. spectabile,
Willd.) This does not appear to be a common species, and its fruit I
have not seen. It may be readily distinguished by its yellow branches,
the pale ferruginous, almost cinnamoneous, colour of its leaves when dry,
aud its darkly rusty racemes.

15. CaropmyiLum GrirriTaI, T. Anders.in Hook. F1. Br. Ind. i,
273. A glabrous tree, the youngest shoots 4-sided. Leaves thinly coria-
eeous, oblong or elliptic-oblong, acute or obtuse, the base shortly cuneate,
shining on both surfaces, the rather distant nerves equally distinct on
both, the midrib more distinct and pale-coloured on the lower; the
edges with a pale thickening ; length 4 to 6 in., breadth 1:75 to 2 in,,
petiole ‘4 to ‘6 in. Racemes solitary, axillary, from 15 to 25 in. long,
few-flowered. Flowers 35 in. in diam., glabrous; pedicels unequal, ‘2 to
5 in. long, slender, each with a small deciduons bract at its base.
Sepals 4, outer pair orbicular, inner pair longer but narrower. Pelals 4,
oblong, obtuse. F'ruit (young) ovoid, smooth.

Malacca ; Griffith. Distrib. Sumatra, Forbes, No. 322a.

16. CALOPHYLLUM MACROCARPUM, Hook. fil. Fi. Br. Ind. I, 273. A
glabrous tree; branchlets polished, sharply 4-angled. Leaves coriaceous,
narrowly oblong or elliptic-lanceolate, shortly and obtusely acuminate,

24
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much narrowed at the base, edge slightly thickened, upper surface shin-
ing, the midrib prominent on the rather dull lower surface, nerves rather
bold and equally prominent on both ; length 5 to 10 in., breadth 2 to 3
in., petiole 1 to 1'25 in. Racemes not half the length of the leaves,
axillary, solitary, 6-10 flowered, minutely ferruginous-puberulous.
Flowers 1 in. in diam.; pedicels 1 to 125 in. Sepals 4, the outer pair
puberulous externally ; the inner pair larger, imbricate, oblong-rotund,
orbicular, concave, rusty, obtuse, petaloid. Petals 4, smaller than the
inner sepals, oblanceolate, clawed. Stamens short. Fruit (fide Maingay)
ellipsoid, 5 in. long.

Malacca ; Maingay (Kew Distrib. 174). Perak; King's Collector,
No. 8851.

17. CarLorPHYLLUM VENUSTUM, King, n. sp A glabrous tree, 20 to
30 feet high, Leaves thinly coriaceous, shining, rigid, elliptic-ovate,
retuse, the base cuneate, the margin thickened ; nerves rather distant for
the genus and equally distinot on both surfaces; length 1-75 to 3 in.,
breadth 1 to 1'5 in., petiole ‘3 to "4 in. Racemes 3-5 flowered, solitary,
axillary, half as long as the leaves, very lax, spreading. Flowers large
(*5 in. in diam.), on long (‘75 in.) pedicels; buds ovoid. Sepals 4, more
or less orbicular. Petals 4 to 6, narrower than the sepals, the inner
oblong, veined, all obtuse. Fruit unknown.

Perak ; King’s Collector, No. 7763.

A very handsome species of which the fruit is unknown. In leaf
it resembles C. amaenum, but differs greatly in the flowers.

3. KavEea, Wall.

Trees. Leaves opposite; veins rather distant, arched. Flowers
hermaphrodite, either large and solitary, or small and collected in ter-
minal panicles. Sepals and pefals 4 each, imbricate. Stamens numer-
ous, filaments slender, free or connate at the base; anthers small, sub-
globose, 2-celled, dehiscence vertical. Ovary l-celled; style slender,
stigma acutely 4-fid; ovules 4, erect. Fruit subdrupaceous, fleshy, in-
dehiscent, 1-4-seeded. Seeds thick, testa thin and crustaceous.—Distrib.
Tropical Asia, 7 species.

Flowers in racemes.

Racemes 2 to 3in. long: flowers 1 in.

or more in diam. ... we 1. K, Wrays.
Racemes less than 1 in. long: flowers
less than 1 in. in diam. v 2. K. racemosa.

Flowers solitary, axillary.
Nervation of leaves bold, distinct.
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Fruit turbinate, quite enveloped by
the outer sepals when ripe ... 3. K. grandis.
Fruit ovoid, pointed, only partly
covered by sepals.
Leaves tapering to the mo-
derately long petiole ... 4. K. Kunstleri.
Leaves roanded or cordate at
base, sub-sessile we 5. K. nervosa.
Fruit ovoid with a much elongate
hooked apex, leaves candate-
acuminate «. 6. K. caudata.
Nervation of leaves indistinct.
Young branches slender, smooth,
flowers axillary ... o 7. K, elegans.

1. Kavea Weavy, King, n. sp. A small glabrous tree; the young
branches pale, polished, terete, often whorled. Leaves very thickly coria-
ceous, broadly elliptic, acute or acuminate, the edges much recurved when
dry, the base rounded; nerves about 15 pairs, unequal, only slightly
prominent on the lower and less so on the upper surface; both surfaces
smooth, the upper shining, the lower dull; length 3 to 4'5 in., breadth
1:75 to 2-25 in. ; petiole ‘4 in., thick. Racemes axillary or terminal, 2 to
3 in. long, sub-erect, stout, with minute subulate bracts at the base, 3 to
S-flowered. Flowers 1 to 1-25 in. in diam., pedicels "5 to 1'25 in. long.
Sepals orbicular, nearly equal, glabrous, the outer pair coriaceous, the
inner thinner. Petals mach larger than the sepals, broadly-obovate or
orbicular, clawed. Stamens much shorter than the petals. Fruit un-
known.

Pahang ; on Gunong Brumber, elevation 7000 feet, L. Wray, junior.

A remarkable species quite unlike any hitherto described.

2. Kavea RrRACEMOSA, Planch. and Triana Mem. Guttif. 269. A
glabrous tree, 40 to 60 feet high. Leaves sub-coriaceous, elliptic-oblong,
with a very short blunt acumen, slightly narrowed to the petiole; upper
surface rather dull, the lower paler and shining ; main nerves 18 to 25
pairs, bold, spreading; length 6 to 9 in., breadth 1'5 to 2'5 in. ; petiole
‘75 in., stout. Racemes less than 1 in. long, few-flowered, bracteolate,
crowded at the apices, or in the axils near the apices, of the rather long
naked often whorled branchlets; pedicels stout, '15 in. long. Flowers
‘5 in. in diam. Sepals rotund, thickly coriaceous. Petals longer than
the sepals, thin. Stamens numerous, in one series, monodelphous at the
base; Wall. Cat. without number or locality ; Hook. fil. Fl. Br. Ind. i,
276, (excl. syn. Mesua Singaporiana, Wall. Cat. 4836.)

Malacca ; Maingay (Kew Distrib. 177). Perak ; Scortechini, 97.
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The foregoing description has been drawn up from Maingay’s
Malacea specimens above quoted, which have been accepted by Sir
Joseph Hooker as of the species described by Planchon and Triana as K,
racemosa. These authors founded the species on a Wallichian specimen
in M. de Candolle’s Herbariam, without number or indication of locality,
which had been separated from some other Wallichian number, and
which bears the following note by Choisy ‘ Mesua speciosa ? specimen im-
perfectum sine motula in herb. Wallichiano repertum.” This specimen I
have not seen. Of Wall. Cat. No. 4836, (Mesua Singaporiana,) there
is a specimen in Herb. Cale. ; and it is certainly different from Maingay’s
177, being more like a Mesua than a Kayea,

3. KavEA 6rANDIS, King, n. sp. A glabrous tree, 40 to 80 feet high.
Leaves large, coriaceous, oblong to elliptic-oblong, sub-acute, the edges
revolute (when dry), slightly narrowed towards the rounded or sub-acute
base ; both surfaces rather dull (when dry), the 20 to 25 pairs of main
nerves sub-horizontal, prominent, the secondary nerves also prominent ;
length 9 to 18 in., breadth 3 to 45 in.; petiole "4 to ‘75 in., smooth.
Flowers sub-globose in bud, pedicelled, in short few-flowered axillary
cymes crowded in the axils of the leaves, rarely solitary, about 1-25 in. in
diam. when expanded ; pedicels 5 in. Sepals rotund, the outer concave
very coriaceous ; the inner thin, not larger than the outer. Petals elliptic-
oblong, acute, larger than the sepals (-5 in. long or more). Ripe fruit
tarbinate, 2 to 25 in. in diam. and 1'25 in. thick, leathery, comgletely
enveloped by the persistent, thickened, outer sepals.

Malacea; Maingay (Kew Distrib. 178), Cantlay No. 2354. Perak,
King’s Collector.

A very fine species; at once distinguished by its large leaves and
depressed turbinate frait. The fruit, and probably the whole plant,
abounds in yellow juice. According to M. Cantley the wood sinks in
water.

4. Kavea Konstieri, King, n. sp. A glabrous tree, 30 to 50 feet
high; the branchlets brownish, sub-striate, not tuberculate. Leaves thinly
coriaceous, elliptic-lanceolate, acuminate, sub-undulate, the base much
narrowed to petiole; both surfaces rather dull (when dry) with a few
scattered opaque black dots ; the lower pale, sub-glaucescent (when dry) ;
length 4 to 6 in., breadth 1 to 2'25 in. ; petiole ‘25 in. to 4 in., rugose;
nerves 20 to 24 pairs, unequal, prominent ; the lower horizontal, the npper
slightly curving upwards. Flower solitary, axillary or terminal, 15 to
2 in. diam., on a very short smooth pedicel, bracts at its base linear-
subulate: bud globose, smooth. Sepals unequal as in nervosa. Petals
oblong-acuminate, 1 in. long. Ripe fruit ovoid, gradually narrowing
into a short subulate apical beak.
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Perak: King’s Collector, Nos. 3301, 6850: Penang, Cartis, No.
1419; Malacca, Maingay, No. 170.

This is allied to K. nervosa, T. Anders. ; but it is readily distingnished
from that by its smooth branchlets, by the leaves much and gradually
narrowed to both base and apex, and by the oblong-acuminate petals. A
shrubby form of this occurs in Penang (Curtis, Nos. 805, 1418,) and in
Perak (King's Collector, No. 1345) in which all the parts are smaller
and the leaves are less acuminate at the a.pex, and rounded instead of
mauch attenuated at the base.

5. KAYEA NERvOsa, T. Anders. in Hook. fil. Fl, Br. Ind. i, 277. A
glabrous tree ; the branchlets minutely tubercled, 4-angled. Leaves sub-
sessile, membranous, elliptic-oblong, shortly and bluntly acaminate, the
base rounded or emarginate ; both surfaces (when dry) dull coppery brown,
the lower paler; nerves 16 to 20, unequal, rather prominent beneath ;
length 3 to 5 in., breadth 1-25 in. to 2 in.; petiole ‘15 in. long, rugose
as is the base of the midrib. Flowers axillary, usunally sélitary (some-
times 2 or 3 from an axil), or terminal, 1'75 in. in diam. ; pedicels 75 in.
or less, tubercled, each with several linear lanceolate bracts at its base.
Sepals unequal, the outer very coriaceous, sub-orbicular ; the inner nearly
twice as large but thiuner, Petals obovate; filaments about as long as
the slender pistil. Ripe fruit sub-globular, beaked, leathery, -75 in. in
diam. or more, the calyx marcescent. Kurz Flora Burm. i, 96; Mesua
nervosa, Pl. and Triana Mem. Guttif. 279.

Malacca, Perak. Distrib. Burmah.

6. KaYeA CAUDATA, King, n. sp. A slender glabrous tree, 20 to 30
feet high, with drooping habit ; the branchlets slender, pale brown, striate.
Leaves membranous, obovate-elliptic, caudate-acu