
Volume XIU 

OCCASIONAL PAPERS 
OF 

BERNICE P. BISHOP MUSEUM 
HONOLULU, HAWAII 

1937 :--:umber 17 

Ecological and floristic studies in Kipapa 
Gulch, Oahu* 

By EDWARD Y. HOSAKA 

IN'l'RODlJCTlO~ 

This investigation concerns the ecological and floristic features 
of Kipapa Guieb, Koolau Range, a mountain valley extending 
from near the middle of the range at an elevation o( 860 meters, to 
sea level at Pearl llarbor, a distance of about 21 kilometers. It was 
chosen as typical of approximately one quarter of the island. It is 
one of the larger gulches and has a well preserved mountain flora. 
More specifically, the objects of study have been to determine the 
species of plants which arc growing naturally at difTercnt elevations 
in this valley, together with an experimental investigation of environ­
mental conditions, as well as a survey of the composition, distribu­
tion. and successional relations of the various plant communities. 
The work was initiated in the fall of 1931 and carried on during 
the f ollo,,·ing four years. The climatic and eclaphic data were gath­
ered in 1933. 

Very few ecological studies of vegetation haYe been made in 
llawaii. Early explorers, Wilkes (66), 1 Bloxam (5), Byron (7), 
Cha111isso ( 11 ), l\Jcnzics (37), and Seemann (53), give only short 
observational accounts of the vegetation. Hillebrand (23) takes up 
the ecology of the Hawaiian islands in general and divides the plants 
into groups occupying different elevations. 'L'hc more recent workers 
are Forbes ( I 9). lfock ( 44). Campbell ( 10), and MacCaughcy ( 30). 
Forbes deals with plant succession on new lava flows, Rock with 
vcgctational zones, Campbell with environment, and ~CacCaughey 
with associations. 

• Presented in partial fulfillment of the re<111irements for the degree of ;\laster of 
Science, University of I lawaii, 1935. 

1 Numbers in 1•an·nthescs rl'fcr to Bibliography, p. 230. 
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FIGURE 1.-}.Iap of Kipapa Gulch showing topography, stations where data were collected, and distribution of important trees. 
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The only detailed ecological study of a specific area in lla\\'aii 
\\'as made by MacCaughey ( 30). Bcf ore this study, the ecological 
in\'estigations comprised only a general description of the vegetation. 
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!>11 YSIOCRAPII V 

Kipapa Culch is located 011 the west slope of the Koolau Range, 
\\'hich runs northwest to southeast from one end of the island to 
the other ( fig. I). The gulch extends approximately 21 kilometers 
from the \Vest Loch of Pearl I !arbor to the summit area of the 
Koolau Range. and is one of the longest gulches on the island of 
Oahu. The region from the shore of \Vest Loch for about 800 meters 
to the mouth of the entrenched gulch is of level alluvial land. The 
larger portion of this section is utilized for rice gro\\'ing. There arc 
several fish ponds varying in size from a f cw acres to se,·eral acres 
close to the beach and small patches of taro fields and vegetable 
gardens along the fringe of the rice fields. 

The gulch extends northward for a short distance, turns north­
east and then eastward toward the summit range. The width and 
depth of the gulch vary considerably. The gulch at its mouth 1s 

narro\\' with steep rocky sides. hut a few hundred meters inland. it 
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becomes broader with less steep ·ides. On the gulch bottom arc flood 
plains ranging in size from a few to many acres. This region with 
nearly level floor and gently sloping sides extends to about 225 
meters elevation and is cultivated. The lower third of this agricul­
tural land is planted in sugar cane and the upper two thirds is culti­
vated in pineapple and trnck crops ( fig. 2). 

F1cu1u; 2.-Vicw downstream in the Guava Zone showing cultivated fields, 
Psidi,1111 G'11ayava, 1 I eteropogo11 co11tort11s on the foreground slope, and banana 
plantation on the bottom. 

Above 225 meters elevation, the slopes arc entrenched by many 
narrow gullies that run obliquely lo the main gulch. The few side 
gullies radiating from the main gulch below lhc 225 meters elevation 
are also oblique. This much dissected section is thickly forested 
with many species of native ferns, shrubs, and tall trees. 

The depth of the gulch increases with the increase in elevation 
up to about 200 meters of the summit where the streams clesccnd as 
cascades and waterfalls from the slope of the summit range. The 
side streams are intermittent lo semi-intermittent in flow and supply 
the central stream which is usually permanent in flow. lts lower 
section. below the forest, occasionally dries up after a long drought. 
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The central or 111ain stream meanders through the gulch to the West 
Loch cutting across the alluvial land beyond the gulch proper. The 
stream at this lower portion is fed by springs, and the flow is perma­
nent. On both sides of the gulch at about half way between the 
bottom and the rim is a heel of basalt. two to seven meters thick, 
which outcrops in a continuous line in the loll'er region of the gulch 
hut becomes intermittent as the forest is approached. This narrow 
strip of basalt outcrop that extends along the center of the gulch 
slopes has a conspicuous effect on the height of the plants, due to 
greater moisture and deeper soil below the outcrop. 'l'he plants grow­
ing below the outcrop arc taller and more \·igorous than the same 
species growing above it. 

Pr.ANT Zom:s 

In Kipapa Gulch. the plant life shows striking differences in its 
nrious parts, due mainly to the wide range of ecological conditions 
that exist between those of the seaward portion and those of the 
summit area. Variations occur not only in the composition of the 
vegetation but also in the habit of individual species. For example, 
the 111ost common introclucccl plant. Psidi11111 Guayarn (guava) 
thoroughly naturalized in 1-:Iawaii. is only a small bush of about 1.2 
meters high in the xcrophytic lowland region. hut it gets much larg-er 
in ~tature and in the diameter of the trunk as the mcsophytic region 
is reached. l lcrc it attains a height of 6.5 to 8.5 meters and a 
diamctcr of 15 to 25 cm .. hut again the species becomes smaller and 
less common as the wet summit region of the Koolau Range is 
reached. 

For purposes of field investigation and for the presentation of 
data. six plant zones have been tentatively established in Kipapa 
Gulch. These are recognized wholly on the basis of existing cover 
types. f\ny other classification taking into account the phyto-climatc. 
the pre-existing vegetation, or the ultimate plant cover is not yet 
possible in the present state of knoll'leclgc. 

The :Maritime Zone vegetation is chiefly composed of salt-loving 
plants such as Batis 111ariti11,a, Sesuvilf111 Port11/acastr11111, and Scirpus 

111ant111111s. On ll'astc places, particularly on drier sites. Prosopis 

rltile11sis and Pa11irn111 j}lfrj)lfrasce11s are conspicuous. Tn the lower 
section of the gulch, in the fTaolc Koa Zone. the plants arc mostly 
xcric. Some of the dominating species arc J,e11cae11a gla11ca (haolc 
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koa), Op1111tia megaca11t!ta, Acacia Far11rsia11a, f,a11/a11a Cantara, 

and Ileteropogo11 co11tort11s. farther up the gulch, in the Guava 
Zone, Psidi11111 Cuayava and La11/a1ta Cantara arc most common. 
Above this region is the Koa Zone. dominated by Acacia Koa and 
Cleic!te11ia li11earis on the slopes, and by Alcuriles 111olucca11a in the 
gully bottoms. The central portion o( the native forest. the Ohia 
Zone, is clominatecl by M elrosidrros collina ( ohia lehua). a tree 
towering 15 meters or more above the ground. The Cloud Zone is 
characterized by low. dwarf eel shrubs in more sheltered parts and by 
mat-forming Pa11icu111, P11spal111n, fsac/111c. and mosses in exposed 
windswept areas. The vegetation o( Kipapa Gulch is more fully 
treated on page 190. 

ENVlRONMl•::--!TAL FACTORS 

The climatic and edaphic factors determine the vegetation o( a 
region. To determine the various environmental conditions that 
affect the plants of this region, the atmospheric temperatnre, relative 
humidity, rain fall, evaporation, soil temperature, soil moisture, soil 
acidity, and the organic content of the ;,oil were investigated in the 
different vegetational zones. The stations where these observations 
were made were designated as Stations ;\, B, C, D. and E from the 
IIaolc Koa to the Cloud Zones respectively. Their location is shown 
on the map ( fig. 1). 

The various climatic and edaphic factors at the stations were 
recorded at certain times oE selected days during 1933. The evapora­
tion and rainfall data of Station A were recorded at 6 :00 a.m., H at 
6 :30 a.111., C at 8 :30 a.111., I) at 10 :30 a.111., and E at 11 :45 a.m. 
The atmospheric temperature and soil temperature data of Station A 
were recorded at 4 :30 p.m .. B at 4 :00 p.111., C at 3 :30 p.111., D at 
1 :45 p.m., and E at 12 :00 111. The times o( recording the abo,·c 
£actors are approximate varying about 30 minutes on either side o( 
the stated hour, since it was often very difficult to travel through 
the forest. The relative humidity data were recorded simultaneously 
at three different places. 

Station A is in the l faole Koa Zone at 75 meters elevation on a 
north facing slope. Tn the immediate vicinity of the station arc a 
few fairly large stands o[ Opuntia megaca11t!ta and sparse growth o( 
Psidimn Cuaym;a, Lantana Ca111ara, Ileteropogo11 co11/ort11s, Cassia 

Lesc!teua11ltia1w, and Walt!teria i11dica variety america11a. 
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Station TI is in the Guava Zone at 225 meters elevation 011 a 
north facing slope. Around the station arc a few trees of Ml'fro­

sideros colli11a and scattered bushes of Psidi1u11 G11ayava, I/li!?stro­

emia oalllfe11sis, Lantana Ca111ara, Styphelia Ta111eiameiae, and low 
plants of C!trysopogo11 aciculatus, Paspalu111 orbic11lare, and Ste110-
lo111a c!ti11e11sis. 

Station C is in the Koa Zone at 305 meters elevation on a north 
facing slope. Around the station is a thick stand of Ste110!0111a 

chi11C11sis and Gleichc11ia li11earis. Several trees of Metrosidaos 

colli11a, Psidiu111 Guayai,a, Styphelia Ta111eia1111'iae, and Acacia J...:oa 

arc also found near by. 

Station D is in the Ohia Zone at 485 meters elevation on the 
north facing slope. Aronnd the station are dense stands of Metro­

sidcros colli11a, Straussia lwduana, Bobea elatior, Acacia Koa, and 
Gleic!te11ia, li11caris. Also many species of ferns and mosses are 
found on the ground and on tree trunks. 

Station E is in the Cloud Zone at 670 meters elevation on the 
north facing slope. Around the station arc many d\\·arfcd trees of 
S11tto11ia l,esscrtia11a, 111ctrosideros rolli11a, Straussia lwdua11a, and 
Fagan1 oa!tue11sis. Other plants in the vicinity arc Cal111ia Beec!te:}'i, 

Pepero111ia 1111'111bra11acea, /laccin.ium de11talu111, Elap!toglossum reti­

culatu111, Gleic/l(]11ia e111argi11ata, IIy111e11ophyll111n recurv11111, and 
mosses. 

'!'he atmospheric temperature was recorded at the A to E Stations 
on March 19, April 2, 9, 16, July 2, 9. 16, 23, 30, November 5, 12, 
19, and 26. The data arc presented in table 1. The average tem­
perature readings in degrees centigrade at Station A is 29.2. at B, 
25.0. at C, 2-1-.0, at D, 22.0, and at Station E, 21.5. The readings 
indicate that the temperature at the various stations fluctuates on 
different days at the same hour. At Stations A. J3, and C, the tem­
perature in July is much higher than in March. April, or November, 
but at Stations D and F, there seems to he no indication of a month 
with clccidccl high temperature. The first three stations arc below 
the native forest while the last two arc in the forested region. 
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Table 1. Atmospheric temperature in degrees centig-radc recorded 
at Stations during 1933. 

Date 

March 19 
April 2 ..... 
April 9 
April 16 ............. . 
July 2. .... . ................ . 
July 9 .. . ............... . 
July 16 ............... . 
July 23 ... .. 
July 30 ....... . ..... . 
Nov. 5 ...................... . 
Nov. J ) ....................... . 
'.\:ov. 19 .................. . 
Xov. 21'; ................. . 

;\ 
4 :30 p.m. 

25.5 
25.S 
26.S 
25.5 
32.0 
29.5 
32.0 
3(,.0 
30.0 

===----- c..:.:::==--==== 

B 
.j :00 p.111. 

21.5 
2-1.0 
23.0 
25.0 
21.0 
27.5 
24.5 
34.0 
30.0 
23.0 
24.0 
2-1.0 
24.0 

Stations 

C 
3 :30 p.111. 

22.0 
23.0 
23.0 
23.0 
21.0 
26.0 
23.0 
29.0 
30.0 
22.0 
23.0 
24.0 
23.0 

1) 
I :45 p.111. 

19.0 
20.0 
26.5 
2-1.0 
19.2 
25.0 
20.5 
28.0 
22.5 
25.0 
25.0 
23.0 
17.0 

E 
12 :00 Ill, 

20.0 
18.0 
22.5 
19.5 
19.0 
23.0 
18.5 
21.0 
20.0 
24.0 
22.0 
23.0 
16.0 

Since 1905. the atmospheric temperature has hcen recorded by 
the Oahu Sugar Company at 6 I meters elevation ( 11 aolc Koa Zone) 
and at ~OS meters (Cuarn Zone) in Kipapa Gulch. The data of 28 
years (1905-1933) show very little di!Terence in the average annual 
temperature from year to year. At 61 meters elevation the annual 
mean temperature fluctuated between 22.3 degrees centigrade and 
24.6 degrees centigrade. 1\t 205 meters elevation. the temperature 
record of 28 years (1905-1933) ranged from 21.3 degrees centigrade 
to 23.0 degrees centigrade. 

AnrosP111•:R1c R1-:r.Nr1v1•: IIur-crn1'i'v 

To determine the relative humidity at different vcgrtativc zo11cs of 
Kipapa Gulch. wet and dry bulb psychromcters were set up in the open 
in the i\Jaritime, Guava. and Ohia Zones designated as Stations T, 
TI. and IT[ (fig. 1.). and the readings were made simultaneously 
from August 5 to 9, l 933. Station J is near the mouth of the gulch 
on an alluvial flat at an elevation of 3 meters; Station 11 is on the 
ridge at an elevation of 200 meters. and Station l l I is on the ridge 
in the nati,·e forest at an elevation of 550 meters. At Station I. 
readings were taken at 6 :00 a.m. and 7 :00 p.111.: at Stations l r and 
JU. at 6 :00 a.111., 12 :00 111 .. and 7 :00 p.111. as tabulated ( table 2). 
The readings for the five clays show that the average relative humidity 
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at Station I is 85 percent, at Station II, 79.8 percent, and at Station 
III, 92.9 percent. 

'l'he rather high relative humidity of Station J might be clue to 
the large body of water near by. Station II is a typical region above 
the lowland and below the forest so the readings obtained at this 
zone can be favorably compared with that of Station Jll, a typical 
rain forest. The data indicate the average relative humidity o( 
Station HI as 14.l percent higher than that of Station 11. 'l'he read­
ings also indicate that there is less fluctuation of the relative humidity 
in the forest than in the open. 

Table 2. Relative humidity readings made from August 5 to 9, 1933, 
at Stations I, II, and III. 

Date 

Aug. 5 ........................................... . 
Aug. 6 ....................................... . 

Aug. 7 ......................................... . 

Aug. 8 .......................................... . 

Aug. 9 ............................................ 1 

Time 

7 :00 p.m. 
6 :00 a.m. 

12 :00 111. 

7 :00 p.111. 
6 :00 a.m. 

12:00111. 
7 :00 p.111. 
6 :00 a.111. 

J2:00111. 
7 :00 p.111. 

6 :00 a.111. 

RAlNFALI, 

Stations 
I II III 
Relative Humidity 

87.0 100.0 
71.0 95.0 
72.0 90.0 

87.0 91.0 95.0 
82.0 81.0 92.5 

72.0 92.S 
83.0 91.0 92.5 
86.0 90.0 97.5 

67.0 82.0 
87.0 73.0 95.0 
82.0 90.0 90.0 

The Koolau Range. with an elerntion of 800 meters for the greater 
part of its length. deflects upward the wind that has absorbed much 
moisture by blowing over the great expanse o( ocean and causes it 
to lose the moisture in the form o( rain. The average annual rain­
fall o( Kipapa Culch varies from 58.57 cm. at 18 meters elevation to 
505.49 cm. at 5-1-8 meters elevation. The region usually has a slightly 
greater precipitation during December to March and a slightly drier 
season during the summer months: otherwise the rainfall is evenly 
distributed throughout the year. 

There arc several permanent rain fall gauges set up at various 
elevations in Kipapa Gulch and the records of these gauges extend 
over a period o( 9 to 35 years. 'l'he average annual rainfall record 
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o( 3G years ( 1898-1933) at 18 meters elevations in the I laole Koa 
Zone is 58.57 cm .. of 36 years ( l 898-1933) at (>() meters ele,•ation 
in the llaole Koa Zone is 6U~O cm .. of 17 years (1917-1933) at 115 
meters elevation in the I laole Koa Zone is 121.33 cm., of 29 years 
(1905-1933) at 205 meters elevation in the Guava Zone is 120.62 
cm., of 9 years (1925-1933) at 225 meters ele,·ation in the Koa Zone 
is 200.83 cm .. of 5 years ( 1929-1933) at 5-1-8 meters elevation in the 
Ohia Zone is 505.49 cm. 

'l'emporary rain gauges were set up on ~larch 19. 1933 at Stations 
_ \ to E ( fig. I ) and measurements \\'ere made 011 ;\Iarch 26, 1\pril 2, 
9, 16, July 9, 16, 23. 30, No,·ember 12. 19, and 26. The readings 
were made at intervals of seven clays and each reading is a record 
of a se,·en-day period. The data presented in table 3. and the 9 to 
35 years' record indicate a greater rain fall with increase in ele,·ation. 

Table 3. Seven-day period rainfall in centimeters recorded at 
Stations .\ to E during 1933. 

Stations_J __ - Date 

~lar. April April t\pril July July July July Nov. Xov. Nov. 
26 2. 9 16 9 16 23 .30 12 19 26 

A 2.54 0.97 0.00 2.5-1 0.64 0.64 0.33 0.33 
B 4.29 1.42 0.76 2.2-1 J.75 1.27 1.75 2.39 0.15 0.00 0.30 
C 5.08 2.24 0.33 2.24 2.87 2.24 2.54 4.45 1.42 0.00 2.54 
I) 3.66 7.95 1.12 1.42 3.51 2.69 -I.I-I 3.51 1.75 0.00 1.27 
E 3.02 9.53 0.25 1.42 7.62 4.45 9.04 8.89 1.27 0.15 5.08 

EvAPORJ\'l'JOK 

To determine the amount and rate of evaporation in the cliff erent 
vegetational zones, Livingston white sphere atmometers were set up 
at Stations A, B, C, D. and E (fig. l). At each station two 
atmometers were set up. each eight inches above the ground. one in 
full sunlight and the other in the shade to get the rate of \\'ater loss 
under the two conditions. The atmometers were set up according 
to Livingston-Thone (28) method, except that the joints of the rub­
ber stopper were coated \\'ith melted paraffin. 'l'hese atmometers 
were operated from :\farch 19 to April 16. from July 2 to 30 and 
from November 5 to 26, and the evaporation was recorded every 
seven days. During the period of operation, an average of 157.93, 
12-1-.83. 91.00. 32.07. and 25.67 cc. of "·ater evaporated from the 
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atmometers placed in the sun at Stations A to E respectively, and an 
ayerage of 109.61, 107.12, 66.17, 27.14, and 11.97 cc. of water 
evaporated from the atmometers placed in the shade at the stations 
in the same order ( fig. 3). The fallowing average evaporation in 
the sun and shade together ,Yere obtained at the stations: A, 133.77 
cc.: B, 115.97 cc.: C. 78.58 cc.: D, 29.60 cc.; and E. 18.82 cc. 
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F1GuK1•: 3.-Avcrag-c evaporation in cc. from bulb atmomctcrs placed in sun 
and shade at different stations during- 1933. 

'l'he evaporation from the atmometers in the sun was much greater 
than that from the atmometers placed in the shade. and the evapora­
tion outside the forest was decidedly greater than evaporation in the 
forest. The average evaporation for the three Stations, A, B, and C, 
which arc below the native forest was 109.-+3 cc. while the average 
evaporation of Stations D and E which are in the native forest, was 
24.21 cc.; a ratio of 4.5 :1. 

So1r, T1-:,tP1rnATUR1•: 

Soil temperatures were taken at Stations A. B. C. D. and E on 
l\larch 19, 26, April 2, 9. 16, July 2, 9, 16, 23. 30. and November 
5. 12. 19. and 26. 1933. The soil temperature reading of Station A 
was made at about 4 :30 p.n1., of Station B al 4 :00 p.m., of Station C 
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at 3 :30 p.m., of Station D at 1 :-1-5 p.m .. and of Station E at 12 :00 111. 

The soil temperature was recorded with a thermometer tied to a 
rod and inserted to 15, 30, 60. and 90 cm. depth in a vertical hole 
made with a soil auger. The soil auger was screwed in vertically 
until the 15 cm. mark was reached. then taken out and the thermom­
eter placed in the cavity for approximately three minutes with the 
bulb of the thermometer in the soil. Then the thennometer was 
quickly pulled out and the temperature recorded. The same hole was 
deepened with the soil auger until the 30 cm. mark was reached and 
again the temperature was recorded in the same manner. 'J'he tem­
perature for the 60 and 90 cm. depths was similarly recorded. Each 
week a new hole was dug with the soil auger and the temperature 
recorded. The a\·erage soil temperature o( the readings made on 
selected clays during 1933 of Stations A. ll, C, D. and E at 15 cm. 
depth, were 30.6, 2-J..0. 22.9, 20.0, and 18.8 degrees centigrade. respec­
tively; at 30 cm. depth. 27.9, 22.8, 22.0. 19.6. and 18.9 degrees centi­
grade respectively; at 60 cm. depth, 27.3. 22.6, 21.8, 19.7. and 18.8 
degrees centigrade, respectively; al 90 cm. depth, 26.7, 22.5. 21.6, 
19.5. and 18.0 degrees centigrade, respectively ( fig. 4). 

The average soil temperature readings of the depths from I 5 to 
90 cm. at Station 1\ was 28.l. at n. 22.9. at C, 22.1. al D. 19.7. at 
E. 18.8 degrees centigrade. 

On July 23. 1933, the highest temperature o[ 36.0 degrees centi­
grade and on November 26, 1933. the lo\\'est temperature of 17.0 
degrees centigrade \\'ere recorded for the 15 cm. depth at Stations J\ 
and E. respecli\·ely. 

At 30 cm. depth, the highest temperature of 32.0 degrees centi­
grade was recorded on July 23 at Station A and the lowest tempera­
ture o[ 17.5 degrees centigrade was recorded on November 26 at 
Station E. At 60 cm. depth. the highest temperature of 31.0 degrees 
centigrade and the lowest temperature of 17.0 degrees centigrade 
\\'ere recorded on July 23 and April 9, respectively at Stations A 
and E. At 90 cm. depth, the highest temperature of 30.0 degrees 
centigrade and the lowest temperature of 17.0 degrees centigrade 
were recorded on July 2 and April 9 respectively at Stations A and E. 

The data \\'ere collected al various times in a single year so they 
do not justify any definite conclusion on the range of variation of 
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soil temperature at Kipapa Gulch. However, the data presented here 
show that the soil temperature decreases with depth and elevation. 

Sou, MorsT1..an: 

To obtain data on the moisture content o[ the soil, soil samples 
were collected with a soil auger at depths o[ 0-15. 30. 60. and 90 cm., 
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FJCuRJo: 4.-A verage soil temperature in degrees centigrade at I 5 to 90 cm. 
depths at different stations recorded in 1933. 

at Stations A. B, C, D, and Eon March 19, 26. April 2. 9, 16, July 2, 
9, 16, 23. 30. November 5. 12, 19, and 26. during 1933. 1 n taking 
the soil samples, the area was first cleared of leaves and branches; 
then the soil auger was screwed in vertically to a depth of 90 cm., 
taking samples at 0-15, 30, 60, and 90 cm. The soil was placed in 
air-tight cans and brought back to the laboratory, weighed. placed 
in the oven for 40 hours at 105 to 110 degrees centigrade, then re-
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"·eighed and the percent of soil moisture \\'as calculated on dry 
weight basis by using the formula: 

loss of \\'eight 
Percent moisture=--------- X 100 

weight of dried sample 
The average percentage of soil moisture of all depths from Oto 

90 cm. at Station A was 27.10. at Station B. 45.19. at Station C. 
58.94. at Station D. 8-1-.93. and at Station E. 125.79 percent. At 
Station A. the soil moisture increased from 22.44 percent at 0-15 cm. 
depth to 31.30 percent at 90 cm. depth. an increase of 8.86 percent. 
At Station B the soil moisture increased from 39.31 percent at 0-15 
cm. depth to 47.09 percent at 60 cm. depth and then dropped to 43.81 
percent at 90 cm. depth. an increase o[ 7.78 percent and a decrease 
of 3.28 percent. ,\t Station C. the soil moisture increased from 62.48 
percent at 0-15 cm. depth to 66.73 percent at 30 cn1. depth. and then 
dropped to 52.67 percent at 90 cm. depth, an increase of 4.25 percent 
and a decrease of 14.06 percent. At Station D, the soil moisture 
decreased from 110.00 percent at 0-1 S cm. depth to 68.99 percent at 
90 cm. depth. a decrease of 41.01 percent. At Station K the soil 
moisture decreased from 209.64 percent at 0-15 cm. depth to 82.47 
at 90 cm. depth. a decrease of 127.17 percent (fig . .S). 

'l'he soil moisture at Stations A and B increased \\'ith depth but 
the moisture at Stations C. D. and E decreased \\'ith increase in 
depth. \\'ith the exception of a slight rise in moisture at 30 cm. depth 
at Station C. The increase and decrease of soil moisture at Stations 
A, 13, and C was slight. but the decrease of moisture at Station D 
and E was very great. 'J'he top layer of soil around Stations D and 
E constitute dead leaves and branches of plants that can absorb and 
retain more water than the soil below that contains less organic 
matter ( table 4) and this accounts for the rapid decrease in moisture 
content from the top to the lower layers. The soil moisture of 
Kipapa Culch increased ll'ith the increase in elevation. 

So11, Ac1n1'1'Y 

To find out to what extent the soil acidity in Kipapa Culch con­
trols the distribution of plants. the hydrogen-ion concentration of the 
soils in the ,·arious plant zones ll'as investigated. Soil samples at 
depths of 0-15, 30, 60, and 90 cm. were collected with a soil anger in 
Haole Koa, Cuava, Koa, Ohia and the Cloud Zones (fig. 1) on 
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Nlarch 19 and 26, 1933. The samples were brought back to the 
laboratory in air-tight cans and were tested by the ] lcllige Colori­
meter test. The soil acidity ranged from pll 7.0 to pll ..J..O in the 
difTcrent zones at various depths. Attempts to correlate these dif­
ferent acidities with the plant distribution were unsuccessful. A fur­
ther detailed investigation of the hydrogen-ion concentration of the 
soil might reveal a relationship between plant associations and soil 
acidity. 
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FrcuJU: 5.-A vcrage percentage of soil moisture of samples collected ,,l 
depths of 0-15, 30, 60, and 90 cm. on selected days during 1933 at Stations 
A to E. 

ORGANIC CoKTF.NT 01' So1L 

The organic content of the soil was determined by the wet com­
bustion method ( 38) and the samples used for this analysis were 
those collected for soil moisture determination. One hundred samples 
were analyzed. 'l'he samples were oven-dried for ..J.O hours at 105 
to 110 degrees centigrade and in each case a 3-gram sample was used 
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for the organic content determination. The total percentages of or­
ganic matter found in the samples from O to 90 cm. depths at the 
various stations show that Station l) has the highest organic content 
with 16.59 percent, Stations B, C and E comparatively equal amounts 
with 10.85 percent, 10.89 percent, 11.48 percent, respectively, and 
Station A the lowest with 2.75 percent (table 4). Station Dis in 
the moist, wooded native forest where the ground is covered with 
dead plant products while Station A is in the dry, poorly vegetated 
region. 'l'he amount of organic content of the soil decreased with 
depth at every station investigated with the exception of Station A. 
The average percentages of the difTerent depths of all the stations 
show that the greatest amount of organic matter is f ouncl in the first 
15 cm. of soil. 

Table 4. Average percentage of organic matter of five-soil samples 
taken at Stations A to E at depth from 0-90 centimeters. 

--- -

J-_A 

Stations 
---

Depth B C D E 

0-15 cm. 0.77 3.63 5.09 9.85 i.95 
30 " 0.68 3.16 3.15 4.51 1.46 
60 0.61 2.47 1.39 l 1.35 1.23 
90 0.69 1.59 1.26 0.88 0.84 --- -- -
Total 2.75 10.85 10.89 16.59 11.48 -

VEGETATION 

Pn1-:NOI.OGY 

Observations indicate that many native species have definite flow­
ering periods and that in some months there are more plants in 
flower than in others. In order to obtain a statistical statement on 
flowering periods, a phenological record was kept as shown in the 
species record under Taxonomy (p. 211 ). The data cover three years 
of observation, during which time about 90 field trips were made 
into the native forest. July has the greatest number of plants in 
flower with 70 species. and December the least with 1-1-species (fig. 
6). The number of plants in flower increases sharply from January 
with a slight drop in Uarch to the maximum in July, and then drops 
sharply to December. July has the greatest number of plants in fruit 
with 52 species; January has the least with 6 species. Data for all 
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the species found in the region were not recorded on a single trip 
since not all of the species were seen in the course of a clay's observa­
tion; but most of the species were observed during the three or four 
trips made in a month. ln the native forest of Kipapa Gulch there 
are two groups of species of flowering plants, those with long and 
those with short periods of flowering. 
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FicuR£ 6.-Number of native species in flower and fruit throughout the 
;ear. 

Some of those with an extended flowering season arc Phyllostcgia 
glabra, variety .Macraci, Phyllostcgia gra11diflora, Scacvola Gaudi­
clwudia11a, La11ta11a Camara, Ilc,i: auomala, Alcurilcs 111olucca11a, and 
Psidium Guayava. These species are found in flower during most of 
the months of the year. 

Some of the short season indigenous species found in the native 
forest are Rolla11dia a11g11stif olia, II cspcro111a1111ia arborcsccns, La-



192 Bemire P. Ris!top M11sc11111-0ccasio11al Papers X fl I. 71 

bordia glabra, J,abordia Cyrtaudrae, Gardenia l?e111yi, C!teirode11dro11 

p!atyp!tyll11111, D11ba11tia pla11tagi11ea, J,obrlia oalt11e11sis, Boelt111eria 

gra11dis, and Cord31/i11e fruticosa. During the three years of observa­
tion, these species were seen in bloom at about the same time each 

year. 

LT-:A 1~ Srzr.s 

Leaf size varies within certain limits in plants of the same species 

and varies between different species, but in general, plants with large 
leaves arc more numerous in the rain forests of the tropical regions. 

In working out the leaf-size classes of Kipapa Gulch, Raunkiaer·s 

system (-1-3) was followed. 

His classes are: 

Class 1-Lcptophylls up to 25 sq. mm. 

Class 2-Nanophylls up to 225 sq. mm. 

Class 3-Microphylls up to 2,025 sq. 111111. 

Class -1-lVf csophylls up to 18,225 sq. 111111. 

Class 5-Macrophylls up to 164,025 sq. 111111. 

Class 6-M cgaphylls larger than Class 5. 

To get an idea of the number of leaf-size classes found in Kipapa 
Gulch. many leaves of each species were examined and the average 
recorded. J n taking the measurement for the leaf-size classes, the 
entire compound leaf was considered as a unit. The author is in 
agreement with Withrow (67), who claims that "Parallel results are 
not obtained when the lobe of a leaf of one plant is measured, the 
leaflet of a second and the entire leaf of a third, since a part of one 
leaf is not comparable to another leaf in its entirety in dealing with 
area limits. However, by measuring the whole leaf in all cases com­
parable classiftcation results." 

In Kipapa Culch are found all the leaf-size classes of Raunkiacr 
but most of the plants fall in Classes 3 and 4 and least in Class 6. 
Rach plant zone (f-ig. 1 and p. 201, Plant Zones) was studied and the 

number of the various leaf-size classes of the higher flora including 
both indigenous and introduced species in each is shown in table 5. 
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0 

4 

FJGUR~: 7.-Graphical representation of limits between lea f-sizc classes, 
after Raunkiaer: less than l=leptophyll; between l and 2=nanophyll; between 
2 and 3=microphyll: between 3 and 2x4=mcsophyll: between 2x4 and 8x the 
size of diagram as bounded hy black linc=macrophyll; more than 8x the size 
of diagram as bounded by black line=megaphyll. 
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Table 5. Leaf-size classes of indigenous and introduced species of 
the various vegetational zones; data for introduced 

species in parentheses. 

- --

Zones 

Maritime 
No. of species 

Itaolc Koa 
No. of species 

Guava 
No. of species 

Koa 
No. of species 

Ohia 
No. of species 

Cloud 
I\ o. of species 

1 (4) 

- (3) 

3 ( 4) 

5 (1) 

15 (]) 

9(-) 

Leaf-Size Classes 

2 3 4 5 6 

2 (7) 3(16) 1 (5) - (I) - (1) 

3(17) 10(33) 4(12) 1(-) - (1) 

3(19) 16(37) 3(14) 3 (3) - (2) 

2 (3) 21(11) 20(11) 3 (4) 2 (I) 

8 (3) 62 (8) 113(13) 25 (4) 5 (2) 

7 (2) 47 (4) 76 (4) 16(-) 4(-) 

Considering only the indigenous species, there is a small number 
of species in the larger leaf-size classes and a large number in the 
smaller leaf-size classes in the Maritime, IIaole Koa, and Guava 
Zones. In the Koa Zone there is about an equal number of species 
in the smaller and the larger leaf-size classes. but in the Ohia and 
Cloud Zones, there is a greater number of species in the larger leaf­
size classes than the smaller leaf-size classes. 

The above data indicate that with an increase in mesophytism 
there is an increase in the representatives of the large leaf-size classes. 
In Kipapa Gulch, the Ohia Zone has the largest number of 3, 4, 5, 

and 6 leaf-size classes. 

LIFE Fo1n1:s 

The life forms of all the naturalized and indigenous vascular 
plants growing in Kipapa Gulch were recorded to determine the 
biological characteristics of the various vegetational zones. The Ii fe 
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form of the species is given in the Taxonomy section of this paper in 
reference to the system of Raunkiaer ( 43) as follows: 

(E) cpiphytcs 

(~ M) mega- and mcso-phanerophytes. with dormant parts more than 
8 meters above the ground. 

(M) microphanerophytcs, with dormant parts 2 to 8 meters above the 
ground. 

(N) nanophancrophytcs, with dormant parts 0.5 to 2 meters above the 
ground. 

(Ch) chamaephytes, with dormant parts not over 25 to 30 cm. above the 
surface of the ground. 

(II) hemicryptophytes, with dormant parts in the soil surface. 

(G) geophytes, with dormant parts below the ground. 

(II[]) helophytcs, with dormant parts in water-saturated ground. 

(HH) hydrophytcs, with dormant parts at the bottom of bodies of water. 

(Th) therophytes (annuals). 

In llawaii the temperature conditions arc favorable continuously 
throughout the year with moisture conditions locally and seasonally 
unfavorable. I lcnce most of the plants lack well insulated buds or 
other resting organs that arc found on plants in colder regions. 
Actually most of the plants gro\\' throughout the year. or with hut 
brief interruptions. The position of the growing points has been 
used in the attempt to apply the Raunkiaer system to the flora. The 
life form spectra of the plants found in the difTerent zones of Kipapa 
Gulch are given in table 6. In the table are given the total number 
of the species of higher flora recorded for the zones and the number 
of species in each life form. 



196 Ber11ire P. Rish op Museu111-0ccasio110l Papers XI ff.17 

Table 6. Life forms of indigenous species of Pteridophytes and 
Spermatophytes found in the different vegetational zones 
of Kipapa Gulch; data for introduced species in paren­
theses. 

Zones 

Maritime 
No. o( 

species 

IIaole Koa 
No. of 

Life Form Classes 

11M M N Ch I[ G Jill Th E 

-(2) -(-) 2( 9) 4(1) 1(10) -(]) -(6) -( 5) -(-) 

species .... -(3) 2(5) 7(29) -(4) 6(11) -(-) -(-) 2(16) -(-) 

Guava 
)/ 0. 0 [ 

species .... -(6) 5(5) 8(26) 1(5) 9(16) -(1) -(1) lll9) 1(-) 

Koa 
No. of 

species .... 12(5) 14(5) 13( 6) 2(2) 8( 5) -(3) -(1) -( 4) 2(-) 

Ohia 
No. of 

species .... 28(5) 68(5) 47( 3) 6(2) 40( 9) -(3) -(1) -( 2) 23(-) 

Cloud 
l\o. of 

species .... 15(-) 50(2) 30( 2) 5(1) 27( 3) -(.=-) -(-) -( 2) 117(-) 

'L'he ground surface and the moss-covered tree trunks serve as 
habitats for several species. The following plants with two life forms 
are not considered in table 6. 

Trichomanes ilaldwinii 
Trichomanes cyrtotheca 
Trichomanes da va llioides 
Asplenium obtusatum 
Asplenium monanthcs 
Elaphoglossum gorgoneum 
Lindsaya M acraena 
Polypodium tamariscinum 
Lycopodium nutans 
Lycopodium phyllanthum 
Lycopodium serratum 

Lycopodium scrratum var. dcntatum 
Psilotum complanatum 
Psilotum nudum 
Selaginclla Menzicsii 
Astclia veratroidcs 
Anocctochilus sandwicensis 
Pepcromia clliptibacca 
Pcpcromia latifolia 
Pcperomia oahucnsis 
Peperomia reflexa 
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The spectrum of the maritime flora shows that small herbs, 
!>hrubs, and hydrophytes arc the common plants of the region with 
nanophanerophytcs comprising about half the species. ln the IIaole 
Koa Zone, the shrubs are the important plants. constituting over half 
the species. The Guava Zone sho,,·s a similar spectrum. The Koa 
Zone sho\\"S that larger trees arc becoming common, but the shrubs 
are still the most abundant plants. Tn the Ohia Zone the tall trees 
constitute quite a large percentage of the species. Table o shows 
a large number of mega- and mcsophanerophytes and micro-phanero­
phytes in the Cloud Zone hut there the species are stunted to about 
ha![ their normal size. 

Table 7. Life form in percent of indigenous species of flowering 
plants found in Kipapa Gulch compared with the normal 
spectrum of Haunkiaer (42) and the spectrum of St. 
Thomas and St. John, Virgin Islands (-1-1). 

I 
T ,i fc Form Classes 

No. of I I I IIII I species M1~ 11 N Ch II C T 

~ I 

-
St. Thomas and St. John 904 I s 25 30 

I~ I 9 3 14 
Kipapa Gulch 206 JS 39 28 12 I 
Normal spectrum _..J..__ 1,000 8 18 15 9 26 4 13 

The spectrum of the flowering plants of Kipapa Gulch (table 7) 
shows that microphanerophytes have the largest percentage with 
nanophanerophytes a close second and mesophanerophytes third. The 
tall trees, though not many with respect to percentage, constitute a 
dominant part of the vegetation, especially in the Ohia Zone. 

The spectrum of Kipapa Gulch is YCry similar to that of St. 
Thomas and St. John of the Virgin Islands. Both arc typical of 
tropical regions in possessing a relatively high percentage of phanero­
phytes as compared to Raunkiaer's normal spectrum. 

'!'RANS1~c1' Snm11-:s 

To determine the zonation. stratification. and the composition of 
the vegetation in Kipapa Gulch, transect lines were surveyed at the 
lJaole Koa, Guava, Koa, Ohia, and Cloud Zones. In every case the 
survey was made across the gulch from the south to the north ridge 
( fig. l). In recording the species. any plant that touched, crossed 
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o,·er or he low the tape was recorded. Transect I in the JI aolc Koa 
Zone recorded 17 species. none endemic. 3 indigenous. and 1-1-intro­
duced: transect fl in the Cuava Zone registered 37 species, 5 
endemic. 7 indigenou~. and 25 introduced: transect JI [ in the Koa 
Zone recorded -1-3 species. 17 ('ndemic. 12 indigenous. and J.+ intro­
duced; transect l\' in th(' Ohia Zone recorded 102 speci('s, 69 
endemic. 16 indigenous. and 17 introduced: transect V in the Cloud 
Zone registered 57 species. 43 endemic. 8 indigenous. and 6 in­
troduced. 
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F1r.uR~; 8.-Diagrammatic cro;,s section of vegetation 111 the plant 1011cs: 
vertical scale, 6 mm.=15 111.: horizontal scale, 12 mm.=30 m. 1, fl. co11tor/11s; 
2. T. reprus: 3, C. acicu/a/11s; 4, 0. 11U'gaca11/l,a; S, A. Farnrsia11a; 6, 1.. 
Ca111ara; 7. P. Guayarn: 8, J,. r1la11ca: 9, S. chi11rnsis; 10, P. orl>icular,•: 11, 
P. p11rp11rasce11s; 12, C. diff,w,: 13. G. li11earis; 14, N. r.rnllala: 15. 0. /rirtrl/11s; 
16, A. Koa; 17, • I. 1110/ucca11a; 18, P. gra11diflora; 19, Tricl10111a11rs; 20, mosses; 
21, Po/ypodi11111: 22, lilapho11loss11111: 23, F. arborra; 2-1. Cyrla11dra; 25. Gouldia; 
26, J,abordia.: 27, /J. rlalior; 28, P. sa11dwicr11sis; 29, Strn11ssia; 30, M rtro­
sideros; 31, Ii. sa11dwice11sis: 32, P. co11j11ga/11111; 33, P. koola11r11sc; 34, J>. 
pacl,yphyl/a: 35, Pe/ea; 36, J,abordia.; 37, J)11ba11tia; 38, 1£. J1Jurtii; 39, M. 
Oll!f llSI if oli11s. 
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The transect studies show that there is quite a definite plant 
zonation, stratification, and composition in Kipapa Gulch. Figure 8 
is a diagrammatic presentation of the vegetation of the gulch in 
cross-section. l lcre only the most characteristic species of the re­
spective layers arc given. 

The most complex ycgetation is found in the Ohia Zone. A 
dctailccl description of the difTcrent zones is given on pp. 201-7. 

FRJ•:QUl-'.NCY AND COVER DEGRE!-'. STUDIES 

In order to obtain a definite basis for the subdivision of the vege­
tation of Kipapa Gulch into zones, quantitative studies were under­
taken. This was by the established method of cover degree and fre­
quency readings. i\reas were selected at random: then each plot was 
approximately measured ofT into quaclrats four meters square. After 
a census, records were made of the number and the amount of ver­
tical ground coverage o{ each species in the plot, and from these the 
frequency and cover degree were calculated. The cover degree of 
each species found growing in the area was recorded according to 
the system of Braun-Blanquet (6). Jlis cover degree scale is as 
follows: 

1 = very scant (covering less than 1/20 of the ground surface) 
J l = covering 1/20 to 1/-1 of the ground surface 

111 = covering 1/4 to 1/2 of the ground surface 
IV= covering 1/2 to 3/-1 of the ground surface 

V = covering 3/-1 to 4/-1 of the ground surface 

Frequency is expressed on the basis of the five classes of Raun­
kiaer (43): 

Class A= species found in 1-20'/~ of the quadrats 
Class B = species found in 21--10¼ of the quad rats 
Class C = species found in 41-60'/, of the quad rats 
Class D = species found in (11-80</, of the quadrats 

Class E = species found in 81-100% of the quad rats 

The readings were made in groups of ten plots. each four meters 
square. The percentage of frequency of a given species is the per­
centage ratio which the number of plots on which the species occurs 
bears to the whole number of plots taken. Raunkiacr points out 
that. as we proceed to the greater f requcncics. the number declines 
steadily, then, as the highest frequencc is reached, increases slightly. 
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That is, the curve expressing numbers of the different frequencies 
has two peaks, a high one expressing the least f rcqucncc. and another, 
considerably lower, expressing the greatest frequence. He interprets 
the law as signifying that. in an association al a state of relative 
equilibrium, one or several species prosper at the expense of other 
species growing near by, because the dominant species are better 
situated to live and develop in the conditions presented to the for­
mations of which they compose part, and by life competition hinder 
the other species from equaling them. The plant communities in the 
zones were quite homogeneous ( fig. 9) . 
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F1r.uR1•: 9.-Frcquency curve of vegetation in the Ohia Zone. 

The cover degree and f rcquency in percent of the characteristic 
species in the various vcgetational zones arc as follows: 

In the i\faritime Zone, Balis 111arili111a had a cover degree of lfl and a fre­
quency of 70; SeswPi11111 Part11/acaslru111, Ill and 75; Scirfms 111ariti11111s, IV 
and 53. In the Haole Koa Zone. Acacia J.'amesiana had a cover degree of III 
and a frequency o{ 75; /Ictcropoyo1i co11tort11s, III and 84; Op1111tia 111cga­
ca111/ta, 111 and 65. In the Guava Zone, Psidi11111 Guayarn. had a cover degree 
o[ IV and a frequency of 85; La11ta11a Camara, III and 75; Chr:i•sopogo11 acirn­
lat11s, HI and 50; Pa.spa/11,n orbirn/arc, III and 60. In the Koa Zone, Acacia 
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Koa had a cover degree of IV and a frequency of 40; Gleichenia li11earis, IV 
and 70: Alc1trilcs 1110!11ccc111a. III and 30. Jn the Ohia Zone. /llclrosidcros 
colli11a bad a cover degree of V and a frequency of 90: Glcic/1enia li11raris. III 
and 60. In the Cloud Zone, Paspalum co11j11gat111n had a cover degree of III 
and a frequency of 40; .M ctrosideros colli11a, II and 60. The cover degree and 
frequency of other species found in the different vegetational zones varied from 
I to 11 for cover degree and 10 to 70 for frequency. 

MARI'l'IMI-: ZONJ•: 

The vegetation o( the Maritime Zone, which is poorly represented 
in the area studied, is influenced mainly by local edaphic conditions 
that occur adjacent to the beach. The vegetation of this zone is 
characterized by the Batis-Scirpus Community. Batis 111ariti111a 
makes a thick stand along the shore of the loch. lt is also found 
growing among patches of Scirpus mariti111us above the high tide 
level. Scir/nts maritimus is conspicuous since it overtops the other 
species in the area. In drier places Scirpus laevigatus is found in 
patches o[ 0.5 to 2 meters across and between these is a mat of 
Sesuvium Portulacas/rum. On higher places where the soil is dry, 
Prosopis cltilensis. Panicum purpurascens and Pluchea i11dica are 
conspicuous. Pa11icu111 purf>urasce11s makes a solid growth along the 
banks of the stream. In the stream where the current is slow, Pota-
111ogeto11 folio.ms variety 111aceflus, Le11111a 111i11or and Spirodefa 
polyrlti:::a arc found in large numbers. 

H AOLlt KoA ZoNJ~ 

The vegetation o( this region is predominantly xerophytic. 
Opu11/ia megaca11tha (orms clumps LS to 3 meters high and from 
I to 5 meters in diameter on the dry rocky hillsides. 'J'hesc are very 
conspicuous and they give the xcrophytic appearance to the landscape 
(fig. 10). Acacia Far11esia11a, I1eleropogo11 contorlus. Lanta11a 
Camara, Psidinm Gua3,ava, Cassia Lesche11aultiana and Stachytar­
pheta ja111aice11sis are found filling the spaces between the clumps of 
0 pmitia mega ca nl ha. 

Acacia Far11esia1ia is a low, much branched shrub 0.5 to LS 
meters tall, with few leaves at the ends of the branches. Ileteropogon 
contortus grows in the open and under bushes, and during the drier 
months gives a straw-color to the hillsides. Lanta,w Camara and 
Psidium Guayava are low half-dried shrubs l to 2 meters tall. 1n 
sheltered gullies where there is greater moisture. Psidium Guayava 
becomes slightly taller. At several places in sheltered gullies Leu-



202 Bernice P. Hishop i\l 11sc11111-Occasio11al Paprrs XI I!. 17 

cae110 glauca plants ha\·c developed and are quite conspicuous. On 
eroded places 1/'althrria i11dica variety a111erica11a is common and this 
species seems to prefer such areas. At the upper end of the zone 
there arc a few individual clumps of Dodo11aea viscosa. l to 2 meters 
tall and 1 to 1.5 meters across. 'l'he vegetation of this zone is quite 
uniform. clue to the dominance of the four common species; it may 
be classified as an Op1111tia-Acacia-lfetcropogo11-l,1•11cac11a Com­
munity. 

F1GuR,: I0.-OJ>1111tia 111cgacc111tha. ;/cacic,. Pamcsia11a, and Ilclcropogo11 
co11/{}r/11s in the J laolc Koa Zone. 

The vegetation of this region is characterized by the uniform 
cover of Psidi11111 Guayava and /,a11ta110 Camara which arc found in 
mixtures and in pure stands. '!'hose that occupy the steep slopes 
arc scrubby and smaller than those growing along the stream bank 
and in sheltered bottoms o( side gullies. This difference in height 
is more noticeable with Psidium Guaym•a. The Psidi11111 trees grow­
ing along the stream bank and in more favorable places attain an 
average height of -4 to 6 meters. 'l'he La11ta11a bushes usually make 
an entanglement under the Psidi11111 Guayava and make it very dif-
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ficult to pass through such places. ,\long the stream bank and on 
areas just back of it. Co111111cli11a diff11sa1 Paspa/11111 co11j11ga/11111, and 
Pa11irnm p11rp11rascc11s arc found forming the undergrowth in mix­
tures and in pure stands. On the more open, exposed slopes Paspa/11111 

orbirnlare. Chrysopogo11 arirnla/11s, l/eteropogo11 co11/orl11s and 
Sle11olo111a chi11csis arc common. fn the bottoms of some of the 
side gullies. one to five /lll'llriles molllcca11a trees 4.5 to 8 meters 
tall arc found. J\t the upper ends of such gullies large .llcacia 1,· oa 

trees 5 to 10 meters in height arc found forming solid stands. Prob­
ably these stands arc the remnants of former large stands. The 
vegetation of this area can he considered to be a Psidi11m-l,a11/a11a 

Community because of the dominance and distribution of these two 
species. 

FrcuRE IL-Vegetation of the Koa Zone showing Acacia Koa on the upper 
slope and 11/e11ritcs 1110/rtccOJra in the gully bottom. 

The most characteristic features of this zone arc the presence of 
pure stands of Acacia 1,·oa, Alc11riles molucca11a and Gleicl1e11ia li11e­

aris. The Acacia Xoa and C:leichc11ia li11caris occupy the slopes and 
ridges, while Alr11ritcs 1110/11cca11a occupies the bottom of the gulch 
and side gullies ( fig. 11). The Acacia Koa attains a height of about 
12 meters and a diameter of 0.5 to 1 meter or more, and is found 
in groves or solitary. . .llc11riles 1110/ucca11a grows straight up into 
trees 15 meters tall and forms patches in the bottoms of the gulch 
and gullies. 'l'he light colored foliage of this species is very con-
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spicuous. .L:11ge11ia 111alacce11sis is the most common associate o[ 
Aleurites 1110!11cca11a. On the open slopes Gleic!te11ia liucaris makes 
a dense covering. l n areas where the Glciclte11ia fern has not spread, 
Cordy/inc frulicosa and Psidi11m G11ayarn are the common species. 
Under the tall trees, where the ground is moist. 0 plis111c1111s hirtcll11s, 
Zingiber Zcr11111bcl, Marallia no11glasii, Dryoptcris cyalltcoidcs, and 

F1cuR~: 12.-Undergrowth vegetation of a side gully in the lower Ohia 
Zone showing Nef>hro/cf>is e.ra//a/a in the foreground and Asf>le11ium 11id11s 
growing on the trunks of A lc11rilrs 1110/11cca11a. 

Ciboli11111 C!ta111issoi are common. Under the Psidi11m G11ayava 
shrubs. Paspal11111 co11j11gal11111 and Nep!trolepis e.rallalci are very 
common. 

OnIA ZONE 

The vegetation of this area is predominantly mesophytic with 
li1etrosidcros collina as the dominant and most characteristic species. 
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This species is found in large numbers throughout the area but attains 
its maximum height at 550 meters elevation. Four strata vegetation 
is found in this zone ( figs. 12, 13). Other dominant species are 
Bobca clatior and Eugenia sa11dwicc11sis; the third layer species in­
clude Elacocarpus bifidus, A11tidcs111a platyphyllum, Pillosporum 
glabrum and Straussia Marinia11a; the second layer species are 

FtGUR~; 13.-Unclcrgrowth vegetation of the upper Ohia Zone near the ridge 
showing Ciboti11111 Mc11::icsii in left center and Frc31ci11ctia arborra climbing on 
tree. 

Cyrta11dra plaudosa, Phyllostcgia gra11diflora, Rolla11dia crispa, 
Touchardia latifolia and Cibotium Cha111issoi; the lower layer is com­
posed of mosses, Trichomaucs spp .. Blcc/11mm occidentalis, and 
Pepcromia spp. The tree trunks are covered with epiphytic plants 
as Polypodium pseudo-gram111itis, Polypodill'ln li11carc, !ly111e110-
p!,3,!l11111, recurv11111, Astcllia vcratroidcs, and mosses. This vegetation 
can be called the .Al ctrosidcros colli11a Community from the abundance • and dominance o[ this species. 
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Above 600 meters the region is in the cloud area, and an open low 
scrubby moss-covered Yegctation is found. The trees on the slopes 
and ridges arc dwarfed (to about 1 to 2.5 meters in height) and the 
few tall trees ( not more than 6 meters in height) of this zone are 
found in the gullies (fig. 14). There is no dominant species in the 

F1cuu,: 14.-Vcgctation of the lower Cloud Zone showing poor growth of 
plants due to efTect of fog and cloud. 

zone and the conspicuous species are quite uniformly distributed. 
Some of the more conspicuous plants arc l:11pritchardia Martii, 
C/f{!irode11dro11 plat_vphyl/11111, J1fctrosideros colli11a, Bobea clatior, 
Straussia lwd11a11a, h1gara oah11c11sis, l,abordia glabra and J,abordia 
fagracoides ( fig. I 5). In this zone four layers of vegetation arc 
found only at the few places where the ~cattered tall trees are found. 
A poorly developed three layer spectrum is found throughout the area 
except at the crest of the summit ridge where the wind blows unceas­
ingly. ] I ere only two layers of Ycgctation arc f ouncl. Some of the 
plants arc Pcprro111ia cllipticibacca, Phyllostcgia /a11/a11oidcs, Pa11icum 
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lwola11e11se, Dubautia la.ra, Isacl111e pa/lens, Jvfariscus angustifolius, 
and Paspalum conj11gatu111. 

NoR'rn AKD Sounr FACTNC Sr.oPr-:s 

At elevations above 152 meters in the Guava Zone, there is a 
difference of vegetation between the north and the south facing 
slopes. On the north facing slope is found a larger number of native 
species that arc associated with the forest vegetation. such as Metro­
sideros colli11a, Pipturus albidus, Dianella sandivire11sis, Scaevola 
Ca11dicftaudia11a, 1Vikstroe111ia oa'111e11sis and Santalum Freycine­
tianu111. while on the south facing slope there arc only a few or none 
of these species. 

Data on soil temperature, soil moisture, and evaporation were 
recorded approximately at -l-:00 p.111. on the north and south facing 
slopes at 220 meters elevation on di ffcrcnt days in May, J unc and 
October. 1933. Soil temperature at 15, 30, and 60 cm. depths were 
recorded, and the average of all the depths of the six readings of the 
north facing slope was 2-l-.O degrees centigrade and that of the south 
facing slope 26.0 degrees centigrade, a difference of 2 degrees centi­
grade. The greatest difference in temperature \\"as found in the 15 
cm. depth. 

Readings from Livingston white bulb atmometcrs set up in the 
open show greater evaporation on the south facing slope, with the 
average evaporation for the five readings at intervals of seven clays 
on the north facing slope as 217.79 cc., and the south facing slope as 
257.00 cc., a difference of 39.21 cc. 

The a vcragc soil moisture content of the north facing slope was 
higher than that of the opposite slope with the greatest difference in 
the first 15 cm. of soil. The average soil moisture of 15 to 60 cm. 
depths on the north facing slope was 38.21 percent while that of 
the south facing slope was 30.42 percent, a difference of 7.79 percent. 
At 15 cm. depth there was 35.94 percent moisture on the north slope 
and 26.03 percent on the south slope with a difference of 9.91 per­
cent; at 30 cm. depth, 37.86 percent on the north facing slope and 
28.69 percent on the south facing slope; at 60 cm. depth, 40.8-l-per­
cent on the north slope and 36.55 percent on the south slope. 

'I'hc di ff crcnces in soil temperature, soil moisture and evaporation 
show that the north facing slope is more favorable for plant growth 
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than the south facing slope and probably explains the development 
of forest species. Bates (3) and Cannon (9) found that oil tem­
perature at the soil surface determines the life-and-death struggle of 
young seedlings and plant distribution. It seems that a difference of 
2.2 degrees centigrade in temperature, 39.21 cc. in evaporation and 
9,91 percent in soil moisttffC in the region where seedlings develop, 
affect the type of vegetation of the slopes. 

In the Koa, Ohia and Cloud Zones. it seems that the factors arc 

FrcuR8 15.-Vegctation in the Cloud Zone showing E111>rilchardia Martii, 
,1lariscus a11g11stifoli11s, lsach11e f>alle11s, and Pasf>a/11111 co11j11galu111. 

not sufficiently different on the two slopes to cause any difference in 
the vegetation as in the Guava Zone. That is, any cliffcrcncc in the 
environmental factors lies within the range of the tolerance of this 
species. In the Hao le Koa Zone there is practically no di /Terence in 
the vegetation of the two slopes. 

SucrnssroNAL RELATIONS 

In the Maritime Zone along the shore. Batis mariti111a and Sci'.rfms 
111ariti11111s will probably hold their own against the invasion of other 
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species under the present conditions. On the dry places, Prosopis 
chilcnsis will undoubtedly become the dominant species with Panirnm 
purp11rasce11s as undergrowth if such places are le[t undisturbed for 
natural development. 

The vegetation of the Ilaole Koa Zone seems to be changing. 
Lcncarna gla11ca grows into a taller plant than Psidi1tm G11ayava, 
J,anlaua Camara, and Acacia Far11esia11a with which it is associated, 
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Ker Ill Gleic.henia linearisi///P.a5palum orbicularei :; Stenoloma chinensis 
H Cuphea Balsamona, H Cibotium Ch"missoi i :: Paspalum conjuqatum. 

FTGURI, 16.-Quaclrat 1 x 4 meters at 380 meters elevation showing spread 
of Clcichc11ia li11earis. 

and is gradually crowding and shading them out. It also produces a 
much larger crop of seeds than the associated species. 

'l'he vegetation of the Guava Zone can be considered reasonably 
stable under the present conditions. 'l'he quadrat studies point out 
a well balanced relationship between Psicliuin Guayava and J,anta11.a 
Camara of the upper layer with Chrysopogo11 aciculatus and Pas­
palum orbiwlare of the ground layer. 

In the Koa Zone, the most active plant succession is taking place. 
The Acacia Koa is coming back into the abandoned pineapple fields 
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at many places. Acacia and lllctrosideros were abundant before 
the cultivation of pineapple. Abandoned fields at the bottom of the 
gulch arc rcvegctated principally with Psidi11w C11ayava, J,a11/a11a 
Camara, Pa11icuw p11rp11rasce11s and F,rigero11 albid11s during the 
earlier stage of succession, but gradually Psidi11111 G11aym•a becomes 
the dominant species. Along the upper margin of the abandoned 
pineapple fields, close to the native f orcst, Gleic/,('11ia li11earis is com­
ing in and spreading at an average rate of 90 cm. a year ( figs. 16, 
17). 'l'hc present condition indicates a dominance of Cleichc11ia 
throughout the Koa Zone in the f uturc. 

F1GuR1•: 17.-Rccording the succession of Cleichr11ia li11raris III the Koa 
Zone. 

The vegetation of the Ohia Zone is quite stable. The greatest 
undergrowth competitor is Cleiche11ia li11raris and the ground vegeta­
tion of ferns may be crowded out slowly by Gleiche11ia: but the 
physiognomy of the vegetation will probably not change unless the 
M elrosidaos is destroyed by fire or disease. At several open places 
along the stream hank. />aspa/11111 ro11j11gat11111 is coming in to replace 
the fems and other low nati vc plants. 

In the Cloud Zone the pigs arc dc;.troying the plants and the 

vegetation is unstable. At se\·eral places. whole hillsides have been 
denuded of vegetation and the destructi\·c work of erosion is taking 



Jlosaka-7..:.ipapa C,'11/ch 21 l 

place. J\ t other places the indigenous fems and low species arc 
uprooted and Paspa!u111 co11j11ga/11111 is taking possession. At places 
where bare grounds have been exposed by landslides, Marisrns 
111eye11ii and Erechlilcs hieracifolia come in first. 

TAXONOMY 

J\11,:'l'HODS 

The native. naturalized. and introduced plants in Kipapa Culch 
were collected and identified. 'J'he specimens have been deposited 
in the herbarium of Bishop Museum. In working up the taxonomy 
of the plants found growing in Ki papa Gulch. Hillebrand (23), 
Rock (44-51), Skottsberg (56-58), Christensen (12). lJitchcock 
(24), Degener (16), Forbes (19). and works of many others were 
consulted for the valid names as far as they could be determined. 

Excr.u01-:n Pr.ANTS 

In the valley. there are about fi [ty houses scattered from the 
Maritime to the Guava Zones and around these houses the people 
have planted ornamental herbs, shrubs, and trees, such as Phylla11thus 
11ivos11s (Snow bush), Codiac11111 variegatu111 (Croton), Cas11ari11a 
cquiselifolia (Ironwood), Cassia java11ica (Rainbow shower) and 
Ficus i11dica (Rubber tree). These cultivated species arc not in­
cluded in this study. 

There are also the cultivated food plants. as Carica papaya 
(papaya), lpo111oea balata (sweet potato), Brassica saliva (cabbage) 
and the leading crops, Ana,ias comosus (pineapple) and Saccliarum 

offici11aru111 (sugar cane) that arc also not included in this study. 
At about 120 meters elevation in the gulch, where it is too steep and 
rocky [or cultivation. the Oahu Sugar Company has recently planted 
fast growing trees and these, too, are excluded. 

ANALYSIS OF 'l'IU-: FLORA 

The species arc diridcd into three groups in reference to their 
occurrence in the Hawaiian islands: endemic. species peculiar to the 
islands: indigenous, species native to the islands; and introduced, 
those species brought into the islands from other regions. The geo­
graphical distribution of these introduced species is given. Many of 
the endemic and indigenous species found in Kipapa Gulch are widely 
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scattered throughout the Hawaiian islands, but there are several 
species peculiar to Oahu and a few restricted to the Koolau Range. 

The occurrence of each species is given in reference to the number 
of localities at which the species were observed or collected as: 
abundant, al more than 3-l-localities; common, at 16 to 33 localities; 
occasional, at 7 to IS localities; rare, at 3 to 6 localities; and very 
rare, at 1 to 2 localities. Often only a single specimen was observed 
at a place and at other times 2 to 10 or more plants of the same 
species were seen at a locality. 
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Frc.uR~: 18.-Kumbcr of SJ>ecies of plants found in zones studied and num­
ber of endemic, indigenous, and introduced species in these zones. 
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The distribution of the species is recorded with reference to the 
six yegetational zones of Kipapa Culch (fig. 18), and table 8. 

Figure 18 shows that tlw largest number of endemic species arc 
found in the Ohia and Cloud Zones; the largest number of indigenous 
species in the Ohia Zone, and the largest number of introduced 
species in the Guava and I laolc Koa Zones. 

Table 8. 'l'he 0oristic composition of Kipapa Gulch. 

Plants No. of Species 

J-1 usci •••••••••..•.••••••••• ···················-····· 3-1 
Pteridophyta ........................ ·-·· ~ 75 
Angiospermae ..... ··-········· .. •••••••••• .... 340 

'-
Total. ····-······················-·- ........ J -1-19 

l'ercent 

7.6 
16.7 
i5.7 

Table 8 shows that the flowering plants make up 75.7 percent of 
the flora; ferns and fern allies, 16.7 percent: and the mosses, 7.6 
percent. 'l'he l\lusci ha\·c uot been as intensi\·ely collected as the 
Pteridophytes and :\ngiospcnns. 

Table 9. Status of the plants of Kipapa Gulch. 

l•'crns and l•'crn Plants l'erccnt 
Mosses Allies Flowering 

Endemic 22 47 189 57.4 
Indigenous 12 2J 25 13.4 
Introduced 0 5 126 29.2 

--

Table 9 shows that O\'Cr half of the species of plants consiclcrccl 
in the i1n-estigation arc cndl'mic. less than a fourth indigenous and 
little o\·cr one fourth introduced. One species of moss was not 
counted because the specific name was not determined. l\Iajority of 
introduced plants arc \'cry suggcsti\·c in lower e!eYations. 

J\11BRJ,:VIATIONS 

A list of the native or naturalized plants found in Kipapa Culch 
arranged by f amilics, genera and species and tabulated according to 
occurrence. Ii f c form, lea f-si1.c. abundance. distribution. and period of 
flowering arc presented in the foil owing pages. When the inf orma­
tion of a species is not available, that part is omitted by a clash. In 
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the case of 13ryophytes only the occurrence and distribution are given. 
The symbols used in this section are as follows: 

T. Occurrence: E, rndcmic; I. indigenous: In., introduced. 
II. Life form: E, epiphytes; ).fM, mega- and mcso-phancrophytes; M, 

micro1>hanerophytes; N, nanophanerophytes; Ch, chamaephytes; lIH, hydro­
phytes; 11, hemicryptophytes; G, geophytes; Th. therophytes. 

Ill. Leaf size: 1, 2, 3, 4, 5, 6. 
IV. Abundance: a, abundant; c, common; o, occasional; r, rare; vr, very 

rare. 
V. Distribution (Zones): 1\f, Maritime; H, Jiaole Koa; C, Guava; K, 

Koa; 0, Ohia ; C, Cloud. 
VI. Phenology (Flowering Period) : numbered according to month of 

year, January=[, etc. 
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I 

BRYOPITYTA 

Dicranaceae 

Campylopus dcnsifolius Angstrom E 
C. umbcliatus (W. Arnott) Bartram I 
Dicranclla ITillcbrancli (C. M(illcr) 

Brothcrus E 
D. intcgrifolia (Brothcrus) Bartram E 
Dicranoclontium falcatum Brothcrus E 
liolomitrium seticalycinum C. ]\[iillcr E 
Lcucoloma molle (C. }Miller) Mitten I 
L. scaberulum Bartram E 

Leucobryaccae 
Leucobryum gracilc Sullivant E 

Fnnariaceae 
Funaria subintcgra Brotherus E 

Bryaccae 
Rhoclobryum gigantcum (Hooker) Schimpcr I 

Rhizogonium pungens Sullivant 
R. spiniformc (Hedwig) Bruch 

Rhizogoniaceac 
E 
I 

Bartramiaccae 
Ilrcutelia arunclinifolia (Duby) Fleischer I 
Philonotis sp. 

l\lacromitrium brevisetum Mitten 
l\L piliferum Schwaegrichcn 

Orthotrichaceae 
E 
E 

Rhacopilaccae 
Rhacopilum cuspicligcrum (Schwacgrichcn) 

l\littcn 

1\ Ictcroriaceae 
Barbella lrichophora (Montagne) Fleischer E 

N cckcraccae 
Ilaldwinclla kcalcensis (Reichardt) Bartram E 
Homaliodenclron flabcllatum (Dickson, Smith) 

Fleischer l 

III lV V 

0 
C 

C 
G 
C 
o,c 
C 
0 

C 

C 

C 

0 
o,c 

C 
0 

0 
0 

0 

0 

0 

o,c 

215 

VI 
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I II 

1 T ookeriaceae 
Distichophyllum paradoxu111 (Montagne) 

~litten 
Hookeria acutifolia Hooker 
Hookcriopsis purpurca ( C. 11 ii Iler) 

Brotherus variety ligulacca ( C. 11 ii lier) 
Bartra111 

E 
I 

E 

Thuidium hawaiicnsc Reichardt 

Thuidiaceae 
E 

Brachytheciaceae 
Brachytheciu111 oxyrrhynchium (Dozy and 

11olkenboer) Jaeger I 
Plcuropus Wilkesianus (Sullivant) Brothcrus E 

Scmatophyllaceae 
Acroporiu111 fusco-flayum (C. Miillcr) 

Brotherus E 
Trichostclcum hamatum (Dozy and 1lolkcn-

bocr) J acgcr I 

Ilypnaccae 
Ctenidiu111 dccurrcns (Sullivant) Brothcrus E 
Ectropothecium arcuatum (Sullivant) 1tittcn E 
Isoptcrygium albesccns ( Schwacgrichen) 
J~~ I 

Vcsicularia graminicolor (Angstriim) 
Brotherus E 

Polytrichaccae 
Pogonatu111 Baldwini ( C. 11 ii lier) Paris E 

1Iacromitrium owahicnsc C. 11 ii lier 

Orthot richaccae 
I 

PTJ-:RIDOPl[Y'l'A 

Hymcnophyllaccae 

Hy111enophyllu111 tanccolatum Hooker and 
Arnott E E 

H. obtusu111 Hooker and Arnott E E 
H. rccurvu111 Gaudichaud E E 
Tricho111ancs Baldwinii ( Eaton) Copeland I H,E 
T. cyrtotheca Hillebrand E H.E 
T. davallioidcs Gaudich;;ud E II,E 
T. parvulu111 Poiret I E 

llI IV 

3 C 

2 C 

3 C 

4 0 

4 0 
4 0 

1 r 

V 

0 
0 

0 

o,c 

() 

O,C 

o.c 
o.c 

0 
0 

0 

0 

0 

0 

o.c 
o.c 
O.C 
o.c 
o.c 
O,C 
0 

\'[ 
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I II III IV V \Tl 

Cyatheaceac 

Cibotium Chamissoi Kaulfuss E N 6 a K,O,C 
C. Menziesii 1 lookcr E N 6 C o,c 

l'olypocliaccae 

Asplenium contiguum Kaulfuss E 11 4 0 o,c 
A. horriclum Kaul fuss E I-I 5 0 o,c 
A. obtusaturn Forster ln H,E 5 0 0 
A. rnonanthes Linnaeus I H,E 3 0 0 
A. niclus Linnaeus 1 E 5 0 0 
A. lobulatum Mettcnius variety 

pseudofalcaturn ( I lillebrand) C. 
Christensen E 11 4 0 o,c 

Athyrium microphyllnm (Smith) Alston I~ TI 5 C O,C 
A. proliferum (Kaulfuss) C. Christensen E H 5 C o,c 
Blcchnum occidcntalc Linnaeus In JI 4 0 0 
Diplazium Arnottii Brackenridge I•: Tl 5 C o,c 
D. marginale (!Iillebrancl) C. Christensen ,~ TI 5 C o,c 
Dooclia Lyoni Degener ,,: TI 4 0 0 
D. Kunthiana Gaudichaucl E H 4 C 0 
Doryoptcris decipiens (J looker) J. Smith I~ H 3 0 G 
Dryopteris crinalis (Hooker and Arnott) 

C. Christensen E II 5 0 0 
D. cyatheoides (Kaulfuss) Kuntze E H 5 a o,c 
D. clentata (Forster) C. Christensen In II 4 0 0 
D. globulifera ( B rackenriclge) Kuntze E TI 5 0 0 
D. gongylo<les ( Schkuhr) Kuntze l H 4 0 0 
D. huclsonianum (Brackenridge) Roscoe [ H 5 0 0 
D. latifrons ( Brackenridge) Kuntze E H 5 0 o,c 
D. paleacca (Swartz) C. Christensen [ 11 5 0 o,c 
D. stegnogrammoicks (Baker) C. Christensen E II 5 0 O,C 
Elaphoglossum aemulum (Kaulfuss) 

Brackenridge E E 4 0 o.c 
E. gorgoneum (Kaulfuss) Brackenridge I•: IT,E 4 C o,c 
E. rnicracleniurn (Fee) Moore E E 3 0 0 
E. rcticulatum (Kaulfuss) Gauclichaud E E 4 a o,c 
Linclsaya l\lacracna (Ilooker and Arnott) 

Copeland I 11,E 4 a o,c 
Microlepia sctosa (Smith) Alston E H 5 0 0 
Ncphrolepis cordi folia (Linnaeus) Pres! In H 4 r O,C 
N. exaltata (Linnaeus) Schott I H 4 a G,K,O.C 
Pityrogramma ochracea (Pres!) Domin In H 5 0 G 
Polypoclium liaalilioanum Brackenridge E E 2 r O,C 
P. Ilookeri Brackenridge I E 3 r o,c 
P. hyrncnophylloiclcs Kaulfuss E E 2 0 O,C 
P. lineare Thunberg I E 3 a G,K,O,C 
P. pelluciclurn Kaul fuss E E 4 0 o,c 
P. pumilum W. J. Robinson E E 3 r O,C 
P. pseuclo-grammitis Gaudichaucl E E 2 a o,c 
P. Safforclii l\laxon E E 1 0 o,c 
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I II III IV V VI 
P. sarmentosum Brackenridge ,,: E 3 0 O,C 
P. spectrum Kaul fuss E H,E ➔ 0 0 
P. tamariscinum Kaulfuss E E 3 0 O,C 
Ptcridium aquilinum (Linnaeus) Kuhn l J[ 4 a 11,G,K,O 
Pteris irregularis Kaulf uss E II 5 r 0 
Sadleria cyatheoides Kaul fuss E N 5 a G,K,O,C 
S. Hillebrandii \V. J. Robinson E Ch 5 r 0 
S. polystichoides ( Brackenridge) IIcller E Ch 5 0 o,c 
S. Souleyetiana (Gaudichaud) Moore E ): 6 r O,C 
Stenoloma chinensis (Linnaeus) Beddome I I[ 5 a 11,G,K,O,C 
Tectaria Gaudichaudii (l\lcttcnius) t-laxon E H 5 r 0 
Vittaria rigida Kaulfuss I E 3 0 0 

Clcicheniaceac 

Glcichenia emarginata ( Brackenridge) 
Moore E JI 4 r C 

G. glauca (Thunberg) Hooker 1 H 5 C o,c 
G. linearis (Burmann) Clarke I H 5 a G,K,O,C 

Schizacaceac 

Schizaea robusta Baker E H r o,c 

11Iarattiaceae 

Marattia Douglasii (Pres!) Baker F, Ch 6 r K,O 

Ophioglossaceac 

Ophioglossum pendulum Linnaeus I E 3 C 0 

J, ycopod iaceae 

Lycopodium ccrnuum Linnaeus I N a K,O,C 
J,. nutans Brackenridge I IT,E r 0 
L. phyllanthum Hooker and Arnott I H,E C o.c 
L. serratum Thunberg I IJ,E r o,c 
L. serratum Thunberg variety 

dentatum Hillebrand E II,E vr C 
Psilotum complanatum Swartz I H,E r K,O 
P. nudum (Linnaeus) Griscbach I H,E C G,K,O 
Selaginella Menziesii (Hooker and 

Greville) Spring E H,E C o,c 

SPERMATOPll'\. TA 

Pandanaccae 

Freycinetia arborca Gaudichaud E M 4 a K,O,C 

Potamogetonaceae 

Potamogeton foliosus Rafinesquc variety 
l\facellus Fernald In HH 2 C M 
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I II 

Gramineae 

Bambusa vulgaris (Linnaeus) Schrader In 
Cenchrus echinatus Linnaeus In 
C. echinatus Linnaeus variety Hillebrand-

ianus (Hitchcock) F. B. II. Brown E 
Chloris inflata Link In 
C. racliata (Linnaeus) Swartz In 
Chrysopogon aciculatus Trinius I 
Cynodon Dactylon (Linnaeus) Pcrsoon Tn 
Digitaria violascens J ,ink ln 
D. pruricns (Trinius) Busse In 
D. sanguinalis (Linnaeus) Scopoli In 
Echinochloa colonum (Linnaeus) Link In 
F.. crus-galli (Linnaeus) Bcauvois 

variety crus-pavonis (II. B. K.) Hitchcock In 
E. stagnina (Retzius) Beauvois In 
Eleusine indica ( Linnaeus) Gaertner ] n 
Eragrostis amabilis (Linnaeus) Wight 

and Arnott In 
F.. ciliancnsis (Allioni) Link In 
E. deflexa Hitchcock E 
E. grandis Hillebrand E 
Heteropogon contortus (Linnaeus) Bcauvois l 
Sorghum halepense (Linnaeus) Persoon In 
Isachne pallens Hillebrand E 
Oplismenus hirtcllus (Linnaeus) Bcauvois In 
Panicum purpurasccns Racldi ln 
P. koolaucnsc St. John and Hosaka E 
Paspalum conjugatum Bcrgius Tn 
P. orbiculare Forster l n 
Pcnnisctum setosum (Swartz) L. Richardson In 
Setaria vcrticillata (Linnaeus) Bcauvois In 
Trichachnc insularis (Linnaeus) Nees In 
Tricholaena rcpens (Willdcncw) Hitchcock In 

M~I 
Th 

Th 
Th 
Th 
IT 
H 
Th 
ll 
H 
Th 

JI 
H 
11 

Th 
Th 
H 
JI 
H 
H 
II 
II 
JI 
H 
JI 
II 
IT 
Th 
1I 
II 

Cyperaceac 

Carcx brunnea Thunberg variety l\feyenii 
(Kees) Kuekenthal 

C. sp. (similar to C. sandwicensis) 
C. wahuensis C. A. l\feyer 
Cyperus alternifolius Linnaeus 
C. laevigatus Linnaeus 
C. polystachyus Rottboell 
C. Prcscottianus Hooker and Arnott 
Ilclcocharis obtusa Schuetes variety 

enotata Hillebrand 
Fimbristylis diphylla Vahl 
Gahnia Bcechcyi Mann 
Kyllinga brcvi folia Rottboell 
K. ccphalotes (Jacquin) Drucc 

I H 
F. H 
E H 
In H 
I H 
I II 
F. II 

E H 
I H 
E II 
In IT 
In H 

III IV V 

4 
3 

3 
2 
2 
3 
I 
2 
3 
3 
3 

3 
3 
2 

2 
2 
2 
2 
3 
3 
2 
3 
3 
I 
2 
3 
3 
3 
3 
3 

3 
3 
3 
3 
I 
2 
4 

1 
3 
4 
2 
2 

r K,O 
C H,G 

C II,G 
C M.II,G 
o n,c 
a II,G,K 
C M,H,G 
C IT,G 
o H,G 
o H,G 
r M 

r M,O 
r M 
C H,G 

o II 
o H 
r ll,G 
r II,C 
a H,G 
r M 
0 o,c 
a G,K,O,C 
C M,II,C,K 
vr C 
a M,H,G,K,O,C 
a H,C,K,O 
C G 
o II,G 
o II,C 
C II,G 

vr 0 
vr C 
o K,O 
r }.,f 

o M,O 
0 0 
r O,C 

vr 0 
0 0 
0 o,c 
o M,G 
r 0 
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I II III IV V VI 
M'ariscus angustifolius (Gauclichaud) Kuntze J H -I 0 o,c 
M'. l\lcyenii Kuntze I H 3 0 0 
Rhynchospora glauca Vahl forma la,•arum 

(Gaudichaud) Kuekenthal E H 2 0 K,O 
R. sclerioi<les llooker and Arnott E H -I C o,c 
Scirpus lacustris Linnaeus [n IITI I 0 M,G,K,O 
S. maritimus Linnaeus variety digynus 

Boccklcr In H 3 r M 

Palmaceac 
Cocos nucifera Linnaeus ln i\lM 6 0 M,G,O 
Eupritchardia Martii (Wendland) Kuntze ,,: M 6 C o,c I[ 

Araceae 
Alocasia macrorrhiza (Linnaeus) Schott rn N 5 vr K 
Colocasia esculenla ( l ,innaeus) Schott variety 

antiquorum (Schott) JJubbard and Rehder In G 5 0 ~r.K,O 

J,emnaceae 
Lcmna minor Linnaeus In IIIJ C l\[ 

Spirodela polyrhiza (Linnaeus) Schlcidcn In HH C M 

Flagel lariaceae 
Joinvillca Gaudichaudiana Brogniart and Gris l M -I r 0 VI-VII 

Commclinaccae 
Commclina difTusa Burmann I N 3 a M,II,G,K,O 

Pontccleriaceae 
Eichornia spcciosa Kunth In IIH 4 r l\[ 

Liliaccae 
Astelia vcratroidcs Gaudichaud E H,E 4 0 o,c vm 
Cordyline fruticosa (Linnaeus) A. Chevalier In M 5 a G,K,O XII-I 
Dianclla sandwicensis llookcr and Arnott E II 4 C K,O,C, 
Dracacna aurea l\fann I M 4 r K,O V 
Smilax sandwiccnsis Kunth E M 4 C o,c TV 

J\maryllidaceae 
Fourcroya gigantea Vent In N 6 0 II,G 

Dioscoreaceac 
Dioscorea bulbi f era Linnaeus In Ch 4 C 0 
D. pcntaphylla Linnaeus In Ch -I r K 

Uusaceac 
l\Iusa sapicntum Linnaeus In M 6 C K,O 

Zingibcraceae 
ficdychium flavum Roxburg In G 4 0 K.O V-VII 
Zingiber Zcrumbet (Linnaeus) Roscoe In G 4 a K,O VII 
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I II III IV V VI 

Orchidaceac 
Anocctochilus sanclwiccnsis Lindley E II,E 3 0 o.c IX 
A. sanclwiccnsis l.incllcy variety B. Hillebrand E H,E 3 0 O.C XI 
Liparis hawaiiensis Mann E E 3 0 o.c IX 
Spathoglottis plicata Blume In H 4 vr K 

Piperaceae 
Pepcrornia clliptibacca C. de Candolle E Ch,E 3 r C 
P. latifolia l\liquel 1,: Ch,E 3 C K,O,C 
P. lcptostachys Hooker and Arnott I N 2 0 G,K 
P. lili folia C. de Candollc E Ch 3 0 O,C 
P. mcmbranacea Hooker and Arnott E N 3 C o,c 
P. mcmbranacea Hooker and Arnott 

variety brevi folia Yunckcr E N 3 r o.c 
P. oahuensis C. de Candolle E N,E 3 0 O.C 
P. rencxa Dietrich I Ch,E l 0 G,K,O 
P. sandwiccnsis 1Jiqucl E N 3 0 K,O 
Piper methysticurn Forster In M 4 r 0 

Urticaceae 
Artocarpns incisa Linnaeus In Ml'vl s r G,K,O VI 
Boehmeria grand is ( Hooker and Arnott) 

llellcr E M 4 vr 0 VI-VIII 
Pilea peploidcs Ilookcr and Arnott I Ch 1 r C 
Pipturus albidus (!looker and Arnott) Gray i-: ).,f 4 C K,O,C V-IX 
P. Skottsbcrgii K raj ina I~ M 4 r 0 
Touchardia latifolia Gaudichaud E M 4 C o,c V-VITI 
Urera sandvicensis Weddell E M 4 vr 0 

Loranthaceae 
Korthalsclla complanata (Van Tieghem) 

Engler E E 0 K,O,C 
K. cylindria (van Tieghem) Engler E E vr 0 
K. sp. (similar to K. complanata) E E vr 0 

Santalaceae 
F.xocarpus sandwiccnsis Baillon E M 3 r o.c V 
Santalum Frcycinctianum Gaudichaucl E M 3 0 K,G,O II-X 

Chcnopodiaceac 
Chcnopodium muralc Linnaeus In N 3 C M 

Amarantaccac 
Amaranthus hybridus Linnaeus In N 3 C 11.G 
A. spinosus Linnaeus In N 3 C II.G 
Charpentiera obovata Gaudichaud E MM 3 C K,O IV-IX 

N yctagi naceae 
Ccodcs umbcllata Forster I MM 4 0 K,O VI-XI 
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Batis maritima Linnaeus 

Phytolacca acinosa Roxburg 

Sesuvium Portulacaslrum Linnaeus 

Portulaca olcracea Linnaens 

II 

l3atidaceae 

Ph ytolaccaccae 
Jn :-J 

Aizoaceae 
Ch 

Portulacaceae 
Tn Ch 

Caryophyllaceae 
Drymaria cordata ( Linnaeus) Willdcnow In Ch 

Cocculus Fcrrandianus Gaudichaud 

1Icnispermaccae 
E Ch 

Lauraccac 
Cryptocarya oahuensis (Degener) Fosberg E 

i\rgemone alba Lestiboudois \'ariety 
glauca Prain 

Broussaisia argula Gaudichaud 

Pittosporum acuminalt1111 l\lann 
P. Gayanum Rock 
P. glabrum Hooker and Arnott 
P. spathulalum Mann 

Osteomeles anthyllidi folia T ,incl Icy 
Rubus rosaefolius Smith 

Papaveraceac 

E 

Saxi fragaceae 
E M 

Pittosporaccac 
I~ 1[ 
E U 
E :M 
E ).f 

Rosaccac 
I 
In 

T ,eguminosac 
Acacia Farncsiana 
A. Koa Gray 

(Linnaeus) \\'illdenow In X 

Cassia bicapsularis Linnaeus 
C. J,eschcnaultiana de Candollc 
C. occidentalis Linnaeus 
Crotalaria incana I .innacus 
C. Saltiana Andrews 
Dcsmodium triflorum (Linnaeus) clc Canclollc 
D. uncinalum (Jacquin) de Candollc 

E ).().1 

Tn X 
ln K 
Jn K 
In K 
In K 
In Ch 
J,: K 

III IV V 

2 a 

3 0 H,G 

2 0 l\[ 

2 a l\l,ll,G 

2 a G 

3 0 G.K.O 

4 ,·r 0 

4 

4 
4 
4 
4 

3 
4 

3 
4 
4 
3 
4 
3 
3 
I 
3 

a 

0 
r 
0 
0 

0 

0 

C 

a 
r 
C 

0 

0 

C 

0 

0 

JI 

O.C 

o,c 
0 
o.c 
o,c 

lI.G 
C 

11 
K.O,C 
Tl 
ll.G 
H.G 
11.G 
11.G 
ll.G 
H,G 

VI 

111-X I 

IV-VII 
V-\'IT 

f-VI C 

1-Xl 
I J\' 
XI 
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Erythrina ~andwiccnsis Degener 
Indigofcra ,ufTrutico,a 1lillcr 
Lcucacna glauca Bentham 
J\lcdicago clcnticulata \Villdenow 
J\1 imosa pudica Linnaeus 
Phaseolus lathyroidcs Linnaeus 
Prosopis chilcnsis ( lllolina) Stuntz 

0xalis corniculata Linnaeus 
0. corniculata Linnaeus variety 

viscidula Wiegand 
0. Martiana Zuccarini 

Pclea clusial'folia Gray 
P. oblongifolia Gray 
P. rotnndi folia Cray 
P. J\lannii Hillebrand 
P. sandwiw1sis (Gauclichaud} Gray 
P. waianacnsis l.cvcillc 
P. \Vawraeana Rock 
P. cincrca (Cray) llillchrand variety 

sulfurca Rock 
Platydcsma campanulata J\lam1 
P. cornuta 11 illchrand 
Fagara oahucnsis (llillebrancl) Engler 

Melia ,\zcdarach Linnaeus 

l 

E 
In 
Jn 
In 
In 
In 
In 

11 
11 
X 
'.I[ 

Ch 
X 
X 
~UI 

Oxalidaccac 
In 

In 
In 

Rutaccae 

tleliaccae 

II 

H 
G 

11 
11 
11 
'.\[ 

'.10[ 
11 
J\1 

In 1111 

l•:uphorbiaceac 
\Villdcnow In '.11111 Alcuritcs m,iluccana ( Linnaeus) 

,\ntidcsma platyphyllum 11ann 
Claoxylon sandwicensc l'-tucller 
Euphorbia bifida llookcr and Arnott 
E. gcniculata Ortega 
E. hirta Linnaeus 
E. multiforP1is Hooker and Arnott 
E. Rockii Forbes 
E. thymi folia Linnaeus 
Rici nus conm1unis J ,innacus 

Ilcx anomala Ilooker and Arnott 

Pcrrottetia sandwiccnsis Gray 

E 1Dl 
,,: 111 
In N 
In Th 
In Th 
E X 
,,: 11 
In H 
1 n J\[ 

,\qui foliaceae 
E MM 

Celastraccae 
E 11 

ll[ l\' \' 
-I vr ll 
-I 0 G 
.j C J[ 

2 vr JI 
3 r G 
J C H.G 

111,11,G .j C 

2 

2 
3 

-I 
3 
4 
-I 
-l 
-I 
-I 

-I 
-I 
4 
-I 

-I 
4 
4 
2 
3 
2 
3 
3 
I 
-I 

-I 

3 

C 

C 

C 

H,G 

TT,G 
G 

C 0,C 
0 o.c 
0 o.c 
r C 
C 0.C 
vr 0 
C 0,C 

\"r 0 
0 o.c 
r () 
o 0,C 

r 

a 
a 
r 
a 
C 

a 
0 

C 

0 

r 

C 

a 

11.G 

C.K0 
o.c 
0 
11.G.K 
11.C 
11,G 
() 

o.c 
11.C 
11.G 

o.c 

o.c 

V[ 

11 
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l[ 

X[ 

\'II 
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\'I l-X 

\'-\'I 
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\'1-\'LII 
\'-XI 

\"I-TX 
1 IT-X 

V-XII 

lV-X 
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I II m IV V VI 

Sapinclaceae 
Alcctryon mauococcum Radlkofer E MM s vr 0 
Sapinclus oahucnsis Hillebrand E MM 4 vr K 
Doclonaea viscosa (Linnaeus) Jacquin I M 3 0 11.G X-II 

Elacocarpaceac 
Elaeocarpus bifidus Hooker and Arnott E MM 4 C o.c XI-IV 

Malvaceac 
Hibiscus Arnottianus Gray E MM 4 r 0 VI-XI 
II. tiliaceus Linnaeus Tn M:vt 4 0 TT.G,K 
IT. Youngianus Gaudichaud 1,: 3 r G.K V 
Malva rotundifolia Linnaeus ln N 3 0 11 
:\falvastrum coromanclclianum (Linnaeus) 

Garckc ln N 2 C H,G 
Sida fallax \Valpcrs In N 3 0 ILG 
S. rhombi folia Linnaeus In N 2 C ll.G 

Stcrculiaccac 
\Valthcria indica (Linnaeus) variety 

amcricana (Linnaeus) R. Brown In N 3 a H.C,K 

Thcaceae 
Eurya sanclwiccnsis Gray E :M 3 0 0 VII 

Violaceac 
Viola oahuensis Forbes E Ch 3 r C 

Flaconrtiaceae 
Xylosma hawaiicnse Seemann E M 4 0 o.c X-XI 

Passi lloraceae 
Passiflora eclulis Sims rn N 3 0 K V 
P. foetida Linnaeus ln )J 3 0 11 

Cactaccac 
Opuntia megacantha Salm-Dyck In M C II 

Thymcleaceac 
\Vikstroemia clongata Cray variety 

recurva Hillebrand E N 3 r 0 III-XI 
\\'. oahuensis (Gray) Rock F M 3 C K,O,C V-lX 

Lythraccac 
Cuphea Balsamona Chamisso and 

Schlechtendal In Ch 2 a G.K,O,C 



llosaka-Kipapa Gulch 

I lI III I\' \' 

?If yrlaccae 

Eugenia 111alacccnsis Linnaeus 
I•:. sandwiccnsis Gray 
r.Ietrosidcros collina (Forster) Crny subsp. 

polymorpha ( Gaudichaud) Rock variety 
glabrifolia ( I feller) Rock 

11. collina (Forster) Cray subsp. poly­
morpha ( Caudichaud) Rock variety 
glabcrrima ( I ,cveillc) Rock 

11. collina (Forster) Gray subsp. poly­
mnrpha (Gaudichaud) Rock variety glaber­
rima ( LcYeillc) Rock form a sericca Rock 

.\1. collina (Forster) Cray subsp. poly­
morpha (Caudichaud) Rock variety 
incana (Leveille) Rock 

;\I, collina (Forster) Gray subsp. poly­
morph a (Gaudichaud) Rock variety 
Kewellii Rock 

;\I. collina ( Forster) Gray subsp. poly­
morpha ( c:audichaud) Rock variety 
prostrata Rock 

~I. collina (Forster) Gray subsp. poly-
11101 pha ( Gaudichaud) Rock variety 
typica Rock 

~I. macropus Hooker and Arnott 
tll. rugosa Gray 
~I. trcmulcidcs (Ilcller) Rock 
Psidium cattlciamun Sabine 
P. Cuayava Linneaus 

ln tit:-.[ 
I•: MM 

E 

E 

F, 

E 

E 
,,: 
,,: 
,,: 
In 
In 

1'.I 

Ch 

MM 
1'.IM 
M 
11 
1l 
M 

4 
3 

3 

3 

3 

3 

3 

2 

3 
3 
3 
3 
3 
4 

Jussiaea villosa Lamarck 

Onagracrac 
In 3 

Araliaccae 
Chcirodcndron Gaudichaudii (de Candollc) 

Seemann 
C. platyphyllum (Hooker and Arnott) 

Seemann 
Ptcrotropia gymnocarpa Hillebrand 
Tetraplasandra mciandra (Ilillcbrand) 

llarms 
T. oahucmis (Gray) Harms 
T. oahucnsis (Gray) I larms 

variety B. (Hillebrand) Rock 

Ccntclla asiatica (Linnaeus) Urban 
I lydrocotyle verticillata Thunberg 
Sanicula purpurea St. John and Hosaka 

E 
I•: 

~LM 4 
MM 5 

11M 5 
;\[ 4 

1[ 4 

Um bell if crae 
In H 
ln II 
E II 

3 
3 
3 

0 

a 

a 

C 

C 

a 

C 

0 

C 

C 

r 
0 

r 
a 

0 

K,O 
o,c 

K,O 

K,O,C 

0 

0 

0 

C 

K.O 
o,c 
C 
0 
K 
IT,G,K,O,C 

0 

0 o.c 
o C 
vr C 

0 o.c 
0 o,c 
r O,C 

C 
r 
vr 

G 
0 
C 

225 

VI 

IV-V[ 
VU-XU 

Tl 

\'I ll-X 

\'IX 
\'11-V[[l 



226 Bernice P. Bishop M1tsc11m-Occasio11al Papers Xfl I, 17 

I II III IV V VI 

Ericaccac 
\'accinium dentatum Smith E )J 3 0 o,c 

J ,: pacridaccac 

Styphclia Tamciamciae ( Chamisso) :\lucllcr r•: :\[ C G,K,O V 

1\ r yrsinaccac 
Suttonia Fernscci 11 cz E :\1 4 r C 
S. Hillebranclii Mez E M 3 vr K,C 
S. Lessertiana ( A. de Canclollc) E 11 4 C O,C !-II 
S. sandwiccnsis (A. de Candolle) Mcz E :\1 2 r O,C l 

Sapotaccac 
Planchonclla sandwiccnsis (1 lillcbrancl) 

Pierre E :\,1 :\,[ 4 C 0 IV-VII 

Ebc11accac 

Diospyros Hillebrand ii (Seemann) Fosberg E MM 4 0 0 VI[ 
D. sanclwiccnsis (A. de Canclollc) Fosberg E 1H.l 3 C o,c IV 

Olcaccac 
Osmanthus sandwiccnsis (Gray) Bentham 

and Hooker E MM 4 C K,O,C Xf-II 

Loganiaceac 
Buddlcia asiatica Loureiro ln N 3 0 o.c V-X 
Labordia fagraeoiclca Gaudichaud E :\1 3 C o.c VII 
!,. glabra Hillebrand E N 3 r C IJl 
L. hcdyosmifolia Baillon E N 3 r C VI! 
L. Cyrtandrac (Baillon) St. John E N -I r O,C VH 

/\ pocynaccac 
Alyxia olivacformis Gaudichaud E M 3 a K.O,C 1-V 
Ptcralyxia macrocarpa ( l I illcbrand) 

K. Schumann E MM -I vr 0 I 
Rauwolfia sanclwiccnsis A. de Candollc E MM 4 r K,O 

/\sclcpiadaccac 

Gomphocarpus physocarpus E. 11eyer ln N 3 C G,K 

Con vol vulaccac 
C'onvolvulus arvcnsis Linnaeus Tn IT 2 0 }.[ 

lpomoea aquatica Forsk[1l Tn IHI 3 ,·r }.[ 

]. Bona-nox Linnaeus T )J 4 a Jl,G,K,O \l[l[ 

l. indica (Burmann) 11crrill [ N 3 a 11.G,K 
I. obscura (Linnaeus) Ker-Gaw! In ~ 3 C :\I 
1. pentaphylla (Linnaeus) Jacquin ]n N 3 C ll.G 
I. pes-caprae (Linnaeus) Sweet I Ch 4 vr M 
T. tubcrculata Roemer Tn N 3 C Ir,G 
Jacquemontia sandwicensis Cray E Ch 3 r M 
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I II III IV V \'I 

Boraginaceae 
llcliotropium curassavicum Linnaeus I Ch 2 r ),[ 

Verbenaceac 
Lantana Camara Linnaeus In M 3 a JJ,G.K,O,C I-Xll 
Stachytarphcta dichotoma (Ruiz and 

Pavon) \'ah! In K 3 a ;\I.TI,G 
S. jamaiccnsis (Linnaeus) Yahl In K 3 C Tl,G 
V crbcna bonaricnsis 1,innaeus In N 3 0 H,G 

Labia tac 
Phyllostegia glabra Bentham variety 

Macraci ( Bentham) Sherff E N -I C O.C I-XL 
P. grandiflora (Gaudichaud) Bentham E ~ 3 C O.C 1-XIl 
P. hirsuta Bentham E X -I r o,c V 
P. lantanoidcs Sherff E N 3 r C X 
P. parviAora (Gaudichaml) Bentham E K -I vr C X 
Stachys anensis Linnaeus In Th 2 0 G 

Solanaceae 
Lycopersicum csculcntum 1Iiller ,·ariety 

ccrasiformc llortorum In X J C 11,H,G 
Kothocestrmn longifolium Gray E 1I -I 0 0 V-\'L 
Solanum nodiflorum Jacquin I N 3 a l\L,lI,G,K 
S. sodomcum Linnaeus In K -I r 11.G 
Physalis peruviana Linnaeus In K J r K 

Gcsneriaceae 
Cyrtandra sp. E X -I ,·r 0 
C. cordifolia Gaudichaud E ),f 4 a K,O,C 11-Xf 
C. Garnotiana Gaudichaud E ;\ 4 r 0 IV-XI 
C. grandiflora Gaudichaud E -I 0 0 
C. kalichii \\'awra E N -I C O,C IL-XI 
C. kalichii \Vawra variety tristis 

( 11 illcbrand) Rock E K 4 r O.C XI 
C. laxiflora l\lann E N -I r 0 y 
C. laxiflora l\lanu variety grandifolia Rock E X 4 \T 0 
C. Lcssoniana Gaudichaud E l\l -I C 0 X 
C. longifolia llillebrand variety 

calpidicarpa Rock E ~ -I r 0 \'I 
C. longifolia llillchrand variety dcgencrans 

(\Vawra) C. B. Clarke E K 4 0 O,C 
C. paludosa Caudichaud E N 3 0 0 V 
C. propinqua Forbes E K 4 vr 0 II 
C. waiolani \Vawra E X 4 Yr 0 

Plantaginaceae 
Plantago major Linnaeus In II -I 0 l\l 
P. pachyphylla Gray E II -I vr C VlI-XII 
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I II III IV V VI 

Rubiaceae 

Bobea brcvipcs Gray E MM 3 vr K,O V[-VIU 
B. clatior GaL1dichaud E MM 4 a K,O.C lV-VHI 
CanthiL1111 odoratum (Forster) Seemann I l\l 3 0 K 
Coprosma longifolia Gray E M 3 0 O,C 1I 
Gardenia Remyi iVJann E MM 4 C O.C V-VII 
Gouldia St.-J ohnii Fosberg variety 

typica Fosberg E M 3 0 C VII 
G. tcrminalis (Hooker and /\molt) Hille-

brand variety typica Fosberg E M 4 C O,C VT-VIII 
G. terminalis (!Tooker and Arnott) Hille-

brand variety coriacea ( Hooker and 
Arnott) Fosberg E M 4 0 o,c VI-VIII 

G. terminalis (Hooker and Arnott) Hille-
brand variety Wawrana Fosberg E M 4 0 o,c Vl-VIII 

G. terminalis (Hooker and Arnott) Hille-
brand variety macrothyrsa Fosberg E M 4 0 0 VT-VIII 

Kadua acuminata Chamisso and 
Schlechtendal E M 4 r 0 V-VI 

K. fluviatilis Forbes E N 3 r 0 I [-IH 
K. glomerata Hooker and Arnott E N 4 vr O.C vm-rx 
Morinda citrifolia Linnaeus In M 4 C G X 
M. trimcra Hillebrand E MM 4 vr 0 IV-VI 
Nertcra dcpressa Banks and Solander I Ch I C o,c 
Psychotria sp. E M 4 vr 0 V 
Richardsonia scabra (Linnaeus) St. Hilaire ln Ch 3 a H.G 
Straussia Fauriei Leveille E M 3 r o.c VII-IX 
Straussia sp. E M 4 vr 0 V 
S. kaduana (Chamisso and Schlcch-

tendal) Gray E M 4 a K,O.C IV-VfI 
S. lcptocarpa Hillebrand I~ M 4 r O,C Vl-V[I 
S. l\lariniana ( Chamisso and Schlcch-

tendal) Cray E M 4 C K.O,C [\T 

Cucurbitaceae 
l\f omordica Balsamina I ,innacus In N 3 0 11 

Campanulaccae 

Clcrmontia kakeana Meyen E 1\1 4 C o.c V-Xl 
C. oblongi folia CaL1dichaucl E M 4 vr o.c 11-m 
C. pcrsici folia Caudichaucl E M 4 0 0 lff-X 
Cyanea acuminata (Caudichaud) Hillebrand E N 4 0 0 V-X 
C. angustifolia (Chamisso) Hillebrand E M 4 C 0 V-XI 
C. Grimesiana Caudichaud E N 5 C () VI-XI 
Lobclia Cauclichaudii A. de Candolle E N 4 r C 1x:x 
l,. hypoleuca Hillebrand E N 4 0 o,c lX-X 
L. oahucnsis Rock E l\[ 4 r C VH-VIII 
Rollandia angusti f olia ( Hillebrand) Rock F, N 4 0 o.c Vf-Vfl 
R. calycina (Chamisso) G. Don E N 4 0 o,c vrr-vru 
R. crispa Gaudichaud E N 4 C K,O U-V 
R. Humboldtiana Cauclichaucl E N 4 r 0 XI 
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R lanceolata Gaudichaud variety 
kipapacnsis Hosaka E 

II 

R. lanccolata Gaudichaud ,·aricty tomentosa 
Rock 

R longinora Wawra 
R. St.-Joh11ii Ilosaka 
Trcmatolobclia macrostachys (Hooker 

a11cl Arnott) Zahlbruckncr 

Scacvola cerasi folia Skottsberg 
S. Caudichaudiana Chamisso 
S. Canclichaucliana Chamisso forrna 

lcucocarpa Skottsberg 
S. glabra Hooker and Arnott 
S. mollis Hooker and Arnott 
S. proccra Hillebrand 
S. Skottsbcrgii St. John 

E N 

Coodcniaccae 
M 
M 

Compositac 
i\canthospermum australc (Loefling) Kuntzc [11 Th 
Adcnm,tcmma r,avcnia (l,i1111aeus) Kn11t1.c 111 
Ageratum conyzoides Linnaeus In Th 
Ambrosia artemisiaefolia Linnaeus In N 
A rtcmisia vulgaris Linnaeus I 11 >; 
Bi dens macrocarpa (Gray) SherfT 1,: ~ 
B. pilosa l,i1111aeus In Th 
B. pilosa Linnaeus variety mi11or 

(Blume) Sher ff In Th 
Crcpis japonica ( l,i1111ac11s) Bcnth;un I 11 Th 
Dubautia laxa llooker and Arnott variety 

Brya11ii Shcrff I•: N 
D. laxa I looker and Arnott variety 

pscucloplantaginea Skottsberg I•: N 
D. laxa f looker and /\ rnott variety ohovata 

forma glabrescens Sherff E N 
D. plantaginea Gaudichaud 1,: ~I 
Emilia sonchifolia (Linnaeus) de Candollc I11 Th 
l•:rigcron albidus (\Villde11ow) Gray In Th 
Ercchtitcs hieracifolia (Linnaeus) Rafirn:squc I 11 Th 
Eupatorium adenophorum Sprengcl [ n N 
Cali11soga parvinora Cavanillcs 111 Th 
Gnaphalium sanclwicensium Gaudichaucl I~ Th 
l lespcromannia arborescens Cray I•: ~I 
l,ipochacta lobata de Ca11dollc variety 

kptophylla Sherff E N 
Pluchca i11clica (Linnaeus) Lessing Tn N 
Sonchus ole~aceus Linnaeus T n Th 
\I crhcsina cncelioides ( Cavanilles) 

lkntham and T looker In N 
V erno11ia cinerea (Linnaeus) Lessing In Th 
Xanthium saccharatum \Vallroth [ n N 

III IV 

4 

V 

0 

K,O 
K,O 
C 

4 
4 
3 

4 

3 
3 

3 
4 
3 
3 
3 

2 
J 
3 
2. 
3 
3 
3 

3 
4 

4 

3 

4 
4 
4 
3 
4 
3 
2 
2 
4 

3 
3 
4 

3 
3 
4 

0 

0 
r 

o,c 

r O,C 
a G,K,O,C 

vr 0 
C O.C 
C O,C 
r O.C 
vr G 

C Jf.G 
0 0 
a 11.ll.C 
a H.G 
C lI.G 
0 o.c 
a M.ll.G.K 

C G.K 
C G,K,O,C 

r O,C 

vr O.C 

r C 
vr C 
a H.G 
a ll.G 
a G.K.O.C 
vr C 
C G 
o H 
r 0 

vr H 
C }.,f 
a 1f,TT,G 

0 11 
a 11.G 
o 1\l,II 
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\'I 

V-VI 

V-VII 
JI-V 
\Ill-IX 

X-XrI 

V-XI 
1-X I[ 

Vl[-XI 
m-XI 
m-XI 
f\'-X! 
\'II-XI 

I\' -XI 

IX-XI 

\'l!-X 

X-XII 

V-VII 

JI 
IX 
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