
Preliminary Ohscn-ations Concnning the Plant 
lnrasion on Some of the Laya Flo\\'s of ~Iauna 
Loa, IIa\\'aii. 

CHARI.ES "· FoRBr:s. 

Dt·,u;,..c; an excursion on the island of Hawaii for the purpose 
of collecting botanical 111alerial for the Bishop ~Iuseurn, an ad 
mirable opportunity was offered for making observations on the 
colonization of a portion of the laya flows of ~fauna Loa. Although 
a limited portion of the 1no11ntain has been co,·ered, and observa
tions of this character should extend O\·er a number of yrnrs, it is 
belie,·ed that data of enough local interest was obtained for record 
al this time. 

'!'he region Yisited extends from Puuwaawaa, o\'cr the summit 
of Hualalai, through the districts of Kona and Kan, mainly al an 
ele,·ation of .+S<X> feel, which is just abon~ the dense forest belt. 
One trip was made to the summit of l\Iauna Loa on the Kailua side, 
and from numerous localities the forest was penetrated in all din~c
lions: the region below the Government road in Kona and the 
shore line being the only portions from which a representative 
collection of plants was not taken. 

This territory is 011 the dry or lee side of the island, and for 
that reason the naturalization of plants 011 the la,·a flows may ,·ary 
somewhat from that of the moister regions: Intl it is believed that 
the main factors will prove to he the same, except for rapidity of 
invasion. The general characteristics of the Hawaiian vegetation 
have been described by se,·eral writers,' and in this paper it is the 
intention to discuss 01ily the flora in the immediate Yicinity of the 
flows visited. 

'l'here is probably no better locality in the world for observing 
the colonization of lava flows than the slopes of ~Iauna Loa. The 

'Jlilh:braml, \\'.: Flora of the Ilawaiian Islamls, 1888. c:uppy, 11. B.: 
Obserrntions of a c\aluralist in lhl' l'acilil·. ,·ol. ii. l lall, \\'. I,.: 'l he Forests 
of thl' llawaiian lsl:1111\s, l'. S. ll .. \., Dept. Forestry, Bui. 18. ''JO•I-
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whole mountain is a gigantic ma~s of these hn·a streams which 
radiate 011 all sides from the summit, 13,(>75 feel, to sea level. 
The later flows ha,·e generally arisen from sources helow the 

• summit. '!'he different flows haye had irregular cournes. ::\!any 
of them in flowing over older streams !Jaye left areas of various 
sizes of the older flow surrounded 011 all sides hy the newer flow, 
without apparently harming the vegetation of the resulting islaud 
to any appreciable extent. The surrounded areas, kuown lo the 
natin:s as "kipuka," may he aho,·e or e,·en below the surface of 
the surrounding flow. Fortunately for a study of this sort the 
age of many of these flows is known. 

The lava flows are of two kinds, generally simply described 
as th<.' smooth or slaggy, and the rough or scoriaceous; hut as 
these regions differ so much front the country generally trm·ersed 
by hotauisls, I <1uote the fuller word picture ol Dana.• "There is 
the onlinary smoolh-surfaeed Jaya called pahochoe, the term sig
nifying ha\'ing a satin-like aspect. The surface of the Jaya cooled 
as it flowed. Through one means and another the surface is 
usually une,·eu, being often wrinkled, twisted, ropy, billowy, 
hummocky, knobbed, and often fractured- .... ,The other most 
prominent kind of Jaya stream is the aa. The an streams have no 
upper flow like surface; they arc beds of broken up la\·a, the break
ing of whidt occurred during the flow. They consist of detached 
masscs of irregular shapes, confust•dly piled together lo a height 
sometimes of lwenly-fi,·e lo forty feet aho,·e the general surface. 
The size of the masses is from an inch in diameter lo ten feet and 
more. The lava is compact, usually less ,·esiculated than the 
pahoehoe, not scoriaceous; hut externally it is roughly cavernous, 
horribly jagged, with projections often a foot or more 1011g that 
are hristled all o,·er with points and angles. I II some cases ragged 
spaces extend along planes through the large masses, like those 
of the exterior." Both kinds of la,·a may he represented in the 
same flow, either iu clifferenl parts or closc.:ly associated. ::\!any 
hundreds of these two classes of 11ows were pnssecl o,·er during the 
excursion. 

The first flow of known date \'isited was that of 1859. This 
flow was followed from a point west of Puuwaawaa down to where 
it crosses the Government roacl. It is composed of both aa and 

2 I >a na, J. I>.: The Charactcristks of \"okanoes. 1S91. p. 9. 
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pahoehoe. The aa assumes the position of a winding river through 
the pahoehoe. In places the pahoehoe has flowed around portious 
of the aa in au irregular manner, leadng sm1ken islands of aa 
\·arying from a few feet to half an acre in area. From the close 
interrelations between the two there is no doubt that both belong 
to the same flow. The pahoehoe is jet black and 11ew looking, 
while the aa has a chocolate tinge, it also appearing very new as 
compared to adjacent flows. 

After several hours spe11t 011 the flow it beca111c appare11t that, 
with the exception of the lower cryptoga111s, most of the vegetatiou 
was supported 011 the pahoehoe and not Oil the aa. As this was 
contrary to what I had expected and had heard generally ex
pressed on these islands, I ga\·e particular attention to this poi1tt, 
and also directed my guide lo call my atte11tio1t to any plants he 
might see on the aa. A porlio11 of the aa stream was followed for 
a com,iclerable distance clown the centre, but nothing was oblaiuecl 
save a liberal supply of culs aud bruises. This scarcity of plauts was 
e\·en true for the small sunken areas of aa, which of all places one 
would think would be admirable traps for catching seeds and 
spores. The aa portions of the flow are often white with a certain 
lichen, and a closer search rc,·eals an occasional moss, hut there 
are uo ferns or pha11crogams, except on the contact line with the 
pahoehoe. 

'!'he plan ls which occur on the pahoehoe are to be found grow
iug in the numerous small cracks which cross the flow in yarious 
directions, especially where the flow is at all billowy, and between 
the folds of the ropy lava. The smoother portions are entirely 
bare of any vegetation. Such cracks act as riffies to catch either 
disintegrated particles of the flow itself, or dust and other refuse 
which may be blown over the smooth portions from the outside. 
At one place I noticed several hundred dead shells of Rulo/a 
similaris being blown across a portion of the flow, many of them 
being caught in the cracks. Such soil is stopped ou the edge of 
au aa ilow, while apparently not enough accumulates by the 
weathering of the flow itself in this period of time to fill its 
smallest spaces. 

The following plants were observed scattered here and there 
iu the cracks on the pahoehoe, hut they were iu no case in suffi-
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cieut quantity to he conspicuous from a distance. i\ longer search 
would probably add quite a few more species to the list: 

FILICFS.' 

,·I sj>/01 iu 111prao1101·s11111 Sw. (. / S· 
plmi11mji11nlf11111, Thhg.) 

Asj>lo1i11111 !1idw111a11t·s L., ,·ar. 
(Asj>lmit1111 dt•11.111m Brack.) 

J)idlia r,a/a (?) Brack. ( /,iud

SaJ'a c,w/a Ilook.) 
/)01J'Oj,ll'ris dao,a Brack. (P!ais 

dl'l'orn !Iook.) 

n-tlaca lt'rn{/i1/ia (Ca,·.) Link. 
J~·i/otu111 1111d11111 ( L.) Cricsi,. 

(Psilo!u111 !1i1111dr11111 S\\.) 

Po~1'j>odi11m pd!11rid11111 KIL var. 
The folded for111. 

.'-,'adlt-ria tya/l,1·oidrs K 1 . 

Pl I AN EROC~Al\lS. 

lj,Prrus sp. 
Ama1a11!/111s sj>i11osus L. 
R11111n x1:t:a11!n1s ,\ it. 
Ostro111tles a11/l,_J'ilid1/olia 

(S111ith.) Lindi. 
.1/i-ihomia u11ri1111/a (Jack.) 

Kuntz. 
() ralis ron1it-11lalt1 I,. 

h'uj>l,orhia J>iluliji ra L. 
. C.,'ida rord{Jo/ia L. 
TVal!/,e,ia a111oim11a L. 
Oj>1111tia !1111a (I,.) .l\lill. 
llfclrosidnos J>o(1•111orj>l,a Caud., 

var. 

,-tsdcpias curassa,•ira L. 
IJ>omaca ro11grsl11 R. Br. 
1 t·rbo,a bo1111 rit11sis I,. 

Phdra11!/111s aus/ralis IC Br. 
Capsinw, _1i·11/1•sro1s 1,. 

l,_1'ropo-sic11111 oot!o1/u111 1\1 ill. 
.<.,·01a1111111 111:i:111111 I,. 

Ridens pilosa J,. 
h'n:i;·u·un rn11a1!t-11sis L . 
< ;11aphali11111 sp. 
.')·011d1us 0/1.,-aa us I,. 

Raillardia sp. 

Of the above, the 111ost frequent species met with are 11/drosi
deros j>t1!_)'111orp!u1, 1'0(1,Podi11111 pdlucid11111 and .'--.ad/aia <) al/1roid1·s. 

\Vith the exception of .lft-trosidaos po(1·111orp!,a, which i-; the pre
vailing tree, these plants do not gi,·e a conspicuous aspc.:ct to the 
flora in the i111111ediale \'icinity of the flow, hut l'Onslitulc what 
might be classific.:cl as the weeds. Of the twenty-th rec pha ncro
gams, sixteen belong to the natura :ize<l flora and six to the nati\'c 
flora, one of the latter being of wide distribution as a :-,hore plant. 

'Thc-.c ar<· the naml·, rccol,{nizcd in Chrislt:n-.cn', I11tkx Filil'UIII, hut for 
tht: con,·t:nicnct: of local rt:u<h:r, lht: namt:s givt:11 in llillcl.m1nd's Flora urc 
givt:n iu parc::nlht:,t:,. 



Plant Invasion o,t Laz•a Flows. 

I believe that dist,ributiou is mainly by wind, although cattle aud 
goats occas!oually cross the flow. 

Several days later this flow was again visited al a somewhat 
higher elevation, at a place not far distant from the Judd road, and 
about ten miles abo,·e Puuwaawaa. There was relatively Jess 
vegetation, but distribution was the same as observed in the first 
case. At this place there are several islands of an ancient aa flow 
which are covered with vegetation. The following plants were 
obsen·ed in the cracks on the pahoehoe, only the common white 
lichen being obsen-ed on the aa: 

FlI,ICm,. 

AsJ>lc11i11111 lrid10111a11cs L., ,·ar. 
J)o,yoptcris dccora Brack. 

Pol_ypodi1t111 pc!!ucid11111 Kif., yar. 
The folded form. 

Sadlcria C)'allzcoidcs Kif. 

PIIANEROGAMS. 

Clicnopodiu111 sand1l'ld1cum l\foq. 
,·/ 1:t:·,•mo11c 111cxica11a L. 1 plant. 
/Jodonaca ,•iscosa L. 
,1/cfrosidcros po(v111orp!ia Gaud., 

var. 
(1•al/1odcs Tamtianuiac Cham. 

1 "crbcna bonaricnsis L . 
. '-,'ola1111m /11/(rttm L. 
h'rigcron bo11aricnsis J,. 
(;napl1aLi1wt sandwiccnsi1tm 

Gaud. 
.'-.,011dms olcrarc11s L. 

Of the leu phanerogams, five are native and with .',oj>ltora 

c/1JJ'sop!tylLa, which was not obsen-ed on the now, constitute the 
prevailing flora of the surrounding region. The remaining five 
belong to the naturalized nora. The prevailing plants on the flow 
were ,1/d1-osidrros poly111orp!ia, Polypodiu111 pc!lucid11m and S'adLcria 

t:i•al luoidcs. 
nr. W. T. Brigham' Yisitecl this flow in 1864. He reports 

having observed ferns in some of the caves, and a Polyj>odiu111 on 
the surface cracks, but lichens were rare. 

From a station called llonomalino the flows of 188i and 1907 

were visited. The flow of 1887 was observed at the place where 
it branches and flows around a cone called Putt Ohia. 5 Both 

• Dr. \\'. 'f. Brigham: Volcanoes of Kilauea an<l :\fauna Loa. B. I'. B. l\I. 
:\fem., vol. ii, no. 4, p. 1b. 

'This cone is calh:<l Pun Ohohia 011 lhe Go,·crnmcnl map. 
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branches were composed of extremely rough aa and supported 110 
yegetation, with the exception of a few Jlfetrosidcros on the contact 
edges with the older flows. 

The 1907 now was Yisited at a point a short distance aboYe 
Puu o Keokeo, which is about two and one-half miles aboye Puu 
Ohia. At this point the flow is entirely pahoehoe, very shiny black 
and fresh looking. Plants were just beginning to be established 
iu a few of the cracks, the following being observed: 

Pol_ypodi1t111 pd!urid11111 Kif., var. 
'l'he folded form. 

(yperus sp. 

T'acri11i11111 pc11d11/ij!onl!11 Gaud. 
(ralliodcs Ta111cia111ciae Cham. 
Raillardia sp. 

All of these plants are inclige11ous and constitute the preYail
ing flora al this elevation. '!'he naturalized flora is not yet estab
lished to any considerable exte11t 011 this portion of Mauna Loa. 

'l'he 1907 flow was visited later at the place wbere it crosses 
the Government road on the Kona side. Al tliis point it is aa and 
supports no vegetation except an occasional lichen or moss, appar
ent only 011 minute examination. 

The flow of 1823 was visited where it crosses the Kau Desert. 
Tt is pahoehoe, but unfortunately much of the vegetalio11 had 
been eaten by goals just before my \'isit. In a deep crack which 
crosses the flow, practically all the species of plants which occur 
in the surrounding region were obsen-ed. The followi11g plauts 
were obseryed in the surface cracks: 

Cibotium sp. llldrosidcros po(J1111orplia Gaud., 
A'cj)ltrolcpis e.rnlla/a (I,.) Schott. var. 
Psilolum 1mdum ( L.) Griesb. Solamu11 111/{ru111 I,. 

Another recent but unrecorded aa flow was visited abo,·c 
Kapapala near the old Kahuku trail. With the exception of a 
few lichens, 110 vegetation was observed upon it. 

From these observations of the plant invasion on the flows of 
known date the following summary might be obtained: 

1. A few lower cryplogams, followed by ferns and phauero
gams first become established on the pahoehoe. 
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2. Lower cryptogams hu.-ome established 011 the aa at an 
early date, and eventually coyer the flow to a consiclerable extent, 
some of these species being rather rare on the pahoehoe. 

3. Ferns and phaueroga:ns only become established on the 
aa a long period of time after these become established 011 pahoe
hoe of the same age, other conditions being the same. 

4. The plants to be fonnd 011 the new flow are the same as 
those found 011 older flows in the immediate ,·icinity. Po~1,Podi11111 
pd!ucidu111, Sadlcria r_yallil'oidrs and Jfrtrosidrros po{1•111orplia were 
usually the pre\'ailiug plants at all points and ele,·ations studied 
011 the pahoehoe, while a species of white lichen was usually com
mon on the aa . 

.'i· A fertile soil is apparently formed in the cracks of the 
pahoehoe sooner than amongst the aa particles . 

. 1frlrosidcros po~1'111orplia is one of the important plants which 
prepare the way for the eslahli-;l11nc11t of many plants ou the flow. 
The roots spread 0\'er the smooth portions of the flow, often from 
one crack to another, forming pockets to catch a soil formed of 
dead leaves and other debris. 

fn Yiewing the olcler flows it is rather difficult to ascertain 
their relative ages, for the reason that the Hawaiian flora assumes 
its mature form at an early date. fn passing o,·er many hundreds 
of flows the preYailing characteristics of inrnsion were found to 
he somewhat as shown i11 the following paragraphs. 

In the scrub region ahoYe the wet forests there is 110 great 
distiuction between the flora of the pahoehoe and the aa. The 
latter, howeyer, has a greater proportion of lichens, occasionally 
these plants occupying the aa lo the exclusion of all other ,·egeta
tion. The pre,·ailing plants are (1•allllldcs 'Ta1111'ia111rial', /)odonara 
,•isrosa. scrub .Jfclrosidtros po~, 1110,p!,a, .'-ioj>liora c/11:rsopliylla and 
other characteristic 111ou11tai11 plants. Large portions of either 
,·ariely of flows are bare rock, a11d when a soil is formed it is usually 
a very thin layer, limited almost exclusively to the pahoehoe. 

111 the dense forests of the rainy belt there is 11s11ally a good 
soil on thiz pahoehoe ,·arying from six inches to a few feet in 
depth, sometimes only the tops of the billow<; remaining in sight 
to record the character of the flow. The aa, howc\'er, with kw 
exceptions, still retains its rough file like character. I find that 
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the dense koa forests where. lraria 1.-oa is the pre,·ailiug tree, \\ith 
a thick undergrowth of ferns, labiates and in11umerable other spe
cies, are limited with remarkabl) few exceptions, as far as the 
forests of Kon a are concerned, to the pa hoe hoe. 

From any hill the trayeJer through this district can pick out the 
aa flows from a distance by the lines of ohia (Jfefrosidrros polj•-

1110,p!rn) forests, which di\"ide the koa into sections. \\'hen he 
arri,·es al the rocky flow he will find a totally different character of 
UtH.lergrowlh, where such plants as I'o~1,Podi11111 fdl11rid11111 (folded 
form), /,,1•a1podi11111 rcr111{lt//l 1 / 'affi11ium pi 11d11lijlontm, Naillardia 

and certain other plants arc conspicuous. From this, I helieye 
that the koa forest is the final type for this region, and when one 
finds an aa flow supporting koa, it must he relatively very much 
older than other aa flows in the vicinity. 

In later years, however, outside i11fl11e11ces, especially cattle 
grazing, Jiaye considerably chaugul the floral aspect of the coun
tr) in certain places. On account of greater case for pe11etratio11, 
a more succulent undergrowth, and perhaps more available water, 
cattle have worked their way into the forests 011 the pahoehoe and 
destroyed the undergrowth. In a few years the introduced flora 
becomes established, and a park like meadow, usually in e,·ery 
sense an ideal pasture, is the re:-,ult. However, the indigenous 
trees, which after many years have become adapted to the dense 
undergrowth, epiphytic creepers and moist soil, are much weak
ened, a11d are nol able to withstand the new, more xerophytic 
conditions. The weakened trees eyentually fall an easy prey to 
destructive insects, but as far as I was able to observe were not 
touched by the cattle. 

The cattle penetrate to a much less degree on the aa owing to 
its rough character, while the 11},)re xerophytic undergrowth is 
less succulent. \Vhen they do, the character of the flora is less 
changed for the reason that complete destruction of the under
growth is impossible, while this ohia, which has not become 
adapted to such wet conclitio11s as the koa, does not succumb to 
insect attack. Ohia varies tremendously with the habitat, but 
any great change in conditions would probably affect it the same 
as koa. 

From the preceding paragraphs it must not be inferred that 
ohia forests are not founcl 011 some pahoehoe flows; for the damp-
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est, and consequently the densest forests on these islands are com
posed of this species; but the prevailing tree in the upper forests 
of the middle zone on the lee side of Hawaii is koa, while ohia is 
apparently not the final type for this section. 

In the region below the wet forest the pahoehoe flows are 
occupied almost solely by the naturalized flora, J>sidi11111 .~ 11ajai•a, 
La11la11a ramara and introduced weeds bei11g very conspicuous. 
The long lines of nali\·e vegetation, consisting mainly of ohia, 
which cross the GO\·ernment road in many places throughout 
Kona, and the rich nati\·e flora at Puuwaawaa are on old aa flows. 

The region he low the Government road and the shore line has 
not heen sufficiently im·cstigatcd for discussion in this paper. 

In summing up the process of plant invasion on a la\'a flow 
on the Ice side of Hawaii the following sequence might he obtained: 

r. Appearance of lower erytogams, eventually becoming con
spicuous on the aa. 

2. Appeara11ce of l'o{1,Podiu111 pc!lucid11111 (folded form), 5,'ad
lcria <yallicoidcs and Afclrosidnos po{1•111orpl1a, first on the pahoehoe, 
and al a much later elate on the aa. 

3. Gradual development of the typical floral aspects of the 
immediate vicinity, if in the central region an ohia forest. 

-1-· Establishment of the final native vegetation, if in the cen
tral region a koa forest. 

5. A later stage may be the encroachment of the 11aturalized 
flora, tlue to a cha11ge of conditions hrought about through human 
agency. 




