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Popula tion Death in Hawaiia n Plant Communities : 
A causa l T heory and its Successiona l Significance ' ) 

- Dieter Muel l er-Dombois -

SUMr1AHY 

Popllta l: ion neAt l1 or s ynchronized plant - g r a up dying or d lcback, 65 constr stod w!th indiv .l ­
dual plant dying o r single plant dcath , 1s a couU'non phcnorncno n 1n l!a wa l.l. a n p10 11 1:. communl ­
tje~ . Examples of population deat l1 a r givcn f rom fO I"Ost , scnlb nd gra s31ll nd conullun j U. c~1 

and from lowland , montane and ),ighcr attitude envi r o mncn t s EIS well 89 f rom nat.l.vc (lnd 11 0 n­
nati.vc p l ant popul litions . 

[n the better rcscar: c hed cascs . tha MetposidfJ-r08 a nd C'aIlQt)alia cUcback s . lL iu el o /" " thaI:. 
the dcad st:olnding populations are not s imply rei ie t s t a nd s l cf:t fr.o llL hcrbiv rc p r cdflt.lon of. 
thei:c reproduction . This e :-:planat ion was given i.n the earlier lltCl:"atu!" c fo r thu dyinCj 
Acacia koa find SOphOl"Q chr'ysophylZa forest stands o n f-l a una Kea . Instead , in thc Me tpolJi­
da pos and Canaval ·ia diebacks and thc other examples c i. t ed , rcproduction Erom sccd l i ng s ~Ind l 
or veget ative repr oduc tio n are typically associatcd with the diebaek populations . 'I'he dlcbac k 
popu l ations themsclves cö n be cons ldered as cohorts , i. e . groups o ( i. ndiv l d uals that or. ig i­
na ted from CI wav c regene ratio n in their re spective habitats . 

Fi.ve characteristics . cornmon t o the described dieback populations were noted : ! ) thc popu ­
lat ions belang to pioncer or seral species , 2) they occur in s ~'nus iae wit h low spccJ.es di­
v e rs i ty , 3) t hey grow in areas · .... here dhiturbanees gave riso to inva s i o n of l ' l r.ge collorts , 
4) they are associated ... ' ith repr oduction of the same speci.es uncler. cr nellrby t h e d y lng co­
hort a nd t hus were described as " osci U at i ng persisters " in suecession, u nd 5 ) the dicbac k 
popu l ations persist i n all cases foe relatively l eng per iods for scv e r.a i reason s (low rates 
of. decompos i tion, slow rates of suecessional replaeement a nd 1.ow frequc ll c y of catastroph .i.c 
perturbations) . 
Current hypotheses to e xplain population deat!) i n o lant cornmuni t.lcs wcrc r cviewed as ompha­
sizing o ne oE four possibilit i es : 1) diseases or bietie s tresses d u e to EUllga l pa t hoge n!! 
or i n scct pests , 2) new man-imposed stresses , 3) recurri ng a biotic nat\.lr"a l stresses , and 
4) combinat Lons of stresses . 

A ne .... ' thcory is p r oposed whi eh tak es a11 the descr ibed cti e back va riations into cöns1.dera t 1.on. 
rt focuses on the diebac k events as a c ha in react i o n process involving : 1 ) senescing coh o r.ts 
a s the maj or. predisposing conditio n , 2 ) d i ebac k precipitating or triggeri ng factor.s. 'I'hese 
may operate as species-specific inte rnal triggers (suc h as a heavy flo ..... eri ng season i n t h c 
senesci ng stage) c r as hard-to -detect e nvironmcntal triggers , f.oe e x a rnpl e , Cl s t rong local 
wind t.llat may tear. off much of the foliar biomass (wllieh t he n ca nnot be r. ep l accd b ecau sc of 
the low carbohydrate reserves in the sencscing stage ) . und J ) dieback-has t cn1ng factor.s , auch 
as b i o tic agc nts and/ar also dicback-staUi ng factors suc h as fl tempor.ary more fa vorabl e soil 
water or nutrient condition . 

In addition , this theo ry is seen as pr ov id ing (resh ins ig h t!! into thc successionu l conscqu n­
ces of such diebacks . Dieback may ba cons i dered a dr. ivil~g f orce in scco nda r y zucccs r: ion whc n­
eve::- it occu r s , because of the r elatively sudden opening of t h e ca nopy or death of t h e a hoot 
s yste ms _ 'l'hi s i.n turn rel ases nutrient.s through clcath of the r oot s ys t e ms a nd h igh l1t t cr i n ­
puts a ne protects the surviving undeL-growth spc:cies "Ind new seed l i ngs (o r vegetativa rcproCl uc ­
tion of t he d y ing cohort) from compctition . Mo rcovc r , several indicat i ons I.n · the wl wl:üin n />10 -
trosidel'oß rain f orest have led t o tll e hypothesi s that the ne xt generation of MeM'oo1:doPoß 
seed l i ngs 1s not alwa y s genetically and physiologica lly lclentical to t h e dying coho r.t o n ehe 
same site . 'fhat i s , there are successlonal t-aces 01: successi.ona i ecotypes lndicatlng that 
Metl'OGidepon polYlJlor pha may have evolved into it.s o ..... n s uccessional replacer . '1'l1i5 i6 seen l.1S 

an analoqy to flO l-istically r ieher a l-eas , ..... hece t hc success i o na .l replac crs a re usually diECe­
r nt spec ies which fonn a Eunctional sequence fr om p i o nc e r , se l~a l to c iimax a1oo9 s ucccss i o­
nal gradient5 . 'fhe hypothes i 5 of successional races o r ecotypes i n MetT'ou·i.der·oiJ polymoY'pha 
is currently subjected to experimental I:e sea rch in lIa waii using t h c " Ilo hcnheimcr " wa t er t able 
model as a transplant g arden . 

ZUSAMMENFASSUNG 

Das mehr oder weniger pl ö tzliChe Absterben von Pflanzenpopu l a t ionen ist e J.n nic h t ungewö hn­
licher vorgang in Pflanz e ngesellschaften auf de n Ha waiisch e n I nseln. Es zc l gt sic h d urch 
starken und pe rmanenten ßlattverlust im Kr o nendach oder Zweigsystem bes timmter. bestandsb ll­
dender Baumg ruppen , Strauch- und Krautarten und d~lr.ch da s l.1 ngcrc Vorha ndense i n von abgestor­
benen ßesUinden . 

I)"rticle No. 5 Nati o nal Science r Ollndation Gra nt DEO 79 -1 0993 . 
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Besser erforschte Beispiele sind das Metl'osidel'os polymorpha-Baumsterben im einhe imischen 
Regenwald und das periodische Absterben von CanavaLia kauensis-Rankenmatten i m küstennahen 
tropischen Grasland im Hawaii volcanoes National Park. Andere in der Literatur beschriebene 
Beispiele sind das Absterben des Sophora ~hr>ysophylZa-v..'aldes am oberen Mauna Kea, und das 
Baumsterben von Acacia koa über der Regenwaldgrenze desselben Vulkans. 

Das Absterben von Sophora und Aaaaia wurde auf den Einfluß eingeführter Herbivoren, vor al lem 
der Schafe (im Sophol"a-Wald) und Rinder (im Aaacia-Wald) zurückgeführt. Diese fressen kon­
tinuierlich den Nachwuchs und den unt.erwuchs, sodaß nur a l ternde Baumgruppen in den so beein­
flu ßten Gebieten zurückbleiben. 

In dem von Baumsterben gekennzeichneten Metl'osidero8-Regenwald und im tropischen Küstengras­
land mit den periodisch absterbe nden Canavalia-Rankenmatten gibt es keine Herbivoren, die 
den Reproduktionszyklus unterbr echen. Hier vollzieht sich das Populationssterbe n unter natür ­
lichen Bedingung en. Für das Baumsterben im MetPOsider>Os-Regenwald wurden fünf unterschied­
liche Typen erkannt (wetland, dryland, bog-formation, displacement and gap- formation dieback) • 
Drei dieser Typen zeigen Korrelationen mit vorherrschenden Standortsfaktoren. Diese fOhrten 
zu Kausalhypothesen, z.B. daß eine vorübergehende Austrocknung des Wurzelhorizontes der be­
troffenen Metrosidel'oS-Baume auf flachgründigen, schnell-dränierten Lavaböden ( dry 1 a n d 
die b a c k 1 die Ursache sein könnte. Auf schlecht dränierten, flachgründigen Lavaböden 
hingegen kOnnte man das umgekehrte als Ursache annetunen, n~lich vorübergehende Uberflutung 
(z.B . nach zwei oder dre i Jahren überdu rchschnittlichen Regenfalls hintereinander) und Ab-
2terben de~ Wurzelsystems durch Luftmangel ( w e t. 1 a n d die b a c k ). Im Falle des 
Sumpfbodens ( bog - f 0 r m a t ion die b a c k ) waren nebe n Wurzelerstickung wäh­
rend zeitweiliger Uberflutung auch toxische Einflüsse (Z.B. Ei senvergiftun:J ) a ls Ursache an­
zunehmen. Das Baumsterben mit au sbleibendem oder verdrängtem Nachwuchs ( dis P 1 ace -
m e n t die b a c k ) konnte nicht auf einen kausalen Standortsfaktor oder Befraß durch 
Herbivoren zurückgeführt werden, denn hier waren die Böden tiefgründig, normal dräniert und 
nährstoffreich (eutrophischl. Als Ursache ,,"'Urde deshalb eine Ubera lterung der betroffenen 
Besta.nde angenommen. Ähnlich ..... ar es mit dem später erkannten fünften Typ des Baumgruppen­
Sterbens , dem sogenannten " gap - f 0 r m a t ion die b a c k ". Dieser Typ erscheint 
auf den Kuppen und Hängen alter, ausgelaugter Ascheböden, rHe zwi.schen den immerfeuchten, 
sumpfigen Böden der älteren AScheablagerungen i m Mauna Kea- Regenwaldgebiet herausragen . Hier 
bot sich keine d irekt e Standortskorrelation an. Ein vie l le i cht frühzei t iges Al tern, verbunden 
mit toxischen Einflüssen von Aluminium unter stark sauren Bedingungen, konnte als Ursache an­
gesehen werden. Diese Annahmen dienen zur weiteren Forschung. 

Ähnlich verhielt es sich mit dem Absterben der Canavalia-Matten im küstennahen Grasland des 
Nationalparkes. Der einzig stark variierende Standortsfakt.or, der für das per iod ische Abster­
ben verantwortlich gemacht werden konnte, waren die jährlichen Ni edersch läge, die hin und 
wieder beträchtlich variierten. Jedoch b e stand zwischen diesen schwankungen und den Absterbe­
phasen von Canavalia kein korrelativer Zu sammenhang . Es ergab sich deshalb die Folge rung, daß 
die A.bsterbephasen hauptsächlich, wenn nicht sogar ausschließlich, auf den Lebenszyklus eini­
ger gleichaltriger und zusammenwachsender Ind ividuen (cohorts) zurückzuführen waren_ 

Das mehr oder weniger gleichzeitige Absterben von Pflanzenpopulationen wurde auch für den 
einheimischen Strauch j)-,,;,bautia scabm (Compositae) und den eingeführten, kleinwüchsigen Un­
krautbaum Buddleja asiatica (Loganiaceae ) festgestellt. Beide populationen hatten sich ex­
plosionsartig auf einem vul kan ischen Aschefeld eingestellt, das ursprünglich einen Regenwald 
überschüttet und vernichtet hatte. Eine weitere Beobachtung betraf den Unkrautbaum Leucaena 
leuaocepha~a (Legumirzosae) , der dazu ne igt, nac h Grasbränden in somme r t rockenen Gebieten in 
Küstennahe auf allen Inseln Strauchdickichte zu bilden. 

ronf Merkmale , die allen gebrachten Beispielen gemeinsam s i nd, wurden erläutert: 

1. Alle betroffenen Arten sind entweder Pionier- oder Sukzessionsarten. 

2. Sie sind die dominanten Mitglieder sehr artenarmer Synusien. 

3 . Sie kommen auf Standorten vor, auf denen katastrophische zerstörungen eHe Ausgangsbasis 
zu neuen Sukzessionen gaben (vulkanische Aschefelder, Lavaböden , Feuer usw.). 

4. In keinem der F'älle waren die absterbenden populationen mit dem Verschwinden dieser Pf lan­
zenart aus dem naheren WUchsbereich verbunden. Im Gegenteil, neue Individuen siedelten 
sich in den meisten Fällen gleich zusammen mit den absterbenden Populationen an, oder 
neue Individuen kamen in der Nähe hoch. 

S. Die absterbenden oder abgestorbenen Populationen bleiben in allen Fällen für relativ lange 
Zeiträume stehen. Gründe hierfür sind: relativ langsam arbeitende Zersetzungsvorgänge a n 
den betreffenden Standorten, geringe Wiederho lungschancen für die Art der katastrophischen 
Standortsstörung, die den Anlaß für die ursprünglicl'\e Sukzession bot, und sehr verzögerte 
oder ganz ausbleibende sukzessionelle Verdrängung der abgestorbenen Populationen mit neu 
heranwachsenden. 

Gegenwär t ig ver-breiteLe Hypothesen zur Erk lärung des Absterben s von Popu l ationen in Pflanzen­
gesel lschaften wurden herausgestellt als : 
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1) PE lanze ner krankung en durch Pi lzbefa l l oder Insektenfr a ß , 
2 ) Pflanzens t e rbe n durch neue, von der Industrie hervorgerufene Be l ast ungen, 
) Pflanzensterben durch per iodisch wieder kehre nde natürl i c he . abio t ische Umwe ltstrefHakto-

ren, und 
4 ) Kombinationen von Belastungsfakt.or en . 

Eine neue Theorie ,",'lirde aufg estel l t , die j e t z t weiter verfolgt. wird. Sie sieht de n Popula ­
tions-Sterbev organg als eine kausale Kettenre aktion . Di e se beg innt 1 ) mit alternden Popul8-
t ionsgruppen (senescing cohorts) als wicht igst em Ausgang s fa ktor und ko nze ntr.ie rt sich dann 
2) auf das Aufkommen von synchronische n Auslö sung s faktoren, die e ndog e ner Na t ur se in können, 
wie z. B. ein starkes Blühen im Altersstadium, oder exogene r Natur, z. B. e in s tarker Wind . 
der die Hauptblettmasse abreißt. di e dann abe r nicht e rneuert werden kann, we il den a ltern­
den Pflanzen Reserven fehlen. 3) Als dritter Faktorenkomplex komm en da nn noch Inte nsivi e­
rungen in Betracht, wie z. B. das Auftreten von Borkenkäfern oder von Wurz elfäul nis , die den 
Sterbevorgang beschleunigen. 
Aber auch das Umgekehrte ist möglich, wobei ein Beschleunigungs faktor ausbleibt, und statt­
dessen eine Verbesserung der Umweltsbedingung en eintr itt, wie z . B. be s onde rs güns tige Boden­
wasserverhältnisse oder neue Nährs tof f zufuhr . 

Diese Theorie erlaubt neue Einsichten über den Sukzessionsvo rgang i n Pf l anzengesell schaf t en , 
in denen ~ynchronisiertes Populationssterben vorkommt . Da der Pflanzenbest and s ich ve rhält ­
nismäßig plötzlich öffnet, ver stär ke n sich di e Lichtve rhäl t nisse i m Unterwu chs . Das Wurze l­
s ys t em sti rbt ab und liefert zusammen mit dem Bl att fal l pl ö t zlich fre i werdende Nä hr s toffe . 
Die absterbenden Indi viduen bie t e n Schut z gegen Wind . und e s best eht ke ine Ko nkurrenz gegen 
den aufkommenden Jungwuchs. Oie arte ige ne Reproduktion findet unter s o l chen Bedingungen of t 
günstige Entwicklungsmöglichkeiten . Aber auch anderer Unterwuchs wird beg üns tig t, und es ist 
eine Frage der relat i ven Anpa s sung an di e neuen Verhältnisse, in we lche Ric htung di e dann 
folg ende Sukzession lauft. 

In Hawaii haben wir i m Zusanunenhang mit dem Metr osidel'oS-Baumsterben be obachte t, daß die neu 
aufkorrunende Generation der Absterbenden niCht g l eich ist. Es scheint s i c h hier um ein suk­
zessives Ablösen verschiedener Me tl"oside l"oS-Rasse n oder Ökotypen zu ha ndeln. Die se Hypothese 
der sukzessiven Rassen innerhalb des Met r osi de1'OB poZymoY'pha- Artenkomplexes wird mome ntan 
experimente ll untersucht, wobei das "Hohe nhe i mer " Gr undwasser-Modell a ls Au s s aat- und Test­
garten verschiedener Proven i enzen dient . 

for the last decade, a massive death of Met l' osidero s polymor'pha trees in the 
Hawaiian montane rain forest has received considerable attention in terms of 
public concern and research (PETTEYS et al . 1975, PAPP et al. 1979, MUELLER­
DOMBOIS 1980a). However, massive tree death in Hawa i ian forests 1s not a new 
phenomenon (CLARKE 1875, MILLER 1900, LYON 1909, 1919, WAGNER 1961, FOSBERG 
1961). In fact it can be said new t hat it 1s quite a cornmon phenomenon, wh ich 
1s not restr1cted to forest c ommunities, hut also occurs in seruh and grass 
cornmunities. Moreover, massive plant death 1s not re str icted to indigenous 
Hawaiian communities, hut occurs also in a1ien or non-native replacement eorn­
munities . 

A number of reasons have been suggested to explain massive tree death in Ha­
waiian forests. LYON (1909) 5uggested 50i1 toxicity for the so-called Maui fo ­
rest disease after he had searched for severa l years in vain for the earlier 
presumed killer fungus. FOSBERG (1961) 5uggested hardpan formation for ,\le tro­
Bid . r o B dieback around Kauai bogs. SELLING (1948) suggested c1imatic change. 
WARN ER (1961) suggested browsing by fera l sheep as the cause of death of the 
tree line mamani (S oph ora chrysop hyll a) forest on Mauna Kea. MUELLER-DOMBOIS 
& KRAJINA (1968) suggested catt1e grazing of seedlings and/or shrubs as the 
reason for koa (Ac acia koa) decline and flooding of root systems as the rea­
son for Met r osideros tree death on the east slope of Mauna Kea. Disease and 
insect pests were considered for several years the major reasons for the 
massive death of J.!e t r'o8ider os trees on Mauna Kea and Mauna Loa (BURGAN & NEL­
SON 1972, PETTEYS et al. 1975), until thorough r esearch relegated biotic agents 
inta a secondary ro l e (PAPP et al. 1979) . 

This paper wil l review the dieback or plant death manifestations as found in 
a number of Hawaiian plant communities. It then wil l suggest a new dieback 
theory which will untangle the various hypotheses given before. It will also 
point out some implications to our under standing of succession, climax and 
ecosystem stability . 

DEATH IN THE MONTANE RAIN FOREST 

A rapidly spreading canopy collapse or crown foliage loss was reported by PET­
TEYS et al. ( 1975) for an 80 000 ha segment of indigenous montane rain forest 
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on the wind\llard sides o f Mauna Kea and Nau na Loa. Th is information 1,o1 aS obtai ­
ned fram a comparison of three sets of aeria l phot ograph s , the fi rst taken i n 
1954 , the second i n 1965 and t h e third i n 1972 . The rap id r ate of c anopy l oss 
spawned the disease hypothesis t hat determined the r esearch efforts of the 
u . s . Forest Service for many years . Large areas with dead standins Met r-o si ­
de r os PoZ-Y I.': o r pha trees o n surface- f l ooded substrates i.n pa r ts of t he same 
territory (MUELLER·-DOHBOIS & RRAJINA 1968) s pawned the ,dea of a natural per ­
turbation a nd successional p r ocess (flUELLER- DOI1BOIS 1974) that gulded the 
research efforts of the writer and s e ve r al o f his students f r am that t ime on 
to the present. 

The s ubseguen t discove ry of Me t"f'os ide"f'os stand diebac k on substrat es other 
than the s ur fa ce-flooded soils required more compl ieated e xplanations for t h e 
natural (environmenta l) perturbation hy pothesis (MUELLER- DOMBOI S e t a l . 1977) 
and it made the disease (or b i otic a gent) hy pothesis temporar1ly mo r e a t trac­
tive (KLIEJUNAS et a l. 1977) . However , the f. i nding that NPK fertilizer could 
restore full v i gor in half- dead 11e"tl'oside pos trees (KLIEJUNAS & RO 1974 ) and 
t h e fi nding that abundant Met r o 8 ide ~ o s regeneration was coming up i n many 
Metroside l" o s dieback stands (MUELLER-DONBOIS et al. 19 77) >las again s upport 
for the natura l pertu r bat i on and succession hypothesis. This lead the U. S . 
forest Ser'Jic e to l au nch a par a l le l but independent vegetation and soil ana­
l ysis project (ADEE & \·]OOD 1982). 

The disease hypothesis was only r ecently abandoned (PI\PP et a l. 1979) , when 
evidence became i ncreasi ngly stronger , that the t'rle best candidates fe r the 
killer agents (the reet pa thogen, P '1z ytopht ho Y'a c:inn amoni and the e ndemie 
Metroside r os barer , Pl a git ~mYBu B biZineatus ) cou ld o nly b e ascribed a secon­
dary or s u bs idiary ro le in same cases . However , the disease h jrpothes is is 
still not to t a l ly abandoned (Pest [\~a nagement Unit 1 981 ) . Th i s agai n is not 
surprising in view cf thc bendable definit i on of what a disease is (e . g ., 
physiological disease which 1s not caused by any b i otic agen t) and the patho­
l og i cal concept of the so-eal l e d "decline !1 diseas e s (HAN I ON 1 981) . In spite 
of this semantic unc lari tv , it i s now clear that the Hawai i a n Met r o s i de Y' o s 
rain forest dieback or dc~line is not caused by a~y b i o tic agent. 

rurther p rog r ess in the e ausa l ana lys is of Metro o ide ro s canopy dieback has 
c o me [rom detailed s patia l ana l yses cf vegetation, dieback and soil pat terns , 
from many population struc tu re a nalyses , f rom addit i onal air photo a n a l yses 
(BURTON 1980 , JnCOBI \ 982) , from f i eld e xperiMents (BURTON 1980 , MUELLER­
DOHBOIS 198 1a ) and from exte nding observations to othe r areas {GERRISH & MUEL­
LER-DO~!BOIS 1980 , MUELLER- DOf1BOI S 1982 a , b ) . One of the main a d va nces wa s the 
d iseove r y of s ever al dif fere nt dieback pat terns in relatio n to s i t e and Met l" o ­
s i de l~ os undergrowth r e sponse . I n t h e 197 7 r e port (MUELLER-DOMBOIS et al. 1 977) 
we recogniz ed four import a nt si te·-related dieback patte rns , 1,o1hich we c a lled 
dryland dieback , wet land dieback , bog - f o rmation dieback and displacement di e ­
back. Al l were canopy diebac ks involving tree g r oup5 of Metro side 2~o s pol y ­
morpha . 
The d r yland dieback was de f ined as usual l y patchy , i.8. , occupy i ng 5ma l l areas 
of on1y u p to one heetare o n \-..'el l -drained lava substrates or shallow rock out­
e r op soi l s (Fig. 1 a nd 2 show adjaeent s t a nds on well -drai n ed soils). 
The wet land dieback was descr ibec. as usua l l y extensive , i . e . , occupy i ng large 
a r eas , of t en e xceed ing 10 hecta r e s , on poo rly dra ined l ava substrates o r 
shallo\".J rock outcrop soils . 
The bog - fo rma tion dieback was described as s i mi l ary b r oad- a rea in ex t en t as 
the ·detland dieback , but as g i v ing more o f a salt-and- pepper effect on air 
photos , and as oceurring on de e p soils fram volcanie a sh that are perrnanently 
wat e r soaked and very paar in nutrients (oligotrop h i e) . 
The displacement dieback was de scribed a lso a s a large- a rea dieback , but oecur­
ring on mode r ate l y 1,o1ell-drained site s wi t h deep so i ls fram relative l y more r e ­
c en t vo l canic ash and rich in nutrients (eut r ophie) . 

vlhen i t beeame poss ible in the s ununer of 1980 to da more detailed f i e l d rese­
arch in the a r ea of the bog fo rmation d i eback , we discovere d yet anothe r form 
of Meir'os-ic!e r'os dieback occurring on t h e ridges between the bog - f i lled depres­
sions . This 'da called "gap fo rmation" dieback (MU ELLER- DOMBOIS 1 98 1a). This 
was descr ibed aga i n as a patchy canopy d i eback (s imilar to t he dryland die­
back ), involvin g only fe\l1 l1et Y'oside Y' o.9 trees at a time , ",hich dropped their 
fo liage wit h out shOl·, ing sig ns of brancll o r stem breakage or other wind-damag e. 

Such dead standing tree g r oups were fou nd in severa l pla c es to be associated 
with abund a n t Metrosider'os seedlings . 

Ac t ua l1y , al l forrns of Met}~oside f'os t r ee d i eback studied thus far in rain fo­
rests a r e associated \-lith MetY'osideros reproduetion , but the upeoming s e ed-
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Fig . 1 : VigOl'OUS , mature Met posidel'08 polymorpha r ai n forest sta nd (p r o ba b l y a coho r t ) wi ch 
t r cc fer n (~ibot iw.., glazwwlI) undergr-owth on well - d r a.inod soi l [rom vo l ca nic a s h. On Hila 
Highwa y , just ou t side of Hawaij Volcanoes National Park . 10 Octobe r 1982 . 

F'ig . 2 : Dieback stand oE '·!etY'osidel'08 polymm>pha wich v tgorous /1. polymO}~pha sap l i ng und cr­
g r Q\· .. th , a two - coho rt s t and . Abou L 100 meters f r Dm l oea tion o r F'ig . 1. 100c t o b ur 1982 . A. n 
e xample of " Dryland Dieback " . 
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ling crop varies fram abundant to very sparse . The latter form was given the 
name "displacement" dieback. BURTON (1980) who studied Metl'oside'l'oB seedling 
behavior in the eutrophie soil territory of the displaeement diebaek , found 
that the displaeement is not complete. A few Metrosidel'o s seedlings which 
germinate on the top or sides of tree fern (Cibotium gZau~um) trunks may sur­
vive by penetrating upwards through the otherwise vigorous tree fern canopy 
to form a very scattered second stand. 

If we consider only the dieback and reproduction behavior alone, we can re­
duce the five recognized dieback ferms into two, namely into "displacement" 
dieback and "replacement" dieback . We now know that the fac t ors that deter­
mine "replacement" or "displacement" under MetroBidel'os canopy dieback are 
merely quantitative. But they refer to a nurnber of specif1c interrelated fac­
tars, such as the vigor af the undergrowth, the growth rate of Metroside~os 
seedlings, their seedbed conditions and the soi l nutrient and soil-water re­
gimes of tne particular rain forest habitat in question. With further, more 
direeted and more detailed gathering of the appropriate data, it should be­
come possible to predict the outcome of Metroside~os dieback in any specific 
sub-area of the Hawaiian montane rain farest through a dieback recovery model. 
This still leaves the causal mechanism for the dieback unanswered. But I will 
come back to this after discussing the death phenomena observed in other Ha­
waiian plant communities. 

DEATH IN THE COASTAL GRASSLAND 
Far rnany years the seasonal rhythm of broad-area death and recovery of the 
annual lovegrass Eragrostis teneLLa g ave a distinctive physiognomy to the 
coastal grass land south of the Kau Desert in Hawaii Valcanoes National Park 
(MUELLER-DOMBOIS 1966). During the dry season, from June through Oetober, the 
area resembled a parched, yellow desert landscape, covered sparsely with the 
small dead annual grass individuals and during the wet season , November 
through May, the area was light green from t he new crop of live annuals . . This 
was so until about 1972 when the feral goat control program of the Park Ser­
vice suddenly became effective. Large parce l s of land had been fenced and the 
goats were herded out and e liminated fram most of this area. Almost immedia­
tely. perennial grasses , particularly Natal redtop, Tri choZae na (=Rhyn c he­
Zyt~um) ~2pens , became established. The grass cover soon becarne denser with 
several other non-native grass species, notably Melinis minuti fl ora and Hypap­
~henia rufa. Almost simultaneously with the perennial grasses appeared certain 
chamaephytes (i . e., thin-branched shrubs) and herbaceous vines . Arnong the 
charnaephytes was an indigenous shrub, Walth2ria ameriaana, t he other dominant 
ones (Cass ia Zesahenaultiana and Indigofe~a suffruticosa) were non-nat ive ad­
ventives. It was, therefore, of particular interest when one of the rapid ly 
expanding vines, Ca~avatia kauensis , turned out to be an endemie species (St. 
JOHN 1972) never before deseribed. 
Thus far, the succession after goat removal had follewed a more-er-less expec­
ted and predictable pattern (MUELLER-DOMBOIS & SPATZ 1975), Annuals had been 
displaced by perennials. Among the latter, bunchgrasses and also rnat-forming 
grass es (M. minutiflo ~a and Cyno don dactylon) had become prevalent in the bio­
mass. Low-growing woody plants (the chamaephytes) had become more dense. The 
herbaceous vines (inc luding in addit i on to Canavatia also Ipomoea species) 
formed a patchy averlay in same areas. At this point it was believed,according 
to the rainfall regime of the area (MUELLER-DOMBOIS 1979), that the grassland 
succession would proceed further to a woodland stage provided that a suitable 
seed source was available. Twa weed tree species, Leucaena teucocephata and 
Ricinus eommunis , are a constant cancern for Park Service management. They 
still form only small populations in the area, but they can spread rapidly if 
not controlled frequent ly . Since there are no other seed trees in the area, 
the life-forrn succession has become arrested in the grass-chamaephyte stage. 

A less expected trend now becarne apparent, whieh was the limited expansion of 
the vine patehes, and a general patchiness in several dominant grasses. These 
inc luded particularly the stoloniferous mat-formers, Melinis minutifZora and 
Cynodon dactyl on , but also other grass li fe forms, such as the bunchgrasses, 
indropogon virginta us andHeteropogon aontortu8. These grasses have a tendency, 
where they are well-established, to exelude other species. In contrast to 
these, TriahoZa ena repen s expanded its territory explosively across the avai­
lable habitat and now grows diffusively, but still as the dominant grass, in 
mixture with the sirnilarly widely dispersed ehamaephythes, WaZtheria ame~i~a­
na and Cassia Le8chenauLtiana (MUELLER-DOMBOIS 1980b) . 
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Another unexpected trend was the dieback of Canavalia kauena i o , the progres­
sion of whieh was annually monitored inside and outside an experimental ex­
elosure for a decade (MUELLER-DOMBOIS 198 1b) . Wh at happened was that this 
vi ne expanded rapidly to oecupy solidly almost half (46 %) of the area of a 
7 x 10 m exelosure in 1971. Then it died baek to 11 % cover in 1974. Aft e r 
that it increased to 25% in 1977 and then it deelined again to 2% cover in 
1978 . I t remained t hat low through 1980 inside the exclosure, hut in the mean­
t i me had climbed over the fence and began to ex pa nd outside. Here CanavaZia 
has n o t formed a continuous ly expanding mat either. Mats e xpand only to a 
ce r tain size (usually not larger than about 200 m2) then they break down and 
fo rm a dry mass cf intertwi ned stolons , wh1ch persist for several years. New 
plantlets o f the same species may come up under the dead mass of shoots or 
other plants may penetrate them. The local succession, 50 fa r, seems unpredic­
tab le. What is predictable , however, is that mat-formation and expansion is 
fol lowed by mat-decline or breakdown in short intervals of a few years. More­
over, it is now predict able also that when a Canavalia . patch dies, the spe ­
eies does not disappear from the a r ea , but instead comes up in other places. 
Si milar t rends, although not monitored , have been observed in t he same grass­
l a nd f or Melinis mi nu tif'LoY'a and Andl"opogml uiY'ginicuB , excep t that dieback 
in these spec ies is less common, prabably because they ar e longer-lived. 

Thus, t he seasonally alternating pattern of death and recovery of the annua l 
El"agl"o stis te,zetta grass land has now been re p laced , af ter ten yea c s of goat 
exe lusion, with two new dynamie patterns. The seasonal rhythm of drying and 
regreening is still apparent, although it is not anymore s o extreme . The 
drying is not synonymaus with populatiion death, but simply relates to t he 
partial dorrnancy of the dominant hemieryp thophytes, sueh as T~ichoLa ena ~ e ­
pens and Hypar~heMia r ufa. The other patte rn can be described as adynamie 
pateh mosale. Patehes develop for a whi le and t hen may deeline or even dis­
appear in partieular places, while they expand in others. This ean be expla1-
ned by li fe -eyele behavior (MUELLER-DOMBOIS 1981b), whereby the decl1ne phase 
1s represented by senescing cohorts (1.e ., simultaneously aging i ndividuals 
growing t agether) . 

DEATH IN OTHER HAWAII AN COl1MUNITIES 

Dying populat ions of perennial plants or dead p lant-stands are not only spa­
tially significant in the Hawa iian rain forest and coastal gra ss land, they 
have been observed in sev eral o ther communities. Here. three examples will be 
given that were observed by the write r through repeated visits to the s ame 10-
cations. 

One of the better doeumented cases 1s the initlally rapid invasion, later fol­
lowed by decline, of a 5mall exotic tree species, Buddl.eJ'a aBiatica (Logania ­
ceae ). This speeies becarne established on a new voleanic ash deposit in Hawaii 
Volcanoes National Park (SMATHERS & MUELLER-DOMBOIS 1974). The tree grows only 
2 to ) m tall in this area. It was one of the first invaders in the so-called 
"Devastation Area·' near Kilauea Iki Crater, three years after it exploded in 
1959 . A falrly dense population of this s peeies beeame established on the new 
pyroelastic substrate in a broad frontal belt about 1 000 m lang and extending 
ab out 60 m from the surviving Met~oDide Y'oB forest. Thi s BuddZeja population, 
together with an invading Hubu8 penetrans population, became an early cancern 
to the Park Service. It was thought that these aggressive exotics would "swamp 
out" potential endemie pioneer invaders. Herbicides were used initially to 
counte ract their advanee. This was not very effective, and the prograrn was 
stopped. After five to six years, the Budd~eja asiatica tree population star­
ted to die by ltself. A palr of tlrne-sequence photos (in SMATHERS & MUELLER­
DOMBOIS 1974 : 80) i ndicate tha t t ree death was assoeiated with loss of mois­
ture s upply, because a MetroBider08 tree snag had fallen where the Buddteja 
t r ee had grown be fore. Snags, in this habitat , acted as i ntereeptors of dri­
v ing rain and thus as suppliers of moisture in addition to the amount o f rain 
reee ived per unit ground area. This pattern of Buddleja seedling-establishment 
at the bases of snags and later death of mature trees when the snags had fal ­
len down was repeated throughou t the area. But in the following years, Budd­
lej a indi~jduals would die also where the tree snags rernained standing (Fig.)). 

Initially we thought that the speeies would die out totally in thi s new habi­
tat, but that idea proved wrong. New seedl1ng s of Budd LeJ'a eame up here and 
there, but more sparingly t han before. Now after 20 years, the overall popu­
lation has deelined substantially, but it is still there and probably will re­
main in the area at the lower abundanee level until succession proeeeds to a 
closed Metroside~o8 rain for est . 
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Fi g. 3: Dead and dying i ndiv i duals of sma l l Mexican weed tree, Budd~eja asiatica (foreground) 
in same "Devastation Area " . They arr ived here as seedlings in 1963 - 1964 . In background twa 
bushy Metr>osideros poZymor>prlD. trees tha t reeovered soon after the 1960 ilsh blanquet deposit, 
while other s died (trees in background and in center for egreund ) . 10 October 1982. 

Fig. 4: Dieback stand of Dubautia soabrQ cushion shrubs in "Devastation Area" of Hawaii Vol­
canoes National Park. Area was covered by vol canic ash in 1960. Note: dead er dYing indivi­
duals next. to v i gorous mature Dubautia individuals i a BlJ.ddZeja asiatioa seedling (center-left) 
at edge of dead shrub next to live indiv idual . 10 Oetaber 1982. 
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Another ca se in the same "De va station Are a " , bu t in a di f f e r e nt Ioe a t ion , wa s 
o bse rved mor e r e c e n t ly, involving the e nde mie shrub Dubal~ tia lJ ca broQ ( Compo ­
.ita e ) . A Eairly dense popula tion o f this shr ub was e s tabl ished in 1974 on a 
l oose pumiee slop e c o ver ing an area o f a bout hal f a he ctare . In 1981 , mos t of 
the larger indivi duals were d e ad ar dying but n e w Du ba uti a aca bY'Q s eedl i ng s 
were eoming up here and there amang the dead plant s and the associa t e d sla we r­
grov.'ing , but stable, Vaccinülm l~etioulatum , popula tion. 

The third ease relates t o the non- native haole kaa, Le uaaena le uaoaep haLa , a 
notorious small weed tree that farms the replace me nt plan t cOllutlunity c o ver in 
mu ch oE the seasanally dry coastal Iowland on a l l the large r Hawaii a n I s lands 
and many other PaciEic islands . 

During the past 12 years , I h av e take n s t udents each s pring s e mester to a num­
ber of locations n e ar Honolulu for t eaching them s p e ci fi c v e g eta tio n anal y s is 
techniques. One such repe at l oeation i s Wa ialae Ik i Rid ge a t tlle southeaste rn 
outskirts of Honolulu. He r e I notice d two y e ars a g o a s ynch ronie dyin g c f a 
l arge segment of th e Le ucaena sta nd on t h e wi nd - e xpos e d side o f the ridge . In 
the meantime, this dying, which began by f oliage 1055 from th e top o f t he 
trees down to their bases , h as furth e r inte nsi fie d , bu t i t has not s pread t o 
the remaining "healthy" stand on the ridge and side slope s. Ne w Leuca ena s eed -
11ng5, as weIl as heliophytic grasse s, are no'd eoming up b e n e ath the o pen e d 
canopy of the dying stand . 

THE CAUSAL CHAIN OF POPULATION DEATH : A NE\; THEORY 

S i m i 1 a r i t i e 5 b e t w e e neo m m uni t i e 5 

What da th e s e e xample s of dieback populations hav e in camman? At leas t fiv e 
charaeteristics : 

They, all relate to spec i es which, in suecessional t e rminology, can be called 
pioneer or early s e ral spe cies. They all seem to be heliophytes , 1 . e . , species 
tha t are relatively shade - i ntolerant . 

A second faetor 1s the low species d i v e rsi t y i n the ir r e spe ctive commun i ti e s. 
Yet, more precisely, it is not t he lew dive rsi t y ef th e t otal plant community 
but the low diversity in th e re spe ctive synusia in wh i ch th e d ieback popu ­
lations occur . For exampl e, in the structurally most complex commun i ty give n 
above , i n the Met r osider os rain forest, horizontal layering or v e rt i cal stra ­
tification allows to recog nize at l e ast six d i v i s i ons: an uppe r canopy synu­
s i a consisting of enly the broad - l e ave d evergreen Me tF os ide pos tree population, 
a lowe r growing tree synus i a containing u p to 20 small e r e nde mie t r e e s p e cies 
on areas of up to one hec t are , a shrub synusia with tr e e ferns and a good num­
ber oE endemie shrubs, and a f e rn spe cie s-rich he rb layer. In addit i on on e 
mus t recognize at least two mor e species-rich synusiae er subco~nunities , t he 
bryophyte subconununity and the vascular epiphyte SUbcoilUllunity (MUELLER- DOt-1ß OIS 
et al. 1977). This i5 still an oversimpl i fication bu t it br i ng s out the point 
that the diebaek po pulation (in this ease the c a no p y tr e e group ) occurs in a 
synusia of low species diversity. This is on e of the r e a s ons why suc h d ieback 
becomes spatially sig nificant and why on e cannot e x pect to d e tect it in multi ­
spec i es tropical lowland f ore st s . 

A third factor in conunon i s tha t the s e dieback examp l e s occur in ar e as with 
well - k nown perturbations. Th e s e perturbations e xplain i n part th e or i gin of 
these populations, which later e xhib i t s ynchronize d dy i ng , as ha v ing r e sulte d 
from a wave regen e ration. This app lie s to Met F o B i d e ~o B for e sts on re c e n t vol ­
canic substrates, certain l v also to th e discus sed Budd l e.j a and Dubau t i a popu ­
lations that di e d synehron~u51y i n th e " De vastation Are a " , also to t h e Can a ­
vaZi a death followin g goat removal , and to t he Le uaa ena stands which go t 
establ ished after grass fir e s . 
It should be said , however , at thi s point that popu l a t i o n di e back in the 
coastal grassland , for example , v,'Qul d have n e v e r been discove r e d i f th e d e v e ­
lopin g succession had bee n inte r ru p t e d b y fir e . Fire 1s very common in most 
other tropical grass l ands (MUELLER - DOMBOIS 198 1c) a nd t hi s 1s p robably on e c f 
the r easons why t llis form of population de ath a ppears r e lative ly unknown 
elsewhere . 

A simi l ar relationship app l ies t o the Le ~ aaena and Me t~oside ros diebacks. A 
fire going tllrough the Leucaena stand beEore the obse rved dieback , wo u ld have 
either kil l ed the present stand or would have r e juvenated it through vegetati ­
ve resprouting . The l att e r is a common l y observe d r eaction in this spe cie s . 
Similar l y, a heavy ash f all- out on a vigorously growing Met r os ide r o8 stand 
t e nds to vegetative ly r e juve nate tha t same stand ISMA'rHERS & MUELLER- DOMBOIS 
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1974), if the ash blanquet deposit is not too deep relative to the height of 
the tree canopy . 

A fourth factor common to these population death examples is that the species 
is not dying out in any of these areas. In fact there are other stands in the 
same general areas that are perfectly vigoraus. Moreover, among most of the 
dieback populations, young individuals of· the same species are coruing up. In 
certain Metro8ide~OB and Leuaaena stands, reproduction fram seed is abundant, 
in others less so. In certain cases where reproduction fram seed is sparse 
(Met:t'oside:t'oB displacement dieback) or not apparent (Canavaria dieback) new 
populations are coming up nearby in other locations. 

A fifth factor common to the Hawaiian dieback examples is that the de ad or 
dying populations persist for a relatively long time. This 1s in part a func­
tion of the slow rates of decornposition. For example, the MetposideroB tree 
d1eback is spatially so significant, because the snags rema1n standing for so 
10ng . Hawaii 15 not in the Pacific hurricane belt so that very strang storms 
that would result in flattening the dead standing trees are extremely rare. 
There are also as yet no termites in the Hawaiian montane rain forest. More­
over, fi re, which in other forest types may substitute for the role cf de­
composers o r consumers (MUELLER-DOMBOIS 1981c), does not occur in aur rain 
forests (except under very unusual c i rcumstances), because the climate is too 
wet. On new volcanic substrates , where Buddl@ja and Dubautia dieback was ob­
served, there 1s no sizable decomposer fauna or flora because cf the lew 
amounts cf organic matter present. In the sea sonal lowlands with Canavalia 
and Leuaaena dieback, decomposer activity is considerably slowed down during 
the dry season. 

H Y pot h e ses t 0 E x p 1 a i n Pop u 1 a t i on D e a t h 

The hypotheses advanced to explain massive dying of indigenous trees in Hawai~ 
can be grouped into four categories: 

1. Dis e ase. For the Net:t'osidel'OB dieback on Hawaii, it was originally 
assumed (BURG~N 8 NELSON 1972, BEGA 1974, PETTEYS et al. 1975) that a new, 
exotic disease had entered the Hawaiian Islands. This seemed logical since is­
land ecosystems \<"ere popularly considered more fragile than continental eco­
systems (CARLQUIST 1965 )1) . LYON (1909) also believed strongly that the so­
called "Maui forest disease" was caused by pathogens until he proved this to 
be wrong. In the current Metrosideros dieback syndrome on the island of Hawaii, 
the disease hypothesis has only recently been discarded in its simple host­
pathogen relationship {PAPP et ale 1979 } , although it has been res urrected by 
the U.S. Forest Service Pest Management Unit (1981 ) in a more complex form. 
This will be referred to under the "cornbina t i on of stresses" hypothesis below. 

2. N e w man - im pos e d 5 t res ses. This explanation applies 
without any doubt to the decline of the Sopko:t'a ah:t'ysophyZZa t ree-line eco­
system (WARNER 1961) and the upper-elevation Aoaaia koa forests (MUELLER-DOM­
BOIS & KRAJINA 1968) on Mauna Kea. But the decline there is a function of the 
introduced herbivores feeding on the r e production (i.e., seedlings and suckers) 
while the dead standing trees have outgrown their life cycle. Therefore, dis­
ruption of the reproduction cycle 1s the cause of forest decline in these 
cases. This aspect had never been investigated in the disease research of Lyon 
or the U.S. Forest Service until our research (MUELLER-DOMBOIS et al. 1977) 
showed t hat Net:t'oside:t'os seedlings and saplings are commonly abundant under the 
more severe forms of canopy dieback. However, earlier guesses made to explain 
the MetrosidepoB dieback included also the idea of new stresses such a5 intro­
duced he r b ivores (feral cattle and pigs) , and/or air pollution or acid rain . 
These factars certainly cannot explain the phenomenon. 

3. R e c u r r i n gab i 0 t i c n a t u r als t res ses • Cllmatic 
change was first suggested by SELLING ( 1948) as an alternative to LYONs (1909) 
soil toxicity hypothesis. However, climatic change does not explain the site­
related patchiness of the NetroBide:t'os rain forest dieback. Other climatic fac­
tors, such a5 lightning discharges have been considered (MUELLER-DOMBOIS 1980a) 
to explain the small-area patchiness in the so-called "hotspot dieback" (JACO­
BI 1982), a form of what we have recognized more generally as the "dryland 
dieback" (MUELLER-DOMBOIS et al. 1977). 

1) A different viewpoint has now evolved from more detailed conununity studies of island 
biol ogy (MUELLER-DOMBOIS et al. 1981). 
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4. Co m bin a t ion 0 f s t res s es . Certainly, lightning dis­
charges cannot explain the larger-area dieback manifestations as recognized 
in the so-ealled "wetland-dieback ll

, the "bog-formation dieback M or the "dis­
placement dieback" (MUELLER-DOMBOIS et al . 1977, MUELLER-DOMBOIS 1980a). 
Therefore, we proposed a site-adapted "combination-of-factors" hypothesis. 
This involves at least three factors: a perturbation-sensitive stand condition, 
a climatic fluctuation and locally special habitat properties (MUELLER-DOMBOIS 
1981a). For example, we assumed that aperiod of years with wetter than normal 
r a lnfall may result in prolonged inundation and drowning out of Met roß ider oB 
tree roets on paarl)' drained lava substrates. Conversely, we aSBumed that an un­
usually dry month,expected in some years during the warmer season, may preci-
pi ta te a "dryland dieback 11 in stands on well-drained lava substrates, parti­
cularly, if these stands were suffering under nutrient deficiencies (KLIEJU ­
NAS & KO 1974). 

The current U.S. Forest Service view (Pest Management Unit 1981) consider6 
abiotic site faetars to be the prirnary causes followed closely by involvernent 
cf pest organism, 1.e., the reet fungus Phy t op hthora a in namoni and/ar the en­
demie host-specific Me tro 8id e ~oB tree barer, PZagithmya ua bi Zi nea tu8 . 

The stress-cambinatlon hypothesis in its first-mentioned form comes elose to 
our present understanding of the Hawaiian dieback phenomenon, but it still 
does not explain all of its variations. 

5. C hai n - r e a c t ion 0 f f a c tor san d t h e t h e 0 r y 
o f C 0 h 0 r t 5 e n e 5 ein g. The Me troaideroB "displacement dieback 11 

and the Canavalia dieback cannot be explained by abiotlc stresses . Met~o ßide ­
r oa "displacement diebaek" oeeurs on well-ta moderately well-dralned and nutri­
tlonally-rlch (eutrophie) deep soils from volcanic ash. Here trees are dying 
and have died in groups (BURTON 1980) without any apparent environment al 
stress. Their group-dying can only be explained as a response to uniform se­
nescing in cohorts. Absence cf any conceivable e nvironmental stress has also 
been suggested for the CanavaLia dieback (MUELLER-DOMBOIS 19B1b) in the coas­
tal grassland. Moreover, following observations in several other Pacific 16-
lands forests with similar dieback phenomena (MUELLER-DOMBOIS 19B2a, b) and 
in view of the various, seemingly disassociated facts brought together through 
research in these other islands and the Hawaiian rain forest dieback, it i5 
now possible to suggest that cohort senescing 1s the principal predisposing 
factor for population death or synchronized dieback in these plant communi­
ties. The combination-of-factors idea, particularly as concluded by the U.S. 
Forest Service Pest Management Unit (1981), is sti ll quite unsatisfactory. 
I nstead, a sorting out of factors into a) predisposing, b) precipitating and 
c ) hastening, will come much closer to the truth. That is what is meant here 
by a causa I "chain-reaction cf factors" concept or model. 

Cohort senescing is suggested as the predisposing factor. Cohort senescing 1s 
here defined as a uniform 105S of vigor in a population of plants of similar 
stature. This loss of vigor is considered to be the result of both aging and 
environmental stress (such as nutrient deficiency or nutrient imbalance er a 
constant stress fram wind). Precipitating factors may be more-ar-less non­
obvious perturbations, such as a ga l e er tropical storm that may be strang 
anough to shake off a critical amount af the faliar biamass af astand. If 
the leaves are not regenerated, the stand probably represents a senescing co­
hort. Biotic agents have so far not been found to be among the precip1tat1ng 
factars in Hawaiian plant communities. They may however come in at the third 
level, as hastening factors in some areas. 

This II c hain-reaction-of-factors" concept 1s similar to the model proposed for 
the so-called "decline diseases" in arecent forest pathology textbook by 
MANION (1981). Except that the new theory of cohort senescing propo6ed he re 
has nothing to do with disease. When biotic agents come in as hastenlng fac­
tors in population death, they can only be considered as weak parasites er 
precursors of the decomposers. 

SUCCESSIONAL IMPLICATIONS 

The role of the dieback hasteners , i.e., part1cularly that of ind1genous patho­
gens or insects, rnay be critical for the success or failure in the rejuvenation 
process of the die back species. A strongly shade-intolerant species may fail 
to rejuvenate successfully if the canopy collapse of the senescing cohort is 
not fast enough. 
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The success10nal outcome of the d1eback process depends also on several other 
factors, such as the germination chance and seedbed conditions under the dying 
stand, the early growth rate of the juvenile cohort that follows the senescing 
cohort, on the competition by undergrowth species and t he habitat itself. For 
examp l e , in the Hawaiian MetrosiderooB "displacement dieback", the germination 
chance for Me trosideroos seeds 1s good, the seedbed canditions are exce llent, 
the eutrophie soil would support faster early growth rates of Metrosideros 
seedlings than expected on lava-rock substrates, but the competition fram the 
here particularly vigorous tree-fern growth 1s toD strang for a successful re­
estab lishme nt of areplacement cohort (BURTON 1980). 

The new dieback theory provides a fresh view for studying successional proces­
ses in ecosystems with such population death phenomena. On a small-area basis 
such dieback species may have pioneering er seral irnportance. On a sornewhat 
larger-area basis they rnay be regarded as "oscillating persisters", a concept 
coined earlier (MUELLER-DOMBOIS 1981b) with regard to t he behaviour of Can a­
vaZia . The concept applies equally weIl te Uetrosideros , and it will help to 
define how large an ecosystern should be for conserving an indigenous vege­
tation type in perpetuity. Certainly, such size criterion 1,0,'111 be more ade­
quate than to base ecological reserve sizes on the II rn inlrnal area" outlined by 
the "constant persisters", 1.e., a representative species combination of cli­
max species populations. 

The re is still another dimension to the successional significance of Uetrosi ­
deros dleback in Hawaii. We have several ind lcations that the new Met r oside roB 
seedlings coming up under er nearby a dying canopy'pepulation are not always 
genetically s i mi lar to the dying Metros":'deros population (r1UELLER-DOMBOIS 
198 1a). We believe that there is a genetic shift or racial turn-over f ram pio­
neer ta seral to near-climax ecotypes in the species complex of Me~~oaideroB 
potymo ppha during the course of prirnary succession from new lava flow to fo­
rest bog. This hypothesis of successional ecotypes is studied now through ini­
tially verifying the hypothesis that edaphic ecotypes or races exist within 
the montane Metrosideros rain forest ecosystern cf Hawaii. For this we use the 
model of the "Hohenheimer" water table experiment (ELLENBERG 1954, WALTER 1971, 
MUELLER-DOMBOIS 1964) I i.e., large tanks containing soil wedges with s loping 
surfaces on which different provenances of Metroside~os populations are tested 
in relation to two gradients of depth-to-water table. 

A final consideration rnay be given to the question of whether such population 
dieback phenomena are unique to is land comrnunlt1es. The answer 1s certainly 
no . However. such dieback phenomena are probably more clearly represented in 
seme is land er otherwise i solated (e.g., yeung rnountain ) communities than in 
floristically rich continenta l cornrnunitles. As pointed out earlier, dieback 
populations are prevalent in species-poor synusiae. This also means they are 
prevalent, where there are no immediate successional competitors to replace 
the dying cohorts. Therefore, they can be expected in areas where the floris­
tic his tory is either young or has not evolved into aseries of ecophysiologi­
cally differentiated plant types that overlap with each other along a succes ­
sional gradient. The presence of a large senescing cohort may r epresent a weak 
link in the successional development of a cemmunity, but it does not necessar­
ly indicate a lower level of ecosystem stability. This question depends on the 
degree of vegetation recovery associated with the dieback. 

CONCLUSIONS 

It is of some interest to note here that these new insights lnto the Hawaiian 
dieback phenomena have come largely from applying the aims and me thods deve ­
loped in vegetation ecology. Vegetation science or vegetation ecology is often 
considered a mere descriptive science. There 1s no argument that plant cemmuni­
ty descript ion 1s its fundamental basis. But description is only its necessary 
starting point. This has been well expressed in Professor ELLENBERGs own philo­
sophy which became manifested in his first textbook classic (1956). The main 
aims of vegetation science were restated in our joint text (MU ELLER-DOMBOIS & 
ELLENBERG 197 4) as four, namely: 

1 . Description of plant cornrnunities, 
2. Their ordination and/or classification, 
3. Their correlation with environment and history, and 
4. Their causal analysis (etiology) of cornrnunity developrnent. 

It 1s reasonable to proceed to aim number four with some confidence only after 
having plodded through aims 1 to 3. The latter provide for the necessary fami-
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liarity with the regional eon~unity- and spee1es-distribution patterns for 
developing appropriate research hypotheses wh i eh then lead to the most ehall en­
ging aspeet of vegetation seienee as outlined by aim numbe r four. 
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