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ABSTRACT 

The s t udy area in wes t e rn Taranaki i s  dom ina t ed by t he andes i t i c  

volcano , Moun t Egmon t . Palynologi cal s t udy o f  22  foss i l  pollen s i t es 

f rom  a w ide  range of sed i men t s  has p roduced evi dence o f  change i n  

vege t a t ion ove r las t 4000 years . The res i l i ence  o f  the ind i genous 

vege t a t i on ensured surviva l  of t empe ra te  lowland fores t s  un t i l  t h e  

a r r i va l  o f  European s e t t lers  abou t 150 years  ago . Yi th i n  t h i s  

per i od , d e fo res t a t ion o f  t h e  lowlands has been almo s t 

comple t e . Surv i v i ng fores t i s  p ro t e c t ed wi t h i n  Egmon t Na t i onal Park . 

There i s  l i t t le evidence o f  pre-European defores t a t i on , bu t ind i ca t i on s  

o f  ear l i e r  f i res are though t to b e  d u e  to  a n  i ncrease in t he Mao r i  d i e t  

o f  P t e r i d i um rhi zomes , d i c t a t ed by a change o f  cl ima te about  400yr B . P . 

I n forma t i on has been ga i ned i n  gene ral t e rms abou t the e f fec t s  o f  

o l d e r  teph ras and i n  de t a i l  abou t damage and recovery af t e r  tephras  � 

d e pos i t ed wi th in  the las t 400 years . A  rev i sed t e phrochronology for  t he 

las t 400 years i s  o f fe red . Palynological  evi dence sugges t s  t ha t an 

equable  c l ima te  ex i s ted be tween 4000-1400yr B . P .  A decline o f  Ascar i na 

f rom very h igh values a t  t h i s  t i me t o  low values a t  400yr B . P .  has 

been i n t erpre ted as due to  a prevalence o f  d rough t s . S i nce 400yr B . P .  

t he c l i ma t e has been 

ava i lab i l i ty of newly 

we t ter 

exposed 

and coole r . Th i s , toge ther 

s i t es due to  vol can i c  

w i t h  the  

ac t i vi t y , has 

resu l ted in a dominance of  Ve inmann i a  in  the  Moun t Egmon t fores t s .  

Such  domi nance i s  no t  seen in  pollen pro f i les o f  older s i tes ove r t he 

las t 4000 years . 



PREFACE 

Th i s  research was unde r taken t o  eluc ida te  t he e f fec t  of volcan i sm 

on the  vege t a t i on o f  wes t e rn Taranaki , par t i culary on the  fo res t s  o f  

Moun t Egmon t . The tephrochrono logy and bo t any were well known and fo rmed 

a sound bas i s  on wh i ch t o  commence palynolog i cal  s tud ies . In add i t i on 

i n forma t ion was sough t and gained abou t recen t clima t i c  change and 

changes brough t abou t by man in  h i s  use of the Taranaki envi ronmen t .  
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CHAPTER 1 

INTRODUCTORY LITERATURE REVIEY 

1.1 INTRODUCTION 

Prior to the arrival of Maori and European settlers.the Taranaki 

lowlands and lower slopes of Mount Egmont supported temperate rain 

forest.Indigenous f orest is now largely restricted to Egmont National 

Park, a circular reserve of  9.6km radius centred on the 2518m high 

volcanic peak o f  Mount Egmont,plus two extinct volcanoes to the north 

which f orm the Kaitake and Pouakai Ranges. A broad Late Quaternary 

vegetational history has been elucidated by McGlone et al (1984) in 

south Taranaki and more detailed studies f or the past 30ka years have 

been made by HcGlone and Neall (in litt.) and HcGlone et al (in 

litt.).Hodern pollen rain within the Egmont National Park has been 

examined by HcGlone (1982). 

The present botanical knowledge of the region, including species 

distribution and zonation within Egmont National Park, stems from the 

work o f  Druce (1966,1974,1976a and b).More detailed studies on 

altitudinal changes in vegetation and f actors which in fluence zonal 

boundaries have been made by Clarkson (1977,1981,1985). Nevertheless 

the impact o f  Late Holocene volcanic eruptions and anthropogenic 

e f f ects on the vegetation have remained largely unknown.This study aims 

to ascertain finer details of  changes in forests due to volcanic 

activity, Maori occupation,European settlement and climatic 

change.Tephrochronology f orms a basis for dating the polleniferous 



depos i t s inve s t i ga ted . The s tudy area ( Fi g . 1 )  i s  there fore d e l i m i t ed 

by t h e  d i s t r i bu t i on of  d a t ed l ahars and teph ras be low the presen t 

t reel i ne .  Isopach maps o f  La te  Holocene tephras whi ch are ava i lable  

are  p resen ted in  Figs . 2A-G . 

1 . 2  GEOLOGY 

1 . 2 . 1  Recons t ruc t ion of Pas t Even ts : Taranaki d i s t r i c t  i s  dom i na t ed by 

New Zealand ' s  l arges t andes i t i c s t ra tovolcano , named Moun t Egmon t by 

Cap t a i n  Cook bu t known to the Mao r i  as Taranaki . The vol c ano is t he 

mos t recen t o f  a chain o f  volcan i c  ven t s  or i ginat i ng in  the nor t h near 

t he p resent  c i ty  of  New P lymou th . Here , t he Sugar Loa f  I s lands and 

Par i t u t u  are volcan i c  necks of a 1 . 7 5m yr old  s t ruc ture . Fur t he r  sou t h  

t he Ka i t ake and Pouakai Ranges a r e  eroded remnan t s  o f  vo lcanoes d a t ed 

a t  c . 0 . 57 m  yr  and 0 . 25m y r . The presen t upper cone of Moun t Egmon t i s  

only 1 0ka old and has been bui l t  u p  on the s i t e  o f  a t  leas t two 

p rev i ous  cones wh i ch col lapsed abou t lOOka and 23ka ago . The ven t of the  

sma l l  paras i t i c  cone , known as Fan tham ' s  Peak 1962m , on the sou thern  

f lank o f  Moun t Egmon t was par t i cularly ac t ive abou t 3 . 3ka B . P . ( Neal l  

and A l l oway 1 986 ) when l ava f lows cons t ruc t ed much o f  t he sou t hern  

f lanks o f  the cone . The geo logy of  t he reg i on has  been ex t en s i vely  

s tud i ed by Nea l l ( 1972 , 1 9 74 , 1976 , 1 979 ) , �el lman( 1962 ) , G ran t-Taylor ( 1 964 ) 

and Hay ( 1 967 ) .  The def in i t i ve work for �es t ern  Ta ranaki is  a s e r i es of  

geologi cal  maps and accompany i ng bookle t ( Nea l l  197 9 ) . The mos t recen t 

work i s  by Nea l l  e t  al  ( 1 986 )  wh i ch exam ines the h is t ory and pe t rology 

o f  t he Taranaki volcanoes . From al l  t he above the fol low i ng geol og i ca l  

i n f o rma t i on can b e  summa r i sed . 
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FIG 1 THE STUDY AREA TARANAKI, NORTH ISLAND ,  NE� ZEALAND . 

SOURCE NZHS 1 Nl 19 Taranaki ( 1s t . Ed.) 1970 
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1 . 2 . 2  Compos i t i on of  Moun t Egmon t :  The upper por t ion of  Moun t Egmon t 

i s  comp r i sed p r i n c i pa l ly of  lava f lo�s t ha t  have been ext ruded i n  

Holocene  t i me t o  form a promi nen t cone �i th  a summ i t  cra ter  and a basal  

area of  25km2 The lava i s  composed of  augi te-hornb lende andes i t e , augi t e  

be i ng i n  a grea ter  propo r t ion  than hornblende . The lo�er por t i on o f  

t h e  v o lcano i nc ludes laha r i c , pyroclas t i c  and al luv ia l  volcan i clas t i cs 

�h i ch cover a basal area o f  1000km2 . 0nly  the sou thern r i dges of  t he  

Pouakai Range d i s tor t the near perfec t  c i rcular  base . There has  been 

some mar i ne eros ion on the �es tern  s i de . Fan tham's Peak also has a 

summ i t c r a t er . Basal t i c  lava and the scori aceous Manganu i t ephra �ere 

erup t ed f rom t h i s  ven t abou t  3 . 3ka B . P .  ( F ranks 1 984 ) . Bo th  ven t s  

have been ac t ive  during t he Holocene , lava f lo�s dur ing t h i s  t i me have 

been res t r i c t ed to �i th in  t he Egmon t Na t i onal  Park area . Be t �een these  

l ava  e f fu s i on phases , pyroc las t i c  f lo�s and tephras have also  been 

e ru p t ed . Lahars  or  debr i s  f lo�s , due t o  heavy ra infal l  have been f requen t 

( Nea l l  1 9 7 4 , Neal l  and Al lo�ay 1986 ) . 

1 . 2 . 3  Sur face Depos i t s :  Sur face depos i t s o f  t he r i ng plain  i nc lude t he 

Pungarehu Forma t i on ( 2 3ka B . P . ) t o  the �es t  ( Neal l  197 9 ) . Th i s  

Forma t i on i s  d i s t ingu i shed by abou t 3000 f la t t ened,hem i s pheri cal h i l ls 

vary i ng in  height  from 5- 30m . These debr i s  avalanche mounds formed 

conven i e n t  s i tes  for sma l l  for t i f i ed Mao r i  pa con t a i n ing  kuma ra s t orage 

p i t s  ( Day 1 984 ) .  Debr i s  flo�s have occur red f requen t ly over the  las t 

500 y ears  on the nor t h�es t ern s lopes . Four t een f lows mapped by Hay 

( 1 9 6 7 )  � i t h i n  the Opunake Lahars  have been re-named by Neal l  

( 19 79 ) , Maero Debr i s  Flo�s, a l t hough 5 o f  t hese have s i n ce been proven 

t o  be  o f  ho t pyroc las t i c or ig in  ( Neal l  and Alloway 1986 ) . Such f lo�s 

have e f fec t i vely  des t royed a l l  pos s i ble fos s i l  pol len s i tes in t he  



nor t hwes t quadran t . Flows channe lled down maj or  s t reams devas t a ted 

vege t a t i on . The  mos t recen t flow , t r iggered by heavy rai n , has been down 

the  Oaonu i S t ream in 1922 A . D . ( Druce 1976a ) . 

1 . 2 . 4  Drai nage : The rad i al d rainage pa t t ern on the upper cone i s  

deeply  i n c i sed t o  form s t eep- s i ded rav i nes . Du r i ng per i ods o f  heavy 

r a i n , a  fea ture  of moun t a i n  cl imates  ( Coul ter  1967 ) , these rav i nes  are  

f i l led  w i t h  raging torren t s . S t reams on the wes t e rn s ide run d i rec t ly 

t o  t h e  s ea . Three maj or r i vers , the S tony ( Hanga t ahua ),Wa iwhakai ho and 

Manganui  d ra i n  the nor thern  quad ran t . In the eas t ern quad ran t t he  

Pa tea  R i ver  f lows eas twards  un t i l  i t  i s  deflec ted sharply sou th  by t he 

Eas t e rn Taranaki uplands . 

B e t ween t he volcano and Taranaki uplands , i mpeded drainage has 

c rea t ed a chain of  swamps . No r t h  to sou th  these are named the Ra t a p i ko , 

M i dhurs t ,  Ngaere and El tham swamps . The la t t er  has been prev i ous ly 

i nves t iga ted for palynolog ical s t ra t igraph i c  purposes ( McGlone and 

Neal l  in l i t t . ) ,  bu t the o t her three have been researched i n  t h i s  

s t udy . The genes i s  and h i s tor i cal developmen t  of  t he Ngaere and E l t ham 

swamps has been descr ibed by Franks ( 1 984 ) . A  s t r i ng of  s p r i ng-fed bogs 

on t he upper r i ng plain  wi t h i n  the Egmon t Na t i onal Park i nc ludes 

Po t aema , Nor folk  Road and York Road bogs wh i ch are also i nves t i ga t ed i n  

t h i s  s tudy . 
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1 . 3  TEPHROCHRONOLOGY 

1 . 3 . 1  H i s tor i ca l  Accoun t s : Ol iver  ( 1 931 ) records a Maor i  oven ove r l a i n  

b y  t ephra  near t h e  S t ra tford  Moun tain  House o n  Moun t Egmon t . A . H . Burrel l  

d i s cove red the  same tephra i n  t he  fo rk of a recen t ly fel led ma t a i  

( Prumnopi tys t axifo l i a )  * t ree i n  188 3 . The t ree had 600 annual r i ngs a t  

breas t he igh t . Allowing for 150  years of growth t o  the fork , Bu r r e l l  

con c l uded tha t  a n  erup t i on  probably occur red 450 years  ago or  abou t 

1 43 3  A . D .  ( O l i ver  1931 ) .  Charcoal from th i s oven y ie lded da tes  of 

4 36+ 60 y r  ( NZ63b)  and 440 + 60 yr B . P . ( NZ64 b )  ( Gran t-Taylor  and Raf t e r  

1 96 3 ) . Th i s  wh i te pumi ceous lapi l l i  layer has s i nce been named the  

Bur r e l l  Lapi l l i .  

1 . 3 . 2  La t e  Holocene 5000 t o  450 yr B . P . : Tephras depos i ted wi t h i n  the  

l as t 5000 years  include t wo d i s t i n c t ive pumi ceous depos i t s  named t he 

Kor i t o  and the  I nglewood Tephras erup ted be tween 5ka and 3ka . These were 

car r i ed by sou thwes terly w i nds  to  t he presen t d i s t r i c t  of Inglewood 

l y i n g  be tween the nor theas tern  flank of t he volcano and the nor thern  

Taranaki  coas t l ine . S t ra t i g raphi ca l ly above them , the nex t d i s t i n c t i ve 

marker  bed i s  t he Manganu i t ephra , a  basil t i c  scor i aceous bed . Two 

per i od s  of q u i escence i n t er ru p t ed by ac t i vi ty were fol l owed by t he 

depos i t i on of the pumi ceous Kaupokonui t ephra abou t 1 . 4ka wh i ch was 

depos i t ed over the eas tern  por t i on of t he Egmon t Na t i onal Park . The 

mos t recen t ac t i ve epi sode began abou t 450 yr B . P .  end i ng a dorman t 

s pe l l  las t ing  about  1000 years ( Neal l  e t  al  1986). 

* See  Append i x  I Bo tan i ca l  No tes , for al l  bo tani cal  i nfo rma t i on .  
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FIG 2 ISOPACB MAPS OF TEPBRA DISTRIBUTIONS 
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The s t ra t igraphy and chronology of t hese compara t i vely modern  even t s  

h a s  been researched b y  Druce ( 1 966 ) based on a n  extens i ve f i e ld s t udy 

o f  s o i l  p i t s  and sec t ions  wi th in  Egmon t Na t i onal  Park . De s c r i p t i on s  o f  

t he l i kely manner of ac tual  even t s , poss i ble  d i s t r i bu t i ons  and e f fec t s  

have been recorded by Neal l  and Al lovay ( 1 986 ) v i th  i sopach maps d rawn 

by Druce ( 1 966 ) . 

1 . 3 . 3  450 yr B . P .  to  P resen t : A d a t e  of  1604 A . D .  vas g i ven by Druce 

( 1 966 ) for the  Neva l l  e rup t i ons , t he ear l i es t  even t o f  t he l a t e s t 

a c t ive epi sode bu t when a nev radioca rbon da t e  became ava i l a b l e  t h i s  

v a s  rev i sed t o  1500-1550 A . D . ( Neal l  1 9 7 2 ) .  Char coal from a second oven 

f ound on Moun t Egmon t wh i ch was ove r l a i n  by Newall  t e phra  has been 

d a ted ( NZ156 1 B )  at 470 �55yr B . P . (Topping 1 9 74 ) . 

The techni que of  t ree-r ing da t i ng can be used vhen the  ma t e r i a l  t o  

b e  d a t ed i s  ou t s ide t h e  range o f  t h e  rad iocarbon me thod . F o r  accura t e  

d a t ing , cores mus t b e  t aken f rom a la rge number o f  t rees es t ab l i shed 

b o t h  before and a f t e r  t he erup t ion . Any dec rease i n  r i ng w i d t h  mus t be 

checked aga ins t t he s everal  poss i b i l i t i es that  can re t a rd annual 

g row t h .  Druce , who used t h i s  techni que vas res t r i c t ed by lack  o f  

s u i table  t rees and h i s  resul t s  mus t b e  t rea ted vi th  cau t i on , a  fac t he 

h i ms e l f  acknowledged . L i bocedrus b i dvi l l i i the spec i es used by Druce 

( 1966 ) for  d a t i ng the Burrell  Lap i l l i  i s  s t a ted ( Dunwidd i e  1 9 7 9 )  to 

s u f fer  f rom hea r t  rot . De sp i t e  a t temp t s  to  correla te grow t h  r a t e , r i ng 

o r ien t a t i on and o t her i n fo rma t i on from fou r  cores from each t ree 

Dunw idd i e  found t ha t  age de t erm ina t i ons  were only poor t o  fai r in mos t 

c ores . Succes s fu l  da t i ng of eru p t i ons on Moun t S t . Helens has been 

c a r r i ed ou t by Yamaguch i ( 1985 ) who used a s tandard dend rochronolog i cal  
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me thod ( S t okes and Smi ley 1968 ) wh i ch requ i res cross re feren c i ng o f  

each annual r i ng t o  those o f  a large number o f  t rees i n  con t rol  s i tes  

hav i ng a s i mi lar e l eva t i on , aspec t , s lope and soi l bu t no t exposed t o  

depos i t i on o f  vo lcan i c las t i cs i n  t he erup t i on under inves t i ga t i on 

( Yamaguch i  1983 , 1 985 ) . 

De t a i ls of t he mode of  depos i t i on of the Bu rrell  Lap i l l i  have been 

researched by Topping ( 1 97 2 ) . Three erup t i on phases a re 

i den t i f i ed . In i t i a l ly smal l -s i zed lap i l l i  were car r ied by h igh level  

w i nds f rom t he sou th  or sou thwes t e rly d i re c t i on . In the  larger and 

l onger second phase , larger lapi l l i  were bo rne by a low level w i nd to 

t he eas t sou theas t whi le  a f i nal  very sma l l  phase produced a lobe to t he 

nor theas t . Af t e r  t h i s  erup t i on a t holoid i s  though t t o  have been 

emplaced in the Egmon t c ra te r , and was par t i a l ly des t royed in explos i ve 

e rup t i ons wh i ch f rac t ured the wes t e rn r im  of the cra t e r . The Pun iho 1 

and 2 lap i l l i  wer e  depos i t ed by t hese erup t i ons (Gran t-Taylor  1964 ) . The 

d i s t r i bu t ion  o f  t he t ephras , thei r var i a t i on in t h i ckness , and t he 

carbon i sed wood and l i t t er f ragme n t s  con ta ined wi th in  i nd i ca t e  tha t  t he 

even t represented a nuee arden t e  type erup t i on ( G ra n t -Taylor  1 964; 

Topp i ng 1 9 7 2 ) . Al l these beds were depos i t ed w i th in  a sho r t  t i me and the 

1655  A . D .  da te  g iven i s  on the  bas i s  of  l i mi ted t ree- r i ng da t i ng 

( Druce 1 966 ) . 

I n  Tabl e  3 o f  t h i s  same paper Druce l i s t s t he ages o f  n i ne 

L i bocedrus t rees iden t i fi ed by him as pos t -Bu r r e l l  and all  grow ing 

be tween 945- 1036m . The ages ranged f rom 1 8 1 -226  years i n  1 963  when t he 

r i ng coun t s  wer e  made . Th i s  means t ha t  t he oldes t t ree mus t have become 

es t ab l i s hed abou t 1 7 3 7  A . D . or s hor t ly before . A poss i ble da t e  of  
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1 7 25-1 750 A . D .  has been accep ted i n  t h i s  research . The i n forma t i on �as 

a p pa ren t ly i gno red by Druce ( 1 966 ) . 

The mos t recen t erup t ion , Tahurang i Ash , has a ten t a t i ve da te  o f  

1 7 55 A . D .  based on the rate  o f  pea t accumula t ion i n  bogs be t�een the  

Burrell  t ephras  and the present g round sur face ( Druce 

assoc ia ted  t h i s  las t t ephra � i t h the depos i t ion 

1966 ) . Druce 

o f  �supposed 

pos t -Tahu rangi alluv i um� in the Okahu and o ther �es tern s t reams �h i ch 

h e  had previously da ted f rom t ree- r i ng coun t s  of kanuka ( Lep t ospermum 

e r i coides ) a t  abou t 1 755  A . D . A soi l  s t udy of the sou theas tern sec t o r  

o f  t he Egmon t Na t i onal  Park h a s  i ncreased kno�ledge o f  t h i s  t ephra 

( Tonkin 1 9 70 ) . The ax i s  of  depos i t i on is al igned sou theas t to nor t h�es t 

f rom Da�son Falls  t o  No r th Egmon t ( Tonk i n  1970) . Tonk i n  agreed �i t h  

D ruce tha t  t he you t h fulness o f  t h e  so i l s  �ould support  a very recen t 

d a t e  for  the  vol can i c las t i c  paren t ma t e r i als . He sugges ted an 

a l te rna t i ve explana t i on for the humi c layer desc r i bed by Druce as 

''bur i ed l i t ter� be t�een the Burrell  Lap i l l i  and Bu r rel l Ash . An � in  

bu i l t  B h o r i zon� i n  t he  top  layer of  Burrel l  Ash he  sugges t ed �as due 

t o  �me lan i sa t i on do�n�ards by i l luv i a t i on� . Druce ( 1 966 ) repor ted 

t races o f  a bur ied so i l  be t�een Bu rrell  Lap i l l i  and Bur rel l  Ash a t  lo� 

a l t i tude s i t e s  bu t as he d i d  no t f i nd i t  1n a sub-a l p i ne bog , he 

i n t e rpre t ed the  hum i c  layer as l i t t e r . 
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1.4 CLIMATE 

1.4.1 Holocene C l ima t i c  Changes : There have been changes in  c l i ma t e  

over the las t 14,0 0 0  years . In  a rev i ew of the li t e ra ture  of many 

d i s c i p l i nes Moar (1982 ) l i s ted four c l i ma t e  rela ted even ts  wh i ch have 

widespread s ignifi cance fo r the fores t s  of New Zealand . 

1 .  The re t rea t of Sou t h  Is land glac iers  a t  14,00 0 y r  B . P .  and 

developmen t of s ca t tered fores t in the  Nor t h  at the same t i me . 

2 .  The spread of s c rubland in  eas t e rn cen t ral  Sou t h  Island 

and developme n t  of fores t wi thou t a s c ru bl and phase 

in Ves t por t and Hoki t i ka d i s t r i c t . 

3 .  I n  the  Sou t h  I s land a t  10 ,0 0 0  y r  B . P . a  change to  ma i n ly podoca r p  

fores t wh i le i n  t h e  Nor th  I s land Dac ryd i um cupress inum 

es tabl i shed domi nance in  t he podocar p  fores ts . 

4. Videspread dec l i ne of Ascar ina pollen be tween 5000-2 0 0 0  y r  B . P .  

Ear l i e r  c l i ma t i c  changes are respon s i ble  for the p res e n t  

d i s t r i bu t i on of some t ree species . There i s  a s t r iking absence o f  a l l  

s pec ies  of sou t hern  beech ( No thofagus ) ,  p i nk p i ne ( Halocarpus b iform i s )  

and moun ta in  toa t oa ( Phyl loc ladus asplen ifo l ius  var . al p i nus ) on Moun t 

Egmon t ( Druce 1974). Beech evi den t ly survi ved the las t glac i a t i on i n  

refug ia  in  the Eas t e r n  Taranaki uplands , t hen c l ima t i c  ame l i o ra t i on 

be tween 14- 10ka yr  B . P .  permi t t ed the  s p read of podoca rp-hardwood 

fores t . Beech howeve r , a  s low migran t , was unable to compe te  and could no t 

pene t ra t e  t he l ow land fores t to reach cooler  s lopes of Egmon t ( M cG l one 

and Nea l l  in l i t t . ) .  

The only pub l i shed palynolog i ca l  s t udy on c l ima t i c  change i n  
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Taranaki i s  o f  La t e  Qua t ernary depos i t s a t  Inaha , Sou th  Taranaki 

( McGlone  e t  al  1984 ) . I t is necessary there fore to  refer  to o t her  

regi ons o f  t he  No r t h  I s land for  i n forma t i on on Holocene changes . Several  

s i t es i n  the  Tonga r i ro region on  the  vo l can i c  pla t eau rangi ng i n  

a l t i t ude f rom 600-8 2 3m have been s t ud i ed ( McGlone and Topp i ng 

1 97 3 , 1 97 7 , 1983 ) . The i r  conc lus ions ( Table  2 p73 198 3 )  are t h a t  f rom 

1 0 , 000 -5000 y r  B . P . podocarp-hardwood fores t domina ted  by 

D . cupres s i num , w i th  abundan t Ascarina luc i da and t rees ferns , covered 

the  a rea in a c l i ma t e  tha t was we t ter  and m i lder  than a t  presen t . Th i s  

changed around 5000 years  ago t o  fores t dom inated by Prumnopi tys 

tax i fo l i a  and D . cupres s i num . The cl i ma t e  t hen was s i m i lar t o  t h a t  

to-day bu t w i t h  cooler i n tervals . The las t 1 0 , 000 years i s  rega rded a s  

a n  i n t e rglac i a t ion . 

V i t h i n  the  las t 5000 years two pe r i od s  o f  c l i mat i c  var i a t i on a re 

i nd i ca t ed by f luc t ua t ions in  the represen t a t ion of Ascar ina i n  pol len  

s pe c t ra f rom many s i t es . A t  the  Nor th  I s land s i tes of  Ruapehu ( al s o  on  

t he volcan i c  p l a t eau ) and the Ruah ine Ranges two periods o f  decl i ne a re 

no t ed . One occurred be fore 3400 yr  B . P . fol lowed by a recovery be tween 

3400 and 1 800 yr  B . P . Af t er 1 700 yr  B . P .  t he levels  of  As car ina f e l l  to  

t hose  o f  to-day . The species has  a l i mi t ed d i s t r i bu t i on , be i ng mos t ly 

con f i ned to  t he Ves t Coas t of t he Sou t h  I s land and to favour a b le 

d i s t r i c t s  and s i tes  be tween 300-600m i n  t he Nor t h  I s land  ( McGlone and 

Moar 1 9 7 7 ) .  

Palynologi ca l  s tud ies a t  Ahukawakawa Swamp , lying be tween Mount  

Egmon t and the  Pouakai Range a t  920m , have i nd i ca ted some f lu c t ua t i on 

i n  As car ina wh i ch t o  a cer ta in  ex ten t i s  suppor ted by o t her s t ud i es a t  
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P o t aema Bog ( McGlone e t  al  in  l i t t ) .  They concluded that  there  was a 

real  i nc rease i n  Asca r i na be t ween 2 300- 1 300 yr  B . P .  and a t t r i bu t ed 

t h i s  t o  a per iod w i t h  less  severe f ros t s . They quoted a dec rease i n  

L i boced rus and a grea ter  a bundance o f  �e i nmann i a  in  suppo r t  of t he i r  

conclus ion s . 

Dur i ng t he las t t hree decades con s i derable evidence has 

a ccumula ted  for  c l ima t i c  changes wi t h i n  the  las t 500 years . The  

l i t e ra ture  is  ex tens i ve bu t t he conclus ions as d i verse as  the reg i onal  

c l i ma t es and  topography on  wh i ch t hey a re  based . A  w ide  rang i ng and 

t horough analys is  of t h i s  l i t erature  including met eorologi cal d a t a  and 

o t he r  phenomena ( d a t ed glac ial  epi sodes , lake level and t reel i ne 

changes , pe r iods of  accelera ted eros ion )  was made by Bur rows and 

G rennland ( 19 7 9 ) . They concluded t ha t  var i a t i on in clima t e  in the  las t 

few hund red years could be  a t t r i bu t ed to la t i tud inal altera t i on i n  t he 

pos i t ions o f  pressure sys t ems and changes in  the rate o f  ci rcula t i on . 

Sho r t  term  var i a t ion i n  wea t her pa t t erns has been recorded by t he ear ly 

s e t t lers  in t he region ( Scanlan 1 9 6 1 ) . In 1878 - 1 902 wi n t ers  were long 

and snowfalls  heavy enough on one occas ion to cause severe damage to 

the fores t s  at Nor th Egmon t and at M idhurs t in the eas tern lowlands . In 

1 9 1 6 - 19 18 and again i n  1 955-56 l i t t le snow fell  and the i ce level i n  

t he c ra ter  of  Moun t Egmon t was much below normal . 

1 . 4 . 2  Tempera ture Da t a :  The mos t comple te s e t  of  data  comes f rom t he 

S t ra t ford Moun tain  House ( 846m ) . Here , records for 1965- 1979  show t h a t  

t he  mean dai ly max i mum temper a t ure ranges from 18 ° C i n  

January-February t o  7 °C i n  July . The h ighes t max imum recorded was 2 7 °C 

i n  February whi le t empe r t u res as  low as - 5 °C  were recorded i n  



J u ly , Augus t and Sep t ember . Ju ly  has an average 1 1 . 8  f ros t days per  annum 

wh i le February i s  the  only f ros t f ree mon t h . The freez i ng level in t h e  

a t mos phere i n  mid-summer  l i es be tween 2800-4200m , fall ing to 1 150-2 500m 

in m i d-win ter  ( N . Z .  Me t .  Se r .  in Tu lle t t  1 980) . The s t ruc ture  of t he 

snowpack on Moun t Egmon t has revealed tha t  even in win t er , t empera t ures  

on t he upper s lopes can  be above f reez i ng and t ha t  prec i p i t a t ion  t hen 

f a l l s  as rain  and no t snow ( Marcus and Moore 1983 ) . The vaga r i e s  o f  

moun ta in  wea ther wi t h i n  a s i ngle day have been de tai led by Coul t e r  

( 1 96 7 ) . Fros ts  are no t common on the  coas t bu t i nland a t  S t ra t ford  ove r  

70  f ros t s  a year can occur . These i nland lowlands have a mean annual 

t emperature  2- 3°C cooler  t han  the coas t average of 1 2-1 3°C ( McGlone and 

Nea l l  in  l i t t . ) .  

1 . 4 . 3  Y ind Da t a :  Nor th t o  nor t hwes t w i nds g i ve the grea tes t s peed s , a  

max i mum gus t o f  185km/h  was recorded on t he P l a t eau ( 1 144m)  i n  December  

1 9 7 9 . As  depress i ons approach f rom the wes t , winds come f rom a 

nor t herly quar t e r ,  t emper a t u res are m i ld and the heav ies t ra i n fa l l s  

o c c u r  a t  t h i s  t i me ( N . Z . Me t . Ser . i n  Tul le t t  1980) . Y i nds f rom t he 

wes t are usually laden w i t h  sal t as t hey come o f f  the s ea . Sal t  burn  

is  t hough t to  cause t h e  one s ided c rowns o f  some trees i n  the  Park , i n  

par t i cular  o n  emergen t ka i kawaka ( Li boced rus ) growing o n  nor t he r ly 

s lopes  o f  Egmon t ( Druce 1 9 7 6a ) . Eas t o f  Moun t Egmont winds tend t o  be 

c hannelled  be tween the volcano and the Taranaki Uplands ( Druce 1 9 7 6a ) . 
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1 . 4 . 4  Pre c ipi ta t i on Da t a :  The mean annual rainfall  i s  shown by 

i s ohye ts  in F i g . 3A (Tom l i nson 1 980 ) . Ra i n  bea r i ng wes ter l i es are forced 

to veer t o  t he nor th by t he mass o f  Moun t Egmon t bu t a t  the  s ame t i me 

r i se as t hey  pass over the Ka i t ake and Pouakai Ranges . The general  

pa t tern of  ra infall  i s  t hus or ien t a t ed nor thwes t to  sou t hwes t exce p t  

f o r  the peak o f  Egmon t where prec i p i t a t i on i nc reases rap i d ly f rom 6400 

t o  8000mm . The r a i n  shadow therefore l i es to the sout heas t . There  i s  a 

ma rked d i f fe rence in t he amoun t o f  rain  fa l l ing on the nor t hern  

Ta ranaki coas t ( 1 600mm ) and t he sou t hern coas t ( 1 200mm ) . The nor t h  sou th  

t rend of  t he w i nd funnel l i ng be tween Egmon t and  t he Taranaki Uplands 

f u r ther to  t he eas t g i ves  a gradual falloff  i n  rain fall  w i t h  Inglewood 

i n  the nor th rece i v i ng more than 2000mm and E l t ham only 

1 6 00mm . In t en s i ty of  ra i nfall  is  g i ven in F i g . 3B and t he i n f luence of  

the nor the r l i e s  assoc i a t ed wi th  pass i ng depres s i ons i s  shown by the 

general t rend of  the i s o l i nes . In con t ras t , F i g . 3C shows the  24  hour 

r a i nfall  cen t red on the  moun ta in  and the eas tern  uplands and r e f lec t s  

t h e  con t r i bu t ion  made b y  orograph i c  r a i n  a t  h igher al t i t udes  wh i ch i s  

i ndependen t o f  w i nd d i rec t ion (Toml i nson 1980 ) . Al t hough ra in  fal ls  i n  

every mon t h ,  prolonged d ry per i ods  can occur i n  February rangi ng f rom 

14  days to  t he l onges t spell  of 23 days  recorded at  t he S t ra t fo rd 

Moun ta in  House ( Tulle t t 1 980 ) . 
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FIG 3 DISTRIBUTION AND INTENSITY OF RAINFALL 

3A 

l 

MEAN 

SOURCES 

3A Mean Annual Rainfall 1941-70 based on normal s  
in N . Z . He t  Ser. H i s c . Pub � 145 . 

3B 10 minute rainfal l (mm) of return period 5 years . 

3C 24 hour ra infall ( (mm) of return peri od 5 years . 

B and C From Tomli nson (1980) . 
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1 . 5  VEGETATION 

1 . 5 . 1  Coas tal  Taranaki : Recons t ru c t ion of  vege tat ion p a t t e rns  a t  t he 

t i me of  European se t t lemen t has been made pos s i ble f rom no t es made by 

early  bo t an i s t s  during b r i e f  v i s i t s to  the moun tain ( Buchanan 1869 , 

Thomson 1 9 1 7 ) and accoun ts  by t he f i r s t  se t t lers  ( Heaphy 

1842 , Dief fenbach 1843  Hurs thouse 1849 and Brooks 1892 ) . La t e r  

recol lec t i ons  by Burges s  ( 1 90 1 ) , Ru therfo rd and Skin ner ( 1969 ) , S t ronge 

( 1 9 7 3 ) ,  Every ( 1974 )  and S tand i s h  ( 1 984 ) are s upplemen ted  by t he 

research o f  Druce ( 1966 , 19 7 4 , 1976a and b ) , Cla rkson ( 1 9 7 7 , 1 98 1 , 1 985 ) , 

and M cGlone ( 1982 ) ,  McGlone and Nea l l  ( i n l i t t . )  and McGlone � a l  ( i n 

l i t t . ) .  F rom these sources i t  can be concluded tha t a t  abou t 1840  

A . D . , the coas tal  pla ins  o f  Taranaki were  covered in  a dense  t angle of  

fern  ( P t e r i d i um ) , flax ( Phormium tenax) 

aus t ral i s ) excep t  for a few pat ches s t i l l  

and cabbage t ree ( Co rdyl i ne 

cul t i v a t ed by the  Maor i s .  

There were  a few areas o f  s c rub con ta in ing numerous spe c i es o f  s tun t ed 

t rees and shrubs , t oge t her  wi th  palms , ferns and masses  o f  whi te  c lema t i s  

( Clema t i s  pan i culata? ) growing on the t rees . There was an occas ional  

remnant  of  heavy bush and  the  rema ins  of  fores t t rees were  found in  t he 

f lax swamp s  wh i ch occu p i ed large areas o f  the  plain s . One repo r t  s ta t es  

that  these swamps were  f i rm at  the  base . In places  where some o f  t he 

many s t reams crossed the  pla in , remnan ts of  lowland fores t wi t h  abund an t 

t ree ferns  pers i s ted and i n  some places reached t he coas t . There i s  some 

e v i d ence t ha t  a type o f  semi -coas tal fores t dom ina t ed by kohekohe 

( Dysoxylum spec tab ile was fo rmer ly much more common on the coas t a l  

pla i n . ( Cl arkson 1985 ) . Puka tea ( Laurel i a  novae-zeland i ae ) , t awa 

( Be i l schm i ed i a  t awa ) and n i kau ( Rhopalos tyl i s  s apida ) were a l so  

p romi nen t , toge ther w i t h  some karaka ( Corynocarpus laeviga t us ) , t i t ok i  
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( A le c t ryon excelsus ) and pur i r i  ( V i tex lucens ) .  Th i s  fores t now 

surv i ves  only in small  coas t a l  reserves and on the wes tern f lank o f  t he  

Ka i t ake Range . Hurs t house ( 1849 ) wri t ing o f  t he area a round New 

Plymou t h  des c r i bed "many del l s "  vary ing in s i z e  f rom a hal f  to t hree  

acres  i n  s i ze ,  densely wooded and  genera l ly con taining an  un fa i l i ng 

s p r i ng sur rounded by t ree  ferns t oge ther  w i t h  Fuchs i a  and karaka 

( Co rnynocarpus laev iga t us ) .  

1 . 5 . 2  �es t e rn Taranak i : I nland of  t he coas t a l  fern and s c rub bel t , warm 

t emper a t e  fores t covered the  lowlands and lowe r s lopes o f  Moun t Egmon t .  

The fores t was domina t ed by r i mu ( Dacryd i um cupress i num ) , t ree r a t a  

( Me t rosoderos robus t a ) , kamahi  ( �e i nmannia racemosa)  and t awa . M any 

s pec ies  o f  hardwood t rees and 

rami flo rus ) , broad leaf ( G r i se l i n i a  

shrubs such 

l i t toral i s ) , 

as  mahoe 

fuchs i a  

( Me l i cytus  

( Fuchs i a  

excor t i ca t a ) , pa t e  ( Sche f f lera d igi t a t a )  and makomako ( Ar i s t o t e l i a  

s e r ra t a )  compri sed t he unders t ory . Kah i ka t ea ( Dacrycarpus 

d a c ryd i o ides ) ,  t he swamp mai re ( Syzygium ma i re )  and puka tea  were 

domi nan t i n  swampy areas . 

1 . 5 . 3  Eas tern  Taranak i : on the  eas t ern s ide  of  Moun t Egmon t t here  was 

dense fores t . B rown ( 1 9 7 5 ) quo t es a desc r i p t i on o f  the march of  General  

Chu t e  t hrough t he fores t f rom Ke t emarae , near  Normanby , t o  �a iwhakai h o  

n e a r  present  day Inglewood i n  1866 . An anc i en t  Maori pa thway had been 

cu t over t o  make a b r i d le-pa t h  bu t in  a few years this  had become so 

overgrown that  t he force m i ssed i t  and had g rea t d i f f i cul t y  in  mak i ng 

p rogres s  t h rough t he dense fores t .  Di f f i cul t ies  faced by se t t le r s  i n  

c l ea r i ng " heavy bush " i n  the  new Moa b lock ( near Inglewood ) a r e  

descr i bed b y  a n  early surveyor ( Brooks 1892 ) . Four swamps occupi ed a 
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cons i derable par t o f  t he eas t e rn lowlands . Two have been 

des c r i bed . S t and i sh ( 1 984 ) quo t e s  early accoun t s  of El tham swamp and 

Every ( 1974 ) recalled d e t a i l s  of  Ngaere swamp . Two t h i rds  o f  E l t ham 

swamp was in na t i ve bush , c h i e f ly r imu and manuka ( Lept ospe rmum 

s copa r i um )  w i t h  n iggerhead ( Ca rex s e c ta ) ,  t o i  t o i  ( Cor tader i a )  and f lax 

in the herb layer . Near the cen t re were rushes , f lax and manuka w i t h  

" s t and i ng s i lver  pine"  ( Lagaros t robos colensoi ) 3 to 6m h i gh . I t  is no t 

s ta t ed whe ther  these t rees were al i ve or  no t . Logs o f  s i lver  p i ne have 

been recovered in abundance from t he swamps but  Every s t a tes  that  no  

Eu ropean had ever seen l i v i ng t rees o f  t he spec i es i n  t h i s  area . A  1 9 1 2  

pho t og raph ( Every 1974 ) o f  Ngaere swamp s hows many s t and i ng dead t rees 

wh i ch had d i ed when conso l ida t ion occurred fol lowing dra inage . A  r i dge 

of  d ry land , la t er named Rawhi t i roa , separa t es Ngaere ( 1 5 16  ha ) f rom  

E l t ham swamp ( 1 2 14  ha ) 15m  below . Na t ive bush con ta in ing r i mu , ma t a i , 

t o tara  ( Podocarpus t o t a ra ) , puka t ea , kah ika tea , t awa and many t ree ferns  

forme r ly occupi ed the  r i d ge . Second grow t h  a f t e r  fe l l ing p roduced many 

s t ands of poroporo ( Solan um av i culare )  ( Every 1 9 7 4 ) . 

The presen t ex ten t  o f  i nd igenous fores t and scrubland i n  t he 

Taranaki region i s  s hown i n  Fig . 36 ( see Volume I I )  reproduced f rom 

D . S . I . R . maps NZMS 1 N 108 , 109 , 1 1 8 , 1 1 9 ,  t i me o f  publ i ca t ion be tween 

1 9 7 6 - 1 98 1 . In the nor t hwes t quad ran t , cen t red on S t ony ( Hanga tahu a )  

R i ve r , pa t ches o f  fores t have long s i nuous shapes or ien t a t ed be tween t h e  

s umm i t of  Moun t Egmont  and t h e  coas t i nd i cat i ng gu l l ies  and r i ver i ne 

bush  w i t h i n  the nume rous debr is  and pyroclas t i c  f lows of  La te  Holocene 

t imes ( Neal l  1972 , Nea l l  and Al loway 1986 ) .  There i s  an a lmos t 

compl e t e  absence of any fo res t on the  wes t e rn and no r thern  coas t a l  

p la i ns . Inglewood , M i dhurs t and E l t ham have few fores ted a reas and 
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t hese a re  e i ther sma l l  round p a t ches or r i ver ine bush . In the  sou t hve s t 

quad ran t i t  i s  no t i ceable that  fores t remnan t s  have a s t ra i gh t  edge 

usua l ly on a t  leas t one s i de  i nd i ca t i ng a fence l i ne .  Fores t covers 

mos t o f  t he Egmon t Na t i onal  Park ( see  also Fi g . 4 )  and t here are some 

small  a reas j us t  ou ts ide  the Park boundary . 

1 . 5 . 4  Egmon t Na t ional Park : Wi t h i n  Egmon t Na t i onal Park , lov l and 

fores t v i t h  emergen t r i mu and r a t a  pers i s t s  over an al t i tudi nal  zone 

occupy i ng 3km in vi d t h up t o  550- 570m . Sub-canopy s pec i es in t h i s  

fores t i nc lude kamahi , fuchs i a , pa t e  and wi neber ry ( Ar i s t o t e l i a  

serra t a ) . Above t h i s  level r i mu and rata  are p resen t bu t n o  longer 

emergen t . Kamah i becomes the mos t common spec ies  un t i l  i t  d i sappears 

s uddenly  at  900m . Assoc i a t ed v i t h  kamah i in  the canopy a re t ava , t oro 

( Myrs i ne sal i ci na ) and smal l e r  t rees such 

( Carpode tus serratus ) , raukava ( Pseudopanax 

as mahoe , pu t a pu t ave ta  

edge r leyi ) ,  ka i kamako 

( Pennan t i a  corymbosa )  and t he s h rubs rau rekau ( Coprosma grand i fol i a ) , 

f i ve f i nger  ( Ps eudopanax arbo reus ) ,  and t ree ferns . 

v i neber ry pers i s t i n t o  t h i s  zone also . At  845m 

Pa t e , fuch s i a  and 

Ha l l ' s  t o t ara 

( Podoca rpus hal l i i )  and ka i kavaka ( Li bocedrus b i dw i l l i i )  become t he 

canopy s pec ies . B road lea f , fuch s i a  and ( Pseudopanax colenso i )  form mos t 

o f  the  sub-canopy . A t 1 140m the  vege t a t ion i s  sc rub 2m h i gh , composed 

large ly  of lea therwood ( Brachygl o t t i s  elaeagni fol i a )  t oge ther v i th  

_P_s_e_u_d_04p_a_n_a_x __ s_i_m�p_l_e_x ___ va __ r_. ___ s __ i n  __ c_l_a_i_r __ i i  and P . colensoi a sma l l  leaved 

Coprosma , t he ni t rogen f i xing Cor iar ia  plumosa and ferns of the Blechnum 

capense  group . In the herb l aye r Pra t i a  angula ta , He l i chrysum spp . and 

Our i s i a  macrophyl la var . macrophyl la occur . Hebe odora and red 

tus sock ( Ch ionochloa rubra ) ex t end up to  1650m and above t h i s  level  

a l p i ne herbfield  becomes i n creas ingly s parse ( Druce 1 9 76a) . Th i s  



FIG 4 BIOCLIMATIC ZONES, TARANAKI, N . I .  NEV ZEALAND . 
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L LOVLAND FOREST Dominance o f  Beilschmei d i a  tawa . 

LH LOVER MONTANE Upper limi t t ree s i zed 
D . cupress inum about 760m . 

M MONTANE V . racemosa, P . halli i dominan t t reeline 
at 1095m (Mount Egmont) . 

SA SUB-ALPINE B . elaegni folia domi nan t , shrubline 1280m . 

A ALPINE Tussock, moss f ield, herbfield above shrubline . 

SOURCE Bayfield and Benson { 1986) . 
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apparen t al t i t ud i na l  zona t i on is  no t so d i s t i n c t  on t he ground . 

Spec ies  o f t en o c cu r  a t  much lo�er a l t i tudes  t han the i r  normal zone 

d i s t i bu t i on , ma i n l y  i n  d i s t urbed areas a long r i ver banks , seral  

vege t a t i on s i t es and  �e t margins o f  s�amp s . Kai ka�aka , for example , i s 

found a round the  marg i ns o f  Po taema bog a t  6 70m bu t i t  norma l ly occurs  

above BOOm ( Cl arkson 1977 ) .  Kamah i occurs in  more t han one zone and 

the abundance of t h i s  t ree is a re f lec t i on o f  the d i s turbed env i ronmen t 

on Moun t Egmon t . O t her  plan t s  are qui t e  rare , o f par t i cular i n t eres t i s  

As car i na luc i da , a n  ind i ca to r  o f  equable c l ima t e  ( McGlone and Moar 

1 97 7 ) .  

1 . 5 . 5  Fac tors  A f fe c t i ng Vege t a t i on Pa t t erns . 

1 . 5 . 5 . 1 So i l  Fer t i l i ty:  So i l  fer t i l i t y con t r i bu t es to  t he var i e ty of  

vege t a t ion pa t t erns  on Moun t Egmon t , �h i ch i s  dependen t on age of 

volcan i c  paren t ma t e r i als  ( Neall 1982 ) and amoun t o f  prec i p i t a t ion . I t  

has been found t h a t  t here i s  a t rend t o�ards a decrease i n  ava i lable  

magnes i um at  h i gher  al t i tudes probably due to i nc reased leach i ng � i t h  

grea t e r  prec i p i t a t i on ( Tu rner and Nea l l  1 9 78 ) . In a s t udy o f  S t ra t ford 

so i l s , 70% o f  po t as s i um app l i ed i n  fe r t i l i ser �as los t , i n some cases 

w i t h i n  t hree mon t hs in areas o f  hi gher ra in fall  compared � i t h  on ly 1 4% 

i n  areas o f  lo�er ra infall  (Thomson 198 2 ) . The d i s t r i bu t i on o f  t a�a 

appears to be gove r ned by soi l fe r t i l i ty , t h i s  spec i es reaches an 

a l t i t ud i nal l i m i t o f  1 50m on the less fer t i le so i ls of t he wes t ern  

s lopes bu t on  be t t e r  d ra i ned more fer t i l e s o i l s  o f  t he sou theas t ern 

quadr an t i t  can be found up to  750m ( McGlone and Nea l l  in l i t t . ) . 

A l t hough fores t dom i na t ed by t h i s  species no� covers only 1 600ha o f  

Kai t ake Range i t  i s  t hough t t o  have covered mos t o f  t he r i ng p l a i n  i n  



forme r t imes ( Clarkson 1 985 ) . 

1 . 5 . 5 . 2  Temperat ure Range and Prec ipi ta t i on : G lac ial  and pos t -glac i a l  

changes have been commen ted on i n  ( 1 . 4 . 1 ) .  Temperature  range and 

preci p i t a t i on also a f f e c t  presen t d i s t r i bu t i on . For example , kamah i  

which  i s  mos t abundan t on the eas t ern  s i de of  Moun t Egmon t be t ween 

760-840m dec l i n i ng abrup t ly at  900m , is  present  down to sea level  on 

the we t t er  wes tern side ( McGlone and Neal l  i n  l i t t ) . On the Ka i take 

Range i t  is domi nan t on the we t t er , cooler and s t eeper s lopes on t he 

i nland s ide  o f  t he range . I t  appears that  fac t or s  favouring t h i s  s pec i e s  

a r e  thus h igher ra in fal l , increased hum i d i ty , c loud iness  and l ow 

tempera tures ( Clarkson 1985 ) . Mos t o f  t hese  factors  also  govern  t h e  

deve lopmen t  o f  wha t has been cal led ''Gob l i n  Fores t "  ( Cockayne 

1928 , Clarkson 1980) , largely of  kamah i ,  wh i ch occurs on Moun t Egmon t a t  

an a l t i tude where cloud i s  f requen t ly presen t . This be l t  con t i nues  

around the moun ta in  excep t where i t  has been  des t royed i n  the las t few 

hund red years by vol can i c  ac t i v i ty ( Neall  1979 , Nea l l  and Al loway 1986 ) . 

1 . 5 . 5 . 3  Volcan i c  Ac t i v i ty :  Clarkson ( 1 98 1 )  bel ieved t ha t  the  lower 

t reel i ne on Moun t Egmon t was due t o  recen t erup t i ons and was no t 

c l i ma t i cally  con t ro l led . Early wo rk on Moun t S t . He lens in  Was h ing t on 

S t a t e ,  U . S . A . , repor t ed a lowered t re e l i ne tha t  advanced s t ead i ly 

upwards over 40 years  whi ch was a t t r i bu t ed to  re-colon i sa t ion a f t e r  an 

erup t ive even t and an inc reas i ng number o f  sub-al p i ne s pecies was a lso  

reco rded dur ing t h i s  period ( Lawrence 1938 ) . There a re  abou t 460 s pe c i es 

found on comparable s i tes i n  t he Nor t h  I s land wh i ch do no t occur  on 

Moun t Egmon t ( Druce 1986 ) . Th i s  d e f i cency i s  mos t ly among t he 

sub-alpi ne and a l p i ne spec i es ( Druce 1 9 74 ) . Whe ther t h i s  i s  due s o l e ly 
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t o  i s o la t i on o r  to  recen t eru p t i ons  canno t be ve r i f i ed . Moun t Egmon t i s  

mor e  i sola t ed t han Moun t S t . He lens . I t i s  however , j us t pos s i ble t ha t  i n  

t he 1 00 years s i nce Buchanan ' s  v i s i t some new plan t s  may have a r r ived  

and  o t hers  may now be  more v i s i ble . 

I ncreased cover o f  inaka ( Dracophyl lum f i l i fol i um ) , wh i ch Clarkson  

( 1 98 1 )  iden t i f i ed as a pre-c l imax species in  lea t herwood success ion , i s 

a t t r i bu t ed to grea ter  i ns t abi l i ty o f  Moun t Egmon t  s lopes compared t o  

those  o f  t he Pouakai Range . The n i t rogen f i x i ng s pecies , moun t a i n  t u t u  

( Co r i a r i a  plumosa )  was found by  Clarkson ( 1 98 1 )  in  about 20% o f  h i s  

Egmon t s i t es b u t  was never seen on Pouakai . O t her s pec ies  wh i ch 

emphas i s e  t h i s  d i f ference i n  s lope s tab i l i ty are Muehlenbe cki a  

ax i l l ar i s , P i melea pros t ra t a  and Cya thodes fraseri i all p ioneer s pe c i e s  

presen t o n  Egmon t bu t absen t o r  ins ign i f i can t o n  Pouaka i ( Clarkson 

1 9 7 7 ) .  A t  s i tes  wi t h  an eas t ern aspec t at  1 1 58m on Pouaka i , maj o r  

spec i es s u c h  as  red tussock , kamah i , ka i kawaka , broad leaf , i naka , moun t a i n  

tauh i nu ( Cass i n i a  vauv i l l i e rs i i )  and Hebe odora are a l l  found t oge t he r ; 

such an overlap i n  d i s t r i bu t i on never occurs  on Egmon t ( Clarkson 198 1 ) .  

Th i s  may r epresen t a long t erm adj us tmen t of  communi t ies  a t  t he  

shrub- t ussock i n t er face no t ye t developed on  Moun t Egmon t .  �h i l e  t he 

compa r a t ively low al t i tud inal  l i m i t o f  emergen t r i mu i s  t he same on 

bo t h  Pouakai and Egmon t , t he kamahi l im i t i s  lowe r on Egmon t . Th i s  has 

been a t t r i bu t ed by Clarkson ( 1 98 1 )  t o  volcan i c  ac t i on .  He found 

correla t i on  a t  some s i tes be t ween a lower al t i tud i nal l i m i t for  kamahi  

w i t h  grea t e r  dep t h  o f  Burrell  Lap i l l i . 

26 



1 . 6  DAMAGE TO VEGETATION BY  VOLCANIC ACTIVITY 

1 . 6 . 1  Moun t Egmon t : No erup t ions o f  Moun t Egmon t have been observed 

s i nce European s e t t lemen t in  1840 . I t  has however , been es t i ma t ed 

( Druce 1966 )  t ha t w i t h i n  the  las t 450 years  abou t one f i f th o f  t he  

vege t a t ion w i t h i n  Egmon t Na t ional Park has  been des t royed and  ano ther  

f i f t h damaged by  e rup t i ve showers t hrough impac t ,  burial or  f i re ( Druce 

1 966 ) . The ear l i es t commen t s  on damage came f rom A . � . Bu r r e l l  who i s  

q uo t ed as fol lows , "Old cone shaped kakawa ( Li bocedrus ) ,  t o t ara  ( Ha l l ' s  

t o tara )  and r i mu s tumps may be found fully half  a mi le h i gher  up  t he 

s lope o f  Egmon t t han t he l i v i ng t rees are now grow i ng . There are  

hundreds o f  dead boles  o f  t o t ara and  kawaka s t and i ng loose ly in  holes  

in  t he ground ( t he sap  hav i ng ro t t ed o f f )  wi t h  t he i r  la t e ra l  roo t s  

a bou t twelve i n ches be low t he surface  under a layer of ash  and scor i a , 

t he same layers t ha t  cover t he oven near S t r a t ford Moun t a i n  Hous e "  

( Ol iver 1 9 3 1 ) . Bu r rel l  commen t ed fur t her  t ha t  charcoal coul d  be found i n  

t he fores t s  a t  varyi ng dep ths u p  to  n i ne fee t . 

I t  has been observed tha t  i n  t he presen t kamah i fores t i mmense  

t o t ara t rees could  s t i l l  be found , and  some large ones near a s t ream 

t hough dead on one s i d e  were s t i l l  al ive  and bore branches ( Ol i ver  

1 9 3 1 ) .  Some s ho r t  baled ka ikawaka and  Hal l ' s  t o t ara w i t h  t he ir  roo t 

f langes bur i ed by Burr e l l  Lap i l l i  are  s t i l l a l ive . A t Jackson ' s  Lookou t  

t hese t rees have a max i mum al t i t ude of 1067m ; elsewhere  on t he 

moun t a i n  t hey reach 1 200m ( Druce 1 966 ) . Bur rell  Ash was bel i eved by 

Druce to  have bur n t  vege t a t ion on upper  and wes t ern slopes cau s i ng leaf  

fall , wh i c h  formed a hum i c  layer he iden t i f i ed as  " buried  l i t t e r "  under 

the  coole r  Bur r e l l  Lap i l l i . Manuka w i t h i n  the fores t and fuch s i a  on t he 
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i n t e r f luves , bo th  seral  s pec ies , were  a t t r i bu ted t o  open i ng up  o f  t he 

canopy by the impac t o f  Bu rrell  Lap i l l i , wh i ch s t r i pped leaves and 

branches ( Druce 1966 ) . 

Carboni sed logs , a  fea ture  wh i ch occurs only when oxygen i s  l i mi t ed 

by par t i al  bur ial  ( Ya i t t  1981 ) , have been found assoc i a t ed w i th  t h e  

ear l i e r  Newal l  tephra and under "Newall  a l luv i um" ( Druce 1966 ) . Druce  

con s i dered that  the  Newall  shower , wh i ch he compared t o  a d i rec t ed 

blas t s i m i lar to  t ha t  des c r i bed by Loom i s  ( 1 926 ) , caused f i res  wh i ch 

des t royed all  vege t a t i on on t he upper slopes  "down to  1067m  on 

Fan t ham ' s  Peak" . Vege t a t i on was burned up t o  l Okm f rom the summ i t over  a 

90°  a r c  f rom t he Okahu S t ream to  Ahukawakawa swamp . Th i s  showe r had a 

low t raj ec tory componen t wh i ch was d i rec t ed down S t ony R i ve r . Th e  

d i rec ted blas t d u r i ng the erup t i on of Moun t S t . He lens in 1 98 0  

devas t a ted ex tens i ve a reas o f  con i ferous fore s t s , caused cha r r i ng o f  

logs and some log p i les  smouldered under t h e  ash , bu t  the re  i s  no record  

o f  w i des pread f i res ( Ya i t t  1 98 1 ) .  

I t  may be d i f f i cu l t a f t e r  350 years t o  d i f feren t i a t e  be tween cause  

and e f f ec t on  t hese Newal l  s i tes as they have been d i s t u rbed by  t h e  

more recen t o f  t he Maero Debr i s  F lows descr i bed by Nea l l  ( 1 97 9 ) . Two 

of  t hese Maero f lows have now been recogni sed as py roclas t i c  f lows 

because of the palaeomagne t i c  a l ignmen t of  the clas t s  w i t h i n  the 

f low . One o f  them ( Un i t lA) has been da t ed <250 yr  B . P . U i t h i n  an a rea o f  

old kamahi fores t o n  the  Pun iho t rack , lOO year o l rl t r ees have been 

fel led by a pyroclas t i c f low . Many have con t i nued to grow , and several  

t runks have developed f rom an o r ig inal t ree . Th i s  area  was  t hough t by  

Druce  ( 1966 ) to  have been des t royed by a debris  f low and  he records  a 
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pho t og raph  of  a large rock deb r i s  fan taken by H . M . Skee t in  1898 abou t 

1500m nor t h  o f  Kahui Hu t wh i ch shows only very s parse  vege t a t ion . Areas 

of mossy herb f i eld and scrub near the  upper t ree l im i t  wh i ch a re 

domi n a t ed by manuka are t hough t to  be due to debr i s  f l ows wh i ch have 

depressed  the t reel i ne ( Cla rkson 1980 ) . 

1 . 6 . 2  Moun t Tarawera : The only large scale  erup t i on to have occurred 

in European t imes in New Zealand was o f  Moun t Tarawe ra in cen t ral Nor th 

I s land i n  1886 A . D . Th is  e rup t i on had an unusual fea t ure i n  t ha t  t he 

f l oo r  o f  Lake Ro t omahana was erup ted cover ing surround i ng land w i t h  

mud . I t  i s  t here fore no t en t i rely comparable to  any even t on Moun t 

Egmon t . Des t ruc t i on o f  fores t s  was s t i l l ev iden t when Burke ( 1 964 ) made 

a s t udy  of re-vege ta t ion . Only one sma l l  pa t ch o f  fores t above t he 

p r esen t t reel i ne survived t he erup t i on and depos i t i on o f  up t o  1080mm 

o f  ash . Surv i v i ng t rees have some or all  of t he following fea tures ; 

t runks con t i nu ing below and a bove ground w i t h  n o  change i n  

d i ame t er , t runks broken and ro t ted for a t  leas t par t of  the i r  

leng t h , c rowns shrubby wi t h  many broken branches and scars . 

1 . 6 . 3  Cen t ra l  Volcan ic  Pla t eau : The e f fec ts  of some eru p t i ons i n  t he 

Ro to rua d i s t r i c t  have been t o tally des t ruc t ive c lose t o  ven t s  due to  

b las t s  and glow i ng avalanches ( Vuce t i ch and Pul la r  1964 ) .  A f ter  the  

Taupo erup t i on ( 18 19  � 70 y r  B . P . Pul lar and B i r rel l  1 9 7 3 )  vege t a t i on 

r ecovery was good due to  surv iva l  o f  pocke ts  o f  vege t a t i on in  t he 

h i l l s . P resen t d i s t r i bu t i on o f  fore s t s  in Tonga r i ro Na t i onal Park i s  

t houg h t  to  b e  largely due to  t h i s  erup t i on which des t royed two t h i rds  

o f  t he  park a rea leav i ng only t he beech fores t s  on  the wes t e rn s i de o f  

Ruapehu una f fec t ed ( A t ki nson 1 9 74 ) . Three large volcanoes o f  the  



cen t ra l  volcan i c  p l a t ea u , Tongar i ro ,  Ngauruhoe and Ruapehu , have a l l  

e rup t ed i n termi t t en t ly over t he las t few decades . Lava , volcan i c  

b locks , as h  and ho t gas - charged ash clouds have all been erup t ed . S i n c e  

1 86 1  A . D .  more t han 17 s t eam erup t i ons a n d  4 ash  erupt ions have been 

recorded f rom Moun t Ruapehu and a t  leas t 12  lahars and f loods have been 

gene r a t ed i n  the Yhangaehu Valley . These volcanoes are all  over 1 900m 

and so  mos t ly a l p i ne and sub-alpine vege t a t i on has been damaged by 

t hese recen t erup t i ons . 

1 . 6 . 4  Yh i te I s land : Yh i t e Is land i s  an ande s i t i c  vol cano wh i ch has  

been con t i nuously bu t var iously ac t i ve th roughou t recorded h i s t o ry .  I t  

l i es 45km o f fshore t o  the nor theas t o f  Uhaka tane and cove rs  

260ha . Di s t r i bu t i on o f  fores t there i s  regarded by Hamil t on and Baumgar t  

( 1 959 ) as being governed by topography o f  the cra t e r  r i m  and t he 

d i re c t i on o f  the w i nd whi ch t rans po r t s  t ox i c  fumes of  hyd rochlo r i c  and 

sulphur i c  acid . The fores t is unique in t h a t  i t  con tains  only one t ree 

s pec i es pohu t ukawa ( M e t ros ideros exce lsa ) .  The fern H i s t i opt e r i s  

i n c i s a  and flax ( P . t enax ) occur very occas i onally as the only o t her  

s pec i es i n  t he fores t .  A grass-herb complex i s  rela ted to  nes t i ng of  

gann e t s  and  burrow i ng o f  pe t rels  ( Hami l t on and  Baumgar t 1959 ) . 

1 . 6 . 5  T r i s t an da  Cunha : Observa t i on o f  erup t i ons from o t her vol can i c  

areas o f  the  world  supply evi dence o f  damage a s  i t  occur red . Tox i c  fumes 

s i m i lar  t o  those f rom Yh i t e I s land caused var i able amoun t s  of  damage to 

vege ta t i on of  Tr i s t an d a  Cunha dur i ng the  1 96 1  erup t ion ( Di ckson 1965 ) . 

Marg ins  and t i ps o f  New Zealand flax ( P . t enax ) whi ch had been 

i n t roduced for s he l t e r  bel t s  and tha t ch i ng , were burn t by f umes bu t 

surv i ved . Ferns o f  t he  Blechnum genus , wh i ch  also  has many s pec i es i n  
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New Zealand , s u rv ived desp i te  damage to  f ronds . Sma l l , w i dely s paced 

f i res were  s t a r t ed by ho t volcan i c  blocks bu t were soon ex t i ngui shed by 

h eavy ra in  and fa l l ing ash . �ind and rain  redepos i t ed ash i n t o  hol lows 

and so there  were only m inor ef fec t s  f rom the 60mm of  ash ( Di ckson 

1 9 65 ) . 

1 . 6 . 6  Ka t ma i  and I razu : Dur i ng the  1 9 1 2  erup t i on of Moun t Ka tma i , i n 

A laska , f i n e  ash , which had absorbed toxic  fumes , and ac i d  ra in  were 

ca r r i ed for long d i s t ances . Eye wi tness  accoun t s  s t a ted t h a t  l eaves o f  

ga rden plan t s  a t  LaTouche 480km nor theas t of  Ka tmai , were burnt  by ac id  

r a i n  and s ubsequen t ly f e l l  o f f  ( G r i ggs 192 2 ) . The a f f i n i ty o f  

hyd rocho r i c  and sulphur i c  ac ids  for  wa ter  i s  so great tha t fumes w i l l  

be absorbed d u r i ng per i ods o f  h igh humi d i ty w i thout  ac t ual 

p r e c i p i ta t i on ( Blong 1984 ) . A t I razu in  Cos t a  R i ca t he mos t severe 

d amage occurred when acid-bear i ng ash par t i c les fel l  dur i ng t he 

n i gh t , subsequen t ly d i s solved in  dew , wh ich la ter  evapora ted  and le f t  a 

concen t ra t i on o f  ac id  sal t s  on t he fol iage ( M i l ler  1966 ) . 

1 . 6 . 7  Par i cu t i n : Ho t lava flows , wh i ch overwhe lmed fores t s  dur ing an 

e r u p t ion o f  E l  Par i cu t i n ,  Mex i co , d i d  no t always set  t rees  al igh t . As 

lava cooled , the  crus t insula ted t rees from the  i n t ense heat  ( Eggler  

1 9 48 ) . They could be  ben t over and even bur i ed but  unless  t hey we re 

c rushed as wel l  t hey could survive . Di rec t cor rela t ion be tween dep th  of 

a s h  and s u r v i va l  was apparen t bu t a more impor tan t fac tor  was 

con t i nui ty  o f  depos i t i on . Plan t s  were be t t e r  able to surv i ve 

i n t e rmi t t en t fal lout  as they could recover i n  be tween . �ind  d i rec t i on 

was t here fore  a lso  impor t an t  in t he seve ri ty of damage rece i ved . The 

grass  Cynodon dac tylon grew t hroughou t the erup t ions and survived 
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d e pos i t i on o f  up to  381mm of  ash , bu t  under 508mm of  ash t h i s  grass  on ly  

surv i ved i f  near a roo t s tump . Cynodon rh i zomes were  t raced back t o  t he 

o r i g i na l  sur face . P t e r i d ium aqu i l i num had some t imes grown t h rougho u t  

t h e  depos i t i on o f  600mm o f  ash o r  had resprou t ed f rom t he bas e . Th e  

grea t es t dep t h  o f  a s h  was 6780mm and even under  t h i s  some oak t rees  

s t i l l  had  one l i v i ng branch ( Eggler  1 948 ) . 

1 . 6 . 8  Moun t S t . He lens : Moun t S t . Helens , i n t he Cascade Range o f  

�ash ing ton  S t a te , erup t ed on May 18 1980 . The even t and i t s a f t e rma t h  

have been well  documen t ed and de ta i led des c r i p t i ons are avai lable  o f  

a l l  aspec t s  o f  t he even t .  In i t ia l ly an ear thquake frac tu red t he upper  

cone , caus ing t he col lapse of t he nor t hern f lank . Thi s  released t h e  

i n t e rnal  p ressure and a large d i rec t ed ho t blas t t ravel led very qu i ckly 

to  t he nor t h  and no r t hwes t  before the air  res i s t ance caused t he f low t o  

l i f t  o f f  t he sur face ( Kei f fer  1981 ) . The t empera ture a t  t he ven t was  

3 2 7 °C and  only 20°C  less  a t  t he edge of  t he blas t zone ( �i nner  and 

Casadeval l  1981 ) . Trees were char red where  t hey we re no t pro t e c t ed by 

earl i e r  falls  o f  ash bu t  t hey were no t carbon i sed . Vi thin  the  blas t zone  

t rees were  pul led apa r t  leav i ng s pl i n t e red s t umps 

subs equen t ly abraded by fas t -mov i ng f low par t i cles 

wh i ch 

( Va i t t  

were  

J r .  

1 981 ) . Mos t t ree deb r i s  was carr i ed ou t  of  the  blas t  zone en t i rely . Some 

of i t  reached h i gh al t i tudes and wood , cones and small  b ranches up  t o  

406mm long were depos i ted on Moun t Adams 55km away t o  t h e  eas t wh i le 

charred twigs 25mm long and coa t ed wi th  ash fel l on Moun t Ra i n i e r  80km 

d i s t an t  to t he nor t h  ( Rosenbaum and �a i t t  1 98 1 ) . In t he blow-down area  

t he d i rec t ion and f a l l  o f  t rees was to  a ce r t ai n  ex ten t  t o pograph i ca l ly 

con t r o l l ed . Beyond t h i s  zone a gradual ly as cend i ng scorch zone i nd i ca t ed 

where  t he f low had l i f t ed o f f  t he ground ( K i e f fer 198 1 ) . Ash  f rom t he 
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e rup t ive c loud was found to  be o f  dac i t i c compos i t i on , had a pH o f  5 . 7  

and was n o t  toxic  in  wa ter  supp l i es  ( Federal Co-ord i na t ing  O f f i ce 

1 980 )or t o  c rops (Gough e t  al  1 98 1 ) .  

1 . 6 . 9  Summary of  E f fec ts  of  Vo l can i c  Ac t i vi ty : Scarce ly any two 

erup t i on s  are the same and ef fec t s  on vege t a t ion are charac t e r i sed by 

t h e i r  random na t ure as so many var i ables are involved . F rom t he 

f orego ing accoun ts  i t  i s  howeve r , pos s i ble  to  make some general i s a t i ons . 

1 .  A d i rec t ed ho t blas t does no t always s e t  fores t on f i re .  

2 .  � idesp read f i re i s  rare d u r i ng an erup t i on .  

3 .  Only a nuee a rden te  type o f  erup t ion appears to  

cause f i res . 

4 .  Carbon i s a t ion o f  logs requ i res bo th  f i re and bur i a l . 

5 .  Tox i c  fumes and acid  rain  are  very des t ruc t i ve of 

aer i a l  par t s  of p lan t s .  

6 .  Unde rground roo t s tocks o r  r h i zomes have surv i val value . 

7 .  Con t inu i ty  of  ash fal lou t i s  an impor t an t  fac tor i n  

the  surv ival o r  dea th  o f  p lan t s . 

8 .  Unl es s  t here i s  a great dep t h  o f  ash t hese falls  

appear  t o  do  l i t t le harm and  can be ben f i c ial . 

9 .  Dep t h  o f  ash i s  an impor t an t  fac tor bu t t he response  

va r i es w i th  the s t ruc ture o f  a p lan t s pecies . 

1 0 .  Chance p lays a large role i n  bo t h  damage and recovery 

of vege t a t ion bo t h  during and a f ter an erup t ion . 
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1 . 7  RECOVERY OF VEGETATI ON AFTER ERUPTIONS 

1 .  7 . 1  Moun t Tarawera : Vege ta t ion recovery f rom large volcan i c  

e r up t i ons i n  New Zealand has  only been seen by Europeans on Moun t 

Tarawe r a . Recorded observa t i ons of  t ravel lers on t he recovery o f  t he 

fo res t s  soon a f t e r  the Moun t Tarawer a  erupt ion i n  1 886 tend t o  lack  

d e t a i l  bu t are  neve r t he less  valuable . These ac coun t s  were  revi ewed by  

N i cho l l s  ( 1 959 ) in  wh i ch he  quo ted Thomas ( 1888 ) no t i ng tha t sma l l  

t rees r ecovered by t h e  fol lowing summe r and a t  Moun t Edgecumbe 24km 

away , la rge t rees in  an area  covered by 355mm o f  ash had no t been 

ha rmed . Turner ( 1 928 ) recal l ed "No th ing bu t a sea o f  mud at f i rs t  bu t 

fou r years la ter  full  recovery" . O ther  repo r t s  men t i oned tha t , large 

t rees wh i ch had been de fol i a ted and los t sma l l  branches , recove r ed 

w i t h i n  a year . Bracken emerged through 600mm of  ash  and t hen p rovi ded 

s i tes  at  whi ch shrubs became es tbl i s hed . 

Much la ter , Burke ( 1 964 ) examined recovery i n  one cra t e r  and t he 

P l a t eau  Dome in  the v i c i n i ty  o f  t he 1886 ven t s . �i t h i n  t h i s  c r a t e r  only  

t he n i t rogen f i x i ng s pec i es Cor i a r i a  arborea was  es t abli shed on loos e  

pum i c eous tephra . In  t he  devas ta ted area near the  chasm , s t abi l i sa t i on 

o f  t he s te r i le sur face  was largely due t o  the e f f i c i ency o f  

Muehl enbeckia  ax i l la r i s  i n  b i nd ing loose ma t e r i a l . Leucopogon f rase r i i  

was no t qui te  so e f fe c t ive  but  colon i sa t ion by bo th  these s pec i es 

a l lowed mosses to  e s tabl i sh . The li chen S t ereocau lon . t he mos s 

Rhacom i t r i um and t he herb  Raoul ia  t rapped ai rbo rne par t i c les w i t h i n  t he 

mass o f  thei r l i v i ng t i s sue , t hus add ing t o  the bu lk , weigh t and 

s t ab i l i ty o f  the plan t s . R i ng grow t h  pa t te rns were abundan t everywhe r e ,  

par t i cularly o f  a gras s /herb/ l i chen complex . Es t abl i shment  o f  s hrubs was 
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s low . Of those  measured , manuka was only 23  years oJ d ,  whi l s t  kamah i had 

an age of 68 , ind i ca t ing i t  mus t have s t ar t ed to  grow wi t h i n  ten years 

o f  the erup t i on .  �here t e phra had been subsequen t ly r i l led or  

channel led by heavy rai n  Rhacomi t r ium was growing on  the f loor o f  t he 

channel  a l low i ng Gaul t he r i a  oppos i t i fo l i a  and Dracophllum subu l a t um to  

o ccupy t he more  s t able s i des . Cockayne ( 1 9 1 9 )  i nc luded a pho t ograph of  

Cor i a r i a  sarmen t osa grow i ng wi th in  channels in a deep layer o f  

ash . Ano the r  pho t ograph ( see Fron t i sp i ece )  shows a grea t dep t h  o f  ash  

s cooped ou t by w i nd and ra in  t o  such  a degree tha t clumps o f  to i t o i  

( Co r t ad e r i a  fulvida)  near ly two me t res h i gh , we re  con t a i ned there i n .  

Cockayne commen ted tha t t h i s  species was no t very common in  t he 

v i c i n i ty . L i ke mos t Tarawera  colon i s t s  i t  had come f rom the  i mmed i a te 

n e ighbourhood and had me rely ex t ended i t s  range . Raoul i a  had been 

par t i cularly success ful in t h i s  respec t ( Cockayne 1 9 1 9 ) . 

The recen t ly es tabl i shed fores ts  on Moun t Ta rawera where  kamahi  i s  

dominant  were cons i dered by Clarkson ( 1 981 ) to  i nd i ca t e  seral  

recovery . Th e  upper  margin  presen t ly con ta ins kamahi , Olea r i a , Gaul t he r i a  

and Coprosma . Lower down the volcano kamahi  had eme rged over once 

d omi nan t Olear i a  and Cor i a r i a  arborea wh i ch are now in dec l i ne . The 

l owe s t slopes  have kamah i which  was damaged but survi ved t he erup t ion 

and have s i nce resprou ted and qui ckly resumed domi nance . �i t h i n  two 

s ma l l  surv i vi ng fores t remnan t s  above the presen t t ree l i ne , Burke ( 1964 ) 

n o t ed the abi l i ty o f  kamah i to  survi ve damage and bu r i a l . Branches 

s prou t ed o f ten  f rom a very small amoun t of l i v i ng t i ssue rema i n i ng i n  

t he broken t runk . "Apparen t roo t s " ex tended over the new sur face f rom 

whi ch  sucker shoo t s  had l a t e r  emerged . Dense  ma t s  of pos t -eru p t i on 

e p i phy tes  became es tabl i s hed on damaged and ro t t ing par t s  o f  the  
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t runks . Below these  ma t s  large numbers  o f  adven t i t i ous roo t s  about  one 

i nch long had grown f rom the t runk .  Bu rke ( 1 974 )  l a t e r  s t udied 

regenera t i on of  podocarps  i n  this  area . R imu , Ha l l ' s  to tara , ma tai  and 

t oa t oa ( Phyl loc ladus glaucus ) regenera ted in the  v i c in i ty o f  surv i v i ng 

t rees , bu t  kah i ka t ea , mi ro and to tara had d i s pe rsed seed as far as 

4 . 0 , 4 . 8 , and 4 . 8  km respe c t i vely . Ha l l ' s  t o t ara , and toa t oa s t a r t ed 

regenera t i ng a f t e r  25 years , kah ika tea t ook 50 years . Hal l ' s  t o t ara had 

regenera ted prol i f i cally , especially near surv i v i ng t rees where the  

younges t membe rs  occur red closes t t o  the paren t t ree , and t he oldes t up  

t o  SOm away ( Bu rke 1974 ) . I t  had been no t ed previous ly by  N i chol l s  

( 1 96 4 )  t ha t  an  abnorma l ly h igh number o f  Hall ' s  t o t ara had es tabl i shed 

on a gene r a l ly deep , skele tal  to  gravel ly so i l a f ter  the  Kaharoa 

e r u p t i on ( 66 5  + 58  y r  B . P .  Lawlor 1 980 ) . On the new 1 886 A . D .  

s u r face , so i l developmen t and quan t i ty o f  nu t r i e n t s  was grea tes t under  

kamahi  fores t .  So i l  was less well  developed where kamahi and mangaeo 

( Li t sea ca l i ca r i s )  were domi nan t and a bsen t en t i rely under tawa/ 

mangaeo fo res t . Nu t r i en t values were h i gher under manuka than under  

g rass/  l i chen/herb  r i ng pa t t erns . Values for  n i t rogen were t w i ce as high  

i f  Cor i a r i a  a rborea was among the spec i es presen t ( Burke 1964 ) . 

1 . 7 . 2  The P i onee r i ng role o f  Cor iar i a :  The p ioneer ing role o f  Cor iar ia  

i n  colon i s a t i on has  been no ted by many workers and  nodula t ion o f  the 

r oo t s  o f  t h i s  genus i nves t iga ted ( Bond 1958 , Har r i s  and Mor r i son 

1 958 , Mor r i son  and Harr i s  1959 ) . All  New Zealand s pec ies and some hybr ids  

were  found t o  be nodula ted by Bu rke ( 1 963 ) . In  h i s  198 1  s t udy Clarkson 

d i s cussed the  role  of  Cor i ar i a  plumosa as a successional species  on 

Moun t Egmon t and con t ra s t s  t h i s  wi th  i t s absence f rom olde r mo re s t able 

s lopes of Pouaka i . Pa r t of a s tudy by Nea l l  ( 1 9 7 3 )  i ncluded an 
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i nves t iga t i on of moss and s crub ecosys tems on Moun t Egmon t .  Exam i n i ng 

mos s f ield  a t  1200m i n  de t a i l he found C . plumosa to have a key i n f l uence 

at  a par t i cular seral  s tage . The moss Rhacom i t r i um lanugi nosum was t he 

p r i me colon i ser , bu t  i n  shel tered s i tes , c i rcular  pa t ches o f  C . plumosa 

t oge ther w i t h  

c . plumosa  was 

lea t herwood , Hebe , red 

presen t , growth  o f  

tussock and i naka could occur . Vhen 

other  s pe c i es was no tably 

enhanced . Egunj obi ( 1969a ) i n  a s tudy of  secondary success i ons involv i ng 

gorse ( Ulex europaeus ) found that  leaves and s t ems con t ai n  more 

n i t rogen t han roo ts . I t  was sugges ted that  n i t rogen f i xed i n  roo t 

nodules was rapidly t rans loca ted to ae r i a l  par t s  but re turned t o  t he 

s o i l  i n  the  au t umnal lea f - fal l . Thus nu t r i en t s  were not  i mmob i l i sed i n  

t he plan t bu t recycled rap idly . He fur ther  found t hat  under  wood land , 

t wo th i rds  o f  elemen t s  removed f rom soil  were r e t u rned in  leaf  l i t t e r  

( Egunj obi  1969b ) . Neall  ( 1 973 ) found tha t even when dead , moss ma t s  o f  

Rhacomi t r i um p rovided a useful roo t ing med i um for  es tabl i shmen t o f  

h i gher plan ts  bu t had low avai l i bi l i ty o f  c a t i ons . Vhen C . plumosa was 

p resen t a c lear t h i n  A hor i zon deve loped and the amoun t o f  exchangeable  

c a t ions was increased . Al t hough ac tual quan t i t i es  of  n i t rogen and  

phosphorus were  low , values were  h igher  under  Cor i ar i a . He quo t ed 

f i nd ings o f  Johns t on ( 1969 ) on the ab i l i ty o f  some organ i c  a c i d s  t o  

ex t rac t phos phorus and sugges ted tha t s i mi lar  a c i ds migh t be released 

f rom Cor iar ia  s pec i es wh i ch enable them to  ext rac t phosphorus f rom 

andes i t e .  



1 . 7 . 3  T r i s tan da Cunha Erupt ions : The pauc i ty o f  f i rs t  hand 

observa t i ons  and in i t ial  recovery s t ages af t e r  erup t i ons i n  New Zealand 

can be supplemen t ed by overseas i n fo rma t ion . In t he 1961  e rup t i on on 

T r i s t an da Cunha the dominan t t ree Phy l i ca arbo rea was k i l led by t ox i c  

fumes and d i d  no t resprout  f rom adven t i t i ous shoo t s  or root  

s t ruc t u r e s . Seed l i ngs d id however , come t hrough the ash  near t he bases of  

dead  t rees . Such p lan t s  as Rumex s p  wh i ch had undamaged rhi zomes and 

grass  of t he Cynodon genus wh i ch grew t hroughou t t he erup t i on soon 

covered new volc an i c  depos i t s . Nearly a l l  damaged plan t s  o f  the dwarf  

t ree fern  B lechnum palmi forme were produc ing f ronds wi t h i n  a 

year . Fur rowi ng o f  ash caused by heavy ra i n  prov ided sui t able  s i t e s  for  

colon i s a t i on ( Di ckson 1965 ) . 

1 . 7 . 4  Par i cu t i n Erupt ion : On t he volcano Par i cu t i n i n  Mex i co seed l i ngs 

were grow i ng two and a half  years a f ter  t he erup t i on where recen t ly 

erup t ed ash  had been eroded to  exhume t he o r i g i nal soi l sur face . Thus 

i nd i ca t i ng t he v i abi l i ty of  t he seeds in  t he bur ied so i l . Never theless  

where  t he depth  of  ash was 50mm or  more seeds fai led t o  germina t e  and  

t h i s  was probably due  to  a lack  o f  oxygen ( Eggler  1948 ) . 

1 . 7 . 5  Sur t s ey Erupt i on :  De t a i led records o f  t he i s land of Sur t s ey 

wh i c h  formed in  1963  o f f  t he sou t h  coas t o f  I celand , p rov ide fur t he r  

i n fo rma t i on abou t p r imary colon i s a t i on of  a s t e r i le surface . In con t r as t 

t o  ma i nland lava f lows , where l i chens are  the  f i rs t p lan t s  to  

appear , l i chens on Sur t sey were  on ly seen in 1 9 70 � bu t  t he f i rs t moss 

Funa r i a  hygr ome t r i ca appeared i n  1967 . Two s pecies o f  Rhacom i t r i um 

became t he mos t common mosses and the preferred habi t a t  of  bo t h  was a 

mo i s t ,  shaded hol low w i t h  some s and presen t . Es tab l i shmen t of  h igher 

38 



p l an t s  was d i rec t ly rela ted to  the  supply of  organ ic  ma t t er ; i n t h i s  

case  usually dead s eab i rd s  washed u p  on t h e  beach ( Fr i d r i ks son 1 9 75 ) .  

1 . 7 . 6  Moun t S t . He lens . 

1 . 7 . 6 . 1 I n t roduc t ion : Di f ferent  phases o f  t h i s  1980 erup t i on depos i t ed 

a va r i e ty of  volcan i c las t i cs over  a range of ecosys tems and 

a l t i t udes . Cr i t i cal  fac t o rs that emerge f rom a l l  these s tud ies are  1 )  

t he l arge par t  played by chance i n  t he surv i val  of  ind iv idual p lan t s , 2 ) 

t he c rea t i on of mi cros i tes  and 3 )  the reservo i r  of  l i fe i n  t he or ig inal  

so i l .  Frequen t ly fal len logs prov ided mi cros i tes wh i ch ac t ed as  

refug i a , f rom whi ch surv i vors i n i t i a t ed recovery dur i ng the  f i r s t  t wo 

g row i ng s easons . 

1 . 7 . 6 . 2  Flow Depos i t s :  Rock avalanche and 

depos i t s , where o r i g inal  soi l had been bu r i ed 

pyroclas t i c  f l ow 

under 10-200m o f  

debr i s , con ta ined w i t h i n  t hem organ i c  ma t e r i a l  and l i v ing p lan t s  s craped 

o f f  t he moun t a i n s i d e  dur i ng t rans i t . Mud f lows also con t a i ned much 

vege t a t ive  debr i s  capable of res prou t i ng ( Means et  al  1982 , de l  Moral  

1 98 3 ) . On the Muddy R i ver mud flow , o f 108 s pec i es found , mos t occurred 

in  s t ump bases , roo t s t ocks , so i l  c lumps , bu r ied s o i l  and log j ams carr i ed 

i n  the  f low . Rework ing o f  flows was des t ruc t ive  i n  that  new grow t h  was 

d amaged , or removed but cons t ruc t ive i n  tha t new s i tes and sources  were 

uncovered . The role o f  f a l len logs i n  prov i d i ng shade , organ i c  ma t t er and 

nu t r i en t s , in s tabl i s i ng surfaces and pro t ec t i ng seed l i ngs , was c ruc i a l  

t o  i n i t i a l  recovery o f  t he f lows . La ter  t he a r r ival o f  propagules  f rom 

ou t s i de t he immed i a t e  area led to a d i vers i ty of seral s t ages . Dens i ty 

o f  seed l i ngs decl i ned w i th  increas i ng d i s t ance f rom the fores t edge and 
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was negl � ; ble  beyond 200-250m , t hough t h i s  var i ed f rom s pec ies  t o  

s pe c i es ( Halpe r n  and Harmon 1982 ) . 

The e lemen t o f  chance i n  bo t h  proximi ty o f  a seed source and 

favourable  m ic ros i t es con t i nued to de t e rmine the  recove ry of mud f lows 

beyond t h e  i n i t i al s tages . A t  Kau t z  Creek in Moun t Ra i n i er Na t i onal 

Park , plan t suc cess ion has been surveyed a t  9 , 1 6 and 33 years a f te r  an 

even t in 1947 . Seral s tages were d i rec t ly rela t ed to abundance o f  

s t and i ng d ead t rees i n  t h e  v i c i n i ty , wh i ch had i n f luenced recovery o f  

vege t a t i on 1 )  by prov id ing s eed 2 ) as a modera t i ng i n f l uence o n  so i l  

t empe r a t u r e  and mo i s ture and 3 )  as a source o f  nu t r i en t s  f rom 

accumula t ed l i t t e r . Also the dense  ma t of Rhacom i t r i um canescens  and 

S t ereocaulon s p . wh i ch covered mos t o f  the open sur f ace o f  the  mud f low 

was i n h i b i ted by overs torey l i t te r . Crevi ces f i l led w i th l i t t e r  provi ded 

p r ime  s i t es for es tabl i shmen t of t ree s eed l i ngs 

p r i n t ) .  

n 
( Frezen e t  a l  i n  

� 

1 . 7 . 6 . 3  Sub-Alpine Zone : On t he sur face of cold mud f lows in t he 

sub-alp ine  zone of  Moun t S t . Helens only a few res i dual surv ivors  were 

p resen t and  t here were no seed l i ngs in  1981 . Flows  we r e  d e f i c i e n t  in  

n i t rogen , phos phorus and c a t i ons . Where  severe eros i on had  exposed t he 

o r i g i na l  surface , several spec ies were seen . Some roo t s t ocks o f  the  

n i t rogen f i x i ng s pecies  Lupinus lepi dus and the  grass  Agros t i s  

d i ego ine s  were  washed down and depos i t ed on the  sur face  o f  the f lows . 

Thes e  p l an ts  f lowered in  1 98 1  and could be i mpo r tan t i n  the  con t i nu i ng 

r evege t a t i on p rocess . Vege t a t i on in one area o f  the sub-alp ine zone d i d  

surv i ve t he depos i t ion o f  60-80mm of  coarse tephra  and many s pec i es 

emerged f rom benea th  t he t e phra  la ter  in 1980  ( de l  Morel  198 3 ) . 
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1 . 7 . 6 . 4  Fores t Zone : A s tudy conduc ted i n  old fore s t s  ou t s i d e  the  

blas t zone found that  t ephra 23mm deep had no  e f fec t  on  vascular  

plan t s ,  and reduced B ryophy te  cover fo r  on ly two years , ye t  t e phra  45mm 

deep des t royed a l l  B ryophy t es . Refug ia  w i t h  t h i n  tephra cover , such  as  

i n  m i c ros i tes  under logs were v i t a l  to  the surv i val o f  some 

plan t s , par t i cular ly B ryophy tes . Dec i duous herbs  damaged by 45mm o f  

tephra , recovered by 1982 bu t some evergreen s pecies  d i d  no t . A t  two 

s i t es wi th  150mm of t ephra , almos t all herbs  were e l im ina ted exce p t  i n  

m i c ros i tes  where  tephra  was th i nner (An t os and Zobel 1985c ) .  

Bur i a l  by t ephra causes  change in  so i l temperature , aera t ion  and 

chem i ca l  compos i t i on . Plan t surv ival  depends on ab i l i ty t o  t o l e ra te  

these  changes and  also  to ex tend roo t s  i n to t he teph r i c  laye r . E i gh t 

spec i es o f  con i fer  under 100-200mm o f  tephra  " con t a in ing f i ne t o  very 

coarse  laye r s "  were found to  have developed  adven t i t i ous roo t s  i n  

t ephra  by 1981  ( Zobel and An tos 1 982 ) . 0 f 2 8  s hrub s pecies exam i ned , al l  

had p roduced adven t i t i ous roo t s  in  t ephra  layers o f  50-200mm and a l l  

t h e  herbaceous plan t s , excep t  bulbous L i l i a ceae , out o f  1 09 exam i ned 

had moved perenna t i ng buds i n t o  the tephra  al t hough the me t hods used 

var i ed f rom s pec ies  to spec ies . ( An tos  and Zobel 1985a  and b ) . 

Laborat ory t r i a l s  o f  t ree seedl ing es t a b l i s hment  on ash s howed tha t 

wh i le the seed germ i na ted , t he rad i c les we re unable to  pene t ra t e  the  

ash once  i t  had  been  we t ted . They grew hor i zon t al ly and then w i t he red 

( Radwan and Campbe l l  1981 ) . F i eld t r i a l s  w i t h  con i fe r  seed showed tha t 

seed loss dur i ng w i n t e r  was up to 50% by roden t preda t i on and sur face 

was h . On tephra whi ch had been '' cul t i va ted "  by the expe r i men t e r s , t he 

maj or i t y  o f  seeds i n  c revi ces were es t a b l i s hed bu t i n  und i s t u rbed 

tephra , rad i cles  were unable 
A 

to pene t ra te hardened ash ( Frezen and 
� 
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F rankl in  1 985 ) . 

1 . 7 . 6 . 5  E s tabl i s hmen t o f  Fungi : The recovery o f  an ecosys t em depends 

on  mo re t han the  eas i ly-seen vas cular  plan t s . Carpen t e r  � a l  ( 1982 ) 

i nves t iga t ed colon isa t i on o f  Moun t S t . Helens 1 980 t e phra by fungi and 

found bo t h  sexual and asexual s tages o f  An th racau l i a  melaloma prese n t 

w i t h i n  20 days o f  the  erup t ion . By July 1 98 1  bo t h  Pen i c i l l i n  and 

Aspergi l lu s  were found . Here again  eros ion o f  t he t e phra was i mpor t a n t  

i n  expos ing  o r i g i na l  bur i ed sur faces f rom wh i ch fungal colon i s a t i on o f  

t e phra  could  p roceed . Carbon icolous As comyce tes , norma l ly found on 

burned so i ls were t he p r i ma ry colon i sers . Es t abl ishment o f  Endogonaceae 

wh i ch form saprophy t i c  and mycor rh i zal assoc i a t i ons  wi th fores t s pec i e s  

i n  s te r i le t ephra , were found by Allen e t  al  ( 1 984 ) t o  b e  enhanced by 

t h e  m i x i ng of old so i l and tephra by gophers ( Thomomys t a lpo i des ) and 

by an t s  in all a reas excep t on t he s t e r i le p la in  fo rmed by pum i ceous 

pyroc las t i c  f lows . 

1 . 7 . 6 . 6  E f fec t of  Snow Cover : The presence or  absence o f  a snowpack 

had s i gn i f i can t t hough d i f fe ren t e f fe c t s  i n  d i f fe ren t a reas . In t he 

sub-a l p i ne zone , plan t s  on t he edge of  the  blas t zone pro t e c t ed by 

s now , rece i ved l i t t le t ephra because t hey were so close  t o  t h e  

ven t . Vege t a t ion  in  t h i s  a rea was normal in  Sep t ember o f  1 98 1  ( de l  Mo r a l  

1 98 3 ) . I n fores t s  a t  1 100-1 300m , snowpack i s  usua l ly be t ween 2-5m . The  

s now is  we t , due large ly t o  t he mar i t ime c l ima t e  and me l t s  f rom t he 

base . Shrubs and sma l l  t rees are norma lly f l a t tened by the  we igh t  o f  

s now , bu t  once i t  has a l l  mel ted t hey resume a n  u p r i gh t  pos i t i on . Vhere  

t ephra  f e l l  on snow- covered s i t es i t  even t ua lly  reached the  ground 

a f t e r  snow mel t as a we t s t i cky mas s . Leaves we re o f t en p i nned to  t he 



g round by t ephra , and shrubs were unable to  regain t he i r  u p r i gh t  

habi t . Shoo t s  o f  f i ne branches b u r i ed by ash d i ed back from t he i r  

t i ps . A f t e r  t h e  erup t i on vege t a t i ve cover on snow-covered s i t es was only 

1 . 6% ,  bu t on s i tes f ree of  snow a t  t he t i me of tephra depos i t i on , cover 

was 15 . 4% .  In snow f ree areas tephra  fe l l  t h rough uprigh t shrubs and 

t ree  seed l i ngs  and no damage was done even t hough dep ths  of t ephra a t  

t he  s i t es exam i ned was 45 and 1 50mm (An tos and Zobel 1 98 2 ) . I n t he 

d i rec ted  blas t zone where t rees were blown down the s now gave some 

p ro tec t i on to t he fores t f loor and t he resul tan t vege ta t i ve cover was 

3 . 3% compared wi th  only 0 . 6% in t hose  areas w i thou t snow ( Means et al 

1 9 8 1 ) .  

1 . 7 . 7  Bene f i c i al e f fec t s  o f  ash : Bene f i c ial  e f fec ts  o f  minor  ash  

f a l lou t has  been men t i oned by  many authors . In New Zea land , Vuce t i ch 

and Pul la r  ( 1 964 )  no t ed the  fer t i l i s i ng e f fec t of  ash f a l lou t .  �hen 

ignimb r i t e  i s  covered by ash , t he ash enhances colon i sa t i on by plan t s  

and pro t e c t s  aga ins t eros i on .  The harmless na ture of t he ashfall  f rom 

Moun t S t  Helens  has been men t i oned previous ly , and an ac tual  inc rease in  

t h e  y ie ld  o f  some whea t crops i s  recorded ( Gough � 1 98 1 ) . An o t her  

Moun t S t  Helens  s t udy exam ined i nc remen t  da t a  on  heigh t grow t h  and 

l a teral  b ranch elonga t i on o f  con i fer  sap l i ngs showered by t ephra . An 

early t h i n  s i l ty depos i t  fell  we t and adhe red to  fol iage . T ree crowns o f  

Ab ies s p . accumula ted be tween 0 . 7 - 1 . 0g/cm 2 o n  exposed branche s . A  

t h i cker d epos i t  o f  coarse pum i ce and rock f ragmen ts wh i ch fe l l  la t e r  

w a s  no t r e t ai ned by t he t rees . Some t r ees we re subsequen t ly cleaned o f  

t e phra b y  b rush ing and the i r  g row t h  compared wi th  uncleaned t rees . 

� i th  t he excep t ion o f  Abies , a l l  t rees o f  all  spec i es showed a 

s i gn i f i ca n t i nc rease a f t e r  the  e r u p t ion . Th i s  was a t t r i bu t ed to  an 
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unknown bene f i c i al e f fec t o f  t he t ephra on t he soi l , wh i ch more than  

overcame any  adverse e f fec t of  the  tephra  on  the f o l i age . The t wo 

s pe c i e s  o f  Abi e s  in  t he t es t  t rapped more t ephra t han any o t her  

s pe c i e s . The e f fec t  o f  c lean i ng t he t rees was t herefore grea t e r  and 

t here  was a s ign i f i can t increase in he ight  grow t h  in  the c l eaned over  

the  uncleaned t rees o f  this  s pec ies  ( Zobel  and An tos 1985 ) . 

1 . 7 . 8  Summary o f  Recovery a f t e r  Vol can i c  Ac t i v i ty :  

1 .  Var i ables  whi ch can a f fec t  surv i va l  include ; d i s tance 

f rom ven t , w ind d i re c t i on and con t i nui ty , pres ence or absence  

o f  r a i n  o r  snow ( al l  have some advan tages ) , par t i c1e s i ze ,  

dep t h , chemi cal compos i t ion and t empera t u re of  t he t ephra . 

2 .  Eros i on and redepos i t i on o f  mud f lows and t e phra can expose 

o r i g i nal  s o i l  and d i s t urb c rus t s  formed on tephra wh ich  may 

i nh i b i t rad i cle pene t ra t i on .  

3 .  En t ra i nmen t o f  plan t debri s , wh i ch i s  capable  of  roo t i ng ,  

resp rou t i ng o r  vege t a t ive propoga t ion , w i t h i n  a mud f low ,  

i n i t i a t es recovery i n  a very shor t t i me .  

4. The reservo i r  o f  propagules  i n  o r i g inal  so i l  can surv i ve 

l i m i t ed bur ial  and d i rec ted blas t s .  

5 .  Add i t i on o f  organi c  ma t t er  t o  a s t e r i le sur face , such as by 

au t umnal leaf-fall , can ass i s t  seed l i ng surv iva l . 

6 .  Abi l i t i es o f  plan t s  to  recove r  f rom regu lar  adverse changes ; 

dormancy , tolerance to f i re , bur i al and h igh l i g h t  i n tens i ty ;  

a l l  have surv i val  value a f t e r  an erup t i on .  

7 .  N i t r ogen f ix ing s pec ies ( Co r i a r i a  in  New Zealand ) a re 

p i oneers  i n  the succes s i on . 



8 .  Some vege t a t i ve s t ruc t u res m in im i se damage , s pr i ngy b ranches 

may a l low t ephra to  fall  t hrough . O t hers , such  as rh i z omes 

can resprou t a f t er severe fo l iar  damage by a c i d  rai n .  

9 .  Ash may have bene f i c i a l  ac t i on as a fe r t i l i s er . 

1 . 8  MAORI OCCUPATION 

1 . 8 . 1 H i s t o r i cal : Occupa t i on layers iden t i f i ed on t he bas i s  o f  t he 

f o l lowing c r i t e r i a  we re des c r i bed by Vel lman ( 1 962 ) in  a s tudy o f  No r th 

I s land , Holocene coas tal  s i t es . Ar ranged i n  o rder o f  decreas i ng 

abundance and increas i ng d i agnos t i c  value they a re : - darken i ng o f  so i l s  

d u e  to f i nely d i v i ded charcoal , v i s i ble charcoal f ragmen t s ,  s h e l l s  o f  

e d i ble mol luscs , s ca t t e red burn t s tones , ovens (umu ) , usual ly w i t h  

assoc i a t ed charcoal , shells  and t he bones o f  mammal s  and b i rds usua l ly 

burn t and broken . The oldes t cul tural charcoal g iv ing evidence  o f  

ear l i es t human occupa t i on i n  New Zealand has been found above t he Taupo 

Pumi ce and below t he Lo i sels  Pumi ce ( McFadgen 1 98 1 ) .  The age of t he 

Lo i sels  Pum i ce mus t be < 700 y r  B . P .  because i t  overl i es t he Kaharoa 

Ash wh i ch has been da t ed a t  665 58 y r  B . P . ( Law lor 1980). 

The ac t ual da t e  o f  f i r s t  occupa t i on by Mao r i  people has been and 

s t i l l is a con t en t i ous i ssue . This is compounded by the t rans i en t  

na ture  o f  Maor i  ar t i fac t s . Cassels ' Vai t o re s i t e near Pa t ea i n  

Taranaki had t he ear l i e s t da t ed col lec t i on o f  ar t i fac t s  in  New Zealand 

a t  t he t i me of  pub l i ca t ion ( 1 9 79 ) . Th i s  fi f t een t h  cen t u ry 

assemblage , assoc i a t ed wi t h  an ou t r igger canoe , was found i n  a sma l l  

s wamp beh ind  the seashore . Layers o f  pea ty c lay i n  sand dunes near t he 

s i t e were examined for  foss i l  pol len dur i ng t h i s  s tudy bu t none were  
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found . 

1 . 8 . 2  Coa s t a l  Se t t lemen t  800- 1800 A . D . : The generally accep ted i dea i s  

tha t Mao r i s  came f rom t rop i cal i s lands , pos s i b ly the Marquesas , t o the  

nor t heas t o f  Nev Zealand be tveen 800- 900 yr  A . D . ( Leach 1 9 7 4 ) .  They had 

to adj us t f rom a read i ly ava i lable food supply ( bread f ru i t , bananas , 

coconu t s )  t o  a seve re  food sho r t age . Un t i l  t aro ( Colocas i a  an t iquorum ) 

and kumara  ( Ipomoea ba ta tas )  vere i n t roduced la ter , t he  r h i z omes o f  

bracken ( P te r i d ium aqu i l i num ) vere used . Large number s  o f  h i nau 

( Elaeopca rpus den t a tus ) and ( Be i l schmiedia  tawa ) be rr ies were collec t ed 

and s t ored for  v i n t e r  use ( Bes t 1 9 76 ) . Changes in  the l i fe s tyle o f  

Mao r i s  vho se t t led a t  Pal l i ser Bay o n  the sou t h  coas t o f  t he Nor t h  

I s land have been i nves t i gated . Over a pe r iod o f  500 years  bo t h  t he 

coas tal  and fores t envi ronmen t de teri orated  

popula t i on , exploi t a t i on o f  na t ural resources 

due 

and 

t o  i n c reased 

f i re ( Leach 

1 9 8 1 ) . S igns of poor hea l t h  and i n t e rm i t ten t food sho r t ages have been 

de t ec t ed in bones and t ee t h  of human rema ins at  this se t t l emen t  ( Leach 

1 9 7 4 ) . Kumara  vas t he mos t i mpo r t an t  of  t he i n t roduced foods bu t  

cul t i va t i on vas  l i m i ted to varme r shel tered s i tes and vhen s t ored vas 

subj ec t to mould . Cons iderable r i tual  i s  assoc i a ted w i t h t he plan t i ng 

and harves t i ng of  t he c rop ( Bes t 19��) . 

1 . 8 . 3  Mao r i  Defores t a t i on : Many fos s i l  pol len s i tes ou t s ide Taranaki 

con ta in  ev i dence of defore s ta t i on dur i ng the per i od of  Mao r i  occupa t i on 

p r i o r  to  t he a r r i val  o f  Europeans ( McGlone 1983b ) . The ef fec t o f  Mao r i  

f i res i s  s hovn in  po l len s pec t ra by a fal l i n  t h e  po l len o f  fores t 

s pe c i es , a  r i se in  grass land pollen and bracken spo res  and t he 

pe r s i s t en t  p resence of f ine char coal i n  the  pro f i le ( McGlone 



1 9 78c ) . B racken  land under natural cond i t ions  i s  usually a b r i e f  s e r a l  

s t age ( Levy 1949 ) however , con t i nual bur n i ng w i l l  hal t success i on and 

l ead to  i t s domi nance . I t  is  known tha t rh i zomes of  bracken formed a 

s t aple par t o f  the d i e t  o f  Mao r i s  i n  those par t s  o f  the coun t ry whe re  

g row t h  o f  kumara was poor  and unce r t ain  ( Leach 1 9 74 ) . 

De fores t a t i on and subsequen t changes i n  se t t lement pa t terns have 

recen t ly been a t t r i bu t ed by archaeologi s t s  t o  c l i mat i c  change ( Leach 

1 974 and Leach 1981 ) .  I n  a rev i ew o f  curren t l i tera ture  f rom many 

d i sc i p l i nes , McGlone ( 1 983b )  has d i scussed t h i s  aspec t in full  bu t he 

d i scoun t s  t h i s  poss i b i l i ty of c l i ma t i c  change be i ng the cause of t he 

l arge amoun t  of  fern land on t he coas t s . He s t at es tha t Polynes i ans  

were  respon s i ble for  fores t des t ruc t i on i n  the areas i n  wh i ch t hey 

s e t t led . Mo s t  of t h i s  was accompl i shed by f i re be tween 800-600 y r  

B . P . Areas w i t h  low r a i n fa l l  were t o tal ly denuded . 

P r ec i p i t a t i on i n  New Zealand i s  s t rongly i n f luenced by the  h i gh 

ax ial  r anges o f  bo t h  the Nor t h and Sou t h  I s lands . the ra in fal l  be i ng 

much grea ter  in  t he wes t ern par t o f  the coun t ry . I t  has been a rgued 

t ha t , apar t f rom the  d r i e r  eas t e rn areas of Hawkes Bay and the  Sou t h  

I s land , i t would have been very hard for Po lynes i ans to  s e t  t he fore s t  

o n  f i r e . Europeans o f t en found i t  very d i f f i cul t t o  ge t a good burn- o f f  

i n  the  i nd igenous fores t s . I t  i s  recorded however , t hat  even a f t e r  3 

d ays o f  heavy rai n , an una t tended camp f i re s pread th rough the  d r i e r  

l i t t e r  below the we t sur face ( pers . comm . Dr . J . P .  Ski pwor t h ) .  

McGlone ( 1983 b )  also  argues tha t  g i ven t he r i gh t  cond i t i ons  such a s  a 

canopy damaged by w i nd t h row , volcan i c  ac t i on o r  des iccat i on due t o  l ong 

d ry s p e l l s , fores t s  w i l l  burn . He sugges t s  the  Maori  would have t aken 
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advan t age o f  any damage to  t he fores t s  f rom s t orms , d i sease o r  volcan i c  

a c t i v i ty t o  c rea t e  clear ings . H e  s t resses t ha t  volcanic  ac t i vi ty could 

l e ad to  d amage many ki lome ters  f rom t he source of an erup t i on .  Ri ses  

in  bracken s pores  and f i ne charcoal wer e  found a f ter  bo t h  the  Taupo and 

Kaharoa erup t i on s  wh i ch pre-date  occupa t i on of the area by Maor i s . 

L i gh t n i ng d i s charges f rom t he erup t i ve c loud could also  s ta r t  f i res 

wh i ch wou ld perm i t  undergrow th  to  d ry ou t under an opened canopy 

l e av i ng t he fores t susce p t ible to l a t e r  f i res . 

Recovery a f t er r epea ted f i res i n  d i f feren t t ypes o f  vege t a t ion has 

been des c r i bed for  a ca t chmen t a t  Tai t a  in the No r th I s l and ( Druce 

1957 ) . Here  second grow th  a f t e r  f i re was largely xerophy t i c  and 

ex t remely suscep t i ble  to burn ing . Thus recovery could be ex t ended by 

s ubsequen t f i res  and would probably t ake 70- 100 yea rs . Once b racken had 

f o rmed a dense cover on damp slopes , success i on could be i nh i bi t ed for  

f rom 16  to  30 years  un t i l  a f ew shade to lerant s pe c i e s  such as  

P s eudopanax , rangi ora  ( Brachyglo t t i s  repanda ) 

( Gen i os t oma ) pene t ra t ed the bracken c anopy . 

and hangehange 

1 . 8 . 4  Popu la t i on Changes : Cap t a i n  Cook es t ima t ed t he Mao r i  populat ion 

o f  New Zealand i n  1 7 7 0A . D .  a t  100 , 000 t h i s  was la ter  rev i s ed by Buck 

to 400 , 000 ( McL in toc k  1959 ) . Coas t a l  Taranaki had a large popula t ion 

a t  t h i s  t i me and t h i s  i s  borne ou t by t races o f  a la rge number o f  open 

s e t t lemen t s  and sma l l  pa s i tes  loca t ed in the area ( Day 1984 ) . Areas 

o c cup ied by the  Taranaki t r i bes are  s hown in F ig . 5 .  By 1 845 the  

Mao r i  popu l a t ion  had been reduced to  60 , 000 ( Cumbe rland 1959 ) . Con tac t 

w i t h  c rews o f  European vessels  i n t roduced d i seases wh i ch k i l led more 

people  t han a l l  t he Wai ka to  raids wh i ch fo llowed ( H i ll 1969 ) . 
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FIG 5 MAORI TRIBAL AREAS , TARANAKI, N . I .  NEV ZEALAND 
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1 . 8 . 5  Waika t o  Raids : Nor t h  Auckland t r i bes were f i rs t  t o  acq u i re 

r i f les  and used them aga i ns t  t he Va i ka t o  t r i be , who then t r i ed t o  t rade 

f lax ma t s  to ob ta in  r i f les  for themselves . The bes t qual i ty and mos t 

v i go rous f lax  was found i n  coas ta l  Taranaki and t r i bes  there  were  

s k i l led i n  maki ng f lax ma t s . Va i ka to  Mao r i s  rai ded Taranaki to acqu i re 

s laves and collect  t a t t ooed heads (Greenland 196 7 ) .  By 1 8 3 1  t he  f ew 

members  o f  t he A t i awa t r i be le f t  were l i v i ng on o f f-shore i s lands w i t h  

gardens h idden i n  the fores t ( Day 1 984 ) . I n  1 8 39 the i n f luence o f  t he 

Me thod i s t  M i ss i onar ies  i n  t he nor th  brough t an end t o  the ra ids  ( H i l l  

1 9 69 ) . A t  t h i s  t i me F . A . Carr ington selec t ed land , for the  New Zealand 

Company , be tween Ngamo t u  and Wai tara as su i table  for se t t l emen t due t o  

i t s f l a t ness , workab i l i ty and lack o f  na t i ve popula t i on . The few 

rema i n i ng A t i awas agreed to  sell the land ( H i l l  1969 ) , bu t  t he f ree i ng 

o f  s laves and cap t i ves  by t he Vai ka t o  mean t a re turn o f  local  Mao r i s  

j us t  as  t h e  f i r s t  se t t le r s  landed t o  found New Plymou th . These r e t urn i ng 

A t i awas d i s pu t ed land sales . By 1849 A t i awas out numbered se t t lers . 

1 . 8 . 6  Mao r i  Trad i t i ons  o f  Volcan i c  Ac t i v i ty:  Al though local Maor i  

t r i be s  r egarded t he upper  s lo pes  o f  Moun t Egmon t a s  sac red 

( t apu ) , because bod ies  of impor tan t  ch i e f s  we re bur ied in  c le f t s  on the  

upper  s lopes  they d id  v i s i t  the  lower s lopes to  gather fore s t  f ru i t s  

and b i rds and red ochre  f rom Kokowa i Go rge . Many topograph i cal 

fea t u res on  the vol cano have Mao r i  names . I t  is surpr i s i ng therefore  

tha t  there  are few re ferences in  Mao r i  oral h i s to ry to erup t i ons s i nce  

t hey have occurred s i nce Mao r i  occupa t i on . Percy Sm i t h ( 1 908 ) 

des c r i bed a large vi l lage , Karaka Tonga , on the  no r thwes tern f lank o f  

Egmon t ,  wh i ch had a coun c i l  house called kai  mi rum i ru . Ol i ve r  ( 1 9 3 1 )  

quo t es a n  accoun t g i ven by S towe l l  ( 1 9 1 1 )  o f  t he bur ial  o f  t h i s  v i l lage 
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wh i ch i s  n ow t hough t t o  be covered by abou t SOOmm o f  volcan i c las t i c s  o f  

t h e  Newa l l  erup t i on ( Rawson 1980 ) . An a f f ray be tween the Taranaki and 

A t i awa t r i be s  is assoc i a t ed in oral h i s tory wi th  the  grow t h  in he i gh t  

o f  the  vol cano . I t  i s  t hough t tha t , dur i ng t he 1655  A . D .  erup t i ons , a 

t ho lo i d developed wi t h i n  the c ra t er , wh ich  may have i n c reased the  

h e igh t  ( Neal l  1980 ) . There is  also  one  re ference to a dark  c loud w i t h  

l i gh t n i ng c om i ng in  f rom the s ea and o f  abou t 100 people  b e i ng bur i ed 

where  they s t ood by sand . Th i s  occur red on the  wes tern s i de  o f  t he  

volcano a l i t t le to  t he sou t h  o f  Cape Egmont  at Po t i k i - t awa ( Percy 

Sm i th  1908 ) . Th i s  appears to  des c r i be a pyroclas t i c flow or  a lahar 

f o l lowing heavy rain , o f wh i ch there have been many on t h i s  s i de o f  the  

moun t a i n  ( Neall  1973 ) .  Maor i  ovens bu r i ed under pumi ceous lapi l l i  

( O l i ver  1 9 3 1 , Topping 1974 ) on Moun t Egmon t , have al ready been men t i oned . 

1 . 9  EUROP EAN SETTLEMENT 

1 . 9 . 1  Land Purchase Problems : The Plymou t h  Company for Colon i s a t i on o f  

New Zealand was formed i n  P lymou th , England i n  1840 , j us t  12  days 

before t he t reaty  be tween the Br i t i sh C rown and the Mao r i  people was 

s igned at �a i tangi . There was howeve r , some d i spu te  abou t ownersh i p  o f  

land among Mao r i  t r i bes re tur n i ng t o  t he d i s t r i c t  a f t e r  raids  by 

�a i ka t o  t r i bes . By 1859 63 , 000 acres  had been bough t bu t none o f  t h i s  

came f rom A t i awas i n  t he �a i tara area , who res i s ted land s ales and 

harassed t he se t t lers . Conf l i c t  o f  i n t eres ts s t ead i ly wor sened and 

followi ng a confron ta t ion at  �ai tara the s i tua t i on de t e r i ora t ed 

resul t i ng i n  t he Taranaki land wars i n  1861  wh i ch con t i nued un t i l  1869 . 

Those Mao r i  t r i bes  who had opposed the Government had some o f  t he i r  

land con f i s ca t ed a f ter  t he war ( H i l l  1969 ) . Al though s e t t lemen t o f  
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t hese  con f i s ca ted lands was very des i rable , funds were lack i ng to  c a r ry 

o u t  neces sary and expens i ve surveys requi red i n  v i rg i n  bush . So the l and 

remai ned unse t t led un t i l  1 8 7 3  ( �ood 1959 ) . A handbook for new se t t lers  

pub l i shed in  1849 by  Hurs thouse gi ves a c lear  p i c ture o f  t he problems 

o f  b reaki ng in fernland and the pos s i b i l i t i e s  for agr i cul ture . 

TH� 
1 . 9 . 2  ,, Se t t lemen t o f  I nglewood : Developmen t of  the Moa Block  i n  

Puke tapu Di s t r i c t  now I nglewood , was on land con f i s c a ted f rom 

Nga t i maru , who occup ied Wai t ara Valley . They we re an i nland fores t -

d we l l i ng t r i be exi s t i ng on eels , b i rds  and fores t p roduc t s , who 

exchanged smoked eels and preserved bi rds wi t h  t he i r  close rela t i ves  i n  

coas tal t r i bes for mussels  and f i sh ( Sk i nner 1975 ) . Brooks ( 1892 ) 

des c r i bes the d i f f i cu l t j ourney he made w i th  the f i rs t se t t l e r s  t o  

su rvey t he new block . Dense fores t commenced abou t a m i le beyond Sen t ry 

H i l l  and t he t rack soon became i mpassable for  d rays , and supp l i es had t o  

be car r i ed by hand . The success ful set t lemen t  of t h i s  a rea i n  187 5 ,  

despi te  d i f f i cul t i es i n  c l ear ing v i rg in  fores t , was a t t r i bu t ed by Brooks 

t o  income derived from work on t he rai lway . The rai lway commenced a t  

Sen t ry H i l l  and was pushed sou t h  via Mi dhurs t , S t ra t ford , Ngaere  and 

E l t ham ; t he land bei ng se t t led for  abou t 5 m i les on each s i de o f  the  

t rack as i t  progressed . 

1 . 9 . 3  The Se t t lemen t o f  E l t ham : E l t ham was assoc ia ted  wi t h  the  

cons t ruc t i on o f  Moun t a i n  Road that  l i nked Hawera wi th El t ham . S t ra t ford  

and  Inglewood from 1 8 7 3  onwards . I t  fol lowed the old  Maor i pa t h ,  known 

as �akaahurangi . Those f ew Mao r i s  who l i ved in the area we re a sub- t r i be 

o f  t he Nga t i  Ruanu i and t hey made only temporary se t t lemen t s  on marg i n s  

o f  Ngaere and El t ham swamps to col lect  e e l s  and wa ter  f owl . I n  1 8 6 5  
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Governor Grey had d e f i ned a con f i s ca t i on l i ne vh i ch re t a i ned be t t er  

land f o r  European farm ing and le f t rough h i n t er lana and t he svamps t o  

t h e  Maor i .  M i l i tary campa igns ended i n  El tham d i s t r i c t  i n  1869 , bu t  

real peace d i d  no t come un t i l  the a r res t o f  Te Uhi t i  i n  1881  ( S tand i s h  

1984 ) . Farms and ten acre  blocks ve re  es tabl i shed on the s pu r  o f  d ry 

land be tveen the tvo svamps vh i ch vas la ter  known as Rawh i t i roa ( Every 

1 9 7  4 ) . 

Al t hough a fev Europeans a r r i ved from the south  abou t  1 8 70 , i t  vas 

1884 be fore  s e t t lers  began to  a r r i ve in numbers . The whole  area vas 

densely vooded vi t h  excel len t s t ands of t ree ra ta  and podocarps  

par t i cularly  kah i ka t ea . Hear tvood of  ma ta i  vas used for  s leepers on 

t he ra i lvay . Al though dai ry farm i ng vas developing , savm i l l s  were  very 

i mpo r t an t and prov ided the essen t i al cash f low . Bu t t e r  box manufac tur i ng 

prov ided an indus t ry un t i l  supp l i es of kah i ka t ea were exhaus t ed i n  

1 9 1 3 . M i l l i ng f inally ceased i n  1 9 7 5  vhen t here vas n o  mo re  l ocal t i mber 

( S t and i s h  1984 ) . 

1 . 9 . 4  The Se t t lemen t o f  Varea : On the ves t coas t a t  Varea , des p i te  i t s 

prox i m i ty  t o  the o r i g i nal  se t t lemen t of  Nev Plymou t h  and s u i t ab i l i ty o f  

the  land for  farmi ng , t he deeply roo ted fee l i ng f o r  the  land o f  t h e  

re turn ing Taranaki t r i bes de layed se t t lement  f o r  many yea rs . The 

m i s s i onary Riemenschne ider  s e t  up  h i s  s ta t i on in  1 846 and nego t i a t i ons  

for  land  were  f i rs t  d i s cussed i n  1852 , bu t i t  was no t  un t i l  1881  tha t 

the  area vas peaceful  enough for  s e t t lemen t ( Day 1984 ) . I n  1888 a f lax 

m i l l  on  S tent  Road began ope r a t ing and l a t e r  t here were tvo o t hers . 

Se t t leme n t  vas no t  con f i ned to  t he  coas tal  p la i n . Farms vere also  opened 

up  i nland of the  Ma i n  Sou t h  Road vhi ch was at that t i me in "heavy bus h "  
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( Day 1984 ) . 

1 . 9 . 5  European De fores t a t i on :  All accoun t s  o f  European se t t lemen t have 

t he common fac tors  of explo i t ing the  n a t u ral resources  ( t i mber or  flax ) 

and des t ru c t i on o f  t he fores t .  On the wes t coas t t h i s  had s ome 

d i sas t rous resul t s .  Burges s , i n a paper w r i t ten i n  1901 s t a t ed tha t 

abou t 2 2  years p rev i ously , i n fores t c lear ings  Maoris  grew melons , 

ma i z e ,  t obacco , kumaras and o ther  t ender p lan t s , wh i le i n  abandoned 

c lear ings o ld bu t heal thy peach t rees flouri s hed . New set t lers  supposed 

that  the c l i ma t e  su i t ed t hese c rops  bu t removal of  the fores t and t he 

she l t er i t  had p rovi ded meant  exposure t o  gales and sal t laden w ind s . 

Heaphy had ear l ier  adv i sed " . . .  i t  would , however , be a ma t t er o f  

p rov idence i n  t he se t t le r ,  for several seasons , t o  leave a be l t  o f  

fores t round h i s  sec t i on ,  should he have chosen t o  c lear i t  near t he 

coas t " ( Heaphy 1842 ) .  Burgess s t a t ed i n  1901 " . . .  the cl i ma t e  seemed t o  

g e t  worse  every year . "  H e  wen t on to  des c r i be two severe s t o rms w h i c h  

ex t ens i vely  damaged shel ter bel t s  wh i ch had now become 

necessary . Eucalypt us , Macrocarpa and P inus rad i a ta were fe lled by 

w i nd . Only  P i nus  mar i t i ma , cabbage t ree and f lax survi ved . Thousands o f  

f ru i t  t rees  were des t royed" . " In two years peaches became ex t i nc t . "  

( Bu rgess 1901 ) ( Th i s  i s  an  early reference t o  Pinus wh i ch i s  n o t  

i nd igenous to  New Zealand . )  

1 . 9 . 6  I n t roduc t i on o f  Exo t i c  Fauna : European se t t lemen t was fol lowed 

by the  i n t roduc t i on of exo t i c  mammal s  i n t o  an env i ronmen t prev i ou s ly 

f ree o f  t hem . Farmers tended t o  l e t  ca t t le roam i n t o  the  fores t when 

f eed was s ho r t . They i n t r oduced goa t s  t o  clear rougher  land . Inev i t ably  

s ome escaped due  t o  poor  fenc i ng . Hares and rabbi t s  were  released to  
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suppl emen t t he food supply . Vi thou t na tural  preda tors  these mul t i pl i ed 

and soon c ame t o  t h rea ten ne� grass lands . S toa t s  and �easels  �ere t hen 

i n t roduced to reduce the rabbi t s  bu t t hey o f t en a t e eggs o f  g round 

nes t i ng b i rds . Acc l i ma t i sa t ion soc i e t i es �i shed to es tabl i sh a fur  

t rade and i n t roduced t he Aus t ral i an Brus h- ta i led Opossum ( T r i chosurus 

vu lpecula ) . Vh i le t hese an imals are no t a pes t  i n  t hei r o�n coun t ry due 

t o  fores t f i res  con t ro l l i ng the popula t i on , in Ne� Zealand opossums 

r a p i d ly i n creased and caused grea t damage to canop ies of na t i ve fores t 

t rees , espec i al ly t ree ra ta ( Ho�ard 1 9 66 ) . Al though the k i o re o r  

po lynes ian  r a t  Ra t tus exulans had been i n  New Zealand s i nce 1034 A . D .  

o r  ear l i e r , i t  �as the  i n t roduc t i on o f  t he s h i p  ra t Ra t t us ra t t us and 

N orway ra t Ra t tus  norvegi cus toge ther  w i t h  the house mouse Mus musculus 

t h a t  a f fec t ed the  fore s t s  by ea t i ng t ree seeds and eggs of ground 

nes t i ng b i rd s  ( Daniel  19 74 ) .  Egmon t Na t i onal Park is at presen t f ree 

o f  deer , because mos t i n t roduc t i ons  we re made i n t o  cen t ral Nor th 

I s land . Goa t s  �ere i n t roduced d i rec t ly t o  the  area i n  1 907 and 1 909 by 

f a rmers . By 1 9 30 t hey �ere causing ex t ens i ve damage w i thin  the Park and 

an annual e rad i ca t i on programme i s  s t i l l conduc ted by the N . Z . Fores t 

Serv i c e . Trapp i ng and po i soning of  opossums i s  also  necessary . S toa ts  are  

es t ab l i shed and  hares l i ve in  the tussock and  sub-alp i ne vege t a t i on . 

Hares  and rabb i t s  are not  ye t a prob lem as the i r  popula t i ons  are  s t i l l 

smal l .  Ear l i e r  t h i s  cen tury domes t i c  s t ock numbers i n  t he Park were 

h i gh due to lack of good fenc i ng ,  bu t t h i s  has now been i mproved 

( Ma�h i nney 1980 ) . 
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1 . 9 . 7  Egmon t Na t i onal  Par k :  The snow capped volcano encouraged many to 

a t t empt  t o  conquer the  peak , t he f i r s t  of  these being D ie f fenbach i n  

1 8 39 . Rou tes  t o  the summi t were explo red f rom all  s i des  and 

accommoda t i on houses soon became es tabl i s hed . As farm s e t t lemen t 

advanced closer to  the volcano the  more as tute set t lers rea l i s ed the  

neces s i ty for  con t i nued fore s t  p ro t e c t i on o f  the s lopes . Even tually 

t he volcano was p ro tec t ed by the  Egmon t Na t i onal Park Ac t o f  1 900 

( Scanlan 1961 ) .  Un t i l  t he d i scovery o f  pumi ceous lap i l l i  i n  the  f orks 

o f  l i v ing t rees , ( Burrell  in O l i ve r  193 1 )  the se t t lers con s i d e red the  

volcano to be  ex t i nc t . Al though t hey no t ed severe ear t hquakes i n  

1 8 48 , 1854 and 1855 ( �e l l s  1878 ) t hey do no t  appear t o  have as s o c i a ted 

any o f  t hese w i t h  volcan i c  ac t i v i ty . �e l l s  d i d no te that  a f t e r  the 1854 

s hock a t  8pm on January 1s t .  " a remarkable round c loud , wh i ch s en t ou t 

a long ta i l l i ke a s t reame r , hovered near the peak of  the moun t a i n " . A 

record o f  rumb l i ngs and rai n fa l l  d u r i ng the 1880s , kep t by the  

pos t -mas ter  a t  Opunake i s  quo t ed by  Nea l l  ( 1 9 7 3 )  who a t t r i bu t ed them t o  

d i s tan t  deb r i s  f lows , there  i s  now unpub l i shed evi dence t ha t  these  may 

have been h o t  pyroc las t i c  f lows or bla s t s  ( Neal l and Alloway 1986 ) .  

The tour i s t  p o t en t ial  had been appre c i a ted f rom the very f i rs t  mee t i ng 

o f  t he Park Board  i n  1900 ( Scanlan 1961 ) , but  i t  was n o t  un t i l  the  

erup t i on of  Moun t S t . Helens  i n  �as h i ng t on S ta t e ,  U . S . A .  in  1980 tha t 

s e r i ous cons i dera t i on has been g i ven to volcan ic  hazards  as s o c i a t ed 

w i th the volcano . A s cena r i o  o f  the  pos s i ble e f fects  f rom an erup t i on 

o f  Moun t Egmon t has been made by Neal l  ( i n l i t t . 1981 c ) . 
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1 . 10 PALYNOLOGY 

1 . 10 . 1  H i s t o r i cal : Ana lys i s  o f  fos s i l  pol len i n  pea t depos i t s s t emmed 

f rom early research in  Sweden t ha t  related changes in pea t macro foss i ls 

t o  changes i n  c l ima t e . Abou t t he turn of  the  cen tu ry von Pos t rea l i s e d  

t ha t  percen t age da t a  wou ld g i ve a much be t t er  representa t ion  o f  f o s s i l  

s i t es t han raw coun t s  o f  pol len , bu t  t h i s  work was no t publ i shed i n  

Engl i sh un t i l  1944 . The f ound a t ions o f  po l len mo r phology we re l a i d  by 

Wodehouse ( 1 934 )  and E rd t man ( 1 95 2 ) . Th i s  was followed l a t e r  by t he 

s t andard work  on ex t rac t i on t echni ques , nomen c la t ure and i n t er p re t a t i on 

by Faeg r i  and I versen ( 1 9 7 5 ) . The pollen  a t las for t he New Zealand 

f lora  i s  s t i l l in  prepara t ion ( Moar 1981 ) , bu t  Cranwell has desc r i bed 

t he s ou t hern beeches ( No tho fagus ) , t he Podocarpaceae and t he New Zealand 

monoco tyledons ( 1 939 , 1940 , 1 953 ) . She also p roduced a key to t he New 

Zealand pol len t axa bu t t h i s  is no t now used ( Cranwell 1942 ) .  More  

d e t a i led s t udies  o f  No t hofagus have been made by Har ris  ( 1 956a & b )  and 

of t he Podocarpaceae , Phyl locladus , Aga t h i s  and Li boced rus by Pockn a l l  

( 1 981a , b , c ) . Po l len o f  d i co ty ledons s o  fa r  descr ibed inc lude  t he 

Hyd roco tyle and Cal l i t r i che genera ( Moar 1960a & b ) , t he My r t aceae  

( Mc ln tyre  1963 ) ,  the  Epac r i daceae ( McGlone 1 9 7 8a & b )  and t he roo t 

paras i te Dac tylan t hus  ( MacPha i l  and M i ldenhal l 1980 ) . The spores  o f  t he  

New Zealand P t e r idophy ta  have been exami ned by  Ha rr is  ( 1 955 ) . 
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1 . 10 . 2  Developmen t o f  Techn ique . 

1 . 10 . 2 . 1 Represen t a t ion o f  Vege t a t i on : Early palynological s t ud i es 

were conduc ted pr i ma r i ly f rom a geo log i cal  v i ewpo in t  to  def ine  the  

chronology o f  c l i ma t i c  change . Deve lopmen t o f  Qua t e rnary palynology in  

t he B r i t i sh I s les  f rom the  early 1920 ' s  t o  1967  has  been recoun t ed by  

Godwi n  ( 1 968 ) . Th i s  covered t he many d i verse f i elds  in  wh i ch pol len 

ana lys i s  had been appl i ed dur ing that  p e r i od . Si nce tha t t ime many 

advances in t he bas i c  analy t i cal p rocedures have been made as new 

t echnology became ava i lable . A common assump t i on that  the propor t i on 

o f  foss i l  pol len had a d i re c t  relat ionsh i p  w i th  t he same taxa i n  the  

f i eld  began to  be  ques t i oned by  Dav i s  and Good le t t ( 1 960 ) . So Dav i s  

( 1963 ) def ined an R fac t o r  wh i ch rel a t ed t hese two values based on 

s t ud i es  of pol len rain and f i eld vege t a t i on .  The val i d i ty  of t he R 

fac t o r  was f i rs t  examined i n  New Zealand by Pocknall  ( 1 978 ) , who found 

t h a t  when modern  pol len ra in  f rom s i x  local i t i es near Har i har i , Sou t h  

Wes t land was exami ned , t he ex t reme values o f  some genera made t he 

concep t  d i f f i cul t t o  apply . For examp le R values for  Cop rosma were  found 

to range f rom 2 . 4  t o  2 10 ( Table l ) . He also found t ha t  prox i m i ty  � f  

o t her  t rees and vege t a t ion  s t ruc ture i n f luenced R values o f  r i mu . Unde r  

a c losed canopy where a i r  c i rcula t i on was reduced pollen falls  close  t o  

t he t ree . Under these cond i t i ons r i mu i s  over represen ted and h a s  a n  R 

value o f  1 . 9 . A t  s i t es where logging had opened u p  t he canopy or graz i ng 

by goa ts  has removed t he under s t ory the R values we re 0 . 7  i nd i ca t i ng 

under-represen t a t i on . I t  appears however ,  tha t t he concep t may have some 

relevance when the vege t a t i onal data are col lec ted f rom a very large 

a rea as was found in  eas t ern Canada ( Liv ings tone  1968 ) and in  M i ch igan 

( Thompson Webb I I I  197 4 ) . 
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1 . 10 . 2 . 2  Da t a  Ana lys i s : V i t h  conven t i onal  samp l i ng me t hods t he 

poss i b i l i t y  o f  s ta t i s i ca l  e r rors has been cons i d e red by Faegr i  and 

O t tes tad ( 1 948 ) and t hey recommended t he re t en t i on of  the en t i re sample  

column s o  that  re-samp l i ng o f  a monol i t h is  poss ib le  i f  a check i s  

requi red . Judgi ng t h e  s ign i f i cance o f  change i n  t axa f rom one sample  t o  

ano ther had been ra t he r  subj e c t i ve ,  bu t a s ta t i s t i cal  me t hod h a s  been 

d e r i ved by Mos i mann ( 1 965 ) wh i ch compares  t he s ign i f i cance  o f  

pe rcen t age values i n  adj acen t samples w i t h i n  p re-s e t  con f i dence 

l i mi t s ; overlap be tween t hese con f i dence l i m i t s  i n d i ca t es that  t axa  have 

come f rom the same popula t i on . S ign i f i can t d i f f erences in pollen  t axa 

percen t ages can nov be obj ec t i vely i den t i f i ed .  Compu ter t echno l ogy has 

made hand l i ng of large amoun t s  of da t a  poss i bl e .  Compu ter  p r og rams 

comp i led in Aus t ra l i a  cover pol len analys i s  ( Da l e  and Valker 1 9 7 0 ) , a 

r e t r i eval sys t em based on pollen gra i n  mor phology ( Dodson 1 9 7 2 ) and 

compar i son  of pro f i les  f rom d i f feren t sampl i ng co res ( Ra i ne 1 9 74 ) .  

S pec i f i c  analys i s  p roblems such as the  eco logi cal s i gni f i cance o f  

recur ren t groups o f  po l len and spores in  Qua t e rnary New Zealand samples  

can nov be  s t ud i ed ( Ha r r i s  and Nor r i s  197 1 ) . 

1 . 10 . 2 . 3  Abso lu t e  Pol l en Coun t s :  The d i sadvan t age o f  per cen t age d a t a  

i s  t he complemen t ary r i se  and fall o f  t axa , a  problem tha t c a n  b e  

overcome only b y  us i ng "absolu te"  pol len coun t s  wh i ch gene ra te  a large 

amoun t of da ta . The accuracy o f  the  t e rm " absolu t e "  i s  d i s pu t ed by 

Col i nvaux ( 1 978 ) and t he term concen t ra t i on i s  more accura te . As early 

as 1962  i t  vas s ugge s t ed that  the add i t i on  o f  a known quan t i ty o f  

exo t i c pol l en t o  a measured amoun t of  sample  would produce a r a t i o t ha t  

could be  rela ted  t o  t he ac tual number o f  pollen g r a i ns ( Benn i ngho f f  

1 962 ) . Tabl e t s  con t a i n i ng a s pec i f ied number o f  Lycopod i um c lava t um 
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s po r es wi t h i n  s ta t i s t i ca l  l i mi t s  were produced for  this  t e chnique  i n  

Sweden ( S t o ckmarr  197 1 ) .  A Lycopod ium s pores  t echn i que has been used 

to  e s t ima t e t he dura t i on  of  shor t t e rm vol can i c  erup t i ons  of  Moun t 

Mazama i n  the  Cascade Range , U . S . A .  ( Mehr inger  e t  a l  1 9 7 7 ) .  Ano t h e r  

ver s i on o f  t h i s  me t hod used a suspens i on o f  f resh Nyasa  sylva t i c a  

pol l en i n  glycer ine , t he  concen t ra t ion  be i ng de termi ned by a 

haemacy tome t er . A known amoun t o f  the suspens i on was then added t o  a 

known amoun t o f  the sample ( Ma t thews 1969 ) . An a l t erna t i ve approach i s  

t o  s us pend t he en t i re sample i n  a known vo lume o f  l i qu i d  f rom wh i ch 

accura tely measured a l iquo t s  can be p laced on a s l ide  and the  en t i re 

s l i de coun t ed . Th i s  procedure i s  repea ted and the mean number o f  each  

pol len t y pe per s l ide  calculated . Con f i dence l i mi t s  can t hen be s e t  

( Dav i s  1 9 66 ) . Jorgensen ( 1 967 ) coun ted a l l  t h e  pol len i n  very sma l l  

w e ighed a l iquo t s  o f  t he sample to  ob t a i n  h i s  absolu te  p o l l en 

coun t s . Comb i n i ng concen t ra t ion da ta  ( grai n s / cm 3 ) wi th t he ra t e  o f  

depos i t i on g ives a sed i men ta t i on ra te  ( g r / cm 2 /yr ) for pol len now 

d efr i bed  as " i n f lux " ( B i rks and B i rks 1980 , Dav i s  1 969 ) . Th i s  me t hod 
A 

has  been w idely used i n  the  s t udy o f  lake sed imen t s . 

1 . 10 . 3  P roblems . 

1 . 10 . 3 . 1  Di f feren t i a l  P reserva t i on :  The chem i cal compos i t i on o f  

s poropollenin  whi c h  forms the h igh ly res i s t an t  exine o f  pol len g ra i ns 

and a l l ows t he i r  p reserva t i on as fos s i ls was e luc ida ted by Shaiv ( 1 9 7 1 ) .  

I t  i s  now known to  be a complex polymer o f  caro t eno ids and caro t eno id  

es ters . M i c roscop i c  and  chemi cal s tud i es of  the  ex ine have  a l s o  

i nd i ca t ed t h e  local i t i es  and roles o f  enzymes l ocated wi t h i n  t h e  ex i ne 

( He s l op-Ha r r i son 1 9 7 6 ) .  Pollen analys t s  recogn ise tha t d i f fe ren t ia l  
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preserva t ion o f  pol len t axa can in f luence the  val i d i ty o f  resul t s .  

Research on the  preserva t i on qual i t i es  o f  Populus , Pinus and � 

( Sangs ter  and Dale  196 1 ) , the rela t i onsh i p  be tween amoun t o f  

s poropollen i n  and degree o f  corros i on ( Havinga 1964 ) and c lass i f i ca t i on 

o f  types o f  co r ros ion ( Cush ing 196 7 ) have all con t r i bu t ed t o  t he  

unders tand i ng o f  t h i s  problem . 

1 . 10 . 3 . 2  D i spersal : Ac t ual  d i spersal rou t e s  of  pollen wi t h i n  a fores t 

have been i nves t iga ted by Tauber ( 1 965 , 1 967 ) . He sugges t ed t h a t  

d i s persal  wou ld t ake place through t h e  t runk s pace a s  wel l  as above t h e  

canopy and f i nally s ome would b e  brough t down by ra i n . Vege t a t i on would 

a c t as a d i f fe ren t i al f i l t er  and pol len and spores above the canopy 

could  be en t ra i ned i n  t hermals  and car r i ed t o  great heigh t s  and over 

l ong d i s t ances . 

1 . 10 . 4  New Zealand Palynology . 

1 . 10 . 4 . 1 Long D i s t ance Transpo r t : The i s o la t i on of New Zealand and i t s 

d i s t i n c t  f lora  have enabled long d i s t ance t rans por t o f  pol len to  be 

i den t i f i ed . Modern No t ho fagus pol len f rom t he Sou th Is land o f  New 

Zealand has been recorded on S t ewar t  I s land (Pocknall 1982a ) where t h i s  

genus does no t a t  presen t grow . No thofagus , Podocarpus and Phy l loc ladus 

were f ound i n  mos s  pol s ters  on Cha t ham I s lands , 700km from the  neares t 

source ( Dodson 1 9 76 ) . As car ina pol len wh i ch i s  con f i ned ch i e f ly t o  t he 

wes t coas t o f  t he  Sou t h  I s land and Coromandel  Pen insula in  t he Nor t h  

I s l and has been i den t i f i ed i n  La te  Ple i s t ocene depos i t s  on the  Cha t ham 

I s l ands ( M i ldenhall  1 9 7 6 ) . New Zealand pol lens have also been found on 

An t i podes I s lands ( Moar 1969a ) and on Macqua r i e  Is land ( Salas 198 3 ) . In 
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t he reverse  d i rec t ion pollen of  Acac i a  �h i ch i s  no t i ndigenous t o  New 

Zealand has been iden t i f i ed in P l i o-Ple i s t ocene depos i t s in t he  

Pohang ina Val ley , Nor t h  I s land ( M i ldenhall  

t hought  to  have come f rom Aus t ra l i a  has 

1 9 7 2 ) .  Casua r i na pollen 

been found i n  snow on t he 

Tasman Glac i e r  ( Moar 1969b ) . Lake muds on the wes t  coas t o f  the  Sou t h  

I s land a lso  con tain  Aus t ra l i an pol len ( MacPha i l  197 9 ) . Speci f i c  s t ud i es 

o f  No tho f agus pol len d i s persal  have been made by Mye rs ( 1 9 7 3 ) who found 

t h a t  t h i s  po llen was s t i l l  an impo r tant  componen t  of the spe c t rum even 

when the source was 60km d i s tan t .  

1 . 10 . 4 . 2  Modern Pollen Rain : Marked d i f fe rences be t�een insec t and 

� i nd  d i s pe rs ed pollen �ere found in modern pollen rain colle c t ed a t  

t hree  Sou t h  I s land local i t i es ( Moar 1970) . Up�ard d ri f t  o f  pol l en f rom 

l ower  to h i gher a l t i t udes �hich  had been no ted earl ier ( Moar 1967 ) ,  �as 

con f i rmed in t h i s  s t udy and that  by Pocknal l  ( 1 982 b ) . At Lady Lake i n  

nor th Y�s t land ( Pockna l l  1980 ) compared pol len spec t ra f rom mos s  

po l s ters and lake sed i men t s  �i t h  local vege t a t i on . Kamah i , kah i ka t ea and 

Cyperaceae �ere found to be under- represen ted t hough mos t t ree t axa  

were  we l l  represen ted . H igh values o f  Cya t hea s pores  in the  lake 

sed imen t s  �ere a t t r i b u t ed to  remob i l i s a t i on . Over  represen t a t ion o f  t he 

l i anes , Me t ros i deros per forata  and M . d i f fusa �as  due  to  t he i r  lo� ra t i ng 

on basa l  a rea ( Pocknal l  1980 ) . Tree ra ta  Me t ros i de ros robus t a  and kamah i 

ho�eve r , �ere bo th  under represen ted i n  fores t s  �here they �ere domi nan t 

( Moar 1 9 70 ) . Yi t h i n  Egmon t Na t i onal Pa rk , McGlone ( 1 982 ) exami ned 

modern pol len ra in  us i ng moss pol s t ers f rom Ahukawakawa s�amp and 

Po taema bog , also record i ng the local vege t a t i on in  great  de t a i l . A 

s ummary o f  the  ecology and pollen represen t a t i on of over 1 50 pol l en 

t axa has also  been made based on a �ide rang i ng revi e� o f  Ne� Zealand 



Cenozo i c  d a t a  ( MacPha i l  and McQueen 1983 ) .  

1 . 10 . 4 . 3  I nd i ca t o r  Spec i es : The pol len o f  some s peci es have par t i cular  

value  as c l i ma t i c  o r  assoc i a t i on ind i ca tors . The presen t  d i s t r i bu t i on of  

Asca r i na luc i da s ugges t s  that  i t  i s  suscep t i ble to d rough t s  and 

f ros t s . In modern pol len s i tes  where t h i s  s pec i es could be expec t ed to 

grow i t  is p resen t as  only < 1% of t he t o tal  pol len . The decl ine o f  

t h i s  po ll en be tween 5000-2000 yrs  B . P . w i th  a b r i e f  resurgence be tween 

3400- 1800 y r s  B . P . shown i n  pol len d iagrams has been i n t e r pre ted as  a 

c l i ma t i c  d e t e r i o r a t i on fol lowed by an i n t e r lude of  more equable c l i ma t e  

( McGlone and Moar 197 7 ) . Dac tylan t hus can con f i rm the p resence o f  

several d i f feren t hos t plan t s  ( MacPha i l  and M i ldenhal l  1980 ) . A t presen t 

no assoc i a t i ons o f  pol len and s po res have been es t abl i shed wh i ch w i l l  

i nd i ca t e  the  presence o f  t awa Be i l s chme i d i a  t awa ( a  very poor pollen  

p roduce r )  the  pol l en o f  wh i ch i s  se ldom found ( MacPhai l 1980 ) . 

1 . 10 . 4 . 4  

pea t s  was 

�Q�u_a�t_e_r_n�a_rLy--�S�t�u�d_i�e�s_: The f i r s t  New Zealand po l len analys i s  o f  

made a t  Sou t h  I s land s i t es ( Cranwell  and von Pos t  

1936 ) . Al t hough some s tud ies  were made o f  pea t resources ( Moar 

1952 , 1 953 , 1954 ) t he  nex t i nves t iga t ions wh i ch had a palaeocl ima t i c  b i as 

and sough t to  e s t ab l i s h  a La te  Qua ternary chronology for  New Zealand 

we re made by ( Moar  and Gage 197 3 , Sugga te  and Moar 1970 , 1974 , Moar and 

Sugg a t e  1 9 7 3 , 197 9 ) . Mo re recen t ly bogs in coas tal  Sou t hland ( McGlone 

1980 ) and in  the Longwood Range ( McGlone and Ba t hga te 1983 ) have 

con t r i bu t ed to  the knowledge of the Holocene pe r i od . I n t he cen t ral  

Nor th I s l and the  la t e  Qua t ernary palaeoc l i ma t i c  record has  now been 

eluc ida ted  ( McGlone 197 3 , McGlone and Topp ing 197 7 , McGlone e t  al 

1 9 78 , McGlone and Topp ing 1983 ) .  S i tes i n  t h i s  area con ta in  da t ed 



t eph ras wh i ch have prov ided valuable marker beds ( t i me planes ) f o r  

these s tud i es . The  mos t recen t ly des c r i bed s i tes are i n  t he  Bay o f  

Plenty  and G i sbo rne regi ons ( McGlone e t  al  1984a )  and a coas t al s i t e 

near Inaha in  sou thern Taranaki , where palynologi cal changes over  t he 

las t 100 , 000 years are  recorded in a con t i nuous 38m 

sec t i on of  coas ta l  c l i f f  ( McGlone et al 1984b ) .  

s t r a t igraph i c  

Po l len and 

s t ra t igraphi c  ev i dence ex i s t s  in  New Zealand for a per i od of rap i d  

wa rming abou t 1 4 , 500 yrs B . P . con t i nu i ng t o  t he presen t . Th i s  t i me 

i n t erval has been named the  Aranu ian by Sugga te  ( 1 958 ) . I t  i s  no t 

equ i valen t t o  t he t erms " po s t -glac i a l "  and "Holocene'' as  used i n  t he 

no r thern hem i s phere for  the per i od from 1 0 , 000 yrs B . P .  un t i l  t he 

presen t day . Vege t a t i on change due to  Holo cene c l i ma t i c  changes have 

been inc luded in ( 1 . 4 . 1 ) .  

1 . 10 . 5  So i l  Palyno l ogy: The po t en t ial  for  pol len analys i s  o f  moro id  

s o i ls was f i r s t  recogni sed by I versen ( 1 964 ) and a pol len d i ag ram f rom 

a mor fo res t so i l  a t  Man t i ngerbos , Dren the , i n the Ne the r lands was la ter  

recorded by  S to ckmar r  ( 1 9 7 5 ) . Al t hough t he  t echni que is  now w i d e ly used 

in many coun t r i es because i t  g i ves a grea ter  f l exi b i l i ty in the choi ce 

of  s i t es , i t  has been c r i t i c i sed by more t rad i t i onal analys t s  ( Di mbleby 

1 985 ) . These c r i t i c i sms were f i r s t  d i s cussed by Dimbleby ( 1 957 ) and much 

la ter  by Hav i nga ( 1 9 74 ) . 

The problems are ; f i rs t ly the  pos s i ble  ox ida t i on o f  pol len ex i nes 

and d i f feren t i a l  p reserva t i on wh i ch was found t o  be rela t ed to t he 

amoun t o f  s po ropollen i n  presen t i n  t he  exine ( Havinga 1964 ) . Second ly 

t he downwash  of  pollen , d i s cussed by D imbleby ( 1 96la  and b )  who found 

tha t  poll en in s o i l  was held in organ i c  aggrega tes  wh i ch s omewha t  



mi t i ga t ed the e f fec t o f  downwash . Also he found no evidence t o  s how t ha t 

s ma l ler  pol len types were f ound lower down the  p ro f i le . Th i rdly the lack  

o f  s t ra t i f i ca t i on . I t  has been  s t a t ed tha t due  to  t he con t i nu i ng na t ure  

o f  d ownwas h  mos t o f  t he older pol len i s  lower down the pro f i le wh i le 

the  bulk o f  the recen t po l len i s  in  the top 40mm . The peak abundance 

of  pollen o f  i n t e rmed i a t e  age l i es be tween these two levels when t he 

d a t a  i s  based on absol u t e  pol len coun t s . ( D i mbleby 1985 ) . Thus a l t hough 

t he s t ra t i f i c a t i o n  i s  c rude i t  does exi s t  and i s  capable o f  

i n t erpre t a t i on a t  a general  level ( Dimbleby 1 9 6 1 a  and b ) . Fou r t h ly t he 

m i x i ng o f  the pollen by s o i l  fauna . Th is  i s  eas i ly iden t i f i able  by t he 

lack o f  any pa t tern  i n  t he so il  pro f i le . Ea r t hwo rms and some m i l l i pedes  

a re  the ma i n  agen t s  of  s o i l  mix ing bu t they are inhibi ted by low pH  

values ( pH 4 . 5 ) wh i ch favour the preserva t i on o f  pol len . Cons iderable  

po ten t i a l  exi s t s for  pol l en analys i s  o f  podocarp  fores t s o i ls i n  New 

Zealand because t hese  fores ts  produce mo r o i d  pro f i les ( i . e .  t hose  

hav i ng organ i c  ma t t e r  t h a t  i s  prac t i cally unmi xed w i t h  m i neral  s o i l )  

Tay lor and Pohlen 1 9 79 ) . 
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CHAPTER 2 

OBJ ECTIVES , METHODS AND PROBLEMS .  

2 . 1 OBJECTIVES 

The a i m  of t h i s  s t udy was to  iden t i fy and exp l a i n  changes i n  t he 

vege t a t i o n  compos i t ion o f  Taranaki ove r the las t 5000 years . I t  was 

an t i c i pa t e d  t ha t t hese changes would involve c l i ma t i c change , vo l c an i c  

ac t i on , Maori  occupa t i on and European se t t lemen t . 

2 . 2  METHODS 

2 . 2 . 1  Selec t i on o f  S i tes : Da ted tephras and lahars o f  the las t 5000 

years  are  ma i n ly con f i ned t o  an arc no r t h of a l i ne  drawn f rom Opunake 

i n  t he wes t ( NZMS 1 N 1 1 8 /455435)  t o  E l t ham i n  t he sou t heas t 

( N 1 1 9 /869468 ) . Sampling was t he re fore res t r i c ted t o  t h i s  a rea . Core s i tes  

s ampled  i ncluded bogs , swamps , puka tea/mai re swamp fores t s ,  kah i ka tea  and 

podo c a r p / broad lea f fores t s . Bur i ed so i l s  be tween t ephr i c  and lah a r i c  

l ayers  were s ampled i n  exposures on roads ides and a farm dra i n .  

2 . 2 . 2  Collec t i on o f  Cores : A one me t re leng t h  o f  r i g i d  PVC tub ing  o f  

SOmm d i ame t e r  was hammered i n t o t he depos i t  t o  max i mum d e p t h  and t hen  

re t r i eved  by  excava t i on o f  t he surround i ng ma t e r ial ; t he bas e o f  t he 

t u be be i ng covered w i th  plas t i c  f i lm as soon as i t  was acces s i ble . The  

e n t i re t ube and  con ten t s  were  then wrapped i n  p las t i c  f i lm to  p reven t 

con t am i n a t i o n  and des i c ca t i on . To remove t he core , t he tube was p laced 

in a f reezer  overn igh t  and t hen allowed t o  t haw for  abo u t  two hours . A 



dev i c e  wh i ch included a close f i t t ing rubber bung was used t o  push t he 

par t ly f rozen core o u t  and on to  a hal f  round tube . Ano ther  hal f round 

tube was p laced over  the core and the core was then s p l i t i n  ha l f  

long i t ud i na l ly w i t h  a long shee t o f  s ta i nless  s t eel . Exposures  were  

sampled by remov ing a ser ies  o f  channel samples , usua l ly of  SOmm 

ver t i cal  leng t h ; these  were then s t ored i n  glass  v i als . Each s i t e i s  

iden t i f i ed by year and number  o f  the core  col lec ted i n  tha t yea r . 

2 . 2 . 3  I den t i f i ca t i on of Tephras : F reshly c u t  sur faces o f  cores  wer e  

closely examined and a desc r i p t ion o f  t he s t rat igraph i c  d e t a i l s  

reco rded . I f  con f i rma t i on o f  a t ephra layer was requi red the f o l lowi ng 

me t hod was used . Hyd rogen peroxide was added s l owly to  abou t 1 0cm 3 o f  

the  depos i t on a warm wa terba th , capryl a l cohol be i ng added t o  con t ro l  

foam i ng . Th i s  was repea ted un t i l  a l l  organ i c  ma ter ial was removed . 

The tephra  could then  be exami ned unde r  a m i c roscope and the m i neralogy 

d e t e rm i ned to ass i s t  iden t i f i ca t ion . In those cases where a prec i se 

i den t i f i c a t ion could not  be g i ven , wood or  peat  samples were t aken f o r  

rad i ocarbon da t i ng . I t  was then pos s i ble  t o  correlate  a t e p h r a  w i t h  a 

known da t ed depos i t . Use was made o f  sample bulk dens i ty da ta  when t he 

presence o f  tephra  was suspec ted bu t could no t  be seen macros cop i cal ly 

in the  s t ra t igraph i c  column . 

2 . 2 . 4  Sampl i ng Procedures : Af ter  examina t i o n , one hal f  of  the  core  was 

resealed in plas t i c  f i lm and s tored for r e fe rence . Samp les f rom the  c o re 

cen t re were removed a t  every o ther lOmm . Re presen tat i ve samples were 

t aken f rom the channel samples . Su f f i c i en t  ma ter ial  was  t aken t o  hal f  

f i l l a s poon o f  known vo lume ( 1 . 25ml ) ; every e f f o r t  was made t o  pack t o  

a cons i s ten t s tanda rd . In  homogeneous mat e r i al the d ry we i gh t s  o f  
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s amples o b t a i ned by t h i s  me thod were  remarkably close . �hen t ephra  was 

p resen t ,  d ry weights  var i ed cons iderably bu t o f ten showed cons i s ten t 

change wi t h  d e p t h . Pure tephra was no t sampled . Samples o f  known volume 

were  placed in a weighed beaker , d r i ed overn igh t  at 100 °C  and then 

r e -weighed . 

2 . 2 . 5  Proces s i ng of  Samples : F i ve S tockmar r  Lycopodium t able t s #  were 

added to  each sample t oge ther wi th  1 -2ml of  10% HCl to  release the 

s pores . The samples  were t hen cen t r i fuged , r insed and cen t r i f uged aga i n . 

The s tandard  procedures o f  Faegr i  and Ive rsen ( 1 9 7 5 )  were t hen  used : 

a )  5mls o f  10 % KOH for 1 0  m i nu tes  in  a warm wa ter-ba t h . 

b )  Hydo f luor i c  ac i d  in  "Tr i por " beakers on a warm wa t er-ba th  

for  a t  leas t 1 hour , adj us t ed accord i ng t o  sed i men t  presen t . 

c )  F loc cu lat ion  by gen t l e  warm ing i n  10% HCl . 

d )  U p  t o  2 hours ( maximum ) i n  bl each i ng reagen t ;  

( G lac ial  Ace t i c  acid , Sulphu r i c  ac i d , Sod ium Chlora t e ) . 

e )  4 m inu tes i n  ace tolys i s  reagen t i n  bo i l i ng 

wa ter-ba th  ( Ace t i c  anhyd r i de and Sulphur i c  aci d ) . 

f )  S t a i n  in Bas i c  Fuchs i n . 

Appropr ia t e  r i n s i ng procedures followe� by 

cen t r i fug i ng were car r i ed o u t  be tween s t ages . 

#Table t s  con t a i n ing Lycopod ium s pores  were ob ta ined f rom t he Depar t men t 

o f  Geology , Tornvagen 1 3 , S-2236 3 , Lund , Sweden . 

Ba t ch No : 006 7 20 10850 + 200 s pores/ table t 

Ba t ch No : 201890 1 1 300 + 400 s pores/ table t 



2 . 2 . 6  Iden t i f i ca t i on o f  Pol len : The Massey Un i vers i ty Re fe rence Po l l en 

Col l e c t i on o f  1 25  s l i des prepared i n  1980 ( Lees 198 1 )  was ex tended t o  

2 1 5  s l i des . S igni f i can t pollen gra ins wh i ch could no t b e  eas i ly 

recogn i sed f rom the collec t i on were iden t i f i ed in  consu l t a t i on wi t h  

D r . M . S . McGlone of  Bo t any D iv i s ion , D . S . I . R . , L incoln . 

2 . 2 . 7  Coun t i ng of  Pollen : A pre l i m i nary coun t of  s l i des  a t  50mm 

i n t ervals  was made , us i ng a m in imum of 300 fos s i l  pol l en grains  and 

s po res i nc lud i ng at leas t 150 f rom woody s pec ies . All Lycopod i um 

s po res observed dur i ng the coun t were recorded . S l ides  f rom 

i n t ermed i a t e  samples were coun t ed i f  add i t ional i n forma t i on was 

requi red . Al l  samples adj acent  to  t ephras were coun ted whe re poss i ble . 

2 . 2 . 8 Charcoal Abundance : All  s l ides processed we re exam ined for  

charcoa l . A gradua t ed s cale  in t he ocular was used and shards  touch i ng 

t h e  scale  were tal l i ed . The mean of  50 f i elds was used as  a measure o f  

t he amoun t o f  charcoal o n  the s l i de . 

2 . 2 . 9  Analys i s  o f  Da t a .  Compu ter  programs were des igned t o  cover t he 

analy s i s  o f  pollen da ta  and pollen  d i agrams . Two programs were 

compi led , the f i rs t  analysed the data  and presen t�d i t  in  a readable  

f orm for  each  o f  t h ree da ta  s e t s . Pr ogram 2 perm i t ted a cho i ce o f  d a t a  

s e t s  and p roduced t he pol len d i ag rams from t h i s  da t a .  

c a r r i ed ou t by the programs are l i s ted below . 

The procedures 
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2 . 2 . 9 . 1  P rogram 1 Analys i s  of  Pol len Da ta : 

a )  Cop i es d a t a  f i l e  and p r i n t s  ou t a s  " Pol len coun t " . 

b )  Calcula tes  t o t a l  sum a t  each dep t h  and 

percen t age for each t axon . 

+ s ign  = < 1% , *  = " Low power scan af t e r  formal coun t "  

c )  Cal c u l a t e s  percen tage of  each o f  5 l i fe forms ( Tree , Shrub , 

Fern , Herb , M i re plan t s )  and presen ts  da ta  as summary . 

d )  Calcul a t es d i f ferences be tween every t axon a t  adj acen t 

dep t h s  w i th  con f i dence level s  o f  95 and 99% . Crea t i on 

of new da t a  f i les  wi t h  selec ted depths  and /or  taxa 

g ives  a f lex ible  sys t em o f  analys is  ( Mos imann 1965 ) . 

e )  Calcula t es the same da ta  fo r grains/g d rywe i gh t  

and gra ins /cm 3 • 

f )  Each t axon has a 3 l e t ter  code p lus a s i ngle le t ter  

fo r  t he l i fe form  v i z . Kn i gh t i a  KNI T ( fo r  t ree ) . 

g )  The p rogram searches for errors  i n  da ta  input  f i le 

and repo r t s  t hese . 

2 . 2 . 9 . 2  P rogram 2 Produc t i on of Pollen D iagrams : 

a )  Checks t he ex i s tence o f  correc t data  f i les . 

b )  Asks for  user choi ces on presen t a t ion ( on sc reen , pape r , 

pe rcen t age or grains / cm3 , t i t les , references ) .  

c )  Calcula t es f rom the dep ths g iven the ver t i cal i n t e r v a l  

s cale  t o  u t i l i s e  t h e  ful l  d i sp lay space . 

d )  Calcu l a t es the  average i n terval ( i n mm ) for each sample 

and plo t s  a s tandard polygon w id th  at  the  cen t re o f  
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sample  dep t h  and labe l s  tha t  dep th . 

e )  Calcula tes  hori zo n t a l  s cales be ing used and for  

gra ins /cm 3  da ta  uses  a t r i ple s cale t o  reproduce the 

large range of  values encoun tered . The variable  scale 

is d i s p layed by dep t h  o f  shad ing and scale s t a t emen t s .  

f )  Calcula t es the s pace t aken by t he d i splay and 

adj us t s  per screen or per page . 

g )  Draws a polygon o f  approp i a t e  s i ze o r  symbo l o f  

type t o  d i s play pollen  da t a .  

h )  For percen t age d a t a  i nd i ca tes  < 1%  by a c i r c l e  

and " seen on general  s can only " by a n  " *" 

i )  I n t erpre t s  the t hree le t ter  t axon code used and 

labels each t axon a t  the top of the d i s pl ay . 

Taxon names are angled to  enable them t o  be  

read w i thout ro t a t ing  the d i agram . 

j )  Di s t i ngu i shes and labels  t rees , shrubs , ferns , 

herbs , mi re plan t s  and "others"  in  d i f fe ren t colours . 

"O thers "  inc ludes l i anes , ep i phy t es and paras i t es . 

2 . 2 . 10 Val i d i ty o f  Da t a :  Li t era ture on the recovery o f  vege t a t i on 

a f ter  an e rup t ion , par t i culary f rom M t  S t . He lens ( 1980 ) , i nd i ca t e s  t ha t  

i n i t i al recovery can be seen wi t h i n  a few weeks . Chance plays a very 

l arge par t  and i n  some a reas recovery would be comple t e  w i t h i n  a sho r t  

t i me . Sampl i ng a t  1 0mm i n t ervals in  these c i r cums t ances may we l l  be 

t oo coarse . On the o t he r  hand sampl i ng as close  as pos s i b le t o  t he 

t ephr i c  layer s  t o  o b t a i n  maximum i nforma t i on inevi tably means t h a t  s ome 

t ephra is en t rained in t he sample . 
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Four se t s  o f  da t a  were o b ta i ned f rom t he raw grai n  and Lycopod i um ,  

coun t s ; percentage , gra ins/g , gra ins / cm 3  and grains / cm 2 /y r .  Pol l en 

d i ag r ams o f  two c r i t i cal s i t es compar ing the  f i rs t  t hree d a t a  s e t s  were 

prepared , see Figs . l lB and 14E  (Al l pol len d i agrams are  bound i n  Volume 

I I ) . I t  can be s een tha t gra ins /g da ta  varies  indi rec t ly w i t h  bulk 

dens i ty values ( g/cm 3 ) and  is  t hus i n f luenced by  tephra depos i t i on and 

s ed i men t a t i on . These da ta  were there fore d i s ca rded . Values for  per cen t age 

and gra ins /cm 3  are very s i m i lar  excep t f o r  samples in whi ch po l l en 

conce n t ra t ion i s  low . Th i s  i s  the case i n  sample  6 1 5  mm i n  F i g . 14E  

( Co r i a r i a  at  Po taema Bog ) wh i ch is  in  the organ i c  l ayer be tween t he 

Bur rel l  Ash and Burre l l  Lap i l l i . Table I shows values o f  

percen t ages , grains/cm 3 , t o t a l  concen t ra t i on and in f lux da t a  for Co r i a r i a  

a t  Po t aema Bog . 
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TABLE I 

Dep th % 

mm 

1 5  2 . 1  

9 5  2 . 3  

1 55 1 . 2  

1 75 4 . 7  

1 95 3 . 0  

2 55  + 

295  8 . 2  

3 1 5  1 2 . 5  

6 1 5  1 2 . 3  

7 15 3 . 4  

7 35 2 . 6  

755  1 . 1  

7 7 5  + 

COMPARI SON OF  DATA FOR CORIARIA AT POTAEMA BOG 

Cor i a r i a  To tal  

g r / c m 3  gr/cm 3 

3 287  155050 

3 76 7  160890 

2 4 1 1  208523  

3626  77 190 

2590 867 74  

1 26 1  180380 

15625  190844 

1 5 7 39 1 25914 

4 7 1 7  38256 

2 7 39 797 16 

5 1 36 1 95695 

944 87804 

251  61522 

Cor i a r i a  To ta l  

g r / cm 2 /yr  gr/cm 2 /yr 

3 1 6  14908 

362 15470  

2 3 1  20050 

348 7422  

249  8343  

1 2 1  1 7 344  

1 502 18350 

n . d .  n . d .  

n . d .  n . d .  

n . d .  n . d .  

933  35580 

1 7 1  15964 

45 1 1 185 
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I t  can be seen tha t  for  samples a t  295 and 3 1 5mm , percen tage values are  

8 . 2  and  1 2 . 5  respec t i vely  bu t the grai ns /cm 3  values a re s i mi lar . In 

sample 6 1 5mm the  concen t ra t ion ( g rains / cm 3 ) i s  only a th i rd of  t ha t  in  

sample  3 1 5mm bu t the percen t age i s  1 2 . 3 . Th i s  could  be  i n t erpre t ed as  

Co r i a r i a  havi ng survi ved depos i t i on o f  t he Burrell  Ash , bu t  the sample 

at  7 1 5mm has a very low conce n t ra t ion o f  Co r ia r i a . To tal  concen t ra t i on 

values were reduced by app rox i ma t ely 50% a f ter  depos i t i on o f  t h i s  h o t  

Ash . The p robable in terpre t a t ion  i s  t h a t  su f f i c i en t  t i me elapsed f o r  an 

o rgan i c  l ayer to develop and d u r i ng t h i s  per iod Cor i a r i a  i ncreased . 

The four fold r i se i n  the percen t age of Cor i a r i a  con f i rms the p i oneer i ng 

role  o f  t h i s  plan t , when few o ther plan t s  were p resen t . The two s e t s  o f  

d a t a  complemen t each o ther . Table I I  compares i n f lux (gr /cm 2 /yr ) w i t h  

percen tage d a t a  o f  t h ree adj acen t samples . 

TABLE I I  COMPARI SON OF I NFLUX OF CORIARIA AT POTAEMA BOG 

De p t h  mm g r / cm 2 /yr Di f f erence % Di f ference 

1 5 5  2 3 1  1 . 2  

) 1 1 7  gr ) 3 . 5  % 

1 7 5  348 4 . 7  

) 99 g r  ) 1 . 7 % 

1 9 5  249 3 . 0  
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A s i m i la r  change o f  approxima t ely 100 gra i ns /cm 2 /yr causes q u i t e  

d i f fe ren t amoun t s  o f  change i n  percen t age values . I t  i s  no t pos s i b l e  

t o  ca l cula te  sed i men t ary ra tes for samples  �h i ch are � i t h in  the teph ras 

themselves or fo r  the  organ i c  layer be t�een the t�o tephras . These  

con s idera t i ons i nd i ca t ed tha t  i t  �as no t  pos s i b le to  use i n f lux da t a  i n  

t h i s  research . 

2 . 2 . 1 1 Presen t a t i on o f  Da t a :  I t  �as dec i ded t o  use gr/cm 3  d a t a  f o r  

ful l  pol len  d i ag rams because o f  t h e  add i t i onal i n forma t i on o b t a i ned 

from t he i ndependence of  t he data . Per cen t age and compara t i ve da t a  have 

been used to examine  c r i t i cal po i n t s  or s pec ial  fea tures o f  po l l en 

pro f i le s . For t hose  s i t es �here European influence i s  domi na n t 

pe rcen t age pollen d i agrams o f  to tal �oody s pec ies have been presen t ed .  

A large range o f  values i s  typ i ca l  o f  pol len concen t ra t i on d a t a . In 

t h e  d i ag rams p resen t ed here dept h of colour  i s  rela ted to  degree o f  

magn i t ude ; t h i s  h ighl igh t s  more prom i nen t t axa . S i nce in terpre t a t i on 

d e pends large ly  on changes in shape o f  

supp l i es i ns t an t  add i t ional in forma t i on 

percen t age d a t a . Because each value i s  

t axa  curves , dep th  o f  colour  

no t so read i ly ava i lable  in  

i ndependen t ,  t axa could be 

g rouped i n to ecologi ca l  communi t i tes  ( bog o r  s�amp , subal pine  s c rub and 

f o res t s ) . The  use  of d i f ferent  colour s  for  t rees and shrubs e t c 

f ac i l i t a tes r e f e rence to  that  par t i cular  g roup . 

Some depa r t u res  f rom t rad i t ional  po l len d i agrams have been 

necessary . De t a i led  descr i p t i ons of tephras  and depos i t s  coul d  no t be 

explained in a s imple  key , therefore s t ra t igraph i c  t ables have been 
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p l aced to  face  pol len d i agrams . A l e t t e r  code sys tem has been used  for  

g rea ter  c lar i ty and a l i s t  o f  all  pollen  d i agrams presen t ed for  t ha t  

s i t e i s  also  i n c luded . Pollen zones are  numbered f rom the bas e .  I n  t he 

c a l cul a t i on o f  l i fe-form data  only i nd i genous s pec ies  have been 

i n cluded . For logi s t i cal  reasons " European taxa" have been p laced t o  

t he r i gh t o f  bog o r  swamp da t a ,  a s  h a s  No tho fagus . 

2 . 2 . 1 2 Sou r ces for Maps : Me t r i c  ser ies  maps ( NZMS 260) are  p resen t ly 

avai lable f o r  wes tern Taranaki only ( P1 9  and P20 ) . The s t udy  area i s  

covered b y  four  maps o f  ser ies NZMS 1 ( N108 , 109 , 1 1 8  and 1 1 9 ) . Al l  maps 

have been based on t h i s  series  and a full  scale map ( 1 . 63 , 3 60 )  has  been 

reproduced . Al l  pollen s i tes , impo r tan t towns , roads and r i ve r s  wh i ch 

ass i s t  i n  t he  i den t i f i ca t i on o f  s i t es , and places men t i oned i n  t he 

tex t , have been i n c luded on t h i s  map ( F i g . 3 6 ) , placed in a pocke t i n  

Volume I I . Rad i ocarbon da tes ob t a i ned i n  t h i s  s t udy have me t r i c  g r i d  

references ( Table  XXXI Chap ter  4 ) . 

2 . 3  PROBLEMS ENCOUNTERED 

2 . 3 . 1  L i m i t a t i ons o f  the Sampl i ng Me t hod Due t o  w i despread 

s ed i men t a t i on o f  al luvium i n to bogs and swamps cores ex t rac ted f rom 

coas tal  s i t es d i d  n o t  ex tend as far  back i n  t i me as was expec t ed . 

Every e f fo r t  was made to  be cons i s t e n t  wi th volume measuremen t s , bu t  the  

occurrence o f  woody f ragmen t s , raupo (Typha o r ien tal i s )  l eaves and 

t ephra i n c l us i ons  made t h i s  d i f f i cu l t  at t i mes . 
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2 . 3 . 2  "Clumpi ng" o f  Pol len during Proces s i ng:  This t erm has been used 

for the  obse rved t endency of  pollen grains t o  adhere toge ther . Pollen 

gra ins were  en t ra i ned i n  a mass of  un i form brown globules , wh i ch 

appeared t o  be organ i c  i n  na ture bu t no t t o  be d i rec t ly rela ted t o  t he 

o r i g i nal organ i c  ma t te r  o f  t he sample . The following inves t iga t i on  was 

made . 

2 . 3 . 2 . 1  Iden t i f i ca t i on o f  Common Fac tors : 

a )  Clump i ng occurred in cores ex t rac ted f rom swamp 

or  kah i ka t ea fores ts . 

b )  

c )  

The presence of wea thered tephra i ncreased the degree 

of c lump i ng . 

Clumpi ng occurred a t  a s pec i f i c  process ing s t age 

when d i ssolving the fluoros i l i ca t es in warming 

Hyd rochlor i c  acid , pa r t i cularly when the t rea t men t had t o  

b e  repeated due to  t h e  large amoun t of  f luoros i l i c a t es . 

2 . 3 . 2 . 2  L i t era ture Search : I t  was hypo t he s i s ed tha t such samples  were 

l i kely to  con t a i n  large amoun t s  of  l ign in  and tha t t h i s  was be ing 

prec i pi t a ted by Hyd rochlor i c  acid . The l i tera tuce on the  chem i s t ry and 

prope r t ies  of l igni n  is ex tens ive due to  i t s impor t ance i n  the wood 

pul p  indus t ry bu t t he cons t i tu t ion of t h i s  subs tance i s  s t i l l  under 

rev i ew because i t  ex i s t s  in several forms ( F reudenberg 1 96S ) . One 

i nves t iga tor  s t a t ed that  "Over the years the te rm l ign i n  has come to 

mean d i f feren t t h i ngs to d i f feren t person s "  ( Pearl 1967 ) .  

I t  i s  known t ha t  compos i t ion o f  o r ig i na l  plan t ma t e r i a l  a f fec t s  
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o rgan i c  ma t t e r  in  a depos i t . In low moors and fores t s , l ign i n  o r  l i g n i n  

h umus and pro t e i n  predom ina te and under anaerob i c  cond i t ions  l i gn i n  i s  

d ecomposed only in  t races o r  no t a t  a l l  because of t h e  absence o f  

s pec i f i c  o rgan i sms ( Vaksman and S t evens 192 9 ) . Solu t i on o f  l i gn i n  has 

been though t t o  occur when an equ i l i b r ium be tween l i gn i n  and Hyd roxyl 

i ons ex i s t s  bu t repea t ed t rea tmen t s  w i th  ho t alkal i are neces sary t o  

ach ieve t h i s  ( Beckman e t  al 1 923 ) . Recovery o f  prev i ously  soluble  

l ign i n  has been  found d i f f i cul t i n  prac t i ce because the  very  f i ne 

par t i c les were more or les s e lec t r ical ly charged ( Br auns 1952 ) . The 

add i t i on of Hydrochlo r i c  ac id  appeared to  be rel a t ed to l i gn i n  

solubi l i ty and when i t  was added t o  d i ssolve f luoros i l i c a t e s  l i gn i n  was 

prec i p i t a ted . A fur ther comp l i c a t ion was tha t  cer t a i n  s amples  

con t a i ned ma t er i al der ived f rom andes i t i c volcan i c  ash . An amo rphous 

hydrous collo i d , al lophane , resu l t s  from wea ther ing of rhyol i t i c  or 

andes i t i c t ephras ( F i e ldes 197 9 ) . Such clays are known t o  have a very 

s t rong a f f i n i ty for  o rganic  ma t te r  and to pro t ec t i t  f rom decompos i t i on 

( Taylor and Pohlen 1 9 79 ) . 

2 . 3 . 2 . 3  Prac t i ca l  York : R . C . Val lace  of the Depar tmen t o f  So i l  S c i ence 

kindly car r i ed ou t an X- ray d i f f rac t ion ana lys i s  on a ser i es o f  s amples 

removed at  various s tages of  p roces s ing and found c lay presen t even 

af t e r  ex t ens i ve t rea tmen t w i t h  Hydrof luor i c  ac id . Inc reas i ng t h i s  

t rea tme n t  p roduced even more f luoro s i l i ca tes  and increased clump i ng o f  

pollen  a t  t he next  s t age o f  proces s i ng . A  me thod des c r i bed by Ba tes  e t  

al ( 1 9 7 8 )  f o r  c lay r i ch samples , u s i ng Sod i um pyrophos pha te to  a l t e r  

elec t r i cal  charges o f  col lo i d s  was a t temp ted , bu t was  only par t i al ly 

succes s ful . Clumps were sma l le r  but  s t i l l presen t . Ad d i t ion o f  t he  

d e t ergen t  "Pyroneg" a t  the f inal  pre-s ta in i ng s t age was almos t as 



e f fec t i ve . 

2 . 3 . 2 . 4  Solu t i on to t he Problem : I t  vas real i sed that  vi t h  the  con t rol  

e s tabl i shed by  t he add i t i on o f  a knovn quan t i ty o f  Lycopod i um s pores i t  

vas poss i bl e  t o  remove mos t of  t he t e phra f rom di f f i cul t samples by 

f requen t  r i n s i ngs  and decan t ings a t  t he KOH s t age . Thus the HF s t age d i d  

n o t  have t o  be so prolonged and t he amoun t o f  f luoros i l i ca t es t o  be 

removed could  be lovered . By t rans ferr ing  the res idue a f t e r  HF to lOOml 

beakers i t  vas poss i ble  to ach i eve good resul t s  vi t h  only one HCl 

varming . Even tually reasonable s l i des  vere produced f rom a l l  samples . The 

p roblem vas avoi ded ra ther than solved . 

2 . 3 . 3  Pos s i bl e  Con t aminat ion by Modern  Pollen : .  Alien  P i nus pol l en 

found i mmed i a t e ly above and belov Tahurangi Ash , previous ly t hough t t o  

have been e ru p t ed a bou t 200 years  ago ( Druce 1966 ) , imp l i e s  t h e  las t 

erup t i on o f  Moun t Egmon t i s  much younger .  I t  vas essen t i al there fore  

t o  ve r i fy t ha t  th is  vas foss i l  pol len and no t modern po l len f rom the  

labora t o ry . The fol loving procedure vas car r i ed out . 

1 .  F rom t he three Manganu i co res , four sma l l  samples 

vere t aken at the loves t level vhe re P inus pol len 

had previously been found . 

2 .  Each sample vas pa i red vi t h  a b lank o f  d i s t i l led va t e r . 

3 .  Comple t e  proces s i ng o f  the  s e t  o f  e igh t  tubes inc luded 

t he add i t ion o f  Lycopod i um s pores . 

4 .  F rom each sample and blank four  s l i des vere  made so that  

32  s l i des ( 1 6 core , 16 blanks ) were examined for each core . 

The en t i re s l ide  vas scanned a t  lov power . 

5 .  No P i nus pol len vas found on any blank s l i de .  



In fac t only one grain  of pol len was found on the  

t o t a l  of  48  blank s l ides . 

6 .  P i nu s  po l l en was found on a t  leas t one s l i de 

o f  t h e  samples f rom al l  three  cores . 

These res u l t s  i nd i ca t e  that  there was no con tamina t i on of  po l len o f  any 

k i nd in t he process i ng laborat ory and tha t  t he P i nus pol len in these  

cores was  foss i l  po l len . 
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CHAPTER 3 

FOSSIL  POLLEN SITES 

3 . 1 INTRODUCTION 

Th i s  chap ter  des c r i bes the loca t i on , s i t es , s t ra t i graphy , vege t a t i on 

and fos s i l  pol len s pe c t ra of  the  2 2  s i t es examined . Changes due t o  

volcan i c  a c t i v i ty a r e  di scussed i n  Chap ter  4 , an thropogen i c  ac t i v i ty i n  

Chap ter  5 a n d  c l i ma t i c  change i n  Cha p ter  

have i d en t i f i able  tephras or  laha rs . 

6 .  Four teen s i tes  sampled 

N i ne o f  these s i tes  are on t he 

eas tern s i d e  of  Moun t Egmon t ;  f i ve o f  them wi t h in Egmon t Na t ional Park 

and four  on t he r i ng plain . De t a i l s  a re g iven in  Table I l l . The f i ve 

s i tes  on t h e  wes t ern s i de o f  the  volcano , are l i s ted i n  Table  XVI I I , and 

assoc i a t ed new rad i ocarbon da t es are gi ven in Table XIX . Da t es  of a l l  

t ephras a re  given i n  Table XXXI ( Chap ter 4 ) .  The four coas tal  nor t hern  

s i tes  d id  no t  con ta in  any iden t i f i able t ephras and are  l i s t ed i n  Table 

XXV . S i t e  loca t ions are shown i n  Figs . 6 and in de t a i l  on the  large 

map F i g . 3 6  in  Volume I I . All pol l en d i agrams are presen ted  in Volume 

II t oge t h e r  wi t h  the s t ra t igraphi c  table for each s i te .  

3 . 2  EASTERN HIGH ALTITUDE SITES 

For t he t wo s i tes  above t ree- l i ne , Manganu i  bog and S t ra t ford 

Moun t a i n  Road , t he fol lowing assump t i ons have been made : 

1 .  A l l  t ree t axa pollen has been carr i ed by updraf t 

f rom  fore s t s  a t  lower al t i t udes ( 1 . 10 . 4 . 2 . ) 

2 .  Many of  the  shrub taxa i n  t he subalp ine scrub zone occur 
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FIG . 6 LOCATION OF STUDY SITES , TARANAKI , N . I . , NEV ZEALAND 
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also i n  t he fores t . Hebe odora i s  found also in t he bog 

and t ussock zones . The shrubs selec ted as represen t i ng 

the subal p i ne scrub zone are a l l  en tomophi lous and the i r  

pollen i s  l i ke ly to be of  local o r i g i n  ( 1 . 10 . 4 . 2 ) .  

3 .  Hebe pol l en i s  f rom Hebe odora g ro�ing on the bog . 

Compos i t ae pol len represen t s  Brachyglo t t i s  elaeagn i fo l i a .  

Panax group pollen i s  f rom Pseudopanax simplex . 

Gram i neae pol len i s  f rom Ch i onoch loa rubra . 

Notho fagus pol len i s  f rom a d i s t an t  source . 

A t  the  h i gh al t i tude s i t e ,  Hanganui Bog , the pollen i s  d e r i ved 

f rom three commun i t ies ; 

1 .  Loca l  pol len f rom bog vege t a t i on .  

2 .  Pol l en f rom the sur round i ng suba l p ine  s c rub . 

3 .  Fores t pol len car r i ed by updra f t  f rom lo� al t i tudes . 

The pollen s pec t rum f rom each source i s  di splayed in  a s epara t e  pollen 

d i agram 

At S t ra t ford Moun ta in  Road s i tes  the local pol len  f rom the  

sub-alp i ne s c rub  i s  presen ted f i rs t  in t he % da t a  graph , �i th the  

regi onal l o�-al t i tude pol len nex t . The  g raph for 82/4  has  been  presen ted 

i n  t�o par t s  for  easy re ference . 
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TABLE I I I  LOCATIONS AND SAMPLING DATA , EASTERN SITES 

S i te  name Code Gr i d  Re f .  Al t .  

N l 1 9  m 

Manganu i 1 8 3 1 1  6 732 14  1200 

bog 2 8 3 / 1 4  " " 

3 85/ 1  " " 

S t ra t ford  1 85/2  6846 14  1082  

Mt  . Rd .  2 8214  6846 14  1080 

Po t aema bog 83 /2  725606 6 7 5  

York bog 84/2  745644 525 

Nor folk  bog 841 1 7 35660 5 25  

Mes senger ' s  8 2 12  746675  450  

Midhurs t 1 8 2 / 7  865642 285 

Swamp 2 8 3 / 1 3  874645 285 

Ngaere  8 2 1 1 905490 2 10  

Swamp 

Ra t a p i ko 8 2 1 3  875728 180 

Swamp N109 

# C = Core  E = Exposure 

To tal  Type Da ted Tephras 

Dep t h  mm # 

570 c 

290 c 

640 c 

90 E 

2520 E 

785 c 

620 c 

600 c 

250 E 

600 c 

436 c 

690 c 

690 c 

Presen t 

TA , BL , BA .  

TA , B L .  

TA , BL , BA , NA .  

( Be low BL ) , BA .  

BL , BA , NA , K , M , I .  

BL , BA , NA .  

BL . 

BL . 

M .  

BL . 

BL . 

BL , K , M , I .  

BL , M .  

TA Tahur angi Ash BL = Bur re l l  Lap i l l i  BA Bu rrell  Ash 

NA Newal l  Ash K = Kaupokonui t ephra M Manganui  t ephra 

I I nglewood Tephra 
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3 . 2 . 1  Manganu i Bog : N 1 1 9/673214  a t  1 200m . 

Th is  s ma l l , sub-al p i ne , cush ion bog ( Ha r r i s  1968 )  l i es j us t  be low 

t he Manganui Ski  Hu t on Moun t Egmon t . I t i s  in a depres s i on on an 

exposed r i dge sur rounded by lea therwood scrub  ( t h i s  commun i ty i s  

des c r i bed w i t h  the S t ra t ford Moun t a i n  Road s i t es ) . The  bog sedge 

O reobolus pec t ina tus forms f i rm cush i ons on wh i ch grow sca t t ered plan t s  

o f  Celm i s i a  glandulosa var . la t i fo l i a ,  _H_e_b_e _____ o_d_o_r_a , Coprosma 

pumi lo , Dracophyl lum f i l i fo l i um and s parse  t u f t s  o f  Chionochloa rubra . 

Be tween t he cushions , mosses dom i na t e  wi th  Hypnum cupres s i forme , 

Poly t r i chum commune and Rhacomi t t r i um l angui nosum prominen t .  

Three cores  were collec ted . The f i n d i ng o f  P inus po l l en i n  close  

assoc ia t i on w i t h  Tahurangi Ash  in  core  83/ 1 requi red a s e cond core  for  

ver i f i ca t i on . An a t t emp t  was  made to  ge t this  in  w i n t er  bu t the bog 

was very we t and only a sho r t  core ( 8 3/ 1 4 )  was re t ri eved . Core 8 5 / 1  

was col l e c ted  t he fol lowing summer . Each s i t e  i s  d i s cussed i n  t u rn ,  t hen 

a shor t s ummary is p resen t ed for each communi ty in all  cores . 

3 . 2 . 1 . 1  Manganui 1 Core 8 3 / 1  Bo t h  Bur rell  Ash and Bur r e l l  Lap i l l i  are  

presen t and t here is  an  organ i c  layer be tween t hese two t ephras wh i ch 

i s  m i s s i ng i n  the o t her  two cores . Th i s  organ i c  l aye r ind i ca t es  

inc i p i en t pea t developmen t and  t hus a lapse  o f  t i me be tween the  

tephras . 

An i so tome , Umbe l l i ferae and Gunnera pol len r i se a t  t he t op o f  the  

p rof i l e .  A f t e r  t he Burrell  Lap i l l i , pollen o f  all  subal p i ne shrubs is  

reduced bu t soon r i ses  agai n  ( F ig . 7B ) . Tree pol len ( F i g . 7 C )  dec reases 
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f rom t hose values i n  t he  organ i c  layer be tveen t he Burrel l  Ash and 

Lapi l l i . Podocarpus hal l i i  r i ses s lovly , bu t  t ree pol len f rom lover 

a l t i t udes has  larger i n c reases in the  nex t sample a t  95mm . The re  i s  a 

decl i ne in  a l l  Podocarp po l len tovards the  top  o f  pro f i le , co inc id i ng 

v i t h  a large r i se  in  G rami neae and P te r i d i um and occurrence o f  pas tu re  

veed pol len  ( Taraxacum and Plan tago ) . P i nus pol len vas found a t  100mm 

and in a dupl i ca t e  sample at 1 10mm , j us t  above the '' pea ty ash " . 

3 . 2 . 1 . 2  Manganu i 2 Core 83/14  Tahurangi Ash  and Burre l l  Lap i l l i  a re  

the  only t ephras presen t .  

Cyperaceae pollen ( c f . Oreobolus pec t i na tus ) increases rap id ly i n  

t he upper samples o f  t h i s  pro f i le ( F i g . 1 1A ) , An i so tome also increases  

sugges t i ng t he developmen t of  a sedge cush ion at  this  s i t e .  Grami neae 

pol len does no t shov the  same large i nc rease as i n  Core 8 3 / 1 and 

P t e r i d i um decl ines a f t e r  t he Tahurangi Ash . Suba l p i ne shrub pol len s hovs 

d i f feren t recovery pa t t erns a f ter  t he Burrell  Lap i l l i . Th i s  i s  

i n te rpre t ed as the response by ind iv idual  sh rubs , vi th i n t ac t  roo t 

sys tems t o  the sudden removal o f  the canopy and 

i n tens i ty . La ter  compe t i t i on i s  i nd i ca t ed by 

h igher 

decl i ne 

l i gh t 

i n  

Hebe , Dracophyl lum , P . colensoi  and P . s i mplex pol len bu t r i ses in  Co r i a r i a  

and Compos i tae ( F ig . 8B ) . Only P . hal l i i  o f  t h e  t rees shov a r i s e  

i mmed i a t e ly a f t e r  t he Tahurangi Ash . Th i s  may be due t o  a t ephra 

f er t i l i s ing e f fec t  at  h i gh al t i tude , F ig . 2G . None of t he t ree t axa f rom 

lover a l t i tudes shov a s imi lar r i se . The re is a marked decl ine dur i ng 

European t ime in  a l l  Podocarp pol len in  t he upper par t  o f  t he spec t rum 

( Fi g . 8 C )  
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Plate  1 .  Recen t t e ph ras as f ound i n  samp l i ng core s . 



3 . 2 . 1 . 3  Manganui 3 Co re 85/ 1 Th i s  is the deepe s t  core wi t h  Newal l  Ash  

p resen t a t  the  base and  Burrell  Ash  and Burrell  Lapi l l i  abo ve , ( P l a t e  

1 ) .  

The pollen p ro f i le ind i ca t es tha t  a sedge cushion was prese n t  

above t h e  Newal l  Ash and s everal d i co t yledonous herbs were es tabl i shed  

on  the cushion a t  the t i me Burrell  Ash  was depos i t ed ( Fig . 9A ) . A f t e r  

t he depos i t ion o f  the  Newall  Ash , bo t h Hebe and Gramineae have lower 

values but soon recover . Among the  subalp i ne shrubs  

Coprosma , Hebe , Myrs i ne and Pseudopanax s i mplex pollen s how recove ry . 

Excep t i ons  to  the  general r i s ing t rend are Cor i a r i a and 

Compos i t ae . P . hall i i  also r i ses a f t e r  the  Newal l Ash , dec l i nes in s ample  

555mm and  is  very l i t t le a l t e red by  la ter  depos i t ion o f  Bur r e l l  

Lap i l l i . There i s  n o  i nd i ca t i on o f  peat forming above Bur re l l  Ash i n  

t h i s  c o r e  b u t  t h e  po l len spect rum i nd i ca t es a s i gn i f ican t dec l i ne ( P= <  

0 . 05 )  ( 1 . 10 . 3 ) o f  Cyperaceae sugge s t ing t h a t  1 70mm o f  Bur re l l A s h  ( g )  

marked ly changed the g round sur face cond i t i ons . Above the  Bu r r e l l  

Lap i l l i  a r i se  o f  An i s o t ome pol len ( also s ign i f ican t ( P  <0 . 05 ) )  

i n d i c a t e s  colon i s a t i on o f  the new sur face , fol lowed later by a s lower 

r i se of Cyperaceae , Gunne ra , Halorag i s  and Umbel l i ferae as the  s edge 

cush ion  redeve loped . Suba l p i ne s hrubs aga in  r i se after  the Bur r e l l  

Lap i l l i  and t hen show d i f f eren t ra tes  o f  dec l i ne a s  the canopy closes . 

Nearly a l l  t ree taxa are  abundan t above the Burrell  Lap i l l i  bu t dec l i ne 

t owards the  top  o f  the  p ro f i le ( F ig . 9C ) . P t e r i d i um spores are abundan t 

i n  the  pea t above t he Bur rel l  Lap i l l i  but decl ine in t he uppermos t 

s ample ; Grami neae has a s i m i lar  curve . These changes co i nc i d e  w i t h  t he 

f i r s t  a ppearance o f  pas t u re weed pol len . P i nus pol len occurs in  t he 

pea t below the Tahurangi Ash i n  t h i s  core . 
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3 . 2 . 1 . 4  Bog Communi ty The s t ra t igraphy o f  a l l  t hree cores i s  plo t t ed  

i n  Fig . 10 ( To t al pol len  grains / cm 3 )  wi th t he  top  o f  t he  Burrell  Lap i l l i  

a s  t he base correla t i on l i ne . The dep t h  o f  any one tephra var ies  f rom  

s i t e to  s i te and  core 85/ 1 has  a grea ter  number o f  pol len gra ins /cm 3 i n  

mos t s amples than e i ther  o f  the o ther two co res . Var i a t ion i n  t h e  

t h ree pol len pro f i le s  could b e  explai ned b y  d i f ferences i n  t h e  

s i tes . The h igh values o f  Cyperaceae and d i co t yledonous herbs a t  t h e  

base o f  prof i le 8 5 / 1  ( F ig . 1 1 A )  sugges ts  t h a t  t h i s  s i te was a s edge 

cus h i o n  except for  a b r i e f  t i me a f ter the depos i t i on o f  t he Bur r e l l  Ash 

and Lapi l l i  wh i ch t oge ther t o t al 420mm in t h i ckness . Vhen t h e  

Tahurangi  Ash was depos i t ed core 8 3 / 1  was in a t rans i t ion s t age be tween 

mossy pool and sedge cush ion and the ash mixed w i th  the moss t o  form 

" pea t y  ash " , S i te  8 3 1 1 4  rece ived 55mm of  t h i s  t ephra depos i t ed i n t o  a 

pool , on  which  a sedge cushion la te r developed . 

3 . 2 . 1 . 5  Subalpi ne  Scrub  Zone . Subalp ine scrub surrounds the bog so  

the po l len i s  f rom local sources . The mos t s t rik ing fea ture  o f  t he  

t h ree pollen pro f i les  i s  t he randomness o f  t he values . A l t hough 

i nd i v i dual spec ies  s how a s teady increase or  dec rease no one spec i es 

shows domi nance i n  a l l  cores a t  the same t i me ( F i g . l 1B ) . The only common 

fac t o r  is tha t the values of almos t all s hrub spec i es are lower 

i mmed i a t e ly above t he Burrell  Lap i l l i  than i n  the  nex t sample above . 

3 . 2 . 1 . 6 Fores t Zones . Li bocedrus pol len has cons i s ten t ly low 

value s . MacPhai l  and M cQueen ( 1 983 )  regard t h i s  species  as '' we l l  to 

under represen ted "  wh i l e  McGlone ( 1982 ) cons i ders it  to  be one o f  t he 

be t t e r  represen t ed s pec i es . These t rees are less  plen t i fu l  on eas t e rn 

s lopes  below Manganu i  bog t han on wes tern s lopes . P . ha l l i i  pol len shows 
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lower values a f t e r  depos i t ion o f  t he Newal l  Ash i n  core 85 / 1  and a f t e r  

t h e  Burrell  Lap i l l i  i n  a l l  cores . O f  t he lowland fores t t axa , M . robus t a  

pol len ( also regarded as under represen ted ( 1 . 10 . 4 . 2 ) ) , has a s l igh t 

r i se a f t er the Bur re l l  Lapi l l i  in  all  cores bu t values fal l qui ckly , as 

does a l l  Podocarp pol len , i n European t i mes . 

3 . 2 . 2  S t ra t ford Moun t a i n  Road : N 1 1 9/684614 a t  1082/ 1080m . 

These s i tes are  i n  a roadside  exposure i n  t he subalp ine s crub  

zone , f rom whi ch 4 3  channel s amples were collec t ed bu t only 20 o f  t hese  

had  e nough pol len  for  val i d  coun t s . S i te 85/ 2  i s  abou t 20m fur ther  up  

the  r oad than 8 2 /4 , and was sampled s pec i f i cally to  ob ta in  more 

i n format ion abou t the o rgan i c  layer d i rec t ly below the Burrell  Lap i l l i . 

8 2 /4  i s  a compos i te s t ra t igraph i c  sec t i on f rom three adj o i n i ng s i t e s . 

Pollen  f rom fore s t s  a t  lower al t i tudes 

updra f t s . Those volcan i c  even t s  wh ich we re 

pyroc las t i c  f lows , probably e l i mina t ed a l l  

has been carr ied by 

mos t des t ruc t i ve ,  eg . 

t race o f  foss i l  

po l len . Compari sons be tween t wo pol len sampl es when they are separa t ed 

by s everal tephras and a long t i me span were no t cons idered t o  be 

relevan t . Only percen t age data  are ava i lable . 

Presen t vege t a t i on i s  a dense sc rub domi na ted by Brachyglo t t i s  

e laeagn i fol i a .  O t her  s hrubs are Gr i sel i n i a , Dracophyl lum 

P . colenso i , Hebe s t r i c t a , Gaul t her i a , Cas s i n i a  vauv i l l iers i i , Coprosma spp 

and Carmi chael i a . Herbs include As tel i a , He l i chrysum sp , Chionochloa 

rubr a , Pra t i a  angula ta ,  Our i s i a  macrophyl l a  

var . macrophylla , Haloragis , Epi lobium ner ter i o i des , Euphras i a  

cune a t a , Hel i chrysum bel l id i o ides . Ferns o f  the  Blechnum capense g roup 
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are presen t among the  shrubs . 

3 . 2 . 2 . 1  S t ra t ford Moun t a i n  Road 85/ 2 :  N ine  samp les were col lec ted  f rom 

t h i s  road s ide  exposure o f  Burrell Ash and Bu rrell  Lap i l l i . Only  four  

samples  con t a ined enough pollen  for val id  coun t s . Pol len was abundan t 

i n  t he upper two samples 

Bur r e l l  Lap i l l i . There i s  a 

( 10-20mm ) f rom the  o rgan i c  layer below t he 

s ign i f i can t i n crease ( P= < 0 . 0 1 )  o f  

P . colensoi  be tween samples  below Burrell  Ash  and  those i n  t he o rgan i c  

layer below Bur re l l Lap i l l i . Fors tera , Halorag i s , Gunnera , Ep i lob i um and 

Pra t i a  occur  only  i n  t he s amples f rom the  o rgan i c  layer ( F ig . l 2 A ) . 

Pollen o f  fore s t t axa Elaeocarpus , Qu i n t i n i a , �ei nmann i a , Malvaceae , 

Leptospe rmum , Rubus and Muehlenbeckia  is present  in t race amoun t s  

( F i g . 1 2B ) . None o f  these  occur i n  t he lower samples . There i s  also  a 

s i gni f i can t decrease ( P= <O . OS )  i n  P . s i mplex be tween the two samples  

wi t h i n  the  organi c  layer , and bo th  Compo s i t ae and Cor iar ia  pol le n  

i nc reas e . A pol len s u m  o f  woody spec ies o n l y  ( F i g . 1 2  B )  does no t a l t e r  

the i n t e r p re t a t i on .  

3 . 2 . 2 . 2  S t ra t ford Moun ta in  Road 82/4 : Two samples f rom below the  

Mangan u i  t ephra show  very  s imi lar spec t ra for  fo res t t axa ( F i g . 1 3A ) . 

I n  the upper sample o f  the two , monol e t e  fern  and P t e r i d i um s pores  

i ncreas e . Several  i norgan i c  depos i t s sepa r a t e  t hese samples f rom t he 

nex t pol leni ferous layer above , so no d i re c t  compar i son has been made . 

The nex t two samples 1 805mm ( v )  and 1 385mm ( t ) represen t 

vege t a t ion before  and a f ter  a 300mm t h i ck pyroclas t i c  f low was 

depos i t ed .  P . s i mplex previous ly common was e l imina t ed , wh i le bo t h  

Cor i a r i a  and Compos i t ae increased and An i so tome became 
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prominen t . P . ha l l i i  has a value o f  3% be fore  and < 1% a f t e r  t h i s  

even t , bu t  o ther  l ow al t i tude t ree t axa po l len show l i t t le  change . 

Samples a t  1 005mm ( o )  and 755mm ( m )  bracke t the 2000 yr  o ld  

pyroclas t i c  f low depos i t . Cor iar ia  aga i n  has  a large r value a f t e r  t he 

f low . All  o t her  s hrub pollen types were al ready a t  low percen t ages o r  

absen t due t o  e ar l i e r  even t s . H i gh values o f  Gram ineae pol len may 

ind i c a t e  a down s lope ex tens ion o f  t he t ussock zone . The h igh a l t i tude  

t ree t axa  pollen  show  l i t t le change , bo t h  Li boced rus and P . ha l l i i  

hav ing low values . 

The nex t two samples ( 755mm ( m )  and 705mm ( k ) ) show a large 

i nc rease  i n  Dracophyl l um assoc i a t ed w i th  a dec rease in  G ramineae , 

wh i ls t  Cor i ar i a  aga i n  has a h igh value . P . hal l i i  pollen con t i nues t o  

r i s e  t hrough t h e  nex t sample , bu t  i s  reduced a f ter  t he Kaupokonu i  

tephra . O f  the  lower mon tane t ree pol len types only D . cupres s i num 

pol len dec reases a f t e r  Kaupokonu i tephra . Shrub  pol len is scarce exce p t  

for  t h e  domi nance o f  Dracophyl lum . Coprosma inc reases and Cor i a r i a  

decreases be tween t h e  Kaupokonui tephra ( j ) and the " layered f i ne 

ashes " ( g ) . 

Sample 475mm i s  t aken f rom the lower hal f of  t hese ashes ( g ) and 

represen t s  vege t a t i on wh i ch had recovered f rom depos i t ion o f  t he 

Kaupokonu i tephra  w i th  t ree pollen a t  h i gh levels ( F ig . 1 3A and C ,  

pol len sum= t o t a l  pol len ) . Very l i t t le pol len was found in the nex t 

sampl e  bu t a t  3 75mm dep th a l l  pol len t axa a re reduced excep t  f o r  

monole t e  fern  s po res whi ch have a very large inc rease . I t  i s  l i kely  

tha t  t he fern  s po res  are an  over represen t a t ion  in samples wh i ch have a 
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low pol len  concen t ra t i on .  Vhen the pol len sum i s  o f  woody spec i e s  only 

( Fi g . 1 3 B ) i t  appears  only Dracophyl lum , the  dom inan t shrub is  severely 

a f f ec ted  and  Co r i ar i a  sl igh t ly so . Thi s  po l l en s pec t rum sugge s t s  t h a t  

only vege t a t i on o f  t h e  uppe r s lopes was damaged and tha t t he dominan t 

spec i es may have pro tec ted o t her plan t s . The po l len spec t rum o f  sample 

225mm ( e )  wh i ch includes the Newall Ash s hows wha t appears  t o  be a 

ben e f i c i al  e f fec t because gene rally values r i se excep t for  Myr s i ne 

wh i ch d e c l i nes  a brup t ly ( P= <O . OS ) . Early changes may have been masked 

howeve r , by us ing a represen t a t ive sample . The uppe rmos t sampl e  i s  f rom 

Bur re l l  Lap i l l i , wh i ch has an organ i c  componen t and shows a large 

i n c rea s e  i n  Cor i ar i a . Pseudopanax spec ies  become promi nen t wh i ch agrees 

we l l  w i t h  s pec t ra f rom the organ ic  layer be tween the Bu rrell  Ash and 

Bur re l l  Lap i l l i  a t  s i t e  85/ 2 .  

3 . 3  EASTERN LOV ALTITUDE SITES 

Th ree s p r i ng- fed bogs ( C larkson 1 98 1 )  at low al t i tudes w i t h i n  the  

Egmont  Na t i onal Park vary in  the degree of  domi nance of Lept ospe rmum i n  

t h e  s edge/ shrub communi t i es . They show d i f feren t s t ages o f  success i on 

i n  tha t Po taema has o pen wa ter and Sphagnum , York Road is 

Lept ospermum w i t h i n  fores t and No r folk Road has 

dom i n a t ed by 

s t un ted  t rees 

e s tabl i shed on t he sur face o f  the bog . The pollen  pro f i l e  a t  Po t aema 

bog s hows t ha t  400mm of tephra depos i t ed in  the las t few hund red years 

had qu i te d i f fe r en t e f fec t s  on the swamp and fores t ecosys tems . I t is  

t herefore assumed here ; tha t all  Lept ospermum pol len has been der i ved 

f rom t he swamp and Ve i nmannia  f rom the fores t , t o ass i s t i n  

i n t e r p re t a t i on o f  t he  pollen  pro f i le .  
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3 . 3 . 1  Po t aema bog: N 1 1 9 /  7 25606 a t  6 75m :  Nevall  Ash has been 

ten t a t i ve ly iden t i f ied at t he base of t he 

und e r ly ing Burrell  Ash . An organ i c  layer 

core below a pea t layer 

be tween this Ash and the  

Bur re l l  Lapi l l i  i s  also  p resen t . Graded lap i l l i  found in  t h i s  core  

i nd i ca t e t he t h ree phases o f  t he erup t i on ( Topping 1972 ) ( Pl a t e  1 ) .  

P o t aema bog l i es t o  t he wes t o f  S t ra t ford Moun ta in  Road a t  

6 7 5m . One core of leng t h  785mm was collec ted from near t he 

cen t re . Sphagnum hummocks and open wa ter  dom i na te  the cen t re bu t t owards 

the marg in , the  sur face is largely s t un t ed Lept ospermum and Gah n i a  

xan thocarpa . V igorous c lumps o f  Pho rmium t enax up to 2m h igh dom ina te  

t h e  marg i n  and  ex tend i n to t he  fores t . Encroaching on t o  the bog are  the 

ma rginal  s pec ies  Cya thodes fas c i cula t a ,  As tel ia  grand i s , Dracophyl lum 

f i l i fo l i um , Cas s in i a  vauvi l l i e rs i i , O lear i a  v i rga ta and �e i nmann ia  

r acemosa . �ei nmann i a  i s  a l s o  very common in  t h e  surround ing  fores t ,  

where D . cupress inum , D . dacryd i oi des and Me t ros ideros robus t a  are 

emergen t . Li bocedrus bidwi l l i i , Prumnopi tys  ferrugi nea and Podocarpus 

h al l i i are also  presen t . The sub- canopy con ta ins Gr isel in ia  l i t t oral i s , 

M e l i cy t us rami f lorus , Pseudowin tera  colora ta , Sche f flera d igi t a t a ,  

Coprosma spp , Pseudopanax c rass i fo l i a  and t he t ree ferns Cya thea smi t h i i 

and D i ckson i a  squarrosa . 

3 . 3 . 2  Svamp Commun i ty .  Above t he basa l  sandy ash  ( t hough t t o  be Neval l  

A s h ) bo t h  Lept ospermum and Cyperaceae pol len r ise  cons i s t en t ly . The 

marg i nal  t axa ( l i s ted above ) do no t  show a def i n i t e  pa t t ern 

( F ig . 1 4A ) . Jus t below t he Burrell  Ash the  charcoal abundance value � a 

compara t ively h i gh 14 . 4 , bu t  recen t wor k  s ugges t s  th is  Ash was a la t e ral  

c loud depos i t  and was probably no t ho t . Charcoal i s  presen t in  a l l  
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samples f rom t h i s  s i te .  Swamp pollen then show a decl ine i n  t he  sample 

( 7 1 5mm ) at  t he base o f  t h i s  ash ( F ig . 1 4C ) . In the organ i c  layer ( 6 1 5mm)  

be tween the Bur r e l l  Ash and Burre l l  Lap i l l i . Herb , Cype raceae pollen 

and B lechnum s pores  are absen t , wh i l s t  pol len o f  mos t o ther swamp t axa 

a re  p r esen t bu t reduced . Above the Bu r re l l  Lap i l l i  the large i n c rease 

in Cyperaceae pol len  sugges ts a r i se  in the wa t e r  table due to b lockage 

o f  t he s t ream channel by lapi l l i . Al t hough pum i ceous , these lap i l l i  do 

no t f loa t .  

The rap i d  r i se  o f  Leptospermum and complemen tary f a l l  i n  

Cyperaceae wh i ch i s  seen in  the nex t two samples show t ha t  d r a i nage 

improved and d r i e r  edaph i c  cond i t i ons f avoured Lept ospe rmum ( F i g .  

1 4C ) . The la rge amoun t 

p robably f rom t he death  o f  

o f  organ i c  ma t te r  in  t he nex t t wo samples i s  

sedge plan t s . Pol len of Pho rmium and 

marginal  shrub t axa show a general r i se sugges t i ng encroachmen t on the  

bog ( i n bo t h  g r / c m 3  and  % da ta ) . Values o f  indi vidual t axa vary 

i nd i ca t i ng compe t i t i on and not  seral change . Comp lemen t ary curves o f  

Grami neae and Cyperaceae sugge s t  tha t t he former ( pos s i bly Co r t ade r i a )  

i s  local  ra ther  t han reg ional . Above t he 150mm level there  i s  l i t t le 

change i n  t he pollen  s pec t ra ind i ca t ing a s t a te  o f  equ i l i b r i um had been 

reached ( Fi g . l 4C ) . 

3 . 3 . 3  Fores t Commun i ty .  Af ter  the depos i t i on of  the sandy basal  

ash , po l len o f  all  fores t spec i es r i ses , i n  the gr/cm3  da ta  bu t no t in  

t h e % d a t a . Th i s  sugges t s  tha t t he  concen t r a t ion da ta  i s  a f fec ted by t he 

p resence o f  Burrell  Ash d ue t o  compa c t i on by the we igh t  o f  tephra  above 

( F i g . 1 4D ) . There i s  l i t t le change in the % da t a  but Cor i a r i a  i n c reased 

a f t e r  the  sandy ash  a t  t he base . Large r inc reases in  t h i s  t axon occur  
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a f t e r  t he Bur re l l  Ash and Burrell  Lap i l l i . Mos t t a l l  t ree pol lens hav e  

lower values a t  3 1 5mm a f t e r  t h e  depos i t i on o f  t he Bur r e l l  Lap i l l i . 

Vhen Lept ospe rmum has i t s h ighes t value ( i n bo t h  da ta  se t s ) a t  255mm , 

a l l  t a l l  t ree  and epi phy te  pol len types are reduced , as are fern s po res . 

Th i s  may 

t he bog . 

be an i nd i ca t ion of Leptospe rmum in  the fores t as  well  as on 

In the nex t t h ree samples  only the eme rgen t s pec i e s  

D . cupress i num shows a cons i s ten t  r i se . Ve inmanni a  reaches h i gh values 

bu t t he r i s e  is no t cons i s tent . Canopy and sub- canopy s pe c i e s  pollen 

a l so var i e s  bu t t here  i s  a gene ral r i s i ng 

t rend . Nes t egi s , Kn igh t i a , Laurel i a , Hebe and Rubus presen t in  the  organ i c  

layer a re absen t f rom t he f i rs t  sample  a f t e r  the  Burre l l  Lapi l l i . 

Recovery  a f t e r  the Burrell Lap i l l i  was fai rly rap i d  bu t  

D . cupress inum pol l en never regained the h i gh value a t ta ined j us t  before  

the  depos i t i on o f  the Burrell  Ash . Ve i nmann i a  pollen promi nen t in  the  

s pe c t rum a f t e r  the  Burrell  Lap i l l i , s hows s ome dec l i ne i n  the  upper  

th ree samples  as D . cupress inum pollen r i s es . In the upper por t i on o f  

t he pro f i le ( above 180mm ) t h e  inf luence of  European se t t lemen t i s  seen 

i n  the f i r s t  occurrence of Pinus , t he pas ture  weeds , Taraxacum and 

P lan tago and t he r i s ing curve o f  P t e r i d ium . Spores o f  t h i s  fern  are  

absen t  f rom the  base o f  t he pro f i l e . 

3 . 3 . 4  York Road bog: N l l9/ 745644 a t  525m : Th i s  bog is to one s i de o f  

t h e  mai n  ax i s  o f  the  Bur rell  Lap i l l i  and on ly 8 5mm of  Bu r re l l  Lap i l l i  

are  presen t . The  sca t tered lapi l l i  i n  t h e  m i nera l i s ed pea t above the  

dense  l ayer of  lapi l l i  may be  redepos i t ed . 

Th i s  s i t e  i s  be t ter  drained than Po t aema bog and i s  essen t i ally  a 
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we t a rea w i t h i n  lowland fores t , making loca t i on d i f f i cul t becaus e  t he 

s i t e i s  no t open . The s pecies l i s t  f o r  t h i s  f o res t i s  s im i lar  t o  t ha t  

f o r  t he Nor folk  Road bog and i s  g i ven i n  t he nex t s ec t i on . 

Lept ospe rmum forms con t i nuous canopy abou t 2m h i gh ove r t he s edge 

Gahn ia  xan thocarpa . Towards  the margi n  �e i nmann ia  up to  Jm  h igh i s  more 

promine n t  i n  t he  canopy . A t ree of  t h i s  s pec i e s  was p resen t near t he 

c o r i ng s i t e .  

The g r / c m 3  da ta  i n  Figs . lSA and B shows a general r i s ing t rend 

f rom f rom the base of the prof i le fol lowed by a decline . Co r i a r i a  has 

only low values . There  is some inve rse  corre l a t ion w i th bulk dens i ty 

v alues ( F i g . l S C )  ind i ca t ing the add i t i on o f  inorgan i c  ma t t e r  bu t  no 

t ephr i c  layer was 

i n c rease in t he  

appa ren t . P t er i d i um levels  

thi rd  sample f rom the  base 

and 

bu t 

charcoal values 

the  low value o f  

charcoal sugges t s  the f i re was no t on t h e  s i t e . A  c r i t i cal  level o f  

change i n  t he pollen curves seen i n  bo t h  d i agrams ( F i g . lSC  and D )  

occurs  a t  t he 480mm level when t h e  b u l k  dens i ty r i ses sharply . A t and 

above t h i s  l evel  t here is a large amoun t o f  o rgan i c  ma t t e r  

presen t , pol l en grains  a re crumpled and some c lumpi ng of  t he pol l en 

( i nd i ca t i ng the  presence o f  tephra ) occur red dur i ng proces s i ng ( 2 . 3 . 2 ) . 

Cyperaceae decreases , Phormium pol len  d i s appears and there i s  a d ec l i ne 

i n  Po t amoge t on pollen sugges t ing a change in  t he d rainage pa t t e rn , wi t h 

some s ed i me n t a t i on and inwash of tephra . The organ i c  layer ( 408-428mm ) 

( d )  con t a i ned insuf f i c ien t  po llen for  ana lys i s  bu t a large amoun t o f  i n  

s i tu f i b rous roo t s  and leaves , poss i bly  o f  Pho rm ium . 

Above the  Burrel l  Lap i ll i , r i s i ng po l len curves o f  Cor i a r ia and 

Lept ospe rmum i n d i ca t e  that  an oppo r t un i ty ex i s ted for colon i sa t i on of a 
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new surface . Changes in the marg i na l  swamp po l len taxa sugges t some 

i n f i ll i ng  and reduc t i on in  swamp a rea . Typha pol len oc curs for  the  f i r s t  

t i me i n  t he  s pec t rum above the Bu r r e l l  Lap i l l i , bu t  d i sappears as  

Phormium pol len reappears . Podocarp  pol len i s  reduced a f t e r  the  

Bur re l l  Lapi l l i . Open i ng up  o f  the  canopy i s  ind i ca t ed by the  r i se o f  

several s pec ies  o f  ground ferns o f  wh i ch B lechnum may be on t he bog 

s u r face . Changes above the 1 50mm level  are due t o  European ac t i v i t i es . 

Ve i nmann i a  i s  p rominen t throughou t t h e  p r o f i l e  bu t th is  may b e  d i rec t ly 

r e la ted t o  a t ree  of t h i s  spec ies  be i ng presen t i n  the canopy a t  t he 

s i te .  

3 . 3 . 5  Nor folk  Road bog: N 1 1 9 / 7 35660 a t  525m : This  swamp l i es fur ther  

t o  the  nor t h  t han  t he  York Road swamp and even further  away f rom t he 

main  ax i s  o f  depos i t ion o f  Bu r r e l l  Lap i l l i  ( F ig . 2 E ) . A  60mm t h i ck 

l ayer o f  Bur re l l  Lapi l l i  con t a i n i ng l ap i l l i  u p  to l Omm i n  d i ame ter  i s  

p resen t and over l i e s  40mm o f  s ca t t ered lap i l l i  u p  t o  4mm i n  

d i ame t e r , f rom the  in i t i al phase o f  t h e  erup t i on . 

A s h rub s edge land domina t ed by Lepi dosperma aus t ra le  w i t h  

Lept ospermum up to 2m high , forms abou t 40 % of t he canopy emergen t over  

s edges . Lepidospe rma i s  the  mos t common plant b u t  G l e i chen i a  

d i carpa , Baumea and Phormium occur t h roughou t .  Occas i onal  c l umps o f  

Pseudopanax c r as s i fo l i a , Ve i nman n i a  racemosa and s tun ted D . cupress i num 

a re found in d r i er areas . Denser  Le p t ospermum , l ow growi ng 

Vei nmann i a , Coprosma t enu i fo l i a , As t e l i a  grand i s  and Gahn i a  xan thocarpa 

form t he underg rowt h  a t  t he swamp margins . These grade i n t o  a fores t 

con t a i n i ng D .  dacryd ioides , D .  cupress inum , and Ve i nman n i a  w i t h  an 

unde r s t o ry o f  Myrs ine s a l i c i na , P . ha l l i i ,  Hedyca rya 

98 



a r bo rea , Pseudow i n t era co lora t a  and occas ional Bei lschm i ed i a  t awa and 

Cya t hea smi t h i i . B lechnum d i s color , M i c rolaena and Unc i n i a  fo rm the  

g round cove r i n  d r i er p laces wi th  As tel i a  grand i s ,  A . f ragan s  a n d  Gah n i a  

xan t hocarpa f requen t i n  we t t er areas . 

A t  t he  base o f  the  s pec t rum ( F ig . 1 6C )  all  t ree , fern  and 

Lept ospe rmum pol len i nc rease coinc i den t wi t h  a r i se in bulk dens i ty 

wh i le swamp t axa pol len decl ine s . The grains/cm3  d a t a  t herefore  

records  fores t e i ther  recove r i ng f rom a previous even t o r  advan c i ng 

on t o  the  swamp subsequen t to  inc reased sed imen t a t ion i n t o  the  swamp . 

The percen t age da ta  ( Fi g . 16D)  s how s i mi lar curves to t he grains / cm 3  

d a t a  ( F i g . 1 6 C )  for  the  same groups o f  t axa . Two samples a t  485mm and 

5 2 5mm , have i nc reased amoun t s  of charcoal and P ter id ium also  r i ses  a t  

t h i s  t i me . These f i res were not a t  the coring s i te bu t represen t 

w i ndborne ash  f rom d i s t an t  f i res . C lump ing of  pol len ( as s oc i a t ed w i t h  

t he presence o f  a wea thered tephra ) occurred f rom 5 10mm up t o  

4 50mm . Samp les a t  t h i s  h i gher level a lso  con t a in large pi eces  o f  organ i c  

ma t e r i al and po llen i s  sparse due t o  t he rapi d  ra te  o f  accumula t i on o f  

o rgan i c  ma t e r i a l . Bulk  dens i ty values r i se s t ead ily up t o  the  2 70mm 

l evel when t hey fal l abrup t ly a f t e r  the  Bur rell  Lap i l l i . 

Above the  Burrel l  Lap i l l i  fern  spores con t i nue t o  r i se w i th  

B l echnum be ing  prominen t ;  ( B . capense f requen t ly grows on swamp 

margi n s ) .  Pollen of fores t taxa ( summari sed in Fig . 16C and i nc lud i ng 

e p i phy tes  F i g . 16D)  i nc reases a f t e r  the  Bu rre l l  Lap i l l i  b u t Lep t ospermun 

and Cyperaceae pollen , i n i t ia l ly unchanged , i nc rease l a t e r . Bulk  dens i ty 

values are  low . The lap i l l i  would  have pa r t ially  in f i l l ed t he bog 

a l low i ng margi nal  s pec ies to  enc roach . �ei nmannia  is  par t i cularly 
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prominen t among these a f ter  the Bur r e l l  Lap i l l i . The quan t i ty and s i ze 

o f  the lap i l l i  are small  bu t some damage may have occur red a s  Cor i a r i a  

h a s  h i gher values above the Bur r e l l  Lap i l l i . European i n f l uence i s  

c learly i nd i ca t ed above the 1 70mm level when P i nus i s  presen t .  

3 . 4  EASTERN RING PLAIN SITES 

O f  s i tes  outs ide t he Egmon t Na t i onal Park , one is an exposure in a 

deep d r a i n  on Messenger ' s  farm , No r folk Road , da t ed a t  < 3 1 2 5  yr B . P . 

where a bur ied soi l developed on a laha r . The o t her t hree loca t i ons were 

a l l  swamps whi ch have now been d ra i ned and are i n , or surrounded 

by , pas ture  and are loca ted on t he edge of t he r i ng pla i n .  The Mi dhurs t 

loca t i on f rom wh i ch two cores were col lec ted i s  c loses t i n  a d i re c t  

l i ne t o  t h e  summi t and neares t  t h e  ma in  ax i s  o f  Burrell  Lap i l l i  

d i s t r i bu t i on ( F ig 2E ) . Ngaere swamp t o  the sou th , near E l t ham , i s  28km 

d i s tan t f rom the summ i t and Ra t a p i ko swamp , sou theas t o f  I ng lewood i s  

2 3km away bu t i s  closes t t o  the  main ax i s  o f  Ing lewood Tephra 

d i s t r i bu t i on ( F ig . 2A ) . 

3 . 4 . 1  Messenger ' s  farm : N 1 1 9 /  746675  at  450m : F ive channel  s amples o f  

50mm d e p t h  each were collec ted f rom a buried so i l  developed o n  a lahar 

that  was subsequen t ly bur ied by the  Manganui tephra � 3 1 25 yr B . P .  

One sample  was col lec t ed f rom the  base of t he tephra and one f rom the  

t op of  t he lahar . Wood f rom this  lahar  was iden t i f i ed as D . cupres s i num . 

The s i t e wh i ch i s  i n  a deep d r a i n  adj o i ns cu t over fore s t  and i t  

was pos s i ble  to  collect  a de t a i led spec i es l i s t , no D . cupre s s i num was 

s i gh t ed . T ree s pecies i ncluded Podocarpus 
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ferrugi nea , P . t axi fol i a , P . t o tara , _W_e_i_n_m�a_n_n_i�a ____ r�a�c�e�m_o�s�a ,  B e i l schme i d i a  

tawa , Kn igh t i a excelsa , Hedycarya arborea , Nes tegi s lanceola t a , Dacrycarpus 

dacryd i oi de s  and Carpode t us serra t us . Sub- canopy spec i e s  inc luded 

Pseudopan aX c rass i fo l i a , Pennan t i a  corymbosa , Leptospermum s copar ium and 

Syzygi um mai re . Tree ferns Di cksonia  squarrosa , D . f i brosa and Cya thea 

smi t h i i were presen t over a shrub layer con ta in i ng Coprosma 

rhamno i de s , C . aus t ral i s , C . t enui cau l i s  and B rachyglo t t i s  repanda . Li anes 

_M_e_t_r_o_s_i_d_e_r_o_s ____ d __ i_f_f_u_s_a , M . perfora t a ,  M . fulgens , Freyc i ne t i a  

var . banks i i , Rubus , Ripogonum scandens were abundan t , wh i le 

bauer i ana 

As tel i a  

so land r i , _E_a_r_i_n_a ____ m_u_c_r_o_n_a_t __ a ,  Asplen ium  f lacci dum and T r i chomanes 

ren i fo rme were among the ep iphy t es . P ter id ium aqu i l inum and Acaena were 

presen t in the ground layer . 

The pollen spec t rum i n  Fig . l 7A i nd i ca t es tha t  the fores t c .  3 1 2 5  

years ago w a s  very s i mi lar to  t h a t  now presen t . D . cupress i num and mos t 

l i kely B e i l schme i d i a  t awa were t he dominan t s .  There i s  a s low dec l i ne 

o f  D . c upres s i num and a r i se of Elaeocarpus pollen . These spect ra 

represen t changes a t  t he marg in  of the flow where damaged t rees may 

have d i ed l a t e r . Subsequen t ly Elaeocarpus dec l i nes when D . cupress inum 

pollen r i ses , clos i ng the canopy . Panax group pol len domina tes the  

early seral  s tage . I t s  prominence in  the  sample  from t he lahar  at  t he  

base s ugge s t s  i t  was a componen t o f  the undamaged fores t and  ex t ended 

i t s range on t o  the new surface . Lept ospermum has a s i mi lar  curve bu t 

Co r i a r i a  i n creases s l igh t ly a t  2 35mm . Nei ther  Cor i a r ia  nor  We i nmann i a  

a r e  prom i nen t i n  t he succes s i on . Cya t hea s pores , over-represent  t hese 

t ree ferns  i n  the later  s t ages . Phyma t odes s pores r i se wi t h  t he 

i ncreas i ng ava i l ab i l i ty o f  ep i phy t i c  s i tes . P . s candens i s  f requen t ly 

abundan t on t he t runks o f  B . tawa . Pollen of fores t margi n  
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s pe c i e s , Rubus and Mueh lenbeck i a  r i ses  t hen decl ines as the fores t 

becomes c losed . A  pol len sum of  voody spec ies  i nd ica tes a change i n  

podoca r p  pol len vhi ch inc reases t o�ards the top o f  the pro f i le 

( F i g . 1 7C ) . 

3 . 4 . 2  M i dhurs t 1 :  N l l9/865642 a t  285m :  Th i s  core con t a ins  bo t h  t he 

Bur rel l  Lap i l l i  and Kaupokomu i tephr a . The s i t e  i s  in  a d i re c t  l i ne v i t h  

the  ma i n  d i s t r i bu t ion o f  the Burrell  Lap i l l i . A dense layer o f  Bur r e l l  

Lapi l l i , 26mm t h i ck , l i es be tveen tvo layers o f  f ine lapi l l i  s ca t ter ed 

t h rough a ma t r ix o f  m ineral ised pea t . These t vo layers represen t t he 

early and l a t e  phases of  the erup t i on des c r i bed by Topp i ng ( 1 97 2 ) .  

A core  ( 82/7 ) 600mm long �as ex t rac t ed f rom a former svamp no� i n  

pas tu re . A  l a t er core ( 8 3/ 1 3 )  re fer red t o  a s  M i dhurs t 2 vas collec t ed 

f rom a sma l l  remnant  o f  s�amp fores t abou t lkm t o  the no r t heas t o f  t he 

f i r s t  s i t e . The  a rea has been d ra ined and ca t t le  use t h i s  bush f o r  

shel t e r  so t he shrub and herb layers a r e  almos t non-exi s t en t . The 

follov i ng s pec ies  vere seen i n  t h i s  fo res t remnan t . Dac ryca rpus 

dacryd i o i des ; Laurel ia  novae-zeland iae , Bei l s chme i d i a  t ava , Me l i cytus  

rami f lo rus , _N_e_s_t_eg�i_s ____________ l_an __ ce __ o_l_a __ ta , N . cunn ingham i i , Syzygi um 

ma i re , Pseudopanax cras s i fol ia  and Cya t hea . Ep i phy t i c  plan ts  

t he Col lo spe rmum , Pyrros i a  serpens , Aspl eni um f laccidum , 

Me t ro s i deros d i f fusa and c l imbing f e rn B lechnum f i l i forme . 

�e re , 

l i ane 

Summary graphs are presen ted for fores t and swamp commun i t i es , 

a r ranged s i de  by s ide  for compa r i son . The da ta  on charcoal values , bulk  

dens i ty and  t axa ind i ca t ing European t i me are inc luded in  F i g . l 8C . 

Selec t ed s pe c i es shoving i mpo r t an t  changes i n  pollen s pe c t ra have been 
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graphed i n  F i g  180 for  both  gra i n s / cm 3 and % da ta . Samples  w i t h i n  the  

Bur rel l  Lap i l l i  are s t rongly i n f l uenced by  the  t ephra in  the g r / cm 3 

da t a  and t he % da t a  presen t s  a more accura t e  record o f  t he  vege t a t i on 

i n  t h i s  sec t ion o f  the pro f i le .  The pro f i l e  records a change f rom 

lowland fore s t  to t he much we t te r  sedge/shrub swamp dom i na t ed by 

Lept ospermum . Th i s  change i n  d ra i nage i s  associ a t ed w i t h  i nd i ca t ions  

i n  the  po l len  s pe c t ra of  European se t t lemen t .  The  pol len s pe c t rum can  

be  d i v i ded i n to four  zones . 

Zone 1 606-365mm 

Th i s  zone i n c ludes the  Kaupokonui t ephra bu t there i s  l i t t le i nd i ca t i on 

o f  damage . Co r i ar i a  does no t i n c rease bu t Cyperaceae i s  absen t f rom the  

pro f i le a f t e r  the  depos i t i on o f  t h i s  tephra . Tempera te  lowland fores t 

i s  p resen t a t  t he s i t e .  Cyperaceae ( Fi g . 18D)  i s  ins i gn i f i can t and 

there  i s  a s teady r i se of a l l  f o res t t axa ( Fig . 18C ) . D . cupres s i num 

dom ina t es t he pol len spec t rum , wh i le Lept ospermum and D . dacryd i o i des  

have s omewha t  e r ra t i c  pollen curves . The base o f  t h i s  zone  is  > 1400 y r  

B . P .  

Zone 2 365-205mm 

Th i s  z one  includes the Bur r e l l  Lap i l l i  and a f ter  i t s depos i t i on 

Po tamoge t on pollen  appears i n  the  prof i l e  for t he f i r s t  t i me . Cyperaceae 

po l l en is always presen t . Laurel i a  appears near t he top  o f  the 

zone , al l  t hese changes ind i ca t e i n c reas i ng we tness at the s i t e .  

Zone 3 205-90mm 

There i s  a marked i ncrease i n  t he concen t ra t ion of po l len sugges t i ng 

t ha t  t he i ncrease i n  we tness  evident  in t h i s  zone prov i ded be t t er  

prese rva t i on cond i t i ons for  po l len  than the  fores t so i l  i n  Zones 1 and 

2 .  The pol len s pec t rum ind i ca tes sedge/ shrubland has become 

e s t a b l i s hed , wi t h some open wa t e r , sur rounded by lowland fores t w i t h  a 
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swamp f o res t e lemen t . Syzygium appears for the f i rs t  t ime , F reyc i ne t i a 

and Kn igh t i a increase , ind i ca t i ve o f  d i s t urbance in the fores t pos s i bly 

by brow s i ng anima l s . Cyperaceae and Lept ospermum pollen are p rom i nen t 

and O . dacryd i o ide s  r i ses t o  h i gh values towards t h e  top  o f  the  zone . 

( F i g . 1 8 D ) . The  advance of European se t t lemen t  towards t h i s  area i s  

i nd i ca t ed by the f i rs t  appearance o f  t he w i ndborne po llen o f  Plan t ago . 

Zone 4 90-0mm 

The i n c rease in pas ture weed pol len ( Plan tago and Taraxacum ) and the  

presence  of  P i nus  i nd i ca tes European se t t lemen t c loser t o  the  s i t e .  

O . dacryd i o i d es has  much lower values in  t h i s  zone and Cyperaceae also  

dec l i ne s , Po t amoge t on i s  absen t f rom the upper 3 samples . All  these  

changes are  ind i ca t i ve of  ar t i f i c ial  drai nage . A t the  same t i me 

Gramineae  cont i nues to  have h igh values . All fores t l i fe form groups 

dec l i ne and t h i s  is no t rela ted t o  bulk dens i ty wh ich also dec l i nes b u t  

repres en t s  des t ruc t i on o f  t he fores t .  

The change f rom fores t t o  fores t / swamp a t  t h i s  s i t e i s  also  

i nd i ca t ed in  the  s t ra t igraph i c  column wh i ch shows compac t ed m ineral i sed 

pea t a t  t he base and peat above the  Burrel l  Lap i l l i . Sed i men ta t i on ra te  

i n c reased f r om 0 . 2mm/yr be tween the  Kaupokonui  and Burre l l  tephras t o  

lOmm/yr  above the  Burrell  Lap i l l i  and bulk dens i ty values i n c reased 

f rom 0 . 3g/ c m 3  a t  the base and 0 . 6g/ cm 3  be tween the tephras to  0 . 9g/ c m 3  

above 2 10mm . These  changes a r e  assoc i a t ed w i th a cons i s ten t  charcoal 

presence f rom 1 90mm upwards and i nd i ca te  fores t clearance . 
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3 . 4 . 3  M i dhurs t 2 :  N 1 1 9/874645 a t  285m : Th i s  core was collec ted i n  a 

degraded we t lowland fores t remnan t on the  same farm as M i dhurs t 1 . The 

s ho r t  core  con t a i ns only f i ne Burrell  Lap i l l i  s ca t t ered in a ma t r i x  o f  

loamy p ea t . The s t ra t igraph i c  column sugge s t s  the area has always been 

in  fores t .  

The  pol len s pec t rum in  the  summary graph ( Fi g . 1 9C )  i nd i ca t e s  the  

presence  of  a lowland fores t w i th  a small  swamp fores t componen t 

t h roughou t t he p ro f i le , Lau re l i a , Syzygi um and Freyc i ne t i a  being presen t  

bu t r e co rded sporad i cally wi t h  low values . Spec ies  compos i t i on i s  very 

s i m i l a r  t o  the presen t fores t . Con t i nuous samp l i ng th roughou t t he  

Bu r re l l  Lap i l l i  was pos s i bl e  bu t l i t t le in forma t i on was  gained . The 

sma l l  s i ze and d i s peral of the lap i l l i  is unl i kely to have caused much 

damag e . Low values for  grai ns / cm 3  data reflec t s  t he presence of the 

lap i l l i  in the s amples and the  percen tage data gives  a be t t er bas i s  f o r  

i n t e r p re t a t i on . Very l i t t le change occurred in  t he  pollen curves 

be fore  and a f t e r  the  fall  o f  t he t ephra , a s l igh t  r i se in shrub spec i es 

and a f a l l  in  f erns ( F i g . 1 9C ) . Generally the fores t remains  s t able  

d es p i t e  t he depos i t ion o f  the tephra . There may have been  some 

f e r t i l i s i ng e f fec t s i nce s l ight  r i ses are reco rded in  some t axa . The 

f i r s t  ocur rence of P i nus toge ther  wi t h  Ta raxacum and P lan tago i s  l a t e r  

t han  a t  M i dhurs t 1 and corresponds t o  Zone 4 o f  t h a t  pol len prof i l e . 

3 . 4 . 4  Ngaere swamp: 

f o l lowi ng a long spell  

N 1 1 9 / 905490 a t  2 10m : Th i s  s i t e was cored 

of d ry wea ther  and the depos i t s  are therefore 

d ry and c ompac t ed . Fou r teph ras are presen t , t he Inglewood Tephra  ( 3800 

yr B . P . ) , Manganu i  t ephra ( 3 1 25  yr B . P . ) , Kaupokonu i ( 1 400 yr B . P . ) and 

t he B u r r e l l  Lap i l l i  ( 1 7 25-1 750 A . D . ) . The la t t er is d i s t urbed due t o  
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farmi ng a c t ivi t i es , ( Pl a te 1 ) .  

Th i s  former large s�amp l i es  t o  the nor t heas t o f  E l th am and i s  no� 

in  pas tu re . There is no ind i genous vege t a t ion in t he v i c i n i ty  bu t some 

Cupressus  macrocarpa ( al i en ) t rees have been plan ted on a sma l l  r i se . 

Bo t h  t he E l tham and Ngaere s�amps a re though t by Franks ( 1 984 ) t o  have 

been formed by lahar i c  debr i s , channel led do�n the Vai ngongo ro 

R i ve r , �h i ch accumu la ted in  the  mou ths  of t r i bu t ary val leys dra i n i ng to 

the eas t t hus blocking the val leys �h i ch drai ned to t he �es t .  The 

aver age d e p t h  of the s�amps is 1 2m . A  core of 9 . 3m has previously been 

recove red f rom the E l tham s�amp for pol len analys i s , the base of �hi ch 

had an age o f  c .  1 3 , 000 yr B . P .  ( McG lone and Nea l l  i n  l i t t . ) .  

S i nce  European se t t lemen t , t he  h i s t o ry of  the s�amp i s  one o f  maj o r  

changes due  to  t he ext rac t i on o f  Laga ros t robos colensoi  logs and 

d ra i nage �h i ch caused rap id  s h r i nkage of the peat ( Every 1 974  and 

1 . 5 . 2 ) . The top 150mm of the core are set ou t in a separa te  d i agram 

( F i g . 20D)  and F i gs . 20A-C end a t  150mm . Fi g . 20B sho�s the pol len curves 

of  s pe c i es in  �h i ch change occu r red throughou t t he spe c t rum t oge ther  

�i t h  g roups  o f  fores t taxa . D . dacryd i o ides , Lep tospermum , Laurel ia  and 

Syzygium are exc luded from the  " Tree '' data because t hey �ere cons i de red 

to be s�amp margin  species . Laurel i a  and Syzygi um occur only rarely , t he 

fo rmer is regarded as be ing severely under- represen ted and there is no 

i n forma t ion  ava i lable abou t the  represen t a t ion o f  t he la t ter  ( MacPha i l  

and McQueen 198 3 ) . The po l len sum 

s pores  and aqua t ics , bu t  t h i s  

i n t e r p re t a t i on . Only percen t age da ta  

i n  

does 

i s  

Fig . 20C ex c ludes Leptospermum , 

no t really change t he 

ava i lable for  t h i s  s i t e . The 

po l len  d i agram is d iv ided i n t o  four zones . 
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Zone 1 7 10-645mm 

The Ingle�ood tephra i s  a t  the base of t h i s  zone , D . dac ryd i o i des and 

Co r i ar i a  bo t h  r i se � i t h i n  the t ephra . The p ro f i l e  ind i ca tes  lo�land 

fores t domina ted by D . cupres s i num wi th  D . dacryd i o ides  p rom i nen t . The 

presence of Po tamoge ton i nd i ca t es some open wa t e r  c l ose t o  t he s i t e .  

Zone 2 645-475mm 

Cype raceae pollen r i ses  s t eadi ly t hroughou t t h i s  zone ( Fi g . 20 A and B ) . 

Po tamoge t on pol len presen t a t  the base o f  the  core d i sappears f rom t he 

s pec t rum a t  t h i s  t i me . A f t e r  an in i t i a l  dec l i ne Lept ospermum increases . 

D . dacryd i o i des pol len p romi nen t at the base of t h i s  zone , dec l i nes  

above the Inglewood Tephra  to  i t s lowes t val ues be fore  increas i ng 

aga i n . I t  fall s  s l igh t ly as Lept ospermum inc reases towards the top  o f  

the  zone . 

Zone 3 4 75-2 35mm 

Bo th  the Manganui and Kaupokonui tephras are present  i n  t h i s  zone . 

Readj us t me n t  o f  the bog sur face i s  shown by the  decrease o f  Cyperaceae 

po l l en and the reappearance of  Po tamoge ton a t  the t i me o f  t he 

depos i t ion  o f  t he  Manganu i  tephra  � 3 1 25 yr . B . P . Po tamoge t on pol len i s  

presen t t hroughou t the s pe c t rum above t h i s  po i n t  wh i ch sugges t s  a 

change i n  drai nage pa t t ern . A f t e r  an i n i t i a l  decl i ne Lept ospe rmum 

r i ses  s t ead i ly un t i l  the  depos i t i on o f  t he Bu r r e l l  Lap i l l i . Cyperaceae 

has gene r a l ly lower values in t h i s  zone . 

Zone 4 2 3 5 - 1 45mm 

Lept ospe rmum and Cyperaceae pollen r i se bu t t h i s  is shor t l i ved and may 

have been due to a t emporary blockage of the d ra i nage sys t em . Cor i a r i a  

poll en a l so  r i ses and falls  a t  the  base o f  t he zone fol lo� i ng t he 

depos i t i on of  t he Kaupokonui  tephra . The re are  some changes in podocarp  

po l l en , D . cupress inum r i ses  bu t o t her podocarps  exce p t  P . t ax i fol i a 
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d e c l ine . 

Zone 5 145-0mm 

The pol len p ro f i le in  t h i s  zone i s  s t rongly i n f luenced by European 

farm ing . Swamp t ree pollen , pa r t i culary D . dacryd i o i des dec l i nes  and 

Po t amoge ton d i sappears f rom the  spec t rum . A t  t he same t i me G rami neae and 

pas ture  weed pollen increase . In t h i s  percen t age data  lowland fores t 

po l len con t i nues to be represen ted bu t compar i son be tween F i gs . ZOC and 

A shows tha t i t  has in fac t been reduced by the  farming a c t i v i t i es . I t  

i s  a l so  pos s i ble  that  d i s t urbance a t  t h i s  s i te  may have remob i l i s ed 

o lder  pol l en as sugges t ed by the sol i tary appea rance of  Lagaros t robos 

and the pos s i bi l i ty o f  reg i ona l pol len from Egmon t Na t i onal  Park can 

not be ruled ou t .  G r / c m 3  da ta  would  have been useful t o  compare t he 

d a t a  be fore and a f ter  European se t t lemen t .  

3 . 4 . 5  Ra t api ko swamp: Nl09/875728  a t  180m : A 690mm core con t a i n i ng 

s everal  teph r i c  layers  was col lec ted . The lowes t o f  t hese i s  regarded as 

redepo s i ted Inglewood Tephra . The Manganui  tephra is  pos i t ively  

i den t i f ied by  i t s sco r i aceous lapi l l i . Above t he Manganu i  are th ree 

lap i l l i  laye rs comparable  w i t h  those found i n  t he M i dhurs t 1 core . Al i en 

P i nus pol len  j us t  above t h i s  layer , ind ica t ing commencemen t of  European 

s e t t l emen t , con f i rms them  as the Burrel l Lap i l l i . The uppe rmos t t eph r i c  

l ayer i s  6mm o f  f i ne pum i ceous sand redepos i t ed dur ing the d ra i nage o f  

t he swamp t h a t  occurred in  European t i me . 

Th i s  s i t e i s  approached through a farm on Manga tea Road across  

Mangao tea S t ream . The swamp 

pol le n  d i agram i s  d i v ided 

has been drained and i s  now in  pas t ure . The  

into  4 zones o f  wh i ch zone 2 i s  

sub-d i v ided . Zone 4 i s  s t rongly i n f l uenced by European farming and t he 
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upper  1 55mm of  the  prof i le i s  p resen t ed separa t e ly i n  Fig . 2 1 F .  

Zone 1 690-565mm 

The  base o f  t he  core i s  loose , largely undecayed fi brous o rgan i c  

ma t e r i al . Bulk  dens i ty values are h igh in the f i rs t  four samples  

sugges t ing i n fluence by a sed imen t ary fac t o r  ( F i g . 2 1 B ) . �  po l len i s  

p romine n t  among t he swamp taxa . A sharp change occurs i n  t he  nex t 

s ample above when a large amoun t of  o rgan i c  ma te r ia l  reduced the  t o t a l  

pol len concen t ra t i on . Above t h i s  organ i c  layer l i es t h e  redepos i t ed 

I nglewood t ephra . 

Zone 2 565-395mm 

B e tween t h i s  band o f  redepos i t ed tephra  and t he Manganui t ephra t he 

pea t i s  compa c t ed , twigs are presen t , bu lk  dens i ty values a re low and t he 

p o l len curves are  independen t . The sed imen t a t i on ra te  i s  0 . 1 5mm/y r  

c a l cula ted on t he bas i s  o f  a 1075 year i n t erval . Th i s  zone h a s  been 

d i v ided i n t o  two sub-zones . 

Zone 2A 565-495mm 

A t  565mm Typha values are h igh ( F i g . 2 1A )  bu t as t h i s  po llen  decreases 

in t he nex t sample , D . cupress inum and Leptospe rmum pollen r i se fol lowed 

by a reversal  of t hese changes . The non-mi re to  m i re ra t i o in F ig . 2 1 E  

( %  d a t a )  s hows t ha t  m i re plan t s  reach t he i r  h i ghes t rep resen t a i on a t  

t h i s  leve l . 

Zone 2B 495-395mm 

Pollen  concen t ra t ion i s  low in the basal sample due to the ve ry large 

amoun t  of o rgani c  ma t t er . Dea t h  of some m i re plan t s , pos s i b ly Phorm i um 

may be i nd i ca t ed . Towards the top o f  t he zone Typha , Cyperaceae and 

Po t amoge ton are  all  reduced . These changes coinc ide w i t h  the  f i rs t  

appearance o f  Taraxacum pol len . As t h i s  i s  below the Manganui  t ephra 

t h i s  i s  due t o  con t amina t i on .  Th i s  core was sampled us i ng t he who le  
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10mm s l i ce f rom the  hal f  core and t ak i ng a represen ta t i ve sampl e . Th i s  

me t hod �as abandoned . 

Zone 3 395-2 2 5mm 

Be t�een t he Manganu i tephra and Burrell  Lap i l l i  ( 3 1 25-295 y r  B . P . ) 

t here  i s  less  than 50mm o f  pea t . Bo t h  D . cupress inum and "Tree"  pol len  

r i se d u r i ng this  i n t erval . Sed i men t a t i on ra t e  i s  a very  lo� 0 . 02mm/yr  

and  sugges t s  t he s i t e may have been much d r i e r  dur ing t h i s  per i od . The 

r a t i o  o f  non-m i re to  m i re plan t po l len (% d a t a )  remains  fai rly  cons tan t 

t h roughou t t h i s  zone sho�ing t h a t  the envi ronmen t  i n  general  �as 

s t able , al t hough i t  i s  pos s i ble tha t � i t h  s lo� pea t gro� t h  changes �ould 

no t be d e t e c t ed by t he samp l i ng i n t e rva l used . Above t he Manganu i  

t ephra Typha pol len dec l i nes s t ead i ly and i s  replaced by Cyperaceae 

pol len , a  t rend �h i c h  con t inues i n t o  European t i me and sho�s tha t pa r t  

o f  t he o r i g i nal � s�amp became a sedge /shrub land . 

Zone 4 2 25-0mm 

C hanges i n  t he pollen s pec t rum i n  t h i s  zone are re l a t ed t o  European 

a c t i v i ty . Replacemen t o f  svamp by pas ture is seen in  lov values for  

s�amp t rees ( Fi g . 2 1 F )  and the  dec l i ne o f  Lept ospermum �h i le Gram ineae 

and Cyperaceae r i se s t ead i ly .  Typha vh i c h  had ve ry h i gh values i n  

zones 1 and 2 has only t races here . Podocarpus po l len i s  very lov and 

t he dec l i ne of P t er id ium in t he uppermos t sample is an i nd i ca t i on o f  

success  i n  es tab l i sh i ng pas ture . 

In  t h e  fores t commun i ty da t a  and the non-m i re to m i re plan t pol len 

r a t i o  ( Fi g . 2 1D)  m inor  changes occur  f rom one sample to t he nex t b o t h  

� i t h i n  t axa  and be t�een taxa , bu t no long t e rm t rend s a r e  apparen t .  In  

t he gra i ns / cm 3  d a t a  ( Figs . 2 1 B and  C )  t here  i s  a d i s t in c t d i f fe rence i n  

t he curves belo� and above t h e  500mm leve l . 



3 . 5  YESTERN POLLEN SITES 

F ive  s i tes  on the wes t e rn s ide of the volcano con ta in  tephras , bu t  

none o f  t hese  are f rom h igh a l t i tudes . Two so i l cores col lec ted f rom 

the Pun i ho Track at 420 and 3 70m are the h ighes t s i tes  and t hey only 

con t a i n  very recen t depos i t s . Of the other t h ree , one p robably has a 

pa raconformi t y  near the base ( Po l lard ) ,  but  al l t h ree supplemen t each 

o t he r  in record i ng c l i ma t i c  changes over the las t 4000 years . The  

zona t i on o f  the  pollen d i agrams of t hese three cores i s  on t he bas i s  o f  

c l i ma t i c  change . 

TABLE XVIII 

S i t e  name 

Pun i ho 1 

2 

Jones  1 

3 

Po l lard  

LOCATIONS AND SAMPLING DATA , YESTERN SITES 

Code Gr id  Re f .  Al t .  Dep th  Type Da ted  Tephras 

N1 1 8  

8 3 / 1 0  549664 

8 3 / 1 1  548664 

83/6  445661  

8 3 /8  449668 

83/9  414657  

m mm # 

420 1 10 c 

397 1 60 c 

1 52  380 c 

1 37 575 c 

9 1  500 c 

P resen t 

p 

p 

NA , K .  

NA , K , I .  

K 

# C = Core P = Puni ho Lapi l l i , NA = Newall  Ash ,  

K = Kaupokonui t ephra I = I nglewood Tephra 
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TABLE XIX 

S i t e  name 

Jones 3 

Po l lard  

NEV RADIOCARBON DATES , VESTERN SITES . 

Grid  Ref . Dep t h  

P20 mm 

829158 4 2-45 

NZ RC 

No : 

6 705 

807 149  1 88-260 6918  

4 10-4 1 3  7007 

480-490 6907 

Age 

yrs B . P .  

Ha t e r i a l  

da t ed 

2 750+60 pea t , tw igs 

795+60 Podocar p  seed s 

1 1 900+950 wood #-

9350+ 7 30 pea t 

# Iden t i f i ed by Dr . R . N . Pa t e l  as Dacryd ium or  Podocarpus 

1 1 2  



3 . 5 . 1 Pun i ho T rack 

The Pun i ho Track con t i nues i n t o  Egmon t Na t ional Park f rom Pun i ho 

Road . The area  i n  which the two co res were collected was devas t a ted 

abou t  100 years  ago e i ther by a la t eral blas t , py roclas t i c  flow or  

pyroclas t i c surge . 

3 . 5 . 1 . 1  Pun i ho 1 :  N 1 1 8/549664 a t  420m :  A sho r t  core was ob ta ined i n  

fo res t s o i l , c l ump i ng was encoun t ered during proces s i ng ( 2 . 3 . 2 )  and t h e  

core  was re-sampled . Clump ing i nc reased in  severi ty wi t h  dep t h  and was 

mos t severe at 65mm whe re bulk dens i ty values r i se . A t 95mm t here was 

very l i t t le organ i c  ma t ter bu t pol len was we l l  p reserved . 

Charcoa l , presen t i n  all  samples , had maximum value a t  65mm , sugges t i ng 

t ha t  t he under lying depos i t  had been emplaced by a ho t f low . 

Th i s  s i t e l i es j us t  to  t he nor t h  of  t he t rack i n  an area of  young 

regrow t h .  The presen t vege ta t ion is almos t en t i rely sap l i ngs f rom 2-3m  

h i gh and 30- 70mm in  d i ame t e r  i nclud i ng Pseudopanax c rass i fol i a ,  

_K_n_i�g_h_t_i_a _______ e_x_c_e __ l_s_a , Ve i nmannia  racemosa , P . fer rugi nea , Genios t oma 

l igus t r i f o l i um and Coprosma aus t ra l is . Di ckson ia  and As t e l i a  we re also  

common . F i g . 24A and B include t he pol len s pec t ra of Pun i ho 2 s e t  ou t  

below those  o f  Pun iho 1 .  The da ta  have been graphed in the same 

pos i t i ons  and scale for ease of compar ison . Because t hese are s o i l  

cores i t  i s  poss i ble tha t the h i gher  values nearer to  t h e  sur face could 

represen t the typi cally h igher pol len concen t ra t i on  as d i scussed in 

sec t i on 1 . 10 . 5 . 1 . The curves howeve r , do no t vary sychronous ly and 

there fore  t he pollen spec t ra por t ray fore s t  regrow t h  a f t e r  the volcani c  

ac t i v i ty o f  c .  1 00 years ago . 

1 1 3 



The pollen prof i le i s  dom ina ted by the s t eeply r i s i ng curve o f  

We i nmann ia  t oge ther  wi th  D . cupress i num and M . robus t a . Phym a t odes  has  

unusual ly h i gh values wh i ch r i se s t ead i ly and ind i ca t e  an  i n crease in  

e p i phy t i c s i t es .  B lechnum values a re also h i gh , bo t h  these  ferns  are 

o f t en assoc i a t ed wi th  Be i lschmiedia  t awa . Tree and ground fern spores 

are a bundan t .  P i nus occurs down to t he 65mm leve l . 

3 . 5 . 1 . 2  Pun iho  2 :  N l l S/584664 a t  397m : Th is  core was also  resampled 

due  to c lump i ng problems . Charcoal va lues are h igh at  t he base , peak a t  

95mm then dec l i ne s t eeply , pos s i bly refle c t i ng the i r  o r i g i n  i n  the  

pyroc las t i c  f low ma ter ial . Dens i ty values show l i t t le change un t i l  t he  

u ppe rmos t sample . 

Th i s  s i te i s  abou t 200 me t res t o  t he nor t hwes t o f  Pun i ho 1 i n  an 

a rea where t here  are many fallen t runks , and where former branches o f  

W . racemosa have developed i n t o  t runks . We inmann ia  is the mos t common 

t ree , o t her spec i es presen t are P i t t osporum eugen i o i des , Myrs i ne 

aus t ra l i s , Myrs i ne sal i c i na and Qu i n t i n ia . Ferns presen t were the  

e p i phy t i c T r i chomanes  ren i forme and the  g round ferns Asplen i um 

bulb i f erum , Blechnum minor/capense group , Paes i a  s caberula and Rumohra  

and  the  l i ane Ripogonum . 

Cor i a r i a  pol len r i ses a t  95mm bu t dec l i nes  a t  35mm and Panax group 

pol len  has a s i m i lar pa t tern . Wei nmann i a  has a large rise be tween 95 and 

65mm and t hen con t i nues to  r i s e .  Shrub pollen i s  more prom i nen t  a t  

t h i s  s i t e  and ferns less s o  compared t o  Pun i ho ! , al t hough Phyma t odes  

and  B lechnum s pore  values are h igh . A fea ture o f  bo th pol len s pe c t ra 

i s  t he t emporary d i sappearance o f  t he pol len o f  all  podocarp  s pec i es 
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j us t  a bove 45mm i n  Pun i ho 1 and 95mm i n  Puni ho 2 ,  t h i s  occurs i n  

European t ime . 

3 . 5 . 2  Jones ' Farm 1 :  N 1 18/44566 1 a t  152m : The Kaupokonui  tephra and 

Ne�al l  Lap i l li  �ere iden t i f i ed in  t h i s  core . Ne i t her  has a very s t rong 

exp re s s i on here . The Kaupokonui e rup t i on �as di rec ted t o  the sou t h  eas t 

and the  Ne�all  Lap i l l i  are sma l l  and sca t t ered . 

A s ho r t  core o f  380mm �as re t r ieved from the edge o f  a Typha s�amp 

loca t ed in a sma l l  depress i on , presen t ly sur rounded by pas ture on t he 

farm  o f  M r  P e t e r  Jones , Ne�al l  Road . A  small  P i nus plan t a t i on was 

e s t a b l i s hed abou t 10 years ago . Degraded fores t covers  one 

h i l ls i de . Mel i cytus rami f lorus is  t he mos t common t ree bu t a l l  s pec i mens 

�ere � i nd-shorn o r  sal t - burned on the seaward s i d e . Other s pec i es 

i n c luded D . dac ryd i o ides , Laurel i a  novae-ze land i ae , Co rdy l i ne aus t ra l i s ,  

P seudopanax c rass i fo l i us , and several Coprosma . Ea r i na autumna l i s  and 

Pyr ros i a  serpens  were  no ted , the la t ter  being abundan t . Me t ros i de ros 

pe r fo ra t a , M . d i f fusa and Freyc i ne t i a  were also presen t . The lower hal f 

o f  t h i s  core i s  f rom fores t so i l  and the low po l len con cen t ra t i on may 

be due to poorer  cond i t i ons for pol l en preserva t i on .  The pol len 

d i agram has been d i v ided i n t o  t h ree zones on the  bas i s  o f  c l i ma t i c  

change . 

Zone 1 345-245mm 

Th i s  po l len s pec t ra i nd i ca t e - lowland fore s t  bu t t he represen t a t i on o f  

e a c h  t axa i s  very sma l l . H i gh values o f  Po t amoge t on ind i ca t e f lowi ng 

wa t e r  c lose by . Abundan t s pores of several s pec i es o f  t ree and ground 

f e rns  and As t e l i a  i nd i ca t e  a marshy fern grove . As carina  has a h igh 

value  a t  t he top of t h i s  zone . Kaupokonui  tephra is p resen t in t h i s  
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zone , but  no changes i n  the  pol len pro f i le are apparen t .  

Zone 2 205 - 145mm 

Sca t t ered Newall  Lap i l l i  in t h i s  zone da te  i t  a t  400 yr B . P .  The 

pol len pro f i le i nd i c a t e s  recovery of  the fores t , M . robus ta  inc reases and 

We i nmann i a  appears  i n  t he spect rum for  the f i r s t t i me .  As car i na r i ses  

a f t e r  a lower value a t  205mm . The abrup t r ise  in  the pol len coun t s  o f  

a l l  t axa a t  145mm i s  p robably rel a t ed t o  a h igh concen t r a t ion  o f  pollen  

at  t he so i l  surface ( 1 . 10 . 5 )  wh i ch  was  subseque n t ly preserved by  rap i d  

s ed i men t a t i on following  eros ion a f t e r  fores t clearance . In the  % da t a  

Cor i a r ia  has higher values  a f ter t he Newal l  Lap i l l i  t han i n  zone 1 .  

Zone 3 145-0mm 

The clearance of fores t i n  European t ime i s  clearly i llus t ra t ed by t he 

absence o f  t ree and sub-canopy t axa pol len wh i ch coi nc ides  w i t h  t he 

appearance o f  � pol len , d isappearance of  Po tamoge t on pol len and 

presence o f  Pi nus and pas ture weeds . The edaph i c  changes were  severe 

f rom f ree f lowing wa t e r  t o  t he i mpeded dra inage of a Typha swamp . Low 

po l len concen t ra t ion da t a  in  t h i s  zone are rela ted to fores t c learance 

( F i g . 25A ) .  The % da t a  ( Woody spp . only ) shows a 

and shrubs in  t h i s  zone , bu t the absence 

r i s e  in D . cupress inum 

of  subcanopy s pec i e s  

pol len , ep i phy tes  and l i anes ( exce p t  for Me t ros i deros ) i nd i ca t es very  

deg raded fores t . Reg ional  pollen f rom Egmon t Na t ional Park mus t be  

conside red . 

3 . 5 . 3  Jones ' Farm 3 :  N 1 1 8 /449668 a t  1 3 7m : The core con t a i ns t he 

Inglewood and Kaupokonu i tephras and s ca t te red Newa l l  Lap i l l i . A  

rad iocarbon da te o b t a i ned f rom pea t and twigs  be tween 420-450mm gave an  

age  of 2 750 �60yr B . P .  ( NZ6705 ) and con f i rmed t he iden t i f i c a t i on o f  

t h e  Kau pokonui tephra above t h i s  depos i t .  
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This  sma l l  r emnan t o f  swamp fores t on t he same farm has been 

fenced o f f  so  t ha t  ca t t le have no t had access to  i t  over t he las t 

decad e . Plan t s  c lose to the c o r i ng s i te  were  Cordyl i ne 

aus t ral i s , _M_e_l_i_c�y_t_u_s ____ r_a_m_i_f_l_o_r_u_s ,  Di cksonia  t ree ferns , Carex and 

Phorm i um t enax . Me tros i deros d i f fusa , Freyc i ne t i a and the g round fern  

Aspl en ium bulbi f erum were abundan t . Abou t 20- 30m away Leptospermum 

s u rrounded a sma l l  area o f � swamp . Th i s  s i te  i s  on f l a t t e r  ground 

t han Jone s ' 1 and the pollen pro f i le i nd i ca t es  that  there has always 

been fores t near  the s i t e .  The pol l en d i agram is d i v ided i n to 6 zones 

on  t he bas i s  of c l ima t i c  change . 

Zone 1 565- SOSmm 

An  unusual fea t ure of the pollen pro f i le is the excep t i onally h i gh 

v alues o f  As car ina pol len 

year s . Po l len curves of  

wh i ch pers i s t  i n  t he p ro f i l e  for  over 2000 

Ascar i na , D . cupres s i num and Sche f f lera  

r i se , wh i l e  those  o f  podocarps and  Nes tegi s are s l i gh t ly ou t o f  phase 

b u t  show t he s ame general  t rend . The I ng lewood Tephra ( 3800 yr B . P . ) i s  

presen t  a t  the base , podocarp pollen and Co r i a r i a  r i se w i t h i n  t he tephra 

sugges t i ng  tha t the t ephra caused some damage . 

Zone 2 505-425mm 

From peak values a t  505mm the po l len curves o f  all the above s pec ies  

decl ine , aga i n  Nes t egi s i s  s l i gh t ly ou t o f  phase ( F i g . 26B and C ) . A  

rad iocar bon d a te  ( NZ6705 ) has been o b t a i ned f rom pea t be tween 420-450mm 

g i vi ng an age of 2 750 + 60 yr B . P .  

Zone 3 4 2 5 - 3 7 5mm 

Al l t he a bove spec i es i nc rease s t ead i ly i n  t h i s  zone . 

some s hrub  taxa are absen t bu t  regrowt h  spec ies  

Lept ospe rmum , Coprosma , Myrs ine and Cor i a r i a  and 

D i ckson i a  and Cya thea also have a s t eady i n c rease . 

the  

Subcanopy and 

such 

t ree 

as  

ferns  
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Zone 4 3 75 - 185mm 

The re is a s t eady dec l i ne o f  Podocarpus , D . cupress inum and Ascar i na .  

Nes tegi s i s  absen t a f ter h igh values and Sche f f lera d i sappears f rom the  

s pec t rum . D . dacryd i o i des , Syzygium and Po t amoge t on d i sappear i n  t h i s  

zone whi l e  Lau re l i a  has var i able values and Kn igh t i a con t i nues t o  r i se . 

Cyperaceae has lower values , Gramineae i s  absen t . Leptospermum has very 

s i m i lar values t hroughout t h i s  zone , a  per iod o f  1000 years , wh i ch i s  

unusual for  a s eral s pec ies . No t ho fagus pollen i s  compl e t el y  absen t 

be t ween 395- 1 85mm . Al though t h i s  po llen  i s  f rom a d i s tant source i t  has 

a con s i s ten t p resence in near ly a l l  pol l en samples analysed f rom t he 

en t i re s tudy area . Kaupokonui  tephra was depos i t ed at t h i s  t i me bu t 

a ppears to  have had l i t t le e f fec t . 

Zone 5 185-1 55mm 

As car ina pol len  d i sappears from the s pe c t rum bu t the pol len o f  a l l  the  

o t her d rough t - s ens i t i ve species  r i s e . The zone is  domina ted by  recovery 

f rom t he depos i t i on o f  the Newall  Lapi l l i . Many sub-cano py and shrub 

s pec ies reappear a f ter  a long absence 

appearances . Elaeocarpus , Rhopalos tyl i s , Fuchs ia  and the 

or 

Panax 

s porad i c  

group o f  

pol len are promi nen t among these . Ne s t egi s reappears bu t  a t  normal 

values . Ye i nmannia  appears for the f i r s t  t ime in  the s pec t rum at 1 7 5mm 

and i ncreases s t ead i ly . Th i s  zone is marked ly d i f feren t f rom a l l  o t her 

zones . 

Zone 6 155-0 

Tree and sub-canopy s pecies  dec l i ne but  Coprosma , Cor iar i a ,  ground 

f erns ( Mono l e t e  f ern ) and H i s t iopter i s  s pores inc rease . R ipogonum i s  

abundan t  among several o t her  l i anes , and has unusual ly h i gh values . The 

abundance of Phyma todes may be i nd i c a t i ve o f  Bei lschm ied ia  t awa in t he 

v i c in i ty . A l i en pollen i s  presen t a t  85mm and changes i nd i ca t i ng 
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c learance o f  the fores t occur  abrup t ly .  

3 . 5 . 4  Pol lard ' s  Farm N 1 18/414657 at 9 1 m :  An unnamed t ephra over l i es 

a s t rongly allophan i c  pea ty  loam a t  t he base o f  t h i s  500mm core wh i ch 

p roved t o  have a l a t e  glacial  pollen spec t rum . Pea t f rom the  base o f  

t he core has been da ted ( NZ6907 ) a t  9350 ( + 7 30 y r  B . P . Vood f rom below 

t he unnamed tephra was da ted ( NZ7007 ) a t  1 1 900+950 yr B . P .  wh i ch i s  

older  than the base o f  the  core . I t  i s  assumed that  younger roo t s  have 

pene t ra t ed the basal  pea t as the la ter  da te would be i n  agreemen t w i t h  

t he pol len s pec t ra o f  a l a t e  glacial  f lora . Podocarp seeds f rom pea t 

be tween 188-260mm we re also  da ted ( NZ69 18 ) a t  795+60 yr  B . P .  and t h i s  

con f i rmed the Kaupokonui t ephra above . There i s  a paracon formi ty  i n  t h i s  

core  j us t  below the Kaupokonui t ephra . 

The core was col lec t ed from a small  swamp fores t remnan t on M r . 

J . H . Pol lard ' s  farm on t he Ma i n  Sou th Road j us t  south  o f  Pungarehu . The  

s i t e i s  abou t 2 1 km f rom Moun t Egmon t summi t and 5km from t he coas t and  

l i es  by  a s t ream be tween two  laha r i c  mounds  o f  t he Pungarehu Forma t i on 

depos i t ed � 2 3ka yr  B . P . The tops of  bo th  mounds were for t i f i ed by 

Maor i s  e i t her as pa or  kumara s t orge p i t s . The fores t s i t e ia a lmos t 

i mpene t rably en tangled  w i th R ipogonum 

Corynocarpus laevi -za tus  surround t he 

aus t ral i s , Mel i cyt us ram i f lorus abundan t 

v ines . Several  t rees o f  

s i t e  toge ther w i th  Cordyl i n e  

Macropiper excelsum and 

Di ckson i a  squarrosa , Muehlenbeck i a  and Me t ros ideros d i f fusa ; a l l  

s pec ies ind ica t i ve o f  degraded fores t to  wh i ch s t ock have acces s . The 

por t i on of t he core above 345mm ( Zone 3 )  is con s i dered to be 

und i s turbed . 

Zone 1 485-435mm 
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1 20 

Th i s  zone con t a i ns a pol len s pec t rum usua l ly assoc i a t ed w i t h  a 

subalpi ne  bog , Lagaros t robos , Gaul theria  and Dracophyllum pol len i s  

a s soc ia t ed w i t h  Glei chen i a  fern spores and t he mi re p lan t 

Res t i on acaeae . Lowland swamp fores t taxa are a lso p resen t as i s  

Ascar ina . Pea t f rom t he base o f  thi s zone da ted a t  9350 y r  B . P .  bu t 

con t am i na t i on f rom younge r roo t s  i s  suspec t ed here . 

Zone 2 435-345mm 

The t rans i t c � i on f rom La te  G lac ial  bog pol len , t o t empera te  lowland 

fores t , occurs w i t h  the synchronous decl ine of all cold c l i ma te taxa , i n  

t h i s  zone . Dracophyl lum , Gaul theria  

Compos i tae all  dec l i ne . Wood a t  the  

1 1 900 yr  B . P . 

Zone 3 345-305mm 

Coprosma , Haloragis , Gunnera  and 

top of t h i s  zone gave a da te  o f  

The synchron i c i t y  o f  change i n  a l l  t axa rela tes  t o  changes in  t h e  bulk 

dens i ty o f  t he samples and is  due t o  the  presence of  Kaupokonui t eph ra 

( 1 400 yr B . P . ) .  Mos t t axa have h igh values a t  the 305mm dep t h  

i nc lud i ng Asca r i na .  

Zone 4 305-2 45mm 

M . robu s t a  and D . cupres s i num dec l i ne as do Pennan t i a ,  pollen  of t he 

Panax group and all t ree fern spores . Sche f f lera  d i sappea rs f rom t he 

s pe c t r um . Swamp fores t t ree t axa pol len dec l ine  sharply and Cyperaceae 

pol len are s porad i c .  Po t amoge ton pol len d i sappears  f rom the spec t rum 

i n  t h i s  zone only . Shrub  pol len is absent  w i th  the sole exce p t ion o f  

Myrs i ne .  Pol len o f  bo t h  Grami neae and No tho fagus d i sappear f rom t he 

s pec t rum . The top  o f  t h i s  zone i s  da ted ( NZ6918 ) by podocarp  seeds 

f rom be tween 188-260mm a t  795  + 60 years B . P . Th i s  zone co r rela tes  w i t h  

z one 4 o f  Jones ' s  farm 3 pol len pro f i le . 

Zone 5 245-85mm 



1 21 

Recovery o f  the fores t i s  ind ica ted by i nc reased values o f  t hose  t axa  

already presen t in  t he spec t rum and the reappearance of  sub-canopy and 

shrub  taxa , par t i cularly t he fern H i s t i opt e r i s . E p i phy te  and  l i ane  

pol len , no t ably T e t rapa t haea increases . Ve i nmann ia  appears for the f i rs t  

t i me i n  t he s pec t rum i n  t h i s  zone and i ncreases s t ead i ly . P t e r i d i um 

spores  r i s e  very sharply a t  the top  o f  the  zone as do Cor i a r i a  and 

Coprosma sugges t i ng some des t ruc t i on of the fo res t .  

Zone 6 85-0mm 

P i ous and pas ture  weed pol len i s  presen t , P t e r i d i um ma in ta ins the  h i gh 

values i t  had a t  t he t op o f  t he p revious  zone and Cyperaceae values 

i n c rease rapidly . Co r i ar i a  and Coprosma are s t i ll promi nen t .  

3 . 6  NORTHERN POLLEN SITES 

Four cores were collec ted at s i tes  close  to  t he nor t he rn coas t o f  

Taranaki . O f  t hese  two , Mo t unui and Ma tar ikoriko , had known 

assoc i a t i ons wi t h  Maori  occupa t i on . The t h i rd , Bowden Reserve i s  

domina ted by Corynocarpus laeviga tus a t ree pri zed for food by t he 

Maor i s . The fou r t h  s i t e  a t  Umu teka i Road i s  par t  o f  a very large swamp 

and i t  was hoped t o  ob ta in  a core con t a i n ing  a record of the  las t 5000 

years . Table XXV con tains  the detai l s  of t he s i t es . No iden t i f i ab l e  

t ephras were  found . 
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TABLE XXV LOCATIONS AND SAMPLING DATA , NORTHERN SITES . 

S i t e  Name Code Gr id  Re f .  Al t .  

Mo t unu i  

Bowden  

N109 

85/ 3 844944 

83/ 1 2  7 1 5938 

Ma t a r i ko r i ko 85/4 806965 

Umu t ekai  85/5  704882 

30 

30 

30 

60 

m 

Dep t h  Type 

mm 

7 30 

390 

730  

690 

Core 

Core 

Core 

Core 

3 . 6 . 1  Mo t unui : N109/844944 a t  10m :  

ex t rac t ed f rom a Typha swamp sur rounded 

A core o f  740mm l eng th  was  

by  dai ry farms abou t 1 . 3 km 

i nland f rom the coas t . The swamp i s  not  so ex tens ive as fo rmer ly , hav i ng 

been d ra i ned , leav i ng fla t bo t t omed gu l l ies con t ai n i ng sedges and 

herbs . The Syn the t i c  Fue l Plan t has recen t ly been bu i l t  on the s eaward 

s i de and t h i s  has covered a la rge area of  former gras s l and . Al l  p lan t 

ma t e r i a l  i n  the core was very f resh Typha . One sec t i on be t ween 

4 20-600mm con t a i ned such a large amoun t o f  organ i c  ma t e r i al t ha t  there  

was  i n su f f i c ien t  pol len t o  prov i de val i d coun t s . The core was sampl ed 

and process ed a t  every o t her  10mm but  because P inus pol len was found i n  

t h e  basal  s amples  ind i ca t i ng t he you t h fulness o f  the core , coun t i ng was 

res t r i c t ed to every 100mm . Maor i  a r t i fac t s  have been recovered f rom 

t h i s  swamp . Des p i te  the presen t t reeless nature o f  the vege t a t i on t he 

pollen  s pec t rum con tains  up  t o  40 fores t t axa i n  mos t samples 

( F i g . 2 8B ) . This  mus t be  regarded as regi onal pollen , the source of  wh i ch 

may be from older  fluv i a l  sed i men ts  o r  mode rn pol len r a i n  f rom Egmon t 



Na t ional Park . 

Typha and Cyperaceae pol len dominate  
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the swamp s pec t rum 

( F i g . 2 7A ) . There i s  a no t able absence of Pho rmium pol len al t hough i t  i s  

now p resent  i n  some par t s  o f  the swamp ( th i s  spec ies  i s  very 

und e r - repre�n ted i n  pol len pro f i les ) .  � Po tamoge ton pol len i s  present  

above 405mm . To ta l  m i re p lan t pol len ( i ncluding Po tamoge ton ) decreases 

above t h i s  level , wh i le Gramineae , P t e r i d i um ,  Taraxacum and o t her  

pas tu re weed pol len increases . Charcoal i s  presen t throughou t the  core  

wi t h  h igh values a t  305mm and 105mm . Bulk densi ty con t inues t o  r i se f rom 

t he  base throughout the core . Pollen conce n t ra t i on values are  low , t h i s  

could be due t o  poor preserva t i on at  t h i s  d i s tu rbed s i te . I t  i s  a lso  

pos s i ble  tha t  i t  indica t es tha t  pol len i s  very s carce in  t h i s  t reeless  

l andscape where  t he grass  i s  grazed , fu r t her  reduc i ng the pol len ra i n .  

I n  the % d a t a  ( woody s pecies  on ly ) h igh values o f  Cor i a r i a  and 

Coprosma and l i t t l e  t ree pol len ind i ca t e  d i s turbance . The l arge amoun t 

o f  organ i c  ma t te r  a t  505mm may be a resul t o f  drai nage ac t i v i t i es . Above 

t h i s  level t he number o f  pollen taxa r i ses bu t t h i s  may be due t o  

e ros i on o f  older  depos i t s . 

3 . 6 . 2  Bowden Reserve : N l09/7 15938 a t  30m : Th i s  small  fores t a rea i s  

now a Scen i c  Reserve . I t  l i es abou t 2 . 5km f rom the coas t and abou t l km 

f rom Bel l  B lock and inc ludes a sma l l  r i se on the wes t ern s i de  o f  

Henwood Road . A  cu t drain  l i es a t  the foo t o f  t h i s  r i se and the co r i ng 

s i te was j us t  t o  t he nor t h  of  t h i s  d r a i n . Mara t t i a fern s u rrounds the  

s i t e .  Cornyocarpus laeviga tus domina tes  the degraded lowland fores t 

and seed l i ngs o f  t h i s  spec ies are abundan t .  O ther  t ree spec i es p resen t 



a r e  Dysoxylum spec t ab i le ,  Laur e l i a  novae-zeland iae , Syzygi um mai re ,  

Mel i cytus rami f lorus and Alec t ryon exce lsum vh i le the shrub layer i s  

dom i na ted by Macropipe r  excelsum and t h e  t ree  ferns Cya thea dealba t a , �  

medullar i s  and D i ckson i a . G round ferns inc lude Asplenium  

bulbi ferum , Blechnum b i forme and Las t reops i s  velu t i na . In t h e  herb layer 

E l a t osema rugosum i s  abundan t and Typha surround s the cu t d ra i n .  

Taraxacum pol len is s i gn i f i can t t hroughou t the s pe c t rum i nd i ca t i ng 

Eu ropean farm i ng i n  close v i c i n i ty  t o  the s i t e and i t  mus t be concluded 

t h a t  the pol len spe c t rum represen t s  only European t i me . F i g . 2 9A shovs 

t he  change i n  domi nance of mi re plan t s  from Typha in the lower hal f  t o  

Cyperaceae i n  t he uppe r .  Potamoge t on i s  p resen t in  mos t s amples . Among 

svamp t ree t axa , Laure l i a  is cons i s t en t ly p resen t wh i le Dacrycarpus 

dacryd i o ides , absen t i n  the middle s ec t i on , r i ses  and t hen  decl i nes above 

1 6 5mm . The r i s ing curve of  Kn igh t i a  i s  co inc iden t  vi th  tha t o f  Typha 

pollen and P t er i d i um spores . Above 245mm there is a marked change i n  

small  t ree pol lens vi t h  Alec t ryon , Gr i s e l i n i a  and Pennan t i a  absen t un t i l  

t he uppermos t sample . D . cupres s i num inc reases s t ead i ly and 

Lept ospe rmum , Coprosma and Cor i a r i a  are  con s i s t en t ly presen t . Above t h i s  

l evel  D i ckson i a  s pores are par t i al ly replaced by Cya t hea . Epi phy t e s  

s uch a s  Phyma todes and Lycopod i um b i l lard i e r i i are a fea t ure o f  the  

s pec t rum and  several l iane pol len types are presen t . R ipogonum and 

Muehlenbeck i a  pollen only appear above 85mm . F ig . 29C  emphas i ses  

d i s t urbance at  245mm vhen reneved farming ac t i vi ty caused changes in  

s pec ies compos i t i on . 

vas severely reduced . 

Coprosma has h igh values bu t Panax group pol l en 



3 . 6 . 3  Ma t a r i ko r i ko :  N109/806965 a t  30m : A core of  7 30mm leng t h  �as 

ex t rac ted f rom a s i te  c lose to  a s�amp fores t remnan t s i t u a t ed on the  

upper  t e r race  o f  the Va i tara R ive r , abou t O . Skm �es t o f  Mamaku Road and 

abou t the s ame d i s t ance f rom the Vai t ara  Val ley Me t hanol plan t . A 

small  cu t d ra i n  l i es to the nor t h o f  t he cor ing si t e  and a s t ream 

f lo�ing t hrough i t  appears to o r i g ina t e  f rom a s p r i ng near the base o f  

a c l i f f  lead i ng t o  a higher terrace beh i nd .  

pas ture � i t h  P inus shel ter bel t s . Th i s  

The surround i ng land i s  i n  

fore s t  remnan t has been 

covenan ted  t o  t he Queen El izabe th  Trus t and a full  spe c i es l i s t  i s  

avai lable . In pre-h i s toric  t i mes a Maori  pa , called  

Ma tar ikor i ko , overlooked the s i te . On e  tephr i c  layer p resen t �as 

t e n t a t ively  i den t i f i ed as "sca t t e red Bu rrel l  Lapi l l i '' bu t t he pol l en 

s pe c t rum i nd i ca t es t h i s  �as probab ly redepos i t ed �hen the d ra in  �as 

c u t . One sma l l  s egmen t of  the core 150- 1 90mm had insu f f i c i en t  pol len for  

a val i d  coun t . The occas ional p resence o f  Dodonaea , Dysoxylum and 

Rhopalos tyl i s  i n  the pollen spe c t rum i nd i ca t es tha t  sem i - coas tal  fores t 

�as presen t a t  t h i s  s i t e  over the  t i me per iod tha t  t he core  

accumula t ed . ( Clarkson 1985 , Bay f i eld and Benson 1986 and F ig . 4 ) .  

Thi s  pollen  s pec t rum could be d i v ided i n t o  t�o zones based on the  

s �amp pol len  ( Fi g . 29A)  bu t �hen t he fores t pol len is  con s i dered four  

zones are  more  appropr ia te . 

Zone 1 7 2 5-695mm 

Bo th  Me t ros ideros robus ta and D . cupres s i num dec l i ne in the lo�e r t�o 

s amples �hi l e  all s�amp fores t t ree taxa have h igh values . 

Res t ionaceae pol len , probably Empod i sma , on ly occurs i n  

S pores o f  Cya t hea smi t h i i  occur in the lo�e r four samples . 

Zone 2 695-495mm 

t h i s  zone . 

1 25 



Dacrycarpus dacryd i o ides  has f luc tua t i ng values and t hen d i s appears  

f rom the  s pec t rum a f t e r  t h i s  zone . Laure l i a  and Syzygi um dec rease 

s t ead i ly vh i le Kn igh t i a  pol len increases t ovards the top  o f  t he 

zone . Af t e r  a large value a t  t he base o f  the  zone M . robus t a  d e c l ines . 

D . cupres s i num pol len s hovs a dec l i n i ng t rend vh i le Ascar i na i n c reases  

s tead i ly , as do  t ree and  ground fern  spores . 

Zone 3 495-2 1 5mm 

Bo th  M . robus ta  and D . cupress i num decrease a f t e r  hav ing s i ngle  large 

values at t he base of t he zone . Elaeocarpus , Nes tegi s , Lept ospe rmum , 

Coprosma , Lophomyr tus  and Par a t roph i s  a l l  fol lov a r i s ing then fal l i ng 

t rend . Monole t e  ferns  s pores increase as Cya thea pol len  

dec reases . Asca r i na has  a s i ngle  h igh value and then decreases and t h e  

s pores o f  P t e r i d i um r i s e .  

Zone 4 2 1 5-0mm 

Y i t h i n  t h i s  zone bo t h  svamp and lovland fores t t ree t axa decrease  

markedly bu t m i re plan ts  i ncreas e ,  Typha and Cyperaceae become 

promi nen t .  These changes coi nc ide vi th  a promi nen t presence of P i nu s  

and pas ture weed pollen . Values are also  h i gh for Grami neae . P t e r i d i um 

values dec l i ne abrup t ly a t  t he base o f  t h i s  zone and then  rema i n  

cons t an t . 

The % da ta  ( voody spec i es only F ig . 30C ) sugges t a maj o r  

occurred a t  405mm . Be lov t h i s  level M . robus t a , Lophomyr tus  

Me t ros i deros are  all  p rominent  bu t then decl i ne abrup t ly . Above 

change 

and 

405mm 

Kn igh t i a , Elaeocarpus , Lept ospermum , Co r i ar i a , Parat roph i s  and Frey c i ne t i a 

all  r i se sharply . These  are all  spec i es vh i ch respond t o  d i s t u rbance i n  

t h e  fores t . Th i s  i s  ve l l  before European t i me and be fore t he redepos i t ed 

t ephra . There i s  no charcoal i n  t he samples , s o a na t ural d i sas t e r  mus t 
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be t he i n t e rpre t a t i on o f  these changes . 

3 . 6 . 4  Umu t ekai Road : Nl09/ 704882 at  60m : Th i s  s i t e l i es wi t h i n  a 

fai r ly large swamp fores t remnan t surrounded by pas t u re , and an 

ex tens i ve a rea of swamp surrounds a nearby lake to t he  sou t h .  No 

tephras were mac roscop i cally v i s i bl e  wi th in  the 690mm of sedimen t bu t  

d u r i ng sampl ing lapi l l i  were found in  the  420-490 sec t i on . Above t h i s  

level wel l - ro t ted wood f i bres were presen t and proved d i f f i cul t t o  we t 

a t  commencemen t o f  proces s i ng .  Be tween 290-400mm t he core con t ained  a 

lo t o f  t w iggy ma ter ia l . Yh i le d r i v i ng i n  the PVC 

core , d i f f i cul ty  was exper i enced in ge t t ing 

layer and th is  may have been due to t he 

tube t o  ob ta in  the 

i t  t hrough a res i s t an t  

mas s o f  twigs and 

branches . Pol len was too s parse to  permi t val i d  coun ts  in t h i s  

sec t i on . Laure l i a , Coprosma , Freyc i ne t i a and Ripogonum were common close  

to  the ac t ual cor ing s i t e .  The pollen s pec t rum o f  this  s i t e has  t he 

same s em i - coas t a l  fores t e lemen t s  as Ma tarikor iko .  

The pol len d i agram can be d i v ided in to  t hree zones as follows : ­

Zone 1 685-535mm 

The promi nance of Po tamoge t on and Cyperaceae pol len and t he absence o f  

� sugges t  open wa ter  w i t h i n  the area o f  swamp fores t . Swamp t ree 

pol len  i s  prom i nen t ( F i g . 34A)  and all taxa reach h i gh values at the top  

of  t he zone . A f lor i s t i ca l ly r i ch lowland fores t domina ted by 

D . cupres s i num and Prumnopi tys t ax i fol ia  i s  also  presen t . Among t he 

shru bs Lophomyr t us has the h ighes t values and i s  a lways presen t . Tree 

and ground fern  s po res are abundan t in  t h i s  zone . Spores of  Phyma t odes  

and  L . b i l lard i e r i i i nd i ca t e  the p resence o f  mature  t rees on  wh i ch t hese 

ep i phy tes  have es tabl i shed . Me t ros ideros pollen i s  t he mos t abundan t of  
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t he l i ane t axa and increases s tead i ly throughou t t h i s  zone . 

Zone 2 535- 155mm 

A l l  t ree pollen i s  lower , par t i culary podocarps . Sub-canopy t axa and 

shrub po l len  is also  reduced and the occur rence of some taxa i s  

sporad i c . Typha appears in  the upper po r t i on o f  t h i s  zone and swamp 

t ree  pol len dec l i nes . A t 305mm Plan tago pol len i nd i ca t es the approach o f  

European farm ing . 

Zone 3 1 55-0mm 

The s pec t rum i s  domina ted by an upsurge in  Grami neae and F reyc i ne t i a  

po l len . P te r i d i um s pores coinc ide wi th  the f i rs t  occurrence o f  

Taraxacum and h igher values o f  Plan tago . Al l  t hese  fea t ures ind i ca t e  

d i s t ur bance o f  t he swamp fo res t and the commencemen t o f  European 

farm i ng i n  the i mmed ia te  v i c i n i ty .  The fores t t ree t axa , par t i cularly 

M . robus t a  and D . cuEress iunm show a s t eady r i s e  before decl i n i ng a t  

45mm . Ascar ina presen t in zone 1 shows a s t eady r i se  before decl i n i ng 

i n  the  u ppe rmos t sample . LeEt osEermum , Fuchs i a , Lophomyr t us and Panax 

g roup pol len show a s imi lar  r i se  and dec l i ne bu t Coprosma and Cor i a r i a  

con t i nue t o  r i s e . Di ckson i a , Cya thea , B lechnum and monole te  ferns s pores 

all  r i se . Spec t acular increases a re also shown by Me t ros ideros and 

Phyma t odes . H i gh values o f  t hese l i anes may i nd i ca t e an open canopy 

and Phyma t odes may be es tabl i shed on the t runks of B . tawa , no t  recorded 

in t he prof i l e .  

The pollen  pro f i le i nd i ca t es a s table fores t wi t h  only minor  

c hanges in  t he pol len curves ( Fig . 3 1A-C ) un t i l  European t i me when 

D . cupress i num and M . robus t a  dec l i ne . Cor ia r ia  is never promi nen t bu t has 

a s l ig h t  r i s e  at t h i s  t i me . The pol len curves o f  Laure l i a  and Syzygi um 

s how by the i r  dec l i ne , a  long t e rm change f rom a we t t er  envi ronmen t , bu t  
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a f t e r  t he break i n  the pro f i le they i nc rease aga i n . 

3 . 6 . 5  Charcoal Da t a :  Table XXX gi ves charcoal abundance d a t a  for  a l l  

lo�land s i t es exce p t  f o r  Messenger ' s  Farm s i t e wh i ch i s  pre-Mao r i . S i t es  

w i th in  Egmon t Na t i onal Park ( Po taema , York , Norfolk and Pun i ho 1 and  2 )  

have charcoal t houghout the i r  prof i les . I t  is  no t  pos s i ble  t o  s ta t e  on 

t h e  presen t ev idence whe ther t h i s  i s  solely due t o  volcan i c  

a c t i v i ty , bu t  t he absence of  charcoal except  i n  t race amoun t s  f rom a l l  

t he eas t ern r i ng plain  s i tes would appear to  ind i ca te  tha t t h i s  i s  the  

case . I t  i s  appa ren t f rom the charcoal da ta  tha t f i re has been a 

c omponen t o f  the  e cosys tem in this  area for  a t  leas t the las t four 

hundred year s . 

On the  wes t ern  s i de bo th the Pol lard and Jones ' 3 cores have 

c ons i derable charcoal present cons i s t en t ly in f i ve samples below the  

f i rs t  palyno log i cal  ind i ca t i ons o f  European se t t lemen t .  In  Jones ' farm  

1 and Jones ' farm  3 cores this  charcoal is  assoc ia ted w i t h  t he 

s ca t t e red Newa l l  Lapi l l i . The prox im i ty of these s i t es t o  t he ou t e r  

l i m i t s  of  t he Newall  e rup t i ons sugges t s  t ha t  t he cause o f  t h i s  charcoal 

�as t he nueei arden tes o f � 400 yr B . P .  

In the  Pollard ' s  farm core a poss i ble date  for  t he 1 25mm 

level , ( based  on t he da t e  o f  765 ! 60yr B . P . ) a t  which t he f i r s t  o f  the 

pers i s ten t charcoal appears i s  520 yr  B . P . ( based on a s ed i men t a t ion  

a ra te  o f  0 . 2 4mm/yr ) . Us ing the Kaupokonu i tephra  as a da t um g i ves a 

d a t e  o f  6 7 8  y r  B . P .  ( based on 0 . 1 9mm/yr )  wh i ch i s  s t i l l cons i s ten t 

w i t h  the d a t ed s eed depos i t . This  sugges t s  tha t some cha r coal p re-da t e s  

t he Newa l l  e rup t i on and mus t be a t t r i bu t ed to Maor i  f i res . O f  t he four  
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TABLE XXX� CHARCOAL VALUES FOR LOW ALTITUDE CORES 

S i t e  P Y N P1 P2 H1 H2 NG R J 1  J3  PO U HA B HO 

Al t .  675 548 548 420 397 285 285 2 1 0  180 152  1 3 7  9 1  60 30 30 <30 

0 . 7 1 . 9  0 . 3 2 . 5  - 1 . 6  4 . 1 5 . 5  3 . 6  1 . 1  1 . 3  3 . 4  2 . 1  9 . 6  6 . 5  
0 . 7 1 . 3  1 . 3  2 . 4  1 . 0 1 . 6  2 . 1  5 . 5  1 . 9  1 . 7  I� 0 . 5  8 . 5  3 . 5  
0 . 8  2 . 1  1 . 4  2 . 5  3 . 8  1 . 6  3 . 4  5 . 7  3 . 3  2 . 0  1 . 4  0 . 7  1 . 8  3 . 0  2 . 0  
1 . 7  3 . 5  1 . 3  5 . 3  1 1 . 3  3 . 0  rz:o 2 . 7  3 . 9  . 0 . 9  2 . 4  0 . 7  3 . 0  3 . 1  
0 . 9 1 . 1  2 . 0  2 . 5  9 . 6  1 . 3  0 . 7  2 . 4  2 . 3  1 . 8  1...!4 2 . 9  0 . 7  8 . 3  2 . 2  
0 . 8  1 . 6  2 . 2  1 . 4  9 . 2  2 . 2  0 . 8  2 . 7  1 . 7  1 . 7  1 . 9  0 . 9  9 . 1  2 . 4  
2 . 1  1 . 3  2 . 5  3 . 0  0 . 4  3 . 4  2 . 9  2 . 7  0 . 3  0 . 4  0 . 7  20 . 8  1 . 9  
1 . 0 0 . 7  2 . 1  1 . 7  - 2 . 1 4 . 0 . T - 0 . 5  1 4 . 5  1 . 8  
0 . 4  0 . 1 1 . 7  1 . 0 0 . 4  1 . 1  4 . 6  0 . 7  T - 0 . 1 1 1 . 5  1 . 8  
0 . 9 0 . 1 2 . 3  0 . 5  T T 1 . 3  I� 0 . 5  - - 8 . 8  6 . 8  
0 . 6  - 2 . 3  1--=- - I� 0 . 9  0 . 8  - - - 6 . 7  7 . 6  
0 . 2 1 . 1  1 . 8  - T T T T - - 2 . 9  7 . 0  6 . 2  
0 . 4  0 . 7  1 . 8  - T T T T - - - 7 . 4  3 . 5  
0 . 7  0 . 6  T.T 0 . 6  1- 3 . 1  3 . 2  - - - - - - -
0 . 2 - 1 . 1  - 1 . 1  - - - - - - 2 . 3  2 . 5  
0 . 7  - 1 . 3  - T - - - - - 1-=- 2 . 7  5 . 8  
0 . 4  - 0 . 2 - 1 . 4  - - - - 0 . 9  1 . 6  4 . 8  
3 . 2  - 0 . 4  - - - - - - - 2 . 6  3 . 3  
3 . 3  0 . 5  1 . 1  - T - 0 . 6  - - - 0 . 8  4 . 1  
4 . 4  0 . 4  1 . 7  - T - - - - 4 . 1 

14 . 4  0 . 8  2 . 0  0 . 8  1 . 4  1-- - - - -

2 . 4  T 1 . 8  - - - - 0 . 7 - -
0 . 9  1 . 1  1 . 2  - - - - 0 . 9  - -
0 . 4  0 . 5  1 . 6  0 . 9  - - - 2 . 0  - -

1 . 7  0 . 8  3 . 6  - - - - 2 . 5  - 1 . 1  
0 . 7 3 . 5  - - - 0 . 6  - -

1 . 1  - - - - - -

0 . 8  - - - - - -
1 . 6  0 .  7 - - - - -
0 . 3 - - - - - -

- . - - - - -
- - 0 . 6  - -

- - - -

- - - -
- T - -

- T - -

0 . 4  

P=Potaema , Y=York, N=Nor folk , P1=Pun iho 1 , P2=Pun i ho 2 ,  H 1 =H i dhurs t 1 ,  

H2 =Hidhurs t 2 , NG=Ngaere , R=Ra tapi ko , J 1=Jones 1 , J3=Jones 3 , PO=Pollard 

U=Umu tekai , HA=Hatariko r i ko , B=Bowden , HO=Mo t�nu i . T=Trace 

+ - = No charcoal , . = Scan only , Al t .  i n  me t re s ,-= European t i me . 
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n o r thern s i t es , on ly Ma tar ikor i ko has per s i s ten t  char coal below European 

level , be tween 300-360mm , wh i ch could  be due to  Maori  f i res . I t  is no t 

poss i ble t o  accura tely da te  t h i s  sec t i on of  the core . 

3 . 6 . 6  Cl i ma t i c  I nd i ca tors : 

C l i ma t i c  change , t o be d i s cussed i n  Cha p t e r  6 , i s i n t e r p r e ted  f rom  

changes in t he pol len spec t ra o f  two s pecies , As c a r i na and 

Ve i nmann i a . Da t a  f rom several s i tes  has been summar i sed i n  two pol len  

d i agrams . The  only common da tum , fo r  t hose s i tes  in wh i ch Ve inmann i a  

( F i g . 34 )  i s  prominen t , i s the f i rs t appearance of  Pi nus , fo r  whi ch t he 

a c cep ted d a t e  i s  1860 A . D . S t r a t igraph i c  columns , i den t i f i ab l e  t ephras 

and rad iocarbon dates are avai lable , fo r  s i tes i n  wh i ch As c a r i na luc ida  

p o l len i s  i mpor t an t , t hese are  presen t ed in  F i g . 35 .  
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CHAPTER 4 

CHANGES IN VEGETATION DUE TO VOLCANIC ACTIVITY . 

4 . 1 I NTRODUCTION 

The 2 2  fos s i l  pol len s i t es examined here con t a i n  teph ras depos i t e d  

o v e r  the  las t  4000 years . S i tes  con ta in ing a record of  t he las t 500 

years a re large ly con f i ned to the eas tern  s ide of  Moun t Egmon t .  Deb r i s  

and pyroclas t i c  f lo�s have s�e p t  across the nor th�es tern f lanks o f  t he  

volcano burying t he fo rmer landscape �i th  15km 2  o f  volcan i clas t i c s  

( Neal l  and Al lo�ay 1 986 ) . Tephr as depos i ted in  o ther areas are  older  

t han 5000yr B . P .  ( 2 . 2 . 1 ) .  Repo r t s  o f  damage af ter  volcan i c  ac t i v i t y 

i n  Ne� Zealand and overseas have been revi e�ed ( 1 . 6 ) and accoun t s  o f  

recovery , par t i cularly recen t l i t era ture  f rom the Moun t S t . Helens  

e rup t i on , have been s t ud i ed ( 1 . 7 ) . No in forma t ion i s  ava i lable on t he 

i n t er p re t a t i on o f  pollen s pe c t ra as ind i ca tors  o f  vege t a t i on d amage . 

Some as sump t ions have had t o  be made . A sharp dec l i ne in  pol len  values 

fol lo� i ng depos i t i on o f  a tephra has been i n te rpreted  as vege t a t i on 

d amage . Th i s  i s  usually follo�ed by a r i se in mos t taxa , i n terpre t ed as 

recovery . The excep t i on t o  t hese pa t t erns i s  Cor iar i a  �here  a h i gh 

value f requen t ly fol lo�s i mmed i a t e ly a f t e r  the tephra . N i t rogen f i x i ng 

s pe c i e s  o f  thi s genus are recorded f rom uns table s i tes on Moun t Egmon t  

( Neal l  1 9 7 3 , Clarkson 198 1 )  and f rom Moun t Tarawera ( Burke 1964 ) . I t  i s  

r ecogn i sed  as a p ioneer plant  o n  open s i tes ( 1 . 7 . 2 ) .  

Tephras o lder  than � 1500 yr B . P . ho�ever , have been compressed  

t oge ther  �i th pea t t ha t  developed above t hem so that  recovery pa t t e r ns 
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and the r i se i n  Cor i ar ia  occur w i th in  the tephra layer . A t h i gh 

a l t i t udes , changes i n  the pol len pro f i le i n d i ca t i ng t he ear l i es t  s tages 

of recovery may be masked by s low grow th  of plan t s  and low 

sed i men t a t ion  ra tes . As recogni sed in  a po llen pro f i l e , recovery 

represen t s  a re turn to  pol len p roduc t i on wh i ch only requ i res  

d evelopmen t  of  f l ower i ng buds . Recovery f rom s t ruc tu ral damage such  as  

b roken b ranches o r  wounds may t ake much longer and t r aces o f  t h i s  

damage w i l l  be v i s i ble for  many years a f t e r  the even t ( Bu rke 

1964 ) . There may also  be delayed deaths  due to  i n fec t ion  of damaged 

s t ru c t u res . Recovery , par t i culary at high al t i tude s i tes , i s  f requen t ly 

i n t e r rup t ed by fur ther  vol can i c  ac t i v i ty , wh i ch may d i s turb  o r  d i s place  

bur i ed soi l s , des t r oy i ng the pollen  record . Des p i te  these d i f f i cul t i e s  

the  S t ra t ford  Moun t a i n  Road s i t e con tains  i n forma t i on f rom abou t 3500 

y r  B . P . and an almos t comple te  record f rom 2000 to  400 y r  B . P . Th ree  

s i tes  at  Manganui  bog  have a de ta i led record for  the las t 400 years . An 

advan t age o f  h i gh al t i tude s i tes  is  that  pollen car r i ed by updra f t  

i nd i ca t es changes i n  vege t a t ion zones a t  lower al t i tudes as wel l  as 

i n forma t i on abou t t he i mmed i a t e  envi ronmen t . 

Yhen a l l  the s i tes are cons idered toge ther  i t  i s  poss i ble  t o  bu i ld 

up  an ove r v i ew o f  t he e f fec t  o f  any one t ephra  on t he vege t a t i on .  

Di scuss i on o f  vege t a t i on change due to  volcan i c  ac t i v i t y has therefore  

been developed here f rom an  h i s t o r i cal v i ewpo i n t . The d i s t r i bu t i ons  of  

t hose  t ephras for  wh i ch i sopach maps  are  ava i lable are s hown i n  F i g . 2 

o f  Cha p t e r  l , wh i le the present  t ephrochronology of t he las t 4000 years  

i s  g iven i n  Tables  XXXI and XXXII  

1 32 



TABLE XXXIb RADIOCARBON DATES ,  MT . EGMONT TEPHRAS , LAST 4000 YEAR S .  

Name of  

S i t e  

Neva l l  Ash 

Kaupokonui 

t e phra 

Pyroclas  t i c  

F lov 

Manganui 

t ephra 

I ng levood 

Tephra 

Age 

yrs  B . P . 

NZ RC 

Numbe r 

Comment  

404  + 44 NZ941A Charcoa l Log ( Neall 197 2 ) . 

1 390 + 150 NZ6508A = Druce ' s  P4 ( 1966 ) 

1 980  +60 

l i es above t h i s  dated ma t e r i al . 

Nea l l  and Jansen ( 1 984 ) 

NZ3886A Unpubl i shed 

2890 + 1 00 NZ3423A Tephra l ies  betveen the  tvo 

3 3 20 + 60 NZ31 39A d a t ed depos i t s .  

3 6 1 0  + 8 0  NZ3353A = Druce ' s  P2 ( 1966 ) 

Tephra l i e s  be tveen the  tvo 

3950 + 50 NZ5527A d a t ed depos i t s .  
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TABLE XXX I I  TEPHROCHRONOLOGY OF  MOUNT EGMONT , LAST 400 YEAR S . 

Name Da te A . D . 

Tahurang i Ash 1 755 

Pun i ho 2 

Pun iho 1 

Burrell  

Lap i l l i  

Burrell  Ash 

1 655 

1655 

1655 

1655 

Yai weranui 1604 

Ev i dence for proposed date . 

Sed imen t a t i on rate  i n  pea t less 25% 

Tree r ing coun t o f  one 

Pseudopanax colensoi  

Dendrochronology ( 1 1 cores 

f rom 9 t rees , 2 s pec ies ) .  

Di s cuss i on on bur ied so i l / l i t ter 

( Page 1 6 )  in Druce 1 966 . 

Ash/  Lap i l l i  Dendrochronology based on 

Newall  Ash 3 t rees , 2  species  ( Page 32 ) .  

and Lap i l l i  Revi sed t o  1500- 1550 A . D . ( Neall  1972 ) .  

Source Druce ( 1 966 ) 
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4 . 2  EFFECTS OF INDIVIDUAL TEPHRAS 

4 . 2 . 1  I nglewood Tephra : As shown i n  F i g . 2A the mai n  axi s  o f  

d i s t r i bu t ion o f  t h i s  t ephra l i es t o  t he nor th  o f  Moun t Egmon t . Lap i l l i  

we re  found a t  Ngaere swamp 32km t o  the  sou t heas t and a t  Jones ' farm 3 

on t he wes tern  s id e  o f  Moun t Egmon t c lose to Newall  Road . At bo t h  s i tes  

C o r i a r i a  r i ses  w i t h in  t he tephra and peat layer ( F igs . 20B and 

2 6B ) . D . dacryd i o i de s  r i ses  w i thin , t h i s  and subsequen t t ephras a t  Ngae re 

swamp . Sugges t i ng changes i n  wa ter levels  pe rmi t t ed some encroachme n t  o f  

t rees on to  the swamp . Above the Ingl ewood tephra a t  Ngaere  

D . dacryd i oides  and Cyperaceae dec l i ne wh i l e  Po tamoge ton 

d i sappears . O ther t ree po l len r i ses wh i ch sugges t s  that  the env i ronme n t  

became d r i e r  ( F ig . 20C ) .  Samples f rom w i thin  the Inglewood t e ph ra a t  

Jones ' farm 3 show that  D . cupres s i num , M . robus ta  and some subcanopy t axa 

have a r i s i ng t rend wh i ch can be assummed to  be recovery a f ter  

damage . As t he t ephra forms the  basal  depos i t  in b o t h  cores  no  

c ompari son can  be made w i th pre- tephra values . 

Changes w i t h i n  t he tephra a t  Ngaere and Jones ' farm 3 s i t es , wh i ch 

a r e  a t  a con s i d e rable d i s tance f rom t he ma in  axi s o f  d i s t r i bu t i on 

( F i g . 2A ) , sugge s t  t ha t  c loser  to t he ma i n  ax i s , d amage would have been 

v e ry severe . Un fo r t una tely Ra tapiko was a Typha swamp and i t  appears 

t ha t  Typha pea t does no t become compac ted as much as  o ther 

p ea t s . Ra tap iko , Jones ' farm 1 and Ho t unu i all  have f i b rous organ i c  

m a t e r i a l  i n  t he s t ra t i graph i c  co lumn when Typha i s  abundan t i n  t he 

p o l len pro f i le . A t  bo th  Ra tapiko and Mo t unui  t h i s  preven t ed t he cor i ng 

d e v i ce reach i ng o lder s ed i men ts  and t he expe c t ed layer o f  Inglewood 

t e phra was no t found at Ra t ap iko . 



Many t r i bu ta r i es on the nor thern  flank of  Moun t Egmon t j oi n  t he 

Manganui  R i v e r , wh i ch also d rains  t he Ra tapiko swamp ( F ig . 36 ,  large map 

i n  Vo l . I I ) . Lahars depos i t ed a f t e r  t h i s  t ephra cou ld have been 

channel led d own t h i s  r i ver imped i ng drai nage of  t he swamp . H i gh values 

of Po t amoge t on a t  t h i s  t ime in  the  Ra tapiko pro f i le sugge s t s  open 

f l owing wa t e r . Typha an under-represen t ed species , also  has very h igh 

v alues i n d i c a t i ng a large area of swamp . A t h in  band of f i ne pum i ceous 

s a nd be t ween 5 70-584mm is assumed , because of i ts pos i t ion  in the  

s t ra t igraph i c  column , to be redepos i ted Inglewood Tephra fol lowi ng 

adj us tmen t o f  wa t e r  levels in  the swamp . Be i ng redepos i t ed i t  had no 

e f fec t on t he vege t a t i on . The age o f  this layer ( j ) i s  unknown . 

4 . 2 . 2  Manganui Tephra : Thi s  t e phra dated � 3 1 2 5yr B . P .  was found a t  

S t ra t ford  Moun ta in  Road 82/4 , and overl ies the lahar depos i t  a t  

Messenge r ' s  Farm , bu t nei t her o f  t hese s i tes provides a pol len record 

of  the even t . I t was also  found in bo t h  Ngaere and Ra t a p i ko swamps . A t  

t he former D . dac ryd i o ides  and P . t o t ara r i se  and dec l i ne wi t h i n  the 

t ephra . Ind i ca t ion s  o f  damage t o  the  fores t are seen in  the  r i se o f  

Cor i ar i a , Leptospe rmum , Nes tegi s and a l i t t l e  la ter  Kn igh t i a and 

G ram ineae . Al l  these s pec ies  res pond to open ing up of a fores t canopy . A  

d ec l i ne i n  D . dacryd i o i des  i nd i ca t es  readj us tmen t of  t he wa t e r  levels as 

compa c t i on occurs . A t Ra t ap i ko i t  was poss i ble  to o b t a i n  valid pol len 

coun t s  wi t h i n  the depos i t  as the l i t h i c  lapi l l i  were sca t t ered . Severe 

damage would  be u n l i ke ly wi th  t h i s  amoun t of  lap i l l i  and no changes are 

seen . Bo t h  s i tes  have very low sedimen t a t ion ra t es fol low i ng t he 

depos i t i on o f  t h i s  t ephra and d e t a i ls of  subsequen t changes are masked 

by s low developme n t  of pea t . 
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Li t h i c  lapi l l i  o f  t he Manganui t ephra were erup t ed f rom Fan tham ' s 

Peak ac compa n i ed by basal t i c lava f lows , an unusual ocurrence on t h i s  

andes i t i c volcano ( Neal l and Al loway 1986 ) . Lahars , mapped a s  the Nga t o ro 

Forma t i on ( Neal l  1 9 7 9 )  depos i t ed abou t 3 300 yr  B . P . , were  channe lled  

d own the Manganu i R iver  and aga i n  a f fe c ted t he d rainage a t  Ra t a p i ko 

s wamp . A  s low sed i men t a t i on ra t e  and dec l i ne o f  m i re plan ts  ind i ca t es a 

d r ier  envi ronmen t a t  Ra t a p i ko a f t e r  t h i s  volcan i c  event  ( F i g . 2 1 A ) . The 

m i re to  non-mi re ra t i o  (% data F i g . 2 1 E )  shows that many adj u s t men t s  

occurred . The h i gh value o f  m i re plan t s  a f t e r  the redepos i ted t e phra  i s  

f o l lowed by a lower va lue j us t  p r i o r  t o  the depos i t ion o f  the Manganu i 

t ephra . 

Between t he Manganui  (�3125 y r  B . P . ) and Kaupokonu i tephras ( �  

1 400 y r  B . P . ) 1 2  layer s  were iden t i f i ed a t  t h e  S t ra t ford Moun t a i n  Road 

s i te 82/4  ( Table  I X ) . The pauc i ty  of t axa and replacemen t of dominan t 

t axa by ano ther  a f ter  each even t sugges t s  high ly uns table  vege t a t i on 

and i t  i s  d i f f i cul t t o  envi sage the upper s lopes o f  Moun t Egmon t a s  

any th ing bu t bare of  vege t a t ion a t  t i mes  dur ing t h i s  long i n t e rva l . H i gh 

values o f  G ramineae s ugges t  that  there  may also have been some 

e x t ens ion downs lope o f  the tussock zone . Char red tus sock and twi gs 

below one pyroc l as t i c  f low have been da ted ( NZ3886A ) a t  1 980 + 60 y r  

B . P .  

4 . 2 . 3  Kaupokonu i Teph ra : The Kaupokonui teph ra i s  preserved as lap i l l i  

A t  S t ra t ford  Moun ta in  Road ( 82/4 ) , Ngaere swamp and M i dhu r s t  1 on t he 

eas t . On the  wes t i t  i s  found as wea t hered lap i l l i  ( or ash ? ) a t  

Jones ' and Pol lard ' s  farm  s i tes . S t ra t ford Moun ta in  Road s i t e , p r i o r  t o  

t h i s  erup t i on , was  domina t ed by Dracophyl lum w i th  some Coprosma and 
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Myr s i ne also  presen t . Pol len o f  the la t t er  two shrubs was much reduced 

bu t Dracophyl lum appears  t o  have survi ved the fall  o f  lapi l l i . "Coarse  

pumi ce and rock f ragmen t s "  fell  t hrough branches o f  coni fer  sapl ings on  

Moun t S t . Helens w i thou t adher i ng t o  the fo l iage ( An t o s  and Zobel 1982 ) .  

The s pr i ngy branches and need le leaves o f  Dracophy l lum may have escaped 

d amage in  t he same way ( 1 . 7 . 2 ) .  

Th i s  t ephra i s  much younger t han t he previous tvo and i s  less  

compa c t ed . A t Ngaere swamp Cor iar ia  i s  presen t  w i thin  t he t e phra and 

i n c reases above i t . O t he r  pol len taxa  to  r i se are  

Cya t hea , Leptospermum , Ne s t egi s and Elaeocarpus . D . cupress i num also r i s es 

bu t podocarp pol len decl ines . These changes ind i ca t e  damage to canopy 

t rees by t he lapi l l i , c rea t i ng l igh t gaps in vh i ch these subcanopy 

s pec ies  could expand . Th i s  tephra was eru p t ed to the sou theas t s o  

M i dhur s t  1 s i te suf f ered less damage . Co r i a r i a  i s  presen t unchanged 

w i t h i n  the tephra bu t d i sappears a f t e r  i t .  

more promi nen t than Cor iar ia  a t  t h i s  

Coprosma 

t i me .  The 

and Myrs i ne are  

pollen pro f i le 

i nd i ca t es lowland fore s t dominated  by D . cupres s i num . 

All t hree wes tern s i t es ( Jones ' farm 1 and 3 and Pollard ) con t a i n  

t he Kaupokonui  tephra but  i t  i s  no t clear ly expressed . Jones ' farm 1 

core  has a very lov t o tal  pollen coun t throughou t the prof i le . Th i s  may 

be because  t he lower por t i on i s  essen t ially s o i l , subsequen t ly a � 

swamp developed bu t t he fore s t  was cleared a t  t h i s  t i me and the sour ce  

o f  fores t pol len removed . 

sub- canopy pol len t axa  are 

At Jones ' farm 3 values a re higher bu t many 

absen t f rom the  pro f i le a t  t h i s  

t i me . D . c upress i num dec l i nes more qui ckly bu t t h i s  i s  only a s l i g h t  

i n c rease on t he general downward t rend begun by t h i s  s pec i es , Ascar i n a  
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and some s ubcanopy t axa . There i s  no recovery pa t tern  shown i n  t he 

pollen pro f i le a f t e r  t h i s  t ephra . In t he Pol lard core the depos i t  below 

t h i s  t ephra canno t be da ted wi th  con f i dence . There i s  a s t eady d e c l i ne 

i n  subcanopy , t ree and g round ferns f rom the peak values a t  305mm and no 

pa t t ern o f  recovery . C l ima t i c fac tors  domina te  the s pec t ra a t  t hese 

wes t ern  s i t e s  i n  t he upper two th i rds  o f  t he pol len diagrams . 

4 . 2 . 4  " Layered F i ne Ashes " : The pollen s pect rum in t he lower of two 

s amples f rom t h i s  layer ( g )  has h i gh values o f  fores t taxa  der i ved from 

t he lower fores t zones and perhaps also f rom t he r ing pla i n . The upper 

of  the two samples had very few pol len grains  and in the  nex t s ample 

a bove , a l l  values  are  lower t han before  the ashes . The only excep t i on i s  

t he monole t e  fern spores wh i ch have a s pec tacular  r i se ( F i g . 1 3A and C ) . 

F rom t h i s  d a t a  and the recovery pa t t ern  above , i t would a p pear  t h a t  

t hese ashes caused widespread damage however , when the  i n f luence o f  

monole t e  s po res i s  removed ( by us i ng only woody s pecies i n  the  pollen  

s um )  t he i n t erpre ta t ion is  qu i t e d i f feren t . Here only Dracophyl lum among 

t he suba l p i ne shrub pol len is reduced ( F ig . 1 3B ) . The sma l l  value o f  

Cor i a r i a  a t  t h i s  t ime compared t o  values a f ter  depos i t i on o f  ear l i e r  

t ephras could  sugges t t h a t  l i t t le damage occurred . ( Clarkson 198 1 )  

t hought  t h a t  Dracophyl lum preceded Brachyglo t t i s  elaeagn i f o l i a  i n  the  

s ucces s i on w i th in  the suba l p i ne s c rub . Al l  o the r shrub pol len t rends are  

unchanged . I t  mus t be  conc luded tha t  these ashes did  no t cause  much 

d amage and t he r ise  in monole te  fern s pores is a local  

over - represe n t a t i on i n  samples where po l len i s  sca rce . 



4 . 2 . 5  Newa l l  Ash :  The only eas t e rn core i n  wh i ch Newall  Ash has been 

pos i t ively  i den t i f i ed i s  M anganu i 3 . Here there is no ind i ca t ion  o f  

charr ing and these two laye rs o f  f i ne ash are i n terpre ted a s  l a t e r a l  

c l oud depos i t s .  Mos t t ax a  r i se i n  the f i rs t  t w o  samples a f t e r  t he 

d epos i t ion o f  t hese ashes in  Manganui 3 ( 85 / 1 ) .  H igher values o f  

Cor iar i a  decl i ne agai n  j us t  before the Burrell  Ash .  P . ha l l i i  shows a 

marked r i s e  above t h i s  t e phra , t hese changes ind i cat ing tha t some d amage 

o c cur red . At S t r a t ford Moun t a i n  Road ( 82 / 4 )  the coarseness o f  t he 

s ampl i ng has not  recorded a pos t - t ephra spect rum . 

The lack of  de f i n i t i ve dates  for  the base o f  the Po t aema , York  Road 

and Nor folk Road bogs presen t s  a d i f f i cul ty in  i n t erpre t a t i on . The t h i n  

layer o f  sand a t  t h e  base o f  t he Po t aema core was prov i s i onal l y  

i den t i f i ed as Newal l  Ash . I t i s  no t l i ke the la te ral cloud depos i t  o f  

Newa l l  Ash iden t i f i ed i n  Manganu i 3 . Since t h i s  l ayer ( h )  forms t he base 

of  the core a pre- t ephra s pec t rum for the Newall Ash is  not  presen t . 

On the bog , Lept ospermum and Cype raceae r i se and mos t  fores t t axa 

i ncrease i mmed i a tely  a f t e r  the tephra , bu t  Co r i ar ia  does no t r i se un t i l  

la te r . 

A deeper core ex t ra c t ed f rom Po taema bog ( McGlone e t  a l  in  l i t t . ) 

i nd i ca tes that  a f t e r  t he Newal l  erup t i ons L ibocedrus and Cya t hea 

dec reased bu t P te r i d i um s po res increased . Lept ospermum pollen wh i ch 

al ready had high value s , increased , and in a la ter  sample Cor i a r i a  pol len 

rose t o  35% . Th i s  delay  i n  the expans ion o f  Co r i a r ia  was a t t r i bu t ed to 

s low d i eback of  a bad ly damaged canopy wh ich led la ter  on t o  

subs t an t ia l  gaps i n  whi ch Cor i a r i a  became es t abli shed . On t he bas i s  o f  

t h i s  evi dence i t  could be sugges ted tha t t he recovery pa t t ern s een a t  
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t he base o f  Po t aema 8 3 / 2  pro f i le was due t o  d amage by t he Newal l  

Ash . Th i s  could pos s i bly be ex tended t o  the York Road and Nor folk Road 

p ro f i les where r i s i ng pollen curves at the base also  occur . The i ncrease 

in  m i neral i s a t i on due t o  i nwash at  these bogs could be due to  eros i on 

o f  bare s lopes above . Deeper cores and rad iocarbon da tes are requ i red  

be fore f i rm conc lus i ons  can  be  drawn . 

The Newal l  e rup t i on depos i ted ash and lap i l l i  across t he nor t hwe s t 

quad ran t o f  Egmon t Na t i onal Park ( F ig . 2B ) . Sca t t ered Newall  Lap i l l i  were 

i den t i f i ed i n  t he two Jones ' farm cores , d i s persed t h rough pea t and no t 

as  d i s t i nc t layers . A t  bo th  s i tes  recovery pa t t erns  are prom inen t i n  

t he pollen prof i le . A t Jones ' l , an in i t ial  dec l i ne in all  t axa i s  

f o l l owed by a s teady r i se from 145mm and t he h i ghes t values recorded 

for  mos t t axa are achi eved j us t  before des t ruc t i on of t he fores t by 

Europeans . A t  Jones ' farm 3 , t axa al ready prese n t  recover rap id ly and 

t hose  subcanopy taxa , previously absen t from the profi le , reappear s o  

t ha t  a spec i es - r i ch fores t 

recovery and enri chme n t  o f  

deve loped qu i t e rap i d ly .  

the fores t flora  may 

The rap i d i ty  o f  

be due t o  t he  

f er t i l i s i ng e f fec t o f  ash from the widespread f i res  recorded by Druce 

( 1 966 ) but  may also be par t ly due t o  a change in cl ima t e , wh i ch i s  

i nd i ca ted a t  t h i s  s i t e  a t  t h i s  t ime . 

Dur i ng the process i ng of samples f rom the Po l lard core , f ine  

lap i l l i  were  found in  the  upper po r t i on ( 1 88- 260mm ) o f  the peat  

sec t ion . Seeds f rom th is  pea t were da ted ( NZ69 1 8 )  a t  7 95+60 yr B . P . 

T h i s  da te  mus t be regarded as an average f o r  t he 7 2mm of  pea t . The  

pol len s pec t ra i nd i ca t e  recovery , par t i culary o f  M . robus t a , a t t h i s  

t i me . The f i ne lap i l l i  are  i n t erpreted a s  depos i t s f rom t he Newal l  



e rup t i ons . Th i s  s i t e i s  nearer t o  the coas t t han  J ones ' farm and fur t he r  

away f rom t he summi t o f  Moun t Egmon t .  A s t r i k i ng fea ture o f  a l l  t h ree  

cores i s  t he sudden appearance of  �e inmann i a  at  th is  t ime and i t s r i s e  

t o  promi nence a f t e r  the Newall  erup t i ons fol low i ng a v i r tual absence . 

�aiweranui Ash and Lap i l l i  have no t been i den t i f i ed . 

4 . 2 . 6  Burrell  Ash :  None of  the Manganui  cores  con t ains bo th  pre- and 

pos t - t ephra records o f  t he Burrell  Ash . Manganui  1 ( Fi g . 7A) con t a i n s  an 

o rgan i c  layer above the Ash and values o f  mos t t axa a re s l i gh t ly h i gh e r  

t han a f ter  the Burrell  Lap i l l i  wh i ch f e l l  later , bu t  t here  i s  n o  

p re- tephra s pec t rum . Manganui 3 ( F ig . 9A)  con t a i n s  a pre- t ephra s pec t rum 

in wh i ch Cor iar ia  has decreased f rom h i gher  values a f t e r  the  Newal l  

Ashes . General ly values are lower than i n  the  s ample preced ing t he Ash . 

This  i s  due t o  t he d i f f i cul ty i n  iden t i f y i ng the prec i s e  boundary 

be tween peat and Ash . The presence o f  t he ash  may in fluence t he g r / c m 3  

d a t a . 

Druce ( 1966 ) showed tha t Bur re l l  Ash and Bur rell  Lap i l l i  were 

d i f fe ren t s t ages o f  the same erup t i ve epi s ode . S t ra t ford Moun t a i n  Road 

( s i t e 85/ 2 )  con ta ins a d i s t i n c t  organ i c  layer wh i ch Druce ( 1 966 ) 

iden t i f i ed as " bur ied l i t t er " (Table VIII  i n  Volume I I )  be t ween Bur r e l l  

Ash and Burrell  Lap i l l i . Druce also d i scussed whe t her o r  no t t h i s  layer  

i s  a bur i ed soi l . The s i gni f i can t change i n  P . colensoi ( P=<O . OS )  and  t he 

occur rence o f  local herb pol len and pol len  of several subc�nopy 

t rees , none of  wh i ch occur in  the Burrel l  Ash , conf i rms that  i t  i s  a 

bur i ed so i l  ( Fi g . 1 2A ) . A  s i m i la r  organ i c  layer forms par t  o f  the  

uppermos t sample  a t  S t ra t ford Moun t a i n  Road s i t e (82/4 ) . Th i s  pol l en 

s pec t ra l ikewise  had increased amoun t s  o f  P . colensoi , P . s i mplex and 
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d i co ty ledonous herbs  ( Fi g . l 3A ) . P . colensoi appears a t  t h i s  s tage a f t e r  

a n  apparen t absence of  2000 years . Coriar i a  has a low value a t  the base 

of t he Burrell  Ash at  s i te 85/2  ( Fi g  1 2A)  and the same value i n  the 

lowe r of t he two samples i n  t he organ i c  laye r . I n  the upper sample t h i s  

value r i ses  and i nd i ca tes  tha t  the Ash caused some damage and also t ha t  

some t ime elapsed be tween t he two s amples . 

I n  t he Po taema core an organ i c - r i ch layer ( f )  i s  presen t be tween 

the Burre l l  Ash and the Burrell  Lapi l l i . Changes seen in t h i s  organ i c  

layer  a f t e r  the Burrell  Ash inc lude a r i se i n  Cor iar i a  and a dec l i ne i n  

t o t a l  t rees , epiphy tes , l i anes and fern  spores . There was a sma l l  r i se i n  

shrub pol len . Pol len o f  Cyperaceae i s  absen t a f t e r  hav i ng been prominen t 

and Leptospermum i s  reduced . Thes e  values are d i f ferent  to those a f t e r  

t h e  depos i t ion o f  t he Burrell  Lap i l l i  and the amoun t o f  change sugges t s  

there was a subs tan t ial  i n terval be tween the depos i t i on o f  these two 

tephras . 

The i sopach map o f  th is  t ephra  ( F ig . 2D) i s  very s i m i lar  to  t ha t  o f  

t he Newal l  depos i t s ( F igs . B  and C ) . Al t hough t he d i rec t ed componen t o f  

the Newal l  nuee arden tes  was very ho t t he Ash cooled a s  i t  was swe p t  u p  

t o  h i gh a l t i tudes pr ior  t o  i t s depos i t i on a t  Manganui  bog . The Burrell  

Ash  i s  now though t to  be  f rom a s i mi lar lateral c loud depos i t .  Damage 

woul d  there fore be due to bur i al , as seen in t he e l im ina t ion o f  

Cyperaceae . O r  t o  adherence o f  the tephra , wh i ch may have caused t he 

decl i ne i n  mos t t axa . Charcoal i s  always presen t a t  t h i s  s i te  (Table  

XXX i n  Chapter  3 )  and  the h igh level s  o f  charcoal below this  Ash  are  

t hough t t o  be  w i ndborne ash redeposi ted a f ter  the  Newa l l  f i res . 
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4 . 2 . 7  Burrell  Lapi l l i : The fos s i l  pollen record for the Burre l l  

Lap i l l i  i s  the mos t comple t e .  Compari son o f  t he s t ra t i graph i c  columns 

o f  t he three Manganui  cores ( Fig . 10 )  shows tha t thi ckness o f  depos i t s 

va r i es f rom s i te to  s i t e . A t t h i s  cushion bog ( Harr i s  1 968 ) a h igh value 

of  Cyperaceae and d i co tyedonous herb pol len is in terpre ted as an 

Oreobolus pec t i natus  cush i on . Lowe r , we t ter areas be t ween " cush i on s "  

con ta in  mos ses ( 3 . 2 . 1 . ) .  Pro f i les  o f  t he th ree Manganui  cores vary 

grea t ly ( F i g . 1 1 A )  as does the th i c kness o f  Burrell  Lap i l l i  ( cores 8 3 / 1 

and 85 / 1 )  Fig . 10 . Th i s  i s  a t t r i bu t ed to s i t e  83 / 1 , be ing a mossy poo l  

( ve ry low Cype raceae and herb pollen F i g . 1 1A )  wh i le 8 5 / 1  was a 

" cushion "  a t  the  t i me the Burre l l  Lap i l l i  was depos i t ed ( h i gh values o f  

Cyperaceae and herbs ) . A s imi lar  ef fec t can be seen in compar i ng t he 

pro f i les  and th i cknesses o f  Tahurangi Ash a t  s i tes  8 3 / 1 4  and 85/ 1 . These 

d i f ferences cou ld explain  why an organ i c  layer be tween Bur rell  Ash and 

Burrell  Lap i l l i  is presen t  in only one o f  t he three cores . I t  was 

fai lure to f ind an organ i c  layer in a subalpine  bog tha t  i n f luenced t he 

dec i s ion t o  regard t h i s  organ i c  layer as " buried l i t t e r "  ( Druce 1966 ) .  

A ll  t axa a t  Manganu i bog s i tes  have lower va lues a f ter  depos i t on 

of Bu rrell  Lap i l l i . There is no doub t tha t severe damage was caused t o  

the impac t o f  these pumi ceous a l l  vege t a t ive s t ruc t ures by 

lap i l l i . Removal o f  t he canopy i n  the subal p i ne shrub  i s  ind i ca ted by 

t he upsurge in a l l  shrubs . Th i s  is fai rly rapi d and sugge s ts  tha t  t he 

area was not  devege t a t ed and tha t  roo t sys t ems survi ved . Only i n  t he 

upper pro f i les does compe t i t i on be tween taxa become ev iden t . Promi nence 

of i nd i v i dual t axa at t h i s  s t age var i es be tween s i t es . There is no 

ev idence tha t  t here was a s t age when Cor i a r i a  was t he only shrub 

presen t al though i t  i s  promi nent  i n  a l l  the pos t -Bur re l l  



pro f i les . Dobson ( 1 985 )  has sugge s t ed tha t  s i t es suppor t i ng cush ion bogs 

are o l igo t roph i c  where the mean annual tempe ra t ure is < 6 ° C . Slow plant  

grow th  and pea t developmen t could have compressed the pol len record and 

masked a Cor iar ia  dom i na ted s t age at Manganui Bog ( 1 200m) . 

The uppermos t sample a t  S t ra t ford Moun t a i n  Road ( s i te  82/4 ) i s  a t  

the base o f  the  Burrell  Lapi l l i , t he po l l en s pec trum shows a reduc t i on 

i n  Compos i t ae and ind i ca tes tha t  B . elaeagn i fol i a , wh i ch i s  domi nan t i n  

the suba l p i ne s c rub c anopy a t  presen t , pro t e c t ed the shrubs benea t h  

i t . O ther shrubs survived , t he sole exce p t i on be i ng Myrs i ne . Dracophyl lum 

con t i nues i t s decl ine  as i t  i s  replaced in the success ion ( Cla rkson 

198 1 ) .  

The pol len pro f i le a t  Po taema bog i s  t he mos t de tai led record o f  

vege t a t i on damage b y  impac t o f  the Bur r e l l  Lap i l l i  ( F i gs . 14A t o  F ) . 

The " random na ture  o f  values '' as seen i n  F i g . 1 4B and F shows t ha t  apar t 

from an upsurge o f  Cor i aria  immed i a t ely fol lowing depos i t ion o f  the  

Lap i l l i  there is  no d i s t i n c t  pa t t ern o f  success ion i n  the  fores t .  

Cor i a r i a  was soon suppressed and compe t i t i on under an opened canopy 

governs recovery . The marked dec l i ne o f  D . cupress inum a f t e r  the  

Bur rel l  Lapi l l i  ( F i g . 1 4F )  i nd i ca tes  tha t  t rees of  t h is  eme rgen t s pe c i e s  

we re  severely damaged bu t probably s u f fered d ieback and d i ed 

la t e r . Veinmanni a  was able t o  expand i n t o  the light  gaps le f t  by 

D . Cupres s i num and became t he mos t success ful  subcanopy s pecies un t i l  i t  

began t o  t h in ou t in t he upper samples . In  the swamp the lap i l l i  

blocked drainage channels caus i ng maj or  changes and the reve rsals  o f  

Cyperaceae and Leptospermum pol len values . These changes domina t e  t he 

spec t rum and damage i s  only seen i n  t he l ower values and subseque n t  
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r i s e  o f  margi nal  t axa . Burrell  Ash appears to  have been more damag i ng t o  

s edges t han Burrell  Lap i l l i  but  the change in  edaph i c  cond i t i ons  

a l l oved t hem to  re-es t abl i sh  very qu i ckly . 

The o ther tvo lov al t i tude s i t es , York Road and Norfolk  Road 

bogs , l i e  to the nor t h  of the mai n  ax i s  o f  depos i t i on . Bo th  shov r i ses  i n  

Cor ia r i a  a f t er t h e  Burre l l  Lap i l l i  b u t  damage t o  the canopy vas more 

severe at  York vh i ch recei ved a th i cker  layer o f  dense lapi l l i  t han  

Nor folk . To ta l  t ree values vere reduced , ferns and la ter  shrubs i n c reased 

i n  the 
�� 

gaps ( F i g . l SD) . Ve ry l i t t le change occur at Nor folk Road � 
l igh t 

( F i g . 16D ) . M i dhurs t 1 vas a fores t a t  t h i s  t i me . F ig . 18D shovs t he 

beginn i ng o f  a change to  more svampy cond i t i ons . Th i s  cou ld be due t o  an 

a l t era t i on in t he eas t e rn cat chmen t o f  the Manganu i River , fol loving  t he 

erup t ion . The re i s  some reduc t ion in  the value of the domi nan t and 

emergen t s pec ies  D . cupress i num bu t Cor i a r i a  does not shov a l a rge 

i nc reas e and l i t t le  d amage occur red . M i dhu r s t  2 ( F i g . 1 9D) shovs a s l igh t 

dec reas e i n  D . cupres s i num and podocarp  po l len . Aga in the emergen t t rees  

p ro tec t ed the plan t s  benea th  t hem . 

I n  a t t emp t i ng t o  envi sage the fal l o f  lapi l l i  on a fores t , t he 

c loses t compar i son i s  t o  a very severe ha i ls torm .  Unless  t he fores t 

vas we t the  tephra vould not  adhere to  the fol iage ( An tos  and Zobel  

1 98 2 ) . Bu r re l l  Lap i l l i , al t hough pumiceaous do no t  f loa t and  vould have a 

greater  dens i ty than i ce  and fall a t  h igher veloci ty , The impa c t  o f  

295mm o f  lapi l l i  u p  t o  25mm i n  d i ame ter  vould c rea t e  a con t i nuous 

s hover o f  torn  leaves , broken tvigs , shat tered branches , f lovers , f r u i t ,  

s eeds and i nsec t s  vh i ch vould be i n t e rmingled wi th  the Lap i l l i . A f t e r  

t he erup t i on a delayed shower o f  dead leaves and deb r i s  voul d  
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depos i t ed . The fores t would be fully open t o  the sky , t runks and 

b ranches bare and s ca rred . Fern f ronds would be s t r i pped but t reefern  

t runks would remai n . He rbaceous plan t s  would lose  all  aer i al par t s .  The 

pol len s pe c t r um i nd i ca tes some epi phy tes would s t i l l  be hangi ng f rom 

t he t runks o f  t rees . Me t ros i deros pol len , poss i bly M . d i f fusa has h i gh 

values . Th i s  l i ane has very spr i ngy b ranches whi ch would g i ve ra ther  

t han break under i mpac t .  Phyma todes also has tough rhi zomes c losely 

adpressed t o  t ree t runks and s eve rence o f  a rhi zome would no t 

necessar i ly k i l l  the fern . 

� i th  t h i s  scena r i o , organ i c  ma t t er  would be a par t  o f  t he Lap i l l i  

l ayer . Cons i s ten t values o f  carbon and n i t rogen found t hroughou t t he A 

hori zon o f  s o i l s  developed w i t h i n  t he Bur rel l  Lap i l l i  were a t t r i bu t ed 

t o  ' ' melan i s a t ion due t o  i lluv i a t i on " by Tonki n ( 1 970 ) . He o f fered t h i s  

as  a n  al te rna t ive  explana t i on for  the o r ig in  o f  the hum i c  layer  found 

below the Bur rell  Lap i l l i  and above the Burrell  Ash at S t ra t ford 

Moun t a i n  Road ( Druce ' s  S t andard Pro f i le No : 3 7  ( Table VI I I ) )  des c r i bed 

by Druce ( 1 966 ) as "bur ied l i t t e r " .  Druce conce ived t h i s  layer as 

b e i ng composed o f  leaves scorched by Bur re l l  Ash and subsequen t ly 

r emoved by i mpac t  o f  t he Lap i l l i . Thus he cons i de red that  t he two even t s  

f o l lowed each o t her  in  qu ick success i on . Th i s  would req u i r e  t h a t  only 

the  f i rs t  Lap i l l i  removed leaves . Removal of  en t i re leaves i s  not  t he 

mos t c ommon occurrence in  a ha i ls torm . There i s  a con t i nous a t t r i t i on 

p rocess  w i t h  leaves be ing per fora t ed and t orn  bu t o f ten rema i n i ng 

a t t a ched t o  the tw ig . En t i re tw igs wi th leaves a t ta ched however , a re 

f requen t ly b roken o f f  ( persona l obs e rva t i on ) . 

One s t ra tagem used by plan t s  when bur i ed i s  t o  produce 



adven t i t i ous roo t s . A t  Moun t Tarawera , Ve i nmannia  p roduced adven t i t i ous  

roo t s  above t he sur face o f  t he ash ( Burke 1964 ) .  S tudies at  Moun t S t . 

Helens found tha t  con i fers  and shrubs soon ex t ended adven t i t i ous  roo t s  

u p  i n t o  the cover i ng teph r i c  layer wh i le herbaceous plan t s  ex tended 

rh i zomes t o  the sur face ei ther  in  t he f i rs t  year or  as a s e r i es o f  

s t eps  i n  succeed i ng years ( Zobel and An t o s  1982 , An tos and Zobel 

1984 ) . S tudy of  the  A hori zon of  Bur rel l s o i l s  showed t hat  al t hough mos t 

roo t s  were i n  the l i t t e r  above the Lap i l l i  t hey  were also presen t i n  

the upper par t  and basal sec t i on ( Tonk i n  1970 ) . Roo ts  i n  t he basal  

sec t i on are here cons idered to be  f rom pre-Burrell  p lan t s  i n  

s i t u , wh i l s t  t hose  i n  t he upper po r t i on were f rom pos t -Bur rel l 

es t a bl i shmen t . So i l s  developed in Burrel l Ash and Lap i l l i  have shal low 

pro f i le s  bu t show dark  brown o r  dark redd i sh brown s l igh t ly pea ty  A 

hor i zons , t h i s  pea t iness  increases wi th  i nc reased rain fall (Ai t ken e t  a l  

1 9 78 ) . The presence of organic  ma t t e r  f rom t he shower o f  vege t a t i ve 

debr i s  w i t h i n  t he Lap i l l i  layer would provi d e  nu t r ien t s  wh i ch were 

lacking i n  this  t ephra . These have h igh po t en t i al bu t low avai l i b i l i ty 

o f  ions  ( Tonkin  1 970 ) . 

The abi l i ty o f  plan t s  to  produce shoo t s  f rom buried rhi zomes i s  

wel l  documen t ed . P te r i d i um aqu i l i num grew up t hrough 300mm o f  ash a t  

Moun t Tarawera ( Ni chol l s  1 959 ) , wh i le the s ame spec ies pene t ra t ed 600mm 

o f  ash a t  Par i cu t i n ( Eggler 

f ronds w i th in  a year of be ing 

1948 ) . B lechnum 

buried by ash 

palmi forme produced new 

on Tris tan da  Cunha 

( Di ckson 1965 ) . The re 

t wo genera at  Po t aema . 

s wamp marg i n ;  s po res  

i s  an i n teres t i ng con t ras t in  the cu rves o f  t hese  

B lechnum capense is  a consp i cuous member o f  t he 

o f  th is  spec i e s  a re  cons is ten t ly presen t 

t hroughou t t he s pec t r um exce p t  af ter  the Bur rel l  Ash . P t e r i d i um has only 



o c cas i onal lo� values and does no t become prom i nen t un t i l  European t ime  

i n d i ca t i ng tha t t he v igorous recovery o f  the  fores t excluded t h i s  

aggress ive  fern f rom becoming es tabli shed . The her baceous Pho rmi um and 

As t e l i a , bo th poo rly represen ted in  po l len rain  (McGlone 1982 and 

M cQueen and MacPhai l  1983 ) ,  are  promi nen t a f t e r  depos i t i on of t he 

Burrell  Lap i l l i  i nd i ca t i ng rapid  recove ry and poss ibly ex t ens i on on t o  

t he mi re  sur face . 

Recovery i s  also  ach ieved by res prou t i ng f rom epicormi c  shoo t s . The 

excep t i onal ab i l i ty o f  Ve i nmann ia  in this res pec t is  detai led by Vard l e  

( 1 966 ) and i n  a s tudy o f  recovery a t  Moun t Tara�era ( Burke 1964 ) . The 

var iabi l i ty of  t he pol len cu rve o f  t h i s  t axon a t  P o t aema is  o f  

par t i cular  in teres t ( F igs . 14B and F ) . Values are  high bu t vary f r om 

s ample to  sample  f i na l ly decreas i ng s t ead i ly in the upper sample s . 

McGlone e t  al  ( i n l i t t . )  a t t r i bu t ed a s i mi lar  decl ine of  Vei nmann i a  a t  

t h i s  s t age i n  t he i r  Po taema pol len pro f i le to a thinning ou t  o f  these  

t rees due  to  compe t i t i on . .  Th i s  curve i nd i c a t ing compe t i t i on be t�een 

d e fol i a ted and s t ruc turally d amaged t rees �i t h  i n t ac t roo t sys t ems and 

t he a bi l i t y  to  res prou t can be compared � i t h  t hose at  the Puniho  s i t e s . 

Here t he colon i s a t i on o f  an area devas t a ted by a pyroclas t i c  f lo� i s  

sho�n by t he con t i nuous ly  r i s i ng curves o f  Vei nmanni a .  Thi s  s i tua t i on 

i s  s i m i lar  to  t hose descr i bed by S t e�a r t  and Veblen ( 1 982 )  i n  

Ves t l and , �here even aged Vei nmann i a  and M . umbe l la ta  s tands �ere found 

t o  be es t ab l i shed on lands l i ps . 

The dep ths  o f  Burrell  Lap i l l i  found a t  eas t ern foss i l  pol len s i t es 

( F ig . 32 )  are  i n  good agreemen t � i th the i sopach map o f  the Bur r e l l  

Lapi l l i  p resen t ed i n  F ig . 2E ( f rom d a t a  i n  Druce 1966) . B o t h  sho� t he 
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FIG . 32 THICKNESS OF BURRELL LAPILLI AT STUDY SITES 

... � 

SOURCE Hanganu i 1 83/1  Hanganui 2 83/ 1 4  

Stra t ford 1 85/ 2 Pot aema 83/2  

York Road bog 84/ 2 Norfolk Road bog 84/1 

Hidhurs t 1 82 7 H idhur s t  2 83/ 13 

Ngaere 82/ 1 Ra tapiko 8 2 / 3  
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grea t es t dep ths  are a l igned wi t h  S t r a t ford Moun ta in  Road . F i g .  3 3  

shows the s t ra t i graph i c  columns o f  a l l  eas tern s i tes whi ch con t a i n  a 

dense layer o f  Burre l l  Lap i l l i  depos i ted i n  s i tu . The base o f  t h i s  l ayer  

has been used as  a correla t ion dat i ng pla i n . Po taema and M i dhurs t 1 

and pos s i bly Ra t ap i ko , recei ved 

e r u p t ion ( Topp ing 1 9 7 2  

lap i l l i  f rom all  three phases  o f  t he 

and 1 . 3 . 3 ) . F ine lap i l l i , some t i mes 

s c a t t e red , below t he dense layer rep resen t the f i r s t  phase of t he 

e ru p t ion bu t when t hey occur above , the  pos s i b i l i ty of redepos i t i on 

mus t  be cons i d e red . Severe  damage i s  no t recorded f rom York Road , No r folk  

Road or  Midhu r s t 1 and no change occur red a t  M idhurs t 2 .  The  lap i l l i  

a t  t hese s i tes  were smaller  than a t  Po taema and t h i s  sugges t s  t h a t  s i ze 

i s  d i rec tly  rela t ed to  t he seve r i ty o f  the damage . 

4 . 2 . 8  Pun iho 1 and 2 :  These ashes have no t been pos i t ively i d en t i f i ed 

a t  any of  the s i tes  exami ned i n  t h i s  s t udy . Two cores from fores t s i t e s  

on  Pun i ho Track , on t he wes t ern s i de o f  t h e  volcano , wi t h i n  Egmon t 

Na t i onal Park we re  collec ted . Al t hough these cores a re shor t , t he 

pol len s pec t ra t oge ther wi th  charcoal and bu lk dens i ty i n f orma t i on 

would appear t o  ind i ca t e more than one even t . The very low pollen  values 

and h i gh charcoal at  t he base o f  bo t h  cores sugges t s  removal o f  

vege t a t ion by a prev ious even t ( Pun iho  1 and/or 2 Lap i l l i ? ) . Recovery i s  

t hen i n terrup t ed by a s econd even t wh i ch damaged the emergen t 

s pe c i es . H igh charcoal levels a t  65mm dep t h  in Pun iho 1 and a t  95mm i n  

Pun i ho 2 may be due t o  scorched fol i age fol low ing t h i s  even t . Pollen  

a s soc ia ted wi t h  European se t t lemen t occurs  in  the  upper hal f o f  these  

s h o r t  p ro f i les , i nd i ca t ing t hese even t s  were fai r ly recen t .  

I n  an aer i al pho t ograph ( Fig  6 .  Nea l l  1 9 79 )  the con t ras t s  be tween 
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t he herb f i e ld above t he t reel i ne , t he fores ts  o f  Egmon t  Na t i onal  Park 

and t he pas t ures o f  t he r i ng pla ins  are very s t r i king . Depre s s i on o f  t he 

t re e l ine i n  the nor thwes t quad ran t be t ween the Hanga t ahua R i ver and the  

Okahu S t ream and  the you thfulness o f  t he vege t a t ion be tween the  Okahu 

and Oaonu i s t reams i l lus t ra t e the ins tabl i l i ty of t hese  s lopes 

f o l lowing recen t volcan i c  ac t i vi ty . Bo t h  fea tu res are due t o  the  Mae ro 

Deb i s  Flows  ( Neall  1 9 7 9 )  and two pyroclas t i c  flows one of wh i ch has 

been da ted ( NZ5593 ) a t  < 2 50 yr B . P .  ( Neal l and Alloway 1 98 6 ) . The area 

con t inues t o  be uns table . A later even t  in  1922 , des c r i bed as a 

land s l ide and f lood in  t he Oaonui  S t ream cut  a 1500m long swa the  

t h rough the  fores t ( Druce 1976 ) . 

Su i t able  bog or swamp s i tes were no t  ava i lable in  t h i s  d i s turbed 

area  so t wo fores t soi l cores were collec ted from close to t he Pun i ho 

Track . Mor soi ls  had been recogn i sed as po ten t i al ly su i t able  for  

analys i s  by I ve rsen in  1964 . A  palyno logical  s t udy of mor  s o i l s  i n  t he 

Ne t herlands has been made by S tockmar r  ( 1 97 5 ) . The sequen t i al  pol l en 

s pe c t ra a t  the  Pun i ho s i tes show t ha t  they were no t d i s t urbed by s o i l  

a n i mals and t ha t  the p H  was low enough t o  preserve pol len . I t  appears  

t ha t  these moroid  s o i l s  under  podocarp/hardwood fores t s  (Taylor and 

Poh len 1 97 9 )  in New Zealand can be used for pol len analys i s .  

4 . 2 . 9 Tahurangi Ash :  Th i s  i s  t he mos t  recen t t ephra and i t  occurs only 

a t  the Manganui bog , be i ng iden t i f i ed as '' pea ty ashes " ( 83/ 1 )  and 

d epos i t s of  1 5mm th i ckness in 85/ 1 and 54mm in 8 3 1 1 4 . The i n f luence of  

t he depos i t i on s i t e on the dep t h  of a depos i t has been  mem t i on ed 

( 4 . 2 . 7 ) .  Depos i t i on o f  the Ash appears to  have had no harmful  e f fec t 

on  the vege t a t i on ,  bu t a t  the Manganu i 2 s i t e P . Hall i  po l len r i ses  due 
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poss i bly  t o  a fer t i l i s i ng effec t .  Th i s  r i s e  does no t occur i n  o t her  

t ree pol len f rom lower al t i t udes whi ch only rece ived t races o f  t h i s  

ash .  Trees o f  t h i s  s pec i es have es tabl ished s i nce the Burrell  Lap i l l i  

( Druce 1966 ) .  A h igh rate  o f  es tab l i s hmen t i s  recorded for  t h i s  

s pecies  a f ter  the Kaharoa erup t i on ( Ni chol ls  1 964 and 1 . 7 . 1 ) . So i ls 

d e r i ved f rom Bur r e l l  Lap i l l i  have been found to  be de f i c i en t  i n  

nu t r i en t s  (Tonkin  1970 , Ai tken e t  a l  1978 ) . Ash  d e r ived from dac i te a t  

Moun t S t . Helens was found to  have bene f i c i a l  e f fec ts  ( Gough e t  a l  1 9 8 1  

Zobel and An t os 1985 ) . I t  i s  therefore though t poss i b le t h a t  Tahur ang i 

Ash could have had a fer t i l i s i ng e f fe c t  on P . ha l l i i . 

Traces o f  t h i s  ash were found dur ing process ing a t  Po taema i n  Core 

83/2  where a t race had been earl i er iden t i f i ed by Druce ( 1966 ) . The 

p resence of Pinus pol l en c losely assoc i a t ed w i t h  this  ash , a t  t he 

Manganu i s i tes , con f i rms tha t  i t  was erup ted i n  European t i me and mus t 

be d a t ed la ter  t han  1860 A . D .  Table XXXI I I  l i s t s  de t ai ls o f  the  poll en 

s pec t ra o f  Pinus i n  a l l  three Manganu i co res and resu l t s  o f  t he 

tes t s , wh i ch proved conclusive ly tha t there was no con tamina t i on i n  

these  samples ( 2 . 3 . 3 ) .  
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TABLE XXXI I I  OCCURRENCE OF PINUS POLLEN AT MANGANUI BOG 1 200m 

Manganui 1 8 3 1 1  Manganu i 2 8 3 1 1 4  Manganui  3 851 1 

( mm )  No : o f  Tes t No : o f  Tes t No : o f  Tes t 

Grains  Grains Gra ins 

4 5  1 3  * 1 3  * 

55  7 * * 

65  * 6 * 

75  1 * 14 * 

85  * * 1 

95  * * * 

105  * Tahurang i Ash 

1 1 5  * 

1 2 5  * * 

1 3 5  pea ty ashes 

Burrell  La  p i  l l i  

1 4 5  Tahu rangi Ash 

1 8 5  Burrell  La  p i  1 1  i 

1 90 

1 9 5  * * 

* Seen on low powe r scan , - No Pi nus seen . No sample 



4 . 3  CHANGE S  I N  VEGETATION , LAST 4000 YEARS . 

4 . 3 . 1 Eas t ern Area 

Palynolog i cal  and o ther evi dence exam ined here provides  an  

ove r v i ew of  vege ta t ion d i s t r i bu t i on on  the  eas tern  s ide o f  Moun t Egmon t 

and changes tha t  fol lowed volcan i c  ac t i v i ty over the  las t 4000 

y ea r s . Abou t t h i s  t ime the Ngae re swamp vas very much as des c r i bed by 

e a r ly European set t lers  ( Every 1 9 74 , S t and i sh 1984 ) . From t i me to t i me 

changes in the  water  level , par t i cularly  a f t er depos i t ion of  t ephras , 

i nduced changes a t  t he swamp margi n  and fo res t spec i e s  t ended t o  

encroach on t o  the  svamp . Tempera te  lowland fores t vh i ch sur rounded t he 

areas  o f  open wa t e r  vas domina t ed by D . cupress inum and Be i l s chmi ed i a  

t ava (  a poor po l len produce r ,  MacPha i l  1980 ) . ( A  full  l i s t  o f  pol l en 

t axa  iden t i f i ed i s  i nc luded in Append i x  1 ) .  

S im i lar  fo res t covered the lover s lopes o f  the volcano bu t lahars  

such  as t h a t  recorded a t  Mess enger ' s  farm f requen tly des t royed t h i s  

fores t . Vege t a t i ve debr i s , capable o f  res prou t i ng vou ld be c a r r i ed along 

in the  f low and may have in i t i a t ed recove ry . Repo r t s  f rom Moun t 

S t . Helens s ta t e  tha t  res idual vege t a t i ve debr i s  t ranspor ted in  mud flovs 

i s  very i mpor tan t in t he in i t i al recove ry s t ages ( Means e t  a l  1982 and 

d e l  Morel  1983 ) . Di s t ance f rom the fores t edge determined the role o f  

seeds  i n  t he recovery process ( Ha l pern and Ha rmon 1 982 ) and dead t rees 

a lso  p layed an impo r t an t  role i n  fur t he r i ng recovery ( Frezen e t  al  in  

p r es s )  At  t h i s  s i te Pseudopanax s pe c i e s  vere i mpor tant i n  the  samp le  

f rom t he lahar and  remained so un t i l  the  shrubs were  over topped by  

t a l ler  s pe c i es . I t  is  no t pos s i ble  t o  tell  f rom pollen analy s i s  the  
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sou r ce o f  t h i s  Panax group pollen . Cya t hea , mos t ly C . sm i t h i i became 

prom i nen t la ter . 

Some t i me a f t e r  the  depos i t ion o f  Inglewood tephra � 3800 y r  B . P .  

the pol len spec t rum a t  Ra tapiko swamp sugges ts  t hat  a lake had 

formed , t he wa ter  i mpounded , poss i bly by lahars o f  the Ngatoro Forma t i on  

channelled down the Manganui River . A f ter  the Mangan u i  

tephra , changes , t h i s  t i me i n  t he ca t chmen t o n  t he eas te rn s lopes , caused 

a d rop  in  wa ter  levels and the s i t e became much dr ier . S im i lar  changes 

occurred at  t he Ngaer e  swamp a f ter  t he Manganui tephra . Some open 

wa t e r  was always presen t at bo t h  s i tes . 

Be tween 3000 and 2000yr B . P .  the  pol len record a t  S t ra t ford  

Moun t a i n  Road has many gaps  where developi ng soi ls were des t royed by  

t e phras and pyroc las t i c  f lows . The vege t a t i on d i f fe red from t he presen t 

suba l p i ne scrub dom i na t ed by Brachyglo t t i s  e leagn i folia  Few shrub  t axa  

occur  in  t he s pe c t rum and a f ter  each  even t t he  domi nan t shrub s pe c i es 

was e l i m i na ted and a new dom inan t a rose . Dracophyl lum , p robably 

D . f i l i fol i um ,  was the domi nan t sh rub abou t 2000 yr B . P .  G ramineae 

pol len wh i ch had been prom inen t p r ior  t o  t h i s  t i me , decreased , i nd i ca t i ng 

the  t us sock zone may have re t rea t ed t o  h i gher  al t i tudes . 

Abou t 1400 yr  B . P .  t he number of subalpine shrub  t axa 

i nc reased . Compo s i tae pol l en reappeared a f t e r  a long absence and t h i s  i s  

t he f i rs t  i nd i c a t i on o f  the  suba l p ine zone domina ted by B . e laeagn i fo l i a  

t h a t  i s  now presen t a t  t h i s  al t i tude . B . ealeagni folia  po l len dec l i nes  i n  

t he uppermos t s ampl e  a t  abou t t he t i me o f  the Bur rell  Lap i l l i . I t  may 

have pro tec t ed smaller  p lan t s  f rom t he ful l impac t of t he lapi l l i . 



Upper  mon t ane  fores t , rep resen t ed by Li boced rus , Cordyl ine  sp. 

( C . i nd i v i sa ) , Gr i sel i ni a  and P . ha l l i i . Only  the las t named has l e f t  an  

i n t e rpre t able record . The s pec t rum a t  s i t e 82/4  shows tha t t hese  t rees 

s u f f e red damage a f ter  every tephra bu t recovery always fol lowed and a t  

no t i me i s  the  po llen absen t . In the lowland fores ts , a  d i f feren t pa t tern  

o c curs  D . cupres s inum dec l i nes  a f ter the pyroclas t i c  f low d a t ed a t  1 980  

y r  B . P .  bu t o ther podocarp pollen increases , a  t rend wh i ch is  reversed 

a f t er the  Kaupokonui t ephra . Th i s  sugges t s  that t he emergen t t rees 

s u f fered the mos t damage , as has been shown in  the subalp ine s c rub  zone . 

A f t er the depos i t i on o f  the Kaupokonu i tephra a t  Ngaere 

swamp , po l len o f  D . cupress i num inc reased , wh i le P . t o tara and o ther 

podocarps decl ined . Cor i a r i a  and 

t ha t  aga in  the emergen t s pecies 

Leptospermum inc reased sugges t i ng 

had suf fered the  mos t  

d amage . Des t ru c t i on o f  the canopy al lowed colon i sa t ion wi t h i n  the l igh t 

gaps . Th i s  t e phra was also  depos i t ed on the Midhurs t 1 s i t e  bu t no 

changes are de tec table . 

There i s  some ind i ca t i on tha t  the even t / s  wh i ch depos i t ed the  

l aye red f i ne  ashes may have caused damage to  Dracophyl lum in the 

s u ba l p i ne zone but  the s pe c t rum is dominated by monole te  fern s pores 

wh i ch may be an over-represen t i on o f  a species c lose to the s i t e .  

Abou t 400 y r  B . P .  a resurgence o f  vege t a t i on occurs and t h i s  may 

have preceded t he Newal l  erup t ion in  �Vh i ch case a change of  c l ima t e  

could  b e  par t ial ly respon s i ble . Vege t a t i on zones appear t o  have been 

much the s ame then as t oday wi th  suba l p i ne scrub as the local  

vege t a t ion at  s i te 82/4 . The erup t i ve per iod tha t began w i t h  t he 



depos i t i on o f  t he Newa l l  Ash con t i nued w i th  the  Bu rrell Ash abou t 100 

years lat e r ; d amage i s  recorded at Po t aema swamp . The Bur r e l l  Lap i l l i  

were depos i t ed , again a f ter  c .  100 year qui es cen t int erva l . Thes e  

Lap i l l i  are  w i d e ly d i s t r i bu t ed and were found a t  all  eas t ern  s i t es .  

The fores t canopy was des t royed a t  Po t aema bog , permi t t ing an upsu rge o f  

Ve i mann i a  wh i c h  s t i l l  domina tes the fores t s  t oday . O ther l o w  a l t i tude 

and r i ng p l a i n  s i tes s u f fered much less damage . 

Abundan t ev i dence has been found i n  all  swamp pol len s pe c t ra t ha t  

t he  depos i t i on o f  t ephra in i t i a t es changes a t  the  swamp marg i n . Th i s  i s  

bes t  i l lus t ra t ed by the  i n t erchange o f  Leptospermum , Cyperaceae and 

marg inal s h rubs pol len at Po taema ( F ig 14C ) . Under normal cond i t i on s  

bogs , swamp s  and lakes even t ually become i n f i l led by grow t h  o f  m i r e  

p lan t s . Th i s  p rocess i s  s peeded up b y  the  add i t i on o f  sol i d  ma t t er  over 

t he whole  s u r face . At  Ngaere swamp , a  r i se  in D . dacryd i o i des pol len 

a ccompan i e s  the  depos i t ion o f  all  three older t e phras , i n t e r p re t ed as an 

advance on t o  the  swamp marg in by these t rees . These changes may be the 

mos t long las t ing of any change brough t abou t by volcan i c  a c t i v i ty . The 

p rocess i s  mos t  apparen t in  the f i eld a t  Pot ema bog , where  c lumps o f  

Phormium t enax are now well wi t h in  the fores t . It is n o t  poss i ble  

h owever , to make th is  i n terpre t a t i on f rom pol len di agrams . 

At  bo t h  York Road and Nor folk Road bogs a large amoun t o f  organ i c  

ma t ter occurs  below the Burrell  Lap i l l i  and there was no t enough po l l en 

for  val i d  coun t s . A t  York Road t h i s  has been i n t e rpre ted as the dea th  o f  

p l an t s  i n  s i t u , probably Phormium wh i ch d i s appears at  t h i s  t ime . A  maj or  

change i n  t he envi ronmen t i s  ind i ca t ed by so much organ i c  ma t t er . B o t h  

s i t es a lso  show s igns o f  a n  i nwash of  t ephra a t  t h i s  t i me , pos s i bly  
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Burrell  Ash .  

4 . 3 . 2  Yes tern  Si t es 

Temper a t e  lowland fores t wi th a sma l l  componen t .  of swamp fores t 

s pe c i es was present  a t  Jones ' farm 3 s i t e  ( 1 3 2 m )  abou t  t he t i me o f  t he 

Inglewood Teph ra . Rhopalos tyl is  had qui te h i gh values for  an 

under-represen ted taxon bu t the pollen o f  coas t a l  s pec ies  such as 

Dodonaea and Dysoxylum was not  found here . The base of t he pro f i le 

ind i c a tes recove ry a f t e r  the Inglewood Tephra . The mos t no table fea ture  

o f  the  spe c t rum i s  t he  h i gh value of  Ascar i na a t  t h i s  t ime c .  3800 y r  

B . P .  Some f luc tuat i on s  occur , bu t  values rema i n  h igh un t i l  i t  begins  a 

s low decl i ne abou t 1400 y r  B . P . I t  i s  concluded t ha t  t hroughou t t h i s  

long per i od f rom c .  3800 t o  1 400 y r  B . P .  c l i ma t i c  cond i t i ons a t  t h i s  

al t i t ude ( 1 32m)  would have been i deal for t h i s  s pec ies . Compar isons  

can  be made wi th  i t s presen t d i s t r i bu t ion ( McGlone  and Moar 1 9 7 7  and 

Yard le  1 9 7 9 ) . I t  is rarely seen in t he s t udy a rea t oday bu t fore s t s  a t  

t h i s  al t i t ude have now been removed t o  e s t abl i s h  pas toral  farmi ng . 

On ly 5 plan t s  have been recorded , 3  are i n  Puke i t i  P r iva te  Scen i c  

Reserve and 2 are on Pouaka i Range , al l  a t  > 300m . 

A f t e r  1 400 yr  B . P .  pol len evidence f rom t he Jones ' farm 3 prof i le 

shows a marked decl ine in  drough t prone s pec i e s  

D . cupress i num , Sche f f lera  and  par t i culary i n  As ca r i na wh i ch d i sappears  

abou t 400 yr  B . P .  These  changes are  no t rela t ed to  volcan i c  ac t i v i t y . 

Abou t the  t ime o f  t he Newall  erup t i ons , al l  po l len values r i se and t axa  

whi ch have  been absen t f rom the pollen p ro f i le for  a long t i me 

reappear . Ye i nmanni a  appears for the f i rs t  and t hen  r i ses to  prominen c e . 



Th i s  promi nence i s  rela ted t o  bo th  a change t o  a we t t er and coo ler 

c l i ma t e  and to  t he avai lab i l i ty of  d i s turbed s i t es , a f ter  the wides p read 

f i res  wh i ch followed the Newal l  erup t i ons . Very s im i lar changes in 

po l len  spec t ra a re seen at bo t h  J ones ' s  1 and Po llard ' s  farm s i tes . 

4 . 3 . 3  Nor thern S i tes 

These unda ted s i tes do no t con t a i n  any tephras depos i ted in s i tu 

bu t  have some redeposi ted teph r i c  layers . Three of  the s i t es con t a i n  

Dysoxylum and two have Dodonaea . Bo t h s pec ies are under- represen ted i n  

p o l l en s pe c t ra , Dysoxylum severely so ( MacPha i l  and McQueen 198 3 ) . The 

presence  of these few gra i n s  i nd i ca t es  that  some e lemen t s  of coas t a l  

fores t were present  be tween 30- 60m i n  the pas t . Ma t a r i ko r i ko and 

Umu t ekai also have a con t i nu i ng swamp fores t elemen t  in the i r  pol len  

s pe c t r a .  

A maj or d i s turbance appears t o  have occur red a t  Ma t a r i ko r i ko ( Fi g  

30A ) a t  40Smm when M . robus t a , Lept ospe rmum and Me t ros ideros a l l  of wh i c h  

are  p romi nen t i n  the pro f i le dec l i ne . They are replaced b y  subcanopy 

s pe c i e s , sugges t i ng the canopy may have been damaged . The pro f i le a t  

Umu t eka i also has a maj or change . Laurel i a  and Syzygium , promi nen t a t  the  

base  of  the pro f i le decl i ne s tead i ly bu t the  t rend reverses a t  30Smm 

and t hey con t i nue to  i ncrease as the s i t e becomes we t ter  ( F ig . 3 1 A ) . 

There i s  no i nd i ca t i on i n  t he s t ra t i graph ic  co lumn o f  a poss i b le cause 

for t hese  changes and they are unda ted . 
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4 . 4  TEPHROCHRONOLOGY 

P inus pollen was found below Tahurangi Ash i n  Manganui  2 core 

( 83 / 14 ) . Th i s  teph ra may there fore be younger than was previous ly 

t hough t . S i mi lar  unce r t a i n t y  surround s the ages o f  o t her recen t t e phras . 

�h i le t he tephrochronology of  the  las t 4000 years i s  soundly based on 

rad iocarbon d a t ing ( Table XXXI ) that  o f  the  last  erup t i ve phas e  i s  

l a rgely based on l im i t ed dend rochronolog i cal  s t udies by Druce 1 966  

( Table XXXI I ) . The f i rs t  even t o f  this  la t es t ser ies is  the Newal l  Ash  

and several rad iocarbon da tes are ava i lable ( Nea l l  1979 )  t he quo t ed 

d a t e  i s  404 y r  B . P .  o r  c .  1 500- 1550 A . D .  ( Neall 1972 ) . As t h i s  d a t e  

i s  for charcoal below t he Ash the a c tual d a t e  o f  t he erup t ion would  be 

a l i t t le younger . A  date for European se t t leme n t  has been proposed by 

M cGlone et al  ( i n l i t t . )  based on the ma t u r i ng of the f i r s t  P i nus  

t rees i n t roduced , th i s  is  1860 A . D . I t  seems l i ke ly tha t t h i s  date  may 

be a l i t t le early for Taranaki . D ispu t es over Maori ownersh i p  o f  

Ta ranaki land ( 1 . 8 . 5 . ) delayed maj or  purchases un t i l  1859  ( 1 . 9 . 1 ) . The 

earl ies t record o f  ma ture  Pinus t rees in wes t e rn Taranaki i s  by Burgess 

in 190 1  ( 1 . 9 . 5 . ) . Eas t ern  Taranaki was se t t led later  than wes t ern  

Taranaki ( 1 . 9 . 2 ) .  

D i s t o r t i on o f  t he w indflow be tween Moun t Egmon t and t he Pouaka i 

Range has been d i s cussed ( 1 . 4 . 3 ) , as have long d i s t ance po l len  

( 1 . 10 . 4 . 1 )  and  upd ra f t i ng o f  pol len f rom lowe r al t i tudes ( 1 . 10 . 4 . 2 ) . Al l  

t hese could accoun t for  t he presence o f  P i nus po l len, f rom the wes t e rn 

coas t a l  pla ins o f  Taranak i , a t Manganui  bog ( 1 200m ) . Assumi ng 1 860 A . D . 

t o  be t he earl ies t poss i ble da te  for  the f i rs t  occurrence o f  P i nus i n  a 

core , sed i men t a t i on r a t es can be calcula t ed f rom t h i s  level t o  t he 
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s u r face . S i m i la rly the  t ime represen t ed by t he s ed i men t be t �een t he t op  

o f  t he Burrell  Lap i l l i  and the P i nus level can be used to der ive a da te  

fo r  thi s erup t i on .  

Th i s  da ta  i s  p resen ted  in Table XXXIV . For t he high al t i tude s i tes  

( Manganu i bog 1 200m ) t he calcula ted sedimen t a t i on ra te  has been halved . 

Lack of  humid i f i ca t i on , s lo� 

t h i s  necessary . For  t he 

gro� t h  o f  pea t and l i t t le compac t i on make 

lo� al t i t ude and r i ng pla i n  s i tes  the  

calcula t ed sed imen t a t i on ra te  has  been reduced by 25% to al lo� for  the  

f a s ter  ra te  o f  gro� t h .  The bas i s  for t hese correc t i ons t o  the  

sed imen t a t i on ra tes  is  that  1 20mm of  pea t ove r l i e Bur rel l Lap i l l i  a t  

M anganui bog bu t 307mm overl ies t he same tephra a t  Pot aema bog . P r i o r  t o  

co l lec t i ng a core , l i vi ng plan t ma t e r i al i s  removed f rom t he bog 

s u r face . I t  is not  poss i ble  to  def i ne exac t ly the sur face of the pea t . I t  

�as fel t in  t hese c i r cums tances that  t he p rec i s ion o f  us i ng a 

c o r rec t i on fac tor  o f  2 . 5  �as not  j us t i f i ed ,  ( 307 / 1 20 = 2 . 5 ) . 



TABLE XXXIV DATE OF BURRELL LAPI LLI BASED ON PEAT CORE DATA 

S i te 

Manganu i 1 

Manganu i 2 

Manganui 3 

Po t aema 

York 

Nor folk  

M i dhurs t 1 

M i dhurs t 2 

Ngaere 

Ra t a p i ko 

1 s t 

Pin  us 

95 

1 95 

1 25  

1 74 

1 25  

165 

205 

95 

1 25  

1 35  

Sed . Ra t e  

mm/yr 

o .  76  

1 . 56 

1 . 00 

1 . 40 

1 . 00 

1 .  3 2  

1 . 64 

0 . 76 

1 . 00 

1 . 08 

New 

Ra t e  

o .  38 

0 . 78 

0 . 50 

1 . 05 

0 . 75 

0 . 99 

1 .  2 3  

0 . 57 

0 . 75 

0 . 8 1 

Bur rel l  Years 

Dep th  mm Be tween 

180  224  

220 32 

202 154 

307 126  

253  1 7 1  

2 20 56 

270  53  

3 10 3 7 7  

100 

249 1 4 1  

Da t e  

A . D .  

1 6 36 

1 8 28 

1 706 

1 7 34 

1 689  

1 804 

1 807 

1 483  

1 7 1 9  

1 64 

In  t he above da ta  t he la te  se t t lemen t o f  the Midhurs t 2 s i t e  g i ves 

a d a t e  p r i o r  t o  t he rad i ocarbon date o f  404yr B . P .  for  t he 

Newal l , wh i le the use o f  large d i s c  har rows has d i s t u rbed the  t op 1 50mm 

o f  the  Ngaere  core and t he Bur re l l  Lapi l l i  occur in j ux t apos i t i on t o  

European pas toral  weed pol len ( F i g . 20D ) . Nei ther o f  these  da tes i s  

cons i de red acce p t able . Al though t he range o f  da tes cal cula t ed i s  large 

the  average of  Manganui dates  i s  1 7 2 3  and o f  the low al t i tude da tes  

1 7 5 1 . Al l  tha t can be claimed here i s  tha t  the  date  o f  the Bu rrell  

Lap i l l i  may be  as  much as 100 years  la ter  than 1655 A . D ,  t he d a te  

der i ved f rom de t e rm in ing a reduc t ion in  t ree r ing grow t h  by  Druce 

( 1 966 ) . 
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Rel iable  i n forma t i on can only be ob ta ined f rom t ree- r i ng v i d t h  

measuremen t s  i f  s i tes a r e  closely pai red vi t h  con t rol  s i tes . Correla t i on 

be t veen changes i n  measuremen ts mus t be e s t abl i shed i n  several  s e c t i ons 

of  the  cores f rom d i f feren t t rees ( S t okes and Smi ley 1968 ) . None o f  

t hese  requ i remen t s  vere me t by the vork of  Druce ( 1 966 ) . The cho i ce o f  

t ree  s pec i e s  vas also unfor tuna t e  s i nce i t  has been es t ab l i shed by 

Dunvidd ie  ( 1 9 7 9 )  tha t age determina t i ons vere only poor to fai r in mos t 

cores  f rom L i bocedrus . The ex tens i ve f i e ldvork carr ied ou t hoveve r , by 

Druce  enabled h i m  t o  iden t i fy pre-Bu r rell  t rees by the i r  sho r t  boles  

and bur i ed roo t f langes . 

Informa t ion  con t a i ned i n  Table  3 ( Druce 1966 ) has apparen t ly been 

over looked . Druce i den t i f i ed n i ne Li boced rus t rees f rom al t i t udes  

be tveen 945-1036m as  pos t -Burrel l ,  the c r i t e r i on be ing tha t  t he roo t 

f langes o f  t hese  t rees vere no t covered by Bu rrell  Lap i l l i . Table  XXXV 

i s  based on da ta  f rom Table 3 ( Druce 1966 ) and l i s t s the  ages o f  t he 

t rees i n  1 963 . A  calcula t i on of the d a t e  of  the Burrell  Lap i l l i  has been 

made by sub t rac t ing t h i s  age f rom 1 96 3 , t he year in vh i ch the t rees ver e  

measured . 



TABLE XXXV DATE OF  BURRELL LAPILLI BASED ON TREE RING COUNTS 

Tree  Core Al t i t ud e  

Number  me t res  

C 6  9 7 5  

C 1 8  1036 

C25  960 

6 2 / 3  9 7 5  

6 2 / 4  9 7 5  

6 3 / 2  9 7 5  

6 3 / 4  9 7 5  

6 3 / 5  9 4 5  

Age in  Bur r e l l  Age 

1 963 

187 

1 8 1  

2 2 5  

182  

2 1 1  

1 8 1  

2 2 6  

202 

Da t e  Di f ference 

1 7 7 6  - 3 9  

1 78 2  - 4 5  

1 7 38 - 1  

1 7 8 1  -44 

1 7 5 2  - 1 5 

1 7 8 2  - 4 5  

1 7 3 7  

1 7 6 1  - 2 3  

Source  Tabl e  3 Druce ( 1 96 6 ) . 

1 66 



Three o f  t he t rees f rom the  s ame al t i t ude are o f  almos t the  same 

age . Thes e  are the younges t t rees . The o ldes t t ree has an age of 2 2 6  

year s  ( t re e  core 63/4 ) . A n  a l lowance mus t b e  made f o r  t he t rees t o  

reach t h e  1 . 50m height  a t  wh i ch t hey were cored , 30 years  i s  

sugge s t ed , making the age o f  the  o ldes t t ree  256 years in  1 963 g i v ing  an 

es t a b l i shmen t da te  o f  c .  1 707  A . D .  

Changes i n  t he s t and dynam i cs o f  �e i nmannia  a t  Potaema bog also  

i nd i ca t e  a pos s i ble da t e  for  t he Burrell  Lapi l l i . Some aspec t s  o f  

recovery a f ter  volcan i sm could be s i mi lar t o  recovery a f t er f i re , o thers  

t o  colon i sa t ion o f  new ground . �e inmannia  is  well  ada p t ed t o  bo t h  

s i t u a t i on s , bu t  i t  does no t regenera t e  under i t s own canopy . 

L . e r i c i o i des was found to  be a nurse crop for �e i nmann i a ,  a f ter  f i re i n  

t h e  Urewe ra  Range , Nor th I s land . Seed l i ngs grow i ng i n  t h i s  s i tua t i on 

were o f ten  mul t i -leadered bu t mature clumps had s tems o f  var i ous 

ages , i nd i ca t ing they had also res p rou t ed f rom the base ( Pay ton et  al  

1984 ) . I n  a pr imary success i on on degla c ia ted areas i n  t he �a i ho 

Va l l ey , below t he 

Park , seed l ings o f  

Franz Josef  

�e i nman n i a  were 

glac i e r  

found 

in �es t land Na t i onal  

es tabl i shed on a s i t e , e igh t  

years  a f t e r  i t  was free o f  i ce . �e i nmann i a  and M . robus ta  had a l so  become 

es tabl i shed a f ter  12 years on a loose bou lder sur face where o t her  

fas t -grow i ng , shor t - l i ved s pe c i e s  had fai led . 

On a 50 year old s i t e bo t h  s pecies  had pene t r a t ed the  canopy of  

smal l  s h rubs and on  a 1 30 year  s i te t hey formed the canopy . A t t h i s  las t 

s i t e seed l i ngs o f  �e inmann i a  were es t abl i shed on the t runks o f  t ree 

f e rn s  ( �ardle  1980) . E p i phy t i c  es tabl i shmen t , usually on D i cksoni a  

squar ros a , was the only succes s ful  me t hod for �e i nmann i a  in  the dense 
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fores t s  o f  the Taupo reg i on ( Wardle 1966 ) . Th i s  t ree fern  was also  found 

to be essen t i a l  for t he i n t roduc t i on of  �einmann i a  i n t o  a seral  

communi ty on sand dunes a t  Tau tuku Beach , sou thwe s t  O t ago lSmi t h  e t  a l  

1 98 5 ) . 0n the  d i s t urbed sur face o f  land s l i ps in  cen t ra l  �es t land , S t ewar t 

and Veblen ( 1 982 ) found tha t s t ands o f  �e i nmann i a  were of ten o f  even 

aged t rees . These t rees had es tabl i shed at t he same t i me , o f ten  on 

land s l i p s . 

These observa t i ons ass i s t  in te rpre t a t ion o f  t he pos t -Bur re l l  

pol len curve o f  �e inmann ia  a t  Po t aema bog . There a r e  two phases , the 

second occurs wi th  the large r i se a t  195mm . Pollen f rom pre-Bu r rel l  

t rees  is  t hought  t o  con t r i bu te  to  the pol len s pec t ra be t ween 

3 1 5- 195mm . These t rees wou ld have resp rou ted f rom the base a f t e r  t he 

Bur rel l  Lap i l l i . Large mul t i - leadered We i nmanni a  t rees are a fea ture  o f  

t he fores t t oday . Seedl ings es t abl i shed d i rec t ly o n  the  loose sur face o f  

t he B u r r e l l  Lap i l l i  f rom seed of these older t rees would rece i ve 

she l ter  f rom Lept ospermum un t i l i t s dec l i ne at 2 55mm . Al t hough t he 

as sump t i on was made that  a l l  Leptospermum t rees were on t he swamp , t he 

r e l a t i onsh i p  be tween t a l l  t ree  pol len and Lept ospermum pollen , sugges t s  

t h a t  some t rees were in  t h e  fores t . Di ckson ia s pores appear f o r  t he 

f i rs t  t i me i n  t he pro f i le i n  t h i s  sample . They wou ld have prov ided s i tes  

f o r  t he e p i phy t i c es tabl i shmen t o f  We i nmann i a . A t  th is  t i me also  large 

t rees of D . cupress i num d amaged by t he lapi l l i  f i nally  succumbed leaving 

l igh t gaps . Th i s  s t age could be l ikened t o  the 1 30 year s tage on t he 

d eglac i a t ed area in  �es t land ( �ardle 1980 ) , wi t h  ma ture t rees and 

e p i phy t i c  seed l i ngs es tabl i shed . The large r i s e  woul d  be f rom pollen 

p roduced by t he t rees es t abl i shed d i rec t ly on t he Burrell  Lap i l l i . 



In  the nex t sample all  t he pol l en i nd i cators  o f  Eu ropean 

s e t t lemen t appea r . A pos s i ble da te  i s  1875  A . D .  because  se t t lemen t 

occurred la t e r  on these eas t ern pla ins t han on the ves t . The 20mm o f  

pea t be tveen the  f i r s t  large i ncrease  o f  �e inmann i a  a t  1 95mm and the 

ons e t  o f  European set t lemen t represen t s  19  years  us ing t he adj us ted 

s ed i men t a t i on ra t e  o f  1 . 05mm/yr ( Table  XXXIV )  and the 1 2 0  mm o f  pea t 

be tveen 3 1 5- 195mm , 1 14 years . The la t ter  agrees qui te  vel l  vi t h  t he 130  

year  for  e s t abl i shmen t on  the deglac ia ted s i t e a t  �es t land ( �ard l e  

1980 ) . I t  can  be concluded t herefore t ha t  the Burrell Lapi l l i  may have 

been depos i t ed abou t 1 33  years pr ior  to 1875  A . D . or abou t 1 7 4 2  A . D . 

These  three l i nes of  ev idence for a pos s i ble  da te  for the depos i t ion o f  

the  Burre l l Lap i l l i  are  i n  general agreemen t , 1 7 2 5 - 1 7 50 A D .  

reasonable da t e . 

s eems a 

The only core wh i ch can supply a poss i ble  da te for the  Burrell  Ash 

i s  Manganu i  3 .  50mm of black sandy loam ove r l i es the Neval l  Ash and 

underl i es t he Burre l l  Ash . The mod i f i ed ra t e  of sed imen t a t i on used for  

ca lcula t i ng  t he age o f  the Burrell  Lap i l i i  a t  t h i s  s i t e ( Table XXXV ) i s  

0 . 5mm/yr wh i ch gi ves a t i me pe r i od o f  100 years be tveen t he Newall  Ash 

and the Burre l l  Ash . The date  for the Neval l  Ash is  f rom charcoal 

benea t h  t he oven ( Neal l  197 2 )  and the ac t ual  t ephra wi l l  be younger  

t han 404yr B . P .  I f  t he sed imen t a t i on ra te is  a good es t i ma te  then t he 

age for t he Burrel l  Ash would have been depos i t ed less t han 100 years 

a f ter  t he Newal l .  Th i s  leaves a per i od of t i me be tveen the Bu rrell  Ash 

and t he Burre l l  Lap i l l i , vh ich could be represen ted by the organ i c  

layer be t ween t he two t ephras . There i s  pa lyno logi cal  evidence o f  a 

lapse o f  t i me wi t h i n  t h i s  organi c  layer and be tve�n the pol len spec t ra 

f rom the  t op o f  the Burrell  Ash and t he base o f  the Bu r r e l l  Lap i l l i . 
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The occur rence o f  exo t i c  P i nus po l l en benea t h  t he Tahurangi Ash 

ind i ca t es  t ha t  t h i s  ash canno t have been depos i t ed ea r l ier  t han 1860 

A . D . A  t i me i n t e rval  o f  abou t 1 00 years be tween t he proposed new Bur re l l 

Lap i l l i  d a t e  o f  � 1 725 - 1750 A . D . and an 1860 + da t e  for the Tahurangi 

Ash i s  in  agreemen t wi t h  the  t i me pe r i od o r i g i n a l ly sugges t ed by Druce 

(1966) . The palynol og i cal evidence from t he Pun iho 1 and 2 s i t es 

sugges t s  t ha t  t hese  pyrocl as t i c flows occ u r r ed no t long before  t he  

Tahu rang i Ash . Tab le XXXVI se t s  ou t a sugge s t ed t ephrochronology fo r  

the  las t 500 yea r s . 

TABLE XXXVI TEPHROCHRONOLOGY MOUNT EGMONT , LAST 500 YEARS . 

Tephra 

Tahu rangi Ash 

Bu r r  ell  La p i  l l i  

Bu r rell  Ash 

Newal l  Ash 

Da t e  A . D .  Evi dence 

pre- 1 860 Presence of P inus  pol len 

1725 -1750 a ) Sed imen t a t i on ra t es in pea t . 

b ) Tree r i ng coun t s  ( Druce 1966). 

c ) S t and dynam i c s  of  �ei nmann i a .  

c .  1650 

1500- 1 55 0  

Organ i c  laye rs  and changes in  

pollen spec t r a be t ween the  BA and BL . 

Neall  (1979 ) 

The �aiweranui Ash  and Lap i l l i  were no t i d en t i f i ed .  
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CHAPTER 5 

ANTHROPOGENIC CHANGE S  IN VEGETATION . 

5 . 1 I NTRODUCTION 

Taranaki t oday presen t s  a g rea t con t ras t i n  vege t a t ion types f rom 

t he lower slopes  o f  Moun t Egmon t covered w i t h  dense fores t s  t o  the 

s u r round ing pas t ure . Fores t s  w i th in  Egmon t Na t i onal Park are a source 

of  regi onal pol len wh i ch could  i n f luence all  pol len spec t ra des c r i bed 

here . Th i s  is mos t eviden t a t  t he Ngaere and Ho tunui swamp s i t e s , wh i ch 

a re now almos t t reeless bu t never theless  have up to  40 pollen t axa  

presen t in  the  upper pro f i le . Of the  four nor thern s i tes whi ch  wer e  

sampled pr ima r i ly to  de termine t he i mpac t o f  t h e  Haor i , the two closes t 

t o  t he  coas t proved d i sappo in t i ng . An accelera ted ra te  o f  sed i me n t a t i on 

i n  European t i me mean t that  all  the depos i t s were ve ry young . Pos s i b l e  

foss i l  pollen s i tes rema i n ing  on bo th t h i s , and the wes tern coas t a l  

p l a i n , a re i n  Typha swamp or remnan t swamp fores t wh i ch are d i f f i cu l t  t o  

core . A fur ther  problem a t  t he nor thern s i t es i s  t h e  l a c k  o f  

i d en t i f i able recen t tephras t o  prov ide  da ted hori zons . 

5 . 2  CHANGES DUE TO MAORI OCCUPATION 

Changes in pol len s pec t ra wh i ch can be a t t r i bu t ed to defores t a t i on 

by  Po lynes i ans  have been revi ewed by HcGlone ( 1 978 ) and la t er d i s cussed 

by h i m  in  d e t a i l  ( McGlone 1983 ) .  These a re ;  a decl ine in  the  amoun t 

o f  f o res t pollen , a  r i se in  P t er i d i um s pores and Grami neae pol len and a 

cons i s ten t presence o f  f ine  charcoal i n  t he s t r a t igraph i c  column . These  
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c r i t e r i a  w i l l  be used to  de f i ne defores t a t ion in  pre-European t i me .  

5 . 2 . 1 Eas tern S i tes : The h i gh al t i tude s i tes  a t  Manganu i bog , record 

changes in  vege t a t ion a t  lower al t i tudes , because the spec t ra i n cl ude 

p o l l en and s po res  carr ied by upd raf t .  P t e r i d i um does no t grow a t  t h i s  

s i t e bu t t he s po res  are presen t t hroughou t t he p ro f i les o f  a l l  t h ree 

s i te s . There is no evidence of  pre-European des t ruc t i on of  fores t on 

t he eas t e rn s i de  by Maor i s . Evi dence of change in pol len s pec t ra i s  

rel a t ed t o  volcan i c  even t s . P t er id ium s pores r i se af ter  Newall  A s h  a t  

s i t e 85 / 1  and a f ter  Bur r e l l  Lap i l l i  a t  a ll  s i t es . At  S t ra t ford 

Moun t a i n  Road s i t e ( 82 /4/ ) there  i s  an i nc rease i n  t hese s pores  a f t e r  

bo t h  t h e  Kaupokonui and Newal l  erup t i ons  bu t t here  does no t  appear t o  

be any o ther c hanges wh i ch could de f i n i t e ly b e  a t t r i bu ted to  Polynes i an 

burn ing o f  t he  fores t s .  

A t  Po taema bog ( 675m ) , w i th i n  the  lowland tempera t e  fo res t ,  

P t er i d ium  spo res  are absen t f rom the  spec t rum be low t he Burre l l  

Lap i l l i .  They have a small  r i se a t  295mm , bu t  only become abundan t i n  

European t ime . The deeper core  col lec t ed by McGlone � al ( i n l i t t . )  

a t  Po t aema bog recorded t he f i rs t  appearance o f  P t er id ium s pores  

be t ween 1500- 1 655 A . O .  I n  a la ter  sample Cor i ar i a  rose  t o  a h i gh 

35% , wh i ch t hey  a t t r i bu t ed t o  des t ruc t i on of  t he fores t canopy by the  

Newa l l  Ashes . In d i s cuss i ng Polynes i an de fores t a t ion McGlone ( 1 98 3 )  

presen t s  a pol len d i agram o f  Po t aema bog showing the r i se  i n  P t e r i d i um 

a s soc i a t ed w i t h  a date  o f  450yr B . P .  and a t t r i bu t ed by h im  t o  Mao r i  

f i res . The  pol len spec t rum a t  Po t aema 8 3 / 2  does no t there fore agree w i t h  

McGlone ( 1983 )  b u t  i s  cons i s t en t  wi t h  low values of  P t e r i d i um s pores  

and lack o f  charcoal un t i l European t i me a t  eas tern r i ng p la in  s i t es 



( Table XXX ) . 

S imi l a r ly , in the York  and Norfolk Road swamp p rof i les , P t e r i d i um 

s po res are  a lways presen t bu t  t here  i s  no large i n c rease un t i l  European 

t i me . Messenge r ' s farm s i t e  ( 3 1 25yr  B . P . ) has no P t e r i d ium , i nd i ca t i ng 

tha t i t  was absen t f rom the or ig inal fores t and s po res were no t 

avai lable to  colon i se the  new laha r i c  sur face . Absence of  t h i s  s pe c i e s  

i n  lowland fores t s  a t  t h i s  t ime i s  suppor ted b y  the pol len  pro f i le a t  

Ngaere swamp . 

On the  r i ng pla i n  a t  M i dhurs t 1 s i t e , P te r i d i um s pores r i s e  a f t e r  

t he Kaup okonu i tephra , bu t  t h i s  i s  p r i o r  to Mao r i  o ccupat ion . There a r e  

no  fur t her  i n c reases un t i l  the ons e t  o f  European s e t t lemen t .  P t e r i d i um 

s pores i nc rease a f t e r  the  Burrell  Lap i l l i  a t  M idhurs t 2 ,  bu t  t hen 

d i sappear un t i l  the uppe rmos t sample , wh i ch is in  European t i me . 

P t er id i um s pores are aga i n  scarce i n  the pro f i les  of  the o t her  two r i ng 

plain  s i tes , Ngaere and Ra tap i ko swamps , un t i l  European t i me .  There i s  

a l so a lack o f  change i n  G rami neae pol len a t  the M i dhurs t and Ra t a p i ko 

s i tes . A t  Ngaere , G rami neae r i ses  a t  the t i me o f  the depos i t i on o f  t he  

Manganui  t e phra and t he n  pers i s t s t hroughout  t he pro f i le . In none o f  

t hese s i t e s  i s  there  any ev i dence o f  comple te des t ru c t ion o f  t he  

fores t . De pos i t ion o f  t ephra i s  fol lowed by  recove ry o f  the fores t and 

res tora t i on  of the previ ous s pec i es compos i t i on . 
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5 . 2 . 2 Ves t e rn S i tes :  On t h e  ves tern side  of  Moun t Egmont a t  bo t h  s i tes  

on  t he Pun iho  Track t he curves of  P te r i d i um closely fol lov those of  

o t he r  ground ferns and s hov typi cal recovery pa t terns . A t  these two 

s i t e s  the depos i t s  accumula ted largely in  European t i me . I t  is  no t 

pos s i ble t o  be cer t a i n  i f  t he P ter id ium spores presen t were  f rom local  

o r  regional  sources . A t  

Gramineae and P t e r i d i um a re 

Jones ' 

very 

farm 1 s i t e ( 1 52m)  values for  bo t h  

lov un t i l  the  fores t i s  t o t al ly 

removed for  European s e t t lemen t . P t er id ium s pores  appear j us t  p r i o r  t o  

2 7 50  year s  B . P . i n  Jones ' 3 s pec t rum and have a s l igh t r i se a f t e r  t he 

Kau pokonu i  tephra . They remain in  the pol len prof i le , bu t  reach h igh 

levels only  i n  European t ime . Grami neae pollen is  p resent at  the base o f  

t he pro f i le but  d i sappears  i n  that  sec t i on wh i ch would encompass  Mao r i  

o ccupat i on . A t Pol lard ' s  farm s i t e , vh i ch i s  close  t o  t h e  l im i t o f  

coas tal  fern land des c r i bed by early se t t lers  ( 1 . 5 . 1 and Day 1984 ) , there  

is  very  l i t t le P te r i d i um un t i l  European set t lemen t . 

5 . 2 . 3  Nor t hern Si tes : Two of the four nor thern  s i tes , Bovden Reserve 

and Mo tunu i , con ta in  P i nus  and pas ture weed pollen t hroughou t  the pol len  

p r o f i les . A t  Ma tar i ko r i ko , lack of  t i me con t rol  makes i t  d i f f i cu l t to  

i n t erpre t t he s pec t rum , bu t  P t e r i d i um s pores a re always presen t . The 

s p e c t rum is i ndependen t of o t her  ground ferns sugges t ing t ha t  t he 

s po res a re  not  of  loca l o r ig in , bu t  from the coas t , 3km d i s t an t .  Th i s  

s i t e  remai ned i n  fores t un t i l  European t i me .  Two minor occur rences o f  

charcoal ( Table XXX ) i n  t he lower par t  o f  the  

f i res s ome d i s t ance  away . Above 340mm 

prof i le 

there i s  

also  

a 

i nd i c a t e  

r i se i n  

Kn igh t i a , Freyc i ne t i a , Lepto spe rmum , Coprosma and monole t e  fern  

s po res . Di s turbance to  t he  fores t i s  i nd ica ted bu t i t  is  no t pos s i ble  t o  

d e t ermi ne a t i me for  these  changes . Fur ther i nland the Umu t eka i s i t e , has  
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P t er i d i um s po res p resen t a t  the base and a r i s e  i n  Gramineae pol len bu t 

ne i ther  i s  co inc iden t w i t h  the rare occurrence o f  charcoal in t he l ower 

por t i on o f  t h i s  core . Th is  s i te i s  6 . 5km f rom  t he coas t and has never  

been  burned over t he per i od represen ted by  the  core . 

5 . 2 . 4  Evidence f rom Charcoal Da ta : Da t a  presen t ed i n  Table  XXX 

( Chap t er 3 )  shows tha t  Mao r i s  d i d  not burn t he fores ts on the eas t e r n  

r i ng p l ai n . On t h e  wes t t here i s  some evi dence o f  f i res . Charcoal h a s  a 

pers i s ten t  presence above 240mm a t  Jones ' s  farm  1 and above Jones ' farm  

3 a t  1 80mm . Bo th these  dep ths are wi t h i n  the  peat  con t a i n ing Newa l l  

Lapi l l i . The s i tes are a t  152 and 137m  res pec t i ve ly and abou t  18km f rom 

t he summi t .  They are however , very close  to  Newal l  Road and the  ma i n  

a x i s  f o r  t he Newa l l  nuee arden tes . Th i s  charcoal i s  therefore con s i d e r ed 

t o  be f rom f i res s ta r t ed by these volcan i c  even t s . Pol lard ' s  farm on  t he 

Sou th  Road i s  a t  9 1m  and 2 1km f rom the summ i t . A l though Newall  Lap i l l i  

h ave been iden t i f i ed i n  peat a t  265mm , pers i s t en t  charcoal only occurs  

a t  1 25mm . European se t t lemen t i s  ind i ca t ed a t  4 5mm , so t h i s  charcoal i s  

i n  pos t -Newall/  pre-European t ime . Th i s  i s  t he only evidence found f o r  

p re-European f i res . Th i s  s i te i s  Skm f rom t h e  coas t .  

5 . 3  CHANGES DUE TO EUROPEAN SETTLEMENT . 

De fores ta t ion  in  European t i me i s  d e t e rm i ned by the same th ree  

c r i t e r i a  as those used in examin ing the  pol len s pec t ra encompass i ng 

Mao r i  occupa t i on . There are however ,  add i t i onal  ind i cators  o f  change . 

P i nus  pol len g i ves  a pos t 1860 A . D .  da te  ( 4 . 3 . 4 ) . Pas toral  farm i ng 

c lose t o  a s i te i s  i nd i ca ted f i r s t by w i nd borne pollen of P lan t ago 



usua l ly followed by a pers is ten t presence o f  Plan tago , Taraxacum and 

more rare ly C i r s i um .  At some s i tes t races of Taraxacum were found 

p r ior  to  more pos i t i ve i nd i ca t i ons  o f  s e t t lemen t . Th i s  has  been 

i n t erpre ted as be ing  depos i ted in faeces o f  c a t t le brows i ng in t he 

fore s t s  p r ior  t o  clearance . A reduc t i on i n  pol len of subcanopy and 

some shrub t axa is i n t erpre ted as due to b rows i ng by farm s t ock  and 

o t her  i n t roduced mamma l s . A  decl ine in  t a l l  t ree  po llen , pa r t i cularly  o f  

podocarps , resul t s  f rom t he c learance o f  fores t s .  

5 . 3 . 1 Eas tern S i t es :  P i nus , poss i bly d e r i ved from she l t e r  bel t 

plan t i ng , occurs as  s i ngle grains assoc i a t ed w i th the Tahurangi Ash i n  

all  o f  the  Manganui  Bog cores ( Chap ter  3 and 4 ) . Towards the t o p  o f  

these prof i les  P inus has a much s t ronge r p resence and i s  assoc i a t ed 

wi th  Taraxacum and Plan tago pollen , co i nc i d i ng w i th a dec l ine i n  t h e  

pol len o f  all  podocarp s . Th i s  increased promi nence represen t s  p l an t a t i on 

plan t i ngs . In  the  upper samples a t  all  t hree s i t es , t ree po l len  

dec l i nes , wh i le mos t f e rn  s pores r i se . Thes e  changes a re  due  to  c l earance  

of  fores t s  on  the  r i ng pla i n . P t e r i d i um dec l i nes at t h i s  t i me i n  

Manganui  2 and 3 ( 83 / 2  and 85/ 1 )  bu t not  a t  s i t e 83/ 1 4 .  

A t  t he Po t aema bog , decl ine i n  pollen o f  tall  t rees i s  no t s o  

apparen t .  I n  t h e  t o p  uppermos t samples pollen o f  the emerge n t 

D . cupres s i num and M . robus t a  r i ses ( F i g . 1 4 F )  bu t there is a pauc i ty o f  

subc anopy pol len t axa . �einmanni a  decl i nes in  t h i s  sample . The r i s e  o f  

these emergen t t rees could be the f i nal  s t age in recovery a f t e r  t he 

Bur rel l  Lap i l l i  o r  may ref lect  the p ro tec t i on  a f forded by the f o rma t i on 

o f  Egmon t  Na t i onal Park in 1900 . Even a f ter the declara t i on  o f  

p r o t ec t ed s ta tus  f o r  the fores t s , ca t t le s t i l l  escaped i n t o  t he 
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fores t . Goa t s  and opossums are s t i l l p resen t ( Mawh inney 1 980 ) . The i r  

presence could be the cause o f  t he  absence o f  subcanopy s pec ies  

( 1 . 9 . 6 ) . A t  1 55mm P t e r i d i um spores  reappear and con t i nue t o  r i se  t o  

t he top  o f  t he  pro f i le .  Th i s  r i se i s  n o t  co inc i den t w i th t he curves o f  

o ther  taxa and i t  mus t b e  as sumed tha t t h i s  i s  regi onal po l len  der ived 

f ro m  se t t l emen t o f  the r i ng plain . 

A fea t u re o f  the pol len spec t rum a t  York Road swamp i s  the  

changing curve o f  Li bocedrus . Fo l lowi ng a decl ine be t ween 245- 165mm 

the re  is a cons iderable r i se , wh i ch co inc ides  w i th  i ncreased charcoal 

and the f i rs t  appearance  of P i nus . Wh i le i t  i s  poss i bl e  t ha t  t h i s  

cou ld represen t t h e  exo t i c  Cupressus macrocarpa ( because  the  pollen 

canno t be d i s t i ngu i shed ) , i t  probably represen t s  recovery a f t e r  logging . 

L i bocedrus were absen t f rom the top s t ra tum o f  fore s t s  near  the  Yor k  

T r a c k  a l t hough the  t rees a r e  presen t on r i dges . Shrub s i zed L i bocedrus 

occur near a d i s t urbed area at  Qua r ry Blu f f . Clarkson ( 198 1 ) assoc i a t ed 

these  fea tues  w i t h  logg ing in the 1 900 ' s .  Above 125mm podocarp  pollen  

a lso  decl i ne s  t o  be  replaced by  We i nmann i a . Pas ture weed pollen  is  no t 

prominen t i n  t h i s  pro f i le . 

A t  Nor folk  Road swamp howeve r , pas t ure weed pollen occurs  much 

lower in  the pro f i le ( 245mm ) t oge ther  w i th P i nus ; above t h i s  level  a l l  

a r e  cons i s ten t ly presen t . Here , there i s  a gene ral  decl ine i n  a l l  fores t 

taxa  includ i ng We inmann i a .  Sub-canopy pollen i s  s parse and generally  

s p o rad i c . Shrub pol len also  declines . These changes ind ica t e  a reduc t i on  

i n  t o tal  f o res ted area . Th i s  redu c t ion  may no t  have been c lose  t o  t he 

s i t e , wh i ch i s  w i th in  the  Egmon t Na t i onal Park , bu t  fur ther t o  the  eas t .  

A t  85mm G rami neae pollen i ncreases as P t e r i d i um spores dec rease ,  
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ind i ca t i ng an improvement  in  pas t ure  es tabl i shmen t . 

Changes in  t he upper por t i on o f  the  pol len spec t ra o f  a l l  t h ree 

swamps on t he eas t ern r i ng p l a i n  i n d i c a t e  European se t t lemen t .  Pol len 

s pe c t ra o f  t he t wo Mi dhurs t s i tes  s how that  M i dhur s t  2 , vh i ch i s  s t i l l 

sur rounded by degraded fores t , vas se t t led much la ter  t han M i dhurs t 

l . Y indborne pollen of  Plan t ago i s  f i rs t  recorded a t  2 25mm a t  M i dhurs t 

1 .  P ious and Taraxacum pol len occur  l a t e r , i nd i ca t i ng farm i ng vas t hen 

muc h  c loser  to  t he cor ing s i te . Al l  t hree pol lens occur t oge ther  a t  

M i dhurs t 2 a t  95mm dep t h . The pollen spec t ra o f  bo th s i tes  i n d i c a t e  very 

ve t fo res t ra ther  than swamp because D . dacrydio i des and Cyperaceae 

pol len are prom i nen t . Some t ime a f t er the  Bu rrell  Lap i l l i  vas depos i t ed 

Mi dhurs t 1 became a swamp , due to b lockage of  drainage at t he j un c t i on 

o f  t he ca t chmen t wi th  the Manganui R iver  poss i bly caused by lahar 

aggrad a t i o n . The abundance of fores t t axa po llen a t  M i dhur s t  1 s ugges t s  

tha t even a f te r  se t t lemen t some fo res t rema i ned fai rly c lose t o  t h i s  

s i t e . Above 105mm depth  the t a l l  t ree pol len dec l i nes and t h e  more 

pal a t able  s pec i e s  such as Sche f flera , Carpode tus and Gen i o s t oma , 

d i sappear bu t  Ascarina ri ses as  compe t i t i on i s  reduced . These changes 

ind i ca t e  early removal of t i mber t rees and late r use of t he fores t for  

she l t e r  and  brows ing by cat t le .  

A t  Ngaere and Rat apiko t he upper  150mm have been presen t ed i n  

separa t e  graphs , 20D and 2 1 F  respec t i ve ly , because o f  t h e  dom i nance of  

European c hanges and d i s turbance o f  t eph r i c  laye rs a t  t hese levels . 

E l t ham d i s t r i c t , i n wh i ch Ngae re swamp l i es , vas se t t led f rom the  sou th  

abou t 1 8 7 9  ( 1 . 7 . 3 ) .  The j ux t apos i t i on o f  Bur rell  Lap i l l i  and pas t ure 

weed pollen  ind i cates  some d i s turbance , poss ib ly by d i sc harrows at t h i s  



s i t e .  The pol len i s , however , sequen t i al be tween 145-75mm . I t  was n o t  

pos s i ble to  o b t a i n  valid  pol len coun t s  be tween 75-25mm due t o  l a rge 

amo un t s  of organi c  ma t te r . Po tamoge t on pollen  d i sappears a t  t h i s  t i me 

and t h i s  is p robably due to improved drai nage . 

The i n i t i a l  r i se o f  D . dacryd i oides  a t  the  base o f  the  s pec t rum 

( l SOmm ) followi ng d ra inage works i s  changed to a decl ine above l l Smm t o  

on l y  t race l eve l s . P t e r i d i um i s  no t promi nen t a t  th is  s i t e wh i ch was 

ve r y  we t . �i th t he  Egmon t Na t ional Park as a po ten t i al source  o f  d i s t a n t  

po l len , w indborne pol len o f  fores t t ree t axa remains throughou t the  

p ro f i le ( F ig . 20D ) bu t i t  i s  s igni fi can t t ha t  the  f o res t f l o ra becomes 

i mpove r i shed by los ing sub-canopy and shrub s pecies pollen . Th i s  po i n t  

can  be ver i f i ed by compar i ng F i g . 20D w i t h  F i g . 20A . I t  i s  unl i kely  t h a t  

f o r es t rema i ned close  to t he coring s i te  because i n  t he upper  samples 

Phyma todes and Me t ros ideros  pollen has d e c l i ned f rom prev i ous ly  h i gh 

values . The fo rme r i s  a c l i mbing fern and t he la t t er  a l i ane , bo th  

requi re t rees for  suppo r t  in order to  surv ive . High values of  

Ta r axacum pollen  wh i ch i s  no t anemoph i lous , f rom 95mm upwards  i nd i ca te 

t h a t pas toral  farm i ng was es tabli shed close  to  the coring s i t e .  P i nus 

po l len is  present  at  105mm indicat ing the es tabli shmen t o f  a p l an t a t i on 

i n  the  v i c i n i t y  ( F ig . 36 large map in  Vol . I I  and 3 . 4 . 4 ) . 

Se t t lemen t near Inglewood ( Ra tap iko swamp)  began as an ex t en s i on 

f rom New Plymou t h  abou t 1875 and spread sou thwards towa rds  M i dhurs t 

( 1 . 9 . 2 ) .  The Ra tap iko core  was sampled by us ing the who le  o f  t he lOmm 

s l i ce from hal f  of  t he core . �hen i t  became apparen t t ha t  

c o n t amina t i on could occur , t h i s  me thod was abandoned and on ly  the  cen t re 

o f  the  o ther  cores  was t hen used . Taraxacum pol len i s  prese n t  a t  495mm 
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( as s een i n  F i g .  2 1 A  and B )  and t h i s  i s  p robably  due  t o  

con t am i na t i on . The  f i rs t va l i d  appearance o f  Taraxacum and P i nus i s  a t  

t he 245mm level . Here Taraxacum i s  prominen t and assoc i a t ed w i t h  a 

s i m i lar  r i s e  i n  Gram i neae , P ter id ium and the  f i rs t  appearance  o f  

pers i s t en t  charcoal . The  p resence o f  these taxa above the redepos i t ed  

t e ph r i c layer be tween 2 1 2-2 1 8mm ind i ca t es ar t i f i ca l  drai nage close  t o  

t h e  ac t ual  s i t e .  Af ter  t h i s  ac t i v i ty bo t h  swamp and fores t t axa pollen  

i nc rease sugges t i ng tha t t he  change in  edaph i c  cond i t i ons su i ted  bo t h  

g roups o f  s pec ies , by separa t i ng we t ter and d r i e r  areas . 

In  F i g . 2 1 F  ( Ra t a p i ko European Time ) , t he % d a t a  show a reduc t i o n  

i n  a l l  fores t taxa . Fo r  mos t s pec ies the i r  represen t a t ion i s  < 1% . The 

h igh value of Podocarpus i n  t he upper pro f i le ( above 150mm ) i s  due t o  

t he poo r preserva t i on o f  pol len a t  t h i s  level maki ng s pec i f i c  

i d en t i f i ca t i ons  d i f f i cu l t . Some o f  t h i s  pollen could have bee n  

remob i l i sed  dur i ng the  d ra i nage opera t i ons . The d i s t inc t i ve d e c l i ne o f  

Lept ospermum pollen probably resu l t s  from the remova l of second grow t h .  

The decl i n e  co i nc ides w i t h  a large r i se i n  Gramineae and t h e  

replaceme n t  o f  Typha pol len by Cyperaceae . Some degraded fores t appear s  

t o  have remai ned f o r  s ome t i me a s  ind i ca t ed b y  Phyma todes s pores and 

Me t ros i de ros pol len . 

5 . 3 . 2  Wes t ern Si tes : On t he wes tern s ide o f  Moun t Egmon t ,  s e t t l eme n t  

was l ong delayed by d i s pu tes  over land ( 1 . 9 . 1  and 1 . 9 . 4 ) ,  a l t hough 

there  had been a European p resence s i nce 1843  ( 1 . 9 . 1 ) .  The two Pun i ho 

s i t e s  are  w i t h i n  Egmon t  Na t i onal Park . A t t he h igher Pun iho  1 s i t e 

( 420m ) only  w i ndborne P i nus and Plan tago pol len are  presen t above 65mm , 

wh i le a t  Pun iho 2 wh i ch  i s  lower ( 397m ) , P i nus  occur s  a t  95mm and 
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Taraxacum in t he nex t sample above . P t er id i um and charcoal are a l s o  

p resen t bu t t he pro f i le i s  domina ted a t  bo t h  s i tes b y  a recovery  

pa t tern though t t o  be  due  t o  a volcan i c  even t ,  p robably a pyroclas t i c  

f lov ( Neall  and Al lovay 1986 ) .  Ve i nmann ia  i s  prom inen t  i n  t h i s  

recovery bu t there i s  a general r i s ing t rend in  a l l  t axa . 

Ou t s ide  Egmon t Na t i onal Park , Jones ' farm 1 a t  152m has Taraxacum 

at  185mm and Pi nus a t  165mm , bo t h  j us t  above the sec t i on of  t he core  

w i t h  sca t t ered Neval l  Lap i l l i . Maj or  change i n  t h e  i mmed i a t e  

env i ronmen t  i s  ind i ca ted b y  the increas ing presence  o f  � pollen and 

decreas i ng represen ta t i on of  Potamoge t on . Th i s  change f rom s low- f low i ng 

wa ter  t o  a Typha swamp fol lowed increased sed i men t a t i on a f t e r  eros i on 

fo l low i ng fore s t  clea rance . To tal  clearance o f  t h e  fores t a t  t he 145mm 

l evel i s  i nd i ca ted by t he sma l l  amoun t of pol len o f  all  fores t t axa and 

reduc t i on i n  t he number o f  taxa . 

At  Jones ' farm 3 P inus po l len occurs for  the f i rs t  t i me a t  9Smm 

bu t clearance of  fores t la ter  is i nd i ca ted at 6Smm by increased values 

of  P t e r i d i um s pores , G ram i neae pollen and the  g rea ter  abundance o f  

P i nus , Taraxacum and Plan t ago . Typha also en te rs  the spec t rum for t h e  

f i rs t  t ime dur ing t h i s  per iod . There i s  a decl i n i n g  t rend i n  tal l t ree  

t axa bu t Lept ospermum , Coprosma , Coriar ia  and Panax group pollen  r i se 

i nd i ca t i ng regrow t h  a f t e r  c learance . Palatable  s pe c ies  such as Fuch s i a  

and Carpode tus d i sappear ind i ca t ing brows i ng by ca t t le in  t he fores t .  

Closer to  the coas t a l  fernland descr i bed by the early s e t t le r s  

( 1 . 5 . 1 )  t he s pec t rum  o f  the Pol lard s i t e shows tha t a t  85mm dep t h  

P te r i d i um s pores i ncrease sharply bu t G rami neae has low values  
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sugges t i ng t ha t  pas t ure was not  es t ab l i shed and the f i res were t o  

mai n ta i n  the P t e r i d ium  sere . At 45mm dep t h , pollen of  Pinus , Taraxacum , 

Plan t ago and C i rs i um type all  occur a t  the same t i me .  These fac t s  

sugges t t ha t  t h i s  area remained under Maor i  con t rol for some t i me a f t e r  

t he f i rs t  Europeans se t t led . The r i s i ng curves of �ei nmann i a ,  

Lept ospe rmum , Gen ios t oma , Di cksonia  and Panax group pol len i nd i ca t e  

reg rowt h  bu t t h e  absence o f  Coriaria  and Coprosma sugge s t s  the area  

close  t o  the c o r i ng s i t e was  browsed bu t no t cleared . 

5 . 3 . 3  Nor t hern  S i tes : Fresh � pea t composes the en t i re depos i t  o f  

t h e  Mo tunui core . Pi nus i s  presen t t hroughou t , al t hough t he values 

dec rease w i t h  d e p t h . Charcoal i s  also p resent  t hroughou t t he core and 

high values at  305mm and 105mm sugges t s  the  s i t e was burned . Ar t i f i ca l  

d r a i nage i s  a l s o  i nd i ca t ed by a very large amoun t of  organ i c  ma t t er  a t  

505mm . The r. d i agram gi ves a n  erroneous i mpres s i on o f  t h i s  t reeless  

s i t e . Pol len o f  i nd i genous fores t s pec i es mus t be e i ther  reg i onal or 

redepos i ted f rom older sed i men ts  d i s turbed by new drainage pa t t e rns . 

Bowden Scen i c  Reserve records i n  d e t a i l  e f fo r t s  t o  e s t ab l i s h  

pas toral farmi ng . Ear l i er clearance of  fores t i s  respons i bl e  for  t he 

� swamp i nd i ca t ed a t  t he base of  the  pro f i le . Mar ' a�a s pores  a re 

presen t here bu t d i sappear from the p ro f i le a f ter  a change i n  d rai nage 

i s  i nd i ca ted by the  dec l i ne of Typha and a r i se o f  Cyperaceae . Ta raxacum 

is always p rom i nen t and D . dacrydioides dec l i nes towards the top  o f  the  

p ro f i le . Tree ferns are  abundan t and Di ckson ia  p romi nen t a t  t he base  i s  

par t i a l ly replaced by Cya t hea . 

The lack o f  d a tes  a t  Ma tar ikor i ko i s  mos t unfo r t una te  as t he 



pol len  p ro f i le con tains  a s i gn i f i can t  change a t  t he 405mm leve l . R i ses  

i n  Kn igh t i a ,  Eleocarpus , Leptospermum , Cor iar ia , Parat roph i s  and 

Freyc i ne t i a  i nd i ca t e  a maj or  d i s t urbance p r ior  t o  European t i me for  

�h i ch t here i s  no  obv ious cause in  t he da ta  ava i lable . Subsequen t ly 

P t e r i d i um r i ses before a reduc t ion in  s�amp t rees occurs and bo t h  Typha 

and Cyperaceae r i s e .  These changes co i n c i de �i th  the prom i nence i n  t he  

prof i le o f  P i nus and pas ture �eed pollen . 

The Umu teka i core preserves an i n t a c t  record o f  fos s i l pol len  

because  t here  is  no evidence of  burn i ng and the s i t e  rema ins  i n  s�amp 

fores t . Adj us tmen t in  t he balan ce be t�een s�amp t rees and lo�land fo res t 

i s  a fea t ure  of  the pollen pro f i le . A t 305mm Typha appears t oge ther  � i t h  

the  f i rs t  P lan t ago pol len . The la t t e r  inc reases as P t e r i d i um s pores  and 

Taraxacum pollen  appear . D . cupres s i num and M . robus ta  decl ine  a t  t he  

t o p  o f  t he  prof i le .  Co r iar ia  i s  never promi nen t and t h i s  i s  t he l eas t 

d i s t ur bed  s i te ou t s ide the Egmon t Na t i onal Park bu t unfo r t una t e ly i t  i s  

unda t ed . 

5 . 3 . 4  Ev i dence f rom Charcoal Da t a : Charcoal occurs cons i s t en t ly i n  t he  

s t ra t igraph ic  c o lumn of eas tern  r i ng plain  s i tes  only  i n  European 

t i me . P r i o r  to t h i s  t here are only sma l l  s porad i c  occurrences . Charcoal  

at  t he Pun i ho and Jones ' farm  s i tes  be fore European t i me is  rela ted to  

recen t v o l can i c  even t s  but  the  va lues at  t he la t ter  inc rease grea t ly as 

s e t t lemen t occu r red . The t�o nor t hern coas ta l  s i tes  have much charcoal 

t hroughou t , because these s i tes  encompass only Eu ro pean t i me . The h i gh 

charcoal  values �h i ch peak a t  22 . 6  ( Table XXX ) in the  Mo tunui  core  

i nd i ca t e  f i res  at  the s i te . S im i larly Ma tar iko r i ko fur ther  inland has a 

h i gh abundance value of  20 . 8  �h i ch mus t represen t a f i re on t he s i t e . In 
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con t ra s t t o  t hese s i tes t he values a t  Umu tekai are always low b e i ng 

d i s t an t  f rom t he f i res . The  low value o f  0 . 9  j us t  p r i o r  to  the  f i rs t  

t races  o f  pas ture weed pollen  may ind i ca t e  t he approach o f  land 

c l e a rance t owards this area , bu t  i t  seems unl i kely tha t the swamp fores t 

he re  has ever been burned . 

5 . 4  DI SCUSSION 

Few accoun t s  by European s e t t lers  fa i l  t o  men t i on t he con t ras t 

b e t ween the coas tal  fern land and the fores ted slopes of Moun t 

Egmon t . Early repo r t s  also desc r i be the danger f rom f i res l i t  by Maor i s  

wh i ch es caped f rom con t rol ( Greenland 1967 ) The impo r t ance o f  fern  roo t 

( P t er i d i um rh i zomes ) in t he Maori  d i e t  ( Leach 1974 ) led t o  t he 

necess i ty to  perpe t ua te  the  b racken s t age o f  success i on by f requen t 

f i res  ( Levy 1 949 , Druce 1957 ) .  In  a t temp t i ng t o  i n t erpret  the  e f fec t s  

o f  man ' s  use o f  t he Taranaki envi ronmen t i t  i s  necessary t o  cons ider  

t he vege t a t ion  be fore the adven t  of man . 

5 . 4 . 1  Vege t a t ion on t he Eas tern Ring Plains : Pol len spec t ra f rom the  

Ngaere , M idhurs t 1 and Ra tap iko swamps i nd i ca t e  that  the sur round i ng 

fores t s  we re dom ina t ed by D . cupress i num , bu t Bei ls chme i d i a  t awa wou ld 

be equal ly p rom inen t .  This s pec ies  is  a poor producer o f  pol len  

( Ma cPhai �1980 ) and t he pol len was  no t found . I t  i s  however , an a bundan t 

h a rdwood i n  lowland and m id- lowland fores t s  in  the No r t h  I s land . I t  has 

been observed at  Po taema and in  all the subd i s t r i c t s of t he Taranaki 

Land Di s t r i c t  ( Clarkson 1 98 1 ) . Ex tan t fores t shows that fores t s  in wh i ch 

B e i l s chme i d i a  t awa was dom i nan t or i mpor tan t  in t he subcanopy we ve once 

w id e s pread on t he Moun t Egmon t r i ng plain  ( Clarkson 1 98 1 ) .  Some 
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l ow land fore s t s  were very we t and a swamp fore s t  e lemen t , i n  par t i cular  

D . dacryd i o i des , was presen t .  A smal l  remnan t o f  t h i s  fores t type s t i l l 

surv ives  surround i ng t he M idhurs t 2 s i t e .  Swamps occupi ed large areas  

of  the r i ng plains  and  bo t h  the Ngaere and El t ham had some open wa t e �  

p r i or t o  3000 yr B . P . Ra t ap iko was probably a lake . M idhurs t 1 d i d  no t 

become a swamp un t i l  a f t e r  depos i t i on of the Bur rell  Lap i l l i . Abou t 

1 400 yr  B . P .  t here are i nd i c a t ions that  the fores t enc roached on t o  t h e  

s wamp margi ns . Th i s  w a s  par t o f  a con t i nuing process  accelera t ed b y  t he 

pro longed d ry s pe l l s  i n  summer a t  t ha t  t i me ( Chap ter  6 )  and the  

d e pos i t i on o f  sol id  ma t t e r  a f t e r  each erup t i on ( Chapter  4 ) . 

5 . 4 . 2  Vege t a t ion on  the  Yes tern  Plains : The rare occurrence o f  

Dysoxylum and Dodonaea at  the Ma t a r i kor iko ( 30m ) , Umu tekai ( 60m ) and 

Pol lard ' s  farm ( 9 1 m )  s i t es toge ther  w i th the presence of  Rhopalos tyl i s  

po l len i nd i ca t es tha t s em i -coas tal  fores t occup ied  these s i tes . A  sma l l  

remnan t o f  fores t a t  Jone s ' farm 1 s i te ( 1 57m)  i s  dominated  by Mel i cyt u s  

bu t t hese  subcanopy t rees a re now windshorn due to  exposure . Fores t 

nearer t o  t he coas t may also  have been reduced i n  s t a ture by sal t s p ray 

and the  p reva i l i ng w i nd , c rea t i ng coas tal scrub . The con t i nu i ng presence 

of  P t e r i d i um a t  Jones ' s  farm 3 s i t e ind i ca t es i t  has  been a compone n t  

o f  reg i onal  pollen f o r  t h e  las t 4000 years probably deri ved f rom t h e  

more o pen vege ta t i on o n  the coas t . Records of  l ogs be i ng found i n  t he 

coas t a l  swamps sugges t s  t ha t  t he swamp fores t , found a t  the  Jones ' and 

Pollard ' s  farm s i tes  may have been more ex tens ive  in the pas t .  
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5 . 4 . 3  The Arr i val  

archaeolog i s t s  t o  be  

o f  the Mao r i : The t ime i s  acknowledged 

abou t 800-900 yr B . P . ( 1 . 8 . 2 ) . There i s  

1 86 

by 

no 

ev i d ence i n  the pol len record t o  ind i ca t e  when the  Maor i  a r r i ved i n  

Taranaki . When t h e  European s e t t le r s  arr ived they des c r i bed the coas ta l  

pla i ns . The  mos t de t a i led desc r i p t ion gi ves t he impres s i on t h a t  abou t 

1880 there  was a pa t chwork o f  vege t a t i on i ncluding fernland , overgrown 

Mao r i  c l ea r i ngs , small  s t ands of "heavy bush " and s crubl and ( Bu rges s 

1901 ) . Unde r  the s c rub  a pro fus i on o f  palms and ferns sugges t s  some 

regene ra t i on from ear l ier  clea r i ngs . Lines of boulders , i nd i ca t i ng 

ga rden boundar i es were overgrown , p resumably abandoned when s een and 

des c r i bed by Per cy Smi th  ( 1 9 1 0 ) . 

The l ack o f  ev idence o f  pers i s ten t charcoal i n  pre-European s i t e s  

ou t s ide  the  Egmon t Na t ional  P a r k  ind i ca t es tha t clearance f o r  new 

gardens was no t a f requen t ac t i v i t y  o f  the Hao r i . The only t rop i cal  crop  

tha t could  be  g rown i n  the cooler  c l imates i n  New Zealand was  t he 

kumara ( Ipomoea ba t a t as ) . I t  req u i red cons iderable e f for t , gravel be i ng 

t ranspo r ted and ashes added to  t he  gardens to improve t he s o i l  and 

ma tura t i on of t he c rop . Th i s  type of  garden was ma i n t a i ned for  many 

years  ( Bes t 1 9 2 5 ) . Before  the  i n t roduc t i on of s t eel  axes , t ree  t runks 

were l e f t  s t and i ng whi le sma l l  branches and t rash was p i led and 

bu rned . Th i s  would have al lowed some recovery of the fo res t s . When s t eel  

axes were ob t a i ned the fores t s  we re fel led and burned ( Bes t 1925 ) .  

Ev i dence f rom the  Pal l i ser  Bay s t udy ( 1 . 8 . 2 ) sugges t s  tha t fern roo t  

became more  p r omi nen t i n  t he d i e t  about 500 yrs  ago ( Leach 1 98 1 ) . Th i s  

change i s  as soc i a ted w i t h  a change i n  climate  abou t  tha t t ime . The 

g rowi ng and s t orage of kumara  became much mo re d i f f i cu l t  and was common 

only in t he more nor t hern par t s  of New Zealand ( Dav i dson 1984 ) 
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Ev idence o f  c l ima t i c  change i n  Taranaki has been i n t e r p re t ed f rom 

changes  in  t he p ro f i le at  Jones ' farm 3 s i t e on the �es t . H i gh leve l s  

o f  Ascarina  pol len dec l i ne abou t 1400 yr  B . P .  t oge ther � i t h  o t h e r  

d r ough t prone s pec ies  a n d  f i nally Asc a r i na d i s appears jus t p r i o r  to  t h e  

Ne�al l  erup t i on ( F ig . 35 ) . A t t h i s  t ime t here  i s  an upsurge o f  

Ve i nmanni a , a s pec i es favoured by a cooler  �e t te r  c l i mate . These aspec t s  

o f  t he s t udy � i l l  be d i s cussed i n  grea ter  de ta i l  i n  Chap t e r  6 .  

The change f rom kumara t o  fern roo t �h i ch had previous ly been used 

only  i n  t i mes of  shor t age , canno t have been by cho ice because t he 

r h i zome i s  kno�n to cause severe too t h  �ear ( Leach 1974  and Day 

1984 ) . Planes on the tee t h  caused by che� i ng fern  roo t were  more common 

i n  la te  pre-hi s t o r i c  t i me , ind ica t i ng i ncreased use of the rhi zome 

( Dav idson 1 984 ) . Fern roo t �as d i sca rded �hen the  European po t a t o  �as 

i n t roduced ( Cameron 1 964 ) . Seve ral da tes  have been sugge s t ed for t h i s  

i n t roduc t i on . I t  i s  recorded that  Mar i on du  Fresne planted po t a t oes i n  

t h e  Bay o f  I s lands i n  1 7 7 2  and Cap t a i n  Cook d i d  the same i n  Queen 

Charlo t t e Sound in 1 7 7 3 . As early as 1 805 Mao r i s  in t he Bay of I s lands 

bar tered po t a t oes  for axes . I t  i s  at  t h i s  s t age t ha t large scale  

c learance o f  t he fores t s  began ( Cameron 1 964 ) . Po t a toes gre� �el l  only  

i n  so i l �h i ch  had  been recen t ly c leared f rom fores t and t hen only  fo r  a 

fe�  years . The t rade f louri shed for  abou t 70-90 years  and then  

c o l lapsed �hen  Maori  t r i bal  organ i s a t ion  fai led ( Cameron 1964 ) . I t  i s  

p robable t h a t  t h i s  t rade �as a l s o  car r i ed o n  i n  Ta ranak i and accoun t s  

o f  �idesp read f i res by Ri emenschne ider  i n  1846  ( G r een land 

i nd i ca t e burn i ng for the  cul t i va t i on  of po ta toes . 

1 967 ) 

Palynolog i cal  evidence presen t ed here �ould appear t o  suppo r t  
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t hese  i deas  because there is  s o  l i t t le ev idence of  f i res  i n  

p re-European t i me . Several fac t o rs are  involved . F i rs t de t e r i ora t ion  o f  

the  c l i ma t e  t o  cooler and we t t er  t han be fore . Second , a subs t i t u t e  f o r  

kumara when grow th and s to rage of t h i s  food became d i f f i cul t .  

Thi r d , ava i la b i l i ty  o f  the much hard ier  European po ta t o  and fou r th t he 

des i rab i l i ty o f  a food wh i ch could be bar t ered for  axes ( Bes t 

1 92 5 , Cameron 1 964 ) .  P r ior  to  400 y r  B . P .  none o f  t hese fac t ors  were i n  

opera t i on . Gardens were made , i mproved and mai n t ained , al i gned boulders  

be i ng used for demarca t i on ( Leach 1974  and Davidson 1 984 ) . Such  

gardens were  seen ( Percy Smi th  1910 )  on  the Taranaki coas t lands bu t 

were overgrown . Kumara were g rown wi th in  the shel ter  o f  t he fores t i n  

early  European t i me ( Bu rgess 1 90 1 ) . These may have been o f  t he i mproved 

var i e t i es i n t roduced later by Europeans ( Be s t  1925 ) . 

The i n t erpre t a t i on gi ven above d i f fers  somewhat  f rom t he 

conclus i ons reached by McGlone ( 1 983 ) . He presen ted evidence  for a much 

ear l i e r  d a t e  for de fores t a t ion by the Mao ri . H i s  quo t ed s i tes  are  

howeve r , e i t her f rom the Sou th  I s land where kumara wou ld  never  have 

grown or  f rom the eas tern No r t h  I s land wh i ch is  very p rone to 

d rough t s . I t  has been recogn i s ed tha t even in  t he warmer d i s t r i c t s  t here 

was n o  cer t ain t y  o f  a good crop  of  kumara and tha t  o ther  sources  o f  

s t arch  were used . These i ncluded ; fernroo t , t he s t archy p i t h  o f  

Cya t hea medulla r i s  and the sugary p i th  of  t he tap  roo t  o f  Cordyl i ne 

� ( Bes t 1925 , Brunner 1952 ) . The impo r t ance of  these subs t i tu tes  i n  

t he  d i e t  depended o n  c l ima t e  and s o i l  fer t i l i ty . The d a t e  f o r  Polynes i an 

f i res  as i nd i ca ted a t  Po taema bog ( 450y r B . P . ) by McGlone ( 1 983 ) 

agrees we l l  wi t h  evidence f rom P t e r id i um and charcoal d a t a  a t  Pol lard ' s  

farm  s i te on  the  wes te rn s ide o f  Moun t Egmon t .  
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5 . 4 . 4  The A r r i val  o f  t he European Se t t lers : Vhen the  Europeans 

a r r i ved dense fores t s  s t i l l  covered the  eas tern pla ins and the pol len 

pro f i les  show t ha t  t hese fores ts  had been v i r tually unchanged for over 

4000 years . The res i l ience of  t he vege t a t i on had enab led i t  t o  recover 

a f t er each erup t i ve even t  un t i l  about 400yr B . P .  A t  t h i s  t i me 

Vei nmann i a  became prominent  i n  bo th  wes t e rn and eas tern fores t s  f o r  t h e  

f i rs t t i me i n  the  las t 4009Years . Two fac tors are respons i b l e  f o r  t h i s  

change in  s pe c i es compos i t on of  t he fores t s .  F i rs t , the mos t recen t 

eru p t i ve phase o f  volcan i sm that  began w i th the Newall nuee a rden tes  

wh i ch prov i ded s i tes  on  wh i ch Ve i nmann i a  could become es t ab l i s hed 

( Ch a p t er 4 ) . Second , t he change to a cooler  and we t ter c l ima t e , wh i ch also  

favoured th is  s pe c i es ( Chap ter  6 ) . 

V i t h i n  Egmon t Na t i onal  Park the  h igh al t i tude s i tes a t  Manganui 

bog have reg i onal  pollen ind i ca t ing clearance of the fores t s  on the 

eas t ern r i ng p la ins  i n  European t i me only . Damage at  Po taema appears  t o  

b e  rela ted t o  t h e  i n t roduc t i on o f  mammals . The New Zealand Fores t 

Se r v i ce s t i l l car r i e s  ou t erad i ca t i on programmes for goa t s  ( Mawh i nney 

1 9 80 ) . 

A t  York  Road bog the  fores t was explo i t ed for t i mber . The dec l i ne 

i n  L i boced rus and subseque n t  recovery i s  due to  logging a f te r  t he area 

was dec lared par t of the Egmon t Na t i onal Park in 1900 ( Clarkson 1 9 8 1 ) .  

T i mber ex t ra c t ion  i s  also  ind i ca t ed by the r i se o f  Wei nmann i a  as 

podocarp po l len dec l i ned , sugges t i ng tha t the land was n o t  c leared for  

f a rm ing .  

Ind i ca t i ons  are  t ha t  farming approached closer and much ear l i e r  



t owards the  Nor folk Road swamp . A t t h i s  s i t e , coi nciden t w i t h  t h e  

o c c u rrence i n  t he pro f i le o f  pas t u re weed pollen , �e inmann i a  decl i nes  i n  

c ommon wi t h  all  o t her  t ree species  i nd i ca t ing a reduc t ion  i n  fores t 

area  w i th no recovery . Charcoal i s  always present  a t  t h i s  s i t e  

i nd i ca t ing earl i er f i res  f rom some unde termi ned c ause . Pers i s t e n t 

charcoal does no t occur  a t  t he York Road s i te  p r i o r  to European t i me . 

T h i s  could be t he reason  why logg i ng o f  t i mbe r t ook p lace near the  Yor k  

Road Track bu t farming became es tabl i s hed ear l i e r  i n  the v i c i n i t y  o f  

t he No r folk  Road s i t e .  Ear l ier f i res  near Nor folk  Road may have made 

t he t ask o f  c lear i ng the fores t much eas ier . A t t he t i me the  Messenge r ' s  

f a r m  s i te wh i ch i s  j us t  beyond t he t erminus o f  Nor fo lk Road , wa s  

s ampled , the  las t o f  t he cu t over fores t adj o i n i ng the Park  boundary was 

be i ng cleared . 

D i f ferences are a p paren t 

s i t es .  A t  Ngae re conver s i on 

d ra i nage . Charcoal values 

be tween t he four 

o f  the  swamp 

are low un t i l  

t o  

eas tern r i ng p la i n  

farmland requ i red  

t he upper  t h r ee 

s amples . Al t hough P t e r i d i um is presen t there is no upsurge o f  

Leptospermum , Coprosma Cor i a r i a  or Myrs i ne pollen wh i ch would i nd i ca t e  

second grow th  af ter  f i re .  I t  i s  known that  drainage caused the  dea t h  

o f  t h e  fore s t  t rees ( Ev e ry 1974 ) , s o  i t  i s  pos s i ble  t hat once a n  area  

had been d ra i ned ca t t l e  were  then  able  to  con t rol  the regrow t h  wh i le 

pas tures were gradually  improved . The marked decl ine of D . dacryd i o i d e s  

a t  t h i s  s i t e resul t s  f rom t he ex t rac t ion o f  t h i s  t i mber and i t s u s e  i n  

t he bu t t er  box indus t ry es t ab l i shed a t  E l t ham ( 1 . ? . 3 ) .  The i ndus t ry 

f lo u r i shed un t i l  1 9 1 3  when t he supply o f  t rees was exhaus ted ( S t and i sh 

1 9 8 4 ) . 
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The M i dhurs t area was c l o t hed in very we t fores t wher e  

D . dacryd i o i des and pos s i bly B . t awa ( C larkson 198 5 )  were i mpor tan t 

s pe c i e s . Th i s  i s  probably why t here i s  s t i l l a remnan t o f  t h i s  former 

fores t presen t , al though much degraded . The high values of Cyperaceae 

tha t pers i s t  i n  t he s pec t rum a f ter  se t t lement  at H i dhurs t 1 i n d i ca t e  

con t i nuing wa t e rlogging a t  t h i s  s i te .  Lept ospermum and P te r i d i um are  

presen t sugges t i ng regrowth  and i t  appears from the var i e ty of  fores t 

t axa i n  t he  p r o f i l e  tha t  the fores t remnan t ( M idhu r s t  2 )  was p robably 

much larger un t i l  qu i te recen t ly .  

Ra t a p i ko was formerly a Typha swamp wi th  o pen water , pos s i bly a 

cons i derable lake surrounded by 

dra i nage work , recorded a t  

dense fores ts  

2 1 2-2 18mm by 

( Brooks 

the 

1892 ) . Af te r  

redepos i t ed 

t e phra , des t ruc t i on of  the fore s t  began . Swamp s pe c i e s  were reduced , 

par t i culary D . dacryd i o i des . All  small  t ree and shrub t axa f rom a 

f lor i s t i ca l ly r i ch fores t were almos t e l i m i na t ed having  < 1%  

represen t a t ion . In i t i a l ly t h i s  would  be  by brows ing o f  ca t t le . As farmi ng 

became es t abl i s hed t he regrow t h  i nd ica ted by Leptospermum and Panax 

group pol len t oge ther wi t h  P t e r id i um was removed by i mp roved farming 

prac t i ces . P i nus was es tabl i shed early perhaps as shel ter  around the  

h omes teads . 

The two s i t es close to  the Puniho Track wi t h i n  Egmon t Na t i onal  

Park bo th  have large amoun t s  o f  charcoal bu t t h i s  is  not  though t t o  be 

rela t ed to ei ther  Haor i  or European s i tes . The a b u n d a n c e  o f  Phyma todes 

and B lechnum a t  these s i t es could ind ica te  t he p resence of ma t u re 

Be i ls chme i d i a  t awa i n  the v i c i n i ty . Bo th these spec i es es t abl i sh on t he 

t runks o f  B . t awa  ( Knowles and Beveridge 1982 ) . Th i s  s pec ies  i s  known to  



have survi ved d amage a t  a d i s tance o f  Skm a f t e r  the erup t i on o f  Moun t 

Tarawera . S t r i pped o f  all  foliage and small  branches i t  resprou t ed and 

recovered fully  w i t h i n  6 mon ths ( J . L . N i cholls in Knowles and Beve r i dge 

1982 ) . The t rees mus t also have surv i ved the  volcan i c  even t s  reco rded 

here  because t hese e p i phy tes only es t a b l i s h  on t ree t runks . 

All three wes t ern s i tes  ou t s i de t he Egmon t Na t ional Park record 

comple te  des t ru c t i on o f  the fores t by Europeans . The e f fec t of  t h i s  

c learance i s  seen bes t  a t  Jones ' 1 when t here i s  an abrupt  i nc rease i n  

sed imen ta t ion  and t he marshy fern grove becomes a Typha swamp . Esler  

( 1 9 7 8 )  has  des c r i bed how h i l l coun t ry we t land commun i t i es develop  a f te r  

fores t c learance f rom a s low flowi ng s t ream . A t  Brown ' s  Fla t a t  the  head 

of  t he T i r i t ea S t ream ( Tararua Range ) , Juncus ar t i cula tus ���--�--------- became 

es t abl i shed i n  t he creek , t hus s lowi ng t he flow and ga ther i ng s i l t , the  

process would be  sel f-perpe t ua t i ng . �  is now es tabl i shed in  t he 

area . Typha i s  a dec iduous spec i es ( Ogden and Cai thnes s  ( 1982 ) . The  

uncompac ted na t ure o f � pea t no ted i n  ( 4 . 2 . 1 ) may be  due  t o  t h i s  

seasonal g row t h  pa t te rn , lead i ng to  a rap id  accumu la t i on o f  

l i t t er . Al though seed l i ngs  es tabli shed on exposed mud a t  t h e  Pukepuke 

Lagoon ( Wes t ern  Manawa t u )  few surv i ved submergence and ex t ens i on was 

ach i eved by the g rowth  of rh i zomes ( Ogden and Ca i thness 1982 ) . They also  

found that  t he mos t impo r tan t  fac tor  in  the  rap i d  growth  o f  � a t  

the  Lagoon s i nce  1940 was due t o  t he use o f  superphos pha t e  i n  t he 

ca t chmen t . Typha is  h ighly responsive  t o  phospha t e  fer t i l i sa t i on .  Typha 

appears for the  f i rs t  t i me i n  the upper samples of t he Jones ' s  farm 3 

s i t e  and a t  Bowden Reserve the i n i t i al  clearance a t  t he base o f  t he 

pro f i le i s  fol lowed by t he developmen t o f  a Typha swamp . 
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Pollard ' s  farm s i t e con ta ins the on ly i nd i c a t ion of pre-European  

f i res wh i ch could be a t t r i bu ted t o  t he Maor i . Th i s  s i t e l i es be tween two  

lahar i c  mounds on wh i ch for t i f i ed pa  or kumara  p i t s  were s i t ed . A  large 

carved boulder  ind i ca t i ng a t r i bal  boundary was found close t o  t h i s  

s i t e ( Day 1984 ) . There are i nd i ca t i ons tha t  the Mao r i  ce r t a i n ly 

f requen ted t he area , bu t  t hey d id no t burn the sur rounding fores t .  The 

developmen t o f  kumara  p i t s  is  t raced by a rchaeolog i s t s t o  t he need t o  

p r o t ec t t h e  t ubers f rom mould . The date  o f  t h i s  i nnova t i on i s  unknown 

( Davidson 1 984 ) . They were  also f requen t ly h i dd en wi thin  the fores t t o  

preven t t he f t  ( Cameron 1964 ) . 

I t  i s  unfor t una t e  tha t  Bowden and Mo tunu i , t he two s i tes  close s t  t o  

t he nor t hern  coas t wh i ch may have revealed changes due t o  Maor i  

o ccupa t i on , have su f fered f rom accelera t ed sed imen ta t i on i n  European  

t i me , so  tha t  the p r o f i les only  con tain  very  r ecen t po l len . To-day 

only t he Bowden s i t e preserves any ves t i ge o f  the semi - coas tal  fores t 

t hough t t o  have been mo re common ( Cla rkson 1985 ) p r ior  t o  Mao r i  

occupa t i on . The resurgence o f  Mara t t i a fern , now fai rly rare , i s d ue t o  

t he enc losure of  t he s i t e as  a reserve . Today t he Reserve i s  dom i na t ed 

by Corynocarpus laevigtus . No pollen of t h i s  s pe c i es was found here  bu t 

t wo g r a i ns were found a t  Ma t a r ikoriko . Mao r i  oral t rad i t i on s ta t es 

t ha t  t h i s  t ree was i n t roduced i n t o  New Zealand about 20 gene ra t i ons 

ago . I t  is f requen t ly found near old Mao r i  se t t lemen ts ( Bes t 1 9 25 ) . Th i s  

s ugges t s  t ha t  the surv ival  o f  t h i s  fores t remnan t  c lose t o  the  coas t 

may be due to  i t s p ro tec t ion by t he Maor i .  

Removal o f  t he fores t , i nd i ca ted a t  t he  base of the prof i le ,  

c rea t ed Typha swamp and also a need for  s hel ter  bel t s . The al i en 
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s t reams ide  s pec i es Alnus was plan ted toge ther wi th P i nus . Regrow t h  

f o l low i ng clear i ng was dom ina ted by P t e r i d ium and t h i s  i s  s t i l l presen t 

a t  t he s i t e . Some t i me la t er d ra i nage of  t he swamp area f i nally  enabled 

the es t a b l i shme n t  of  pas toral  farming as ind i ca t ed by a r i se i n  t h e  

po l len o f  typi cal  pas ture weeds toge ther wi th  o t her herbs and grasses . 

Cyperaceae pol len replaced Typha as the  area became be t t er  d ra i ned . 

The s t ruggles o f  t he early se t t lers  to  es t ab l i sh pas toral fa rm i ng a re  

s hown a t  t h i s  s i t e  and can be  compared wi t h  rap i d  c learance o f  fores t 

a t  Jones ' farm 1 .  Clearance here may have been as much as a hund red 

years la t e r  t han at  Bowden and t he chai nsaw and bul ldozer are l i ke ly t o  

have been used . 

The Motunui  s i te records the  same sequence of  swamp drai nage w i t h  

Typha aga in  inc reas i ng . The maj or  f i re on the s i t e may have been a 

p r e l i m i na ry burn p r i or to  i mprov i ng the d ra inage . The lower value o f  

Grami neae i n  t h e  uppermos t sample may reflec t the mos t recen t i n f luenc e  

o f  Europeans o n  the land , i ndus t r i al i s a t i on . Mo tunui Syn the t i c  Fuel Plan t 

now cover s  a large area previously i n  pas t ure . 

Ma t a r i ko r i ko alone , o f  the four nor thern s i tes , sugge s t s  f i re 

i nduced fern l and was presen t a t  some d i s t ance f rom t he former pa s i t e .  

The po l len  pro f i le sugges t s  the s i t e was fores ted and i t  i s  pos s i ble  

t ha t  s em i -coas tal  fores t was con t i nuous be tween th is  s i te  and  tha t a t  

Umu t ekai Road . Th i s  sugge s t s  t ha t  s pores o f  P t e r i d i um were no t read i ly 

t rans fer red t hrough the t runk space w i th in  lowland fores t s  ( 1 . 10 . 2 . 1  

and 1 . 10 . 3 . 2 . ) ,  s ince t here  i s  l i t t le P t e r i d ium in the Umu teka i  

spec t rum . F i re does not  appear t o  have des t royed t he fores t a t  e i t her  

o f  these  two s i t es duri ng Mao ri  t i me bu t i t  i s  poss i ble  t h a t  i t  may 



have done so a t  Motunui and Bowden Reserve . The h i gh charcoal 

values , a f te r  the f i rs t occurrence o f  pas ture weed pollen , r i se to a 

peak a bundance value o f  20 . 8  a t  1 20mm depth  and i nd i ca te  repe a t ed 

f i res . The pol len pro f i le shows t hat  t h i s  area was very we t fores t and 

may have been d i f f i cu l t  to burn . The pollen prof i le and charcoal 

record  of Umu tekai con t ras t s  w i t h  t ha t  o f  Ma tar ikor i ko . Probably s e t t led 

much l a t e r  than Ma tar i kor iko , t he s i t e i t sel f was neve r burn t .  

The early se t t lers  regarded t he fo res t as a source o f  t i mber  and 

w i n t e r  b rowse for ca t t le , bu t mos t ly des t royed the fores t for farmi ng 

( 1 . 9 . 2  to  1 . 9 . 5 ) . Th i s  a t t i t ude was forced to  change due t o  the need to 

p ro t e c t  t he headwa ters  o f  r i ver s  d ra i n i ng the s t eep f lanks o f  Moun t 

Egmon t . Th i s  f inally resul ted i n  t he  crea t i on of  Egmon t Na t i onal Park i n  

1 900 . Areas o f  Taranaki s t i l l i n  fore s t  or  secondary scrub  are shown 

i n  F i g . 36 .  I nd igenous fores t i s  almos t en t i rely absen t f rom t he 

coas t a l  pla ins of  Taranaki . I n  the  decade s i nce publ i ca t ion of  t he 

f i rs t  o f  t hese maps ( N109 ( 4 t h  Ed . )  i n  1976 )  some changes may have 

t aken place . I t  never t heless  p rovi d es a demons t ra t i on of the change i n  

s o c i a l  a t t i tudes towards i nd igenous fores t s  i n  the las t hundr ed 

yea r s . I ng lewood and E l tham were among t he f i r s t  areas t o  be se t t led 

( 18 7 5 - 1 8 7 9 ) , only very small areas o f  fores t remai n . El t ham had a 

t h r i v i ng t i mber i ndus t ry wh i ch explo i ted the fores t ( Brown 

1 9 7 5 , S t and i sh 1984 ) . In the  sou thwes t quad ran t wh ich  had poo rer  so i ls 

and whe re Maor i  oppos i t i on to  European se t t lemen t con t inued for some 

t i me a f t e r  the Taranaki wars ended , t here are l a r g e r  areas of fore s t  

w i t h  s t ra i gh t  boundar i es i nd i ca t i ng fencel i nes and some measure  o f  

p r o t e c t i on . 
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Following des t ru c t i on o f  t he fores t , eros i on o f  the c leared area  

would  have been accelera t ed by  heavy and o f ten  in tense ra in fal l  

( 1 . 4 . 4 . ) . Palynologi cal  e v i d ence sugges t s  tha t Typha swamps increased a t  

s everal s i tes  on the wes t e r n  and nor thern s i des  o f  the vol cano i n  

European t i me . On the eas t e r n  r i ng plains , large swamps were d ra i ned and 

conver ted t o  pas ture . Thes e  changes i n  t he vege t a t ion o f  Taranaki a r e  

long t e r m  and a r e  unl i kely to  b e  reve rsed . 

S ince  t he 1960 ' s t he  conserva t i on moveme n t  has led to  an 

apprec i a t i on of  the fores t remnan t s  wh i ch rema i n . The crea t i on o f  

reserves has af forded p ro t e c t i on a s  a t  Bowden Reserve and the covenan t s  

i n  perpe t u i ty t o  the Queen E l i zabe t h  I I  Na t ional Trus t a t  Ma tar i kor i ko . 

A reversal  o f  the  dec l i n i ng t rend i n  pollen o f  fores t taxa i s  s hown a t  

some s i t e s  not ably Po t aema and a t  Pun iho 1 and 2 , all  o f  wh i ch are i n  

t he Egmon t Na t ional Park , bu t  also  t o  some ex t en t  a t  the Po llard and 

Umu t ekai s i tes . 

Des t ruc t ion of  t he  i n d i genous fores ts o f  Taranaki has had far  

reach ing e fec t s  on t he m i crocl i ma t e  of  t he  r i ng p lain . Early plan t i ngs  

o f  P inus for  shel ter  be l t s i s  recorded in  t he  pol len s pec t ra o f  a l l  

Manganu i bog cores . Heaphy cau t i oned agains t t h e  des t ruc t i on o f  a l l  

fores t as  early as 1 842  and t he resu l t  o f  i t s  removal on the wes t e rn 

coas t was descr ibed by Burgess i n  1901 ( Ma t t hews 1 905 ) .  

�i t h i n  abou t 30 year s  o f  t he se t t lemen t all  D . dac ryd i o i d e s  

formerly plen t i ful on the  r i ng pla i n ,  had been exploi ted a t  El tham and 

w i t h i n a hundred year s  all  of  the  ex tens ive lowland fores t s  had been 

felled for t imber . The need for t i mber rema i ns . Al t hough P i n  us  



plan t a t i on s  are no t ex tens ive  i n  Taranaki , whe re pas t oral f arm ing i s  the  

preferred land use , t hey are  i nd i c a ted i n  the upper  samples o f  the  

Manganu i  s i t es by  h igher  values o f  P i nus po llen . 
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CHAPTER 6 

CHANGES IN  VEGETATION DUE TO CLI MATE . 

6 . 1 INTRODUCTION 

S i t es on the wes t e rn r i ng pla in show changes in  t he i r  po l len  

s pec t ra wh i ch have  been  i n t er pre ted as  a resul t of clima t i c  change . Four  

new rad i o ca rbon d a t es have been ob tained for  t wo of  these core s , Jone s ' 

farm 3 and Pollard ' s  farm , wh i ch toge ther w i t h  the tephras provide  a 

good chronologi cal sequence in wh ich t o  d i s cuss clima t i c  change . Al l  

three cores con ta in  t he Kaupokonui tephra  and sca t t ered Newal l  

Lap i l l i . Evi dence o f  change i n  the al t i tud i nal  range o f  vege t a t i ve zones 

has been deduced f rom t he po l len spec t ra at  S t r a t ford Moun tain  Road and 

edaph i c  changes are  i n t erpre t ed from the s t r a t i graphy of t he Jones ' fa rm  

3 core  and pro f i le s  o f  several r i ng pla i n  swamps . Da t a  f rom ear l i e r  

palynolog i cal  s t ud i es  f rom Ahukawakawa and Po t aema swamps ( McGlone e t  

al  i n  l i t t . ) have been colla ted i n t o  Table  XXXVI I ,  wh i ch lends suppo r t  

t o  the  i n terpre t a t i on s  f rom t h i s  s t udy . 

Two s pec ies  i n  par t i cular show impor t an t  changes in t he i r  pol len 

s pec t ra a t  several  s i t es . The la te  appearance and r i se to  promi nence o f  

Ye inmanni a  has been commen ted on i n  Chap t e r  4 and relevan t spec t ra a re  

presen ted i n  F ig . 34 .  Ascar ina po llen wh i ch i s  rare i n  the s t udy a rea 

today has very h i gh values a t  Jones ' farm 3 s i t e  prior to  the 

depos i t i on o f  the  Kaupokonu i tephra . Po l len s pec t ra o f  As ca r i na f o r  

wes t ern  and nor thern s i tes  i s  presen ted i n  F i g . 35 .  De t a i ls o f  t h e  

tephras and rad i ocarbon da tes shown in  t h i s  d i agram are l i s ted i n  t he 
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TABLE XXXVII DATA FROM ABUKAVAKAVA SVAMP AND POTAEMA BOG . * 

Ahukavkava Swamp Po taema Bog 

Dep t h Dat e  % Dep th Da te r. Commen t 
m yr B . P . m yr B . P .  

o . oo * 0 . 00 0 P i nus 
0 . 1  0 0 . 1 0 " 

0 . 2  0 0 . 2  0 " 

0 . 3  * 0 . 3  0 " 

0 . 4  0 
0 . 5  0 0 . 5  0 
0 . 6  404 + 0 . 6  0 
0 . 7  2 0 . 68 Burrell Lapi l i i  
0 . 8  * " 

0 . 9  1 0 . 9 1 " 

1 . 0  + 1 . 0  0 
1 . 1  + 1 .  05- 1 . 14 Newal l  Lap i l l i  
1 . 2  * 1 . 2  0 
1 . 3  + 1 . 3  1 
1 . 4  1 
1 . 5  1 1 . 5  0 
1 . 6  + 
1 . 7  2 
1 . 8  1 
1 . 9  2 
2 . 0  1 2 . 0  * 
2 . 1  2 
2 . 2  2 
2 . 3  1 
2 . 4  3 
2 . 5  3 2 . 5  1 
2 . 6  3 
2 . 7  2 
2 . 8  1 
2 . 9  1 
3 . 0  1 3 . 0  1 
3 . 1  + 

3 . 2  1 
3 . 3  1 
3 . 6  3 . 6  1 
3 . 7  2 
4 . 0  2 4 . 0  1 
4 . 3  2890 1 
4 . 6  1 4 . 6  1 
4 . 9  2 5 . 0  * 
5 . 2  1 
5 . 5  1 5 . 7  * 
5 . 9  1 
6 . 25 + 

6 . 5  2 
7 . 2  4 
7 . 5  1 

* Da t a  f r om McGlone e t  al ( in l i t t . )  and ( pers . comm . ) 



s t ra t igraphi c  t ables ( Volume I I ) . 

6 . 2  EVI DENCE FROM FOSSIL  POLLEN DATA 

6 . 2 . 1  C l i ma t i c  Change be fore 4000 y r  B . P .  

Al t hough t h i s  s t udy has been des i gna t ed as La te  Holocene , ev idence  

o f  a la t e  glac ial  f lora  vas found a t  the  base  of  t he core f r om 

Pol lard ' s  farm . Th i s  da t a  w i l l  be presen t ed a l t hough i t  w i l l  n o t  be  

f u r t her d i s cussed . Th ree new rad i ocarbon da tes  were ob ta i ned t o  

de t ermine  the rela t i onsh i p  o f  t h i s  la te  g lac i a l  flora t o  the low land  

t empera t e  fores t flora  found i n  t he upper po l len s pec t ra a t  the Pol l a rd 

farm s i t e .  

Pol len typical o f  a subalp i ne bog dom i na t es  t he base of  t he pol l en 

s pec t rum below 465mm a t  the  Pollard ' s  farm s i t e .  

Lagaros t robos , Dracophylum and Gaul t he r i a  are assoc ia t ed wi t h  Gle i che n i a  

f e rn s pores  and Res t i onaceae pol len ( F igs . 2 7A and C ) . Myrs i ne ,  Coprosma 

and  Cor i a r i a  pollen is  also prom i nen t and all  t hese t axa have very  

s i mi lar  curves dec l i n i ng s t ead i ly t hen dec reas i ng abrup t ly , coi n c i den t 

w i t h  the  depos i t ion o f  an unnamed t ephra a t  401 mm dep t h .  Pea t f rom  t he 

lowes t sample i n  t he core has been d a t ed ( NZ6907 ) a t  9350 + 7 30 y r  B . P .  

Wood f rom j us t  below t he unnamed t ephra a t  410mm , iden t i f i ed as  

Dac ryd i um o r  Podocarpus ( Allan 1 96 1 )  has been d a t ed ( NZ7007A) a t  1 1 , 900  

�959yr  B . P .  Thi s  i s  older  than t he pea t a t  t he base of the core  and i t  

mus t be assumed t ha t t h i s  is  due t o  con tami na t ion  of t h i s  shallow pea t 

by younge r  roo t s . The l a t e r  da t e  agrees w i t h  t he la te  glac ial flora  a t  

t h i s  leve l . Pol len o f  swamp and lowland fores t s  i s  presen t t hroughou t 

200 
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t h e  core  bu t increases markedly above 345mm . A  paraconform i ty ex i s t s a t  

o r  j us t  above 325mm because t he Kaupokonui t ephra � 1400 y r  B . P .  

ove r l i es t he 68mm of dark pea ty  loam , above the unnamed tephra . As car i na 

po l len i s  presen t  co inc iden t w i t h  the la t e  glac ial  f lora and t h i s  also  

sugge s t s  some con t aminat ion  of  the lowes t pea t , poss i bly by  i nwash down 

roo t channels . 

6 . 2 . 2  Cl i ma t i c  Change s i nce 4000yr B . P .  

6 . 2 . 2 . 1  Wes tern S i tes : Above 345mm ( Zone 3 ,  3 . 5 . 4 ) the Pollard ' s  farm 

core is  cons idered to be und i s t ur bed . The Kaupokonui tephra i s  prese n t  

a t  t h e  base o f  t h i s  zone bu t i s  no t wel l  expressed . Ascar i na i s  

p resen t a s  t races i n  mos t samples bu t has i t s h ighes t value ( 1 . 9% 

F i g . 35 )  a t  305mm . Weinmann i a  appears for  t he f i rs t  t i me a t  1 2 5mm and 

then r i se s  s tead i ly .  

Unusually h igh va lues o f  As car i na pol len are recorded i n  t he 

pollen  s pec t rum of  Jones ' farm 3 s i te . Th i s  s pec i es i s  now rarely seen 

in  the  s t udy area but the pollen pers i s t s in  t he spec t rum for over 2000 

years  so t he h i gh values canno t be a t t r i bu t ed to  an unusual o r  

t rans i t o ry local 

w i t h  t he curves 

presence . Changes 

o f  o ther  

i n  the pol len curve are  synchronous 

d rough t sens i t i ve t axa , name ly 

D . c upres s i num , Nes tegi s and Sche f flera . O ther  t axa do no t show s im i lar  

changes . F ig . 26C compares t he g r / cm 3  and % da ta  for  t he s i x  s pec i e s  

con s i de red t o  i nd i ca te  changes con t rol led by c l i ma t e . A l t h ough t here  a re  

some m i no r  d i f fe rences be tween the two d a t a  se t s , these do  not  a l te r  the  

i n t er p re t a t ion made . As cari na d i sappears f rom the  prof i le above 1 55mm 

j us t  be fore  European se t t lemen t .  Wei nmann i a  appears for the f i rs t  t i me 
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a t  1 75mm and per s i s t s  to t he  top  of the  prof i l e  ( F i g . 26B and C ) . 

Asca r i na i s  also promi nen t i n  the  Jones ' farm 1 core  f rom a 

s l i gh t ly h i gher  eleva t i on ( 1 52m ) . The highes t Ascar i na value i s  

reached a t  245mm whi ch i s  w i t h i n  the  por t i on o f  t he core con t a i n i ng 

s ca t te red Newa l l  Lap i l l i . The pollen spec t ra a t  thi s s i t e ind i c a t e  

t h a t  p r ior  t o  t he clearance of  t h e  fo res t by Eu ropeans t h i s  s i t e was a 

ma rshy area dom i na ted by t ree ferns  bu t essen t i ally a fores t s i te . The  

low pol len concen t ra t i on throughou t t he pro f i le may be re la ted to  

poorer  preserva t i on cond i t i ons wi t h i n  t he so i l  ( F ig . 25A and  B ) . Mos t 

t axa have h igh values a t  t he 305mm dep t h  i n c lud i ng Ascar i na . 

We i nmann i a  pollen appears for t he f i rs t  t i me i n  the pro f i le a t  185mm 

( a f ter  t he Newal l  Lap i l l i ) and then i nc reases ( F i g . 25C) . The fores t 

was  des t royed by Europeans a t  145mm and a Typha swamp developed . There 

i s  no Ascar i na p resen t in t he Pun i ho 1 spec t rum and only one occurrence 

a t  Pun i ho 2 . We i nmann i a  dominates the  pollen pro f i le at  bo th  s i tes  

( F ig . 24A and  B ) . Bo t h  t hese co res are  very recen t .  

6 . 2 . 2 . 2  Eas t e rn Si tes : A t  Manganu i Bog t here i s  only one occurrence o f  

As car i na pol len among t h e  t hree cores but  t h i s  i s  s igni f i can t i n  t h a t  

i t  i s  below t he Newal l  Lapi l l i  i n  core 85/1 . Ve i nmann i a  occurs  

cons i s ten t ly t hroughou t all  three p ro f i les . Th i s  pol len also occurs 

cons i s t en t ly at  <1% be tween the 2000 year old py roclas t i c  flow ( 1980 � 

60 yr B . P . ) and j us t  above the Kaupokonui  teph ra c .  1400 y r  B . P .  i n  

t h e  S t ra t ford Moun t a i n  Road s i t e ( 8 2 /4 ) .  I t  i s  o f  i n t eres t t ha t  

We i nmann i a  occurs  i n  a l l  samples t hroughout t h i s  pro f i le i n  t race 

amoun t s  bu t v i r t ually d i sappears at the  SOOmm level ( g ) , the  " l ayered 

f i ne ashes " . There i s  one t race a f t e r  the Newall  Ashes ( d ) . There is no 
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Ascar ina pol len a t  the  8 5 / 2  s i te  wh i ch rela tes  only to t he t i me o f  t he 

Burrell  e rup t i ons . Ye i nmann i a  i s  absen t from the samples below the  

Burrell  Ash  bu t presen t on the  organ i c  layer above i t .  

S i tes  a t  low a l t i t udes  wi th in  the Egmon t Na t i onal Park ( Po t aema , 

Yor k ,  No r folk)  on the  eas t ern s i de o f  the vol cano have very low values 

for Asca r ina pollen , o f <1% . Only one grain  o f  Asca r i na was found a t  

t he Messenger ' s  farm s i t e .  Ye inmann ia  

p ro f i les o f  Po taema , Yo rk and Nor folk s i tes . 

i s  presen t t hroughou t t he 

A t  Po taema and Nor fo l k  

t h i s  pol len becomes much  more prom inen t a f t e r  t he Burrell  Lap i l l i . Trees  

of  Y . racemosa were present  in the canopy above t he cor ing s i t e at  York 

Road . Abundan t pol len is  p roduced by t hese t rees , bu t  i t  i s  poo r ly 

d i s persed . I t  t herefore dominates samples t aken f rom below i t s canopy 

( McGlone 1 982 ) . On t he r i ng plain , Ye i nmann i a  occurs for t he f i rs t t i me 

a t  M i dhurs t 1 a t  385mm b u t  only becomes prom i nen t  above 1 65mm . I t  

t he re fore fol lows the  general pa t tern shown i n  the o t her s i t e s  

( F i g . 34 ) . I t  has lower values bu t a cons is ten t p resence a t  M i dhurs t 2 

wh i ch i s  all  i n  pos t -Burrell  t i me . Bo th  As car ina and Yeinmann i a  a re  

cons i s ten t ly p resent  un t i l  la te European t i me a t  Ngaere and Ra t ap i ko 

swamps . They have low values and show l i t t le change in  the p ro f i les . 

6 . 2 . 2 . 3  Nor thern S i t e s : Among t he no r t hern s i t es , Motunui and Bowden  

only  had  one occurrence each  of Ascarina . These s i tes are en t i rely  

mode r n . F i g . 30C for percen tage da ta  a t  the Ma t a r i kor i ko s i te shows 

changes in  t he Ascar i na curve at very s i mi lar de p t hs t o J ones ' farm 3 .  

Syzygi um , Laurel i a , D . cupress i num , M . robus t a , Ne s t eg i s , Sche f f lera and 

podocarp pollen a re a l l  more promi nen t a t  the base o f  the pro f i le and 

d e c l i ne at the  s ame level 455mm . Th i s  general t rend is reversed a t  
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1 25mm and mos t o f  these t axa r i se . Th e  pollen s pec t ra a re 

howeve r , i n f luenced by European fores t c l earances at t h i s  t ime . 

Spo rad i c  occur rences and low values o f  subcanopy spec ies i nd i ca t e 

c a t t le may have been brows i ng in  t he fores t . As t h i s  core i s  unda t ed no 

d i rec t  cor rela t i on w i th  the pro f i le at Jones ' farm 3 can be made . In t he 

p e r i od be tween 445- 205mm when the 

Kn igh t i a , Lept ospermum and Elaeocarpus 

above 

become 

reappeared a t  405mm and increased s t ead i ly .  

t axa d e c l i ned 

prominen t , Vei nmann i a  

Fu r t her i n land t he Umu teka i s i t e , a l s o  unda t ed , shows a marked 

d e c l i ne f r om the base of  t he pro f i le i n  Laurel ia  and Syzygi um followed 

by a r i se at 305mm . Th i s  dec l i ne is however  a ccompan i ed by a r i se i n  

D . cupres s i num and M . robus t a  which sugges t s  a more local i sed change i n  

t h e  edaph i c  cond i t ions a t  t h e  swamp . Some d ry i ng ou t o f  the s i t e a l lowed 

the lowland fores t to increase as swamp t rees declined . Asca r i na and 

Nes t egi s have only t race values th roughou t t he pro f i le . Ve i nman n i a  

reappeared a t  305mm and bo th  Vei nmann i a  and Sche f f lera increase a t  t he 

t op  o f  the  pro f i le .  

6 . 3  EVIDENCE OF CHANGE IN VEGETATIVE ZONES 

In the  pollen pro f i le of S t ra t ford Moun tain  Road s i t e  ( 82/ 4 ) ,  

f o l lowi ng the emplacemen t o f  t he pyroclas t i c  f low (NZ3886A ) da ted  a t  

1980 � 60yr B . P . , Co r i ar i a  and then Dracophyl lum become es tab l i shed bu t  

Gramineae mai n t a i ned i t s prom inence . Dracophyl lum appears  to have 

surv ived t he depos i t ion of the Kaupokonui  t ephra ( 1440yr B . P . ) wi t h  

very l i t t le change . I t  t hen largely replaces Grami neae i n  t he 

pro f i le . J us t p r i o r  to  1400 yr  B . P .  suba l p i ne sc rub as seen a t  t he s i t e 



t oday becomes es tabl i s hed . 

6 . 4  EVIDENCE FROM EDAPHIC CHANGES 

6 . 4 . 1  Ves tern  S i tes : The s t ra t igraphy of t he Jones ' s  3 core sho�s 

maj or changes wh i ch appear to be more  or less co i nc iden t  w i t h  t h e  

changes i n  c l ima t e  i nd i ca ted i n  t h e  po llen  s pe c trum . Black pea t a t  t h e  

base o f  the  core i s  replaced b y  f i ne sandy , pea t y , yel low brown loam 

above 450mm dep t h .  The upper 30mm of  t he pea t ( 450-420mm ) �e r e  

rad i oc arbon dated ( NZ6705 ) a t  2750 + 6 0  yr  B . P . A t  t h i s  s tage t h e  curves  

o f  t he  d rough t-sens i t i ve taxa are  r i s i ng bu t  above 375mm a long s l o� 

decl i ne begi ns . A t 2 10mm dep t h  the yellow brown loam i s  replaced by 

b lack pea t . The t i me is abou t 400 yr  B . P . and t he re is an upsurge i n  

pollen  o f  a l l  t axa i nclud i ng the d rough t sens i t ive spec ies  bu t no t i n  

Ascar i na . These changes in t he s t a t igraph i c  column sugges t t h a t  t he 

�a ter  t able was con s i derably lower and tha t  pea t was no t devel o p i ng a t  

t h i s s i t e be tween c .  2 750 yr B . P .  and 400 y r  B . P .  Pollen o f  t ree  

s pec ies  usually con f i ned to  wet  areas such as D . dacryd i o ides , Syzygi um 

ma i re and t he wa ter  herb Po t amoge ton all  d i sappear and reappear i n  t h e  

s pec t rum coinciden t w i th  the change f rom pea t to  loam to pea t .  

Pea ty  loam i s  presen t bo th  before and af ter  the Kaupokonu i t ephra 

at  Jones ' farm 1 s i te . The pollen pro f i le is  t ha t  of  a lowland fores t 

and t he low pol len concen t ra t i on i s  due to poorer p reserva t i on  i n  

fores t so i l . The change t o  black pea t above the  Newall  Lap i l l i  i s  due t o  

European c learance and developmen t o f  a Typha s wamp . The paracon form i t y  

belo� the  Kaupokonu i t ephra i n  t h e  Pollard ' s  farm core precludes any 

compar i son o f  before and af ter  s t ra t a .  

205 
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6 . 4 . 2  Eas t ern S i tes : Few eas t e rn s i tes  con ta in  the Kau pokonui t ephra  

wh i ch p rov i des a useful  datum for t he change i n  pollen s pe c t ra rela t i ng 

to  c l i ma t i c  change as seen i n  the  wes tern cores . A t t h i s  t i me  M i dhurs t 1 

was i n  fores t and there i s  a s t r i k i ng lack of m i re plan t pol len f rom 

j u s t  a f t e r  the Kaupokonui t e phra un t i l  j us t  pr ior to the depos i t i on of 

the  Burrell  Lap i l l i  a t  405mm dep t h .  A t  t h i s  t i me changes occur  i n  the 

pol len s pec t rum wh i ch ind i ca t e a change to  a we t t er  env i ronmen t w i t h  

the reappearance o f  Cyperaceae and the beg i ning o f  a s low r i se i n  mos t  

taxa . M i neral ised pea t i s  found below 374mm dep th and the ra t e  o f  

sed imen t a i on i s  very low . Above t h e  Burrell  Lap i l l i  2 70mm o f  pea t 

developed . M idhurs t 2 core includes  only pos t -Burrell  t ime and the  

pro f i le ind i ca tes a ra t her we t lowland fores t was presen t t hroughou t .  

A t  Ngaere swamp the pol len  spec t ra show con t inual change i n  the  

curves  o f  D . cupress inum and D . dacryd i o i des . The la t t er  has a small  r i se 

wi t h i n  each tephra layer . A f t er  the  Kaupokonui  tephra D . cupres s i num 

inc reases while mos t o ther podocarps a t  f i rs t  dec l i ne bu t t hen r i se . 

Th i s  r i se  i s  coi n c iden t w i t h  a decl ine in D . dacryd i o ides  and s t able  

values for  D . cupres s i num . These changes would appear to  i n d i c a t e  tha t 

fores t encroached on t o  the swamp surface a t  t h i s  t i me as  the  wa t e r  

table  fell . 

6 . 5  DI SCUSSION 

The c r i t i cal  po llen curve i s  t ha t  of  As car ina represen t i ng the  

sma l l  t ree s pec i es As car i na luc ida . Usually found in  the unders t ory of  

podocarp  hardwood fores t and p r e fe r r i ng she l t ered s i tes  w i t hou t a dense 

canopy cove r ,  _ t h i s  s pecies  has only a res t r i c t ed d i s t r i bu t i on t od ay . 
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The occurrence o f  t h i s  pollen i n  fos s i l  pol len s i tes has been compared 

to  i t s presen t d i s t r i bu t ion  by McG lone and Moar ( 1 977 ) who concluded 

t ha t the s pec i es is a good i nd i ca tor  o f  an equable cl ima t e ,  t h a t  i s  

f r o s t  and d rough t free . Changes i n  As car ina  pollen curves a t  many s i tes  

showed i t  t o  be p lent i fu l  be tween 10 , 000 and  5000 yr B . P .  I t  t hen  

dec l i ned bu t had  a recove ry per i od be tween the �a imihia  Forma t i on c .  

3 400yr B . P .  and Taupo Pum ice  � 1800 yrB . P .  Beginning a t  1 700 y r  B . P .  

i t  decl i ned to  the  prese n t  low leve l s  o f  < 1% a t  mos t s i tes . Thes e  

conc lus i ons a re based largely o n  da ta  from t h e  Volcanic  P la t eau  i n  t h e  

cen t ra l  No r t h  I s land . Jones ' s  farm 3 s i te i s  t h e  f i rs t  de t a i led foss i l  

p o l len d i agram f rom Taranaki t o  cover t h i s  per iod . The abundance o f  

As carina  a t  th is  s i te be tween the  I nglewood and Kaupokonu i vol can i c  

even t s  i nd i ca t es an equable c l i ma t e be tween c .  3800 and 1400yr B . P . 

w i t h  some de t e r i ora t i on a round 2750 y r  B . P .  A f t e r  1400yr B . P .  there  

is  a slow dec l i ne unt i l  i t  d i sappears  f rom the  spec t rum j us t  be fore  t he 

Newal l  Lap i l l i , ( 400yr B . P . ) .  Thes e  da t es are no t too d i f fe re n t  from 

t hose de term i ned by McGlone and Moar ( 1 977 ) .  Bo th sets  o f  d a t e s  are  

based on tephroch ronology so the l i m i t s  are  no t too prec i s e . 

Dec l i n i ng values o f  Ascarina a f t e r  c .  1400 yr B . P .  i nd i ca t e  

d rough t s  and /or  fros t s . Reference t o  t he pol len pro f i le o f  Jones ' farm 3 

shows tha t  be tween 1400 and 400 yr B . P .  three s pec i es r i se and dec l i ne 

i n  phase wi t h  Ascar i na . These are D . cupress inum , Sche f f lera w i t h  Nes tegi s 

a l i t t le l a t e r . D . cupres s i num is not found at presen t in s i tes  wh i ch 

expe r i ence long summe r d rough t s , bu t  i t  can howeve r .  surv i ve severe 

w i n ters  ( Frankl i n  1968 ) and  has  been known to as cend up  to  600m i n  

Wes t land ( �ardle  1975 ) . Sche f f lera i s  w idely d i s t r i buted i n  lowland and 

mon t ane fores t , grow ing wel l  in gu l l i es and along s t reams i de s  as far  
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sou th  a s  S t ewar t  I s land ( Poole and Adams 1963 , Moore and I rv i ne 1978 ) .  

Pol len o f  t h i s  s pec i es was f ound a t  Ahukawakawa swamp a t  9 20m ( McGlone 

et al i n  l i t t . ) .  Bo t h  D . cupres s i num and Sche f f lera were c lass i f i ed as 

u susce p t i bleu  by Ogden ( 1 976 ) in  his  ex t ended s t udy of  drough t s  i n  

fores t r emnan ts  o f  t h e  Manawa t u  reg ion . In  t he Sou t h  I s l and , Ne s t egi s 

has been cons i d e red by Moar ( 1 984 )  t o  be represen t a t i ve o f  an 

i n t e r -g lac i a l  c l i ma t e  because i t  has not yet been found in any 

pos t -glac i a l  s i t es in �es t land . Bo t h  N . cunn i nghami i and N . lanceola t a  

we re c lass i f i ed a s  u res i s tan t u  by Ogden ( 1 976 ) . Th i s  may b e  why i t  i s  

s l igh t ly ou t o f  phase wi th  D . cupress i num and Sche f flera . Favourable 

cond i t i ons  for i t s  present  day d i s t r i bu t ion  ( i n the Sou th  I s land ) are 

modera t e  ra i nfall  ( lOOOmm/yr ) , rela t i vely sunny days and a cons iderable  

d i f ference  be tween summer and  w i n t er tempera t ures . I t  is  apparen t t ha t  

none o f  t hese  t h ree  spec ies  i s  f ros t - t ender bu t all  o f  t hem a re  

d rough t -sens i t ive . Thus i t  i s  conc luded here tha t  be tween c .  1400 and 

400 yr B . P . the i n i t i al cause of t he As car ina  dec l ine was f requen t 

longer d ry s pells  i n  summer and no t low tempera tures . 

As car i na i s  repor ted t o  be nearly ex t i nc t on t he Taranaki 

volcanoes . There are only 5 recorded ind i v i duals , two of  t ree height  and 

one s h rub  i n  the Puke i t i  P r i v a t e  Scen i c  Reserve and two sh rubs close t o  

the  Dov e r  Track on t he Pouaka i Range , all  in  t h e  nor thwes t and a t  > 300m 

( McGlone e t  al . i n  l i t t . ) .  Asca r i na pollen found in  sur face samples 

a t  Ahukawakawa Swamp , wh i ch l i es be tween Moun t Egmon t and the Pouaka i 

Range a t  an al t i tude o f  920mm , was  a t t r i bu t ed to re-work i ng o f  earl i e r  

Holocene depos i t s  ( McGlone 1982 ) . Eleva ted levels o f  t h i s  pol len 

however , were  found a t  bo th  Ahukawakawa Swamp and Po t aema Bog . De t a i ls o f  

the  values toge t her  w i th  relevan t da tes have been supp l i ed ( McGlone 



per s . comm . 1 98 5 )  and are s e t  ou t in  Table XXXVI I . I t can be seen tha t 

per iods  w i th  h i gher values a t  Ahukawakawa are comparable to  s im i la r  

pe r i ods  a t  Jones ' farm 3 a l t hough the ac tua l  percen t ages a re much lower 

due t o  t he  h i gher  al t i tude . S imi larly there i s  a small r i se a t  Po t aema 

j us t  p r i o r  to  the Newal l  erup t ion ( McGlone e t  al in l i t t . ) .  They also  

found tha t  �einmann ia  and  Elaeocarpus were mos t common t he n . 

Subsequen t ly �ei nmann i a ,  Me t ros ideros and Nes t egi s had the i r  lowe s t  

values be t ween 1 300-400 y r  B . P .  

A decl ine i n  canopy and subcanopy spec i es as ind i ca t ed i n  t he 

pollen spec t ra a t  Jones ' farm 3 would be expec ted to  be fol lowed by a 

r i se o f  pollen t ypes charac t e r i s t i c of  second growth , res pond ing t o  

l i gh t  gaps i n  t he canopy . Th i s  does no t happen  here . Lept ospermum pollen 

mai n t a i n s  a cons i s ten t  value for a long per i od o f  t i me , an unusual 

pollen  curve for  t h i s  t axon . Coprosma and Cor i a r i a  pollen a l t hough 

presen t w i th  vary i ng values , do no t show pa t t erns assoc i a t ed wi th  

colon i sa t i on . Th i s  may be  because these s pec ies were also  under  s t ress  

bu t i s  more  l i kely to  be because D . cupres s i num remai ned a l ive and l i g h t  

gaps d i d  not  occur . Pollen r a i n  would b e  reduced i f  t he c rowns o f  

t rees were damaged and i t  canno t b e  au t oma t i cally assumed t ha t  a 

d e c l i n e  i n  pol len ra i n  ind i ca t es dea th  o f  the t rees . In  the Manawa tu  

region , fo res t remnan t s  have been s tud ied a f t e r  severe  d rough t ( A tkinson 

and Greenwood 197 2 ) .  F rom t he i r  da ta  they sugges ted tha t  t he  

" s tag -headed " c rown o f t en s een i n  O . cupress i num could be due to s evere 

d r ough t .  It  is  sugges ted tha t such a de t er i ora t ion i n  c r own s i ze of 

D . cupr es s i num could have happened at Jones ' farm 3 s i t e .  

I t  i s  s ign i f i can t t ha t  a t  Jones ' farm 3 ,  Lau rel ia  pol len pers i s t s 
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t houghou t t he s pec t rum . A t k i nson  and Greenwood ( 1 97 2 )  found tha t 

s pe c i es wh i ch normally l i ve i n  poo r ly oxygena ted we t s i tes such as 

D . d a c ryd i o i des , Laurel i a  and Syzygium were no t af fec ted by the drough t s  

o f  ( 1 969- 1 9 70) , wh i ch t hey s tud i ed . They conc luded such spec ies  mus t have 

deep  roo t s . Of these three , only Lau re l i a  was able to survive at the  

Jones ' farm 3 s i te .  Thi s s pe c i e s  may be  t he bes t adap ted of the three  

for  s u rv i val  under  chang i ng edaph i c  cond i t i ons . The large plank 

bu t t r esses  i nd i ca t e  a t rue swamp s pec i es and i t  may have deeper roo t s  

t han  t he o t her two spec ies . The r i s i ng curve o f  Kn igh t i a ,  a f reque n t  

colon i ze r  of  d i s t urbed s i tes , sugges t s  that  i t  rep laced D . dac ryd i o i des  

and  Syzygium when they became reduced a t  t h i s  s i t e . The low values 

apparen t when t hey do reappear in t he s pec t rum would tend to  suppo r t  

t h i s . Th i s  las t p i ece o f  ev idence  sugge s t s  tha t  drough t may have had a 

cumu la t i ve ef fec t due to phy s i ological  s t ress and lowe red wa ter  tables . 

Long t e r m  de f i c i t s  in  so i l  moi s t ure were found to  be a be t ter i nd i ca t o r  

o f  s t re s s  than t he " number of  ra i nless days " c r i t e r ion usually app l i ed 

as  a measure ( Jane and Green 1 98 3 ) . 

Early s e t t lers  ext rac t ed many logs o f  Lagaros t robos colenso i f rom 

Ngae r e  swamp bu t no l i v i ng s pec i mens were seen ( Every 1 974 ) . 

Evapora t i on f rom the swamp sur face would be h igh dur ing a d rough t . I f 

t he s o i l  wa t e r  was no t rep len i shed by w i n t e r  rai nfal l  then pea t leve l s  

woul d  b e  compac ted and edaph i c  cond i t i ons migh t no t sui t a bog s pe c i es 

l i ke Lagaros t robos . Af ter 400yr B . P . the we t t er and cooler c l i ma t e  

woul d  r a i se t he wa ter  table b u t  i f  there was no v i a b l e  s eed the plan t s  

woul d  n o t re-es tabl i s h .  

I f  p rolonged dry spells  were res pon s i ble f o r  t h e  changes i n  t he 
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Ascar i na curve a t  Jones ' farm 3 s i te , i t  �ould be expec ted tha t e v i dence 

of  change �ould be  found a t  o t h e r  s i tes and d i f feren t al t i t udes . 

Compo s i t ae pollen represen t i ng B . elaeagn i fol ia  en ters  the  pro f i le o f  

t h e  S t ra t fo rd Moun tain  Road s i t e ( 8 2 / 4 )  abou t 1 400yr B . P . The leaves o f  

t h i s  s pe c i e s  are t h i ck and leat hery �i th  a dense cream coloured 

t omen t um on the lo�er sur face . Fea t u res �h i c h  a re almos t i den t i cal  t o  

t hose  o f  Olearia  colenso i .  Clarkson ( 1 981 ) regarded these t�o s pec i es 

a s  " ecolog i cal equ i valen t s " . These adap t a t ions �ould normal ly be found 

i n  p lan t s  l i v ing in  d ry cond i t ions  bu t bo t h  B . elaeagn i fo l i a  and 

O . colensoi  occur a t  high a l t i t udes , f requen t ly c l oud covered . I t  has  

been s ugges t ed ( Vardle 1965 b )  t ha t in  this  s i tua t ion such fea tures  

�ould  enable  the  plan t s  t o  surv ive s ho r t  but  i n t ense per iods  o f  d rough t 

and  a l so  to  explo i t  shor t s pe l l s  of  h i gh l i gh t i n tens i ty be t�een c loudy 

p e r i od s . P rolonged dry spells  migh t t here fore favour B . elaeagn i fol i a  

over  Ch ionochloa rubra and enable the former t o  extend i t s max i mum 

a l t i t ud i nal range . Th i s  tussock is  favoured by  " sour " s o i l , heavy 

r a i n f a l l  and cloudy sk ies  ( Godley 1975 ) . These changes i n  the  pollen 

s pe c t rum are  there fore i n te rp r e ted as  i nd i cat i ng an  up�ard ext ens i on o f  

t h e  s ubal p i ne s c rub zone and a re t rea t ups lope o f  the tussock zone . 

E v idence f rom the upper  mon t ane fores ts  i s  l i m i t ed i n  t h i s  s t udy 

bu t Ahuka�aka�a s�amp ( 920m ) i s  � i t h i n  t he present  a l t i t ud i na l  l i m i t s  

o f  t h e  upper mon tane fores t . Palyno log ica l  evi dence from t h i s  s i t e 

i n d i c a tes  c ons iderable var i a t i on i n  the represen ta t ion of  L i boced rus  

and  We i nmann ia  pol len and a nega t i ve rela t i ons h i p  be tween the t �o 

( McGlone e t  al i n  l i t t . ) .  Be t�een 1400-400 y r  B . P .  Li boced rus had a 

very  h i gh average value o f  32 % �h i le We i nmann i a , Me t ros i deros , Nes tegi s 

and t ree fe rns fell to  t he i r  lo�e s t  leve ls . As ca r ina �as also  less  
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c ommon t han previ ously . Af t e r  400yr B . P .  there i s  a marked dec l i ne i n  

L i boced rus and a s t rong i nc rease in �ei nmann i a . These  changes sugges t 

t h a t  cond i t i ons favoured an i ncrease in  Li boced rus be tveen 1400 400 

y r  B . P .  i n  the fores t s  surround ing the svamp . Pe r i ods free o f  c loud 

c o i n c i den t v i th long d ry s pe l l s  vould permi t grea ter  grov th  of t h i s  

s pe c i es and a n  upvard ex t ens i on o f  i t s a l t i tud i nal range . 

Abou t 400yr B . P .  �e i nmann ia  appears for t he f i r s t  t i me i n  a l l  

ves t e rn s i tes . Fig . 35 shovs t ha t  i t  became more prom i nen t a t  a l l  s i t e s  

a t  lover al t i tudes and t h i s  i s  also the case a t  M i dhur s t  1 and 2 n o t  

s hovn i n  F ig . 35 . In Chap t e r  4 some o f  t h i s  change vas at t r i bu t ed to  t he 

ava i la b i l i ty  of  d i s turbed s i tes . These ve re plen t i fu l  on the ves t e rn 

s i de fol lovi ng the Neval l  erup t ions ( 4 . 2 . 5 ) .  On the  eas te rn s ide , t he 

f ores t canopy vas removed by t he Burrell Lap i l l i  vh i c h  vould al lov some 

colon i sa t ion  bu t the pollen s pec t ra do no t sugges t large areas of ba re 

land ( 4 . 2 . 7 ) .  The presen t d i s t r i bu t i on o f  �e i nmann i a  on Moun t Egmo n t  

be lov 750m i s  a s  a prom inen t component  o f  a lover mon tane fores t i n  

vh i ch D . cupress inum and M . robus ta  are emergen t . Above 750m these  large 

t rees are gradually replaced by P . ferrugi nea , Myrs i ne 

sal i c i n i a , G r i sel in ia  and P . ha l l i i .  Above 900m �ei nmann i a  dom ina tes  a 

type o f  fores t called "Gob l i n  Fores t '' by Cockayne ( 1 928 )  and Clarkson 

( 1 9 7 7 , 198 1 ) . The mul t i -s t emmed t rees are dvarfed , t he t runks cove red v i t h  

abunda n t  e p i phy t i c  l i chens , l i vervo r t s  and the  pendulous moss 

�eymou th i a . S imi lar fores t s  of vh i ch a �ei nmann ia  sp  i s  a 

componen t , found a t  h igh al t i tudes on volcan i c  i s lands in  eas t e rn 

Polyn e s i a  are des c r i bed as " c loud " or " mos sy '' fores t s .The former is t he  

be t t e r  term s i nce i t  des c r i be s  t he con t roll ing fac t o r  in  such  fore s t s  

( Radovsky e t  a l  1984 ) . H i gh humi d i ty i s  mai n t a ined no t only by 



r a i n f a l l  bu t by clouds �h i ch form d u r i ng the hea t o f  the day ( Ne i l l  

1 969 ) . The  Ye inmann i e tum o n  t h e  Eas t ern Cord i l lera  ( Colomb i a )  i s  also a 

" very we t mon tane 

1 9 7 2 ) . T rans p i ra t ion 

fores t "  ( Van 

is  reduced i n  

Gee l 

these 

and Van 

zones 

der 

of 

Hammen 

h i gh 

hum i d i ty , a f fec t ing bo th  v i gour and t ree heigh t  ( Odum 197 1 ) . Leaves o f  

Ye i nman n i a  racemosa were cons idered by Clarkson ( 198 1 )  to pa rallel  the  

leaf  s t ruc ture  charac ter i s t i c  of  h igh a l t i t ude  fo res ts  and t o  be 

adap ted  to  tolera te cond i t i on s  o f  m i s t , fog and h igh rainfal l . These are  

the  cond i t i ons he  found t o  govern d i s t r i bu t i on of  th i s  s pec i e s  on  

Ka i t ake ( 1 985 ) . 

I t  i s  hypo thesi sed here that  be t�een c .  1 400 and prior  to 400 y r  

B . P .  no t only �ere there  f requen t prolonged dry s pells bu t also t h e  

base o f  t h e  a f t ernoon c loud o n  Moun t Egmont  formed a t  higher levels . The 

c o i n c i dence o f  a h igher c loud base � i t h  d r i e r  �ea ther  migh t be expec t ed 

on  me t eorolog i cal grounds . The al t i t ude o f  the c loud base i s  dependen t 

on t em pe ra t ure and hum i d i ty o f  the a i r .  Under t hese cond i t ions t he 

Ye i nmann ia  domi na ted " c loud fores t " may have been able to  ex tend i t s 

range up�a rds . 

Fog has been found to  be of  ecologi cal i mpor tance i n  the  upland 

reg ions  of  the Kaimai  Ranges (Nor th  I s land ) . I t s e f fec t is  very s i m i lar  

t o  t h a t  des c r i bed above for " cloud fores t " . Because of t h i s  and t he 

h i ghe r rai n fall  at  h i gh al t i tudes , Jane and Green ( 1 984 ) found i t  

d i f f i cul t to  ex t rapola te  the  seve r i ty of  drough ts  a t  low al t i tudes t o  

t h e  uplands . Early �ork o n  t h e  Tararua Ranges ( Nor th  Is land ) s ho�ed t h a t  

i t  i s  p r i ma r i ly lo� t empera tures �h i ch l i m i t gro� th  a t  h igh al t i tudes  

( Zo to v  1 9 38 ) . These f ind i ngs �ould  suppor t upslope ex tens i on o f  
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vege t a t ion  zones dur i ng pe r i ods o f  d rough t s i nce h igher l igh t i n t en s i ty 

under c lear skies  would  p romo te  grow t h . 

�e i nmanni a  pollen , al t hough plen t i ful i s  no t widely d i s pe rs ed 

( McGlone 1 982 ) . I f �e i nman n i a  fores t we re a t  h i gher al t i tudes p r i o r  t o  

400yr B . P . t h i s  migh t  exp l a i n  t he lack of  pollen in  the p rev ious 1000 

years at the  lower al t i tude  s i tes . The dec l i ne of  Ascar ina t o  lov leve l s  

a t  400y r B . P .  vas due t o  a we t t er  and f ros t i er c l i ma t e . These  

cond i t i ons  wou ld have ass i s ted �e inmann i a  to  colon ise  the  newly 

devas t a t ed slopes and to ex tend dovns lope . Today the  t rees can be 

found down t o  sea level i n  some areas on the wes tern coas tal  pla i n  

( Clarkson 1 98 1 ) .  

The des t ruc t ion caused by the Nevall  erup t i on has been des c r i bed 

by Druce ( 1966 ) . F i res  l i t  by the  nuee a rden tes spread over a very 

v i d e  a rea . Drough t - s t ressed fores t would be more vulnerable and t h i s  

may have ass i s ted the  spread o f  f i res ( 1 . 6 . 1 ) .  The impa c t  o f  t he 

Burre l l  Lapi l l i  vas perce i ved by Druce ( 1 966 ) and Clarkson ( 1 98 1 )  as 

devas t a t i ng vege tat i on on the eas tern  slopes o f  Moun t Egmon t , bu t  t he 

pollen  spec t ra do no t suppo r t  th i s .  The random nat ure o f  change i n  t he 

pollen cu rves of  the suba l p i ne shrubs a t  the  Manganui Bog s i tes  i s  

i n t e rpre t ed a s  compe t i t i ve  responses by i nd i v i dual plan ts  to  a damaged 

canopy and no t succes s i on on bare g round ( 4 . 2 . 7 ) .  The pa t t erns of  

change vary f rom taxa t o  t axa bo t h  wi t h i n  the spec t ra and be tween s i tes  

a l t hough t he s i tes are  c lose t oge ther . De s t ruc t i on of  t he canopy by 

Burre l l  Lap i l l i  at Po t aema bog i s  followed by a s i mi lar  compe t i t i ve 

response . The recove ry and r i se to  prom i nence o f  Ve i nmann i a  a t  t h i s  

s i t e has been i nves t ig a t ed i n  de t a i l  ( 4 . 4 ) . The i ncrease o f  t h i s  spec i es 
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vas con s i d ered by Clarkson ( 1977  and 1 98 1 )  t o  be i nd i rec t ly rela t ed t o  

t h e  dep t h  o f  Burrell Lap i l l i . There vas on ly one exce p t ion  t o  t h i s  

i nd i re c t rela t ionsh i p  and t h i s  vas a t  Lake D i ve . On the  ves t  t he  

�e i nmanni a  pol len i ncrease coinc ides  v i th  the Neva l l  

erup t i ons . Di s turbed s i t e s  here are a l s o  a s i gn i f i can t fac t o r  i n  t he 

p rom i nence  of  t h i s  spec i es ( 4 . 2 . 8 ) . 

�e i nmann ia  i s  hovever , normal ly par t  o f  a success ion t o  podocarp  

hardvood fores t . I t ' s  pers i s ten t presence over  the  las t 400 year s  cou ld  

be i n f luenced by  the var i abi l i ty t he cl i ma t e  i n  tha t per i od . Many 

accoun t s  of c l i ma t i c  change vi t h i n  the las t 400 years  have been 

publ i shed . The prec i se da tes  vary depend i ng largely on the topography 

and geographi cal pos i t i on of  t he s i tes . Rev ievs have been made by 

Mol loy ( l 969 ) , la ter by �ardle ( 19 7 9 )  and mos t t horoughly by Bur rovs and 

Greenland ( 1 979 ) . They cons i dered evidence f rom meteo rologi cal  d a t a  and 

such c l i ma t i c  i nd i ca t ors  as glac i er re t rea t s , chang ing t reel i nes , lake 

levels and d i s t r i bu t i ons  o f  t ree s pec i es . They concluded t ha t  t he 

apparen t var i a t ions could all be expla ined by lat i tud i nal  a l t e ra t i on s  

i n  pos i t i ons  o f  pressure sys t ems and changes i n  t he r a t e  o f  

c i rcula t i on . The var i ab i l i ty of  t he modern c l i ma te  canno t b e  den i ed and 

t h i s  may be ano ther reason for the success of �e inmannia . H i gh i n t ens i ty 

r a i n f a l l s  for example cause debr i s  f lovs on the s t eep s lopes prov i d i ng 

s i tes  on vh i ch th i s  s pec i e s  can es tabl i sh ( S tewa r t  and Veblen 198 2 ) . The  

lowered t reel i ne on  the  nor thwes tern  s lopes of Moun t Egmon t and  t he 

i nd i s t i n c t  boundaries o f  t he vege ta t i ve zones ( Cla rkson 1 9 7 7 , 1 98 1 )  a re  

evi dence o f  t he i n t erac t i on be tveen volcan i sm and c l i ma t i c  change on  

Moun t Egmon t .  
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The evidence presen ted here i nd i ca t es tha t be t�een 4000 and 1400y r 

B . P .  an equable c l i ma t e  exi s t ed i n  �es tern Taranaki . Ascar i na t h r i ved 

a t  an a l t i t ude o f  1 32m in t he lo�land fores t s . Abou t 1400yr B . P .  a 

de t e r i o r a t ion  o f  t he c l i ma t e  i s  i nd i ca t ed , d rough t s  become e i ther  mor e  

f requen t , more  severe o r  bo t h .  Dur i ng t h i s  pe r i od s�amps on t he eas t e rn 

r i ng pla i n  became d r i e r  and lo�land f o res t enc roached un to t he bog 

s u r face . I t  i s  pos s i ble t ha t  the vege ta t ion zones on Moun t Egmon t �ere 

d i s t r i bu t ed h i gher up t he moun ta in , par t i cularly t he Ve i nmann i a  

d omi na t ed c l oud fores t . Abou t 400yr B . P . ra i n f a l l  became more even ly  

d i s t r i bu t ed and f ros t s  more  f requen t . Th i s  change in  c l ima te  and the  

avai lab i l i ty o f  exposed s i t es for colon i sa t ion  has led to  the  dominance 

of t h i s  spec i es in  t he fore s ts  o f  Egmon t Na t i onal  Park . I t  i s  bel i eved 

t h a t  t he var i ab i l i ty o f  the modern c l i ma t e  may con t r i bu t e t o  

ma i n t a i n i ng t h e  d i s t urbed s i tes o n  t h e  �es t ern f lanks and t hereby the  

con t i nu i ng prominence o f  t h i s  spec i es .  
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CHAPTER 7 

CONCLUSIONS AND SUMMARY . 

7 . 1  CONCLUSIONS 

7 . 1 . 1  Pas t Vege t a t ion  of �es tern Taranaki . 

Tempera te  lowland fores t domina ted by D . cupress i num has covered 

the  eas tern  r i ng p la i ns for the las t 4000 years . �i t h i n  t h i s  fores t 

t here were large swamps surrounded by D . dacryd i o i des and i n  t he we t t e r  

par t s  b y  Laure l i a  novae-zeland i ae and Syzygi um mai re . The fore s t  

canopy was des t royed by · volcan i c  even t s  which  depos i t ed t he 

I nglewood , Manganui  and Kaupokonu i t ephras bu t t he res i lence o f  t he 

i nd i g enous fores t ensured recovery and the  s pec ies  compos i t i on was 

res t o red a f t e r  each even t . 

Two large swamps on t h i s  plain  were i nves t i ga ted . Ngaere swamp near  

E l t ha m  had  areas o f  open wa ter  bu t very l i t t le o r  

Phorm i um . Leptospe rmum was impor t an t  and a sedge / shrubland was pres e n t  

a t  t h e  swamp marg i n . Ra t ap iko swamp , i n  t he  I nglewood d i s t r i c t , was a 

Typha swamp . Af te r  depos i t ion of  lahars of  t h e  Nga toro Forma t i on the  

swamp was  f looded , pos s i b ly a lake was presen t , bu t  the  a rea of  � 

also  i nc reased . Fol lowi ng the Manganui vo lcan i c  even t , d ra i nage improved 

and t he s i t e became much d r i e r . A t Midhurs t wh i ch is at a h i gher  

al t i t ude than  the  o t her  swamps the area rema i ned i n  ra ther  we t lowland 

fore s t  in wh i ch D . da c ryd io ides  and Cype raceae were i mpo r tan t un t i l  

European t i me . P robably because these fores t s  were s o  we t a small  
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remnan t o f  t h i s  fores t has survived . 

On t he wes tern  p la ins  P t er id ium was a lways p resen t ove r the  las t 

4000 years , i nd ica t i ng open scrub land nea r t he coas t . Fur ther  i n land t h e  

small  remnan t s  o f  swamp fores t inves t iga ted  ind i ca te  t ha t  t h i s  t y p e  o f  

fores t , w i t h a sem i - coas tal  elemen t has been presen t  over t h e  las t 4000 

years . Repor ts  of  large logs found in swamp s  in the area sugges t i t  was  

forme rly  more  ex t ens i ve . On a terrace o f  t he Wai tara R ive r  t o  t he 

nor th , sem i - coas tal  fores t wi th swamp t rees was presen t .  I t  ex t ended  

i n land at leas t as far as Umu teka i Road . At  both  t hese  

s i t es , adj us tmen t be tween swamp and lowland fores t , i n wh i ch bo t h  

D . cupres s i um and M . robus ta  were co-dom i nan t s , occurred from t i me t o  

t i me .  

On Moun t Egmon t , subal pine scrub as s een  a t  1080m today , da t es  f r om 

j us t  p r i or to  1400yr B . P . Before t h i s Dracophy lum , Cor iar i a  and 

G rami neae covered the area . Abou t 2000 yr B . P .  the tussock zone may 

have ex t ended fur ther  downs lope . Many even t s  are recorded in t he per i od 

be tween 4000 and 1400yr B . P . some of wh i ch removed any bur i ed s o i ls  

wh i c h  may  have been p resen t . I t  i s  conc luded that  a t  t i mes the  s lopes  

were devas ta ted and l i t t le vege t a t ion was  presen t . Younger p ro f i les  

f rom s everal low  al t i tude s i tes , have a s i gn i f icant r i se abou t 400y r 

B . P .  o f  Ve i nmann i a  pol len . A spec ies  no t previously i mpor tan t a t  any 

s i t e i n  t he las t 4000 years . 
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7 . 1 . 2  Changes i n  Vege t a t ion due to  C l i ma t e .  

The pol len s pe c t rum o f  As carina  a t  t he Jones ' farm 3 s i t e 

i nd i ca te s  that  be tween 4000 and 1400yr B . P . t he cl ima t e  i n  wes t e rn 

Taranaki was equable , being f ros t and d rough t f ree . Be tween 1 400 and 

400yr B . P . drough t s  became a fea ture  o f  t he cl imate . These may have 

been e i ther  more f requen t , more severe or bo t h . Th i s  is ind i ca t ed by t he 

decl ine  o f  Ascar ina dur ing th is  per i od . Co inc iden t decl ines i n  o th e r  

d rough t sens i t i ve species  and changes in  t he s t ra t igraph i c  co lumn o f  

t h i s  s i t e suppo r t  t h i s  in terpre ta t i on . Fur t her suppo r t  comes f rom 

s i mi lar  changes i n  Ascar i na pol len s pec t ra by McGlone � al ( i n l i t t . )  

f rom palynolog i cal  s t ud i es a t  Pot aema bog and Ahukawakawa swamp . 

Suppor t i ng evidence 

encroachmen t  of lowland 

for the 

fores t 

p revalence of  drough t s  i nc ludes  

on t o  the Ngaere swamp surface  abou t 

1 400yr B . P . I t  i s  fur t her sugge s t ed tha t recurr ing drough t and 

non- rep len i shmen t of ground wa ter  may have caused the ex t i n c t i on o f  

Laga ros t robos colensoi  . There is an ind i cat ion at the S t ra t ford  

Moun t a i n  Road ( s i t e 82/4 ) of  change in the a l t i tudes of t he vege t i onal  

zones . Be tween 1 400yr and 400yr B . P .  t here  was a general upward 

movemen t of t he zones due to inc reased pho t 0syn thes is  under  h i gher  

l i gh t i n t ens i ty d u r i ng per iods o f  d rough t . Changes in  t he  suba l p i ne zone 

a t  t h i s  t i me have a lready been men t i oned . In t he upper mon tane fores t s  

s u r round i ng Ahukawakawa swamp a t  920m L i bocedrus became more abundan t 

be t ween 1 400-450yr B . P . ( McGlone � al in  l i t t . ) .  Under  a reg i me o f  

more f r equen t d rough t s  the base level o f  the a f ternoon cloud wh i ch 

f o rms on Moun t Egmon t would be h igher . Under these cond i t i ons  t he 

�e inmanni a  dom i n a t ed cloud fores t would also  ex tend ups lope . Th i s  would 



exp la i n  t he absence of t h i s  pol len f rom lowland s i tes  on t he wes t p r i o r  

to  400yr B . P .  

A f t e r  400yr B . P .  Ascar i na has low levels  a t  all s i t es , probably 

due to f ros t s . Vei nmann i a  appears for t he f i rs t  t ime at the wes t e rn 

s i t es and r i ses  to  promi nence . A t  s i t es where i t  was al ready 

presen t , i t i n creased . Th i s  s pecies i s  s t i l l domi nan t in t he  fo res t s  

w i t h i n  Egmon t Na t i onal Park t oday . B o t h  t h i s  change t o  a cooler  we t t e r  

c l i ma t e and the  ava i lab i l i ty o f  newly exposed s i tes a f t e r  recen t 

vo lcan i c  e p i sodes have con t r i bu t ed t o  t he expans i on o f  t h i s  s pe c i es . 

P ronounced var i ab i l i ty i n  t he modern  c l ima te and the resu l t i ng 

d i s turbance o f  the  s lopes o f  t he volcano con t r i bu t e  to  i t s con t i nu i ng 

p resence . 

7 . 1 . 3  Changes i n  Vege t a t ion due to  Volcan i c  Ac t i vi t y .  

Sampl i ng a t  lOmm ver t i cal  i n t e rvals was n o t  always f i ne enough t o  

i nc lude t he i n i t i al s tage o f  recove ry . A t  some lowland s i tes  a re turn 

t o  f u l l  pollen p roduc t ion may have happened wi th in  a few year s . Slow 

pea t grow t h  a t  h igh al t i tude s i t es and compac t i on of  pea t and older  

t ephras a t  low al t i tudes compounded the problem . De f i ni t ion  b e t ween pea t 

and t e phra i s  never exa c t  and sampl i ng very close t o  t ephra en t ra i ns 

i no rgan i c  ma t t e r  whi ch i n f luences the  concen t ra t i on of po l len . In swamp 

fo res t samples , c lumpi ng of pol len gra i n s  occur red . The problem was 

overcome by repea ted r i n s i ng and decan t i ng . A  p rocedu re  wh i ch was 

poss i ble  due to t he con t rol es tabl i shed by the add i t i on of a known 

quan t i ty o f  Lycopod ium s pores . Clum p i ng was a use ful  ind i ca t or 

however , o f t he  p resence o f  a t ephra when i t  could not  be v i sua l ly 
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i d en t i f i ed .  Des p i t e  these d i f f i cul t i es , pol len analys is  appears t o  be a 

val i d  t echni que t o  eluc i da t e  the e f fec t s  of  volcan i c  a c t i v i t y on 

vege t a t i on i n  t he pas t .  

Depos i t i on o f  tephra has qui te  d i f ferent  e f fec t s  on the bog/ swamp 

envi ronmen t to  t hose tha t occur in  a fores t . The expres s i on of a t ephra 

d e pos i ted i n t o  a cushion bog , such as Manganu i , has var i able  d e p t h  

depen d i ng o n  whe t her the cor i ng s i t e was a cushion o r  a poo l . Th e  

grea t es t t h i cknes s  o f  Tahurangi Ash was depos i ted i n to a pool ( s i t e 

8 3 / 1 4 ) .  S i t e  charac ter i s t ics  also a f fec t subsequen t recovery . A t  

Manganu i bog An i so tome aroma t i ca was an impo r t an t  p i oneer  

s pec i es , par t i c la r ly on  lapi l l i . 

Subd i v i s i on o f  fores t taxa i n t o l i fe form groups ass i s ted 

i n te r pre t a t i on .  O f  t hese t he e p i phy t e / l iane g roup conveyed the  

p r esence o f  s t and ing t rees , c lose to  the  s i t e  as  d i s t inc t  f rom regi onal  

pol len . Unusual ly h igh values o f  Blechnum and Phyma todes a t  t he Pun i ho 

t rack s i tes i nd i c a t ed the presence o f  Be i l s chme i d i a  tawa ( a  poor po l len  

p rodu ce r )  when i t  could no t be  d i s ce rned f rom the pol len p ro f i le . Damage 

t o  fores t was assumed when pos t - t ephra values were lower then 

p r e- t e ph ra values . For Cor i a r i a  a large pos t - tephra va lue i nd i ca ted 

open i ng up of  the  canopy . A subsequen t r i se i n  pos t - tephra values o f  

mos t t axa has been i n terpre ted a s  recovery , o f t en accompan ied  by a 

decl i ne in  Cor i a r i a . Abundan t ev idence o f  the p ioneer ing role  o f  t h i s  

s pec i es has been found . Vi th older t e phras , recove ry pa t t e rns and the  

Co r i a r i a  r i s e  a r e  s een wi th in  t he tephra laye r due to  compac t i on . 

Long t e rm i n f i l l i ng o f  bogs and swamps , t ha t normally  occurs  by 
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plan t  grow t h , i s  accelera t ed by the add i t ion o f  t ephra . Spec i es a t  t he 

swamp ma rgin  advance on t o  the  d r ie r  area . Th i s  i s  shown a t  Ngaer e  swamp 

where D . dacryd i o ides i nc reased 

Kaupokonui tephra  layers . Va ter  

wi t h i n  

leve ls  

the Inglewood , Manganu i  

in  r i ng pla in  swamps 

and 

are 

a f fec ted by lahars channelled down r ivers . Those in the Mangan u i  River  

a f t e r  the  Inglewood Tephra caused f lood i ng a t  Ra tapiko . Dra i nage a t  

t h i s  swamp improved a f t e r  the  Manganu i t ephra and the s i t e became 

d r i e r . Bo t h  even t s  caused maj or change i n  s pec i es compos i t i on a t  the  

s i t e . 

Damage f rom la teral  c loud depos i t s o f  ash , wh i ch are no t ho t , were  

found t o  change t he s pec ies compos i t i on by  bur i al ( Newal l  Ashes  at  

Manganu i , Bu r r e l l  Ash a t  Po taema ) , bu t recovery was fa i r ly rap i d . Damage 

by lapi l l i , removes the fores t canopy and i s  recogn i sed by an upsu rge o f  

mos t  t axa , o f wh i ch Co r i ar ia  i s  a n  impor tant  member , fo l lowed by 

compe t i t i on . Th i s  i s  recogn i sed by d i scon t i nui ty in t he general t rend o f  

t h e  curves . I t i s  envi saged tha t  t he removal o f  ae r ial  par t s  o f  plan t s  

does no t ki l l  t he roo t sys t em . Recovery then depends on res p rou t i ng 

and no t solely on  seed es tabli shmen t , al though t h i s  may occur a t  the 

s ame t i me .  Ev i dence f rom so i l  s tud ies  on Burrell  so i ls i nd i ca t es tha t  

adven t i t ious roo t s  pene t ra t ed the tephra a f t e r  the Bu r r e l l  Lap i l l i  

even t . O rgan i c  debr i s  wi t h i n  the tephra sup p l i ed nu t r ien t s  lacking i n  

t h e  tephra . 

O f  the  older  tephras depos i t ed pr ior  to 1 400y r B . P .  only  general 

t rends can be s een  as the  pol len record has been compress ed . The w idely 

d i s t r i bu ted pumi ceous lapi l l i  of  t he Inglewood Tephra caused damage 

bo th  a t  Ngae re  s wamp on the  eas t and a t  Jones ' farm on the  wes t . L i th i c  
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lapi l l i  d e pos i t ed  by t he erup t i on f rom Fan t ham ' s Peak , known as t he 

Manganui , caused less damage a t  Ngaere t han t he I nglewood . No change was 

d e t e c table fol lowing depos i t ion o f  t h i s  tephra a t  Ra t a p i ko . ( Manganui 

t e ph ra was found also at  Messenger ' s  farm and S t ra t ford Moun t a i n  Road 

bu t pol len records  are no t presen t ) . The much younger Kaupokonu i  tephra 

( 1 400 yr B . P . ) i s  less compac ted . Cor i ar ia  r i ses  bo th w i t h i n  and above 

the tephra i nd i ca t ing damage . Al t hough th is  t e phra was depos i ted a t  

M i dhurs t and a l l  the wes t ern s i t es , l i t t le damage i s  apparent  and i t  i s  

concluded tha t t hese s i tes  l i e  ou t s ide the ma i n  ax i s  of depos i t i on . No 

i s opach map is  avai lable  for this t ephra . 

The mos t s evere damage to  occur i s  no t adequa t e ly recorded a t  t he 

s i tes  exami ned becaus e  s i tes w i t h i n  the pa th  of  t he Newal l  nuee 

a rden tes were d es t royed 

pyroclas t i c  f lows t ha t  

e i ther by the blas t o r  the debr i s  and 

have occur red s i nce . Wi des p read f i res fol lowed 

t he erup t i on  and these could have been enhanced i f  drough t cond i t i ons 

ex i s ted a t  t he t i me . These nor t hwes tern s lopes con t inue t o  b e  uns table  

and We i nmann i a  i s  the mos t successful  colon i s t . S i tes from t he Pun i ho 

Track  are domi na ted by r i s i ng curves of  t h i s  species . Bo th  con t a i n  

a bundan t charcoal wh i ch could b e  assoc ia ted w i th recen t pyroc las t i c 

f lows . 

Erup t i on o f  Bur re l l  Ash may have been a s i m i lar even t to  the  

N ewal l  e rup t i on 

depos i t s o f  ash  

bu t on the eas tern s lopes only  coo l la t eral  c loud 

were emplaced . A t Po taema , Cy peraceae , B le chnum and 

s everal herbs were temporar i ly 

the  fall  o f  t h i s  ash . Comple te  

removed from t he pollen  prof i le af t e r  

removal o f  t he canopy b y  Bur r e l l  

Lap i ll i  i s  i nd i ca t ed a t  bo t h  Manganui and Po taema bog . Damage 



however , de c l i nes  w i th  the s i ze of lap i l l i  ou ts ide  the area benea t h  t he 

ma i n  axi s  o f  depos i t ion . Th is  has been shown to  be al i gned w i t h  

S t ra t ford Moun t a i n  Road . The greates t dep t hs of  Bur rel l  Lap i l l i  f ound i n  

t h i s  s t udy are  a long t h i s  l i ne . 

S i ze a ppears to be the con t rol l ing fac tor  i n  the amoun t o f  damage 

caused . Cons i der ing the age o f  t he  record and the  wide  

d i s t r i bu t i on , the  Inglewood Tephra appears to  have been t he mos t  

des t ruc t i ve even t , of those for wh i ch t here i s  a pol len record , on t he 

eas tern  s i de  i n  t he las t 4000 years . 

7 . 1 . 4  Tephrochrono logy . 

P inus  pol len found in  and below the  Tahurangi Ash ind i c a t es i t  

mus t be younger than 1860 A . D . Th i s  da te  was used t o  d e t ermi ne a 

pos s i ble d a t e  f o r  the Burrell  Lap i l l i . Ca l cula t i ons made f rom t h ree  s e t s  

o f  da t a ; t ree- r i ng coun ts  on pos t -Bur rell  Lap i l l i  Li boced rus ( Druce 

1966 ) , pea t core  leng t h  and s tand dynam i cs o f  �ei nmannia . Al l  agree on a 

1 7 25- 1 750  A . D .  da t e . An organ i c  layer present a t  Manganui  

( 83 / 1 4 ) , S t ra t ford  Moun ta in  Road ( 85 / 2 ) and Po taema ( 8 3 / 2 ) be tween t he 

Burrell  Ash  and Burrel l  Lap i l l i  i nd i ca t es  a lapse of  t i me be tween t he 

depos i t i on o f  these t wo tephras . A  rev i sed tephroch ronology based on t he 

above i s  g i ven i n  Table  XXXV (Cha p t e r  4 ) . 



7 . 1 . 5  C hanges in  vege t a t i on due t o  Mao r i  Occupa t i on . 

No ev idence has been found o f  de fores t a t i on on the eas t ern  r i ng 

p l a i ns wh i ch could be a t t r i bu t ed t o  Mao ri  occupa t ion . On the  wes t e r n  

p la ins , charcoal and a pre-European r i se o f  P t e r i d i um are a n  i nd i ca t ion  

o f  Mao r i  f i re s , wh i ch occur only near  t he Po l la rd ' s  farm s i t e . The ac tual  

s i t e , wh i ch i s  known to  have been f r equen ted by Maori s , f rom a r t i fac t s  

found nea r by , was no t burned un t i l  European t i me . Lack o f  su i table  foss i l  

pol len s i t e s  near the  coas t however , i s an i nd i ca t ion o f  an t h ropogen i c  

ac t i v i ty  i n  t ha t  area . Bowden Scen i c  Rese rve , domina ted by Corynocarpus 

laeviga tus  may have been pro t ec t ed by the  Maori for  the  food i t  

suppl i ed . Two pollen grains o f  t h i s  species were found in  samples f rom 

Ma tar i ko r i ko s i t e , wh i ch i s  c lose t o  a former Maori  pa . Bo t h  s i tes  were 

only burned in  European t i me . The  lack of evi dence of pre  400yr B . P .  

f i res on t he wes tern plain suppo r t s  the  conclus ion t ha t  P t e r i d i um 

rh i zomes were no t so impor tan t  i n  t he Mao r i  d i e t  pr ior  400yr B . P . A  

change t o  a we t t er  and cooler  c l i mate  abou t 400yr B . P .  resul ted i n  

poorer grow t h  and unrel iable c rops o f  kumara . Ove rgrown garden 

bound a r i e s  of a l igned boulders on t he wes t ern coas tal  p la in  i n d i c a t e  

t ha t  hor t i cul t ure had been prac t i ced in  earl i er t i mes . S t orage 

p roblems were also  increased by the we t t er  wea ther . The i n t roduc t i on o f  

t he European po t a t o , perhaps as early a s  1800 A . D . , replaced '' fernroo t " 

i n  t he  d i e t  bu t led to  increased clearance of  fores t s  t o  g row po t a t o  

c rops f o r  bar ter  and sale . 
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7 . 1 . 6  Changes in Vege t a t i on due t o  European Se t t lemen t .  

Dense  fo res t covered the eas t e rn r i ng plains , t he a rea around 

Inglevood and the lover s lopes of  Moun t Egmon t vhen the f i rs t  European 

s e t t le r s  a r r i ved . On the ves t , fernland and scrub a re s a i d  to  have 

ex tended to the approxi ma t e  a l i gnmen t o f  Sou th  Road . O f a l l  the s i t es 

exami ned only Motunui i s  l i ke ly t o  have been burned before  t h i s  t i me . A t 

every s i t e s ome a l i en P i nus pol len has been found t oge ther  v i t h  

P l an t ago and Taraxacum . A t  s i t es v i th in  t he Egmon t Na t i onal  Park t h i s  

may b e  reg i onal bu t al ien veed s  t end t o  es tabl ish  along roads ides  and 

pa ths  s o  t h i s  may no t be s o . Ou t s ide Egmon t  Na t ional Park , al l  s i t es 

excep t Umu t ekai con t a i n  abundan t charcoal , a r i s e  in  P te r i d i um spores  

and Gram ineae pol len . Compared t o  t he lover profi les t hey have sma l l e r  

values  o f  t ree pol len , fever subcanopy spec ies  and fev ep i phy t e s  and 

l i anes . Co r i a r i a  is usual ly prom i nen t coinci den t vi t h  t he r i se i n  

charcoa l  values . Ngaere svamp lacks evi dence of  secondary grov t h , th i s  

may b e  because i t  vas conver t ed t o  pas ture  by drai nage and b rovs ing by 

ca t t le . 

B rovs ing  by ca t t l e  i s  ind i c a t ed by a dec l i ne in  pala t able  s pe c i e s  

a n d  s ome t i me s  Taraxacum pol len depos i ted in  faeces . The  approach o f  

f a rming t ovards a s i t e i s  f i r s t  i nd i cated by vindborne pol len of  P i nus  

and P lan t ago . Only la ter  i s  Taraxacum cons i s ten t ly presen t . O ther  

mammal s  vere  also i n t roduced by  Euro peans . O f  these goa t s , ha res , s t oa t s  

a n d  opposums are a l l  presen t v i t h i n  Egmon t  Na t i onal  Park . There  i s  

l i t t l e  i n  t he pol len s pec t ra t o  i nd i cate  damage by t hese mammals .  The 

e s tabl i s hmen t of  t he bu t t er  box i ndus t ry at El tham is ind i ca ted by t he 

decl ine  o f  D . dacryd i o i des at Ngaere svamp . Th i s  occu r s  a t  Bovden 



Reserve also . Early se t t lers  had a s t ruggle  to  b r i ng t he fores t regrow th  

under  con t rol  as seen a t  Bowden Rese rve . La t er s i tes were  rap i d ly 

c l eared p robably wi t h  t he use o f  cha i nsaws and bu l ldozers  as  wel l  as 

f i re .  Fol low i ng c learance , eros i on , i nc reased 

eu t roph i ca t i on f rom fer t i l i sers , new 

s edi men t a t ion  

swamps 

and 

have 

developed . Ar t i f i c ial  d rai nage of  the r i ng plain  swamps  has c rea t ed 

pas tures . European farmi ng ac t iv i ty grea t ly increased the propo r t ion  o f  

m i re plan t s  a t  M idhur s t 1 . Al l  these changes have been ac comp l i shed i n  

t h e  las t 1 50 years . 

On the  c red i t  s i de , a t t i tudes t o  ind igenous fores t s  have changed . 

Egmon t Na t i onal  Park was c rea ted i n  1900 and new rese rves are be i ng 

made . Some i nd i ca t ion  o f  t h i s  i s  seen in the sou t hwes t area o f  

Taranaki where fence l i nes enclose fores t remnan t s . I t  mus t  be concluded 

t ha t  the grea t es t changes in  the vege t a t ion of Taranaki have been made 

by European s e t t lers . 

7 . 2  SUMMARY 

The s tudy area i n  wes tern Taranaki was del imi t ed by depos i t i on o f  

recen t t ephras . S i tes were con f i ned to eas tern and wes t ern  s lo pes  and 

t he nor t hern coas tal  pla in . Tephrochrono logy has been used for  da t i ng 

t he s t ra t i graph i c  columns , bu t four new rad i oca rbon d a t e s  were also  

ob t ained . A  w ide  range o f  envi ronmen t s  was sampled i n c lud ing swamp 

fores t , Typha swamps and fores t so i l s . A  me t re l e ng t h  of PVC p i pe was 

d r i ven i n t o  the s i t e  and re t r ieved . Cores of  up to  750mm were ob t a i ned . 

Sampl i ng was a t  1 0mm ver t i cal  i n t e rvals  bu t dep ths were adj us ted  to  

sample  close  t o  t ephra  layers . S t andard process ing me thods were used . A  
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known quan t i ty of  a l i en Lycopod i um s po res was added to each sample and 

g r a i ns /cm 3 d a t a  were ob tained and used toge ther wi th percen t age d a t a  

f o r  in t e r p re t a t i on .  T�o wmpu ter  _ programs were  comp i led t o  analyse t he 

l a rge volumes o f  da t a  and t o  produce pol len d i agrams . 

The I nglewood , Manganui , Kaupokonui , Newall  and Bur rell  t e phras were 

i den t i f i ed . Some i n forma t i on was also  gai ned abou t the 2000 y r  

pyroclas t i c  f l ow , " layered f i ne ashes " and recen t pyroclas t i c f l ows near 

t he Pun i ho Trac k . The �a iweranu i and Pun iho 1 and 2 ( Druce 1966 ) t ephras 

were  no t i den t i f i ed . A  me thod was deve loped to  over come the problem o f  

pol len c lum p i ng in  samples wi t h  a h igh l i gn i n  con ten t and wea thered 

t ephra . Tes t s  t o  i nves t igate  pos s i ble  con tamina t i on o f  Manganui bog 

s amples we re  carr ied out when P i nus  pollen was found in Tahurangi 

Ash . The t e s t s  p roved there was no con tamina t i on .  

A rev i sed tephrochronology of  the las t 400 years i s  

p resen ted . Tahu rangi Ash i s  younger than 1860 A . D . Poss i ble da tes  for the  

Burrell  Lap i l l i  are be tween 1 7 25- 1 750 A . D . es tabl i shed f rom t ree r i ng 

c oun ts  o f  Li boced rus , pea t core  data  and s t and dynam i cs o f  

Yei nmann i a . The presence of an o rgan i c  layer w i th  s ign i f i can t changes i n  

pol len s pe c t ra indi cates  a lapse o f  t ime between Bu r re l l  Ash and 

Burrell  Lap i l l i . Th i s  has been es t ima t ed f rom pea t core da ta  as < 1 00 

years . Bo t h  the Tahurangi Ash and the Burrell  Lapi l l i  are 100 yea r s  

younger t han p reviously though t .  

Change i n  vege t a t ion due t o  vol can ic  ac t i v i ty was the p r ima ry 

i n teres t . Each s i te ( Chap te13 ) and each t ephra ( Chap ter  4 )  has been 

d i s cussed . The foss i l  record i s  compres sed for  the older t e phras and 
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only general  t rends could be i n t e rp r e t ed . A long record o f  volc an i c  

even t s  was found a t  S t ra t ford Moun ta in  Road but  con t i nu ing d i s t u rbanc e  

had removed many records . De t a i l s  o f  t h e  immed ia te  e f fe c t s  o f  t he 

Bur rell  Lap i l l i  were i n terpre t ed a t  Po t aema and to  a lesser  ex t en t  a t  

Manganui  bog . The  res i l ience o f  t he i n d i genous vege t a t ion i s  abundan t ly 

demons t ra t ed a t  all  s i tes . Th is  has ensu red that  des p i te  repea t ed 

depos i t i on o f  t e phra  over the las t 4000 years , lowland fores t s  have 

remai ned fai rly  s t able un t i l  t he las t 400 years . Adj us tmen t of wa t e r  

levels fol low i ng tephra depos i t ion i n t o lowland swamps i s  i nd i ca t ed . 

Lahars channel led down r i vers  al tered drai nage pa t terns a t  lowland 

swamps . One lahar was examined . In the  succes s i on on the  new s u r face  

Pseudopanax and Cya t hea were impo r tan t . 

No changes i n  the fo res t s  on the  eas tern pla i ns could be 

a t t r i bu t ed to Maor i s . On the wes t , ev i dence o f  pre-European f i res  and a 

r i se i n  P te r i d i um was found a t  on ly one s i te . Lack of sui table  s i t es 

nearer the coas t was a d i sadvan tage . All  s i tes inves t i ga ted have 

ev i dence of European clearance and s e t t lemen t . High al t i t ude  s i t es 

rece iv ing reg i onal  pollen con ta in  a record o f  c learance on the  r i ng 

pla i n . Removal o f  t he indigenous fores t in wes tern Taranaki t ook 

a pprox ima tely 1 50 years . Fores t pro tec t ed in the Egmon t Na t i onal Park  

s i nce 1900 provi ded s i tes  for  th is  s tudy . Lowland s i tes were i n  places 

uneconomi c  t o  d r a i n . Fores t c learance has c rea ted new 

s wamps . Drai nage of r i ng plain  swamps has created  pas ture . Early  s e t t lers  

expe r i enced d i f f i cu l ty i n  con t r o l l i ng regrow t h . Th i s  i s  no t so apparen t 

a t  more  recen t ly c leared s i tes . The presen t ex t en t  of  the i nd i genous 

f o res t and s c rub  in wes tern Taranaki i s  shown on a full s cale map 

( Volume I I ) .  
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Changes i n  the pol len spec t rum o f  Asca r i na , an ind i ca t o r  o f  equable  

c l i ma t e ,  s how that  t he cl ima t e  o f  wes tern Taranaki was  f ros t and 

d r ough t f r ee be tween 4000 and 1 400 yr  B . P . Af t er 1 400 yr B . P .  a 

d e t e r i o ra t i on to  a d rough t prone c l i ma te  occur red and las t ed for  abou t 

1 000 year s . Du r i ng t h i s  per iod r i ng p lain swamps appear t o  have become 

d r ier  and vege t a t ion zones on Moun t Egmon t moved upslope . Abou t 400 y r  

B . P .  r a i n f a l l  became more evenly d i s t r i bu ted and fros t s  more f requen t 

and or more severe . A t t h i s  t i me We i nmannia  appeared for the  f i rs t  t i me 

a t  some s i t es and i ncreased in p rominence at a l l  s i t es . I t  is very  

common i n  the  Moun t Egmon t fores t s  today .  Th is  pers i s tence  o f  a seral  

s pec ies is  a t t r i bu t ed to  t he var i ab i l i ty o f  t he modern c l i ma te and the  

con t inu i ng ava i lab i l i ty o f  newly exposed ground due par t ly t o  

c l ima t e , pa r t ly to  recen t pyroclas t i c  f lows in  t h i s  v i c in i t y . 

The grea tes t change i n  the vege t a t i on o f  wes tern Taranaki i s  no t 

however , due to  volcan ic  ac t i v i ty , c l i ma t i c  change or Mao r i  occupa t i on 

bu t is due to European se t t lemen t in  t he l as t 150 years . 
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APPENDIX 1 BOTANICAL NOTES 

The fol lowi ng notes explain the procedures adopted w i t h re ference 

to the naming of plan t s  in the various chap ters of thi s t hes i s . Fami ly 

names (Hut chinson 1 9 7 3 )  have been used here because they are s t i ll in  

curren t use and occur in  mos t of the references used . At the f i rs t  

appearence o f  a plant i n  the tex t  ( Chap t e r  1 )  the mos t commonly used 

name i s  g i ven f i r s t  followed by the La t i n  name in bracke t s . Common names 

may be e i ther Maor i ,  European or a comb ina t i on of bo th . Subsequen t ly 

only common names are used except in ( 1 . 7 . 2 . ) when i t  was cons ide red 

thi s could be con fus i ng . In chap ters 2-7 l a t i n  names have been used 

throughou t .  Common names are taken from Poole and Adams ( 1 96 3 ) . 

LI ST OF COMMON NAMES .  

Common Name 

Hange hange 
inanka 
kaikamako 
kaikawaka 
kamah i 
kanuka 
karaka 
kohekohe 
kumara 
mahoe 
makomako 
mangaeo 
manuka 
mapou 
ma t a i  
nikau 
pa t e  
poroporo 
puhu t u t kawa 
puka t ea 
pu t a pu t aweka 
pur i r i  
rangi o ra 
r a t a  
raukawa 
raurekau 
r i mu 
taw a 
t i  
t i t oki 
toi t o i  
toro 
to tara 
beech 
bracken 

Lat i n  Name 

Gen i os t oma ligus t r i f o l i a  
Dracophyllum f i l i fol i um 
Pennan t ia corymbosa 
Li boced rus bidwi ll i i  
Vei nmanni a  racemosa 
Lep tospermum scopar i um 
Corynocarpus laeviga tus 
Dysoxylon s pectabile 
I pomoea batatas 
Mel i cytus ram i florus 
Ari s totelia serrata 
Li t sea cal i caris  
Lep tospermum ericoides 
Myr s ine aus t ral i s  
Prumnopi tys tax i fo l i a  
Rhopalos tyli s  sapida 
Schefflera d igi tata 
Solanum avi culare 
Me t ros ideros excelsa 
Laureli a  novae-zeland i ae 
Carpode tus serratus 
Vi t ex lucens 
Brachyglot t is repanda 
Met ros ideros spp.  
Pseudopanax edgerleyi 
Coprosma grand i folia 
Dac rydium cupress inum 
Be i lschmied i a  tawa 
Cordyline aus t ral i s  
Alec t ryon excelsus 
Cor taderia fulvida 
Myrs ine sali cina 
Podocarpus totara 
No thofagus spp . 
Pt eridium aqu i l inum 



b roadleaf 
f lax 
f i ve f i nger 
fuchs i a  
Hall ' s  totara 
leat herwood 
moun tain tauhi nu 
moun tain t o a t oa 
moUn tain t u t u  
n i ggerhead 

Griselinia l i t toral i s  
Phormium tenax 
Pseudopanax arboreus 
Fuchs i a  excor t i ca t a  
Podocarpus halli i 
Brachyglo t t is  elagn i folia 
Cass inia vauvi lliers i i  
Phyllocladus glaucus 
Cor i ar i a  plumosa 
Carex secta 

p i nk p i ne 
red tussock 
shin ing broad leaf 
s i lver beech 
s i lver pine 
swamp mai re 

Halocarpus bi formi s 
Chionochloa rubra 
Griselinia luc ida 
No thofagus menz i es i i  
Lagaros t robos colensoi 
Syzygium mai re 

t ree rata 
wine berry 

He t rosideros robus ta 
Aris to telia serrata 

LIST OF NAHE CHANGES SINCE 1 9 6 1- 1 982 

New Name 

Brachygl o t t i s  e laegni folia 
Chi onochloa rubra 
Coprosma grand i folia 
Cor t ader i a  fulv i da 
Dacrycarpus dacryd i oides 
Empod isma m i nus 
Freycine t ia bauer i ana 
var . banks i i  
Gen i os t oma rupes t re 
var . crassum 
Halocarpus b i dw i l l i i  
Halocarpus b i formis 
Lagaros t robos colensoi 
Leucopogon f rase r i i  
Nes t egi s 
Phy l locladus asplen i folius 
var . alp i nus 
Prumnopi tys fer ruginea 
Prumnopi tys taxi fol i a  
Pseudopanax s i mplex 
var . s incla i r i i 
Syzygium ma i re 

Dis carded Name 

Senecio elagni fol ius 
Dan thonia raoulia var . rubra 
Coprosma aus t ral i s  
Arundo fulvida 
Podocarpus dacryd ioides 
Caloraphus minor 
Freyc i ne t i a banks ii 

Gen ios toma ligus tri fol ium 

Dacryd ium bi dwi l l i i  
Dacryd ium bi forme 
Dacryd ium colensoi 
Cyathodes frase r i i  
Olea 
Phyllocladus alpinus 

Podocarpus fer rugineus 
Podocarpus spica tus 
Pseudopanax si mplex 

Eugen ia ma i re 
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Code Key 

ACA H 
ALE T 
ALN T 
ANA F 
ANI H 
ASC T 
AST H 
BLE F 
CAP T 
CAR H 
CAS S 
CAY H 
CHE H 
CIR 0 
COD T 
COH S 
CON T 
COP S 
COR S 
CRU H 
CUP 0 
CYA F 
CYD F 
CYH F 
CYO S 
CYP H 
DAC 0 
OAP T 
DCP T 
DIC F 
DOD T 
ORA S 
DYS T 
ELA T 
ELY 0 
EPI H 
EUP H 
FRE 0 
FUC T 
GAL H 
GAU S 
GEN S 
GET H 
GLE F 
GRA H 
GRI T 
GUN H 
HAL H 
HBI S 
HEB S 

LIST OF POLLEN TAXA IDENTIFIED 

Name 

Acaena 
Alect ryon 
Alnus 
Anartho p t e r i s  
Anisotme 
As cari na 
As telia  
Blechnum 
Carpodetus  
Car ex 
Cass i n i a  
Caryophyl laceae 
Chenopod i aceae 
C i r s i um t ype 
Cordy l i ne 
Compos i tae 
Corynocarpus 
Coprosma 
Cor i a r i a  
Cruc i fe rae 
Cupressus ( exo t i c )  
Cya thea smi t h i i type 
Cya thea dealbata 
Cyathea medullaris 
Cya thodes 
Cyperaceae 
Dac tylan t hus 
Dacrycarpus dacryd i oi des 
Dacry d i um cupressinum 
Di ckson i a  
Dodonaea 
Dracophyllum 
Dysoxylon 
Elaeocar pus 
Ely t ran t he 
Epi lo b i um 
Euphras i a  
Freyci ne t ia 
Fuchs i a  
Gali um 
Gau t he r i a  
Gen i os t oma 
Gen t i ana 
Glei cheni a  
Gram i neae 
Gr i sel i n i a  
Gunner a 
Haloragi s  
Halocarpus b i dwi l l i i  type 
He be 
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HED T Hedycarya 
HI S F H i s t iopteris 
HYH F Hymenophyllum 
KNI T Kni gh t ia 
LAG s Lageros t robos colensoi t ype 
LAU T Laurelia 
LEP T Lep t ospermum 
LIB T Li bocedrus 
LOP s Lophomyr tus type 
LYB 0 Lycopod ium b i l lard i eri i 
LYC 0 Lycopod ium 
HAC s Hacropi per 
MAl T Halvaceae 
MAR F Harra t i a  
HE! s Hel i cope 
HEL T Hel i cy tus 
HER T He t rosideros robus ta 
HET 0 Het ros i deros 
MOL F Honolete fern s pores 
HON H Honoco tyledon 
HR! H Hyr i ophyllum 
HTR T Hyr taceae 
HUE 0 Huehlenbeckia 
HYO T Hyoporum 
HYR s Hyrsine 
NES T Nes tegis 
NOF T No thofagus fusca group 
NOM T No thofagus menz i es i i  
PAN s Panax group 
PAR s Para t roph i s  
PAS 0 Parsonsia 
PEN T Pennan t ia 
PCO s Pseudopanax colensoi 
PFE T Prumnopi tys ferrugi neae 
PHA T Podocarpus hal l i i 
PHL T Phyllocladus 
PHO H Phormium 
PHY 0 Phyma todes 
PIN 0 Pinus ( exo t i c )  
PIT T Pi t tosproum 
PLA 0 Plantago 
POD T Podocarpus 
POT H Po tamage ton 
PRA H Pra t ia 
PSE T Pseudowintera 
PTA T Prumnopi tys t ax i folia 
PTE F P t er i d ium 
PTO T Podocarpus to tara 
PYR F Pyrrosia 
QUI T Qui n t inia 
RES H Res t i onaceae 
RHO T Rhopalos tyl i s  
RI P 0 Ri pogonum 
RUB 0 Rubus 
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RUN H Rununculus 
SHE T Sche f f lera 
SOP T Sophora 
STE H S te l lar ia  
SYZ T Syzygium mai re 
TAR 0 Taraxacum 
TEP 0 T e t rapathaea 
TET s Te t rad 
TUP 0 Tupe ia  
TYP M Typha 
ULE 0 Ulex  europaeus ( exo t i c )  
UMB H Umbel l i f e rae 
YE! T Yeinmanni a  

Three l e t t e r  code used i n  compu t e r  programs f o r  pol len  t axa . 

L i f e  form code T = Tree , S = Shrub , H = Herb , F = Fern , M = M i re plan t 

0 = Other  = Exo t i c ,  Epi phy t es , L i anes , Paras i tes and D i s tant  pollen . 
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