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ABSTRACT 

In the Catlins Ecological Region of south-east Otago, New 

Zealand, Nothofagus menziesii is present as a continuous body 

of forest surrounded by other vegetation types lacking Nothofagus, 

and as a number of relatively small stands isolated within other 

vegetation types. 

The structure of most Nothofagus communities in this area 

has not been previously described, and little was known of 

N. menziesii ecology, especially at the interface between 

vegetation types. 

This study was undertaken to describe Nothofagus communities 
and adjacent vegetation types, to determine the characteristics 

of the interface, and to define the factors which control the 

seed dispersal, establishment and growth of N. menziesii. 

An account is given of post-Pleistocene changes in 

N. menziesii forest distribution and extent. 

A systematic survey of nine sites was undertaken, 

encompassing the al~itudinal and geographical range of N. menziesii 

in the region, and examples of interfaces with different vegetation 
types. Information was recorded on flora, species population 

structure, vegetation structure, soil depth and major nutrient 

levels, and site physical characteristics. 

Vegetation types were defined by classification analysis of 

species and sample plots~ and by comparison of other sample plot 

characteristics. They were compared with similar types described 

by other authors elsewhere in New Zealand. 

Density of seed fall, seed weight, soundness and viability 

were recorded at intervals up to 250 m from the boundary of 

Nothofagus and adjacent forest types at two sites. 
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Seedling densities were recorded at six sites to determine the 
effects of altitude, slope, aspect, vegetation cover and substrate 
composition on establishment. Seedling mycorrhizal status was 
investigated. 

Germination and establishment of N. menziesii were tested in 
soils from Nothofagus, Weinmannia-Metrosideros and podocarp forest 
types. 

Seedling establishment was investi~ated on four soil horizons 
and under four shade regimes. 

N. menziesii growth rates were determined by counts of annual 
growth rings on seedling stems and increment cores from trees 
~ 10 cm dbh. The effects of site location, physical and vegetation 
characteristics on growth rate were assessed. 

The population structure of N. menziesii was compared between 
vegetation survey sites and between different altitudes. Overall 
population structure was described. 

It was concluded that during a period of post-Pleistocene 
podocarp dominance Nothofagus menziesii was displaced inland and to 
higher altitutdes, but began to replace podocarp forest after 
c. 4000 yr BP. The extent and distribution of N. menziesii forest 
were not substantially altered by Polynesian or European man. 

N. menziesii adjoins at least five different vegetation types 
in the study area. It can establish in all five, and is displacing 
them except on relatively warm, fertile or wet sites. 

Spread of N. menziesii forest occurs by slow marginal expansion 
and by localised establishment at distance of up to 6 km from parent 
trees into other vegetation types. 

Viable seed can disperse at least 250 m·from its source by 
means of wind and gravity alone. Seedling establishment is 
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APPENDIX I 

Aerial photographs covering the study area. 

TYPE RUN NUMBER 

Colour S/N C 5106 

Monochrome 1586-1591 

SCALE 

1:38 000 

1:21 000 

1:65 000 

(approx.) 

DATE 

1977 

1958 

(Held at the Department of Lands and Survey, Dunedin) 
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APPENDIX II 

Soil profile descriptions (N.Z. Sbil Bureau 1968) 

Pukepahi Hill Soils: 10 cm blackish partly decomposed litter 
15 cm dark grey brown crumb structure friable 

silt loam 
40 cm pale yellow brown blocky firm silty 

clay loam 
Natural nutrient status low to very low 

Owaka Hill soils: 15 cm dark grey brown nutty structured friable 
silt loam. 

25 cm yellow broWn mottled orange blocky 
structured stony friable silt loam 

Natural nutrient status medium 

Tawanui Hill Soils: 10 cm pale brown crumb structure friable 
silt loam 

20 cm yellow brown blocky structure stony 
friable silty clay loam on pale yellow 
brown stony silt loam 

Natural nutrient status low 

Hinahina Hill Soils: 15 cm dark brown crumb structured friable 
peaty silt loam 

13 cm pale yellow brown nutty structured 
friable stony silt loam on yellow 
stony loam 

Natural nutrient status very low 

Tautuku Soils: 1 cm dry litter 
13 cm dark reddish brown partly decomposed litter, 

very moist firm somewhat turfy, moderately 
developed crumb structure 

31 cm dark reddish brown moderately decomposed 
organic matter, friable, very moist, 
weakly-developed fine to medium crumb 
structure 

5 cm very dusky red strongly decomposed organic 
matter, very moist, friable, moderately 
developed medium to fine blocky structure 

5 cm yellowish brown silt loam, friable, weakly 
developed fine to medium blocky structure 

13 cm dark brown silt loam, firm, moderately 
developed medi urn to coarse blocky structure 

10 cm dark brown heavy silt loam, firm, weakly 
developed medium blocky structure 

1 cm iron pan 
10 cm reddish yellow to brownish yellow heavy 

silt loam, massive to weakly developed 
medium to fine blocky and coarse platy 
structure on pale yellowish brown silt 
loam 

Natural nutrient status very low 



319 

Hinahina Soils: 31 cm dark reddish b~own peaty loam 
· 5 cm dark brown peat~stained silt loam 

8 cm platy yellow iron stained blocky heavy 
silt loam, firm, on brownish yellow silty 
clay loam 

Natural nutrient status very low 
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APPENDIX IV 

Diameter (cm), growth rate (mm diam/year) and age (years) of 

Nothofagus menziesii stems of known age from all study sites. 

diam. growth age diam. growth age 
rate rate 

7.0 1.88 33 .. 26.0 0.61 158 
8.0 3.25 37 26.0 3.49 129 
9.0 0.79 68 26.0 4.01 91 
9.0 0.98 41 27.0 0.36 126 

10.0 0.67 86 27.0 3.55 88 
10.0 1.47 53 27.0 1. 52 157 
10.0 0.39 lOO 27.5 2.20 130 
10.0 0.72 56 28.5 3.45 71 
10.0 0~48 120 28.5 0.30 224 
11.0 1.30 56 28.5 2.30 66 
11.0 1. 90 86 29.0 1.45 173 
11.0 1.11 97 30.0 0.73 176 
11.5 2.02 45 30.0 3.36 156 
11.5 2.25 63 31.5 2.46 54 
12.0 1.15 77 32.0 4.93 72 
12.D 2.38 68 32.0 0.70 117 
··1·2~·Yj~ 1.38 63 32.0 0.82 255 
12.0 2. 91 60 32.5 1.38 142 
12.5 1.00 49 33.0 5.00 95 
12.5 1.54 80 35.0 4.27 73 
12.5 1.11 145 35.0 0.55 262 
13.0 1.38 56 36.0 4.21 102 
13.0 1.09 61 36.0 1.04 352 
14.0 1. 70 80 37.0 0.84 201 
14.0 0.68 140 37.0 0.38 257 
14.0 0.76 101 37.5 0.95 214 
14.5 0.80 96 38.0 4.60 102 
15.0 1. 76 96 38.5 4.39 69 
15.0 1.00 128 39.0 1.62 129 
15.5 2.19 69 40.0 7.04 75 
16.0 1.16 90 40.0 2.14 215 
16.0 0.55 96 41.5 6.87 64 
16.0 1.34 69 44.0 7.41 76 
16.0 3. 73 60 44.0 0.55 279 
16.5 0. 50 148 44.5 0.70 279 
17.0 1.08 120 44.5 1.28 217 
17.0 2.25 82 45.0 3.31 141 
17.0 5.13 75 45.0 0.34 187 
17.5 3.30 63 45.5 3.43 65 
18.0 1.98 113 45.5 2.38 178 
18.0 0.94 190 46.0 2.34 120 
18.5 2.30 73 47.0 2.22 178 
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diam. growth age diam. growth age 
rate rate 

19.0 1.07 162 47.0 1.96 204 
19.0 2.96 76 47.0 7.48 68 
19.0 1. 98 117 .. 47 .5 4.54 60 
19.0 1.81 151 49.0 3.97 110 
19.5 0.59 158 50.0 4.67 155 
20.0 2.96 63 51.0 0.68 204 
20.0 1.65 89 51.0 1.31 153 
20.5 0.83 73 52.0 1.08 180 
21.0 2.28 64 53.0 0.92 183 
21.5 0.64 98 55.5 3.52 190 
22.0 1. 37 66 56.0 2.75 165 
22.0 1.19 102 56.0 2.29 128 
22.5 1.63 124 56.5 5.17 126 
23.0 0.45 94 57.0 8.52 63 
24.0 4.39 53 59.5 2.35 168 
24.0 2.27 107 62.0 0.89 301 
24.5 1.20 120 66.0 0.57 203 
24.5 2.41 148 66.0 4.19 163 
25.5 2.98 132 76.0 2.67 177 
25.5 4.25 77 80.5 1.01 166 
26.0 2.02 113 



APPE!lDIX V 

Frequency (%) of species by vegetation type, Sites 1, 2, 3, 5, 6, 7 and 9. 
SB =Sphagnum bog, CS = Cassinia scrub, BF = Dacrydium bog forest, NF = Nothofagus forest, WNF = Weinmannia-Metrosideros forest. 

SITE 1 SITE 2 SITE 3 SITE 5 SITE 6 SITE 7 SITE9 
-

SE CS llF NF NF Wl~F NF W!-lF NF Wl·lF ~F vn~• i~F' Wl-lF NF WNF 
-----

TREES 

Ar:i..stotelia serr?~ta 9.1 10.0 16.7 50.0 
Carpodetus serratus 12.5 37.5 18.2 63.6 90.0 10.0 40.0 + 50.0 50.0 
Dacrydium biforme + 87.5 5CJ.O 54.5 55.6 5.0 

D. cupressinum + 25.0 12.5 18.2 5.0 10.0 + + + 25.0 16.7 

Fuchsia excorticata 10.0 - 33.3 75.0 
Griselinia littoralis + + 87.5 87.5 100.0 100.0 100.0 90.0 80.0 90.0 + + + + 83.3 66.7 
Leptospermum scoparium + 37.5 12.5 9.1 

Libocedrus bidwil1i 54.5 77.8 36.4 5.0 

Me1icytus ramif1orus 16.7 
Metrosideros umbe1lata 62.5 37.5 100.0 100.0 54.5 80.0 80.0 70.0 + + + + 16.7 
Nothofagus menziesii + 12.5 100.0 100.0 77.8 100.0 40.0 100.0 4o.o + + + + 100.0 16.7 
Pennantia corymbosa 25.0 58.3 
Phyllocladus a1pinus + 45.5 100.0 45.0 60.0 + + + 

Pittosporum eugenioides 5.0 30.0 8.3 8.3 

P. tenuifo1ium 9.1 10.0 5.0 30.0 

Podocarpus ferrugineus 50.0 9.1 44.4 9.1 10.0 50.0 4o.o + + + + 41.7 25.0 

P. hallii + 100.0 62.5 81.8 100.0 75.0 70.0 + + + + 16.7 25.0 
P. spicatus 16.7 8.3 
Pseudopanax colensoi 37.5 36.4 44.4 90.9 70.0 30.0 50.0 + + + + 25.0 16.7 
P. crassifolius 72.7 50.0 35.0 20.0 + + + + 41.7 16.7 
P. edgerleyi 58.3 75.0 
P. simplex + 100.0 lCC\.0 100.0 100.0 100.0 90.0 100.0 100.0 + + + + 100.0 83.3 
\·lcinmannia ra.ce:nosa 62.5 3'. ~ 90.9 J_OO.O 81.8 90.0 95.0 100.0 + + + + 91.7 100.0 

w 
N 
w 



SITE 1 SITE 2 

SB CS BF' lW NF' HI~F 

"~:?.UBS 

nssinia vnuvilliersii + + 12.5 

oprosma areolata 

. astonii + + 100.0 87.5 90.9 100.0 

. brunnescens + + 

. ciliata 

I 
25.0 25.0 

. colensoi 87.5 75.0 100.0 100.0 

foeti di ss ima + 100.0 100.0 90.0 100.0 

. lucida 

. parviflora 12.5 

. po1ymorpha 50.0 12.5 11:1 

. propinqua + 12.5 50.0 9.1 11.1 

. rot undi folia 

racophy1lum 1ongifo1ium + 25.0 25.0 

aultheria antipoda + 22.2 

ebe salicifo1ia + 12.5 

e1icytus lanceo1atus 

yYsine australis 

. di varicata + 100.0 37.5 90.9 66.7 

eomyrtus pedunculata + + 50.0 12.5 

learia arborescens 

0 . ilicifolia + 12.5 

ernettya macrostigma + + 

seudowintera colorata + 50.0 25.0 33.3 

lANES 

c 1ematis paniculata 

etrosideros diffusa 

uehlcnbcckia australis 

f ccrsonsia heterophylla 12.5 

!\ ubus cissoides 25.0 9.1 

SITE 3 SITE 5 SITE 6 

:r: WMi' N!' · .. r.,l!' Ni' \-!!'!~ 

63.6 50.0 45.0 60.0 + 

12.7 30.0 

63.5 100.0 95.0 100.0 + .+ 

100.0 100.0 100.0 100.0 + + 

10.0 

10.0 

100.0 100.0 30.0 

9.1 

9.1 20.0 

10.0 5.0 30.0 

18.2 30.0 10.0 30.0 + 

54.5 50.0 70.0 + + 

5.0 

10.0 

81.8 70.0 40.0 + 

16.2 60.0 10.0 

5.0 

o5.5 40.0 40.0 

SITE 7 

NF · .. aw 

+ + 

+ + 

+ + 

+ + 

+ 

+ + 

+ + 

+ 

SITE 9 

NF \~';·i!: 

8.3 

75.0 75.0 

91.7 91.7 

25.0 

100.0 83.3 

41.7 58.3 

8.3 16.7 

66.7 50.0 

8.3 

66.7 83.3 

8.3 

33.3 66.7 

1G.7 

16.7 8.3 

58.3 50.0 

w 
N 
~ 



.p-.~~ ... 

J 

J 

J 

L 

SB 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

SI~r~·. 

CS ;)? NF 

+ 

25.0 

+ 

+ 

+ 

+ 50.0 12.5 

+ 25.0 

+ 

+ 12.5 

+ 

+ 

12.5 

25.0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

"+. 

12.5 

+ 87.:.. 62.5 

SP1.'2 2 SITS 3 

NF \.JJ>lF NF '.-IMF 

36.4 44.4 27.3 20.0 

27.3 9.1 

36.4 27.3 10.0 

' 

27.3 66.7 

18 . .2 ,,4 .4 

SI'r£ 5 SI'rE 6 

NF Wl·IF NF WMF NF 

20.0 80.0 + 

5.0 10.0 + + 

15.0 10.0 + + 

20.0 

I 
I 

10.0 

5.0 40.0 + + 

SI'l'E ·r 

WM:C 

+ 

+ 

+ 

+ 

Sl'l'E 9 

NF WJW 

8.3 33.3 

25.0 8.3 

16.7 8.3 

8.3 

w 
N 
U1 



A 

B 

B 

B 

B 

B 

--

ertera depressa 

ertera dichond!·nefolin 

hormium tenax 

oa colensoi 

otamogeton chcesemanii 

anunculus hirtus 

. rivularis 

ytidosperr:1.a e:racilc 

cirpus aucklandicus 

enecio wairaue:1sis 

te11aria parvif1ora 

ncinia angustifolia 

. banksii 

. clavata 

fili fermis 

. rubra 

. uncinata 

. sp. 

io1a filicaulis 

ER!!S AND FERN ALLIES 

sp1eniu~ bulbiferum 

fa1catum 

. flaccidum 

1echnum capense 

. disco1or 

. nuviatile 

1anceo1atum 

. minus 

. pcnn"~-r:mrina 

t:l 

SITE 1 SITE 2 
\-------------- --

SB CS BF !IF NF WMF 
-

27.3 44.4 

62.5 100.0 100.0 100.0 

+ + 25.0 

+ 

+ 

25.0 

+ + 

+ + 

+ 

+ 12.5 

+ 25.0 

+ 50.0 75.0 36.4 55.6 

9.1 22.2 

9.1 11.1 

+ 

+ 87.5 5.0 9.1 

+ 12.5 12.5 

I + 12.5 

I 

62.5 87.5 100.0 88.9 

+ 87.5 12.5 18.2 33.3 

+ 12.5 

+ + 100.0 62.5 90 .. 0 100.0 

+ + 12.) 12.5 

SITE 3 SITE 5 SITE 6 

Nf WJ-IF NF WJ.IF NF WMF 

18.2 10.0 10.0 10.0 + + ·• 
100.0 90.0 85.0 70.0 + + 

54.5 20.0 50.0 

63.6 70.0 + + 

36.4 50.0 20.0 

27.3 10.0 5.0 20.0 

9.1 10.0 

40.0 30.0 

54.5 90.0 85.0 90.0 + 

20.0 

100.0 70.0 20.0 70.0 + + 
45.5 70.0 5.0 40.0 

10.0 

81.8 60.0 60.0 60.0 + + 

SITE 7 

NF \vNF 

+ + 

+ + 

+ 

+ 

+ + 

+ + 

+ + 

SITE 9 

!IF WHF 

16.7 16.7 

83.3 91.7 

66.7 83.3 

41.7 16.7 

91.7 91.7 

83.3 83.3 

25.0 50.0 

50.0 33.3 

w 
N 

"" 



SB 

SITE 1 _---~----S-I~~_;;_ 
CS iJF NF NF 0Mr 

-------------~ 

Cyathea smithii 37.5 12.5 

Dicksonis squarrosa 25.0 I 90.9 n.8 

G1eichenia circinata 12.5 

G. cunnirtehamii + 12.5 62.5 

Grm:uni tis billardieri + 87.5 75.0 100.0 100.0 

G. heterophylla + 50.0 25.0 63.6 33.3 

Histiopteris i~cisn + 12.5 50.0 9.1 

!::.1oenophyllum bi ·ra~ ve 37.5 25.0 90.9 88.9 

H. demissum + 25.0 50.0 54.5 55.6 

H. dilatatum 

H. flabella turn 37.5 100.0 88.9 

H. flexuosum 25.0 9.1 

H. multifidum + 100.0 100.0 72.7 55.6 

H. pu1cherrimum 9.1 11.1 

H. rarum 87.5 25.0 100.0 100.0 

H. revolutum 50.0 37.5 54.5 66.7 

H. sanguino1entu~ + 25.0 50.0 54.5 22.2 

Hypo1epis mi11efo1ium + 12.5 

H. rugosula 

Lycopodium fastigiatum + + 12.5 

?hymatodes diversifolium 12.5 12.5 I 54.5 22.2 

Po1ystichum vestitum + 87.5 62.5 . 27.3 

Pyrrosia serpens 

Rumohra adiantiformis I I 9.1 

R. hispida 

Tmesipteris tannensis I 25.0 9.1 22.2 

Todea hymenophylloides 

:. superba I + 62.5 I 11.1 

Trichomanes venosu::1 

----,--

SITE 3 SITE 5 
!-- -1----" 

NF WMF tiF WI·IF 

1-· 

63.6 70.0 70.0 

9.1 10.0 20.0 70.0 

90.9 100.0 95.0 80.0 

45.5 30.0 55.0 30.0 

30.0 5.0 20.0 

9.1 20.0 45.0 20.0 

9.1 55.0 30.0 

40.0 25.0 30.0 

40.0 

36.4 20.0 90.0 70.0 

10.0 75.0 80.0 

10.0 70.0 

81.8 90.0 60.0 90.0 

10.0 

54.5 60.0 15.0 30.0 

72.7 80.0 5.0 50.0 

9.1 

5.0 

10.0 2). 0 30.0 

10.0 

10.0 

SITE 6 SITE 7 

NF WMF NF WJ.IF 

+ + + 

+ + + 

+ ,+ + + 

+ + 

+ 

+ 

+ + + 

+ + + 

+ + + 

+ 

+ + + + 

+ ! + + 

+ + + + 

+ + + + 

+ + 

+ + 

+ 

+ + + 

+ 

SITE 9 

NF W:•IF 

66.7 91.7 

83.3 91.7 

75.0 41.7 

8.3 8.3 

16.7 16.7 

8.3 33.3 

8.3 

16. 7· 33.3 

58.3 33.3 

16.7 

91.7 66.7 

75.0 83.3 

8.3 

91.7 83.3 

33.3 41.7 

8.3 

50.0 83.3 

25.0 41.7 

33.3 50.0 

16.7 16.7 

58.3 91.7 

w 
N 
--.] 
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APPENDIX VI 

Altitudinal distribution of species, 

Sites 4 (left column) and 8 (right column). 

ALTITUDE (m) 

123 185 246 308 370 431 493 554 

TREES 

Aristotelia serrata 
Carpodetus serratus 
Dacrydium cupressinum 
Fuchsia excorticata 
Griselinia littoralis 
Metrosideros umbellata 
Nothofagus menziesii 
Pittosporum eugenioides 
Podocarpus ferrugineus 
P. hallii 
Pseudopanax colensoi 
P. crassifolius 
P. simplex 
Weinmannia racemosa 

SHRUBS 

C. astonii 
C. ciliata 
C. colensoi 
C. foetidissima 
C. polymorpha 
C. rotundifolia 
Gaultheria antipoda 
Hebe salicifolia 
Melicytus lanceolatus 
Myrsine australis 
M. divaricata 
Neomyrtus pedunculata 
Pseudowintera colorata 

LIANES 

Clematis paniculata 
Metrosideros diffusa 
Muehlenbeckia australis 
Parsonsia heterophylla 
Rubus cissoides 

HERBS 

Astelia fragrans 
Cardamine debilis 
Chiloglottis cornuta 
Cirsium vulgare 
Corybas triloba 
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ALTITUDE (m) 

123 185 246 308 370 431 493 '554 

Earina autumnalis + + + 
E. mucronata + ++ ++ ++ + 
E:pilobium s:p. + 
Gahnia :procera + 
Gastrodia cunninghamii + 
Hydrocotyle americana + 
H. novae-zelandiae + 
Lagenifera strangulata + + 
Microlaena avenacaea ++ + + + + 
Nertera depressa + ++ + ++ ++ + 
N. dichondraefolia ++ ++ ++ ++ ++ ++ ++ ++ 
Ranunculus hirtus + + + 
Stellaria parviflora + + + 
Uncinia angustifolia ++ + + ++ + + + 
u. clavata ++ + + + + + 
u. filiformis + 
u. uncinata + 
Urtica incisa + + 
Viola filicaulis + 

FERNS AND FERN ALLIES 

Asplenium bulbiferum + + + + + 
A. flaccid urn ++ ++ ++ ++ ++ ++ ++ ++ 
Blechnum discolor ++ ++ ++ ++ ++ ++ ++ + 
B. fluviatile + + + + ++ ++ 
B. minus + ++ + ++ ++ + + ++ 
B. :penna-marina + + 
Cyathea smithii ++ ++ ++ + ++ + ++ 
Dicksonia fibrosa + 
D. sq_uarrosa + ++ ++ ++ ++ + ++ 
Grammitis billardieri +-t ++ ++ ++ ++ ++ ++ ++ 
G. heterophylla + + + ++ + ++ + 
Histio:pteris incisa ++ + ++ ++ + + 
Hymeno:phyllum bivalve + + ++ + + .+ ++ 
H. demissum + + + + 
H. dilatatum + + 
H. flabellatum + ++ ++ ++ + + 
H. flexuosum + 
H. multifid urn ++ ++ ++ ++ + ++ ++ ++ 
H. rarum + ++ ++ + ++ ++ ++ ++ 
H. revolutum + ++ ++ ++ ++ ++ + 
H. sanguinolent urn + ++ ++ ++ ++ ·+ ++ ++ 
Hypolepis millefolium + + 
Phymatodes di versifoli urn ++ ++ ++ ++ ++ ++ ++ + 
Polystichum vestitum + + + + + ++ ++ ++ 
Pyrrosia serpens + + ++ ++ 
Rumohra adiantiformis + + ++ ++ + 
Tmesi:pteris tannensis + + ++ ++ 
Todea hymenophylloides + + + 
T. su:perba ++ + + + + ++ 
Trichomanes venosum + + + 




