





Portion of the official vertical aerial
photograph of the Waiho Valley, showing sampling

Stages I to VI, and also "IX" and "X". (Talken
on 13th April, 1948; from 11,000' altitude.)



ITIL. : EXPERIMENTAL

III. 1. RECOGNITION AND DESCRIPIION OF SUCCESSION STAGES.

IIT. 1 (1) THE PRISERE.

, The prisere at Franz Josef has been recognised and
described by T.R. Detwyler*, to whom this author is greatly
indebted for much botanical and ecological information. The
first part of the prisere has been divided into six Stages
(denoted by Roman numerals) for this investigation, each of which
will be described below. Plate 2 should be consulted for exact
locations. Plant densities by species for individual commun-
itiesuhave been determined by the point-centred quarter method
(Cottham‘and'Curtis,¥1956) and the number of plants per hectare
of any species is shown in the following floristic lists. The
’number of rooting stems per square metre may be derived by
dividing by 104. Following the description of the Stages and
their commﬁnities short discussions will be made on the probable

succession in the area and the place of Corlaria at Franz Josef.

STAGE I.. Situated 100 m. due SE of the carpark, and 1% m.

above stream. Surface quite devoid of macro-organisms.

STAGE II.. About 250 m. due E of waterfall on W side of
valley, 200 m. S of kettle-hole near‘Park Rock. Approximately

-8 m. above river bed. Terrace gently sloping (30).

*Fulbright Scholar at Otago University during 1961.



Stratum O - 0.256 m. Raoulia tenuicaulis - 101,000

Epilobium glabellum - : 45,000
Poa novae-zealandiae s 58,000
Epilobium pedunculare 17,000

' (Parahebe linifolia - .
' +Carmichaelia grandiflora
+others.) 4,000

Total 205,000

The red alga Irentepohlia is very common on all rocks, and there

are many clumps of green Rhacomitrium moss. Other species

occasionally seen are Gunnera albocarpa and Aristotelia serrata.

The vegetation is distributed extremely discohtinuously and

large areas are virtually unaltered from Stage I.

STAGE ITI.. Flat river bed between Teichelmann and Strauchan

Rocks; 1 m. above gently flowing stream.

Stratum O - 0.25 m. Raoulia tenuicaulis 210,000
’ , . . Epilobium pedunculare 196,000
Olearia avicenniaefolia 125,000

Epilobium glabellum 89,000

Poa novae-zealandiae 30,000

Carmichaelia grandiflora 26,000

(Danthonia cunninghamii

+ Holcus lanatus

+ Dactylis glomerata

+ Hebe salicifolia

+ Helichrysum bellidiodes

+ others 44,000
Estimated moss cover = 20%

Total 738,000
There is one small patch of the prostrate Carmichaelia nigrans
var tenuig, and isolated individuals of Arundo conspicua and
Gaultheria rupestris. '

0.25 - 2 m. Carmichaelia gfandiflora 12,000
Danthonia cunninghamii 1,400
Olearia avicenniaefolia 1,300

Poa novae-zealandiae 500
(Holcus lanatus :

+ Dactylis glomerata

+ Coriaria arborea

+ several grasses) 1,400

Total 16,000




About 4 m. above old river bed.

Stratum

0 - 0.25 m.
0.25 - 2 m.

2 - 8 m.

Pterostylis australis
Carmichaelia grandiflora
Angelica montana
Pernettya macrostignma
Lycopodium fastigiatum
(Coprosma rugosa

+ Olearia avicenniaefolia
+ Haloragis spp.

+ Cyathodes fraseri

+ Poa novae-zealandia

+ Parahebe lyalliil

+ Hypochaeris spp.

+ Helichrysum filicaule
+ about a dozen others)

Total

530

High and level terrace S of Wilson Rock.

54,000
49,000
23,000
19,000
11,000

77,000
235,000

Carmichaelia grandiflora
Danthonia cunninghamii
Coprosma rugosa
Angelica montana

- Olearia avioennlaefolla

Coriaria sarmentosa
(Holecus lanatus

+ QOlearia arborescens

+ Lycopodium fastigiatum
+ Gaultheria rupestris/perplexa
+ Anthoxanthum spp.
+ Hebe subalpina

+ Hebe salicifolia)

Total

27,000
17,000
12,000
10,000
6,000
6,000

13,000
91,000

Coprosma rugosa

Carmichaelia grandiflora
Olearia avicenniaefolia

(Hebe salicifolia

+ Dracophyllum longifolium

+ Gaultheria rupestris/perplexa
+ Olearia arborescens)

Total

2, 200
800
1,500

300
4,800



STAGE V.. Lowest terrace NW of Strauchan Rock, only 1 m.

above the level of Stage III.

Stratum O - 0.26 m.

Haloragis spp.

Griselinia llttoralis
Coprosma lucida

Mazus pumilio

Coprosma rugosa
Phymatodes diversifolium
(Carmichaelia grandiflora
+ Corybas spp.

+ Pterostylis australis
+ Lagenophora pumila

+ Olearia avicenniaefolia
+ Hoheria spp.

+ Neopanax colensoi

+ Asplenium flaccidum

+ Angelica montana)

30,000
19,000
17,000
15,000
12,000

6,000

30,000

Total 129,000

There is also some Blechnum capense and Polystichum vestitum.

0025 ha 2 mo

2—8111»

Coprosma rugosa
Olearia av1cenniaeioi1a

" Coprosma lucida

Carmichaelia grandiflora
Phymatodes diversifolium
Danthonia cunninghamii
(Olearia arborescens

+ Griselinia littoralis
+ Neopanax colensoi

+ Angelica moAtana

+ Coriaria plumosa

+ Hebe subalpina)

Total

17,000

3 000(20%
dead or

2,300 dying.)

1,600

1,600

1,600

5,200
33,000

Olearia avicenniaefolia
Coprosma rugosa
Carmichaelia grandiflora
Hebe subalpina

Olearia arborescens less than

Total

16,000
6,000
5,000
2,000
1,000

29,000
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STAGE VI.. Terrace 3 m. above and due E of Stage V, due N

of Strauchan Rock.

Stratum O - 0.25 m. 'Mazus pumilio ‘ 16,000
Phymatodes diversifolium 10,000
Corybas spp. 8,000
Griselinia littoralis 7,000
Coprosme. lucida 6,000
Haloragis spp. 4,000

(Coprosma rugosa

+ -Neopanax colensoi

Carmichaelia grandiflora

Hebe subalpina

Coprosma spp. '
Pterostylis australia

Nertera dichondraefolia
Lagenphora spp.

Grammitis heterophylla

several others) 12,000

4+ttt

Total 63,000

0.25 - 2 m. Phymatodes diversifolium 18,000

Griselinia littoralis 4,000
- Coprosma rugosa 4,000
" " Coprosma lucida 4,000
Polystichum vestitum 4,000

(Neopanax colensoi

+ Schefflera digitata

+ Olearia arborescens

+ Pterostylis australis

+ Myrsine divaricata

+ Olearia avicenniaefolia

+ Asplenium flaccidum) 6,000

Total 40,000

2 - 8 m. Olearia avicenniaefolia 14,800(2% dying)
Coprosma rugosa 3,000(3% dying)
Carmichaelia grandiflora 3,000(3% dying)
(Gaultheria rupestris/ '
perplexa
+ Coriaria arborea) ' 600(Al11l dying)

Total 21,400

A number of general trends may be noted from these floristic
lists:

1. The Pioneers of Stage II are not known N-fixing plants,
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with the exception of the isolated and small individuals of

Carmiohaeiia. As in Alaska, their distribution is patchy and is

- the result of cb-incidenta; habitat and disseminule factors, as
previously explained. The red alga covers the rocks but probably
has no effect on soil formatidn, whereas the moss and Raoulia
may collect particles of wind-blown silt.

2: The Sub-pioneers of Stage III include the vigorous,
“bushy legume Carmlchaelia whlch grows here to a height of 1 m. .

Eventual dominants (Olearia avzcennlaefolla) make thelr first

appearance, very closely assoclated with 1nd1viduals of
Carmichaelia. Their.vigour seems directly prOpbrtional to their
radial distance from the root system of the Carmich@g;;g, showing
their dependence on the N being added to the Ecosystem by this
~ plant. v,Theteommunityrpresentsfa morevhomogenbus appearance,
though there'are stillvlarge clearings between groups of plants. |
3. The vegetation of Stage IV grows uhiformly to a height of
approximately 2 m., where Coprosma and Olearia are'becoming“ ’

- dominant. Carmichaelia, though still dominant in the middle

stratum, is suppressed and is not regenerating.
4. This process is accentuated through Stages V and VI, with

eventual upper stratum dominance'of‘Olearia, which is also‘not

regenerating. Young broadleaf (ggiseijJﬁaljttOralis) is becoming
common. Gérmichaelié is beihg‘eliminatédAfrom the prisere, and
there are no other (undisputed) N-fixers taking its place. Thus,
after only a very short time the bush is about 7 m. high, rather '
dense, and many mosses, ferns and lycopods are present. "The

sltuation is utterly unlike that obtalning in Stages I, IT and IIT.



III. 1 (2) FURTHER SUCCESSIONAL COMMUNITIES ON OLDER SURFACES.

Explorations of the area from Stage VI to the
terminal moraine in the company of other botanists* have
elucidated the probable continuation of the succession in this
region. Stages "VII" to "“X" have been tentatively recoghised
as a prelude to further investigations. The main vegetational
trends appear to be:
| 1. The diversification of species, with an increasing number
of Coprosma and Olearia spp. |

2. The intermediate dominance of broadleaf (Griselinia

littoralis) and fuschia (Fuschia excorticata).

3. The eventual development of a tiered forest structure

with Southern rata (Metrosideros umbellata) and kamahi

(Weinmannia racemosa) as upper-tier dominants; a lower tier of

‘Olearia spp, Griselinia, Carpodetus serratus, Schefflera digitata,

Myrsiné divaricata etc.; and a well-developed shrub layer over

the flora of the forest floor. - Occasional sapling Hall's

fotara (Podocarpus-hallii) and miro (Podocarpus ferrugineus)are
seen.
4. There is a deep humus layer on top of the mineral soil,

with local wet aress. The.dark undershrub conditions are'suitable

for the seedling development of rimu (Dacrydium cupressinum).
ﬂ~This Stage, tentatively shown as X on plate 2, is probably sub-
elimaxed.by-rising podoearp dominahce, with rimu, miro and‘Hail;s
totara in the canopy over 30 m. -. Rata and kémahi would be

“

relegateq to a sub-canopy at 20 m. . - N

<« ¥ pp. B, Wardle of DSIR Botany Division; Messrs A.H. Nordmeyer,
C.M,Kelland and C.0'Loughlin of the Fores% and Range Experiment
Station; and M —

1y of Llncﬁln College.
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A preliminary investigation of (the proposed) Stage IX, agaln
by the point-centred quarter method, yielded the following list
of species:

Stratum O - 0.25 m. Nertera dichondraefolia 60,000
Phymatodes diversifolium 30,000

Astelia nervosa 10,000
Neopanax colensoi 5,000
Clematis paniculata 5,000

(plus several others) 5,000
~ Total 110,000

0.256 - 2 m. Blechnum capense 16,000
Astelia nervosa 16,000
(Polystichum wvestitum
+ Coprosma c¢iliata
+ Coprosma propinqua
+ Melicytus ramiflorus
+ Phymatodes diversifolium
+ Neopanax colensoil) 14,000

Total 46,000

2 - 8 nm. Olearia avicenniaefolia : 600

Coprosma propingua 400
Schefflera digitata 400
Coprosma lucida 400
Coprosma ciliata 400
Myrsine divaricata 400

(Weinmannia racemosa

+ Fuschia excorticata

+ Carpodetus serratus

+ Neopanax colensoi

+ Blechnum capense

+ Coprosma colensoi

+ Metrosideros umbellata) 1,400

Total 4,000

Above 8 m, Metrosideros umbellata ‘900

Olearia avicenniaefolia 400(all dying)
Olearia ilicifolia 100(all dying)
Carpodetus serratus 100

- Some additional rough "grab" soil samples were taken from

. Stage "X" and two other older soils (under rimu-rata-kamahi) in



the district during December, 1962; when the analysis of samples‘
from Stages I to VI had been completed. The results are of
interest as they are indicative of possible nutrient levels for
‘older soils of the sequence, and will be discussed in a later

section..

III. 1 (3) THE PLACE OF CORIARIA AT FRANZ JOSEF.

7 . One. of the,most‘épectacularAbotahical features of the
Franz,Josef;region is the extensive growth and vigour of tutu
(Coriaria genus) on scree slopes of the valley walls, and as a
riparian community on the river. flats. Due to extensgive interf
specific hybridisation the taxénomics of the genus are indeter-
minate, but at’leaét‘four épecies of Coriaria have been identified

at Franz Josef - arborea, gsarmentosa, lurida and angustissima

(plumosa?)-. Unfortunately it was not possible to sample
Ecosystems including Coriaria, as the plants are generally found
rooted in water-washed silt between large talus boulders on |
steep‘slopes. The number, variéty and vigour of other spécies
ekisting within fhe Coriaria thicket (which may reach considerable
héights) bear witness to the N-fixing efficiéncy of the plant in

‘vsuch & harsh habitat. A11~plan£s examined were heavily nodulated
‘and tbeir'foliagé«ﬁas deep green and luxurious. The length of
their branch interncdes~sh9wed extremely rapid groﬁth;' many stems
elqngating mére than 60 cm. per annum.. 'vOne attempt was made to
sample the Hcosystem around an individual.cbriaria 30 cm. tall
growing about 20 cm. above a stream 5 m.'duéﬂw of Straﬁchan Roék.;

The gituation is not strictly comparable to the other pits samplgd‘ 
- - s o
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under Carmichaelia, for at least three reasons:

1. Running water may be adding nutrients to the Ecosystem.

2. There was much very fine mlcaéeous silt around the plant,
trapped by the Raoulia mat covering the boulders.

3. It is extremely difficult to determine accurately the
age of the surface and the plant itself.
However, as it is impossible to sample Coriaria on the steep
valley walls, and as the plant requires constant supplies of
water and will not grow under conditions of physiological
drought on the well-drained terraces, a compromise was reached
and the pit-site chosen with as much care as possible. Great
care should be éxercised when interpreting the results presented
for this pit sample, andbthey are to be regarded as only
indieativeuof theIEOSSiblé importaﬁce of Coriaria at Franz

Josef. Like Carmichaelia, Coriaria is eliminated from the

successional communities of the valley walls at an early stage,
although its arboreal habit allows longer persistence than

Carmichaelia. 1In view of the present widespread distribution

_of Coriaria throughout New Zealand where bare ground is exposed
and the water and nutrient regimes are satisfactory, it is very
probable that this plant was the major source of N in the soils
of the post-glacial era in New Zealand. If this is so its
importance in soil development in priseral successions cannot be
under—estimated; This viewpoint is sirongly contested by

Baylis (pers. comm.).
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III. 2 THE AGES OF SURFACES.

An accurate assessment of rates of change of soil
properties is impossible without positive knbwledge of the
surface ages. The retreat of the Glacier has been fairly
accurately charted over the years, making it relatively easy to
assign a maximum age to any given point on the river bed; but
unfortunately the river bed is made of terraces laid down by
the meandering Waiho River which are not necessarily related to
the position of fﬁ; terminal face. Estimations of surface ages

may thus become more in the nature of informed guesses.

STAGE I.. The area sampled lay close to a running stream
and was frequently covered by floods. An age of zero can be

confidently assigned to this-surface.

STAGE II..-The afea wés covered with water or ice in 1940 and
Suggate (1951) shows it covered with ice in 1951. Thus the -
maximum age is only 11 years. Photographs taken by the New
Zealand Geological Survey show that the terrace was not present
on éth January 1954, but was definitely present on 30th August
1956. Intermediate.phptographs are unfortunately not available.
Therefore, Stage II was not older than 7 years at the time of

sampling, and probably nearer 6 years.

STAGE III.. The actual sampling sites in Stage III, mostly
due W of Stfauchan Rock, have not been covered with ice for at
least 70 years, but the Waiho flowed between Teichelmann and
Park Rocké for a long time. When the lake .near Park Rock
emptied in 1949 (Buchanan, 1951) floods cataétrophically aitered
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thié‘surface, destroying any previous vegetation. This is
confirmed by Mf. Peter McCormack of Franz Josef (pers. comm.).

The maximum age is therefore only 13 yearéﬁ The R.N,Z.A.F.{aerial
photograph of 1st April 1953 shows the river covering a small
portion of the surface, but it was diverted shortly afterwards.

An age of 12 years will be assumed.

STAGE IV.. This level terrace S of Wilson Rock has a scarp
about 4 m. above the vallenyloor. Wilson Rock was first seen
in 1894-95 (Harper and Douglas, 1894), but the rock was an elusive
one and disappeared before 1910, to be exposed again in 1921
(Speight, 1921). Evidently vegetation established on the rock
from this time. HoweVer, Speight reported in 1934 that ".,.the
Glacier is pushing moraine over Wilson Rock, destroying plants
growing there éince 1921. | Only a small portion of the Rock, in.
the NW corner, is now visible.". Soon after this, rapid and
permanent retreat took place, and the terrace was smoothed by
water as the ice was removed. A maximum age of rather less than
30 years is indicated. The present terrace is a remnant of a
surface laid down c. 1935, much of which has been removed by the
water produced by the great retreat till 1946. Therefore, the

age of the surface is 25 years.

- STAGES V _AND VI.., ©Stage V occupies a small crescent-shaped
terrace 3 m. lower than, and to the W of, Stage VI, and is only
1 m. above Stage III. The whole area was definitely covered by
ice in 1867 (from a plate in von Haast's book), but was exposed

in 1894, according to Harper and Douglas. 'Hdwever, no sign of



the terraces can be seen in their photographs, and water is
still actively flowing around Strauchan Rock at this time.

Bell has included with his report some photographs, presumably -
taken near 1909, and one of these shows very clearly the two
terraces nowrcarrying Stages V and VI. Thus, they were not
present in 1894 (68 years ago), but were present in 1909

(53 years ago). A maximum age of 60 years is suggested. It
is thought that the Stage VI surface will not have been altered
by floods between Mueller and Strauchan Rocks, but Stage V could
easily have been so affected, and would appear to be a little
younger than Stage VI. The vegetation on Stage V has a mean
height of 5 m., and that of Stage VI 6-7 m. . Dr.P. Wardle
(pers. comm. )  suggests that a maximum growth rate of Qlearia

avicenniaefolia in that climate would be 6" (15 cm., ) pér annum.

Stage IV carries Olearia 2 m. high) Applying these figures

as a rough check gives an age difference from IV to V of 20 years,
and from IV to VI of 26 to 33 years. If Stage IV is 25 years
old; Stage V is 45 years old, and Stage VI 51 to 58 years. The
absence of further conclusive and accurate data based on
.observation of the terraces precludes better estimations. Thus,

Stage V will be regarded as 45 years old, and Stage VI 55 years.

Summary: The following ages in years are postulated for the

respective surfaces: Stage 1 ee. Nil
Stage II ‘e 6
Stage III1 . 12
Stage IV vee 25
Stage V evs 4D

Stage VI ce. 5Hb.
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IIT. 3 SAMPLING PROCEDURE.

III. 3 (1) CHOICE OF SAMPLING SITE.

Three pits were dug within each Stage, represented -
by. an even-aged surface with a homogenous plant community.
The pit-sites were not randomly chosen; Selection was entirely
subjective and was guided by two basic principles:

1. that an effdrt should be madé to sample only areas with
an "intermediate" composition of boulders and fine materials.
(Plate 4a). Excessively stony or silty areas were avoided.
However, in the older Stages the thick humic material made
visual pre-determination of the surface lithology:very difficult.
In additién; the preseﬁcé of one or more large boulders beneath
the surface and within the sampling volume could greatly alter
the volumeVoccupied by fine materials. The large variations
in weight 6f air-dry "fines" less than 2 mm. in the pits are
'indicative of the sampling difficulties encountered. Neverthe-~
1e§s, solne uniformity was achieved, despite the problems present-
: ed‘by the mechanically heterogenous PM.

%;ythat maximum variability of vegetal material between pits
~within any Stage be attempted, considering always the need for
~uniformity of PM. It was thought desirable to obtain samples
~from pits with a wide range of variability of plant cover,
allowing an assessment of maximum and minimum growth and nutrient
'.accumulation rates. The range of weights of plant material
tabulated in Appendix III is indicative of the inhereﬁt natural

variability of a plant community>homogenoué to a botanist or



forester dealing only with numbers of plant individuals.

» IIT. 3 (2) SAMPLING PROCEDURE. ‘ ‘

[ 4

Having choéen the exact site for any pit, a flat
square wooden frame with internal dimensions of exactly 1 m. by
1 m. was assembled around the bush or tree. The living
vegetation was first removed with a heavy knife, slasher or saw,
and packaged in clearly labelled hessian sacks or paper bags.

- The surface layer of litter (the L layer) was included in this
category, and also any living roots extracted from the mineral
soil or humic material on the forest floor. Secondly, all the
surface humic material (thekggﬂ layer) was carefully removed
with a sharp knife and packaged separately in heavy paper bags.
In mést cases thié"léyer was clearly separated with a sharp
boundary from the underlying mineral soil. Next, the mineral
soil was removed with a spade and trowel and sieved through a
4" square-hole garden sieve onto a large hemstitched duck
canvas sheet with braagngglgpgwggmgﬂggwggrggp.; Any roots
~remaining on the sieve were included with the living plant
material first removed, and any stones greater than 4" discarded
after thorough shaking. Boulders iﬁ the pit were prised loose
with a small crowbar and discarded after carefully cleaning any
adhering fine material off their surfaces with a paintbrush.
When a sufficient pile of gravel had accumulated'oﬁ the canvasg
it was weighed at field moisture with milk scales (graduated to

at 45° from the ground w1th boulders 4?.After thorough mix1ng,

S

a
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the fine material was spread thinly over the canvas, marked in

a grid pattern, and a sub-sample of 5% or 10% of the weight

taken systemétically with 8 large sugar scoop and stored in a
covered gallon billy, and*the remainder of the fines discarded.
In this manner the pit was excavated with a level floor to the
thtom of the upper humus-enriched horizon, taking care to
separate the brown upper horizon from the lower conspicuously
gfey PM. The various subsamples from any horizon were spread

on another canvas, thoroughly mixed by hand and an approximately
10 1b. aliquot taken, carefully weighed and packaged. The depth
of the upper layer was measured from the F/H-soil interface, and
the lower horizon excavated to a total depth of 33 cm. from the
interfacé. No material, vegetal or mineral, was removed from
outside the arbitrary boundaries of this one-third cubic metre
soil Ecosystem,'and all living stems and foliage growing within

- the confines'of the metre-square frame were included. An attempt
- wag made to compensate for the volumes of boulders projecting

into the pit from the sides or bottom.

This lengthy procedure was considered satisfactory, but it

has a nupber of faults, which will be discussed in a later section.

Thus, the Ecosystem was divided, sampled and anélysed in four
distinct portions, some of which are not present in the younger
Stages. These portions are: |

1. The li&ing-tree or bush, Raoulia mat, mosses, ferns and
other ground species, together with the thin L layer of recently
deposited leaves and twigs. All living roots in the mineral and

F/H layers were included. (Designated V)
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(a) An "intermediate" proportion of boulders
and finer gravel on Stage 1I.

(h) Profile of completed pit, Stage VI.
(Depth = 33 cn.)



(a) Carmichaelia grandiflora on Stage III.,
showing metre-square in position for
pit excavation. (Plant is 4 m. tall.)

(b) Generel view of sampling site on Stage VI.
Litter removed and upper surface of I/H
revezaled.



70.

2. The F/H layer; a dark, greasy, compacted mor humus,
profusely interwoven with roots. (Designated F/H)
3. Ther brown humus-enriched upper horizon of the mineral

soil, generally less than 10 cm. deep. (Designated Upper horigzon)

4. The underlying grey PM, with only occasional roots, down

to a depth of 33 em. . (Designated Lower horizon)

The first three Stages had soils with no differentiation into
~ upper and lower horizons and no ¥/H; Stage I had no vegetation
(V). Pits from Stages IV, V and VI were divided into four

Ecosystem portions, as outlined above.
III. 4 ANALYTICAL METHODS.

IIT. 4 (1) SAMPLE PREPARATION.

Upper and Lower horigzon mineral matter. The various

10 1b. aliquots were thoroughly air-dried and sieved through a

2 mm. square—holersieve. The fractions were weighed, and a
portion of the sub-2 mm. fraction finely ground in a Wiléy mill
for chemical analysis. The weight in the pit of air-dry (AD)
fine material (sub-2 mm.) in grams per'square metre to the depth
of the horizon (or to 33 cm. in Stages I, II and III.) was

calculated from the formula:

1b.sub-4" gm. AD
fines in X sub-2 mm.
pit at field fines from
moisture aligquot

AD sub-2 mm.fines (g/mz/horizon) =
‘ 1b. moist aliquot
weighed in field.

A factor of 8.92 converts g/mz/horizon to 1b./ac/horizon.



F/H material. This was broken up by hand into shallow

metal trays, dried for a short time at c. 70°C in an oven, and
welghed. A one-tenth subsample was taken by careful quértering;é
and dried to constant weight. This was ground first in a coarse
mill, and a portion further ground in a Wiley mill with No.8
sieve plate. : . . |
v mategiii. Leafy portions were weighed green and a oné-
tenth sub-sample taken ifAthe quantities were unmanageable.
This was dried to constant weight ahd ground coarsely. Tree
trunks and heavy branches were.weighed gfeen, broken up with
heavy secateurs and a circular saw into small disks not exceeding
A" thickness, and a sub-~-sample equal to one-tenth of the green
weight dried to constant weight. This was eventually ground

dnce, incorporated with the coarsely-ground leaves and twigs, and

a wepresentative portion of the whole ground finely for analysis.

The finely ground samples from the Wiley mill were stored
in 2 oz. screwtop glass jJjars. The extra grab-samples taken from
the older soils were simply air-dried and the material less than

2 mm. finely ground.

III. 4 () ANALYTICAL PROCEDURE.

~ standard analytical procedures and methods were used
throughout this research. -

1. Oven-dry weights: at 105°¢C.

2. Logs-on-ignition: on F/H only; at 500°C.

3. Reaction: Determined on mineral mattef\and F/H according

to the procedure outlined by Metson (1956); using a 1:2.5 ratio



of distilled water (1:5 for F/H) shaken for an hour, left
overnight and four readings taken with a Radiometer pH meter

equibped with glass—caldmel electrode.

4, Qrganic Carbon: The modified Schollenberger-Allison
dichromate method described by Metson (1956) was used. '
Appropriate corrections were made for high-carbon materials.

5, Nitrogen: A semi-micro Kjeldahl method using Selenium
catalyst was employed for all samples. (Metson, 1956).

6. Organic Phosphorus: The ignition method as described

by Walker and Adams (1958) was used. Colour readings were
made at 700 u on a Coleman spectrophotometer. Phosphorug in
V and F/H was determined by the method of Kitson and Mellon
(1944), using avmolybdovanadophosphoric'acid colour development
measured:at‘470;ﬁ 6n a Coleman spectrophotometer. Some total
P measurements wefe made by the HF~HN03 digestion described

by Metson (1966), and finally determined by the colorimetric

molybdovanadophosphoric acid method.



Iv. RESULTS .
' The following results are all calculated on an oven-dry

basis, and in most cases have been considerably "rounded-off",

Percentage Loss on Ignition (LOI%) was calculated by the
formula of Metson (1956):
- ~ LOI% = 100 - (Ash% x Moisture Factor)

The linear regressidns of ¥y (nutrient) on x (time base of
graph) are expressed'as the formula

y = a + bx

In the following sections, PJG means tbtal_P extraéted by N.
H'QSO4 after ignition, Pa is inorganic P extracted by N. Hgso4
without ignition,. and P0 is ﬁrganic P calculated by difference.
"Total" P is the P determined by the HF-HNO, methed, and in

these soils should closely approximate the Pt‘



Table 5.. Detailed Volume-Weights of Ecosystem Separates.
Mineral Material (less than 2 mm.) F/H '
Upper Horizon | Lower Horizon | Mean of . . o
foinhs | Y| s | e
Depth| Weight | Depth | Weight | Lower of ite : p
(em) | (g/m2) | (em) | (g/m=) | 3 pits P
1 33 | 55,700 - - ! - - -
I 2 33 77,900 | - - 66,600 - - - - -
3 33 66,300 - - ‘ - - -
| 1 33 132,900 - - A - - 170
II 2 33 73,700 - - 91,300 - - - 370 220
3 33 67,200 - - | - - 130
1 33 {110,000 - - - - - 590
III 2 33 74,900 - - 90,700 - - - 1220 1600
3 33 87,200 - - - - 2980
1 8 24,400 | 25 | 49,000 6380 29.5 5960
Iv 2 6 | 40,500 | 27 | 89,400 | 119,100 3420 | 4490 | 22.3 3900 5610
3 9 36,700 | 24 117,200 3660 22.1 6970 |
1 5 | 16,400 | 28 | 68,300 1670 52.5 3910 |
' 2 15 40,400 | 18 35,300 | 83,900 2090 | 2020 | 49.4 3190 | 3520
3 14 41,700 | 19 49,600 2300 55.0 3470
1 9 48,100 | 24 | 86,800 2920 55.4 4490
VI 2 8 12,600 | 25 58,800 | 87,800 2980 | 3620 | 63.0 8310 | 8440
.3 10 | 11,400 | 23 45,800 4970 52.2 12,530




Table ba.. _ The weight of Organic Matter in F/H.
(A11 figures in g/mz)

Stage Pit Weight OM Weight OM
(Wt. F/H X LOI%) (Carbon X 1,72)
v 1 "~ 1880 1570
2 760 680
3 - 810 - 740
v o 880 760
2 . 1930 | 970
3 1270 1140
A 1 1620 1500
2 1880 1610
3 2590 ' 2210

Mean Values for each Stage.
(Calculated from the wt. F/H X LOI%)
o Iv.... 1150
Veeooo . 1060
VI.... 2030
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VOLUME-WEIGHTS.

See Table 5 and'Figure 1. ! ‘

1. There are large variations in volume-weights of upper and
lower horizons, probably unavoidable considering the nature of
the material sampled.

2. The large variations in volume-weight of mineral material
‘between pits/of ény Stage.are the basic reason for many of the
observed variations in amount of any nutrient (see following
tables) between the pits.

3. A very prominent feature of the V and F/H weights is the
large accumulation in Stage IV, &ith a decrease in Stage V.

This higher value in Stage IV might only be an apparent effect

due to the methéd of saﬁpiing and the inadvertent choice of
particular areaé for sampling. However, it could be a real

~ effect: Stagé'IV may represent a period of intense vegetal
proliferation with corresponding heavy return of litter to the

‘Asurface of the ground{m

4. From approximately 20 years to 55 years there has been
an increase of F/H from nil to over 3600 g/mg, with a maximum of
4970 g/m2; about 100 g/m~/annum. However, the accumulation' to
the level found in Stage IVroecurs very much faster than this.
Assuming accumulation is negligible till 15 years, jO years!'
accumulation equals 4500 g/mz, about 450'g/m2. In pif 1 of

Stage IV this rate of accumulation is greatly exceeded.



8.
‘See Table 5a.. Weight of OM in F/H.

1. Theoretically, the weight of C (g/mz) times 1.72 should
equal the amount of OM present. This can also be computed by
multiplying the weight of F/H (g/mz) by the percentage Loss on
Ignition.

2. Quite reasonable agreement has been reached between
figures computed by these two methods in Table Ja., considering
that the factor 1.72 is nol really applicable to forest soils,
and that "bound" water may contribute to LOI.

3. Thg mean values of OM for each Stage show a better pro-
gression from IV to VI than do the dry matter weights of above-
surface litter residues. The reduction of the previous
dispfoportionate influence of Stage IV is due to the low LOI
values.for the pitslofithis,Stage. |

4. The low LOI values in this Stage are due to the activity
of'worms, which have mixed mineral matter from the upper horizon
with the F/H. Worms were not present in the F/H of Stages V and
VI, because the surfaces on which these Stages are found are
isolated from the valley walls by river beds. Worms cannot

cross Stage III and colonise Stages V and VI.

ITI. 2 REACTION OF MINERAL SOIL AND F/H.

See Table 6 and Figure 2. Detailéd figures dre in
Appendix III (a).

1; There is a rapid decrease in the upper horizon over 55
years from 7.89 to 5.29. The lowest value recorded (4.96) waé

in Stage VI, pit 1.



Table 6..

Reaction of

mineral soil and F/H.

Upper Lower. Mean of both horizons F/H
Stage
I 7.89 - 7.89 -
1T 7.50 - 7.50 -
IIT 7.26 - 7.26 -
v 5.61 | 6.55 6.08 5.30
Vv 5.63 6.37 6.00 5.51
Vi 5.29 5.45 5.37 5.54

"B
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2.7There is a quite rapid decrease of pH in the first
three Stages. _ | | | b

3. Note the marked effect of afforestation on pH, Especially
of the upper horizon, between Stage III and Stage IV.

4. The lower horizon is less changed than the upper until
after Stage V.

5. Note the almost unchanged pH of béth horizons from
Stage IV to Stage V.

6. The rapid drop from Stage V to Stage VI could pérhaps be

correlated with the elimination of Carmichaelia and other plant

specles changes.

7. Note the tendency for pH ofrboth_upper and lower horizons
in Stage VI towards the same level.

8. pH'of‘theEE[E'hasfnét changed much from Stage IV to
Stage VI.

III. 3 ORGANIC CARBON.

See Table 7. and Figure 3. Detailed figures are in -
Appendix III (b). |

1:UThe regressions have very satisfactory correlation
coefficienfs:

-113 + 96.8x (r = 0.939)

Ecosystem: y

Upper +Lower+F /H y=-97 + 41.8x (r = 0.980)

-24 + 23.6x% (r = 0.987)

§!

Upper+Lower: y
2. There is a very rapid accumulation ofC in the Ecosystem

at 96.8'g/m2/annum, according to the regression. .



Table 7..

Qrganic Carbon.

(Mean values of 3 plts per Stage.)
(A1l figures in g/m )

Stage Upper Lower | F/H ¥ Upper +| Upper + | Ecosystem
Horizon | Horizon Lower Lower +
F/H
I 92 - - - 92 92 92
II 196 - - 35 96 96 131
111 129 - - | s67 129 129 696
v 338 209 579 |2225 547 1126 3351
v 814 285 554 1426 1099 1653 3079
VI 728 534 1031 3497 1262 2293 5790

‘g8
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3. There are virtually unchanged levels in the lower

horizon, except after Stage V.

4. Note the pronounced effeggpof the large contribution of
V and F/H in Stage IV. Carbon in the mineral soil increases
steadily.

5. The low weights of V and F/H in Stage V are to some
extent compensated for by relatively higher %C, with respect to
Stage IV.

6. No apparent "steady-state" has yet been reached.

7. There is a fairly high level of C in’Stage i; this must
be due either to experimental error or to the presence of algal
tissue invisible to the eye. = There is a slight possibility of
OM being deposited by the’nearby running strean.

8. The very high quantity of C being held in the ¥ is of
interest. Thié proportioﬁ (over 50%) would prébably«be lower
in older soils.

9. The effect of the organic cycle is prominent; C is added
to the F/H and thence to the upper horizon. The effect is

hardly seen in the lower horizon.

III. 4. NITROGEN.

See Table 8. and Figure 4. Detailed figures are in
Appendix III (c).
1. The regressions have extremely satisfactory correlation

coefficients.

Ecosystem: vy = 9.1 + 3.02x (r = 0.961)
Upper+Lower+f/H: y = 1.9 + 2.36x (r = 0.985)
Upper+Lower: y=5.1+ 1.48x (r = 0.992)



Table 8..

Nitrogen.

(Mean values of 3 plts per Stage )
(A1l figures in g/m )

Stage Upper Lower | F/H Y . Upper + | . Upper ;Ecésystem
~|" Horizon | Horizon Lower Lower
F/H
I 8.7 - - - 8.7 8.7 8.7
II 12.5 - - | 0.6 12.5 12.5 13.1
III 16.8 - - |=0.9| 6.8 16.8 37.7
v 22.9 22.6 | 28.3 |48.4 45.5 73.8 122.2
v 1 55.3 19.7 | 30.6 | 28.8 75.0 105.6 134.4
VI | 47.1 47.6 | 38.3 | 83.5 131.1 169.4

36.4

*g8
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2. There is a close similarity to the graph of organic C
accumulation, although there is no drop in Stage V.

‘3. No apparent “stebdy—state” has yet Peen reached.

4, There~is quite a high level of N in Stage I; due to the
possible presence of N-fixing algae and other micro-organisms,
some N in the’PM, and the possible addition of N from the nearby
running stream.”

5. The high proportions of N held in the V of Btage III
later fall - compare with graph of organic C. (Figure 3.)
There is a rapid rate of acéumulation in Upper+waer+F/H
(2.36 g/mz/annum).

6. The amount of N in the lower horizons remains virtually
unchanged until Stage V, showing that the organic cycle (and
possibly 1each1ng) are only beginning to affect this horizon
after half a century.

7. The highest level of N attained (189 g/m in Stage VI

pit 3) indicates the efficiency of Carmichaelia as an N-fixer.

By difference from the lowest level (7.2 g/m2 in Stage I pit 1)

there is an extreme increase of 181.8 g/m® in 55 years, or

3.3 g/mz/annum. However, the rate of increase from Stage II
to Stage IV exceeds this. Carmichaelia is the dominant plant

in the communities of these Stages. From lowest (10.0 g/m2
Stage II pit 3) to highest level (142.3 g/m2 in 8tage IV pit 1)

the annual increment is nearly 7 g/mg/annum; about 62 1b/ac/annum.

*a sample of water from the Waiho River near Stage I was
analysed by Mr.H.Horn (Chemical Services Department, Lincoln
College), and there was less than 0.5 p.p.m of NOS-N.



Table 9..

Total and inorganic Phosphorus. .

(Upper and Lower horizons and F/H.)

(Mean values of 3 pits per>Spage.)
(A1l values expressed as parts per million.)

Stage Upper Horizon Lower Horizon | Mean of Upper and Lower F/H
Pt Pa Pt Pa' Pt Pa Py Py
I 747 | 731 - - 749 731 R
1T 725 682 - - 725 €682 - -
IT1 745 712 - - 745 712 - -
Iv 709 640 774 735 . 742 68% 805. 518
v 701 613 752 721 727 667 1177 548
Vi 643 517 727 709 685 613 1080’ 430

" a8



Table 9%a..

UTotal Phosphorus.

(All results in parts per million.)

Stage | Pit Portion _Pt.(by H2804) "Total® P. (HF-HNOS)
I 1 (soil) n44 1065
Vi 1 (F/H) 1108 935
VI 1 (Upper) 610 648

*68
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Table 10.. 1 _Total and inorganic Phosphorus. (Upper and Lower horizons and F/H)

(Mean values of 3 pits per Stage)
(A1l values expressed as g/mz)

] Upper Horizon | Lower HoriZon 1 F/H Upper ;Zﬁéwer *
Stage 3 P P P 2 P 3 3

t a t a "% a t a
I 49.75 | 48.68 - - - - - 49.75 | 48.68
II 65.29 | 61.60 - - |- - 65.29 | 61.60
III 67.54 | 64.39 - - - - 67.54 | 64.39
Iv 24.07 | 21.60 | 65.11| 61.50 l5.70 2.44 92.88 | 85.54
v 23.45 | 20.51 38.22 | 36.40 2.37 1.11 64 .04 58.02
VI 15.06 | 12.09 46.15 | 44.99 3.89 ‘1.55 165.10 58.63

‘L6
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III. 5 TOTAL AND INORGANIC PHOSFPHORUS.

(1) Parts per million.

See Table 9 and Figure 5. Detailed figures are in’
Appendix III (4d).

1. This table and graph show trends in P levels better than
the following graphs, as they are uncomplicated by thé widely
variable weights of mineral matter, V and F/H.

2, The trend of Pt is fairly clear and consistent. The
regression of the mean figures is: y = 748 - 0.80x (r = 0.757).
Some trends may be noted:

(a) The mean values decrease after Stage IV; the ultimate
level is lower than in Stage I. .

(b) The higher levels of P, in the lower horizon (compared
with the upper) trend downwards, probably due to increas-
ing removal by roots after Stage V.

‘(¢) Phosphorus has been removedrfrom the upper horizon by
the vegetation and re-deposited in the F/H, which shows
high levels of P,. However, the trend of P, in the
upper horizon is downwards.

(d) The high levels of Py in the F/H, which increase with
time, clearly show the effect of the organic cycle. The
high concentrations of P, in the F/H of Stages V and VI
'compensate for their lower weights compared with Stage IV.‘

3. The trend of P, levels in the mineral horizons is also
consistently downwards, at a greater rate than Pt’ the regression
is y = 721 - 1.63x (r = 0.884). Apart from Stage II the curve

is very even.
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4. No clear inference may be made from the present data
about leaching of P from upper to lower horizons. It is
perhaps ﬁossible that the hiéh level of Pt in the lower horigzon
of Stage IV (774 p.p.m., compared with a PM value of 747 p.p.m.
in Stage I) may be due to leaching, especially as there has not
been much transfer of P to the F/H at this Stage. However, as
all inorganic material larger than %", in which differences of
Pt and Pa may have a profound effect, was discarded at the pit,
predictions about any leaching loss are not possible.

5. It is probable that the great majority of P in the PM
is apatite (Calcium-bound), and (depending on particle size)
this will be very readily-availéble to plants. Some preliminary
analyses on a small selectibn of the soils by Mr. J.D.H. Williams
(Lincoln Collége)‘haVé éonfirmed this. However, the proportion
of the Pt that is Ca-bound falls rapidly from virtually 100% in
Stage 1 to less than 50% in the upper horizons of Stage VI.

6. See Table 9a.. "Total" Phogphorus

Stege I, (soil).  MTotal® P is very high compared to

Pt5 the extracts contained numerous fine crystals resembling
Silica, which greatly increased the Optical Density. Apparently
HF is not able to digest all the silica in unweathered-schist.
The crystals were not present in the other extracts. The method
should be modified for unweathered PM samples; either a long pre-

treatment with cold HF, or two hot treatments.

Stage VI, (F/H). No explanation can be advanced for
the low "Total" P. Walker and Adams (1959)ureported that

several of their high-OM soils had lower "Total" P than Pt'
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< p’ﬁﬂ

This was attributed to experimental error.

Stage VI, (Upper horizon). Some discrepancy is

I

evident. However, if an allowable range of z 2%'experimental
error due to the limitations of the method is applied Py =
598 - 622 and "Total" P = 635 -~ 661.

(2) Gramsg per_ sguare metre.

See Table 10. and Figure 6. Detailed figures are in
Appendix III (e).
1. The regressions are:

Total P: 64.9 + 0.107x (r

1
i}

0.170)
0.098)

H
i

Inorganic P: y = 61.5 + 0.054x (r
The correlation coefficients are poor, largely due to the
disproportionate influencgﬁqf Stage Iv. A curvilinear
regression might fit thevﬁalﬁes Better.

-~ 2. The general increase in Po is clearly seenj; from about 2%
to 10% in Stage VI. Specific figures are given in the following
section.

3. The amount of P, in the F/H is surprisingly constant, while

P, decreases markedly. | Despite the large amount.of F/H in
Stage IV the amount of Pt is not proportionately 1arge.§ompared to»

Stages V and VI, as they have higher concentrations of Pt’



Table 11.. Organic Phosphorus.
(Mean values of 3 pits per Stage)
(A1l values expressed as g/mz)
v Upper + Lower | Upper+Lower+f/H Ecosystem
Upper Lower T p 7 ~
Stage | - h F/H|W 4 2 % Pg % Po % Pq
Horizon| Horizon %P (g/m"). ot B | of B of Bt
I 1.07 - - - - 1.0%7 2.2 |7 1.07 2.2 | 1.07 | 2.2
II 3.69 _ - lo.oes| 0.15 | 3.69 | 5.9 | 3.69 5.9 | 3.84 | 6.1
III - 3.16 - - lo.o68| 1.20 | 3.16 | 4.5 | 3.16 4.5 | 4.36 | 6.2
Iv 2.47 3.61 1.26|10.066 | 3.64 6.08 6.5 ;7..34 7.8 [10.98 [11.4
vV - 2,94 '1'.82 1.26(0.048 | 1.65 4.76 7.8 602 9.5 7.67 | 11.8
VI 2.97 1.16 2.34 [0.035 | 2.82 4,13 6.2 6.47 10.0 9.29 | 14.3
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III. 6 ORGANIC PHOSPHORUS.

See Table .11 and Figure 7. Detailed figures are in
Appendix III (f).

1. The regressions are:

Bcosystem: y=3.11 +0.130 x (r = 0.790)
‘Upper+Lower+f/H: y = 2.61 + 0.085 x (r = 0.792)
Upper+Lower: y= 2.7 +0.044 x (r = 0.581)

The correlation coefficients are not good, especiélly in Upper+
Lower. These regressions and their correlations would be better
if Stage IV were excludéd.

2. There is a general accumulation of P , at the rate of
0.130 g/mz/annum in the Ecoéystem. The rate of accumulation in
Upper+Lower+F/H is Q.085;g/m2annum.-

3. There is very little PO in Stage I.

4. The large amounts of PO in Stage IV are a reflection of the
heavy weights of V and F/H, and also one pit (pit 3), which has a
large aﬁount of fine mineral material. The effect is less
‘pronounced if p.p.m. values are considered.

| 5. The decline of P  in Upper plus Lower horizons from
Stages IV to VI may or may not be a real effect.

6. There 1is a steady increase in the percentage of PO in the
Upper+Lower+E[ﬂ from 2.2% to 10.0%. This is not high compared
to levels attained in mature grassland soils (in some cases, over
80%:(Walkér and Adams, 1958)), but is interesting considering the
youth of the soils. )

7. The P in the vegetation has been regarded as wholly organ-

ic, an assupption which may not be justified. In the presence of



Table 12..

The "Coriaria" Pit.

] _ Phosphorus Phosph%rus Organic _%Po
Weight| pH Organic carbon| Nitrogen (giiisoggr (g/m=) Phosphorus | of P,
, }
(g/n%) %C (g/m®)| %N (g/m) Py }P a|l *t [ Fa (2/m)
Pit - fines| 75,100|6.89 -~ 0.29 218 0.03 | 22.5 769 736 | 57.8| 55.3 2.5 4.3
less than
2 mm.
Silt on 4650 | 6.38 1.08 50 0.05 2.3 1245 (1069 | 5.8 5.0 0.8 13.8
surface 4
MINERAL MATTER: - 268 24.8 653.6 1 60.3 3.3 5.2
Vegetation 2170 15.3% 334 0.56 | 12.2 1.6 1.6
ECOSYSTEM 602 37.0 65.2 | 60.3 4.9 7.5

‘66
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an ample supply of P, plants will extract luxury amounts of Pa
from the soil, and some of this may remain in-the inorganic form -
within the plant. It has, however, entered the organic cyele.
The %P in the V falls dufing the sequence, which may indicate
that less P is being taken up by the plants, or that the ﬁree
species of Stage VI do not require as much P as the Carmichgelia

of Stages II, III and IV.

III. 7 - THE "CORIARIA" PIT.

See Table 12.

1. The age of the surface where this pit was dug is rather
ihdeterminable, but is probably only a couple of years. It is
not likely to be older thaﬁ five or six years. Therefore, if
this pit is compared with Stage II, some interesting differences
are noted. The surface silty material was fine micaceous glacial
flour, trapped by the Raocoulia mat under the Coriari& plant.

The weight of the ¥V includes some of this silt, so is not a
reliable figure. |

2. pH is rather lower than would be expected, especially in
the silt. | |

3. Organic C has accumulated rather faster than in Stage II.

4. The %N in the vegetation was higher than in similar
material of Stage II (0.56% compared with 0.33%), and the
accumulation of N appears to have proceeded at a very rapid rate.
Allowing for 8.7 g/m® of N in the PM (Stage I), the amount of N
in the soil (24.8 g/mz) is much greater than that in Stage II
(12.5 g/mz). The increases aré 16.1 and 3.8 g/m2 respectively;'
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accumulation occurs over four times faster, aésuming that this
plit is the same age as Stage ILI. If younger, the annual

| incréments are much high;r: 8 g/m2 (over 70’ib/ac) if only two
years old. If the whole Ecosystem is considered, there has
been an increase in two years of over 28 g/m2; 14 g/mz/annum

or 125 1b/ac/annum. This is about twice the highest rate of

aocumulatlon under Carmichaelia.

5. Levels of P omey be slightly higher than Stage II, but
probably not significantly so. %PO in the soil is the same as
Sfage II. An interesting effect is the high p.p.m. levels of
P, and Pa (and the large %Po)‘in the surface silt. This may
be due to the 1n¢lusion’of fine Raoulia roots in this material,
- and there could also be less quartz in this glacial flour than

in the sub- 2mm moralnic fines, and thus higher levels of P.

CIII. 8 RATIOS OF CARBON, NITROGEN AND ORGANIC PHOSPHORUS.

See Table 13. Detailed values are in Appendix III (g).

1. C, N and Po have been shown to accumulate in OM at rates
sgch that the ratio C: N : PO is very approximately 100 : 10 : 1.
C/N ratios in productive grassland soils are usually near 10;12,
C/Po ratios might be expected to roughly approﬁimate»100, and
N/Po.ratiosvperhaps 10. The departures from these ratios in the
Franz Josef soils, undergoing rapid accumulation of OM, are
interestihg. Barrow (1961) has reviewed the problems of
calculating element ratios, especially P, in soil OM. C/N, C/P,

and N/PO ratids have been recalculated on the basis of N = 10.



Table 13.. | Ratios of Carbon, Nitrogen and organic Phosphorus.
(Means of 3 pits per Stage)
r=* , ; Upper + Lower Horizons Upper+Lower+E/H Ecdsystem
Stage Recalculated* ‘Recalculated _ Recalculated
I 0.5/ 86| 8.2| 105|710 1.22 |10.5| 86| 8.2| 10510 | 1.22 |10.5| 86| 8.2]105/10|1.22
II 8.1 26| 3.3| 81(10| 3.03 || 8.1 26| 3.3| 81[10 5.05' 10.3] 34| 3.4|103|10|2.94
j 111 7.4 44| 6.4 74110| 1.56 7.4 44| 6.4 74110 1.56 |17.8] 162| 8.9(178/10(1.12
| v 12.4| 115| 8.7 12410 1.15 | 15.1| 187|11.6 | 15110 | 0.86 |27.2{ 337|12.2(272{10/0.82
v .14.6 237116.1| 146|10| 0.62 |15.6| 280|17.8 | 156,10 | 0.56 [23.0| 413|17.9 2§O 10]0.56
VI 15.3| 373 24;ﬁ 153110] 0.41 |17.7| 375(21.1 | 177]10| 0.47 [34.7| 647|18.4|347!10|0.54
"CORIARIAY 10.8, 81| 7.5| 108{10}| 1.33 ||10.8| 81| 7.5| 108|101 1.33 |16.3| 123 7.5|163|10!1.33

* Recalculated on basis of N = 10

‘a0l



103.

2. C/N ratios widen considerably, as expected in forested
soils. The narrow ra?ios in Stages II an@ III are due to thq
adéition of plant material high in N from Carmichaelia.
Afforestation inﬂstage IV induces widening ratios, especially
if the whole Ecosystem is considered. | '

3. C/P_ ratios fluctuate widely, but the mean ratios tend
to widen. The narrow ratios in Stages II and IIi are probably
due to the rapid growth of a legume and the incorporation into
the soil of OM from a plant requiring large amounts of P. The
reverse situation probably applies from Stages IV to VI, where
trees are growing and return of Po to the soil is relatively
smaller. However, the previous assumption that all P in the ¥
is organic may han affécted the results; or, alternatively,
release ofnP froﬁrthé soii may not be fast enough to satisfy
growth requirements.

4. N/P_ ratios follow a similar trend.

5. The ratios of elements in the "Coriaria" pit show close
similarity to Stage I in the Upper+Lower+¥/H, and similarities
- to Stage III if the.whole Ecosystem is considered. Values
derived from just one pit are probably not very reliable, the
inclusion of some silt (with the Raoulia) in the ¥V may have

affected the results.

III. 9 EXTRA SOILS FROM THE FRANZ JOSEF REGION.

See Table 14. .
1. The eight "grab" samples from the three older soils,

tentatively styled "X", "Waiuta" and "Okarito" have been analysed,
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and a comparison with the mean values of soil characteristics in
Stage VI is both interesting and instructive. These extra
{samples may give some indication of thé probable course of'soil
development after Stage VI. Their ages are quite indeterminate
at the moment. Too much reliance should not be placed on the
values, as sampling was rather rough and was not carried out on a
volume-weight basis.

2. pH values show clear and consistent trends from Stage VI
to "Okarito". Note the very low pH of "Okarito" "Litter/A",
and the slight rise in pH of the "gley horigzon" in "Waiuta'.

| 3. Trends of %C are fairly consistent, though the marked
decrease in "Waiuta" and "Okarito" litter samples is strange.
Note that %C stays constant in upper horizons, but there is a
drop in gléy hOrizth; The "B" horizon of "Okarito" is probahly
the zone of humic accumulation in the podzol.

4., %N in the litter and upper horizons seems to decrease
féirly consistently. Note the very low levels of N in the gley
horizons. Bulk density of the soils probably increases through-
~out the sequence, but it is not possible to predict possible
levels of N (in g/m2 or other quantitative measure) for soil o
Ecosystem, as no estimations are available for the weight of N
held in the aerial portions of the trees and other vegetation.

5. Trends in levels of P, Pa and P are striking: P, in
litter, top and bottom horizons decreéses markedly. The concen-
tration of P in the litter or F/H shows the effect of the organic

cycle, and it is possible that some leaching of P to lower

horizons has occurred even at "Stage X", although some of the
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loss from the top horizon is due to incorporation in growing
vegetation. Pa likewise follows the samé trend. Gene;ally
speaking, %Po inc;eases'through the séquence, although absolute
levels of Po are falling, along with Pt and Pa' Fairly high
proportions of Po are seen in the older soils, especially in the
litter materials. Increasing %Po in the lower horizons is
evident, but the low general levels of these proportions are
probably due to the peculiar nature of forest soils compared to
grassland soils. The tree roots ramify largely in the uppermost
solil horizons, and there is only a slow turn-over of nutrients in
the organic cycle. Most Po will be held in the litter on the
surface, and relétively more Pa may be leached into lower
horizons. | This might explain the high proportions of Po in the

litter layers,‘and'the low‘proportions in lower horizons.



.Table 14.. Extra Soils from the Franz Josef region.
(Mean values for the 3 pits of
Stage VI included for comparison.)
i P P P %P of P
: g 7 t a o) o - 't
Soil LOI% | pH #C %N (ppm) | (ppm) | (ppm)
Stage VI F/H 56.9 | 5.54 29.05 | 1.325 1080 430 650v 60.2
Upper - 5.29 3.51 | 0.222 643 517 126 19.6
horizon :
Lower - 5.45 0.89 | 0.060 727 709 18 2.5
horizon : ’
"Stage X! Litter 62.494.16 32.66 | 1.297 913 250 663 72:6
uAn - 4.62 2.48 | 0.132 451 296 155 34 .4
"Gley - 4.63 0.42 | 0.025 728 666 62 8.5
horizon"
tWaiuta" Litter 11.91| 4.28 6.57 | 0.298 274 135 139 50.7
nan - 4,32 3.14 ] 0.159 202 129 73 36.1
"Gley - 5.30 0.97 | 0.040 310 213 a7 31.3
horizon
"Okarito® "Litter/A"| 36.15| 3.94 5.71 1] 0.471 273 106 167 61.2
ngn - 4,61 3.09 | 0.086 166 101 65 39.2

\J0L
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V. GENERAL DISCUSSION.

’ ©

V. 1 SAMPLING PROCEDURE.

v. 1. (1) PROBLEMS OF SITE SELECTION.

The prior recognition of the plant succession, and
the areas upon which the plant communities were growing, greatly
reduced the difficulties of selecting pit-sites.” These areas
were small (generally not larger than a hectare), and in most
cases the communities were fairly homogenous. Al]l these
factors aided selection immensely, but there was still a wide
raﬁge of sites available for sampling at each Stage. The
basic'prinCiples whidh guided the choice of pit position have
previously been mentioned (Section III. 1), and these were
followed as much as possible. As the welghts of F/H and V
indicate (Section IV. 1), variability between pits of any Stage
was certainly achieved, and some measure of the extremes of
- nutrient accumulation was gained. However, there were also
unintentional variations in the volume-weights of fines in
Upper and Lower horizons, and these have unduly affected the
results. The primary difficulty with sampling soils on glacial
moraines 1s the extreme stoniness of the ground, and more refined
methods of sampling must be evolved to minimise these difficult-

ies. The matter will be further discussed later.

Some preliminary samples taken in 1961 on surfaces which

approximated to Stages II and IV established that differences
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between Stages were likely to be much greater than differences
between pits of any one Stage. The foregoing results have

also shown this, although naturally there is some overlap between
the highest and lowest extremes of successive Stages. Three
pits were dug per Stage because it was thought that fewer pits
would not provide reliable analytical figures, and more pits
would prove too laborious .a task when sampling. Another and
better approach is to increase the cubic extent éf the pit -

- Yenlarging the ECosystem“. This is probably a more accurate
method, if indeed 'accuracy' is possible when sampling such a
heterogenous natural entity as a developing fofest community,
compared with a pasture on agricultural land. A largef pit
wouid also reduce the errors in_volume estimation caused by the
boulders prbtruding“into the pit from outside’the specified soil
Ecosystemn. It would enable a more representative selection of
plant species to be made, rather than a choice of only one or two
species within the metre-square frame. However, it may not be
désirable to aim for maximum variability of plant growth between
pits. This is not always possible, as is shown by the weights
of V from Stages V and VI. Maximum variability was desired in
both, but only achieved in Stage VI. It appears that the plant
community on Stage v is inherently hémogenous. It is probable
that the trend of ecological succession towards a cliﬁax
vegetation is also towards greater uniformity of plant cover.
The disproportionate influence of Stage IV on the volume-weights
of nutrients (vide Figures 6 and 7) is disturbing, in that it
tends to iﬁterrupt the even progression of nutrient accumulation

throughout the sequence. It is entirely possible that an
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unfortunate and non-representative choice was made when selecting
pit-sites for this Stage. However, the effect could be a real
one; growth of vegetation on this Stage is unifordly dense,
stalks are close together and there are few clearings in the
forest growth, which is not tall enough to inhibit the entry of
light to all strata of the community. The character of plant
growth changes markedly at Stage V; the trees are three or more

metres taller and the Carmichaelia is etiolated and struggling

for light. Its elimination at this Stage is probably due mainly
to superior competition for light by other species. By Stage VI
the character of the forest has again changed, and light has been
so restricted by the growth of a dense canopy that shade-loving
plaﬁts are common in the lower strata. The effects of these
ecological changeslbahnot be divorced from the course of soil
development, and the fesults obtained in this investigation seem
to show the profound effects of floral and habit changes through-
out the Chronosequence. These have an important influence on
the operation of the organic cycle. Divergent ecological lines
- of succession in communities of older soils may be expected to
exert a similar important influence on soil characteristics, so
that surfaces of the same age may develop quite different soils.
Any future work on the older soils will be greatly concerned

with this factor.

V. 1 (2) THE METHOD OF SAMPLING.

In several ways the method of sampling soils in this

work is superior to methods employed in earlier studies.
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Firstly, the whole Ecosystem has been sampled, and has been
divided into portions so that the distribution of nutrients
between the soil, vegetation and the F/H layer could be studied.
Secondly, & more representative soil sample has been obtained by
the eicaVation of a pit big enough to minimise the effects of
large boulders and preclude the exclusive sampling of small
patches of abnormally fine mineral material. The pits were not
large enoﬁgh to ensure truly representative soil samples, but
some success was achieved.. In this respect, the use of a larger
pit is‘advised; However, the method definitely.has some faults,
one of which is the vexatious problem of achieving a true volume-
weight of mineral matter. All stones lérger than 4" were
discarded at the pit, bn‘the assumption that they are inert in
plant'nutrition during a shbrt'period of time. If they had been
weighed, and samples analysed, a more accurate assessment of
volume-weights, bulk densities and nutrient contents could have
been made. However, the inclusion of large amounts of P from
the boulders in each pit would have reduced to insignificance the
small amounts of PO which were detected. On the other hand, a
more profitable approaéh would be the further sieving of the
mineral matter before grinding, so that several particle size
fractions could be analysed separately. It would be found that
the finest fraction exhibited a much larger accumulation of P
than has been recorded for these soils (Williams and Saunders,
1956a) . Weathering of the coarsér mineral fractions is extremely
slow, and they probably take little part in plant nutrition during

the youthful stages of soil development.  Generally speaking,
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those pits with heavy volume-weights of sub-2mm. mineral

material also showed the greatest content of PO.,

[

The chief problem encountered was the identification of
areas with an "intermediate" proportion of fines and boulders
(Plate 4a). The visual appearance of the surface (in Stages I,
II and III) was not necessarily indicative of the sub-surface
conditions. In the other three Stages the problen was even, more
acute, as the surface was here disguised by a thick E/H layer.

No satisfactory solution seems possible, except by the excavation
of large numbers of pits and the subsequent selection of only

the most representative. . This is certainly not very practical.

Fﬁrther work on older soils will also have to solve the
difficulties of sampling the ‘aerial portion of the Ecosystem.
Ecological and forestry methods of assessing species and canopy
density, timber growth, and other forest characteristics will
havé to be adapted to allow the most accurate estimation of
nutrient content in this portion of the Ecosystem. Obviously,
it will.no longer be possible to remove the entire vegetal growth

from a small area for weighing and analysis.

V. 2 COMPARISON WITH PREVIOUS CHRONOSEQUENCE STUDIES.

The only comparable investigations are those of
Crocker, Major and Dickson in Alaska and California. Menfion
has been made of these in the Review of Literature (Section II.

1 (6)), and they have been compared and contrasted with each
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other. The present study will be discussed in relation only to
the two Alaskan investigations, at Glacier Bay and. Herbert/

Mendenhall Glaciers.

The most striking feature of the three glacier recession
studies is that the similarities between them are much more
numerous than the differences. Although the Alaskan work
embraced longer Chrondsequencgs, and more soil characteristics
were investigated, the similarities of the three sequences over
the first half-century may perhaps be néted:

1. The similar natural features of the areas presented superb
opportunities for ensuring constancy of the other four soil
forﬁing factors. _

2; The climates in the. three areas broadl§'resemble each other.

3. It was possible to accurately determine the ages of the
soils.

4., Similar plant successions were recoghised. TheseAwere all
initiated by a patchy distribution of apparently non-N-fixing

pioneers, followed by plants with known ability to fix atmospheric

N, such as Alnus, Carmichaelia, Coriaria, Dryas and Shepherdia.
A1l successions were characterised by the eventual elimination
of the,principal N-fixer ("the transition stagg"), and the
growth of a sub-climax forest containing conifers or similar

species. The elimination of Alnus or Carmichaelia seems to be

the result of compeﬁifion for light by taller and dense canopied

trees.

5. There was great difficulty with sampling, due to the more
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or less bouldery and stony substrate. | Special sampling methods
had to be employed, with vgriable success.

6.!Apparent "steady-stétes“ of equilibrium of most soil
characteristics were not achieved during the first half-century.

7. Mineralogical weathering'had scarcely commenced, and
differentiation of soil horizons (excepting by near-surface
accumulation of OM) had not occurred.

8. The observed changes in various soil characteristics wefe
mainly depeﬁdent upon the growth of plagts andrsubsequent return
of OM to the soil. The amount and type of OM governs many soil
characteristics.

- 9. There is an areal pattern of soil formation which
partially reflects“the afeal pattern of pioneer'plant establish-
ment. = | - | |

10. All three Chronosequences are characterised by large
increases in amounts of OM, N and organic C; by the initiation
of nutrient gradients between the surface and sub-surface layers
of the soil; and by the decline in pH levels of mineral soil and

forest floor.

The small differeﬁces that were observed ‘between the Glacier
Bay and Herbert/Mendenhall areas, and even between Herbert and
Mendenhall sequences, are attribﬁtable to small but éignificant
differences in one or more of>the soil forming factors other
than Time.  For instance, pH values attained lower levels at
Herbert/Mendenhall than at Glacier Bay, due partly to a wetter
climate but mainly to the more basic PM of the latter sequencé,

combined with a slower rate of plant colonisation. The climate
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at Mendenhall was more favourable for vegetal growth than at
Herbert, and larger amounts of organic C accumulated. Crocker
and Dickson mentioned othéf differences, but the impossibility
of ensuring strict similarity between sequences does not however
invalidate comparison. Table 15 shows the amounts of C, N and
OM accumulated in the three areas over 45-55 years, and their
annual increments. The soils at Glacier Bay were mostly sampled
to 18", at Herbert/Mendenhall generally to 24", and those at
Franz Josef to 13" (33cm.). The élacial till was apparently
rather finer in Alaska than at Franz Josef. An abrupt decrease
in the annual increments of N is reported after the Alnus
disappears in‘Aiaska (70-100 years), but the Franz Josef seQuenQe
was too young tp properly observe any diminution in the rate of N
accumulatién.4 -

It is apparent that the soils at Franz Josef are not accumulating
C, N and OM in mineral soil and F/H as fast as the other
sequences, probably because the coarser substrate tends to
restrict plant growth. Alnus is probably a more effective N-

fixer than Carmichaelia, whose litter return is meagre.

Coriaria, which appears to be the Southern Hemisphere analogue
of Alnus, certainly fixes more impressive amounts of N than

Carmichaelia in this region, but the figures in Section IV.7

are not very reliable and valid comparisons with Glacier Bay and

Herbert/Mendenhall cannot be made.
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The analytical figures for Pt’ Pa and Po have been discussed
at some length in the relevant sections (IV.5 and IV.6) and'agéin
in V.1 (2). Neither of the Alaskan studies mentioned the
importance of P in OM accumulation, but P certainly cannot have
been lacking considering the rates of OM accumulation reported
for those Chronosequences. Walker and Adams (1958) have
proposed competition for P as a major factor limiting legume
growth in grass-clover associations, where PO may be greater
than 80% of the Py. At Franz Josef, P_ in the sub-2mm.
fraction has not exceeded 10%, but this could still be a big
factor if Pa is too slowly available because of large particle
size; Organic phosphorus could, however, be a large proportion
of theVVery‘finest fractions of mineral matter, which may be the
only fraction the plants draw upon for their nutrients. The
high C/PO ratios in Stages V and VI suggest a deficiency of P.

It appears, therefore, that the suppression of Carmichaelia after

Stage V may be due to two factors: the competition for light,
“and the insufficient supply of P. The former is probably the

most important.

It will be of great interest to determine whether total N
in the Ecosystem continues to increase in older soils.. If this

occurs in the absence of Carmichaelis or other known N-fixer,

N-fixation by free-living micro-organisms in the soil or
phyllosphere must have taken place. Another possibility is N
fixation by Coprosma and many other species, as postulated by

Stevenson, and it is important that this work be checked.



Table 15..

A Summary of Nutrient Accumulation in three‘Chronosequenceé.

(Values given are for Soil plus Forest Floor only.)
Totai N Annual Totél C Annual Dry matter Annual
increment . -increment of surface increment
litter layers
2 ' 2 2 2 2 2
(g/m®) | (g/m%/annum)| (g/m™) | (g/m”/annum) (g/m") (g/m"/annum)
Glacier ‘
a ' 280 6.2 3700 82 5000+ 100+
(45 years)
Herbert/
Mendenhall 200 4.0 4000 80 4000+ 80+
(50 years)
Franz Josef 130 2.4 2300 41 3600 65

"Ggll
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V. 3 PROFITABLE TOPICS FOR FUTURE INVESTIGATIONS.

There are a number of fascinating problems for the
soil{scientist in this area. A few may be hentioned, giving
an indication of future lines of enquiry:

1. More information is needed on the sources of N in the
| pioneer communities. It is probable that plant requirements
are small, and may be satisfied by accessions from rain, river
- water and growth of micro-organisms, but this is not certain.
Long-term rain collections would give some measure of the
importance of this N source. Isotopic N studies with some of

the pioneer plants, such as mosses and Gunnera albocarpa, should

establish whether'they are abie to fix atmospheric N. Similarly,

the work of Stevenson on Coprosma, Griselinia and other species

should be cdhfirmedfbr:disproved.

2. The role of Coriaria as a sub-pioneer should be investi-
gated by reliable methods of sampling. The probable importance
of this plant should be thoroughly elucidated.
| 3. Méthods of sampling should be developed to gauge the effect

of Carmichaelia plants on sﬁrrounding species. The decreasing

vigour of Olearia seedlings growing at increasing radial

distances from the Carmichaelia plant is striking. It should be

possible to statistically demonstrate a diminution of influence
on these plants by the "nurse" species.
4, An interesting approgch to the problem of wvariability
within any Stage might be made by extensive sampling of one
Sfage. The use of statistical techniques would aid in the

randomisation of pits and allow the formulation of basic
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principles for sampling stony forested soils.

5. Mineralogical studies should be made on the soils of the
sequence, and of older soils. These would possibly enable
some measure of weathering rates and clay formation in these
coarse PM's.

6. Further elucidation of the soil forming processes wi;l
await the determination of other soil characteristics, such as
C.E.C., exchangeable cations and total elements such as Ca, Mg,
K, Na, Fe, Al, Si, etc. A detailed fractionation of inorganic
Phosphorus would provide further information.

7. The inability of tﬁe'present study to demonstrate the
atfainment of apparent "steadyfstates” in soil properties was
nqt ﬁnexpebted, and further sampling of oldef soils is proposed.
Fortunately, a botanical succession may be recognised, and there
are some hppes of tracing the course of soil development past
these juvehile soils; studying nutrient accumulation, equilibrium
and eventual loss from the Ecosystem. Soil development on the
- West Coast, under an immense rainfall, cannot but lead to ulti-
mate degradation to infertile soils such as podzols, which is
indeed the case. If it is pqssiblé to estimate surface age and
to keep relief, PM, climate.and biotic factor constant (or
ineffectually varying) over a range of older soils} a true picture
may be formed of the "birth, life and death" of a West Coast soil.

The prospects are enéouraging and exciting.
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VI. ' SUMMARY.

1. A Chronosequence of soils and vegetation on the
recessional moraines of the Franz Josef Glacier in South

Westland was recognised, described and investigated.

2. An extensive Review of the literature pertaining to
Chronosequences,-soil/plant co-development studies, and the

accumulation of Nitrogen in soils was made.

3. A method of sampling coarse bouldery soils on a volume-

weight basis was developed.

4. The accumulation of Carbon, Nitrogen, and organic
Phosphorus was studied. Aftér 65 years the Ecosystem contained
5.8 ké/mg organic Carbon, 169 g/m2 Nitrogen and 9 g/m8 organic
Phosphorus. C/N ratios widened from 10.5 to 34.7 throughout
the sequence, and percentage organic Phosphorus increased from
2f2 to 14.53. The mineral soil plus forest floor (F/H) contained
2,3 kg/mg organic Carbon, 130 g/m2 Nitrogen and 6.5 g/m2 organic
Phosphorus. C/N ratios in this portion of the Ecosystem
increased from 10.5 to 17.7, and percentage organic Phosphorus

increased from 2.2 to 10.0.

6. Reaction of the upper few centimetres of mineral soil
decreased from 7.89 to 5.29 in 55 years. The lowest value

" recorded was 4.96.

6. A single Corisria plant and underlying soil was sampled

and similarly treated. Accumulatioh pf_Nitrogen in the soil
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‘occurred at least four times faster than under Carmichaelia,

and the highest rate of increase was probably not less than ¢

14 g/mg (1256 1b/ac) per annum in the Ecosystem.

7. Séme ol%er soils from the Frang Josef region were sampled
on a non-volume-welght basis and’the probable course of soil
development discussed. Soil pH decreased to approximately 4.0;
amounts of total Phosphorus and inorganic Phosphorus in the
mineraivsoil decreased'markedly from near 700 p.p.m. to 160 and’

100 p.p.m. respectively, and the percentage organic Phosphorus

increased, although absolute amounts probably decreased.

8. Similarities and differences between this Chronosequence
and others on glacial moraines in Alaska were discussed.v The
rates of accumulation of Carbon and Nitrogen, and the levels

attalned, were lower at Franz Josef than in Alaska.

9. The method of sampling employed was criticised and improve-
ments considered. Further profitable topics for investigation

were suggested.

10. The preliminary résults of microbiological studies by
Dr. M. di Menna and Dr. E.A. Flint of the Soil Bureau'ﬁere
presented in Appendices IV and V. These further elucidated the
biotic cénditions existing within the soils and their parent

materials.
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APPENDIX I.

* I

The Western South Island Raoulia association, and river-bed
forest.

Reproduced from Cockayne (1928) - p.209.

This is distinguished by the absence of many of the Eastern

xerophytes and the presence of Mazus radicans, Acaena

Sanguisorbae var sericeinitens and species of Coriaria and their

numerous, polymorphic hybrids. Frequently the vegetation is
closed. Here the association of the Western district is alone

considered.

The following are the important species: - Carex comans,

Muehlenbeckia axillaris, Ranunculus_foliosus (sometimes),

Acaena Sanguisorbae var sericeinitens, A. inermis, Coriaria

sarmentosa, C. lurida X C. sarlurida, Pimelia prostrata var

repens, Epilobium pedunculare, Hydrocotyle novae-gealandiae,

Mazus radicans, Veronica lyallii (common in montane belt, but

rare at sea-level), Coprosma rugosa, C. brunnea, Nertera depressa,

Wahlenbergia albomarginata, Pratia angulata, Helichrysum

filicaule, H. bellidioides, Cotula squalida, Raoulia glabra

(sometimes), R._australis, R. tenuicaulis.

The station, thanks to the frequent downpour, is mesophytic
notwithstanding the coarse, stony substratum. Rocks far larger

than on eastern river-bed are present. Hot dry winds are



virtually unknownj; frosts are never heavy.

On older river bed shrubs come in, and there is a procession

of events leading eventually to forest.

This is distinguished by the close growth of low slender

trees and the presence of species wanting or rare in the adjacent

Jowland forest e.g. Rubus schmidelioides var coloratus, Coriaria

arborea, Pennantia gorymboss, Aristotelia serrata, Plagianthus

betulinug and Coprogma rotundifolgg, as a tree.. Here only the

association of the Western district receives consideration. The

species may be seen from what follows.

The ground is level and traversed by numerous streams. The
upper soll consists of humus beneath which is merely river-
shingle. The vegetation is in three layers - the floor plants,
the small tree-ferns and shrubs, and the low trees. The associa-
tion is 4.5 to 6 m. high. Slender tree-trunks not exceeding
15 cm. diam. are the rule; they may be erect or more or less
leaning and draped with a moss-mantle, while ffem their branches
‘hangs the pale moss Weymouthia Billardieri. Coprosme

rotundifolia, elsewhere usually a shrub, is the dominant tree,

and it grows in such profusion at times as to make pure stands.
Besides the trees already mentioned, the following are common:-

Carpodetus serratus, Melicytus ramiflorus, Fuschia excorticata,

Pseudopanax crassifolium var unifoliolatum and Grigelinia

;}ttoralis. Podocarpus acutifolius and Weinmannia racemosa may

occur. The second tier consists of young forest-trees, the

Coprosma-form dominating together with small Dicksonia sguarrosa



and Hemitelia Smithii and the semi-tree-ferns Polystichum

vestitum and Dryopteris pennigera. On the floor are mosses,

liverworts, the liane Metrosideros hypericifolia (creeping),

Blechnum procerum and B. fluviatile.

The lianes Rubus schmidelioides var coloratus, Metrosideros

bhypericifolia and Polypodium diversifolium are common, the two

latter being especially abundant on.tree-fern‘stems. The filmy

ferns, Hymenophyllum scabrum, H. sanguinolentum and Irichomanes

reniforwue cover the leaning trunks, particularly of Grigelinia

littoralis. Polypodium grammitidis, P. Billardieri and the

orchid Iarina mucronata are fairly common as epiphytes.

At an altitude of some 300 m. on river bed in the Western
Dlstrlct there is an association closely allied to subalplne
totara forest, although that of the adjacent slopes is

Weinmannia-Metrosideros and that of the swamps Podocarpus

dacrydiodes.

Podocarpus Hallii, Phyllocladus alpinus (a-tree) and

Pseudopanax crassifolium var unifoliolatum are dominant and

o o

Libocedrus Bidwillii sub-dominant. The forest is low, and the

trees etc. are erect. The undergrowth consists principally of

" . Polystichum vestitum, Pittosporum divaricatum, Aristotelia

fruticosa, Nothopanax simplex, N. anomslum, Suttonia divaricata,

Coprosma rotundifolia, C. propingua, Olearia ilicifolia,

0. ovicenniaefolia. There is also some Wintera colorata,

Carpodetus, Pittosporum Colensoi, Pennantia, Myrtus pedunculata

and Grigelinia littoralis. Rubus schmidelioides var coloratus

is the sole lisane.



APPENDIX II.

¢

Southern~-rata (Metrosideros lucida) forest.

Reproduced from Cockayne (1928) -~ p. 170.

- At the Franz Josef Glacier, the terminal face of which
descends to 213 m., the southern-rata association comes onto the
ice~worn rocks at a few metres from the ice on either side of the
Glacier. The forest here, the roof of which has the character-
istic billowy appearance, consists principally of the foilcwing:a

Metrosideros lucida and Weinmannia racemosa (the dominant canopy

trees), Carpodetus serratus, Coriaria arborea, Aristotelia

serrata, Hohéria‘glagrata, Melicytus ramiflorus, Pseudopanax

crassgifolium var unifoliolatum, Shefflera digitats, Grisellinia

littoralis, Hebe salicifolia, Coprosma lucida, Olearia g

arborescens, 0. avicenniaefolia. The pteridophytes include

Hemitelia Smithii (tree-fern, but here of low stature), several

Hymenophyllaceae, Hypolepis tenuifolia, Histiopteris incisa,

Blechnum procerum, B. lanceolatum, Asplenium bulbiferum,

A, flaccidum, Polystichum vestitum, Polypodium diversifolium,

P. Billardieri, and Lycopodium volubile.
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Detailed values for reaction of mineral soil and F/H.

Mineral Material
Stage Pit F/E
Upper Horizon| Lower Horizon
1 7.71 - -
I 2 8.0% - -
3 7.88 - : -
1 7.5%7 - | -
IT 2 7.43 - -
3 7.51 - -
1 7.44 - -
III 2 7.19 - -
3 7.15 - : -
1 5.76 . 6.68° 5.22
v 2 5.54 : 6.42 5.41
3 5.54 6.56 5.27
1 5.49 6.05 5.63
v 2 5.68 6.70 5.39
3 5.73 6.37 5.50
1 4.96 5.22 5.23
VI 2 5.45 5.61 5.76
' 3 5.45 5.51 5.62




Detailed values for organic Carbon.

Upper Lower , Upper Upper
Horizon Horizon F/H v + + :
Stage Pizt } Lower Lower | Ecosystem
| +
4 |(e/n®) B¢ (e/m®)|  gc | (e/m)  gc (g/m%) F/H
1 0.13 72| - - - - - - 72 72 72
I - 2 0.15| 117 | - - - - - - 117 117 117

3 0.13 86 | - - - - - - 86 86 86
1 0.09| 120 - - - - | 28.66| . 49 120 120 169
II 2 0.11] 81| - - - -1 8.19] ' 30 81 81 111
3 0.13 87| - - - -121.12 27 87 87 114
1 0.14| 154 | - - - - | 45.58| . 269 154 154 423
III 2 0.08| 60| - - - - | 26.62| 325 60 60 385
-3 0.20] 174 | - - - - | 37.10| 1106 174 174 1280
1 1.36| 332 | 0.42| 206 | 14.32| 914 | 42.42| 2528 538 | 1452 3980
IV 2 0.97| 393 0.21| 188 | 11.50| 393 | 35.36| 1379 581 974 2353
3 0.79| 290 | 0.20| 234 | 11.78| 431 | 39.72| 2768 524 | .955 3723
1 4.59| 753 |0.68| 464 | 26.26| 439 | 40.26| 1574 1217 | 1656 3230
v 2 1.80| 727 | 0.50| 177 | 26.93| 563 | 39.06 | 1246 904 | 1467 2713
3 2.311 963 |0.43| 213 | 28.52| 660 |42.00| 1457 1176 | 1836 3293
1 2.57| 1236 | 0.62| 538 | 29.84| 871 |41.32| 1855 1774 | 2645 4500
VI 2 3.63| 457 | 0.95| 557 | 31.45| 937 | 41.44 | 3444 1014 | 1951 5395
3 4.32 492 ] 1.11| 508 | 25.85|1285 |41.44| 5192 1000 | 2285 7477
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Detailed values for Nitrogen.

Upper Lower ’ Upper| Upper o
Horizon Horizon - ¥/H v + +
Stage | Pit - Lower| Lower | Ecosystem
A | (g/n®) AN |(e/n®)| A |(e/a®) A |(e/n®) | E/m
1 || o.013] w7.2| - - - - - - 7.2 | 7.2 7.2
I 2 0.014| 10.9 - - - - - - 10.9 | 10.9 10.9 -
3 0.012| 8.0 - - - - - - 8.0 8.0 8.0
1| 0.014| 18.6 - - - - |0.364| 0.6 18.6 | 18.6 19.2
II 2 0.013| 9.6 - ~ - - 10.190| 0.7 9.6 9.6 10.3
3 0.014| 9.4 | - - - - 10.445| 0.6 | 9.4 9.4 10.0
1 0.016| 17.6 - - - - |1.345| " 7.9 17.6 | 17.6 25.5
III| 2 0.016| 12.0 - - - - |0.844| 10.3 12.0 | 12.0 22.3
'3 0.024| 20.9 - - - - [1.490]| 44.4 20.9 | 20.9 65.3
1 0.086| 21.0| 0.027| 13.2 |0.743] 47.4|1.019| 60.7 34.2 | 81.6 142.3
Iv 2 0.072| 29.2 | 0.027| 24.1 [0.507| 17.3(0.797| 31.1 53.3 | 70.6 101.7
3 0.050| 18.4 | 0.026| 30.5 |0.555| 20.3[0.765| 53.3 48.9 | 69.2 | 122.5
1 | 0.305| 50.0|0.048| 32.8 | 1.408| 23.5(0.592| 23.1 82.8 |106.3 129.4
v 2 0.130| 52.5 | 0.034| 12.0 | 1.571| 32.8(1.306| 41.7 64.5 | 97.3 139.0
3 0.152| 63.4 | 0.029| 14.4 | 1.546 | 35.6(0.624| 21.7 77.8 |113.4 135.1
1 0.171] 82.3 | 0.046| 39.9 | 1.418| 41.4(0.473| 21.2 | 122.2 |163.6 | 184.8
VI 2 0.232| 29.2 | 0.060| 35.3 | 1.292| 38.5|0.377| 31.3 64.5 | 103.0 134.3
3 0.262| 29.9 | 0.074| 33.9 | 1.265| 62.9]0.497| 62.3 63.8 | 126.7 189.0




Detailed values for total and inorganic Phosphorus
(Upper and Lower horizons and F/H)

P e e — N~y

All figures expressed as parts per miliion,

. Upper horizon | Lower horizon | Mean of Upper and Lower F/H
tage| Pit 3 P P T P B g 3
L a Y a t a.. t gl
1 744 730 - - 744 730 - -
I 2 738 722 - - 738 722 - -
3 759 741 - - 759 741 - -
1 681 648 - - 681 648 - -
1I 2 777 731 - - 77 731 - -
S 716 667 - - 716 667 - -
1 738 691 - - 738 691 - -
IIT 2 746 | 727 - - 746 727 - -
3 752 719 - - 752 719 - -
1 695 653 807 | 774 751 714 905 | 654
IV 2 722 632 779 | 731 751 682 827 | 507
3 709 634 735 | 693 722 664 684 | 392
1 646 565 737 | 675 692 620 1184 | 536
v 2 764 666 775 | 749 770 708 1245 | 559
3 693 608 745 | 739 719 674 1103 | 550
1 610 491 712 | 693 661 592 1108 | 459
VI 2 650 476 724 | 706 687 591 1096 | 414
3 670 583 744 | 727 707 655 1036 | 417

2



APPENDIX IIT (e)

Detailed values for total and inorganic Phosphorus.
(Upper and Lower horizons and F/H)
(A1l figures expressed as g/mg.)

Upper horizon | Lower horizon F/H Upper + Lower + F/H
Stage | PIt —p - P 3 B, | P B P

t a £ a t a t a.

1 41.44 | 40.566 - - - - 41.44 40.66

I 2 | 57.49 | 56.24 - - - - 57.49 56.24
3 || 50.32 | 49.13 - - - - 50.32 49.13

1 90.50 | 86.12 - - - F- 90.50 86.12

II 2 | 587.26 | 53.8% - - - - 57.26 53,87
‘ 3 | 48.12 | 44.82 - - - - 48.12 44.82

1 | 81.18 | 76.01 - - - - 81.18 76 .01

I1I 2 | 55.88 | 54.45 - - - - 55.88 54 .45
3 || 65.57 | 62.70 - - - - 65.57 62.70 .

1 16.96 15.93 | 39.54 | 37.93 | 5.77 |4.17 62.27 58.03

v 2 | 29.24 | 25.60 | 69.64| 65.35 | 2.83 | 1.73 101.71 92.68
3 1 26.02 | 23.27 | 86.14 ] 81.22 | 2.50 |1.43 114.66 105.92

1 10.59 9.27 | 50.34| 46.10 | 1.98 ]0.90 62.91 56.27

v 2 | 30.87 | 26.91 27.36 | 26.44 | 2.60 | 1.17 60.83 54,52
3 | 28.90 | 25.35 | 36.95| 36.65 | 2.54 |1.27 68.39 63.27

1 | 29.34 | 23.62 | 61.80| 60.15 | 3.24 |1.34 | o4.38 85.11

VI 2 8.19 6.00 | 42.57| 41.51 3.27 | 1.23 54 .03 48.74
3 7.64 6.6HR A .NR |1 A% 3N 5 18 |9 nw - -1 A9 ND



Detailed veslues for organic Phosphorus.
(A1l figures expressed as g/mz)

Upper + Lower| Upper + Lover ’
. Upper Lower F/a ¥ + F/H Ecosystem
Stage| Pit| Horizon| Horizon %PO ’%?o B %Po
| P | (g/m) of Py of P, of Py
1 0.78 - - - - 0.78 | 1.9 0.78 1.9 | 0.78| 1.9
I 2 1.25 - - - . 1.25 | 2.2 | 1.25 2.2 | 1.25 2.2
3 1.19 - - - - 1.19 | 2.4 1.19 2.4 | 1.19] 2.4
1 4,38 - - 0.082| 0.14 4.38 | 4.8 4.38 4.8 | 4.52| 5.0
II 2 3.39 - - 0.059| 0.22 3.39 | 5.9 3.39 5.9 | 3.61| 6.3
5 5050 b - 00062 0.0S 3.30 6-9 - 3030 : 6.9 5&58‘ 7.0
1 5.1’? —— - 00053 0151 5017 644‘: 5017 i 6.4 5&48 6.7
111 2 1.43 - - 0.071| 0.87 1.43 | 2.6 | 1.43 |- 2.6 | 2.30| 4.1
| 3 2.87 - - | 0.081| 2.42 2.87 | 4.4 2.87 4.4 | 5.29| 7.8
1 1.03 1.61 1.60 | 0.053| 3.16 2.64 1 4.7 4.24 6.8 | 7.40[11.3
v 2 3.64 4.29 | 1.10 | 0.079| 3.07 7.93 | 8.0 9.03 8.9 |12.10| 11.6
3 2.75 4,92 1.07 | 0.067| 4.68 7.67 | 6.8 8.74 7.6 |13.42 11.2
1 1.32 4.24 1.08 | 0.043| 1.68 5.56 | 9.1 | 6.64 10.6 | 8.32|12.9
v 2 3.96 0.92 1.43 | 0.069| 2.19 4.88 | 8.4 6.31 10.4 | 8.50113.5
3 3.55 0.30 1.27 | 0.031{ 1.07 3.85 | 5.8 5.12 7.5 | 6.19| 8.9
1 5.72 | 1.65 1.90 | 0.039| 1.77 7.37 | 8.1 9.27 9.8 [11.04]11.5
VI 2 2.19 1.06 2.04 | 0.039| 3.27 3.25 | 6.4 5.29 9.8 | 8.56|14.9
3 0.99 0.78 3.08 | 0.027| 3.42 1.77 | 4.2 4.85 10.3 | 8.27|16.4




APPERDIX III (g)
Detailed values for nutrient ratics. .
(Calculated on g/m™ of nutrients as in previous tables.)“

§
et Upper Horizon |Lower Horizon F/H ¥ Upper + Lower Upyei Ez%ower Ecosystem
3| P1 Fan
[ C/K] /F_[C/N n/F 1| C/P_TR, T PN C/R[C/F] N/P_ [ C/N|C/P N|T/P_|N/P

C/K|C/F [N/F | T/N|C/F [E/F, *c/r_ C/F, N/P‘OV _/N C/P] x/POl_ ﬁ-f_/fr:--;_/.*’.;ut,t“’ /P J /P _cm C/P_[N/F,

1 10.0] 92| 22| «] = |~ = | = o - = - [(10.0] 92| 9.2 |10.0| 92| 9¢.2(10.0| 92 | 9.2

2 10.7| 94 | 8.7 - | = |- | =] - - - | = = lt1ou®| 94| 8.7 (10.7] 94| 8.7(10.7] 94 | 8.%

ot 10.8] 72 | 6.7| - | - |- - - | = | = | - [10.8] 72| 6.7 |10.8| 72| 6.7|10.8| 72| 6.7
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APPENDIX IV.

’

Reproduced below is an adaption of a letter from
Dr M. di Menna, of the Soil Bureau, LoWer ﬁutt, to Professor
T.W. Walker, embodying the results of microbiological analyées
of some preliminary samples collected from Franz Josef during
December, 1962. They are of definite indirect intérest, as
they provide further évidence'of the conditions existing 1in the
sequence of soils from bare ground to heavily afforested and

well-developed soils. "Litter" here refers to F/H.

gpastsé

Stage L. 50 - 200 cells/g.; predominantly Candida scottii and

Candida tropicalis, with some isolates of common species

from plant leaves, which can be regarded as contaminants.

Stages II and ITI, also Stage intermediate between I and II. No

yeasts. isolated, or only occasional colonies. All isolates
are contaminant species from leaves.

Stage IV. 5,000 - 42,000 cells/g.; 40% Cryptococcus albidus,

45% Candida humicola, 10% Candida curvata.

Stage X. Litter: 14,000 - 100,000 cells/g.; 80% Candide curvata,

15% Cryptococcus albidus.

Stage X. Mineral soil: 4,000 - 16,000 cells/g.; 60% Candida

curvata, 25% Candida humicola, 15% Cryptococcus albidus.

The yeast isolates from Stage I suggest that there is a true,

if scanty, yeast flora there; it will probably be limited to

those parts of Stage I washed by melt-water.  Candida scottii



is common in Antarctic soils; Candida tropicalis, in spite of

~its name, seems to occur most frequently in Sub-Antarctic and

alpine soills.. g ’ ‘ ' ‘

Lack of yeast flora in Stages II and III may be attributable
to very sharp drainage.and consequent periods of drought, even

if infrequent.

By Stage IV, accumulation of humus has improved the water
holding capacity of the soil to a point at which yeasts can
establish themselves, but predominant species are ones resistant

to desiccation.

At "Stage X" water retention has again improved so that

Candida_curvata, which cannot resist desiccation, is dominant.

The species pattern in. this soil is very similar to that in the
"Okarito", but numbers are iuch higher. The low count in
"Okaritod'soil has been attributed to the higher water table

and poor aeration. Apparently at "Stage X" drainage is still
good enough to prevent low oxygen tensions from being a limiting
factor for yeasts. I am tempted to regard the litter layer as

tbp—soil, mineral soil as the sub-soil.

g;ee-living Nitrogen-fixing bacteria.

Neither Azotobacter nor  Beijerinckia could be recovered from

any of the soil samples from Stages I, II, III, IV and "X" (Litter
and Soil),‘nor from the Stage intermediate between I and II.
Dilutions as low as one-tenth were used. Nitrogen-fixing

Clostridia were recovered as follows:



Stage I. 10 cells/g. in one of three samples, none in other two.

Intermediate Stage between I and II. -10 cells/g. in two samples,

100 cells/g. in the third.
Stage IT. 10 cells/g. in one of three samples, none in other two.
Stage IIT. 100 cells/g. in one sample, 10 cells/g. in a second,
none ih the third.
Stage IV. None found.
Stage X. Litter: none found. 7
| Soil: 100 cells/g. in one sample, 10 cells/g. in

other two.

Jensen's method for isolation of Clostridia was used.

When followed through in culture the organisms appear to grow
anaefobically‘in a Nitrégen—free medium. The paucity of free-
living Nitrogen-fixers is most interesting in the light of the

type of vegetation colonising the Franz Josef sequence.



APPENDIX V.

The following notes are adapted from some preliminary
observations on algae in the soils near the Frang Josef Glacier,
supplied by Dr. E.A. Flint, whose interesf, and permission to

publish these results,is gratefully acknowledged.

Although algae were present at each Stage in the development
of the sOils, ﬁheir distribuﬁion was not uniform throughout the
sequence. It'ié not only the species themselves which vary,
but also the habitats they occupy. Most of the algae occurred
as free-living (non-symbiotic) organisms - on bare rock

(Trentepohlia iolithus), on the surface of the soil (Hormidium

spp.),. or as. epiphytes. on the leaves of mosses (Mesotaenium Spp-.,

Nostoc spp.). In addition to this group there was & smaller one

consisting of symbiotic species, such as Trebouxia (an algal

component of lichens) and Nostoc punctiforme (?) (endophytic

in the nodes of Guﬁnera albocarpa). -

A provisional list of the algae so far recorded is given in
Table 1. Relatively few species were isolated from samples of
Stage I, more were found in Stage II, the maximum number occurred
in Stages III and IV, and very few were seen in soils from Stages

V and VI.

Each of the communities is dominated by species of Green
algae; a few Blue-~-green algae occurred in Stages II - VI.
Regarding the occurrence of diatoms; it is interesting that

diatoms which are usually regarded as typical of soil did not



appear in the sequence until Stage IV, apart from the few found

in Stage I (probably aquatic forms). The absence of diatoms

+ ¢

from Stage III is surprising and needs confirming. One diatom

was recorded in Stage V, but none on Stage VI.

A conspicuous feature of the landscape just below the

terminal moraine is the patches of Trentepohlia iolithus, grow-

Cing oﬁ the_horizontal and vertical faces of otherwise bare rock.
It ié'éssentially a terrestrial alga which is distributed by
wind and raih, and which may survive periods of desiccation.

It may be regarded as an important pioneer on stable rock,
persisting in such places into Stages II and III. The appear-
ance of higher plants in the soil sequence provides some habitats
for terrestrial algae and the risk of desiccation is reduced,
but ‘the growth of Qgggggg andlglggggg (as in Stage IV) and the
presence of leaf litter reduce the illumination at the surface
of the soil. It has been found elsewhere that relatively few
algae ( and these are usually species of Green algae) occur on
litter—coﬁered soils. This may explain the poor growth of

algae in Stages V and VI.

All the Blue-green algae and several of the Green algae
(pérticularly some of those in Stages II and III) form
mucilaginous envelopes, which reduce the amount of desiccation

that the cells may undergo.

With regard to the contribution the Blue-green algae may
make to the Nitrogen content of the soil; it is known that in

the absence of combined Nitrogen and under alkaline conditions



several species of Nostoe can fix atmospheric Nitrogen, and it
has been found that several Blue-green algae excrete exfraf
cellulér nitrogenous substénces into the mediuﬁ in which they
ére growing (Fogg. G.E., 1956; Ann. Rev. Plant Physiol. 7,
51-70).  Although Blue-green algae were not abundant at any
Stage (it is not yet known if they are the algal components of
any of the lichens in the area), it is unfortunate that neither
the_specie5~of‘the free~living Nostoc nor the species growing in
Gunnera have been‘identified yet. It is possiblé that the
species of Nostoc present in Stages II, III and IV are N-fixing;
and that, togetherkwith other Biue~green algae which excrete
nitrogenous extracellular suBstances, they may contribute to

the Nitrogen content of the soils.

In general, the algal éommunities appear to be more important
during the early Stages of soil development, when the sub-stratum

is alkaline and before it is covered with leaf-litter.



LINCOLN UNIVERSITY LIBRARY
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Table_1.. Occurrence. of Algae in Stages of the Chronosequence.

-GENERA . STAGES. .. I. IT. LIII. Iv. V. VI.

Green algae.

Ankistrodesmus spp. + +
Bracteacoccus spp. + +
Chlorella spp. + +
Coccomyxa spp. + + + +
pylindrocystis Spp .. . . . +
Fuastrum decedens - . . +
Gleocystis spp. - . + +
Gongrosira spp. o+
Hormidium spp. . + + +
Mesotaenium spp. | +
Rhopalocystis spp. + +
Spongiochloris spp. +
Stichococcus spp. ot + +
Trebouxia spp. +
Trentepohlia iolithus + + +
Blue-green algae.
Microcoleus spp. . + + + + +
Nostoc spp. . + + +
-Nostoc punctiforme (%)
(in Gunnera) . + +
Stigonema spp. . . o+
Diatomg.
Kunotia spp. . . . +
Hantzschia amphioxys . . . + .
Pinnularia borealis . . . +
Navicula "a" +
npHh +
non +

Fragilaria spp. (?) +





