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PALEO-ECOLOGICAL EVIDENCE FROM POLLEN
AND SPORES

W. F. HARRIS
New Zealand Geological Survey, D.S.I.R., Lower Hutt

RECONSTRUCTION OF CLIMATE AND
VEGETATION HISTORY

I would like to regard the postglacial
period as that following the maximum of the
last major ice advance, or the last 18,000
years belore the present, whichever proves
to be the longer. The term postglacial im-
plies that the present day climate differs
essentially from a full glacial climate. The
difference is such as to produce important
changes in the vegetation, which will have
adjustec itself to the altered conditions, or
is in the process of becoming adjusted. Can
we reconstruct this process to any great
extent and if so, what do we learn about
climate nistory up to the beginning of Euro-
pean se tlement and of historical records?
Inevitably time comes into consideration
because if we want to reconstruct the pat-
tern of vegetation change, and from this
infer cl:mate change, we must have some
opinion about the chronological relationship
})ei]ween the pieces of evidence brought to
ight.

It can be seen at once that reconstruction
of vege ation history over the past 18,000
years is an enormously difhcult undertaking,
since historical records cover only a very
small fraction of that time, and the region
is topographically complex. If ultimate suc-
cess in such an undertaking were our only
prospect of reward, we might well despair,

We are encouraged to pursue this subject,
however, by the fact that the project gives
us a basis for coordinating a large number
of independent observations, and is a means
in particular of testing and extending our
knowledge of the relation between organ-
isms and environment.

In this very process we are building up a
context in which certain types of observa-
tion find their significance. This context is
probably in a large measure a by-product
of various techniques and is in turn the
means for improving techniques. To illus-
trate this, given a technique for extracting
pollen from types of sediment which are
sufficiently common, and the ability to dis-
tinguish the principal pollen types of New
Zealand conifers, beeches and grass, let us
take as a working hypothesis the generalisa-
tion that as beech pollen increases relatively
to conifer, the climate is cooler, and when
there is much grass pollen with little or no
pollen of the beech and conifer types a cold
climate is indicated. Here is a technique
which is workable, though crude, and which
will produce results sufhgcient to justify per-
severing with it and trying to improve it.

The underlying hypothesis may be re-
garded with suspicion by ecologists, and
even with some misgiving by the palynolo-
gist, but the point has to be appreciated that
the palynologist must have some hypothesis
—or go out of business. The ecologist, on
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the other hand, makes deductions and infer-
ences based on his own field studies, but
these lack the support of historical evidence
which, if obtainable at all, must come from
a study of the fossil record. The question
then arises as to whether the two techniques,
that of the ecologist, and that of the palyno-
logist can be mutually helpful, whether they
can usefully exchange findings. It is this co-
ordinated attempt to reconstruct vegetation
and climate history which provides the
framework within which the palynologist,
as well as others, may seek a means for
refining and perfecting his method.

PALYNOLOGY AND ECOLOGY

The two techniques, ecology and palyno-
logy, are quite distinct and independent.
Judgments and intuitions are based on ex-
perience, and the experience in the one case
is with pollen, in the other with plants. The
palynologist is dealing with problems re-
lated to vegetation succession, though his
field studies are necessarily very limited, but
experience has shown that the interpreta-
tion of pollen results presents difhiculties for
the ecologist. A method is sometimes em-
ployved which helps to bridge the gap
between the two techniques. A plant com-
munity is surveyed in the field and at the
same locality the pollen which has accumu-
lated in a suitable pollen trap, it may be a
moss cushion, is investigated. Even this
achieves only a partial reconciliation
between the two techniques because of dif-
ferences in perspective. Vegetation is
dynamic and the palynologist deals with
climaxes which develop over long periods,
but which may not be well represented at
a particular time.

It seems important to appreciate and even
to emphasise the difference between these
two techniques, more especially because to
some extent the same names are used in a
different context, and sometimes with a
different significance. To give an example,
there is a pollen type which, for convenience,
the palynologist may call Dacrydium bid-
willii. Dacrydium biforme has a similar
pollen, though it is believed possible with
care to distinguish them. Dacrydium bid-
willii is the bog pine, and occurs in montane
to subalpine scrub from 39° southwards,

descending to lowland in the western South
Island and in Stewart Island. D. biforme,
though it ranges a little further northwards,
has much the same distribution. Another
species with a similar pollen type is D.
kirkii, an occasional tree in lowland forest
in the North Island between 35 and 37°,
that is to say north of Auckland, and on
Great Barrier Island. The third species is
therefore quite different ecologically from
the other two.

At the present stage of pollen r:search in
New Zealand it is an unnecessary refinement
to consider this pollen type as representing
three species. If only a few grains are
observed, judgment of climate will not be
based on them but on the princinal pollen
types. If the pollen is relatively abundant,
in no instance have all the facts taken
together been consistent with the ecological
conditions under which D. kirkii occurs
today. When this pollen type is abundant,
boggy soil conditions and cool to cold
climate would better fit into the general
picture. The Dacrvdium bidwil’ii pollen
type, then, is for the palynologist a unit, to
be interpreted in relation to a cortext. It is
unlike any corresponding unit of the
ecologist.

This leads to the concept of frequency of
association, which may give value to those
pollen types which cannot be related to a
single species in either the taxonoinic or the
ecological sense. From frequency of asso-
ciation it becomes possible to characterise
assemblages, and as data accumulate and
pollen assemblages are charactzrised in
their climax forms, transitions between
them can be recognised.

The ecologist and the palynologist can
speak a common language when discussing
climate or when there is a good correlation
between the unit of the palynologist and the
unit of the ecologist. The correlat on might
be considered good for the three species
mentioned, Nothofagus menziesii, Dacry-
dium cupressinum, and Podocarpus dacrydi-
oides, because the pollen type in 2ach case
represents a single species, which produces
a large amount of wind-borne poll:n, and is
thus adequately represented. Among pollen
assemblages, perhaps the beech pcllen dom-
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inant assemblage approaches reasonable
correlation with a plant community of the
ecologist, though it is exceptional tor com-
parable '‘nformation regarding the species
present 1o be attainable (Table 1). Some
plant coimnmunities known to the ecologist
may be unknown to the palynologist, for
example tawa forest which is under-repre-
sented ir the pollen record; on the other
hand the palynologist may meet a pollen
assemblage with no counterpart known to
the ccologist, for example that dominated
by the spore type Trilites bifurcatus Couper.
The botanical relationship of this spore type
is not ye! known: its morphological afhnity
is with soores of the Selaginella type.

TABLE 1. Comparison between tree counts
and pollen counts — Little Barrier Island.

Species o1 species Relative proportion of

grov ps canopy trees tree pollens
N (1) (2)

Quintinia cutifolia .. 22 32 17
Phylloclacus glaucus .. 14 2 4
Ixerba brexioides .. 14 16 -
Myrtaceac i~ 20 22 51
Weinmaniria silvicola 8 4 4
Ericaceae

+ Epacridaceae ... 10 8 6
Agathis australis .. 6 — -
Podocarpus totara
Podocarpus hallii 6 — 8

Podocarpus ferrugineus
Other caropy
components .. - 16 10

100%  100%  100%

Note: (1) and (2) are counts at different sites,
the latter nearer to the site from which
po'len counts were obtained. The above
co nparisons were kindly supplied by Mr
I. A. Atkinson,

A recent study of frequency of association
reveals patterns of association. Some pollen
types increase in frequency with increasing
warmth, among which are Podocarpus da-
crydioidzs together with other Podocarpoid
types, Dacrydium cupressinum, Nothofagus
(fusca type) and Laurelia novaezelandiae.
Other types are found less often and in lower
frequencies with increasing warmth. Exam-
ples are Dacrydium bidwillii type, Phyllo-
cladus “ype (in the Quaternary), Agathis
australis (not found, however, in ‘cold”
pollen {oras), Nothofagus menziesii, Com-
positae and grass,

A typical sequence of pollen assemblages
might be represented as follows:

Cold Cold
Grass, herbs, shrubs. Little or no

i tree pollen. . 0
S8 Incoming/outgoing tree pollen esp. SR
o Dacrydium bidwillii & Nothofagus S 8
~ R menziestt g~
=~%.  Dominant Nothofagus (fusca type) S 2
o Dominant Podocarpoid Q
Dominant Dacrydium cupressinum
Warm Warm

CLIMATE HISTORY

Cranwell and von Post (1936) suggested a
particular pattern of climate history which
has been found in many parts of the world,
and is widely accepted — a pattern of warm-
ing to a period of maximum warmth, fol-
lowed by cooling to a less warm period.
These periods have not been dated. Subse-
quent work seems to support this pattern
and such carbon dates as are applicable
also support the supposition that the perioc
of maximum warmth roughly corresponds
with the hypsithermal interval recognisec
elsewhere some 6500 to 2500 years B.P. It is
not possible as yet to elaborate or extend
this scheme with any certainty for the whole
of New Zealand. Pollen results from the
Hauraki Plains and from Wallaceville sug-
gest that in the period of warming following
the full glacial there was a climate oscilla-
tion possibly correlated with the Allerod
fluctuation, gut so far it has not been pos-
sible to confirm this. A sequence of pollen
zones has been proposed by the writer in
accordance with this theory, which may be
set out briefly as follows:

Correspondence Age
Zone Climate (tentative) (Years B.P.)
5a,b,c¢ Cooler Period III NZ* 2,500—0
4 Maximum Hypsithermal 6,500— 2,500
warmth interval of
Europe.
: Period I1 NZ*
3 Warming Period I NZ* 10,000— 6,500
2 Oscillation Allerod of c. 11,000
Europe.
1 Warmin 18,000—12,000
0 Cold, full 18,000
glacial

* NZB, after Cranwell & von Post, 1936.

The attempt has been made to subdivide
zone 5 into a first part, zone 5a; a third part,
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zone 5C, which was the zone of European
settlement with man induced changes in the
vegetation; and an intermediate zone 5b.
Zone 5c is readily recognisable in profiles
in which it is preserved, not only by changes
in the ratios of the principal pollen types but
also by the incoming of exotic pollen. In
many peats, however, this part of the record
is seriously affected by draining and burn-
ing. Zone 5b seems to coincide roughly with
the period of pre-European human occupa-
tion, and the question arises as to whether
observed changes in the pollen assemblages,
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FIGURE 1. Pollen profile from deep boring in
peat, Hauraki Plains. A pumice layer is shown
5Va metres below the surface which by
radiocarbon dating may be correlated with
the Taupo pumice, about 1700 vyears before
the present. Diagrams show the ratio of each
tvpe when the dominant = 100. According
to a tentative interpretation, boundaries
between pollen zones are shown.

when present, may not be attributable in
large part at least to human iafluence,
through imperfectly controlled burning. A
pollen profile from a Hauraki Plains boring
is shown in Figure 1.

An ash horizon was found in a Hamilton
profile at a depth of from 5.25 to 5.5 metres,
just over a metre above the substratum.
This layer brought to a rather abrupt close
the lowest pollen zone. The peat changed
to a rush type and pollen of the Restionaceae
type became abundant and continucd as the
dominant “bog pollen” type througiout the
remainder of the profile.

The fhire may have affected the vegetation
on the neighbouring hilly area. The propor-
tion of rimu to other conifers rzmained
similar but tree fern spores becarie more
abundant as also the pollen of Norhofagus,
Metrosideros and Ascarina. The conifer
pollen, though showing the same proportion
among the individual pollen types, may have
come from a slightly greater distarce.

At a depth of just over 4.0 metres there
was a marked change in the relative abund-
ance of pollen of the rimu type in relation
to that of other conifers. Rimu pollen
became more strongly dominant znd con-
tinued so throughout the remainder of the
profile.

The pollen results, on this interpretation,
suggest that during the period of deposition
the vegetation had been affected locally by
fire at an early stage in the record and more
generally by forest succession, possibly in
response to climate change. At the site of
the borehole the peat had accumulated to a
depth of one metre or more before the fire,
to a depth of 2.25 metres before th: subse-
quent change in the pollen rain (climate
change?) and a further four metres since the
change, plus the amount, unknown, lost by
shrinkage and other causes since the area
was drained for reclamation. The fire prob-
ably occurred in the pollen-zone 4 period,
over 2500 vyears ago, and hence before
human occupation (see Fig. 2).

No burnt horizon or evidence of ire was
found at Pyramid Valley, in Can erbury,
where a tentative correlation was made with
a supposed climate change some 500-700
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FIGURE 2. Pollen profile from a boring in
peat near Hamilton, made in 1949 in col-
laboratior. with Prof. Hugo Osvald. Plotted
similarly o Fig. 1, but at the top the ratio
Dacrydium cupressinum to ‘“Podocarpoid”

is shown, with a marked change at a depth
of 4 metres.

years ago Close sampling was carried out
in a borelole on the Hauraki Plains and the
whole sequence was examined for pollen. It
was possible to recognise a change in the
pollen rain which was tentatively also cor-
related w th this supposed climate change.
There was no reason to suppose that it
might be fire-induced. There was no evidence
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of an abrupt disturbance as in the Hamilton
profile and elsewhere when exotic pollen
enters the profile and the effects of Euro-
pean colonisation can be inferred. The rate
and steadiness of the change suggest a factor
more slow-acting than fire.

Among the postglacial series studied in
most detail are the various profiles from the
peat swamp at Wallaceville, near Welling-
ton. Rimu pollen is dominant during the
postglacial hypsithermal interval (zone 4),
followed by beech pollen dominant. Subdivi-
sion of the beech pollen of zone 5 is not
practicable, perhaps because the area, being
a forest peat, is not suitable. Other Welling-
ton profiles do not include that part of the
postglacial, or when they do, as in the High
Street, Lower Hutt, the sampling is not close
enough for subdivision. Samples from a
shallow peat on Mt. Cameron, a saddle
above Lake Monk, show conifer pollen dom-
inant in the oldest sample, changing to
beech pollen very strongly dominant above
(Tables 2 and 3). At first Nothofagus men-
ziesti increases rapidly followed by greater
increase of other species, apparently N.
fusca and finally N. solandri var. clifforti-
oides which is also included in the fusca
group in Table 2. Radiocarbon dates show
that the oldest sample is between 5000 and
6000 years before the present, and thus
within the hypsithermal interval. By about
2000 years ago there was as much beech as
conifer pollen, and covering of the neigh-
bouring mountain slopes by the mountain
beech has taken place since then. Peat accu-
mulated slowly at this site, possibly with
an interval of standstill or even erosion, and
the carbon dates show that very close samp-
ling would be necessary to elucidate the
relationship between climate and succes-
sion. The advance of beech forest seems to
1ave begun at least 2000 vears ago and may
be a slow process, or from being purely
local may be becoming more general. The
results of Cranwell and von Post (1936) sug-
gest that the advance has been from the west
castwards. Recent sampling of peat deposits
in the southern part of the South Island
shows that there has been as yet no strong
increase of beech pollen and that in the
younger part of the profile silver beech
pollen has increased more than the other
type (Fig. 3).
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TABLE 2. Comparison of pollen counts from two series of samples collected at the same
depths on Cameron Mountain above Lake Monk.

POLLEN/SPORE TYPES DEPTH (inches)
(a) Actual counts 19 12 6 2
Nothofagus menziesii ... . G el 11 6 55 136 56 87 23 91
N. spp. (fusca group) ... . e s 9 2 45 119 155 150 76 150
“Dacrydioid’’.. e e cwm s e 200 150 150 150 76 49 15 36
“Podocarpoid” el T = B e 18 15 48 75 36 33 J 22
Phyllocladus SP. . e v o e oo 4 3 3 2 1 8 3 1
Walnmannin Sh.: sww o ey shes e 20 9 35 31 21 18 2 16
MOIPOSIACYOS SD::  wasx  winx  jwwiss  wss  Twwn e 27 9 15 12 8 2 1 4
APAHACEAR o wuar  Gue s e e - 8 5 2 6 10 | | 1
MYrsine SP.. s s e e S e e e 5 — — 2 l — - —
CRIhErS: oo o v s e g e e 49 22 51 39 24 20 12 29
Cyathea SPD: i cwia s e wesr AR e 28 10 17 12 7 6 - 2
Ferns & Lycopods (except tree-ferns) ... .. 6 8 15 16 4 13 3 20
GOIassS. o aae  ose Sl s aks T 2l 12 20 16 5 8 + 9
(b) Main groups as percentages
BEECRES'  cui Gy e owee e e - 5 3 22 41 52 60 €6 63
Conifers .. G AN M REeE RS 4 s 54 67 45 37 28 22 18 16
Other trees and shrubs S e kG e 27 19 22 14 16 11 11 13
Ferns ... R e e e 9 6 7 5 3 5 2 6
OrasSs: i sun wws  mss vees west cHes e 5 5 4 3 | 2 3 2
TABLE 3. Pollen and spore types excluded in Table 2.
POLLEN/SPORE TYPES DEPTH
(inches)
19 12 6 2
Sed@es i i sanr e e el e e 48 49 22 38 40 41 €1 26
Leptospermum SPP.  cui  wun e v s 10 3 3 1 —_ - _— -
Phormttint SD. ==~ i eea i Rt ek e 2 —_ o - — — 5 -
Typha muellert = ... o e N — — — — | — 2 -
Hypolaena lateriflora ... .. .. e 4 12 26 15 13 24 — 36
Dracophyllum Sp. ... e e ks 4 3 5 5 8 - 2 7
Ericaceae O | A 3 e 2 2 2 5 2 2 2 - - 5
Orchidaceae .. ... RS e o i — — - — 1 — -— -
Coprosma Spp. . oo ol i | e 8 3 7 8 - 2 2 9
Lycopodium fastigiatum ... ... bt 1 3 9 16 25 20 16 =
Myriophyllum sSpp. e e e - I 3 4 1 ] — -— —
Ferns ... Sl REr RN A e e 1 2 3 2 2 4 2 5
Podocarpus dacrydioides ... . e e 4 4 2 2 — — - - —
COMPOSIIAE o wwirl  iswiser vl wiior  oiwy v 4 5 4 3 1 1 - 5
Others ... .. TG e e e THee e 11 11 10 7 6 6 10 7
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FIGURE 3  Pollen diagrams arranged according to geographic relationships between
stations, and showing that colonisation by beech is more advanced to the west.
Colonisa ion appears to have been eastwards, with silver beech preceding red and/or

mountain beech.

SUMMARY

Analysis ¢f acumulated data shows that on the
basis of fiequency of association, as distinct
from botani:al affinity, certain pollen types behave
as follows:--

Increase with increasing warmth: Podocarpoid
pollen in geaeral as well as the easily distinguish-
able Podocarpus dacrydioides type, Dacrydium
cupressinun., Nothofagus (fusca type) and Laur-
elia novaezelandiae.

Less frequert with increasing warmth: Dacrydium
bidwillii type, Phyllocladus type (in the Quater-
nary), Agaihis australis (not found in “cold
floras”), Nothofagus menziesii, Composite and
grass.

In a typical sequence of gollen assemblages,
Dacrydium bidwillii type and Nothofagus men-
ziesit appear with the incoming of tree pollen
following a cold period, and as warmth increases
a peak is -eached in Nothofagus (fusca type),

from then on Podocarpoid followed by Dacrydium
cupressinum.

Climate change during the last 700 or 800 years
cannot be demonstrated by CFc.)llen analysis except
perhaps in certain areas, an interpretation would

depend on the nature of the changes produced in
the pollen profile.

Evidence from the southern part of the South
Island indicates that beech forest began to replace
coniferous forest some 2,000 vears ago, has pro-
ceeded eastwards, and silver beech has tended to
advance earlier than mountain beech. Evidence
from pollen studies is neot-wyet-sufficient to show
whether or not the process has been accelerated

subsequently by fire and/or further climate
change.
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