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Abstract
          

          
Because of the widespread occurrence of organic sediments, New Zealand is ideally suited to the study of Cenozoic vegetation and climates by fossil spores and pollen. Primary descriptions and interpretations have already been made for most parts of the country and these are widely relied upon by a number of other disciplines.

          
In this paper we review the reasoning by which past vegetation and environments are reconstructed. Recent advances in plant ecology, historical ecology, eco-physiology, and palaeobotany, related to palaeoecology are reviewed.

          
The paper includes a comprehensive table giving the ecological ranges of plants found in the New Zealand pollen and spore record.

        

        

          

            
Introduction
          

          
Quaternary pollen analysts have long had two complementary roles. The first is the reconstruction of past vegetation using pollen and spores preserved in sediment and unconsolidated sediments ranging from-calcareous loess to peat. The second is the ecologic interpretation of paleovegetation in terms of past environments, usually climate. The many pollen diagrams now available for New Zealand provide primary descriptions of past floras, vegetation and climates during the Tertiary and Quaternary as well as answers to more specific research questions e.g. identification of stadials/interstadials (Moar 1971, 1973; Moar & Suggate 1979; Mildenhall 1980).

          
Fossil pollen and spores are direct evidence only for past floras, with some indication of abundance (Faegri 1961). The reasoning by which the higher levels of ecological interpretation are reached are complex, difficult to define and usually subjective (cf. Rymer 1976). Difficulties of interpretation may or may not be able to be solved but this depends on the aim of the pollen analyst and the scale of the problem (Oldfield 1970).

          


          
The difficulties include:

          

	
              
1) limits of specific pollen and spore identification, (often related to preservation).

            

	
              
2) distinguishing between proximity and abundance of the source plants.

            

	
              
3) differences in the area of vegetation represented by different pollen and spore types, defined as the pollen source area, and related to pollen productivity and dispersal power (Flenley 1973).

            

	
              
4) changes over time in the pollen source area with change in floristics and structure of the local vegetation (Tauber 1965, 1967.)

            

	
              
5) The conservative nature of many pollen types, especially those produced by rapidly speciating groups; this feature is an important problem in the New Zealand flora.

            

	
              
6) The present-day ecology of plants represented in pollen assemblages is still often imperfectly known. The later part of this paper (Table 2) attemps to summarise current knowledge for New Zealand.

            


          
In this paper we review knowledge of present-day vegetation/pollen relationships to aid the critical appraisal of paleoecological data from New Zealand. The paper relies extensively on the studies of N.T. Moar and 
P. Wardle (Botany Division, DSIR) and D. T. Pocknall (N.Z. Geological Survey).

        

        

          

            
Representativity and Pollen Transport
          

          
Representativity is a measure expressing the relationship between species abundance and amount of pollen recorded at a particular location. Although the relationships can be expressed quantitatively for a particular site, (Davis 1963, Flenley 1973, Pocknall 1978, 1979), it is usually impossible to define the precise pollen source area. Moreover, differences in pollen productivity and dispersal power lead to different areas of vegetation being represented by the different pollen and spore texa at any time. The differences and variations between sites and over time have therefore led to representativity values being express qualitatively:

          

	
              
i 
Over-represented: pollen percentage is greater than the percentage of the source plants within the vegetation.

            

	
              
ii 
Well-represented: pollen percentage is approximately equal to percentage of the source plants within the vegetation.

            

	
              
iii 
Under-represented: pollen percentage is markedly smaller than percentage of the source plants within the vegetation, or zero.

            


          
These classes are based on the experience of the pollen analyst but are now usually supported by studies of the modern pollen rain in the same area as the fossil study. New Zealand examples include Moar (1969, 1970, 1971), Wardle (1971a), McKellar (1973), Myers (1973), Mildenhall (1976), Dobson (1976) and particularly Pocknall (1978, 1979, 1980).

          
Few texa indigenous to New Zealand have intrinsically high powers of pollen dispersion: 
Cyathea smithii-type, 
Dacrydium cupressinum, Nothofagus fusca type, Coprosma and Gramineae.

          
Other plants have lesser powers of pollen dispersal but nevertheless some 25 pollen and spore types are frequently encountered due to the widespread occurrence of the source plants across New Zealand:

          
Compositae, 
Phyllocladus, Podocarpus ferrugineus, P. spicatus, P. totara-type, 
Dacrydium bidwillii/biforme, Dacrydium colensoi, Nothofagus menziesii, Quintinia, Ascarina, Metrosideros, Weinmannia, Elaeocarpus,




Griselinia, Pseudopanax, Myrsine, Pennantia, Leptospermum, Dicksonia, Cyathea dealbata-type, 
Phymatodes, Histiopteris, Monolete fern spores, 
Lycopodium spp. and 
Dacrycarpus dacrydioides. These types are usually the basis for interpreting and comparing pollen sequences even although they usually form only a small part of the total pollen flora preserved at any site. Consquently, there is often a broad similarity between fossil pollen diagrams from widely separated and floristically distinct areas in New Zealand.

          
The majority of New Zealand pollen and spore types are seldom found in modern assemblages unless the source plants are close to the site or water transport is involved. That is, these taxa are severely under-representative of the non-local vegetation but may be greatly over-represented if the plants grew at the pollen site. Most insect-pollinated trees, and the great majority of shrubs and herbs fall into this category. Wind-pollination is not necessarily a guarantee of good representation, e.g. Cyperaceae and 
Dacrycarpus.

          
A small group of plants exists for which pollen is virtually never found for instance the important hardwood trees 
Beilschmiedia tarairi and 
B. tawa (Macphail 1980). Such non-represented species are a “blind spot in New Zealand vegetation history, and pollen assemblages from 
Beilschmiedia- dominated forest are entirely misleading due to over-representation of local shrubs and distant strong pollen sources, usually conifers. Conversely severe under-representation can be an advantage in that even very low percentages of these taxa is good evidence for the local presence of the source, and for particular local environments if the source, plants have a well-defined ecologic range, such as 
Dactylanthus (Macphail and Mildenhall, 1980).

          
In addition to the intrinsic dispersal properties of individual pollen and spores types, the mode of pollen transport to the site also influences the magnitude of pollen deposition and size of the pollen source area. Studies in North-West Europe (Tauber 1965, 1967) suggest that in forest, pollen is transported to most sites in streams and surface run-off (C
w), through the spaces between tree trunks (C
t), above the canopy by wind (C
c) and by rain drops (C
r). Jacobson and Bradshaw (1981) have defined an additional pollen component (C
g) for pollen deposited vertically downwards from overhanging the sampling site. Tauber's model predicts that the relative proportions of these pollen components at a site is determined by the floristic and structural characteristics of the surrounding vegetation and nature of the site, particularly size and presence or not of inflowing streams. A corollary is that a change in site character, e.g. from a lake to a sedgeland, will alter the pollen source area and at such times, changes in vegetation seen 
via pollen analysis may have nothing to do with climate, (Ladd 1979).

          
Because spores and pollen are abundantly preserved in water-logged sediments such as peats and lake muds, basins where these sediments can accumulate continuously over long periods of time are favoured for pollen analytical studies. Fig. 1 shows the generalized relationship between the size of a site that has no inflowing stream and the relative proportions of pollen originating from different areas around the site: 
local- from plants growing within 20m of the basin edge; 
extra-local- from plants growing between 
ca. 20-300m from the basin edge; 
regional- growing at distances greater than 
ca. 300m (Jacobson and Bradshaw 1981 p. 82; Fig. 1). For shrub-covered peat bogs and basins of less than 1 ha, within forest, the major source of pollen will be local (C
g, C
w and C
t) Regionally derived





[image: Fig. 1 The generalized relationship between the size of a site that has no inflowing stream, the relative proportions of pollen originating from different areas around the site and level of vegetation reconstruction (after Jacobson and Bradshaw 1981)]
Fig. 1 The generalized relationship between the size of a site that has no inflowing stream, the relative proportions of pollen originating from different areas around the site and level of vegetation reconstruction (after Jacobson and Bradshaw 1981)


pollen will penetrate into the sampling site (probably as C
r) but this long distance transported component will be dominated by locally derived types. The model predicts that as the dominated by locally dervied types. The model predicts that as the canopy opens up

*, or the sampling site becomes incresingly distant from the dominant stratum, so extra-local and regional elements become increasingly well represented. Sub-tropical and tropical rainforest may however be an exception (Kershaw and Hyland 1975). Because pollen production of these rainforest trees is very low, domination of assemblages by local pollen does not occur and pollen deposition appears to be an accurate reflection of the regional vegetation.

          
All undisturbed hardwood, podocarp and beech forests and most forms of scrub in New Zealand are evergreen and closed (
sensu Specht 1970). Most of the lakes utilized for paleovegetational research are small (less than 100m diameter) or if larger (Pocknall 1980) sampled close to the shore. Consequently, if the site is below the climatic treeline, the pollen sequences will preferentially record shifts in dominance with the local canopy and riparian communities. These shifts will be accompanied by some less well-defined indications of shifts in dominance elsewhere, particularly if the C
w component is important. So far there is no way to distinguish between a few strong pollen producers near the sampling site and, abundance of the same taxa in the regional vegetation. Consequently patterns in vegetation at the local and extra-local scale can only be detected by utilizing suites of sites dominated by local pollen.

          
The reverse situation occurs in low, open vegetation such as heath,



grassland and herbfield. Local pollen influx may or may not be low but is usually augmented by pollen from the regional vegetation (C
r, C
c) and, at sites above the treeline, dominated by these taxa (Table 1). Here, occurrences of pollen from severely under-represented taxa that are restricted to cold climates, e.g. 
Donatia novae-zelandiae, Notothlapsi and 
Phyllachne may be the only 
definite indicators of the local enviroment whilst part of the long distance transported pollen is derived from the prevailing winds, much is derived from a preferential upslope transport of forest pollen types from lower elevations (Moar 1970, Heusser 1974, Macphail 1975; 1979, Hope 1976, Salgado-Labouriau 1979). With over-representation of distant, strong pollen dispersers, the boundaries between different vegetation types are blurred in the pollen record, particularly the precise location of the climatic treeline relative to the sampling site.

          
Modern pollen data supporting the above generalisatons are given in Table 1. These show the broad similarity between pollen assemblages from within 
Nothofagus temperate rainforest (Lake Hanlan, Shag Tarn) and those from sites in low, open vegetation (Denniston) or above the climatic treeline (Saddle Lakes). At Saddle Lakes 
Dacrydium bidwillii-type, 
Donatia novea zelandiae and 
Phyllachne are the only pollen evidence for the presence of the local alpine vegetation. The high percentage of Gramineae pollen at Denniston may reflect the local grassland but are more likely to be due to the occurrence of a few plants in the tank. The influence of close vegetation on pollen assemblages is more clearly seen in the moss samples from Lake Hanlan and Shag Tarn. At Lake Hanlan, the forest floor is virtually devoid of all but cryptogams and the moss sample is overwhelmingly dominated by 
Nothofagus fusca-type pollen. Despite the proximity of several emergent 
Dacrydium cupressinum trees, podocarp pollen is less that 5% implying very low wind velocities within the forest stand. At Shag Tarn, a moderately dense substratum of 
Coprosma spp. occurred and this is reflected in the relatively high shrub pollen percentages. Conversely the surface lake muds at both sites contained diverse palynofloras representing a range of local (riparian) and upland plant communities within the catchments.

        

        

          

            
Reconstruction of Paleovegetation
          

          
Knowledge of the relative pollen dispersal class of an individual pollen type, and identification of its probable mode of transfer to the sampling site, enable the pollen analyst to assess the relative abundance of that taxon in a fossil flora. Reconstruction of paleovegetation requires a second step, identification of the fossil plant communities.

          
A plant community can be defined as an assemblage of plants living together in an area (of any size) during the same time and in relatively stable proportions (Atkinson 
et al. 1968). Since fossil pollen sequences are an incomplete record of past floras and usually integrate the pollen production from a number of different communities, it is difficult directly to identify past plant communities. Instead one or more of three indirect approaches are adopted (Birks and Birks 1980):

          
1. Using statistical techniques to establish recurrent groups of fossil taxa, i.e. assemblages of fossil pollen and spores consistently occurring together, or numerically correlated in a series of samples within (and between) pollen sequences.

          
In New Zealand, Harris and Norris (1972) have used chi squared tests to identify significantly associated species pairs, using presence-absence data






Table 1: Modern pollen spectra from Buller district, South Island


Percentages based on total woody species plus Gramineae. Percentages less than 1 % expressed as +

	
Site
	
Lake Hanlan
	
	
Shag Tarn
	
	
Denniston
	
	
Saddle Lake Lower
	
Upper


	
Location & Grid Reference
	Karamea Highway 3km south of Little Wanganui River Mouth S 17-18:547125.
	
	9km upstream of mouth Little Wanganui River S 17-18:619232
	
	25km north of Westport S24-264745
	
	Former glacial col at the head of the Little Wanganui River Valley. S 17-18:724164
	


	
Elevation (m)
	100 Nothofagus fusca closed forest with emergent 
Dacrydium cupressinum and subcanopy 
Weinmannia, Quintinia and 
Myrsine
	
	170 
Nothofagus fusca closed forest with emergent 
Dacrydium cupressinum and subcanopy 
Weinmannia, Quintinia and 
Myrsine
	
	620 Grasses, subshrubs and adventives. 100m above edaphically depressed treeline, 
Nothofagus and Dacrydium spp.
	1080
	1090 Mosaic of subalpine heath and sedgeland, including 
Dacrydium bidwillii and 
Olearia colensoi. 100m above local 
Nothofagus timber line.


	
Local Vegetation
	
	
	
	
	
	
	


	
	surface
	
	surface
	
	moss in open tank
	surface
	surface


	
Sample Type
	lake mud
	moss
	lake mud
	moss
	in abandoned township
	lake mud
	lake mud


	
Tall Podocarps
	52
	4
	13
	27
	17
	17
	22


	

Nothofagus
	29
	77
	31
	23
	16
	63
	56


	
Harwoods
	4
	5
	5
	8
	+
	3
	3


	
Shrubs
	12
	2
	52
	42
	3
	9
	10


	
Gramineae
	2
	2
	+
	+
	64
	5
	6


	
Dryland Herbs
	21
	2
	23
	6
	+
	10
	12


	

Dacrydium bidwillii/biforme
	-
	-
	-
	+
	+
	+
	3
	3


	

Donatia, Phyllachne
	-
	-
	-
	-
	+
	+
	+


	
	
	
	
	% 
Of Pollen Sum
	
	
	





on Quaternary pollen and spores preserved in deep peats from the 
Hauraki Plains. These were sorted into recurrent groups by an objective selection technique and assessed in terms of ecological significance. Other statistical methods, for instance Principal Components Analysis, have been successfully used eleswhere to determine current groups in modern and fossil assemblages, (Birks 
et al. 1975), Birks and Birks (1980).

          
2. Applying to past floras the ecological and phytosociological preferences of modern taxa.

          
If a species can be shown to occur in a limited number of associations, verifiable by objective ecological techniques, then the pollen of that species is assumed to indicate that association in the past. A related assumption is that the structure of the paleovegetation can be deduced by analogy when the past associations appear to agree with present-day well-defined associations.

          
3. Matching fossil pollen assemblages with modern assemblages from known vegetation types (the “finger-printing approach, Martin and Gray 1962, Wright 1967).

          
Approaches 2 and 3 depend on finding modern analogues so that the present can be extrapolated into the past. Both are common palynologic practice, at least implicitly, but are misleading if applied without caution to early Quaternary or pre-Quaternary assemblages. Their successful use requires sound knowledge of modern ecological preferences.

          
A serious problen in New Zealand is that numerous life-forms may be represented within the one pollen taxon (Rattenbury 1962), for instance.



	
Nothofagus fusca-type
	4 taxa


	
Metrosideros
	11 species


	
Coprosma
	45 species



          
Another problem is the difficulty of indentifying stable plant communities that are independent of climate, such as edaphically controlled 
Dacrycarpus semi-swamp forest and Westland “pakihi sedgelands of gley podsols (Rigg, 1962). Both communities include well-represented and palynologically distinct taxa.

          
Plant communities above the climatic treeline in New Zealand are usually well-defined floristically and uniform throughout the country. The tallest stratum is dominated by combinations of Compositae, Gramineae, Umbelliferae, Rubiaceae, Scrophulariaceae, Epacridacae and Liliaceate but structural and floristic analogues can also occur in exposed or semi-arid areas at lower elevations. Communities below the treeline are less easily defined. Although there are relatively few canopy species, mostly Podocarpaceae, 
Nothofagus spp., 
Weinmannia, Beilschmiedia, Elaeocarpus, Metrosideros and 
Quintinia. There is also a gradual replacement of mixed podocarp-hardwood stands by 
Nothofagus with increasing altitude, and latitude. Consequently these taxa can occur in any combination or proportion within the same climatic regime, (Holloway 1954, Robbins 1962, Nicholls 1976, Park and Walls 1978). Podocarp stands are widely recognized as having unstable population structures under present-day climates (Herbert 1980) and in some localities they are being competitively excluded by hardwoods and 
Nothofagus (Wardle 1963, Clayton-Green 1977).

          


          
Accordingly, Wardle (1964) has questioned the existence of stable forest associations and concluded that the component species have overlapping but largely independent distributions. These distributions are determined not only by differences in reproductive biology and habitat requirements (determining rates of migration and performance within the forest succession) but also by past events. The latter include the severe but geographically variable effects of Quaternary glaciation (Moar 1973, Burrows 1979) and volcanism (McKelvey 1963, McGlone and Topping 1977) as well as perennial phenomena such as landslipping, catastrophic weather and fires (Molloy 1969, Wardle 1978).

          
If canopy species have behaved individualistically through time, then it is clearly unwise to press analogies based on the modern vegetation too closely when inferring past associations. For example, Walker and Flenley (1979) have demonstrated that whilst some taxa in New Guinean ‘podocarp-hardwood-
Nothofagus’ rainforest occur together with great fidelity through a variety of environmental vicissitudes, other taxa associated with them may behave independently when viewed on longer time scales during the late Quaternary. In New Zealand, this problem has to a large extent been avoided by interpreting past vegetation in terms of formations defined by pollen dominants and using minor, less well-represented taxa to suggest thermal or geographic variatons, (Moar 1971, 1973, McGlone and Topping 1973, 1977, Dobson 1978). This approach is appropriate to developing regional paleovegetational reconstructions but smaller scales of pattern have mostly yet to be interpreted.

        

        

          

            
Reconstruction of Past Environments
          

          
Reconstruction of past environments is usually based on both abiotic (lithology, geochemistry, site geomorphology, isotopes etc.) and biotic evidence, of which fossil pollen data is but one part. The most common method in pollen analysis is an extension of the ‘indicator species’ approach, the application backwards in time of known preference of (i) individual taxa with well-defined narrow environmental ranges or (ii) plant communities of taxa having similar ranges. Alternatively, statistical methods which relate 
pollen values to one or more environmental parameters using discriminant functions or regression equations may be used. A New Zealand example of discriminant function analysis relating groups of pollen and spores to temperature is provided by Harris 
et al. (1976). Transfer regression equations have been successfully used in a rainforest area of Chile by Heusser and Streeter (1980) and may be found applicable to New Zealand once the data for modern pollen spectra are adequate.

          
Much of the present information concerning the environmental tolerances of phytosociologically important species in New Zealand comes from compilations of available herbarium and field records: 
Ascarina lucida (McGlone and Moar 1977), 
Chionochloa rigida(Mark 1965), 
Dacrydium cupressinum (Franklin 1968), 
Leptospermum spp. (Burrell 1965), 
Metrosideros umbellata (Wardle 1971b), 
Nothofagus menziessii (Wardle 1967), 
N. solandri (Wardle 1970), 
Olearia colensoi (Wardle 
et al. 1970), Phyllocladus alpinus (Wardle 1969) and 
Weimannia racemosa (Wardle 1966). 
Agathis australis (Eckroyd 1982), 
Beilschmiedia tawa (Knowles and Beveridge 1982). Not all these taxa can be specifically identified by pollen. Ecological data on other equally important taxa is scattered and often unpublished.

          


          
Nevertheless, the information available does indicate that the majority of, if not all, phytosiciologically important trees have very wide environmental tolerances. In particular the taller podocarps are able to survive conditions which prevent regeneration by seed but, because of their longevity, are still able to influence the stability of rainforest communities over this period. Hardwood taxa appear to have shorter life-spans and would be excluded more rapidly under unfavourable conditions. However, the pollen of neither group provides a sensitive indication of climate except over long periods of time, suggested to be in excess of two thousand years.

          
Subcanopy trees and shrubs with more restricted distributions but with good representation are proving more rewarding as climatic indicators 
Ascarina lucida is one example (McGlone and Moar 1977) and trends in this taxon may serve to correlate early to middle Holocene pollen sequences across New Zealand. 
Dodonaea may be another (
W. F. Harris 
pers. comm.). Because many of these taxa are under-represented, it is necessary to count large numbers of pollen or scan pollen slides for trace occurrences combined with a lower pollen count.

          
A remarkable example of the use of experimental plant physiology to interpret early postglacial sequences in the eastern South Island is given by Wardle and Campbell (1976) in their studies on frost-tolerance of plants found as pollen.

          
Table 2 lists pollen and spore types that (i) occur regularly and in some abundance in late Quaternary sediments or (ii) are rare but specifically identifiable or (iii) indicative of particular environments. Relative pollen dispersal classes are based on Dobson (1976), Pocknall (1978, 1979, 1980) and Macphail (unpub. results): Comments on the distribution and ecology take into account the available ecological literature (Wardle 1973, Orwin 1974) and extensive field observations by Wardle (1975, 1977) and 
D. R. McQueen but cannot take account of many anomalous distributions (Holloway 1954). Plant names and climate zones follow Allan (1961), Moore and Edgar 1970) and Wardle (1964).

        

        

          

            
Conclusions
          

          
There can be no doubt that pollen analysis has been spectacularly successful in providing primary descriptions of past vegetation and environments in New Zealand, particularly for the Late Quaternary period. Published descriptions are lacking only from North Auckland (
M. S. McGlone 
pers. comm.) but all parts of the country will benefit from additional studies. At this scale trends in vegetation structure and climate parallel those in South-eastern Australia and Southern Chile (Macphail 1979, Heusser 1974).

          
Rather less is known of patterns in vegetation and climate on the smaller spatial and temporal scale. Where specific values for postglacial climates have been determined from fossil pollen assemblages, these are supported by macrofossils, e.g. Lintott and Burrows (1973), Soons and Burrows (1978), McGlone 
et al. 1978).

          
The problem of scale is similar to that confronting the ecologist studying modern plant communities. There is no reason to doubt that environmental factors determine pattern in vegetation on the geographic scale or over millenia, but it is difficult to assess the contribution of the same factors on individual stands or over periods of time less than several forest generations. Moreover, the ecological concepts underlying any extraction of environmental factors from fossil data are deterministic






Table 2 (pp 46-57)


The present day distribution and ecology of plants represented by pollen and spores in New Zealand Quaternary and Recent deposits.


The use of the family or generic name only indicates that the pollen type includes more than one genus or species. Families, habit and distribution are from Allan (1961) and Moore and Edgar (1970). Ecology is from cited references and the authors' field observations. Climatic zones are in terms of Wardle (1964):

	Zone
	
	
	Altitude
	


	
	
	
	at 41 °S
	at 45 °S


	High Alpine
	
	
	over 1525m
	over 1220m


	Lower Alpine
	
	
	1220-1525m
	915-1220m


	Subalpine
	
	
	916-1220m
	611-915m


	Cool Temperate or Montane
	
	
	416-915m
	0-610m


	Warm Temperate
	
	
	0-460m
	absent


	Pollen dispersal, from Pocknall (1979) and 
pers. comm.
	
	
	
	


	LTD Long distance transport
	W Well to over-represented
	U Under-represented
	SU Severely under-represented
	NI No information


	
Pollen Taxon.
	
Family
	
Habit
	
Pollen Dispersal
	
Ecology and Distribution


	
Acacia
	Mimosaceae
	Shrubs & trees
	LDT
	Australia and introduced (Mildenhall 1972)


	
Acaena
	Rosaceae
	Herbs
	U
	Grassland and open situations from coast to Subalpine.


	
Agathis australis
	Araucariaceae
	Large trees
	NI
	Forest south to latitude 38°S, Warm Temperate to Montane, even at southern limit, and grows with 
Nothofagus menziesii(Ecroyd 1982).


	
Alectryon excelsum
	Sapindaceae
	Small tree
	U
	Warm Temperate forest north of ca. latitude 42°S, usually on alluvium.


	
Amperea
	Euphorbiaceae
	Shrub
	LDT
	Australian (cf. Macphail 1979).


	
Aristotelia
	Elaeocarpaceae
	Small tree: 
A. serrata
	U
	
A. serrata: Temperate to Montane, scattered in intact forests but forming extensive areas of scrub after disturbance; frost tolerant.


	
	
	Shrub: 
A. fruticosa
	
	
A. fruticosa: Subalpine, drier to superhumid shrublands.


	
Avicennia
	Rhizophoraceae
	Tall shrub
	W
	Estuaries to latitude 38 °S, always in saline sites.


	
Arthropodium
	Liliaceae
	Tall herb
	U
	One sp. coastal rocks south to latitude 38 °S.


	
	
	
	
	One sp. forest south of latitude 37 °S, Temperate.


	
Ascarina lucida
	Chloranthaceae
	Shrub-small tree
	W
	Temperate and Montane forests south of latitude 35 °S. Common in lowland forest in milder climate. Frost and drought intolerant.




	
Astelia
	Liliaceae
	Terrestrial and epiphytic herbs
	U
	Temperate to Alpine in forest, scrub, grassland and herbfields throughout.


	
Beilschmiedia
	Lauraceae
	Large tree
	SU
	One sp. Warm Temperate forests south to 38 °S.


	
	
	
	
	One sp. Warm Temperate forests south to 42 °S.


	
Calystegia
	Convulvulaceae
	Herb
	SU
	Temperate one sp. dunes, three spp. forest margins and open areas.


	
Carpodetus
	Escalloniaceae
	Shrubs & small trees
	U
	Temperate to Montane forests throughout; often on slips and in disturbed areas.


	
Casuarina
	Casuarinaceae
	Shrubs & small trees
	LDT
	Australia and introduced (Close 
et al. 1978 Macphail 1979)


	Chenopodiaceae and Amaranthaceae
	herbs and subshrubs
	W.LDT
	Coastal, especially saline habitats, throughout; extending inland in dry situations.


	
Collospermum hastatum
	Liliaceae
	epiphytic & terrestrial tall herbs
	SU
	Locally abundant in Warm Temperate forest south of ca. lat. 42 °S.


	
Colobanthus
	Caryophyllaceae
	herb
	U
	Subalpine to Alpine, and rarely on compensating open sites to sea level.


	Compositae (Liguliflorea)
	
	herbs
	NI
	Temperate to Alpine, grassland and open areas.


	Compositae (Tubuliflorae)
	
	herbs, shrubs & small trees
	U
	Throughout all plant communities at all elevations but less frequent in forest.


	
	
	
	
	Abundant to dominant in coastal scrub, Subalpine scrub and Alpine herbfield.


	
Coprosma
	Rubiaceae
	shrubs & small trees
	W
	Coastal to Lower Alpine; in forest, forest margins, scrub, grasslands. Tolerant of poorly drained as well as exposed habitats.


	
Cordyline
	Agavaceae
	small trees, shrubs
	U
	Temperate on colluvium, river flats and base-rich swamps, 1 sp. in Montane and Subalpine forest in areas over 2000mm precipitation p.a.


	
Coriaria
	Coriariaceae
	shrub
	W
	Temperate, Montane to Alpine throughout N.Z., often forming closed stands in successions colonizing recent soil.


	
Corynocarpus laevigatus
	Corynocarpaceae
	medium tree
	SU
	Coastal Warm Temperate north of ca. lat. 44 °S; usually within or marginal to coastal forest (Stevenson 1978)


	Cruciferae
	
	herbs
	U
	Common on alluvium and distrubed ground, mainly coastal to open Alpine situations throughout, but 1 genus in forest.


	
Cupressus
	Cupressaceae
	medium tree
	NI
	Introduced and widely distributed as a windbreak tree.


	
Cyathea dealbata
	Cyatheaceae
	tree fern
	U
	Temperate and Montane forests throughout.


	
C. medullaris
	Cyatheaceae
	tree fern
	U
	Temperate forest, forest margins and disturbed forest; mainly North Island and west coast of South Island.




	
C. smithii type
	Cyatheaceae
	tree fern
	W
	Temperate to Subalpine forest throughout; frost tolerant.


	
Cyathodes fasciculatus
	Epacridaceae
	shrub
	U
	Warm Temperate-Montane; open situations in podocarp forest, common in 
Nothofagus forest, scrub and rocky places north of ca. lat. 44 °S.


	Cyperaceae
	
	herbs
	W
	Swamps and wetlands at all elevations; throughout.


	
Dacrycarpus dacrydioides
	Podocarpaceae
	tall trees
	U
	Temperate throughout, abundant or dominant in forests on wet alluvial soils and swamps. Extremely rare on Stewart Island (Wardle 1974), and not vigorous away from coast in Southland (Johnson 1972).


	
Dacrydium bidwillii/ biforme
	Podocarpaceae
	low shrubs & small trees
	U
	
D. biforme: Montane & Subalpine south of lat.


	
	
	
	
	36 °50'S in high precipitation forests and scrub.


	
	
	
	
	
D. bidwillii: Montane and Subalpine south of ca. lat. 36 °S; characteristic of gley podzol soils and bog, in scrub and openings in forest, descending to sea level along cold air drainage channels in south. Also present on well drained alluvium east of Southern Alps. Very frost tolerant (-20 °) (Wardle and Campbell, 1976).


	
D. colensoi
	Podocarpaceae
	medium tree
	U
	Montane to Cool Temperate from ca. lat. 35 °S to 44 °S abundant on gley podzols and infertile swamps on coastal terraces in Westland. Always in high precipitation.


	
D. cuprsssinum
	Podoearnaceae
	tall tree
	W.LDT
	Temperate to Montane forest throughout; abundant over wide climatic range on all but very dry or waterlogged soils; intolerant of severe water stress, regenerates well after fire. Regeneration suggested to be cyclic, involving dicotylous trees as 
Weinmannia, Quintinia and Beilschmiedia (Poole 1937, Cameron 1954).


	
D. cf. intermedium
	Podocarpaceae
	small-medium tree
	W
	Lowland forests in Northland, otherwise Montane to Subalpine throughout, particularly on infertile sites in west of South Island and Stewart Island.


	
Dactylanthus taylori
	Balanophoraceae
	root parasite
	U
	Temperate to Montane on wide range of hosts, mostly trees. Widely scatterd but locally common throughout North Island, probably present in Northwest Nelson (Macphail & Mildenhall 1980)


	
Dicksonia fibrosa
	Dicksoniaceae
	tree fern
	U
	Temperate forests south of ca. lat. 37 °S.


	
D. lanata
	Dicksoniaceae
	tree fern
	U
	Temperate to Montane from ca. lat. 35 °S to lat. 44 °S (on west coast of South Island) usually local, preferring warmer north-facing slopes.


	
D. squarrosa
	Dicksoniaceae
	tree fern
	U
	Temperate to Montane throughout; abundant in lowland forests, particularly in shallow gullies and river flats, persisting after destruction of forest.




	
Dodonaea viscosa
	Sapindaceae
	shrub-small tree
	U
	Coastal and, less commonly, inland from extreme north to ca. lat. 43°S; tolerant of exposed coastal situations, intolerant of frost.


	
Donatia novaezelandiae
	Donatiaceae
	cushion plant
	SU
	Alpine on wet shallow soils; extended downslope onto gley podzol soils in cold air influenced sites.


	
Dracophyllum
	Epacridaceae
	shrubs & small trees
	SU
	Coastal to Alpine throughout; characteristic of Subalpine scrub and rocky Lower Alpine situations.


	
Drapetes
	Thymelaceae
	subshrub
	U
	Upper Subalpine and Alpine throughout.


	
Dysoxylum spectabile
	Meliaceae
	small to medium tree
	SU
	Locally abundant in Warm Temperate forest from extreme north to ca. lat. 41 °30'S.


	
Elaeocarpus
	Elaeocarpaceae
	medium trees
	U
	Temperate and Montane forests throughout.


	
Elytranthe
	Loranthaceae
	hemiparasitic shrubs
	SU
	Temperate to Subalpine south of ca. lat. 36 °S; widely scattered and locally common on 
Quintinia, Pittosporum, Metrosideros and especially 
Nothofagus.


	Epacridaceae (T-type)
	
	prostrate & erect shrubs
	SU
	Coastal to Subalpine throughout; in forest, scrub, grassland and bog.


	
Epilobium
	Onagraceae
	herbs
	SU
	Lowland to Lower Alpine throughout; usually in rocky or wet open situations.


	
Eucalyptus
	Myrtaceae
	small-tall tree
	LDT
	Australia and introduced (Close 
et al. 1978, Macphail 1979)


	
Eugenia maire
	Myrtaceae
	tree
	NI
	Warm Temperate swamp forest south to lat. 41 °30'S.


	
Euphrasia
	Scrophulariaceae
	herbs
	U
	Temperate to Alpine south of lat. 38 °.


	
Freycinetia banksii
	Pandanaceae
	liane
	U
	Coastal and lowland from far north to ca. Marlborough in east and Fiordland in west of South Island; abundant in forest, and scrub especially near coast.


	
Fuchsia
	Onagraceae
	lianes, shrubs & small trees
	SU
	Temperate to lower Subalpine throughout; usually on forest margins or in openings.


	
Gaultheria
	Ericaceae
	shrubs
	U
	Temperate to Alpine south of lat. 37 °30', understorey in open forest; scrub and grassland. Important on volcanic scoria.


	
Geniostoma ligustrifolium
	Loganiaceae
	tall shrub
	SU
	Widespread in coastal and Warm Temperate forests north of ca. lat. 41 °30'S.


	
Gentiana
	Gentianaceae
	herbs
	SU
	Temperate to Alpine throughout, in grasslands, openings in heath and scrub, herbfield and fellfield.


	
Geranium
	Geraniaceae
	herbs
	SU
	Temperate to Lower Alpine grasslands throughout.




	
Geum
	Rosaceae
	herbs
	SU
	Mainly Subalpine and Lower Alpine grasslands but descending dowslope into cold air influenced open situations.


	
Gleichenia
	Gleicheniaceae
	ferns
	U
	Temperate to alpine throughout; 2 spp. dominant on acid bogs.


	Gramineae (Poaceae)
	
	sward-forming to tall tussock
	W
	Temperate to Alpine throughtout. Dominant in Alpine and semi-arid Temperate grassland communities, rare in undisturbed forest but locally extensive on lowland river flats, slips and sand landforms.


	
Griselinia
	Cornaceae
	shrubs & samll trees frequently epiphytic
	U
	Common in Temperate to Subalpine forests south of ca. lat. 35 °S; less commonly in subalpine scrub.


	
Gunnera
	Haloragaceae
	herbs
	SU
	Temperate to Subalpine throughout; common as a pioneer on stony river flats, river banks, slips, in grasslands and other open vegetation. Also in boggy situations within forest.


	Gyrostemonaceae
	
	shrub & small trees
	LDT
	Australian (Macphail 1979)


	
Haloragis
	Haloragaceae
	herbs
	U
	Coastal to Subalpine throughout; usually in open situations.


	
Hebe
	Scrophulariaceae
	shrub
	SU
	Coastal to Alpine throughout; locally common and characteristic of seral scrub at low elevations, Subalpine scrub and grassland, Alpine herbfield and exposed rocky situations.


	
Hedycsrya arbores
	Mornimiaceae
	small tree
	U
	Temperate forests from far north to Banks Peninsula on east, and along west coast of South Island; most common towards coast.


	
Histiopteris incisa
	Pteridaceae
	fern
	NI
	Temperate to Subalpine throughout; usually in shaded situations on forest margins, regenerates well after forest destruction in higher precipitiation areas.


	
Hoheria
	Malvaceae
	small trees
	SU
	Temperate to Subalpine, absent Stewart Island; usually marginal to forest and scrub but forming extensive scrub along river banks, on slips and avalanche pathways. Characteristic of wetter western districts but some species in lower precipitation areas.


	
	
	
	
	
H. glabrata, deciduous, resists -15 ° (Sakai 
et al. 1981).


	
Hydrocotyle
	Umbelliferae
	herbs
	U
	Temperate to Alpine throughout, usually in moister places.


	
Isoetes
	Isoetaceae
	aquatic herbs
	NI
	Locally common in higher elevation lakes and tarns, less common along upper reaches of rivers.


	
Ixerba brexioides
	Escalloniaceae
	tree
	NI
	Temperate to Montane from lat. 35 °30'S to 38 °S




	
Knightia excelsa
	Proteaceae
	tree
	U
	Temperate south to Marlborough Sounds, often in late seral vegetaion.


	
Laurelia novaezelandiae
	Monimiaceae
	tall tree
	SU
	Warm Temperate forests in North Island and north-west of South Island with scattered occurrences along west coast to ca. lat. 46 °S; characteristic of wet alluvial soils and base-rich swamps.


	
Leptospermum
	Myrtaceae
	shrubs to medium trees
	U
	Temperate to Subalpine throughout; presistent in swamps and infertile soils but mainly in successional scrub following destruction of forest, on dunes, and in open low forest in drier areas.


	
Libertia
	Iridaceae
	tufted low to medium herb
	
	Temperate to Subalpine, forest floor and seral scrub.


	
Libocedrus
	Cupressaceae
	small to medium trees
	U
	1 sp. Lowland forest from ca. lat. 35 °S to N.W. Nelson; 1 sp: upper Montane and Subalpine forests south of ca. lat. 36 °S, frost tolerant to -13 ° (Sakai 
et al. 1981). Pure stands of catastrophic origin (Clayton-Greene 1977).


	
Liparophyllum gunii
	Gentianaceae
	herbs
	SU
	Montane to Alpine south of ca. lat. 39 °S; local in herbfields and bogs. Near sea level in far south.


	
Lophomyrtus -type
	Myrtaceae
	shrubs & small trees
	U
	Temperate to Subalpine throughout; forest understorey and margins.


	
Loranthus micranthus
	Loranthaceae
	hemiparasitic shrub
	SU
	Temperate throughout; common on a wide range of hosts including 
Carmichaelia, Coprosma, Hoheria, Leptospermum, Cyathodes, Lophomyrtus, and 
Podocarpus.


	
Lycopodium australianum
	Lycopodiaceae
	herb
	U
	Montane to Lower Alpine, south of ca. lat. 38 °30'S; usually in stony grassland, low heath, and bog. Descends to lower elevations in exposed or cold air influenced situations.


	
L. deuterodensum
	Lycopodiaceae
	herb
	U
	Warm Temperate from far north to ca. lat. 38 °S. Isolated occurrences in Marlborough.


	
L. fastigiatum-type
	Lycopodiaceae
	herb
	W
	Montane to Lower Alpine throughout; usually in grassland and bog descending into lowlands in extreme south.


	
L. scariosum
	Lycopodiaceae
	herb
	W
	Temperate to Montane south of ca. lat. 38 °S; local in open forest situations.


	
L. varium-type
	Lycopodiaceae
	herbs, sometimes epiphytic
	W
	Common in Temperate and Montane forests throughout.


	
Lygodium articulatum
	Schizaeceae
	liane
	NI
	Warm Temperate south to Lat. 38 °S.


	
Melicytus
	Violaceae
	small tree
	U
	Temperate to Subalpine throughout, forest openings and seral forest.




	
Metrosideros
	Myrtaceae
	lianes, shrubs, small to tall trees: epiphytic juveniles
	W
	Temperate to Subalpine throughout; taxon including important canopy species of lowland forest. Involved in cyclical regeneration with 
Dacrydium cuypressinum(Wardle 1971).


	
Metrosideros excelsa
	Myrtaceae
	tree
	W
	Warm Temperate, coastal south to lat. 38 °S, generally on bluffs and sea cliffs.


	
M. robusta
	Myrtaceae
	tall trees
	W
	Temperate to Montane from extreme north to ca. lat. 42 °30'S on west coast of South Island; a canopy tree in lowland forest.


	
Microseris-type
	Compositae
	herbs
	W
	Native and introduced; characteristic of grasslands and disturbed ground.


	
Mida salicifolia
	Santalaceae
	shrub-small tree
	SU
	Temperate to Montane forest from extreme north to north-west coast of South Island. Sparsely distributed except in north of its range.


	Monolete Fern Spores
	numerous families of Order Filicales
	ferns
	W,U,SU
	Temperate to Alpine throughout; characteristic of the understorey in lowland and montane forests, colonizing slips, river banks and other damp shady habitats.


	
Muehlenbeckia
	Polygonaceae
	lianes, shrubs
	U
	Temperate to Subalpine throughout; characteristic of exposed coast, disturbed forest; forest margins, river flats and grasslands.


	
Myriophllyum
	Haloragaceae
	aquatic herbs
	W
	Temperate to Subalpine throughout; tolerant of saline to freshwater, stagnant to flowing conditions.


	
Myrsine
	Myrsinaceae
	prostrate shrubs to trees
	U
	Temperate to Alpine throughout; common in forest, forest margins, scrub on poorly drained sites and extending into Alpine grasslands and rocky areas.


	
Nestegis
	Oleaceae
	trees
	NI
	Temperate, North Auckland to 41 °30'S.


	
Nothofagus fusca-type
	Fagaceae
	tree
	W,LDT
	Temperate to Subalpine throughout, often forming treeline; dominant or potential dominant of temperate Montane and Subalpine forest in precipitation from 1000mm to over 7000mm p.a. Fertility requirements vary with the individual taxa. 
N. fusca > (N. menziesii) > N. truncata > N. solandri var. 
cliffortioides (Adams 1976); the latter frost tolerant to -13 ° (Sakai 
et al 1981).


	
N. menziesii
	Fagaceae
	trees
	U
	Montane and Subalpine south of lat. 37 °S on North Island and along west coast of South Island, often forming the treeline. Dominant of Cool Temperate forests in south of South Island.


	
Notothlaspi
	Cruciferae
	herbs
	SU
	Alpine-subalpine screes and rocky areas south of ca. lat. 41 °S.




	
Ophioglossum
	Ophioglossaceae
	herbs
	U
	Open grassy areas throughout.


	
Pennantia corymbosa
	lcacinaceae
	small tree
	W
	Temperate forests south of ca. lat. 35 °S; abundant on alluvial and colluvial soils.


	
Phormium
	Agavaceae
	tall tussock
	U
	Temperate to Subalpine throughout; abundant in coastal scrub and fertile swamps, river and lake margins and in subalpine forest, scrub and grassland.


	
Phyllachne
	Stylidiaceae
	cushion plants
	SU
	Subalpine to Alpine herbfields, fellfield and rocky areas south of ca. lat. 39 °S.


	
Phyllocladus
	Podocarpaceae
	shrubs & small trees
	W,LDT
	2 spp. scattered in Temperate forest of North Island and north-west coast of South Island; 
P. alpinus characteristic of Subalpine forest and scrub, reaching sea level in south on infertile, gley podzol soils and bogs. Frost tolerant to -18 ° (Sakai 
et al 1981). Locally abundant after fires.


	
Phymatodes
	Polypodiaceae
	ferns, often epiphytic
	W
	Temperate to Montane throughout; locally abundant as an epiphyte in forest, occasional amongst rocks on coast and at high elevation.


	
Pinus
	Pinaceae
	tree
	W,LDT
	Introduced throughout; widely planted for forestry in North Island and naturalized in open areas up to Montane zone.


	
Pimelea
	Thymeleaceae
	shrubs
	SU
	Temperate to alpine throughout; characteristic of semi-arid, Subalpine and Alpine grasslands.


	
Pittosporum
	Pittosporaceae
	lianes, shrubs & small trees
	WU
	Temperate to subalpine throughout; often seral.


	
Plagianthus
	Malvaceae
	shrubs to small trees
	SU
	Temperate to Montane throughout; characteristic of salt marshes, estuaries, river flats, and forest on alluvial flats.


	
Plantago
	Plantaginaceae
	herbs
	U
	Temperate to Alpine throughout; rare within forest and scrub but characteristic of alpine herbfield and grasslands; usually in damp situations.


	
P. lanceolata
	Plantaginaceae
	herb
	W,LDT
	Introduced throughout; widespread as pastoral weed.


	
Podocarpus ferrugineus
	Podocarpaceae
	tall trees
	W,U
	Common to locally abundant in Temperate and Montane forests throughout.


	
	
	
	
	Frost tolerant to -10 ° (Sakai 
et al 1981).


	
P. spicatus
	Podocarpaceae
	tall trees
	W,U,
	Common in Temperate forest on fertile soils throughout, but rare on Stewart Island. Prefers warmer, drier situations.


	
P. totara-type
	Podocarpaceae
	prostrate shrubs to tall trees
	W,U
	4 spp. Temperate to Subalpine, common lowland river flats, in forest and high elevation scrub.




	
Polygonum
	Polygonaceae
	herbs
	SU
	Native (north of ca. lat. 44 °S) and introduced (throughout); common in lowland swamps, pastures and along river banks.


	
Pomaderris
	Rhamnaceae
	shrubs
	U
	Local on dry hills in North Island; most species confined to Northland.


	
P. cf. apetala
	Rhamnaceae
	shrub to small tree
	U,LDT
	Isolated in coastal situations on North Island; Australia (Macphail 1975)


	Portulacaceae
	
	herbs
	NI
	Tempoerate to Alpine, generally subaquatic but also on screes.


	
Potamogeton
	Potamogetonaceae
	aquatic herb
	U
	Coastal and lowland; common in brackish and freshwater ponds, swamps and bogs. Rare at higher elevations.


	
Pseudopanax
	Araliaceae
	shrubs & small trees
	U
	Temperate to Subalpine throughout; common in forest, forest margins and scrub.


	
Pseudowintera
	Winteraceae
	shrubs & small trees
	SU
	Temperate to Lower Subalpine throughout; in forest, forest margins and scrub of higher precipitation; abundant on recent soils and often forming an extensive scrub after forest destruction.


	
Pteridium esculentum
	Pteridaceae
	fern
	U
	Temperate to Montane throughout; characteristic of disturbed areas, forest margins at lower elevations and dry rocky places at high elevation. Rare within undisturbed vegetation.


	
Pteris
	Pteridaceae
	fern
	NI
	Warm Temperate south to ca. lat. 42 °S, forest openings and stream banks.


	
Quintinia
	Escalloniaceae
	small tree
	W
	Local in Montane forests of North Island but abundant in Temperate and Montane forest on the west coast of South Island; important subcanopy species with podocarps in central Westland “beech gap.


	Ranunculaceae
	
	herbs, lianes
	SU
	Temperate to Alpine throughout; native and introduced. Characteristic of disturbed, stony places in lowlands and coast, otherwise at higher elevations in grassland and herbfield. Includes Temperate forest lianes.


	Restionaceae
	
	sedge
	U
	Temperate to Subalpine; in salt marshes, and subalpine bogs throughout.


	
Rhopalostylis sapida
	Palmae
	palm
	SU
	Warm Temperate, coastal and adjacent lowlands on North Island, southward to Banks Peninsula and Greymouth in South Island. Abundant only near coast, often persisting after destruction of forest.


	
Ripogonum scandens
	Smilacaeae
	liane
	U
	Abundant in Temperate podocarp-dicotylous forest.


	
Rubus
	Rosaceae
	lianes, scrambling shrub
	W
	Temperate and Montane throghout; abundant in disturbed forest, forest margins and along river flats. 1 sp. in semi-arid grassland.




	
Rumex
	Polygonaceae
	herb
	W
	Native and introduced, lowland to montane throughout; characteristic of beaches, pastures, disturbed ground and grasslands.


	
Ruppia
	Ruppiaceae
	herb
	U
	Brackish to fresh water, Temperate - Montane.


	
Salicornia australis
	Chenopodiaceae
	herb
	W
	Temperate, coastal only, saline herbfields south to Foveaux Strait.


	
Schefflera digitata
	Araliaceae
	small tree
	U
	Temperate throughout; important species in moist gully forest.


	
Schizeleima
	Umbelliferae
	herb
	NI
	Generally Alpine but occasionally Subalpine to Temperate.


	
Sparganium subglobosum
	Sparganiaceae
	graminoid
	W
	Temperate aquatic.


	
Stellaria
	Caryophyllaceae
	herbs
	SU
	Temperate to Alpine; grassland and rocky areas.


	
Tetrapathaea tetrandra
	Passifloraceae
	liane
	U
	Temperate to lat. 44 °S, generally in open forest, or at forest margin.


	
Toronia toru
	Proteaceae
	shrub
	NI
	Warm temperate from lat. 30 °S to lat. 38 °S. Open forest and scrub.


	Trilete Fern Spores
	various families of order Filicales
	ferns
	SU
	Throughout, in all but driest plant communities.


	
Tupeia antarctica
	Loranthaceae
	hemiparasite
	NI
	Temperate to montane throughout.


	
Typha orientalis
	Typhaceae
	tall herb
	W
	Temperate swamps throughout.


	Umbelliferae (excluding 
Hydrocotyle Schizeleima)
	
	herbs
	SU
	Temperate to Alpine throughout; forest margins, grasslands and open communities.


	
Urtica
	Urticaceae
	suffruticose herb
	NI
	Temperate, and subantarctic on richer colluvium.


	
Wahlenbergia
	Campanulaceae
	herbs
	SU
	Temperate to Alpine throughout; characteristic of Alpine herbfield, and grassland.


	
Weinmannia
	Cunoniaceae
	medium tree
	U
	Temperate to Subalpine south of ca. lat. 37 °S. Very abundant canopy tree in lower forests on west coast of South Island. Occurs on a wide range of soils; involved in cyclic regeneration with 
Quintinia and 
Dacrydium cupressinum (Wardle 1966), and forms part of successions on new ground. Intolerant of drought and heavy frost. Regenerates well after fire.





whereas succession in the shorter-term may be probabilistic, resulting in any one of a large number of possible species combinations that are ecologically compatible (Webb 
et al. 1972). Such alternative sucessions have been demonstrated for Tasmanian rainforest (Jackson 1968, Bowman and Jackson 1981) and is suspected for tropical rainforest in Queensland (Webb 
et al. ibid).

          
Whether New Zealand rainforest comprises independently distributed species as suggested by Wardle (1964) or whether stable associations and unifying ecological trends exist, it is clear that even a single cycle of regeneration or establishment is too long for any individual to observe directly. Processes in forest succession may be inferred by integrating observations made on suites of stands, as Wardle (1980) has done using moraines in the Westland National park. Alternatively, well-dated long pollen sequences can provide detailed evidence for successional trends in the one place, (Macphail, 
in prep.) Additional insights are being provided by historical records (Beever 1981). Macrofossil assemblages (e.g. Molloy and Cox 1972, Campbell 
et al. 1973, Drake and Burrows 1980) as well as plant population studies (e.g. Clayton-Green 1977, Wardle 1978) and tree nutritional data (Adams 1976), have also made significant contributions to our knowledge of successions past and present.

          
Many fundamental questions remain unaddressed. What is certain is that New Zealand's abundant, deep and varied organic deposits will enable the specific paleoecological queries to be isolated and answered, be they botanic, edaphic or climatic.
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* Deciduous forests are a special case since sites within a forest stand become fully exposed to the regional pollen rain (if any) during winter. Greater wind velocites within the trunk space lead to an enhanced dispersal of pollen from those subcanopy species which flower before the forest trees come into leaf, e.g. 
Corylus.
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I. A New Host for Deretrema Philippae Hine 1977
          
        

        
by 
P. J. Weekes


Zoology Department, Victoria University of Wellington

        

          
Recently, in the course in investigating the parasites of 
Gobiomorphus cotidianus McDowall, 1975, the common bully, I noticed an inclusion within the gall bladder of a specimen from Lake Rotorua. On removal into saline, the gall bladder was opened, and a digenetic trematode was found within.

          
After fixing the parasite in 2% formalin in glacial acetic acid, and staining with Semichon's carmine, I identified it as 
Deretrema philippae Hine, 1977 (Fig 1).

          
To date, this species has been reported from a single species of fish, 
Galaxias divergens, the dwarf galaxius, and only from the Hinau stream in the Wairarapa, (Hine, 1977), although McDowell (1978) mentions that a 
Deretrema sp. had been found in the gall bladders of 
Galaxias brevipininis, and 
Gobiomorphus hubbsi.

          
That this parasite is found in a fish from a large lake and river system shows that 
C. philippae is much more widespread than previously indicated.

          
At present, New Zealand is the only place where 
Deretrema spp. have been reported from freshwater fish, or from the fish families Galaxiidae and Eleotridae.
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Fig. 1. 
Deretrema phillippae Hine 1977. Scale-0.5mm
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Abstract
          

          

Nothofagus aequilateralisis a tree of low to medium altitudes in New Caledonia. It does not form extensive forests but is in isolated patches over a wide geographic range, suggesting fragmentation by man-induced fires.

          
Its soil tolerance is wide, as it grows on moister midslope and colluvial footslope young soils derived from ultrabasic rocks, and also in schist-derived soils on drier ridge tops.

          

N. aequilateralis regenerates well after disturbance other than fire, and in such regeneration is often accompanied by species of 
Agathis.

        

        

          

            
Introduction
          

          
Subtropical 
Nothofagus forests in New Caledonia are of limited extent and scattered. Dawson (1966) found that on soils formed from ‘normal’, as opposed to ultrabasic rocks, the 
Nothofagus forests grow at moderate altitudes (500m-1000m) only on ridge crests where moistures and nutrient stress inhibits competition by rain forest. He suggests that at higher altitudes 
Nothofagus would be found more extensively. This has since been found not to be the case, on Mt Panic (1628m in alt.) there has been as yet no 
Nothofagus found (M. Brinon 
pers. comm.). The occurrence of 
Nothofagus at mid-altitudes in New Caledonia thus parallels other members of its 
N. “brassii pollen group in New Guinea (Wardle 1973). This distribution contrasts strongly with that of the New Zealand 
N. “menziesii and 
N. “fusca pollen group, whose representatives form alpine treelines. Likewise in Argentina and Chile members of the 
N. “dombeyi (
N. “fusca) pollen group also form alpine treelines (McQueen 1977).

          
The known distribution of three of the five species of 
Nothofagus in New Caledonian (van Steenis 1971, Jaffré 1974) is fragmented. It is not a distribution of localised endemics in each area but of fragmentation of what may have been, once, a far more continuous distribution.

          
If the 
Nothofagus forests of New Caledonia can only migrate frontally, as do their New Zealand counterparts, their present fragmented New Caledonian distribution may represent a more continuous forest of Pleistocene conditions, further fragmented by fires, as Melanesian man has been in New Caledonia since 1600 B.C. (Frimigacci and Maitre 1981).

          
The three widely distributed species (van Steenis 1971) are:

          

N. aequilateralis (B. - B.) Steen.

          

N. codonandra (Baill.) Steen.

          

N. balsanae (Baill.) Steen.

          
All three species grow on soils formed from the large areas of ultrabasic peridotite rocks in New Caledonia. The ecology and pedology of vegetation on such soils, including 
N. codonandraand and 
N. balsanae is described by Jaffré (1974, 1980). As well the three species are found on normal soils formed from sedimentary and metamorphic rocks (van Steenis 1971).

          

N. aequilateralis is one of these species of wide, but scattered distribution, and the present paper gives the results of a field reconnaissance of its site relations over a range of soil parent materials, both from ultrabasic and normal rocks, in August 1976.

        

        


        

          

Climate (from Jaffré 1980)

          
At altitudes where 
N. aequilateralis grows, the annual precipitation is ca. 2000mm per year. There are two dry seasons; April-May and September-November, and monsoon heavy rains from December to March. At Noumea mean temperature in January is 26.2° and in August is 19.9°C. Frosts are unknown at sea level, but can occur occasionally above 1000m.

        

        

          

            
Soil Formation on Ultrabasic Rocks in Subtropical Conditions
          

          
In tropical soil formation lateritisation on non-ultrabasic rocks Si and Al are leached down, leaving a carapace dominated by iron, on plateaux and gentle slopes (Duchaufour 1970).

          
Jaffré (1974) describes a catena, from ridge crest to valley bottom. On the ridge crests and plateaux there is a carapace of 70% Fe
2O
3, up to 2.5% Ni, and up to 10% Cr. Soils formed there have acid pH (3.5-6.5), little clay and a very low cation exchange capacity (10m.-eq.%) mostly occupied by Mg. Mid-slope soils have a pH close to 7, high clay content and a higher cation exchange capacity (50m.-eq.%). Footslope colluvium and alluvium are younger than those above, with little profile development, alkaline pH and higher cation exchange capacity than soils higher up the catena. All three soils in this catena are abnormally low in Ca, K, and P, and except under forest, have very low N levels.

        

        

          

            

Nothofagus Aequilateralis on an Ultrabasic Catena
          

          
In the area of the Plaine des Lacs, 
N. aequilateralis does not grow on the carapace of surrounding plateaux and slopes nor on the carapace of the basin of the Plaine des Lacs. It does however, flourish in sites of relatively recent soil renewal, in the concavities formed by erosion of the carapace on slopes. It also grows, and regenerates well on a colluvial/alluvial fan spreading on to the floor of the basin.

          
Table 1 summarises the field features of this catena.

          
On the carapace (1) the zonal vegetation is an open woodland, dominated by 
Agathis ovata, with flattened crowns, with, slightly lower, the candelabra forms of 
Casuarina deplancheana and 
Dacrydium araucarioides. (Fig. 1)

          
The basins occupied by 
Nothofagus aequilateralis are steeply sloping to streams or dry gullies, and have the appearance of being fire survival sites. But the change from 
Agathis woodland to 
Nothofagus forest coincides with the boundary from carapace to slope soil, with an interspersed eroded peridotite zone on steeper slopes. This steeper eroded zone is covered with a low (lm-2m) scrub. There seems little to support agriculture on the ultrabasic areas, so probably fire intensity was lower there than elsewhere (Jaffré 1980) and the pattern is edaphic.

          
The steeper slopes above the 
Nothofagus gully forests are generally severely eroded blockfields of unweathered peridotite, with residual pockets of soil, similar to the lower part of the soil beneath 
Nothofagus.

          
It is probable that erosion has laterally sapped the laterite crust on gentler slopes, truncated the soils on steeper slopes, and left only complete soil/vegetation complexes on gentler slopes.






Table 1. Vegetation and soils on a catena from carapace to valley bottom, Plaine des Lacs, altitude 170cm-200m. Principal species, their height and estimated percentage cover are shown.

	1
	2
	3


	Plateau 0°-5°
	Midslope, stream basin 25°-35°
	Lower slope 1°-4°


	
Agthis ovata 8m-15m 40%
	
Nothofagus aequilateralis 15m 70%
	
N. aequilateralis 15m 95% (20cm dbh)


	
	(30cm-40cm dbh)
	


	
Casuarina deplancheana 8m-10m 20%
	
Agathis ovata 15m 5% and saplings
	
Agathis lanceolata 5m 10%


	
Dacrydium araucarioides
	
Exocarpus phyllanthoides 5%
	
Meryta sp. 3m 5%


	8m-10m 10%
	
Schizaea dichotoma 10%
	Pole stand, regenerating after logging of 
Agathis


	Bare ground 25%
	
	


	
Carapace
	
Slope
	
Alluvium/Colluvium


	Schizuea litter
	2cm litter
	2cm litter


	2m-3m Black vesicular carapace on peridotite
	3cm raw humus, abundant mycorhizae
	1cm humus, fibrous abundant mycorhizae


	
	30cm brown gravelly silt loam
	10cm medium brown silt loam


	
	
on peridotite blocks
	
on over 71cm red brown clay loam



          
Within the basin forest, (2) the ultrabasic influence is shown in the understorey by several species of open ultrabasic country: 
Exocarpus phyllanthoides, Schizaea dichotoma, as well as by frequent saplings of 
Agathis ovata. Nothofagus seedlings were not found, despite the presence of abundant cupules on a felled tree on the road bisecting the forest. (Fig. 2)

          
It is clear that, if the site were analagous to those described by Jaffré (1974), the soil was still influenced strongly by ultrabasic parent material, in a high Mg content, low Ca and K, and low P.

          
The presence of coralloid rootlets and hyphae in the soil suggest high mycorhizal activity, suggesting low available PO
4, as described by Birrell and Wright (1945) and Jaffré (1974).

          
The stand on colluvial/alluvial soil (3) was a pole stand; resulting from logging, possibly in the 1939-45 war. Reject logs, of spiral grain, suggested that 
Agathis was the tree extracted. The pole stand was in an extensive valley bottom fan, of finer material derived apparently from eroded blockfields above. The young trees were dense, at about 2m average spacing, and at 15m height and maximum diameter of 20cm were vigorous, with some self-thinning in process. A 10% cover of 
Agathis lanceolata up to 5m high, beneath 
N. aequilateralis suggested eventual succession to an 
Agathis-Nothofagus mixture, similar to that on metamorphic rocks (below).

          
The stand merged with an intact stand of 
N. aequilateralis, similar in position to the midslope mature stand described above.

        

        


        

          

            

Nothofagus Aequilateralis on Soils Derived from Metamorphic Rock
          

          
Two stands were visited on the east of the main axis, in a higher rainfall than at the Plaine des Lacs. The first, on a logging road at 550m, 17km SE of the Col des Roussettes, just E of the main divide, was in fact among those described by Dawson (1966) who then was given the name 
N. balsanae for the dominant species. In fact the species found was 
N. aequilateralis (T. Jaffr'e pers. comm.).

          
The stands were on ridge tops, and small plateaux, possibly old peneplain remnants. 
Nothofagus forest extended only a short way down, before an abrupt transition to a mixed broadleaf forest of some complexity. Sporadic clearings along the road, colonised by tall grass, and by 
Melaleuca quinquenervia indicated a series of fires.

          
Despite the flatness of the ridge top plateaux, there was no sign of a true laterite carapace. During the postulated Miocene peneplanation and lateritisation of the ultrabasic derived rocks (Jaffr'e 1980) the soils on metamorphic rocks had apparently weathered, possibly to red tropical soils in some areas and yellow-brown earths in others. The latitude (ca. 22°S) and altitude apparently determined this line of pedogenesis. Hence the grass clearings were not, as in equatorial areas, the result of locally xeric conditions produced by a laterite crust.


[image: Fig. 1. Vegetation on ultrabasic carapace, foreground, dominated by Agathis orata and Casuarina deplancheanea. Road Plaine de Lacs—Yate, New Caledonia. (D. R. McQueen)]
Fig. 1. Vegetation on ultrabasic carapace, foreground, dominated by 
Agathis orata and 
Casuarina deplancheanea. Road Plaine de Lacs—Yate, New Caledonia. (
D. R. McQueen)







[image: Fig 2. N. aequilateralis in basin below locality of Fig. 1. Agathis ovata on right on a fresh road cut. The peridotite blocks are up to 2m across. (D. R. McQueen)]
Fig 2. 
N. aequilateralis in basin below locality of Fig. 1. 
Agathis ovata on right on a fresh road cut. The peridotite blocks are up to 2m across. (
D. R. McQueen)



          


          
The 
Nothofagus forests themselves were dense, with a relatively even canopy, at 20m height but with occasional emergent trees of 
Agathis moorei. Both trees were regenerating on the forest floor, with 
Agathis predominating.

          
In the understorey, the major cover was by 
Cyathea sp. with 
Meryta sp. and 
Marattia sp. common.

          
Furthur down slope, into the mixed forest, the understorey was much denser, and the ridge top 
Nothofagus site seemed to be the most xeric in this forest complex.

          
The soil beneath 
N. aequilateralis was:



	
	2cm loose litter


	F/H
	1cm dark reddish-brown humus, abundant roots, scarce mycorrhizae


	A
2.1
	2cm grey-brown silt loam


	A
2.2
	3cm medium brown silt loam


	B
	30cm bright yellow-brown silty clay loam



          
The subsoil of yellowish red to red clay continued down, in road cuts, for 10m to weathered schist. The A
2.1 horizon had clean sand grains, and leaching appeared to be the case.

          
Further N at Po Vila, on the hills above Poindimie a ridge stand of 
Nothofagus aequilateralis was located on greywacke, at 350m—450m. Here again the 
Nothofagus-Agathis combination appeared. The stand was a narrow band along a steeply dissected ridge crest, of 20°-30° flank slope, with an abrupt boundary to mixed broadleaf forest below. 
N. aequilateralis was 10m-15m high and 75% cover with 
Agathis moorei at 20m accounting for 25% of the canopy cover. 
A. moorei was regenerating well beneath 
N. aequilateralis. but no seedlings of the latter were seen. (Fig. 3)

          
The understorey was relatively open, of 
Cyathea sp., 
Freycinetia sp., 
Smilax sp., 
Elaeocarpus sp. and 
Meryta sp.

          
The soil profile was:



	
	2cm loose litter


	F/H
	1cm reddish brown humus, with abundant roots, scarce mycorrhizae


	A
2
	10cm light grey brown silt loam


	
	on over 1m orange silty clay loam


	
	which persisted with some intensifying of colour down to 5m in road cuts.



          
Again, as at the Col des Roussettes, there is evidence of leaching. A pole stand, of fire origin, was examined in the same area. Dominated by 
N. aequilateralis 6m high, it was dense, with maximum diameter 15cm. There were occasional but vigorous 
Agathis moorei seedlings up to 2m high and a sparse understorey of 
Blechnum sp. and 
Freycinetia sp. The soil profile was similar to that of the mature stand.

        

        

          

            
Conclusion
          

          

N. aequilateralis on ultrabasically derived soils prefers moister sites, and certainly is not found in the lateritic carapace of mature soils, but grows in comparatively young slope soils, in basins. In this respect its behaviour is similar to 
N. codanandra and 
N. balsanae (Jaffré 1974). His mention of phosphate deficiency seen in all ultrabasic soils is borne out by the high degree of development of mycorrhizae on roots of 
N. aequilateralis on the ultrabasic sites examined in the present survey.





[image: Fig. 3. A ridge top, partly disturbed stand of N. aequilateralis, with Agathis moorei to right. On greywacke derived soil at 400m, above Po-Vila. (D. R. McQueen)]
Fig. 3. A ridge top, partly disturbed stand of 
N. aequilateralis, with 
Agathis moorei to right. On greywacke derived soil at 400m, above Po-Vila. (
D. R. McQueen)



          


          
On clay rich soils from metamorphic rocks, 
N. aequilateralis is found only on the ridge crests and small plateaux, by inference the driest sites. On the moist flanks, competition from the mixed broadleaf forest excludes it. Such soils are possibly higher in phosphate as mycorrhizal development was far less in all stands examined.

          
The appearance in soil profiles, on schist and greywacke, of a thin leached horizon suggests 
N. aequilateralis is of a relatively low fertility requirement; a character consistent with its tolerance of nutrient disequilibrium on ultrabasic soils.

          
It displays, as possibly do 
N. balsanae and 
N. codanandra (Jaffré 1974), a behaviour paralleled by 
N. solandri var. 
cliffortioides in New Zealand. This species, widespread in many sites, of all N.Z. 
Nothofagus tolerates the poorest nutrient and drainage conditions on non-ultrabasic soils (Adams 1976). It will grow, stunted, on young soils formed from dunite boulders, provided the moisture supply is adequate, in the Upper Motueka Valley in the Red Hills massif of Marlborough, and on the ultrabasic rock of N.W. Otago (Molloy 1977).

          
The relation between 
Nothofagus and 
Agathis is important in New Caledonia. 
Agathis is far more widely distributed in New Caledonia than 
Nothofagus.

          
In areas from which 
Nothagus is absent, Agathis occupies similar ridge crest sites, in a more open mixed forest. The dominant 
Agathis ovata of ultrabasic laterite carapace will invade 
N. aequilateralis mature stands on younger soils. The appearance of 
A. lanceolata saplings in regeneration of 
Nothofagus on a site that may formerly have been 
Agathis forest, suggests that on an ultrabasic, young colluvium, 
Nothofagus may be seral, towards an 
Agathis forest, or a 
Nothofagus-Agathis mixture. In the stands on metamorphic rocks, 
Agathis moorei seems to co-exist with 
Nothofagus aequilateralis, a balance reflected in the regeneration of the two species together after fire.
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Book Reviews


Vegetation Map of Tongariro National Park, 1:50,000
        

        

I. A. E. Atkinson, 1981. N.Z.D.S.I.R. (N.Z. Government Printer $4.50)

        
In Tongariro Natonal Park, so much at risk from invading exotic plants, it is a saddening exercise to compare Dr Atkinson's map of field work of the sixties, with the present extension of the introduced 
Calluna vulgaris, the heather. It has advanced even further into the red tussock, on the north of the Park, dulling the dominant colour of the Central North Island high country. And on the southeast, despite a continuing battle, 
Pinus contorta has continued its spread from nearby Forest Service plantations.

        
These two examples show a little of the dynamism of landscape and vegetation in Tongariro National Park. Far older in origin are the patterns of variation in forest cover so well shown by Dr Atkinson's map. As the destructive effects of the Taupo pumice shower of 1860 years B.P. decrease from north to south, so do the patterns of forest reinvasion show so clearly on the vegetation map.

        
The map standard is high, and backed by patient and difficult traverses through vegetation, from the most tangled bush, to windswept, dry stonefields. Appearing as it does, when extensive vegetation mapping is in rennaissance in New Zealand, the techniques, interpretation and presentation are models worth following by mapping agencies. The accompanying booklet is intended for popular use; but the standard of botanical and landform notes render it equally useful to planner, researcher and teacher.

        
However, the dynamism of the Tongariro National Park's vegetation, well described in individual sections, is a theme that could well have been extracted and stressed in a single page. Few alpine areas in New Zealand show the interaction between plant and unstable soil as well as the “desert east of Ruapehu, and the Tongariro National Park shows a wide transect of the local, volcanic and Taupo pumice effects on forest, from maximum influence on Tongariro to zero influence at Ohakune. This trasect is now enhanced by the recent and unmapped addition on Mt. Pihanga.

        
The treatment of geology is good, and well summarises recent knowledge but Dr Atkinson's treatment of the ash shower soils could have been improved by noting the importance of the pre-Taupo eruption, finer-textured ash showers as drainage impedance layers. The presence of these showers does play an important role in vegetation pattern in the higher rainfall parts of the Park. And, (p. 4), the “desert zone of SE Ruapehu extends over a far bigger area than the Whangaehu outwash plain.

        
The description of the vegetation is done by a brief and clearly coded floristic/physiognomic classification, accompanied by good profile diagrams. Added are notes on birds, and useful comments about human movement through some of the denser types of woody vegetation. Despite the criticisms above, the booklet is appealing in its compactness, wealth of detail and clear presentation, and is recommended, with the map, to all trampers, naturalists and ecologists.

        

          

            
D. R. McQueen
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Population Genetics and Evolutionary Theory
          
        

        
by 
Edward I. Saiff and 
Norman Macbeth


Ramapo College, Mahwah, New Jersey 07430 U.S.A

        

          
Population genetics is, by modern standards, a fairly venerable discipline. Its first manifestation seems to have been the formulation of the Hardy-Weinberg Law in 1908, which led a discerning student to christen Wilhelm Weinberg “the father of population genetices.” Since that time the discipline has flourished and fame has descended on such practitioners as Fisher, Wright, Haldane and Dobzhansky.

          
Population geneticists purport to deal with evolutionary problems, and one of their leading journals is entitled 
Evolution. The Synthetic Theory of evolution, which has been the ruling orthodoxy from the last fifty years, is a synthesis of several disciplines, but none of the other components have been given as much weight as population genetics. Therefore modern textbooks on evolution devote a good deal of space to this subject. For example, Stansfield (1977) makes population genetics a constantly recurring theme and reproduces portraits of Fisher, Wright, Haldane and Dobzhansky.

          
It is impossible to say just how much attention is paid to population genetics in the actual teaching of courses in evolution, since this must vary widely with the length of the course and the predilections of the teacher. But without fear of contradiction we can state that it is not easy to teach population genetics. Calculus is often a prerequisite; and most of the journal articles concern such small and technical problems that few students develop a burning interest in the subject.

          
In view of this situation, many teachers may be relieved or even pleased to learn that it may no longer be necessary to include population genetics in courses on evolution. The reason for this is startling, but can easily be documented, it is simply that the leading workers in this field have confessed, more or less reluctantly, that population genetics contributes very little to evolutionary theory. We will cite three such leaders.

          
Professor Lewontin of Harvard, in his recent treatise (1974), makes a number of vigorous statements on this point:

          

	
              
(a) It is an irony of evolutionary genetics that, although it is a fusion of Mendelism and Darwinism, it has made no direct contribution to what Darwin obviously saw as the fundamental problem: the origin of species. (page 159)

            

	
              
(b) We know virtually nothing about the genetic changes that occur in species formation. (page 159, in italics).

            

	
              
(c) If one simply cannot measure the state variables or the parameters with which the theory is constructed, or if their measure is so laden with error that no discrimination between alternative hypotheses is possible, the theory becomes a vacuous exercise in formal logic that has no point of contact with the contingent world. The theory explains nothing because it explains everything. It is my contention that a good deal of the structure of evolutionary genetics comes perilously close to being of this sort. (pages 11-12)

            

	
              
(d) How can such a rich theoretical structure as population genetics fail so completely to cope with the body of fact? are we simply missing some critical revolutionary insight…? Or is the problem more pervading, more deeply built into the essence of our science? I believe it is the latter. (page 267)

            


          
Professor Spiess of the University of Illinois, in his more recent treatise, (1977) echoes with approval our second quotation from Lewontin and then goes on to say: “Speciation is one of the most critical processes in nature, but we are a long way from describing the origin of species in the field or with methods of experimental population genetics."

          


          
Professor Roughgarden of Stanford, in his more recent treatise, (1979) also betrays disappointment with the achievements of population genetics:

          
We sometimes distinguish population genetics from evolution by the fact that population genetics is often more concerned with a detailed description of the genetic structure of a population and with changes over a shorter time scale than is evolution. Phenomena over long time scales include the radiation of groups of organisms, as exemplified by the radiation of lungfish. We want to understand phenomena of this sort.

          
Why has the radiation been as extensive as it has been? Could certain forces have caused it to be more or less extensive; what controls the rate at which the radiation occurs; and is there any causal connection between the radiation patterns in different groups? These are all important and fundamental questions, yet we cannot answer them very well. When research into population genetics was begun, it was assumed that these kinds of long-term evolutionary phenomena would be explained as a result. We need to reassess the relevance of popultion genetics to these kinds of evolutionary issues.

          
In a further effort to verify our suspicions, we dug out four reviews of the Lewontin treatise. All of these appeared in scholarly journals and were written by reputable scientists. Not one of the reviewers took issue with Lewontin's statements, although such disparaging remarks could hardly have escaped their attention.

          
We would have expected any devoted population geneticist to be grieved by the failures of his profession, but Lewontin was able to be humorous on the subject. Here is his description of the situation:

          
For many years population genetics was an immensely rich and powerful theory with virtually no suitable facts on which to operate. It was like a complex and exquisite machine, designed to process a raw material that no one had succeeded in mining. Occasionally some unusually clever or lucky prospector would come upon a natural outcrop of high-grade ore, and part of the machinery would be started up to prove to its backers that it really would work. But for the most part the machine was left to the engineers, forever tinkering, forever making improvements, in anticipation of the day when it would be called upon to carry out full production.

          
Quite suddenly the situation has changed. The mother-lode has been tapped and facts in profusion have been poured into the hoppers of the theory machine. And from the other side has issued nothing. It is not that the machinery does not work, for a great clashing of gears is clearly audible, if not deafening, but it somehow cannot transform into a finished product the great volume of raw material that has been provided. The entire relationship between the theory and the facts needs to be reconsidered. (page 189)

          
If the leading authorities on population genetics confess to this dismal lack of achievement and even chuckle about it, it is altogether fitting and proper for the rank and file to take them at their word. Therefore it seems to follow that there is no need to teach population genetics in introductory courses on evolution, although advanced courses may include it as a matter of history.

        

        

          

            
References
          

          
            

Clarke, B. 1974. Review. 
Science 186: 524-525.

            

Lewontin, R. C. 1974. 
The Genetic Basis of Evoutionary Change. Columbia University Press, New York.

            

Robertson, A. 1975. Review. 
Nature 254:367.

            

Roughgarden, J. 1979. 
Theory of Population Genetics and Evolutionary Ecology. Macmillan, New York.

            


Spiess, E. B. 1975. Review. 
Paleobiology 1:131-135.

            

—— 1977. 
Genes in Populations. John Wiley and Sons, New York.

            

Stansfield, W. D. 1977. 
The Science of Evolution. Macmillan, New York.

            

Strauss, B. S. 1974. Review. 
American Society of Microbiology News 40:956-958.

          
        

      








Victoria University of Wellington Library




Tuatara: Volume 26,Issue 2, November 1983

The Role of Population Genetics in Our Understanding of Evolution





        

          
            
The Role of Population Genetics in Our Understanding of Evolution
          
        

        
by 
Gordon Hewitt


Zoology Department Victoria University of Wellington.

        

          
Saiff and Macbeth (see p.73 of this journal) suggest that we need no longer teach population genetics in courses on evolutionary theory. In their discussion they quote Lewontin, 1974, Spiess, 1977 and Roughgarden 1979 as expressing sorrow that population genetics has not (at least as yet) provided the hoped for explanation of the origin of species. And thus, argue Saiff and Macbeth “there is no need to teach population genetics in introductory courses on evolution, although advanced courses may include it as a matter of history .

          
I feel this argument deserves an answer, in part because Macbeth's book “Darwin Retried (1971) served for some time as a valuable stimulus to controversy in our evolution courses. Secondly I believe that the article gives a mistaken view of the nature of population genetics which I would like to correct. And finally, I object to an argument that takes and uses the words of notable scientists out of context.

          
Population genetics is the study in theory, in the laboratory and in the field, of genes and chromosomes as they occur and vary in members of populations. We have overwhelming evidence that genes and chromosomes, together with envoronmental influence, control the development of organisms. We observe that different species are different because they develop differently. It is assumed therefore that population genetics could supply answers as to how these differences came about. I say answers since different groups of organisms have almost certainly been influenced by very different processes in their evolutionary history. In this context it is important to remember that population genetics is an area of study rather than a particular body of theory. A novelist attempting the perfect description of a sunset will hope with time to improve his words, so as to convey his picture more vividly to his readers. Population geneticists want to describe what is happening to genes and chromosomes in populations to a point where people, understanding the description, will know both what to expect next and how things got to their present state. We are not at that point yet except for a very few cases. To include more cases our theories will have to change and adapt.

          
One difficulty until recently has been an artificial separation of our study of environmental effects (ecology) from our study of hereditary control (genetics). There have been good historical reasons for this separation and as well some practical reasons. Genetics in its early stages was most easily studied with a reductionist, laboratory approach, looking for the effects of individual genes in controlled populations. Ecology, on the other hand, has seemed to call for a more holistic, field observation based approach. However, of late, this distinction in breaking down and a more inclusive field, often referred to as ecological genetics, is developing. The process is slow, like any integration program, as Merrell discussed in detail in the first chapter of his recent book (1981, pp. 3-12), and in many cases texts which claim to be ecological genetics are actually a volume on ecology and another on genetics within the same cover. Merrel seems largely to overcome this problem in his own book. To suggest that the population genetics section of this growing discipline should be dropped because its integration with ecology is not yet complete would seem



premature to say the least. An analogy would be a metorologist bemoaning the fact that, despite the exquisite detail of thermodynamic theory (which purports to describe the movement of particles including those of gases and water which make up the atomosphere) we are still unable accurately to predict the weather. All of us who have had picnics rained out, yachts blown over and so on, will readily join his lament. However, I doubt we would actually suggest that Newton should no longer be taught to our budding meteorologists. Rather we might like to see an increased effort to develop thermodynamic theories which would be more useful when dealing with such complex systems.

          
Similarly we might suppose that the failings of population genetic theory in explaining evolution fully, argue for more effort rather than less.

          
I also have some objection to the way Saiff and Macbeth (1983) take remarks out of context. Thus Roughgarden (1979), for all his disappointment with the subject, devotes 169 pages to explaining basic population genetics and 330 pages to showing how it can be applied to evolutionary theory. Lewontin (1974) calls his book 
“The genetic basis of evolutionary change. He covers basic evolutionary genetics and uses his vast knowledge of ecology to make a major contribution to the synthesis of the two fields. His title and the general tenor of his work leave no doubt that he believes he is studying the basic questions of evolution. Spiess (1977) is more concerned with the dynamics of genes in populations in the shorter term, but states clearly that with restriction in gene flow, divergence of the genome is likely to occur and (this) constitutes a mechanism that is an essential ingredient for the evolution of divergence at the species level (p. 666). He then goes on to complain that we do not know enough about the process.

          
The way in which Saiff and Macbeth quote the authors mentioned gives the false impression that they are saying population genetics is no use, when they are actually saying it needs improving, as do most, if not all, scientific models.

          
Saiff and Macbeth in suggesting deleting population genetics from evolution courses, seem to have an altruistic motive of saving teachers from a difficult and dull subject. They claim this lack of ease in teaching the subject “without fear of contradiction . My own experience is that students are genuinely interested in why 97% of adult Thais cannot tolerate lactose (milk sugar) compared to only 4% of adult Australian aboriginals (Sutton, 1980, p. 495), or why some hangingfly males have more offspring by pretending to be female (Thornhill, 1980). Only a few of the less numerate students are put off by the simple mathematics required at an introductory level.

          
Finally, I suspect that some current applications of population genetics theory to evolutionary theory are inappropriate. This me ans we should re-examine our assumptions at regular intervals and change them as our understanding improves. It does, however, not suggest we should scrap the whole area of study.
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Reply to Dr Hewitt
          
        

        

Edward I. Saiff and 
Norman Macbeth

        
We can appreciate Dr Hewitt's concern with our view that population genetics deserves little if any time in the classroom. We cannot agree with Hewitt's criticism of our view of “the nature of population genetics”, and certainly we did not alter “the views of notable scientists out of context”.

        
In the first instance our description of population genetics was embedded in our statement that “population geneticists purport to deal with evolutionary problems”. Certainly that is no different than Hewitt's statement that population geneticists “want to describe what is happening to genes and chromosomes in populations” … so people … “will know both what to expect next and how things got to their present state.” Clearly we and Hewitt are talking about population genetics in the context of enhancing our understanding of evolution. Whether population genetics is recognized as a component of ecology or genetics, or of anatomy or embryology, is of concern to Dr Hewitt, but in reality has no bearing on the utility of population genetics in helping us to understand evolutionary mechanisms. We have little interest about which discipline population genetics is assigned to. We are concerned with the simple question of its utility in evolutionary studies.

        
We agree with Hewitt that since Lewontin (1974), Roughgarden (1979), and Spiess (1977) took the time to write their books on population genetics, they could not be expected to declare the subject useless. It is curious though, that each of these authors notes the lack of achievement of population genetics in learning anything of significance about evolutionary mechanisms. Perhaps they feel as does Hewitt that since population genetic theory has yet to explain evolution, we should try harder. We on the other hand feel that, inasmuch as there have been no results in the 53 years since Fisher's (1930) Genetical Theory of Natural Selection, it is now time to look elsewhere for answers.

        

          

            
Edward I. Saiff
          

          

            
Norman Macbeth
          

          
            Ramapo College, Mahwah, New Jersey, U.S.A.
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Book Reviews


Eagle's Trees and Shrubs of New Zealand—Second Series
        

        
by Audrey Eagle

        
Published by Collins, Auckland, 1982. 382 pages $95.

        
This beautifully illustrated book is the companion volume to 
Eagle's Trees and Shrubs of New Zealand in Colour (1975). The first volume illustrated about 2/5 of New Zealand's trees and shrubs. The current volume completes the coverage by depicting virtually all of the remaining native woody-stemmed species. However, the two volumes deal only with



seed plants (gymnosperms and angiosperms) so that anyone seeking illustrations of tree ferns will have to turn to books by other authors, such as 
Trees and Shrubs of New Zealand by Poole and Adams (N.Z. Govt. Printer, 1979) or 
The Native Trees of New Zealand by 
J. T. Salmon (A. H. and 
A. W. Reed, 1980)

        
Eagle's 
Second Series contains paintings of 405 trees and shrubs (including lianes), all of them flowering plants and dicotyledons apart from three monocotyledons. The majority of plants painted are woody, although a few herbaceous and semi-woody species are included to round off some genera. Forty nine genera (from 33 families) are represented, and their systematic arrangement follows that in Volumes 1 and 2 of 
Flora of New Zealand (N.Z. Govt. Printer, 1961 and 1970).

        
A laudable aim of the author has been to present the latest information. Thus, the most recent botanical names are used and up to date details are given on synonymy and distribution. Botanists will welcome the inclusion of paintings and data on many as yet unnamed species, which are referred to by letters (e.g. 
Coprosma sp. (r)). Many subspecies, varieties and forms are also dealt with, although completeness below the species level was not the author's intention.

        
The plates of illustrations make up the largest section of the book. In general, each species is depicated by life size paintings of foliage bearing flowers and or fruits. Enlargements of small leaves, buds, flowers, fruits, etc. are also frequently included to show important details. The paintings are accurate, clear and natural in colour or almost so. They are nearly always sufficiently representative of each plant to enable most people to identify an unknown specimen by matching it against the illustrations and confirming by consulting the botanical notes. One painting that is inadequate for identification purposes is 
Hebe stricta var. 
atkinsonii, where flower and fruit features need to be shown, although this pictorial deficiency is partially rectified by the botanical notes.

        
The paintings are, in general, of such consistently high standard that I found it difficult to single out a few as particularly impressive. Among those that struck me as quite superb are 
Clematis foetida and 
C. marata, Carmichaelia flagelliformis, Pseudopanax macintyrei, the scandias, 
Dracophyllum traversii, the pachystegias, 
Scaevola gracilis, Calystegia soldanella, and 
Parahebe catarractae ssp. 
catarractae.

        
A minor criticism of the illustrations is the occasional use of broken or solid lines between some species sharing the same page. These detract somewhat from the aesthetic beauty of the paintings (especially the obliquely placed lines delimiting plate 176), and seem unnecessary since the captions adequately identify all the parts shown.

        
The plates are followed by maps and 113 pages of botanical notes which describe (usually briefly) the plants illustrated and give details on synonymy, habitat and distribution. Derivations are given for botanical names except for commemorative species names which are listed under the person they honour in the biographies section of the book. Maori and common names are also given for each species when they exist. A useful feature is the inclusion of distribition tables for the larger genera in which the species are ordered as they occur from north to south in the New Zealand botanical region.

        
The botanical notes are followed by a list of name changes (and corrections) that apply to Eagle's first volume, a glossary of scientific terms, a dictionary of selected biographies, a bibliography and an index.

        


        
The book seems remarkably free from errors. The plants all appear to be correctly named and there are very few spelling errors (e.g. 
raoulii, which is mis-spelt on plates 370-372, but spelt correctly elsewhere). In the description of 
Olearia odorata (240) “longer should be “shorter . A small number of errors and omissions were noticed in the captions of the illustrations e.g., 
Carmichael virgata (85) where the seed is shown enlarged not the seed pod, and 
Dracophyllum latifolium (129B) where “shown reduced:complete tree is omitted. In the glossary peduncle needs to be redefined to distinguish it from pedicel.

        
This magnificent book should have a wide appeal. The beauty of the paintings will give pleasure to anyone interested in plant illustrations. Amateurs will find it an instructive and useful identification guide, while its up to date and comprehensive coverage (when combined with the author's first volume) will make it an invaluable reference work for professional botanists. At $95 Eagle's 
Second Series is expensive, but for a book of such obvious quality it is not overpriced.

        

          
B.V. Sneddon
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Book Review
            


            
British Fungus Flora, Agarics and Boleti, 3/Bolbitiaceae: Agrocybe, Bolbitius & Conocybe
          
        

        
by 
R. Watling


Published by H.M.S.O. (Edinburgh) 1982, 139 pp. price eight pound (sterling)

        
This is the third in a series of specialist mycological texts from H.M.S.O., Edinburgh. Dr Roy Watling is an accomplished expert in the field of taxonomic mycology and has been conducting research into this particular fungal family for some time.

        
The Bolbitiaceae includes fungi which are difficult to classify and the uninitiated might be excused for privately referring to them collectively as “dull brown jobs! Hence this treatise will be especially welcome by mycologists such as myself who do not have the luxury of close consultation with fellow mycologists, or vast international herbaria close to hand.

        
The book takes the form of a series of keys and each species is described very fully including details of habitat. Species are grouped together into stirps, a concept which is essentially that of the aggregate species of plant taxonomists. These stirps are delineated one from another using morphological data. The proof of a ‘good’ key is the ease with which a comparative newcomer to the family can satisfactorily arrive at a name for a particular collection. If the key also expresses the natural relationships between the fungi, so much the better. At the time of writing I have not yet had the pleasure of putting these keys to practice, but I do perceive some difficulties which may occur, principally because the species concept used in the book is rather narrow. When discussing the Bolbitiaceae at the Herbette Symposium in 1976, Dr Walting expressed the importance of adopting a broad species concept

*
, stating that unless a broad concept was adopted, it would not “obtain the assistance of other botanists going on expeditions. It would seem that Dr Watling had second thoughts about that, since a narrow species concept is adopted in this book. Working in isolation in the Southern Hemisphere and not being an expert on agarics I can see some problems arising should I want to incorporate members of the



Bolbitiaceae into the herbarium here. For example, considering the 
Agrocybe praecox ‘complex’ as defined in the book, what does one call specimens which do not exactly fit the narrow concept of 
praecox given on page 16? Another way of expressing this complex might have been to broaden the description yet include scatter diagrams, (for example), which would clearly show that more than one taxon might be involved, which future work (principally involving genetics), might elucidate. As it stands, beginners are going to catalogue all ‘deviations’ from the narrow 
praecox prescription as 
paecox in any case, if only so they can retrieve the specimens from their herbaria at a later date. There were other examples which echo this problem in the book.

        
Another difficulty is made by the fact that there is little indication of how many specimens were examined for each species description and where they are lodged. For example an unnamed taxon related to 
Conocybe dunensis is described as having 
much smaller spores than 
C. dunensis, when in fact there is only more or less 1μm difference in basidiospore length. Also the cap of this related taxon is described as 
much larger too, but there is only a 5mm difference between it and the largest 
C. dunensis fruit body cap. Unless there is given some statistical data illustrating this margin of difference, to the uninitiated, the differences seem hardly significant, especially when it is known that spore sizes (at least), vary in reponse to environmental factors.

        
It is possibly not the policy of the H.M.S.O. publications to have coloured pictures, (it would certainly increase the price), but I feel that the addition of coloured photographs, (after the style of Roger Phillips' recent publication: ‘Mushrooms’), would have made the task of species descriptions so much easier for both author and reader alike. Such descriptions as:

        

          
“cap….dark cigar brown to purplish date soon becoming dark milky coffee or snuff brown with darker umber patches drying vinaceous buff
        

        
Quite apart from the fact many of us do not regularly partake of snuff or cigars and are therefore quite unfamiliar with the subtle differences this description is meant to convey, how much better it would have been if the author 
in addition to such a description could add: ‘as illustrated in plate no……’? At a time when bookshops are filled with lavishy illustrated ‘coffee table’ books, it seems a great pity to me that authors of serious works which have taken years to compile, have to ‘make do’ with black and white line illustrations.

        
These comments should not be taken as serious criticisms of the book. This publication has a text which is clearly laid out, interestingly written, and should be on every mycologists shelf. I look forward to consulting it on my next forays.

        

Ann Bell



Botany Dept.

      







* Proceedings of the Herbette Symposium entiled: The Species concept in Hymenomycetes, edited by H. Clemençon, 1976 published by J. Cramer.
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		attribution to the source of the material is included by marking the material with the collection name ("The New Zealand Electronic Text Collection") and the link to the material as found on our website;


		the re-use of the material is licensed under the same license, allowing others to further re-use the material. This means that the re-use of the material must be marked with the same Creative Commons license.
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		any errors in the material can be traced back to the Victoria University of Wellington Library as the originator of the digital reproduction;


		such material continues to be freely available to the community after subsequent re-use.
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