Cunninghamia 1(3), 313-338 (1985)

A FLORISTIC SURVEY OF KU-RING-GAI CHASE
NATIONAL PARK

R. OuTHRED, R. LAINSON, R. LAMB* & D. OUTHRED
(Accepted for publication 28.4.1982)

ABSTRACT

Outhred, R., Lainson, R., Lamb, R. & Outhred, D. (School of Life Sciences, New Soufh
Wales Institute of Technology, Westbourne Street, Gore Hill, New South Wales, Ausfralia 2065)
1985. A floristic survey of Ku-ring-gai Chase National Park. Cunninghamia 1(3), 313-338. A
floristic classification scheme for the vegetation of Ku-ring-gai Chase National Park, New South
Wales, is presented and a field key to the scheme is described. The relationship to earlier
structural/floristic classification schemes is discussed. Some of the physiographic and edaphic
factors underlying the floristic variations are documented. A semi-quantitative technique for
collecting floristic survey data is evaluated. It appears to have some advantages when compared
with conventional presencefabsence recording.

INTRODUCTION

Ku-ring-gai Chase National Park is situated on the northern outskirts of Sydney,
New South Wales. It is 146 km? in area and consists mainly of a dissected sandstone
plateau bordering Broken Bay. The vegetation ranges from heath through to closed
forest with rainforest elements.

There appear to be few published data relating specifically to the plant ecology
of Ku-ring-gai Chase. Pidgeon (1937, 1938, 1940, 1941) made a general study of the
plant ecology of the central coast of New South Wales. Beadle (1954, 1962)
considered the influence of soil phosphate in determining the distribution of coastal
plant communities.

Specht, Roe & Boughton (1974) surveyed the conservation status of plant
communities in Australia and Papua New Guinea. They listed nine major
communities for Ku-ring-gai Chase National Park, ranging, in their nomenclature,
from open-forest through to low open-forest, open-scrub, open-heath, grassland/
herbland and open-grassland; however, the floristic composition of those communities
was not described in detail.

Buchanan (1980) has studied the freshwater swamps that occur on the West
Head Peninsula and has identified areas of podzol soils within the Park.

The aims of the present project were to produce a floristically-based
classification scheme for the Park’s vegetation, to generate a field key to that
classification scheme and to relate the floristic variations to factors such as the
structural form of the vegetation and environmental parameters. It was intended that
the classification scheme would summarize the range of vegetation currently present
in the Park and provide a framework for future field studies. It followed that the
range of vegetation sampled should be as broad as practicable and that a floristic key
to the vegetation types should be developed so that unsampled areas could in the
future be identified in terms of the classification scheme.
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METHODS

Selection of sampling and analysis procedures

It was necessary to select sampling and analysis techniques that were appropriate
to the above aims. Considerable literature exists on the acquisition and analysis of
vegetation survey data. Clifford & Stephenson (1975) reviewed progress to that time.
Many authors have attempted to assess particular techniques. Williams et al. (1973)
investigated a variety of sampling and analytical procedures with reference to
rainforest vegetation. Smartt, Meacock & Lambert (1974, 1976) applied various
sampling procedures to heath and grassland.

One common theme to emerge from these and other studies is that the analysis
technique should be asymmetric: two sites should not be considered similar because a
particular species is absent from both. As might be expected, polythetic classification
techniques have been found to be superior to monothetic ones, producing fewer
obvious misclassifications. Smartt et al. (1974) note that divisive techniques are
theoretically more efficient than agglomerative ones as far as the important upper
levels of a hierarchy are concerned, although this superiority has yet to be
conclusively demonstrated in practice. Lambert ef al. (1973) reported good results
from their polythetic divisive algorithms AXO and MONIT, while our own fimited
experience has been that indicator species analysis (ISA) described by Hill, Bunce &
Shaw (1975) performs at least as well on field data as flexible sorting (Lance &
Williams, 1967), one of the more commonly used agglomerative techniques.

Indicator species analysis was selected for the present application. ISA is a
polythetic divisive technique that sorts the quadrats into a dichotomous hierarchy.
ISA is insensitive to species richness; a quadrat is evaluated according to the average
affinities of the species that it contains, irrespective of their total number. In the
course of the classification procedure ISA produces a polythetic key to the hierarchy
in terms of indicator species. Moreover, ISA orders both quadrats and species before
each division, facilitating the subsequent production by the computer of diagonalized
association tables.

There appears to be a general consensus that in order to- produce a
phytosociological classification, the sampling and analysis procedures should avoid
situations where a few species dominate the data from a site. Smartt er al. (1976) and
Strahler (1978) found little benefit in departing from simple presence/absence data.
On the other hand, Williams er al. (1973) concluded that quantitative data yielded a
superior classification of rainforest vegetation provided that the analysis techniques
prevented very abundant species from exerting a dominating influence.

For the present project we decided to test a variant of the traditional presence/
absence sampling procedure. Under the procedure adopted, a large quadrat is
subdivided into concentric subquadrats. Species are recorded from the central

subquadrat and then additional lists are made of new species appearing in each of the
succeeding subquadrats.

The use of the concentric subquadrats follows a suggestion by Bunce & Shaw
(1973). The procedure promotes 2 systematic search of the quadrat and allows
considerable flexibility in comparisons with other surveys based on different sized
quadrats. It is as economical of survey effort as the normal presence/absence
recording procedure and is thus much more economical than any of the traditional
quantitative approaches. However, it has the theoretical advantage over the presence/
absence method that in an area of homogeneous vegetation, species that occur in the
inner subquadrats are likely to be those that are most abundant in the area. That is,
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the method can be semi-quantitative; some information relating to abundance is
retained. On the other hand, if the quadrat is sited on an ecological gradient, then the
centrally occurring species will best typify one particular point on the gradient. In
either case there may be an advantage in according the inner-subquadrat occurrences
higher weight in the subsequent analysis. In order to test whether the postulated
advantage would be realized in practice, analyses of the data were performed with
and without extra weighting for inner-subquadrant occurrences.

Data acquisition

At each site to be sampled, a square 1000 m? quadrat was delineated by means of
four corner pegs connected by diagonal cords to a central peg. Markers on the cords
divided the total quadrat into eight square concentric subquadrats of cumulative area
5, 10, 20, 50, 100, 200, 500 and 1000 m* (Figure 1). These subquadrats will be
designated by the numbers 1 (central) to 8 (outermost). Species occurrences were
recorded progressively, commencing with subquadrat 1 and noting for each species
the subquadrat in which it was first encountered.

10 m

Figure 1. Division of quadrat into eight subguadrats,
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The quadrats were considerably larger than the 200 m? ones used oy Bunce &
Shaw (1973) in European grassiand and woodland. In the absence of any firm
evidence as to what would be an adequate quadrat size in this situation, we elected to
use as large an area as practicable to ensure that sufficient information was collected
from each site. The adoption of the nested-subquadrat system meant that smaller
quadrats could be used if desired in any supplementary surveys. It also enabled the
effective quadrat size to be varied in the analysis.

The floristic data set encompassed all classes of tracheophytes. Normally, plants
were differentiated to species level. The few exceptions concerned species that were
difficult to distinguish reliably on vegetative characters. Where we were not certain
of having correctly resolved such species in every quadrat, they were aggregated for
the purpose of the indicator species analysis or, in the case of a few infrequently

encountered Cyperaceae, excluded from it.
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Figure 2. Locations of the sampling sites within Ku-ring-gai Chase (
circles set 2 sites; the shaded zone in the north-west of the Park wa

s excluded from survey in set 1)

filled circles denote set | sites, open
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Authorities for names of angiosperms used in this paper are listed by Jacobs &
Pickard (1981). Fern names are as used by Beadle, Evans & Carolin (1972).

Estimates were made at each site of several structural features — tree height and
cover, shrub cover and herb cover. All cover estimates were subjective. Some features
of the physical environment were noted — altitude, slope, aspect and percentage rock
outcropping. The type of rock was recorded.

Two sets of sites were surveyed. The first set comprised 91 sites, positioned
randomly on a grid. The second set of 43 sites was designed to obtain additional
samples from areas of limited extent possessing special environmental features. It
included four sites on dolerite, five on Wianamatta Shale at Duffys Forest and Terrey
Hills, five on or near podzolized soils, 13 along stream margins and 10 adjacent to salt
water. The overall distribution (Figure 2) was designed to sample as broad a range of
vegetation as practicable while also acquiring data on the abundance of species and
vegetation types.

Sites in the first set were located in groups of four at the apices of 300 m squares
centred in randomly selected 0.5 km squares of a cartographic grid (Figure 3). Sites
that would have fallen below the high tide mark or outside the Park were excluded.
Each group of four sites could be visited in one day but the members of the group
were sufficiently separated to sample a range of habitats. An area of 27 km? north of
Berowra and west of Cowan Creek (Figure 2) was excluded from sampling in set 1
because of access difficulties. However, six sites in set 2 were located in that area.

For both sets of sites, the final locations of the quadrats on the ground were
either predetermined or randomized. Care was taken not to deliberately select
supposedly representative stands.

Analysis

A program to perform ISA was written in FORTRAN for an ICL 1904
computer. Analysis to 32 groups required 30 to 60 minutes of processor time. The
program was designed primarily for presence/absence data, but occurrences could,
when necessary, be weighted by repetition. A companion program generated
association tables for species against quadrat groups.

Other programs were written to summarize statistically the structural and
environmental data for the quadrat groupings produced by the classification
procedure and to list descriptive summaries of nominated groups of quadrats from a
master file of such descriptions.

Four classifications of the floristic data were performed to investigate the
benefits of including data from the outer subquadrats and according higher weights in
the analysis to species occurring in central subquadrats. The essential parameters of
the analyses are shown in Table 1.

TABLE 1

Parameter settings for the four ISA classifications

. Effective i
A n;(i)s‘ms quac(lrrreltzt) size Subquadrat weights th%?srllltgl d
1 50 equal 20
2 1000 equal 20
3 1000 4:4:3:3:2:2:1:1 4(
4 1000 4:4:3:3:2:2:1:1 80



































































