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Summary

Project and Client

Landcare Research (Lincoln) was contracted by tgaldment of Conservation to contribute
to the design of a study that would monitor and ehdlde impacts of large-scale deer control
on vegetation. Three of the four study sites setkéatre being subjected to experimental deer
control until 2011 and here we describe the int@iditions for that long-term deer control
experiment. The work was undertaken between Oct2@@8 and June 2009.

Objectives

« Develop a strategy for monitoring the responseocddt vegetation to deer control
« Divide four sites into comparable blocks and sunmseavegetation in each block

Methods

« Investigating effects of deer control on forest m@nance requires a demographic
approach, focusing on survival and growth of canopg seedlings. Determining effects
on biodiversity focuses on the extent to which daeentrol shifts the proportion of highly
palatable species, as well as the total biomass.

« Our approach was to obtain and appraise all retamésrmation for each candidate site
based on its forest vegetation, geology, and phlsiavironments. Then, if the candidate
area was sufficiently homogeneous, we selecteth@basis of available information,
two discrete geographic areas which could be usgxhimed treatment and non-treatment
blocks within the area.

Results

« We chose two compositionally comparable blocksaaheof the four candidate sites.

« Two sites are in the North Island: Waiotaka (Kais&a Ranges) and Waihaha Forest
(West of Lake Taupo, central North Island).

« Two sites are in the South Island: Ruataniwha Cuasen Area (Lake Ohau,
Canterbury Ranges) and Anatoki (North West Nelson).

« The Pembroke Wilderness Area in Fiordland Natidteak (Southland Conservancy)
was also considered as a potential site but waamied because it was impossible to
delineate blocks of adequate size which were simail@ironmentally — the area straddled
a major geological boundary — and which had simviéagetation composition.

Key Findings

Vegetation composition was similar between the Ivezks at the Waiotaka and Anatoki
sites, but differed between blocks at the Ruataaiauid Waihaha sites. There are strong
elevation gradients at all sites and elevation bglla key covariate in future plot analyses.
Small differences in vegetation composition betwielexcks at the Ruataniwha site were
attributable to sampling of subalpine and alpingetation in one block and not the other.

The Waihaha site has very little beech and is dateshby podocarps and various
broadleaved trees. Vegetation composition betweemvto blocks was dissimilar in terms of
some common canopy and understorey species angithi®mplicate interpretation of deer
hunting treatments. Elevation, slope and landfocooanted for some of the compositional



variation in this highly heterogeneous vegetatammposition is also likely to be determined
by the legacies of volcanic activity over the [2800 years and fire history over the last 800
years, and local influences of microclimate.

Seedlings of tree species from which to obtain dgnagghic information were sampled at all
sites, including canopy trees (beech species @ethites, &mabhi in three sites) and an
understorey tree (putapmicta at Waihaha). Additional plots were required toaitt
sufficient individuals at two sites (Waiotaka an@iaha). In most cases, the height
distributions of seedlings were similar (skewedrall individuals) and were not greatly
different between blocks.

Understorey biomass, assessed by proxy metholillisto be greater in Waiotaka and
Ruataniwha than in Waihaha and Anatoki. The propomf the biomass in the understorey
comprised of species that are preferred by deewvemslow in three sites (<10% of
measured points in the three beech-dominated $ifagtaka, Ruataniwha, and Anatoki) and
was greater in the non-beech forests at Waihahdl@4 of measured points).

Recommendations

- Establish the relationship between point heigharcgpts and measured cover and
biomass, by species or by palatability class, elh ste. Use accessible sites from which
we can generalise to the entire catchment. Thesendkh be publishable and of great use
to future fieldworkers. They will also provide usthvinformation on the variance in our
biomass per subplot.

« Obtain data on soil nutrient concentrations ankitlenvironments at the subplot-level
because these are very likely to determine seedingography and understorey biomass
and its composition.

« Combine the assessments of intra- and inter-ditereinces highlighted in this report
alongside data on intra- and inter-site differernnefeer (and other ungulate) densities to
determine which sites should be prioritised forgd@arm inclusion in this project.



1. Introduction

Landcare Research (Lincoln) was contracted by thgaldment of Conservation to contribute
to the design of a study that would monitor and ehdlde impacts of large scale deer control
on vegetation. In this report, we first describavivee developed a sampling framework to
monitor the impact of deer control on vegetati@tand, we summarise how comparable
blocks of vegetation were selected at four sitesda@scribe the vegetation conditions at each
site. Three of these four sites are being subjegatedperimental deer control until 2011 and
the purpose of this report is to describe theah@onditions for that long-term deer control
experiment. The work was undertaken between Oct2®@8 and June 2009.

2. Background

The introduction of deer and other browsing herl@gdo New Zealand in the 19th century
ended a c. 300-year period, after the extinctiomod, in which there was no significant
browsing of the understoreys of New Zealand for@3étlingham & Lee 2006). Deer were
liberated and spread throughout the three maindslaf New Zealand, reaching most parts
by 1985 and red dee€Cérvus elaphus scoticuaere by far the most widespread of the nine
wild deer species (Nugent & Fraser 2005). Afteeddiion and on spreading to new areas of
New Zealand, deer populations typically followedimaptive pattern, i.e. with an increase to
peak abundance, a crash to lower abundance, thecraase to a carrying capacity lower
than peak abundance (Leopold 1943; Holloway 19%Mglley 1970; Forsyth & Caley
2006). During the first stages of irruptions in Néealand, deer have caused significant
reductions of woody plant populations that are lyigialatable to deer (e.g. Cockayne 1909;
Mark & Baylis 1975; Wardle 1984). Most red deer pigpions in New Zealand are now at
carrying capacity or below it because of sustaima@ating pressure (Nugent & Fraser 2005).

There is considerable public debate about the gm@bconsequences of current deer
populations for long-term maintenance of New Zedlgaiforests and their biodiversity (Bain
2007 cf. New Zealand Deerstalkers’ Association 20B0oreover, the alteration of plant
communities caused during peak abundance of degnoide reversible, even when deer
are in low numbers. Reasons for this include digtehing so that palatable plant species are
highly browsed even at low deer densities, expansimiches of non-palatable species to
supplant reduced populations of plants, local ektim of seed sources, alterations of
successional pathways, and shifts in ecosystenepses (Coomes et al. 2003). Even after
nearly 30 years of maintaining deer at low numlreferests of the Murchison Mountains in
Fiordland National Park, there were only small and-significant increases in the densities
of seedlings and saplings of highly palatable &ne@ shrub species, suggesting that even low
numbers of deer can influence forest dynamics angposition (Tanentzap et al. 2009). In
contrast, Husheer & Robertson (2005) used faedkgtpedices and tagged canopy tree
seedlings to demonstrate that intensive deer dantrorthern New Zealand successfully
reduced deer abundance and resulted in significgnglater seedling growth rates by
mountain beechNothofagus solandnar. cliffortioides).



This study is designed to evaluate whether dedralogchieves goals of long-term
maintenance of New Zealand’s forests and theiribeydity at a range of sites across

New Zealand, as well as other goals defined bylegrgroups convened for this adaptive
management project (defined and described in Jaoaftsal. 2009). This report describes the
four areas selected for inclusion in this proj&¢aiotaka (Tongariro—Taupo Conservancy),
Waihaha (Waikato Conservancy), Ruataniwha (CantgrGonservancy), and Anatoki
(Nelson—Marlborough Conservancy). These four aneas selected by the project leader
(C. Veltman, Department of Conservation) to givegyephic spread throughout

New Zealand and because they satisfied the follgwiiteria. First, candidate areas had to
have indigenous forest cover. Second, the areas nequired to have deer present and with
other ungulates (e.g. cham®&sipicapra rupicapraand goat€apra hircug rare or absent.
Third, candidate areas were required to be suffityearge that they could be subdivided
into a treatment and non-treatment block (we usenbrd non-treatment in preference to the
ambiguous term ‘control’). Each block was requitedbe of a size typical of the Department
of Conservation’s operational scale of managemsed previously for the control of deer
(i.e. c. 3500-5000 ha). Selection of areas waswtied in conjunction with Department of
Conservation’s Conservancy and Area Office stalffpge support of the project for its
duration is important. The precise locations ofheaiea largely reflect advice given at the
conservancy level. This report describes the deledf treatment and non-treatment blocks
within each of the four areas. It evaluates thdlanity of forest vegetation, geology, and
physical environments between blocks within eaelaaCandidate areas were evaluated in
the following order: Waiotaka, Waihaha, Ruataniveind Anatoki. The Pembroke
Wilderness Area in Fiordland National Park (Southl&€onservancy) was also considered as
a potential site but was discarded because it mpsssible to delineate blocks of adequate
size which were similar environmentally — the astaddled a major geological boundary —
and which had similar vegetation composition.

3. Objectives

« Develop a strategy for monitoring the responseocddt vegetation to deer control
« Divide four sites into comparable blocks and sumseavegetation in each block

4. Developing a Monitoring Strategy

4.1 Strategy for monitoring forest vegetation responséo deer control

Our approach to determining whether deer contsallte in changes to forest maintenance
and biodiversity was twofold. Forest maintenanaeceons the capacity of forest canopies to
be maintained, i.e. for sufficient juvenile treeggtow to become potential canopy trees.
Intense herbivory by deer can either prevent @rdegrowth of juveniles and enhance
mortality. If intense herbivory is sustained, grbvaind survival of juveniles can be
inadequate to offset mortality of adult trees (Damet al. 2006). Over time this results in
non-replacement of canopies. Investigating effettdeer control on forest maintenance
therefore requires a demographic approach, focusingurvival and growth of juveniles



(Allen et al. 2002). Determining responses to fobesdiversity requires an assessment of
whether deer alter community composition, i.e.dpecies present and their abundance
(biomass), especially plant species that are highlgtable to deer. Plant species that are
consistently highly palatable to deer have beeardehed across a range of sites (Forsyth
et al. 2002), and share some consistent foliaracheristics, especially low foliar fibre
contents, low lignin concentration and high phosphe concentrations (Forsyth et al. 2002,
2005). Determining effects on biodiversity focusesthe extent to which deer control shifts
the proportion of highly palatable species, as aglthe total biomass (Wardle et al. 2001).
Our interpretation is based on general traits etC&gs (such as foliar nutrients, investment in
defence in leaves) to allow inter-site comparidoasause some species are of local
distributions and because there are links betwleetraits of species that are palatable to
deer and long-term consequences for ecosystem®aasi maintenance resulting from
differences in litter quality and decompositiorea{Cornelissen et al. 1999; Wardle et al.
2002). Finally, a primary concern underpinning olioice of monitoring techniques was to
maximise statistical power so as to detect vegetagsponses to deer. The response by
vegetation to deer control is likely to be slonNew Zealand’s slow-growing evergreen
forests, and is likely to vary spatially accordiogother factors limiting vegetation growth,
such as light, fertility and competition from swrrmling vegetation. Statistical concerns were
presented to the learning groups and integratedrevbossible, with the other wishes of the
learning groups and with other constraints on ttogept (i.e. project duration).

4.2 Vegetation block selection and description

Our approach was to obtain and appraise all retaaéormation for each candidate site
based on its forest vegetation, geology, and physiavironments. Then, if the candidate
area was sufficiently homogeneous, we selectethe@basis of available information, two
discrete geographic areas, which could be usediesdpreatment and non-treatment blocks
within the area. Because this study employs a Be#dter-Control-Impact (BACI) design,
we were not seeking two statistically identicaldis for our treatment and non-treatment
blocks; rather, our aim was to maximise overlaganlogy and vegetation composition such
that the two blocks contained approximately simdlensystems that had similar capacities to
respond to our deer control treatment. Vegetatidorimation was based mostly on relevés
(recce plotsensuHurst & Allen 2007a) conducted in earlier surveyshe area, mostly since
c. 1975. In some cases, data on forest structurkeiding seedlings and saplings as well as
adult trees, were also available from existing @eremt forest plots (Hurst & Allen 2007b).
Vegetation data were derived from the National \fatyen Survey Databank
(http://nvs.landcareresearch.co;n&fiser et al. 2001). Geological information religoon
published maps.

4.3 Selecting vegetation attributes to measure

Longitudinal studies of deer invasion and exclosivelies widely report that deer (or
ungulates more broadly) reduce the density of lstdexy vegetation in most indigenous
forest types (e.g. Cockayne 1909; Mark & Baylis3;9%llen et al. 1984; Smale et al. 1995;
Wardle et al. 2001). Further, browsing of canog tseedlings within that understorey
vegetation may limit recruitment of some tree speanto the sapling and small-tree size
classes. As these are the two most consistenttytexpeffects of deer browse on forest
vegetation, the learning groups elected to motiterresponses of understorey biomass and
canopy-tree seedling growth and mortality to sast@ideer control.



We advocated the use of permanent sampling plotifgegetation measures as this greatly
reduces the number of samples required to detectgehover any given sampling interval.
Much of the spatial variation in a BACI design danreduced by using paired observations.

4.4 Sampling understorey biomass at a 3000-ha scale

We envisaged that the final analysis in this prioyeould compare mean biomass in the
treatment and non-treatment blocks at the beginaimtbend of the experiment to determine
whether deer control had influenced understoregnbss, especially of palatable species.
Variance around those means, variance around tregehin biomass, and uncertainty
surrounding the direction and size of change irngéat will reduce our ability to detect a
deer control effect. In other words, understoreyrimass could either increase or decrease or
remain the same, and the size of that effect coalg greatly among plots. Ideally, we would
have used existing data on these two forms of neei@o conduct a power analysis, which
would have indicated the number of permanent pkxsired to detect a specified difference
between the treatment and non-treatment means. \Woywege did not have any a priori
information on the variance of the change in bicsreswe were not able to develop a power
analysis for understorey biomass in permanent plots

One approach available to us was to use an exigéitaget on understorey biomass to
calculate the probable limits of error (PLE) arounean biomass. The PLE is a simple
statistic that expresses the 95% confidence int¢@iaaround a mean as a percentage of
that mean (Goulding & Lawrence 1992; Krebs 19999;dmaller the 95% ClI, the lower the
PLE, and the more confident we are about our mieaally, one should aim for a PLE of
10% in ecological studies (Goulding & Lawrence 19&bs 1999). The best source of
information available for estimating the PLE ofdet understorey biomass was a dataset on
understorey biomass in temperate rainforest frontiaForest in southern Fiordland

(Table 1; Forsyth et al. 2005). We used this datasealculate the PLE and to estimate the
number of samples we would need to generate a me¢ha FAD project with a PLE of

10%. If we assume that forest understoreys in tig Eites are at least as variable as those at
Waitutu Forest then we estimated that we would ra¢delast 314 plots in each treatment and
non-treatment area per site. In forests where tigenstorey biomass is more variable among
samples, many more samples would be required.y.dsi$ worth noting that Forsyth et al.
(2005) sampled 102 taxa, many of which were repitesn less than 5% of the plots,
pointing to the fact that sampling needs to beresite even to detethiese species; reporting
on changes in understorey biomass on a per speasesis unlikely to be feasible.

Although a PLE of 10% is a desirable benchmarkctoeve, the actual PLE required
depends on the size of the treatment effect oagpecting to detect (or willing to accept). If
deer control has a 200% effect on understorey kssrttzen a larger PLE would be
acceptable. If one is attempting to detect smdiléerences (e.g. a 20% difference in mean
biomass between non-treatment and treatment bltlogs)a lower PLE will be essential.
Finally, a posteriori power analysis will enabletagliscuss whether non-significant results
were a product of undersampling (a Type Il error)a true non-significant result.

Our initial intention was to avoid nested (hieracel) data (i.e. subplots within plots)
because of the analytical complications associattdsuch data. However, sampling 314
independent permanent plots at a 3000-ha scalel@ased unrealistic. We raised the
possibility of subsampling the treatment and n@atiment blocks to select areas with



homogeneous vegetation composition within which Blbds could be contained, but this
option was not selected because the learning gnigbed to have coverage of the entire
area. The option was available to attach the végataampling to the faecal pellet sampling,
which used 50 random points in the treatment amdtreatment blocks. To accommodate the
difference in sampling effort between 50 points 8f&d points, we subsampled each of our
50 plots using four subplots to try and increasermation gained at each point. In so doing,
we increased our sampling effort from 50 indepebhdampling plots to 200 nested sampling
subplots.

Table 1 Summary of understorey biomass (0-2 m height) fata Waitutu Forest, southern
Fiordland (Forsyth et al. 2005).

Measure Value
No. plots 292
Size of each plot 1-m radius (3.14)m
No. taxa sampled 102
No. people-days taken to sample plots 50
Mean biomass (g) 113.4
SD 103.4
SE 6.05
Coefficient of variation 0.91
95% CI 11.9
PLE 10.5%
No. zero values 10

No. plots required to achieve a PLE of 10% 314
No. plots required to achieve a PLE of 5% 1114

Each plot was 10 x 10 m. Within that 106-pfot the subcontractors laid out four 2 x 2 m
subplots (Fig. 1). These subplots were slightlgéarthan the plots used by Forsyth et al.
(2005; Table 1) based on the principle that lapets homogenise spatial variation so our
sampling should achieve at least the same PLE &ythcet al. (2005). Understorey biomass
was measured in each subplot using the point haitgrcept (PHI) method (Scott 1965;
Dickinson et al1992; Wiser & Rose 1997). This method uses a gradeaght pole (a point)
with an imaginary cube of 5 x 5 x 5 cm around eHgtem interval. Foliage present inside
this imaginary cube was recorded by species fan &8ecm interval up to and including

30 cm (i.e. frequency of intercepts x species gliitdier). We used 20 points (five points
within each 2 x 2 m subplot; Fig. 1), and vegetatidercepts (instances where foliage was
present within the imaginary cubed) were pooledspecies across all five points in each
subplot. Point height intercepts are a non-destreigiroxy for biomass; our intention was to
repeat this non-destructive measurement at th@ktind experiment and then harvest the
understorey biomass to determine the relationséiiwden intercepts and actual biomass.
Ideally, we would have conducted a pilot study @étedmine the number of points necessary



in each subplot to adequately sample understorggtagon to achieve a stable coefficient of
variation around the mean (see Brathen & Hagbedg R®ut time and resources were not
available for such a study.

-A- 10m -B-

—
i S T W -
;

Fig. 1 (A) Layout of the 10 x 10 m plot around each sangppoint containing four 2 x 2 m
subplots (1-4). (B) Layout of five point-height@ntept points within each 2 x 2 m subplot.

4.5 Sampling canopy tree seedling growth and mortalityat a 3000-ha scale

The candidate tree-seedling species was selectathtsite by the learning groups (see
descriptions of each site). Our concern was hoadexuately sample tree seedlings to detect
mortality over a 6-year period. We used the poweatysis approach of Peltzer et al. (2005)
to determine the number of permanently tagged sesive would require to estimate an
annual mortality rate of 1.5% per year over 6 yedusampling; this rate of mortality is
typical for New Zealand tree seedlings (Smale & Karley 1986; West 1995; Gillman &
Ogden 2003; Bellingham & Richardson 2006; Kunstteal. 2009). We estimated that a
minimum of 44 seedlings would be required per sgem the treatment and non-treatment
blocks at each site. We elected to tag all seesliriggach target canopy tree species inside
the four subplots at each plot (Fig. 1). A seediwas defined as beingl5 cm in height and
< 2.5 cm in diameter at breast height (dbh). Epicolseedlings (i.e. sprouts from adult
individuals) were not tagged. For each seedling ridtural height and substrate (e.g. soil,
fallen log, tree fern) were recorded.

4.6 Describing the forest composition inside each plot

We described forest community composition withinltea0 x 10 m plot. Although we are
not testing for an effect of deer control on fore@tnmunity composition, we required this
information to establish whether the treatment mmttreatment blocks at each site were
compositionally comparable. Composition was meakusing the relevé method of Hurst
and Allen (2007a), which ascribes an ordinal cagare (1 = <1%, 2 = 1-5%, 3 = 6—-25%, 4
= 26-50%, 5 = 51-75%, 6 = >76%) to all speciesaicheof six fixed height tiers. In order to
establish whether treatment and non-treatment blatkach site were environmentally
comparable we measured elevation, slope, aspe@ragld to the horizon in eight compass
directions (a landform index) at each plot to diggclocal environment. These data were
collected at the start of the experiment and ffasour intention to measure them again at the
end.



4.7 Data entry, correction and analysis

All data are stored as hard copies in the Natidegjetation Survey (NVS) Databank at
Lincoln, according to Department of Conservatioangard Operating Procedures (DOC
2007). All data were entered electronically eittieectly into NVS (the relevé descriptions)
or into ancillary Access databases (point-heigtdroept data and tagged seedlings), which
are linked electronically to NVS.

Plot-level environmental data
Landform index was calculated by taking the meathefeight angles to the horizon (after
McNab 1993; see Richardson et al. 2008). Potestial radiation was modelled as potential
direct beam solar irradiance after Kaufmann & Weattd (1982) using thie function
solradprovided by R.P. Duncan (Lincoln University and taare Research, Lincoln).
Missing values for slope and aspect took the meathé site. Missing environmental data
were either replaced with the mean for that sitelugled from analyses or, in the case of
elevation which was missing on nearly half of thex&e descriptions (222 out of 481),
modelled using LENZ surfaces. For the sake of adescy we used modelled elevations
throughout. Data were summarised as arithmetic spanblock and per site.

Plot-level vegetation composition
The relevé descriptions of vegetation containeig@fscant number of records where a plant
had been identified only to genus. These genud-tecerds were divided into two types at
each site. The first type was those records whergénus-level record was the only record
from that genus. This type was retained in the dat identifies a unique taxon and contains
some information, albeit at a coarser taxonomioltg®n than species-level data. The
second type was those records where the genusrenaeld appeared alongside species-level
records in the same genus. This type was delebed tihe Recce data as we cannot be
confident that records pertain to a unique taxon.

Recce data were checked for synonyms, invalid spemdes (i.e. six-letter codes that could
not be reconciled with an accepted vascular planta), and unrealistic species records (i.e.
recognised vascular plant species recorded sulsbaiutside of their published range).
Synonyms were corrected usingdNGpu Aotearoa — New Zealand Plantnames
(http://Inzflora.landcareresearch.co.nz/), invapd@es codes were corrected where the
intended species could be guessed and, where species were too obscure to be corrected,
they were removed from the dataset. Missing coaires were ascribed a value of 1 (i.e.
<1%).

We summarised vegetation composition within eackkoht each site using the releve
descriptions. We calculated a single importancaegker species per plot by converting the
ordinal cover scores to percentage cover midposutsiming these across tiers, per species
per plot, and then transforming them using the-a&ljasted log-transformation suggested by
McCune et al. (2002, p. 69). The goal was to detezmhether the measured composition
was similar between the two blocks at each sitd tarevaluate how dominant environment
gradients (e.g. elevation) influenced vegetatiomgosition. To achieve this we used non-
metric multidimensional scaling (NMDS) ordinatiandrganise the plots (samples)
according to measured composition, and an assdgiateedurednvfii) to fit environmental
variables (i.e. elevation, slope, landform indestential solar radiation and block) to the
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NMDS solution. This fit allows us to determine winet environment or block significantly
influenced the dominant gradients of compositiorzalation. NMDS ananvfitwere both
performed inR using theveganlibrary (Oksanen et al. 2008). We used functicetaMDS

with default settings to select the optimum nuntfeaxes in our NMDS. The interpretation
of NMDS is the same as for other ordinations; tipdolbs can be used to visually examine
how environmental variables influence the spreaplats along each axis. Finally, we
calculated richness (of species and unique gemestigxa) per block at each site to compare
taxonomic overlap between blocks at each site.

Point-height-intercept data
Some of the understorey biomass data used obscureatid species names, or a species
name was missing; these were grouped together withtaxonomic identity but retained in
the data. No records were removed because we wistlrathimise loss of information on
biomass (i.e. we are more interested in the nurobleits than the identity of the species).
However, this is unsatisfactory as we have limdapacity to summarise understorey
biomass according to palatability or growth formnsesdo not know the species encountered.

Intercepts were summed within each plot by taxael#Ipossible, taxa were ascribed to one
of three palatability classes: taxa preferred kardiaxa not selected by deer, and taxa
avoided by deer. Where possible we used the dleatsiin of Forsyth et al. (2002) based on
ungulates. We supplemented that classificationgusublished sources (Appendix 1). We
reclassified species where information from literatsources conflicted substantially with
the class chosen by Forsyth et al. (2002; see Appe). We present the number of
intercepts per block in each of these three palé@iablasses. Because the data contained a
high proportion of zero values and the non-zeroesfollowed a negative binomial
distribution, we used zero-inflated negative bin@iniZINB) models to test for differences
between FAD blocks in the mean number of intercpptslot in each of the three
palatability classes (preferred, not selected,amided). These models concurrently
estimate the effect of FAD block on the occurreotceegetation (i.e. a binomial probability
for zero versus non-zero values) and on the abwedafivegetation where present (i.e. a
negative binomial probability for the non-zero atvs¢ions; Bolker 2009; Zuur et al. 2009).

Tagged seedling data
We present the number of seedlings per speciesk blad site; the distribution of seedlings
by species across two broad substrates (the granohall raised substrates); and the size-
class distributions of each species at each sitbldzk. Contractors were requested to tag
seedlings that were 15 cm in height with a diameter at breast heighhj of < 2.5 cm, but
in practice, seedlings less than 15 cm in heigliev@emetimes tagged and these seedlings
have been retained in the dataset and includedriamalyses.

All analyses were conducted in R v. 2.8.1 (R Depelent Core Team 2008).
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5. Waiotaka, Kaimanawa Ranges, North Island

5.1 Selecting two compositionally comparable blocks @he Waiotaka site

The Waiotaka study area is in the north-west oltenanawa Range and the geology of
this area is uniform greywacke. Within the studgeaitwo adjacent catchments, the Waiotaka
and the Whitikau (a west-flowing river between YWaiotaka and Tongariro rivers), were
chosen as blocks within which to conduct the ingesion. Our goal was to establish
whether a comparable block of indigenous forestcdtba found in each catchment. We used
a map of forest classes and their attendant deieergp(Nicholls 1986) to inspect whether
broad forest classes were similar between the \&leachnd the Whitikau (Fig. 2). There was
a clear altitudinal gradient from rimD&crydium cupressinup mata (Prumnopitys

taxifolia) — hardwoods, through rimu—beechBsihofaguspp.), highland softwoods and
hardwoods, to beeches at the highest elevatiogs ZFri The Whitikau catchment had also an
area of highland and steepland softwoods and hardsvthat was not present in the
Waiotaka block. Further information on these atlital gradients (Elder 1962) provided
reassurance that two approximately equal blocksrest could be selected from these two
catchments.

Fig. 2 Forest class map, Kaimanawa Ranges, showing thgdweral areas that were
compared for the Waiotaka site. Forest classeappately in sequence with increasing
elevation: YELLOW = rimu—maiahardwoods; OLIVE GREEN = general hardwoods;
PALE GREEN = rimu—beeches; DARK GREEN = highlanttwoods—beeches; PINK =
highland and steepland softwoods—hardwoods; GREEENR= beeches.
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Data were available from 40 historical relevé platthe north-west of Kaimanawa Forest
Park collected in 1980, which included parts of Wiaiotaka and Whitikau catchments, and
these were used to evaluate the comparabilityefwio proposed blocks. There was
considerable floristic overlap in the compositidrite two regions covered, based on the
basal area of the trees (Appendix 2). Data frorpeihanent plots, measured in 1980, along
five randomly located transects in the north-wés€ammanawa Forest Park, were used to
determine how comparable was forest structure.oiigih plots in the north, including the
Waiotaka, had higher total tree basal area thats pldhe south, including the Whitikau, the
proportions of dominant trees, especially red bebichhofagus fusgaand kmahi
(Weinmannia racemojawere similar between the two regions (Appendix 3

Information from a remeasurement of 32 of thos@d@nanent plots was also used to
determine where seedlings of red beech, a targetsirecies for this study area, occurred and
at what density. The data were collected in 20@3¢dbed as part of a wider dataset in
Husheer et al. 2003). The plots are either withimonediately adjacent to the two proposed
catchments. Red beech seedlifn@s35 m tall were recorded in 24 subplots (0.7% within

each 400-rhplot (total area sampled = 1&me. 4.5% of plot area). Red beech seedling
densities were measured across all subplots fotiege>0.15 m and<1.35 m tall, and
presence only recorded for seedlings <0.15 mRaltl beech dominates forest in the northern
Kaimanawa Ranges and approximately follows the 0&Bntour to 1100 m (Elder 1962).
Therefore we segregated the existing plots inftudlhal bands and determined relative
abundance and densities within them (Table 2).r€kelts suggested that red beech
seedlings were most likely to be encountered bat@@@® and 1099 m. Note, however, that
even here seedling densities were not great (TAble

Table 2 Red beechNothofagus fusgdrequency of occurrence and seedling densityatsp
in three altitudinal bands in the northern Kaimaad®anges.

Elevation No. No. plots with No. plots No. plots with Seedling density/ha
range plots seedlings with stems (+ 1SE)

(m) saplings >2.5cmdbh

700 — 899 8 2 1 1 79+£79
900-1099 15 4 6 10 593 + 314

>1100 9 2 3 3 139 +90.9

5.2 FAD Waiotaka: environment

New plots were established during sampling of thedtéka study area in 2005. The goal
was to sample 50 plots in each block, but additisampling resulted in 75 plots in the
Waiotaka block and 73 in the Whitikau block. Thetgkevel environments were similar
between the two blocks (Table 3).
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Table 3 Summary of mean environments and canopy heighpleahiby Recce plots. Data
are presented as arithmetic means per site arehbbr of the two blocks at each site and the
minimum and maximum elevations within each bloak @iso presented.

SITE No. plots Elevation Slope (°) Landform Potential solar radiation Mean top

Block (m) Index (°) (% max) height (m)

WAIOTAKA 148 940 30 20 78 13.2
(357-1389)

Waiotaka 75 936 28 19 78 12.9
(357-1353)

Whitikau 73 943 33 21 77 13.7
(580-1389)

5.3 FAD Waiotaka: vegetation composition

At the Waiotaka site, the two blocks shared 61%neir species (or, more strictly, their taxa;
Table 4). Composition was strongly influenced vation and Landform Index, and there
was no significant difference between the two b$ofkable 5; Fig. 3). However, there were a
few notable compositional differences in canopy-A@m) species between the two blocks,
with kamahi Weinmannia racemo}anore frequent in the Waiotaka than in the Whitika
(Table 6).

Table 4 Species richness (species or generic-level taxa)
in the two blocks at the Waiotaka site.

Group Taxa richness
Waiotaka site 198

Whitikau block 165
Waiotaka block 154

Shared 121 (61%)

Unique to Whitikau 44
Unique to Waiotaka 33

Table 5 Summary of environmental and FAD-block effectsvegetation composition at the
Waiotaka siter? is the squared correlation coefficient, a goodhdsi statistic.

Factor r? Significance of influence on vegetation compositio
FAD block 0.0085 0.2683

Altitude 0.7231 <0.001

Slope 0.0272 0.12412

Landform Index 0.0555 0.01401

Potential solar radiation 0.0074 0.58058
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Fig. 3NMDS ordination of vegetation cover data from tilocks at the Waiotaka site. Only
two environmental factors were significant; Al (@itle) and Ln (landform Index) and there
was no difference between the two FAD blocks (Wakatand Whitikau). Fitted lines
(vectors) show the direction and strength of thatienship between an environmental factor
and the sampled plots; in this instance, the stheofgthe relationship between compositional
variation and altitude (Al) is much stronger thha telationship with Landform Index (Ln)
and individual samples (plots) in the bottom Idftte diagram are at higher altitudes than
plots in the top right.
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Table 6 Frequency of dominant species by Recce tier ih eatwo blocks at the Waiotaka
site. A species was considered dominant if it waes present in a plot with a cover score of
50% or more in any tier. Data are frequency (nunab@lots) per block with the frequency
where dominant given in parentheses.

Tier Species Waiotaka Whitikau
N=75 N=73
>20m Nothofagus fusca 21 (6) 12 (5)
Prumnopitys ferruginea 3(1) 1(0)
12-20 m Nothofagus fusca 31 (13) 45 (14)
Weinmannia racemosa 41 (9) 26 (4)
Prumnopitys ferruginea 4 (1) 2 (0)
Nothofagus solandwar. cliffortioides 4(3) 1(0)
Nestegis cunninghamii 2 (1) 1(0)
5-12m  Weinmannia racemosa 54 (16) 49 (13)
Nothofagus fusca 33 (7) 46 (22)
Pseudowintera colorata 24 (2) 12 (1)
Griselinia littoralis 13 (1) 18 (3)
Cyathea smithii 6 (0) 6 (1)
Nothofagus solandwar. cliffortioides 7 (4) 4 (1)
Prumnopitys ferruginea 5 (0) 6 (1)
Melicytus ramiflorus 2 (0) 8 (1)
Nestegis cunninghamii 2 (1) 1(0)
2-5m Pseudowintera colorata 64 (23) 57 (13)
Weinmannia racemosa 52 (9) 49 (7)
Carpodetus serratus 40 (1) 37 (1)
Nothofagus fusca 33 (1) 42 (9)
Podocarpus hallii 22 (1) 25 (0)
Griselinia littoralis 17 (2) 24 (3)
Coprosma tayloriae 16 (0) 14 (1)
Neomyrtus pedunculata 21 (1) 2 (0)
Cyathea smithii 8 (0) 13 (2)
Nothofagus solandwar. cliffortioides 7(2) 51)
Cyathea dealbata 5(1) 6 (1)
Melicytus ramiflorus 2 (0) 9 (1)
0.3-2m  Pseudowintera colorata 70 (24) 68 (14)
Blechnum discolor 40 (1) 64 (8)
Weinmannia racemosa 53 (1) 51 (0)
Microlaena avenacea 41 (0) 51 (2)
Coprosma tayloriae 43 (3) 31 (3)

Nothofagus fusca 34 (0) 38 (0)
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Griselinia littoralis 17 (0) 24 (1)
Neomyrtus pedunculata 34 (3) 4 (0)
Dicksonia lanata 7 (1) 12 (1)
Phyllocladus alpinus 11 (1) 8 (0)
Nothofagus solandwar. cliffortioides 7 (1) 5(12)
Podocarpus nivalis 3(0) 3(3)
Olearia nummulariifolia 1(0) 3(2)
Leptospermum scoparium 2 (1) 2 (0)
0-0.3m Blechnum discolor 43 (1) 65 (5)
Histiopteris incisa 21 (1) 14 (0)
Coprosma tayloriae 47 (0) 32 (1)
Microlaena avenacea 44 (1) 56 (2)
Pseudowintera colorata 69 (1) 68 (0)
Blechnum novae-zealandiae 5(0) 17 (1)
Metrosideros diffusa 4 (0) 14 (1)
Hymenophyllum multifidum 8 (0) 5(1)
Trichomanes reniforme 5() 3(0)
Podocarpus nivalis 3(0) 33)
Dracophyllum recurvum 1(0) 3(1)
Celmisia spectabilis 1(0) 3(1)
Olearia nummulariifolia 1(0) 3(2)
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5.4 FAD Waiotaka: understorey biomass

The abundance of both ‘preferred’ and ‘not selédpdcies was greater in the Whitikau
block, relative to the Waiotaka block (Table 7).

Table 7 Understorey point height intercept (PHI) datatfe Waiotaka site summarised by
palatability class (Appendix 1). Data are preseiiethe total number of intercepts per block
in each of four palatability classes and then asiilean number of intercepts per plot so as to
standardise across blocks. Statistical differentéise number of intercepts per plot for each
palatability class are indicated; means that shdetter within a row are not significantly
different atP < 0.05.

Palatability class Waiotaka Whitikau

Total no. intercepts

Preferred 60 132
Not selected 292 415
Avoided 1438 1275
Not classified 134 156
Total 1924 1978

No. intercepts per plot

Preferred 0.8a 1.8b
Not selected 39a 57b
Avoided 19.2 a 175a
Not classified 1.8 2.1
Total per plot 25.7 27.1

5.5 FAD Waiotaka: tagged canopy tree seedlings

The minimum sampling number of red beech afrdahi seedlings was achieved in both
blocks but required the establishment of additigrads (25 in the Waiotaka and 23 in the
Whitikau). These additional plots were only estsiiéid in the altitudinal strata where red
beech seedlings are most abundant (900—-1099 me Babln this stratum, the same sampling
design was applied as described in section 4.4albag transects of randomised origins,
with nested seedling subplots located along traasetboth blocks, this sampling design
was applied until at least 80 seedlings of red beed kmahi were located and measured.

Red beech commonly regenerates on raised suriesgscially on logs, and this is
particularly prevalent when there are dense cagfderns in forests (June & Ogden 1975).
Despite a higher frequency of ferns suclBEshnum discoloin ground tiers in the

Whitikau block (Table 6), the percentage of reddbeseedlings on raised surfaces was much
lower in this block (13%) than in the Waiotaka IH@d8%; Table 8).
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Table 8 Summary of the number of tagged seedlings of spehies in each block and for

the total Waiotaka site.

Species Waiotaka Whitikau Total
Substrate N=75plots N=73plots N=148 plots
Nothofagus fusca 103 110 213

Ground 54 96 150

Raised 49 14 63
Weinmannia racemosa 121 83 204

Ground 80 52 132

Raised 41 31 72

Kamahi also regenerates frequently on raised surf&tesvart & Veblen 1982; Lusk &

Ogden 1992; Bellingham & Richardson 2006), butgbecentages ofaknahi seedlings on
raised surfaces were not greatly different betwsdeoks (Waiotaka, 34%; Whitikau 37%;
Table 8). Seedling size-class structuresaofi&hi were very similar between the two blocks
(Fig. 4) whereas red beech seedlings in the Waadbédck had a greater frequency of smaller

seedlings than in the Whitikau block (Fig. 4).
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Fig. 4 Tagged seedling size class structures for the \Mleaasite; WEIRAC = &mabhi
(Weinmannia racemo$aNOTFUS = red beeclNpthofagus fusga
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Seedling size structures afrkahi from both blocks in the Waiotaka study ared &greater
proportion of small-sized (<45 cm tall; Fig. 4) diegs than in forests of similar canopy
composition to the east (Husheer et al. 2003). B&eth seedlings in the Waiotaka study
block were more similar in proportion of small-sizeeedlings (<45 cm tall) to forests to the
east than those in the Whitikau block (Husheet.&tG03).

5.6 Waiotaka site summary

The two blocks (Waiotaka and Whitikau) are well ahatd in geology, physical
environments, and forest composition, althougm&hi, a canopy species with seedlings that
are preferred by deer, was more abundant in th@taka block; canopy (>12 m) foliage of
kamahi was present in 55% of plots in the Waiotaké @my 36% of plots in the Whitikau
block. The number of seedlings afrkahi tagged was likewise greater in the Waiotakalbl
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6. Waihaha Forest, West of Lake Taupo, Central North $land

6.1 Selecting two compositionally comparable blocks @he Waihaha site

The indigenous forests west of Lake Taupo are mtstise which have developed over the
deep ignimbrite and pumice that resulted from thapb eruption. The axial Hauhungaroa
Range to the west is greywacke, and ash from eldgations is also evident. The present
forests are compositionally complex reflecting hegeneous volcanic disturbance, early
Maori fires, and local microclimate such as frostidmbk and elevation (Poole 1949;
McKelvey 1963; Herbert 1978; Smale & Smale 2003} Waihaha catchment contains the
single largest area of dense podocarp forest itradddorth Island (Herbert 1978) with a
particularly high component of matand rimu (McKelvey 1963). In terms of specificdet
types, McKelvey (1963) mapped>x/0% of the Waihaha catchment as podocaimahi—
scrub hardwood type (type M1; green symbols in B)gand dense mixed podocarp type
(type L1; pink symbols in Fig. 5). The third mosiuadant forest type is rimustara—
kamahi—scrub type (type M7; blue symbols in Fig.vijch occurs at higher elevations than
either M1 or L1, towards the ridge crest of the hiangaroa Range (Fig. 5). Distribution of
these forest types is directly associated withdéygth of the Taupo pumice deposit and the
proximity of the ignimbrite plateau to the surfgdicholls 1986). The eastern margins of
Waihaha Forest have abundant patches of fire-irdluegetation with &mahi, rewarewa
(Knightia excelsy hinau Elaeocarpus dentatysNestegispp. and shrubs. Druce (1952)
described these post-fire successional commuratidscommented on the dominance of
manuka (eptospermum scopariynDracophyllumspp. and brackerP{eridium

esculentumn Patches of successional vegetation occur witrerWWaihaha forest, also as a
result of burning (Herbert 1978). In the Mangatte&in there is a noteworthy area (‘less than
a few hundred acres’) of silver bee®of(hofagus menzieyiiorest (Poole 1949), which has
developed where these is little or no pumice I¢diaKelvey 1963). At high elevations,
Hall's totara Podocarpus halli is dominant with scrub hardwoods (type G1 in Big.

Selecting two compositionally comparable blockthatWaihaha site was likely to be
difficult and to assist us with the process we e=ged that a subcontractor collect
preliminary vegetation compositional data from groposed blocks, on either side of the
Waihaha River. We were particularly keen to idgntégions with successional forest (blue
symbols on Fig. 5) so that these could either hakgincluded in the two blocks, or
excluded if they only occurred in one block. We @chted use of the relevé descriptions
(Hurst & Allen 2007a) so as to be compatible withny other datasets in New Zealand.
Unfortunately, data were collected only from thegmrsed northern block so differences
between the two blocks could not be assessed bifiatising our choice of blocks and
implementing deer control. The two candidate blogkse on either side of the Waihaha
River, with approximately equal areas of each forngse: Mangatu block to the north and
Waihaha block to the south (Fig. 5).
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Fig. 5 Forest class map from Waihaha Forest. The bladkndrite map was copied from
McKelvey (1963) and the five major classes are tehby colour (GREEN symbols =
podocarp—kmahi—scrub hardwood type; PINK symbols = mixed madlp type; BLUE
symbols = rimu-dtara—kimahi—scrub type (type L1; pink symbols to guide selection of
two blocks with approximately equal cover of eagfest class. Part of the Waihaha River
was marked with a thick line to emphasise the apprate boundary used for the northern,
Mangatu block and southern, Waihaha block.
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6.2 FAD Waihaha plots: environment

New plots were established in the Waihaha study sw@006 with additional sampling in the
same manner as for the Waiotaka site: 65 plotsanistf 50 plots in the Mangatu block, and
67 plots instead of 50 plots in the Waihaha blddie Mangatu block samples a wider range
of elevations but the plots in the two blocks argély comparable (Table 9).

Table 9 Summary of mean environments and canopy heighplsaiby relevé plots. Data
are presented as arithmetic means per site arehbbr of the two blocks at each site and the
minimum and maximum elevations within each bloak @lso presented.

SITE No. plots  Elevation Slope (°) Landform Potential solar radiation Mean top
Block (m) Index (°) (% max) height (m)
WAIHAHA 133 741 (513-970) 17 16 78 12.4
Mangatu 65 712 (513-970) 20 18 79 11.1
Waihaha 67 768 (635-920) 13 14 77 13.6

6.3 FAD Waihaha plots: vegetation composition

The two blocks shared more than two-thirds of tepecies (Table 10) although poor quality
data (low resolution of species) may account fag éipparent overlap. Our experience with
contractors suggested appropriate quality con&rgl. @udit) and assurance were necessary.
There was a strong, significant difference in cosifpan (cover by species) between the
Mangatu and Waihaha blocks (Table 11; Fig. 6).

Table 10Species richness in the two blocks at the WailsétkaTaxa are not all species and
unidentified generic records were deleted unlesg Were the only use in the dataset.

Group Species richness

Waihaha site 161
Mangatu block 136
Waihaha block 135
Shared 110 (68%)

Unique to Mangatu 26
Unique to Waihaha 25

Table 11Summary of environmental and FAD-block effectsvegetation composition at
the Waihaha sita? is the squared correlation coefficient, a goodiés statistic.

Factor r? Significance of influence on vegetation compositio
FAD block 0.1210 <0.001

Altitude 0.2389 <0.001

Slope 0.1970 <0.001

Landform Index 0.1002 0.002

Potential solar radiation 0.0058 0.707
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Fig. 6 NMDS ordination of vegetation cover data from Y&aihaha site. There was a
significant difference between the two blocks Ethated by the position of centroids (‘Block
— Waihaha’ and ‘Block — Mangatu’) for each blockid strong effects of altitude (Al), slope
(Sl) and Landform Index (Ln) on vegetation comgosit(Table 11).

Tawa Beilschmiedia tawjpand hnau Elaeocarpus dentatyisre moderately frequent in the
Mangatu block but are scarcely present in the Walidock (Table 12). Descriptions of
forest classes on the west of Lake Taupo by McKe(¥863) separated forests with a
significant component of tawa anthhu (podocarp—tawa) as in the Mangatu block from
those without tawa (podocarmahi—scrub hardwoods and dense mixed podocarps)type
as in the Waihaha block. He interpreted these pati@ong a gradient of successional
development of forests according to soil developraed depth of pumice resulting from the
Taupo eruption of caD 232 (Sparks et al. 1995). Leathwick and Mitch&#892) evaluated
forest composition in the same forests and condulat current mean annual temperature
was also a likely determinant of the distributidriawa, which had a higher probability of
occurrence in warmer sites than some podocargarircular matg which had slightly
higher frequency in the Waihaha block (Table 12).

TanekahaRhyllocladus trichomanoidg¢silso is much more frequent in the Mangatu block
than in the Waihaha block (Table 12). A possibsoa for this could be that it is colonising
sites that were previously burned; McKelvey (1968¢ssed the role of past fires set by
Maori as a determinant of current forest patterrhandrea (see also Cameron 1955) and
tanekaha is a common component of secondary sucosssi@r fire in northern

New Zealand, where it is typically outcompeted byeo conifers as succession proceeds
(Ogden 1983; Burns & Smale 1990).
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Table 12Frequency of dominant species by tier in eachvoflilocks at the Waihaha site. A
species was considered dominant if it was evereptasa a plot with a cover score of 50% or
more. Data are frequency (number of plots) perkleith the frequency where dominant
given in parentheses. tThis record is likely torfm®rrect as this species typically reaches a
height of 13 m (McGlone et al. 2010).
Tier Species Mangatu Waihaha
N=65 N=67

>20m Dacrydium cupressinum 13 (0) 8(2)
Prumnopitys taxifolia 6 (0) 9 (1)
Podocarpus totara 2 (0) 4(2)
Prumnopitys ferruginea 0 (0) 5(12)
Elaeocarpus hookerianus * 0 (0) 1(1)

12-20 m Quintinia serrata 24 (3) 22 (7)
Podocarpus hallii 12 (1) 19 (4)
Dacrydium cupressinum 17 (3) 11 (1)
Prumnopitys taxifolia 7 (1) 16 (5)
Weinmannia racemosa 9 (0) 12 (1)
Elaeocarpus dentatus 16 (3) 4 (0)
Prumnopitys ferruginea 2 (0) 16 (3)
Beilschmiedia tawa 14 (1) 1(0)
Podocarpus totara 313 8 (3)
Elaeocarpus hookerianus 4 (0) 5(1)
Phyllocladus trichomanoides 7 (1) 1(0)
Griselinia littoralis 3(2) 5 (0)
Nestegis cunninghamii 3(0) 3(1)
Nestegis lanceolata 3(1) 3(0)

5-12m  Weinmannia racemosa 35(1) 39 (4)
Quintinia serrata 36 (9) 36 (15)
Carpodetus serratus 21 (0) 35(2)
Podocarpus hallii 25 (3) 30 (0)
Pseudowintera colorata 23 (4) 26 (2)
Myrsine salicina 10 (0) 32 (4)
Griselinia littoralis 12 (2) 23 (2)
Dacrydium cupressinum 19 (1) 16 (0)
Pseudopanax crassifolius 16 (0) 13 (1)
Dicksonia squarrosa 25 (1) 3(0)
Elaeocarpus dentatus 23 (4) 5 (0)
Prumnopitys ferruginea 8 (0) 20 (1)
Elaeocarpus hookerianus 9 (0) 15 (2)

Cyathea smithii 14 (2) 10 (1)
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Beilschmiedia tawa 18 (7) 2 (0)
Prumnopitys taxifolia 6 (0) 14 (1)
Podocarpus totara 6 (1) 11 (0)
Melicytus ramiflorus 15 (1) 0 (0)
Nestegis cunninghamii 8 (1) 7 (0)
Nestegis lanceolata 7 (1) 6 (0)
Phyllocladus trichomanoides 9 (1) 2 (0)
Fuchsia excorticata 9 (1) 0 (0)
Phyllocladus alpinus 3(0) 5(12)
Phyllocladus toatoa 5(1) 3(0)
Dicksonia fibrosa 6 (1) 0 (0)
2-5m Beilschmiedia tawa 19 (1) 2 (0)
Cyathea smithii 31 (0) 23 (1)
Dicksonia fibrosa 10 (1) 4 (0)
Dicksonia squarrosa 29 (4) 15 (0)
Griselinia littoralis 12 (0) 25 (1)
Melicytus ramiflorus 18 (1) 1(0)
Myrsine salicina 10 (0) 35(1)
Neomyrtus pedunculata 23 (0) 45 (1)
Phyllocladus alpinus 3(1) 5(12)
Pseudowintera colorata 43 (4) 56 (14)
Quintinia serrata 39 (0) 39 (1)
Weinmannia racemosa 39 (1) 41 (2)
0.3-2m  Blechnum discolor 31 (3) 16 (0)
Leptospermum scoparium 0 (0) 1(1)
Metrosideros diffusa 16 (1) 1(0)
Neomyrtus pedunculata 31 (0) 55 (1)
Phyllocladus alpinus 3(0) 7 (1)
Pseudowintera colorata 60 (2) 66 (13)
Quintinia serrata 42 (0) 41 (1)
0-0.3m  Blechnum discolor 32 (1) 16 (0)
Blechnum fluviatile 40 (0) 44 (2)
Trichomanes reniforme 16 (2) 9 (1)

In contrast to tawa andrtekaha, which are more frequent in the Mangatukhlmiro
(Prumnopitys ferruginegeand toro Myrsine salicind are more frequent in the Waihaha block
(Table 12), but we do not know of likely reasonstfos. The ground cover feBlechnum
discoloris twice as frequent in the Mangatu block as en\t¥aihaha block.
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In summary, complex compositional variation betwtentwo blocks at Waihaha reflects
both the mosaic of historical disturbance, andentrenvironments such as soil fertility. If
differences in vegetation composition influence enstbrey light environments, then the
capacity of each block to respond to deer cont@y mot be equal; light is a critical resource
limiting understorey dynamics. To account for tin®ur final analysis, we intend to measure
canopy openness (light) on each subplot when ibits pte revisited at the end of the
experiment. In order to keep the approach equall &ur sites, we will complete these
measurements at all sites.

6.4 FAD Waihaha plots: understorey biomass

The number of intercepts in the browse tier (a pifox biomass) and the relative proportions
of ‘preferred’, ‘not-selected’, and ‘avoided’ spesiwithin the intercepts were similar
between the two blocks, although there were slghibre intercepts of ‘not selected’ species
in the Waihaha block, relative to the Mangatu blftable 13).

Table 13Understorey point height intercept (PHI) data swarised by palatability class

(Appendix 1). Data are presented as the total nuwiiatercepts per block in each of four

palatability classes and then as the number ofdepgs per plot, so as to standardise across

blocks. Statistical differences in the number ¢éioepts per plot for each palatability class

are indicated; means that share a letter withowaare not significantly different &< 0.05.
Palatability class Mangatu Waihaha

Total no. intercepts

Preferred 179 160
Not selected 226 320
Avoided 550 617
Not classified 55 53
Total 1010 1150

No. intercepts per plot

Preferred 28a 24a
Not selected 35a 48b
Avoided 85a 9.2a
Not classified 0.8 0.8
Total per plot 155 17.2

6.5 FAD Waihaha plots: tagged canopy tree seedlings

To obtain the minimum number ofikkahi and putaputasta (Carpodetus serratyseedlings
required the establishment of additional plotsathiblocks (i.e. 65 rather than 50 plots in the
Mangatu, and 67 rather than 50 plots in the Waihaltdas was achieved by laying out new
transects of maximum length 300 m from randomigegires, along which 2 x 2 m plots

were established (see section 4.4) and seedlingsrahi and putaputasta were tagged and
measured within them; this process continued timtilrequired number was reached.
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The percentage ofiknahi seedlings on raised surfaces was much lowteiMangatu block
(28%) than in the Waihaha block (38%, Table 14rd&se putaputadta has very small

seeds (0.4-0.6 mg; Wardle 1991; Burrows 1996)patih not as small asukahi (0.1 mg;
Wardle 1991), it is unsurprising that it too is lwelpresented as seedlings on raised surfaces.
Like kamabhi, the percentage of putaputgnseedlings on raised surfaces was much lower in
the Mangatu block (21%) than in the Waihaha bl@&44, Table 14). Seedling size-class
structures of &mahi and putaputasta were very similar between the two blocks (Fig. 7).

Table 14 Summary of the number of tagged seedlings of spehies in each block and for
the total Waihaha site.

Species Mangatu Waihaha Total
Substrate N =65 plots N=67plots N=132 plots
Carpodetus serratus 156 162 318
Ground 124 107 231
Raised 32 55 87
Weinmannia racemosa 214 156 370
Ground 155 97 252
Raised 59 59 118
0 50 100 150
| | | | | | | |
WEIRAC WEIRAC
Mangatu Waihaha
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ke M I
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Fig. 7 Tagged seedling size class structures for the Waikde; WEIRAC = kmahi
(Weinmannia racemo$3aCARSER = putaputasta (Carpodetus serrat)s
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6.6 Waihaha site summary

The two blocks (Waihaha and Mangatu) are well meddh geology. Their physical
environments are quite similar although the Waihalbek is of slightly higher elevation and
has more dissected terrain. There are some diffesein forest composition, which could
reflect differences between the two blocks in teahng-term successional patterns
resulting from the Taupo eruption, mean annual egatpre, and fire history or interactions
between all three of these factors. Understoresnbgs and representation of palatable
biomass was quite similar between the two blocks.
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7. Ruataniwha Conservation Area, Lake Ohau, CanterburyRanges,
South Island

7.1 Selecting two compositionally comparable blocks @ahe Ruataniwha site

The Hopkins and Huxley catchments in the Ruatani@baservation Park, Lake Ohau, are
close to the Main Divide of the Southern Alps ang @plifted, metamorphosed sedimentary
rocks (semi-schist). Forests in this region are positionally simple being an admixture of
silver beechNothofagus menziesiand mountain beeciN( solandrivar. cliffortioides

Wardle & Guest 1977). The presence and abundanagbokdinate species in the forest
understorey reflect elevation; species typicalpdrovalley floor communities (e.g. pastoral
species) are found in low-elevation forests, whitgh-elevation forests progressively include
species from open subalpine and alpine communAissibstantial rainfall gradient (2900—
4250 mm; see Table 27 in Discussion for an expianatf how these data were derived)
occurs across the two catchments with greaterath@if high elevation and close to the Main
Divide. The dominant beech species close to thielelig silver beech, shifting to mountain
beechaway from the divide, partially reflecting rainfgitadients (Wardle & Guest 1977).
The forests of the Huxley and Hopkins catchmenteweapped as being largely similar
according to Wardle and Guest (1977) so we werédmmt that any compositional gradients
in that region were shared between the two catcksnen

To evaluate compositional similarity between thgopklos and Huxley catchments, we re-
examined the permanent forest plot data used byl@/and Guest (1977; Ahuriri Survey
1973/4 archived in the NVS Databank). These dateated that composition was indeed
similar between the two catchments with approxityaggqual basal area and density of
dominant species (Appendix 4). This was the basithie delineation of two equal-sized
blocks of forest within the two catchments, avoidihe wetter headwaters of the Hopkins
catchment to minimise differences in rainfall betqwehe two blocks.

7.2 FAD Ruataniwha plots: environment

Plot-level environments in new plots establishethimithe two blocks in 2007 were similar
between the two blocks although mean canopy toghh&ras much higher in the Hopkins
block (18.7 m) than in the Huxley block (13.4 mpleal5); this may have arisen because
some plots in the Huxley block sampled short-s&tisubalpine forest and alpine heath
vegetation.
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Table 15Summary of mean environments and canopy heighpleaihtby Recce plots. Data
are presented as arithmetic means per site arehbbr of the two blocks at each site and the
minimum and maximum elevations within each bloak @iso presented.

SITE No. plots Elevation Slope (°) Landform Potential solar radiation Mean top

Block (m) Index (°) (% max) height (m)

RUATANIWHA 101 940 26 20 70 16.0
(663-1175)

Hopkins 50 939 25 20 70 18.7
(758-1159)

Huxley 51 941 27 20 70 134
(663-1175)

7.3 FAD Ruataniwha plots: vegetation composition

Dominant subalpine species suchayllocladus alpinusPodocarpus nivalisndCoprosma
pseudocuneataere all more frequent in the Huxley block, relatto the Hopkins block
(Table 16). The Huxley block had more species tharHopkins block and less than half the
species were shared between the two blocks (Tal)lesteater species richness in the
Huxley block reflected a few plots that sampledadpime forest and alpine heath vegetation.
Greater sampling of high-elevation communitieshi@ iHuxley block relative to the Hopkins
resulted in a strong significant difference in casifion between the Huxley and Hopkins
blocks (Table 18, Fig. 8).
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NMDS1
Fig. 8NMDS ordination of vegetation cover data from theaRniwha site. There was a
significant difference between the two blocks thated by the position of centroids (‘Block
— Hopkins’ and ‘Block — Huxley’) for each block)né strong effects of altitude (Al) and
Landform Index (Ln) on vegetation compaosition.
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Table 16 Frequency of dominant species by tier in eachvoflilocks at the Ruataniwha site.
A species was considered dominant if it was evesqat in a plot with a cover score of 50%
or more. Data are frequency (number of plots) peclowith the frequency where dominant
given in parentheses.
Tier Species Hopkins Huxley
N=50 N=51

>20m Nothofagus solandwar. cliffortioides 6 (1) 0 (0)
12-20 m Nothofagus solandwar. cliffortioides 38(25) 19(14)

Nothofagus menziesii 25 (9) 16 (10)
5-12m Nothofagus solandwar. cliffortioides 44 (7) 32 (18)
Nothofagus menziesii 37 (8) 34 (11)
2-5m Nothofagus solandwar. cliffortioides 45 (0) 36 (6)
Nothofagus menziesii 40 (1) 36 (2)
0.3-2m  Nothofagus solandwar. cliffortioides 47 (10) 37 (6)
Nothofagus menziesii 41 (0) 39 (2)
Coprosma pseudocuneata 12 (0) 31 (3)
Podocarpus nivalis 9(2) 22 (8)
Polystichum vestitum 14 (5) 14 (2)
Phyllocladus alpinus 6 (0) 22 (1)
Cortaderia fulvida 1(0) 1(1)
0-0.3m  Nothofagus solandwar. cliffortioides 48 (11) 39 (11)
Nothofagus menziesii 44 (0) 40 (1)
Coprosma pseudocuneata 14 (0) 33(2)
Polystichum vestitum 22 (5) 24 (2)
Hymenophyllum multifidum 17 (3) 21 (4)
Blechnum penna-marina 18 (0) 18 (2)
Coprosma depressa 18 (5) 18 (2)
Podocarpus nivalis 8 (4) 28 (11)
Hymenophyllum revolutum 11 (6) 11 (2)
Rytidospermum gracile 2 (0) 31
Cortaderia fulvida 1(0) 1(1)
Hymenophyllum sanguinolentum 2 0 (0)

Pratia angulata 1(1) 2(1)
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Table 17 Species richness in the two blocks at the Ruatamsite. Taxa are not all species
and unidentified generic records were deleted gritesy were the only use in the dataset.
Group Species richness

Ruataniwha site 134
Hopkins block 89
Huxley block 99
Shared 54 (40%)

Unique to Hopkins 35
Unique to Huxley 45

Table 18 Summary of environmental and FAD block effectsregetation composition at the
Ruataniwha siter? is the squared correlation coefficient, a goodwéss statistic.

Factor r? Significance of influence on vegetation compositio
FAD block 0.0733 0.0020
Altitude 0.1520 <0.001
Slope 0.0066 0.7297
Landform index 0.1950 <0.001

Potential solar radiation  0.0313 0.2162

7.4 FAD Ruataniwha plots: understorey biomass

In contrast to the Waiotaka and Waihaha study atkasinderstorey biomass (intercepts as a
proxy) was greater in one block (Hopkins) thandtteer, and the relative proportion of
‘avoided’ species in that block (at a plot levedple 19, and overall, i.e. 66.9% of all
intercepts) was greater than in the Huxley blo&k % of all intercepts). The

proportionately greater biomass of ‘avoided’ spgcieuld be a result of past herbivory,
resulting in greater inertia in response to deetrod, i.e. established unpalatable species may
outcompete newly established palatable speciesni@set al. 2003).

Table 19Understorey point height intercept (PHI) data swarised by palatability class
(Appendix 1). Data are presented as the total nuwiiatercepts per block in each of four
palatability classes and then as the number ofdepas per plot so as to standardise across
blocks. Statistical differences in the number ¢éioepts per plot for each palatability class
are indicated; means that share a letter withowaare not significantly different &< 0.05.

Palatability class Hopkins Huxley

Total no. intercepts

Preferred 115 46
Not selected 131 337
Avoided 828 541
Not classified 164 99

Total 1238 1023
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Table 1€ continued

Palatability class Hopkins Huxley

No. intercepts per plot

Preferred 23a 09b
Not selected 26a 6.6 a
Avoided 16.6 a 106 b
Not classified 3.3 1.9
Total per plot 24.8 20.1

7.5 FAD Ruataniwha plots: tagged seedlings

The designated number of mountain beech seedliagg®adily achieved within the plots
established in both blocks (Table 20).

| |
Huxley
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Fig. 9 Seedling height class structure of mountain béNolthofagus solandrar.
cliffortioides) in two blocks at the Ruataniwha site. Each bpregents a 5-cm height class
bin. Median seedling height was 28 cm in the Hoplilock and 24 cm in the Huxley block.
These height-class structures are not represeatagiow 50 cm because the contractors
raised the minimum sampling height from 15 cm tac&0during the fieldwork.
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Although more seedlings were in plots in the Hoplitock (Table 14), the total number in
both blocks were high and we are confident thag eesult, demographic data (survival and
growth) will be statistically sound in both blockthe demographic data on mountain beech
in the two blocks will be readily comparable wittjuévalent data on mountain beech in the
Kaweka Range in the North Island, which is sublecally to intense browsing by sika deer
(Cervus nipponHusheer et al. 2006). Population size structuré®th blocks in Ruataniwha
are similar (Fig. 9). Mountain beech is much lesgahdent on raised surfaces for its
regeneration than red beech (as in Waiotaka, Tbleith a low percentage of seedlings on
raised surfaces overall (2.8%); the percentagehigdeer in the Huxley block (3.5%) than in
the Hopkins block (2.3%; Table 20).

Table 20Summary of the number of tagged seedlings in bhutk and for the total
Ruataniwha site.

Species Hopkins Huxley Total
Substrate N =50 N=51 N=101
Nothofagus solandwar. cliffortioides 5371 3163 8534
Ground 5247 3052 8299
Raised 124 111 235

7.6 Ruataniwha site summary

The two blocks (Huxley and Hopkins) are well matthegeology and physical
environments. The Huxley block sampled more subalpegetation than the Hopkins block,
possibly because of past avalanche disturbancee disrupted treelines. As a result it had
higher species richness because there were maone gllants in the plots. Tree canopy
compositions were similar between the two blocks.
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8. Anatoki, North West Nelson, South Island

8.1 Selecting two compositionally comparable blocks @he Anatoki site

The Anatoki River drains east out of the Kahurasagiional Park into Golden Bay. Selection
of two comparable blocks centred on the AnatokieRnatchment was a challenge because
this area contains some of the oldest and mosts#iveedrocks in New Zealand, along with
forests and alpine vegetation containing many emcphant taxa (Williams 1993). To
address these issues, we used a combination esdade geological maps and plot-level-
measured vegetation composition data to identity ¢tamparable blocks of forest that could
be used as a potential study site for the projewt. option to stratify by bedrock type was not
available to us because of the constraint of apgl{ie same sampling design to all of the
four sites.

S

Fig. 10LEFT: Geological map of the Takaka region (Grindley 195tigwing diverse bands of
bedrocksRIGHT: Topographic map of the same area with two suggdédsibcks (in black)
selected by equalising the areas of bedrock (skdtoh in red) in each block. The Anatoki
River forms the boundary between the two blocks.
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The Anatoki area contains bands of early Palaeapoks in two terranes (Muncker &
Cooper 1999; Fig. 10) and bands of deformationgtbe Anatoki Fault (Jongens 2006). The
only possible configuration that could delimit tlmcks of comparable geology was to
delimit one to the north and one to the south, Withsame large differences in rock type
occurring within each block.

We then used existing vegetation data (relevé datd@termine whether composition was
approximately similar between the two blocks. Thesta are unpublished (C. Newell and
R. Allen, Landcare Research; Department of ConsiervaNelson) and are archived in the
NVS Databank. We used these data to examine whiiber was compositional overlap and
whether elevation was a principal environmentatigmat in each block. Composition
overlapped well (Appendix 5) and was strongly edaio elevation in both areas examined
(Appendix 6). We were strongly encouraged by tleegeomes and proceeded with our two
adjacent blocks separated by the Anatoki Rivertaeil block to the north and the Haupiri
block to the south (Fig. 10).

8.2 FAD Anatoki plots: environment

New plots were established in 2007 in both blo@ke Devil block samples a broader
elevation band and, given the importance of elewndir composition, we anticipated that
this would affect compositional overlap (Table Zlhe Devil sites received more potential
solar radiation than the Haupiri sites. Potentddusradiation is probably only important in
gaps but is likely to influence composition.

Table 21 Summary of mean environments and canopy heighpleahiy relevé plots at the
Anatoki site. Data are presented as arithmetic siaad the minimum and maximum
elevations within each block are also presented.

SITE No. plots  Elevation Slope (°) Landform Potential solar radiation Mean top

Block (m) Index (°) (% max) height (m)

ANATOKI 100 924 32 23 76 12.7
(338-1488)

Devil 50 932 33 22 83 12.6
(338-1488)

Haupiri 50 917 31 24 70 12.9
(356-1393)

8.3 FAD Anatoki plots: vegetation composition

The Devil block had more species than the Haupackand only 53% of the species were
shared between the two blocks (Table 22). Manjhefunique species in the Devil block
were in species-rich alpine genera suchi@lse CelmisiaandOleariathat were sampled in a
few high-elevation plots that were not matchechim Haupiri block. There was no significant
difference in composition between the two blockal€ 23, Fig. 11).

In addition to differences related to sampling rdpvegetation, there were some differences
in the frequency of dominant forest species (T24le
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Table 22Richness in the two blocks at the Anatoki sitexalare not all species and
unidentified generic records were deleted unlesg Were the only use in the dataset.

Group Species richness
Anatoki site 183

Devil block 156

Haupiri block 124

Shared 97 (53%)
Unique to Deuvil 59

Unique to Haupiri 27

Table 23Summary of environmental and FAD block effectsvegetation composition
summarised by NMDS at the Anatoki sitéis the squared correlation coefficient, a
goodness of fit statistic.

Factor r? Significance of influence on vegetation compositio
FAD block 0.0027 0.7618
Altitude 0.8495 <0.001
Slope 0.1416 <0.001

Landform Index

Potential solar radiation

0.0642 0.0470
0.0204 0.3824
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Fig. 11NMDS ordination of vegetation cover data from &reatoki site. There were
significant effects of altitude (Al), slope (Sl)chandform Index (Ln) on vegetation
composition, but no effect of FAD block.
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Table 24 Frequency of dominant species by tier in eachvofltlocks at the Anatoki site. A
species was considered dominant if it was evereptas a plot with a cover score of 50% or
more. Data are frequency (number of plots) perkolith the frequency where dominant
given in parenthesebl = 50 plots per block.

Tier Species Devil Haupiri
>20m Nothofagus fusca 3(0) 3(1)
Nothofagus menziesii 1(0) 2(2)
12-20 m Nothofagus menziesii 29 (2) 28(6)
Nothofagus fusca 25(6) 23 (8)
Weinmannia racemosa 12(0) 11(3)
5-12m Nothofagus menziesii 35(4) 31()
Weinmannia racemosa 27 (7) 26 (5)
Nothofagus fusca 26 (3) 24 (4)
Quintinia serrata 25(2) 22 (4)
Nothofagus solandwar. cliffortioides 14(2) 13(1)
Griselinia littoralis 4 (0) 8 (1)
Hedycarya arborea 2 (0) 1(1)
2-5m Nothofagus menziesii 36(2) 35(0)
Weinmannia racemosa 27 (1) 29(0)
Quintinia serrata 28(0) 23(1)
Nothofagus solandwar. cliffortioides 15(2) 13(0)
Archeria traversii 6 (0) 11 (2)
Dracophyllum longifolium 2 (0) 4 (1)
Cyathea smithii 3(0) 2 (1)
0.2-2m  Coprosma foetidissima 25(1) 37(0)
Quintinia serrata 29 (1) 24(0)
Blechnum discolor 2013) 13(1)
Nothofagus solandwar. cliffortioides 15(1) 14 (0)
Pseudowintera colorata 12(0) 16 (3)
Archeria traversii 9 (0) 18 (2)
Uncinia uncinata 2 (0) 14 (5)
Dracophyllum longifolium 6 (0) 5(1)
Cyathea smithii 4 (0) 31
Leptospermum scoparium 0 (0) 2 (1)
0-0.3m  Blechnum discolor 21 (1) 15(0)
Uncinia uncinata 7 (0) 23 (6)
Myrsine salicina 5 (0) 6 (1)
Dracophyllum longifolium 5(0) 5(1)

Metrosideros fulgens 5(2) 1(1)
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The forest sedgencinia uncinataand the shrulArcheria traversiiwere both more frequent
in the Haupiri block than in the Devil block (Tat#é). FurtherlUncinia uncinatawas
frequently dominant at a plot-level in the Haupillock. This species is found in high-light
environments where moisture is not limiting, peshapggesting that the Haupiri block had
more clearings or gapArcheria traversiiis associated with extremely poor soils, higher
elevations and often a high proportion of cloudysjagain suggesting that these
environments were sampled more frequently in thepiablock (Table 24).

8.4 FAD Anatoki plots: understorey biomass

Point height intercept data were summarised byrapitie intercepts within each block by
palatability class (see Appendix 1). As in Ruatdravand in contrast to the Waiotaka and
Walihaha study areas, the understorey biomassdepty as a proxy) was greater in one
block (Haupiri) than the other, and the relativegamrtion of ‘avoided’ species in that block
(at a plot level, Table 25, and overall, i.e. 65.d4RAll intercepts) was greater than in the
Haupiri block (50.1% of all intercepts). As in Raaiwha, greater understorey biomass in
one block than the other could reflect differenele of past disturbance to canopies, and the
higher proportion of ‘avoided’ biomass in the Hauplock could be a confounding

influence on potential recruitment of ‘preferreg@esies after controlling ungulates.

Table 25Understorey point height intercept (PHI) data suamsed by palatability class (see
Appendix 3). Data are presented as the total numiiatercepts per block in each of four
palatability classes and then as the number ofdepas per plot so as to standardise across
blocks. Statistical differences in the number ¢éioepts per plot for each palatability class
are indicated; means that share a letter withowaare not significantly different &< 0.05.

Palatability class Devil  Haupiri

Total no. intercepts

Preferred 54 53
Not selected 190 186
Avoided 309 529
Not classified 59 45
Total 612 813

No. intercepts per plot

Preferred lla l1la
Not selected 3.8a 3.7a
Avoided 6.2a 106b
Not classified 1.2 0.9

Total per plot 12.2 16.3
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8.5 FAD Anatoki plots: tagged canopy tree seedlings

The minimum number of seedlings (44) was achievedifver beechNothofagus menzieyii
in both blocks but was not achieved for red beétHysca or kimahi Weinmannia
racemosain the Devil block (Table 26). Seedling size slagructures were approximately
similar for all three species (Fig. 12). Mediandigwg heights were: 30 cm in the Haupiri
block and 32 cm in the Devil block foamahi; 34 cm in the Haupiri block and 30 cm in the
Devil block for red beech; and 24 cm in the Haubplock and 28 cm in the Devil block for
silver beech.

The percentage of seedlings of red beech, silveclheand kmahi on raised surfaces in the
Devil block were very low (7%, 5%, and 3% respealyy, and less than in the Haupiri block
(11%, 18%, and 32% respectively, Table 26). A gneptoportion of seedlings on raised
surfaces in the Haupiri block again could be altedigreater past disturbances of canopies,
resulting in more fallen logs as sites for seedlitycolonise (cf. section 8.4). The very low
percentage of red beech artminahi seedlings on raised surfaces in the Devilkoédso
contrast with both blocks in the Waiotaka studyagisection 5.5).

Table 26 Summary of the number of tagged seedlings of spehies in each block and for
the total Anatoki site.

Species Devil Haupiri  Total
Substrate N=50 N=50 N =100
Nothofagus fusca 28 89 117
Ground 26 79 105
Raised 2 10 12
Nothofagus menziesii 75 112 187
Ground 71 92 163
Raised 4 20 24
Weinmannia racemosa 40 69 109
Ground 39 47 86
Raised 1 22 23

8.6 Anatoki site summary

The diverse geologies within both blocks are asigvmatched as possible. Existing plot

data and newly established plots as part of thagept suggest that the areas have comparable
vegetation, with small differences that arise freneven sampling of alpine vegetation.
Elevation is a strong gradient underpinning compmsal variation. The Haupiri block has a
denser understorey with more unpalatable coverttiaevil block.
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9. Discussion

9.1 General discussion of approach taken to develop tretudy and the four sites we
chose

We adopted a consistent approach of delineatingpaecaible sized blocks within candidate
study areas. The first criterion was to have cowplargeologies within both blocks. If this
criterion could be met then we evaluated as muddtieg forest compositional data as
existed to determine if the blocks were compardblether criteria (e.g. whether deer were
present in sufficient numbers, whether sustainegm control was being implemented,
whether ungulates other than deer were presendg agplied in the selection of study sites
but not in the component of the project that weorepere. When one proposed study area
(Pembroke Wilderness Area) could not be subdividemlareas of comparable geology and
forest composition, it was rejected as a potesttalin which to work (Appendix 7).

Four candidate sites could be delineated into tlwols of a size suitable for operational
scales of management on the basis of comparablegye@hysiography, and vegetation
composition (Table 27), and for three of thesegtireent and non-treatment blocks were
assigned after selection by a coin toss. Geolatgfiedl four sites differ from one another:
Waiotaka and Ruataniwha are most similar to on¢hen@geologically but the other two sites
(Anatoki and Waihaha) are very dissimilar to aliertsites.

Table 27 Summary of the four FAD sites. For each block wiidate whether it was ascribed
the experimental non-treatment (NT) or the expenit@ereatment (T). Bedrock, rainfall and
mean annual temperature (MAT) were estimated foin ggoreferenced FAD plot using thin-
plate splines fitted to data from nearby meteornchlgstations (Leathwick 2001; Leathwick
et al. 2003).

Site Blocks Bedrock Rainfall MAT (°C)
(mm)

Waiotaka Whitikau (NT) Greywacke 2241 8.5
Waiotaka (T)

Waihaha Mangatu (NT) Lavas, ignimbrite, hard volcanic rocks, 1618 9.8
Waihaha (T) ancient ash and greywacke (to the west)

Ruataniwha Huxley (NT) Semi-schist 3523 7.5
Hopkins (T)

Anatoki Haupiri * Highly diverse ancient volcanics with 3071 7.9
Devil * minor intrusives (Fig. 10)

* Experimental treatments were not allocated toAhatoki blocks
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9.2 Composition

Forest composition is dominated by beddbthofagusspp.) in Waiotaka, Ruataniwha, and
Anatoki, whereas beech is nearly absent from Waihahich is instead dominated by a
diverse mixture of angiosperm and conifer spedésvation is a strong determinant of
compositional variation at all sites. In Waihalegdcies of past disturbance (volcanism and
fire) and microclimate are also likely determinaot€urrent vegetation composition. The
proportion of trees in Waihaha comprised of spettiatare preferred in deer diets (Forsyth
et al. 2002) is greater than in the other sitesabligites contain understorey species that are
preferred in deer diets.

9.3 Point height intercept data

Methods for quantifying the vertical distributiohlmomass have been used in vegetation
studies in New Zealand (Scott 1965; Park 1972)aselwhere (McArthur & Horn 1969;
Wardle & Zackrisson 2005). The strength of relagiuips between the proxy measurements
of biomass, using intercepts, and actual biomasekaown and will be determined after
harvests at the end of the project. Nonetheleese there differences in proxy measurements
of biomass (intercepts) between the study sites.

It seems likely that understorey biomass, assdsgattercepts, is lower in the Waihaha and
Anatoki sites (the average intercepts per plotsetbe four blocks in these sites range from
12 to 17) than in the Waiotaka and Ruataniwha $isasge 20-27 intercepts per plot).
Furthermore the proportion of understorey biomdsgpecies preferred by deer in the beech-
dominated sites (Waiotaka, Ruataniwha, and Anaiskgwer (3—9% of intercepts per plot
were on preferred species across the six blocksese sites) than in Waihaha, a non-beech
site (14% of intercepts per plot, Waihaha blocl&s]l8/angatu block). A low proportion of
preferred species in three sites could be a leghpyevious deer herbivory, which could
have altered the competitive balance to favourpesterred species currently (Coomes et al.
2003). It could also be a result of lower resouesels (soil nutrients, light) on average in the
beech-dominated sites because many species wieggreferred in deer diets grow in
resource-rich situations, i.e. with high levelssofl nitrogen and phosphorus or light
(Bellingham & Lee 2006). Quantifying resource leyehcluding soil nutrient concentrations
and light environments, would aid interpretatiorcbénges in understorey biomass during
this study.

At the end of the experiment, the effect of deearticm on understorey biomass will be
measured as the difference between treatment antteatment blocks in intercept
frequency in each of the three palatability claskdsrcept frequency will be converted to
biomass by harvesting each subplot, weighing theemad and using regression analysis to
convert intercept frequencies to biomass. As wetdéing demography, environmental
variation among plots will be accommodated in thalgses using the plot-level
measurements of elevation and landform describezl bad subplot-level measurements of
canopy openness, which will be completed at theadéilde experiment.
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9.4 Seedling populations

Seedling size structures of beeches from the @iteg where they are dominant canopy trees
show distributions skewed towards small seedlimdsch typically self-thin during onward
growth, especially after canopy disturbance (Watd®l@4; Coomes & Allen 2007). The

height distribution of red beech seedlings in Wakatand Anatoki are quite similar to those
reported from the Tararua Range (June & Ogden 1&7&)mountain beech seedlings

>50 cm (where data are representative) in Ruatanhakia a similar height distribution to
those in the Kaweka Range (Duncan et al. 2006).

Kamahi was widespread across the study sites, ongurriall but Ruataniwha, and in most
sites seedling height distributions were skewedato® smaller seedlings. There is little
published information on seedling height distribng of kkmahi (but see Husheer et al.
2003; Section 5.5 this report). Seedlings @hkhi are not strongly responsive to increased
light in old-growth forests (Bellingham & Richards@006; Coomes et al. 2009) although
this species features prominently in secondaryessions (Wardle 1966), after wind
disturbance (Stewart 1986), after earthquakes @\e¢lal. 2001) and after fire (Payton et al.
1984; Wilmshurst et al. 1999). It is unknown whetbeedlings of &mahi self-thin during
onward growth. Putaputati seedlings were only sampled in the Waihaha stitdywshere
their height distribution was similar to that afnkahi. We know of no published accounts of
the seedling sizes of putapugsvwith which to compare those from Waihaha.

Across sites, red beech araiviahi had a high percentage of seedlings on raiséaces, and
this was also the case for putaputtnat Waihaha. In five blocks in three sites, moamnth
30% of kamahi seedlings occurred on raised surfaces, witlexiteption of the Devil block at
Anatoki where only 3% occurred on raised surfates. percentage ofaknahi seedlings on
raised surfaces in the other five blocks (32—-38%8 few compared with that in montane
rainforests in central Westland (42—80%; Stewakie®len 1982) and in lowland forests of
Bench Island (41-50%; Veblen & Stewart 1980), better than that in lowland forests of
eastern Stewart Island (12—28%; Veblen & StewaB0)9The percentage of red beech
seedlings on raised surfaces was quite simildreatvto blocks in Anatoki (7%, Devil block;
11% Haupiri block) and similar to that at the Whatit block (12%) in Waiotaka, but at the
Waiotaka block the percentage on raised surfa@%)4vas much greater, although not as
great as that from a 3-year-old cohort of red bessgdlings on raised surfaces (c. 80%) in
the Tararua Range (June & Ogden 1975). Remeasurefdagged seedlings of these
species across the treatment and non-treatmerksbtocild reveal whether the benefits of
reduced competition from other plants on the grooffieket slightly greater mortality rates on
raised surfaces (Bellingham & Richardson 2006)taednteraction of these with herbivory.

At the end of the experiment, the effect of deerti on seedling demography will be
measured as the difference between the change tnetitment block and the change in the
non-treatment block, in both tagged seedling graavith mortality rates. Environmental
variation among seedlings will be accommodatethénanalyses using the plot-level
measurements of elevation and landform describez] had subplot-level measurements of
canopy openness, which will be completed at theoéride experiment.
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10. Key Findings and Recommendations

10.1 Key findings

Vegetation composition was similar between the Ihoaks at the Waiotaka and Anatoki
sites, but differed between blocks at the Ruataaiwid Waihaha sites. There are strong
elevation gradients at all sites and elevation glla key covariate in future plot analyses.
Small differences in vegetation composition betwieleicks at the Ruataniwha site were
attributable to sampling of subalpine and alpingetation in one block and not the other.

The Waihaha site has very little beech and is datethby podocarps and various
broadleaved trees. Vegetation composition betwieemvto blocks was dissimilar in terms of
some common canopy and understorey species angdithi®mplicate interpretation of deer
hunting treatments. Elevation, slope and landfocooanted for some of the compositional
variation in this highly heterogeneous vegetatammposition is also likely to be determined
by the legacies of volcanic activity over the 12800 years and fire history over the last 800
years, and local influences of microclimate.

Seedlings of tree species from which to obtain dgnagghic information were sampled at all
sites, including canopy trees (beech species eethites, &mabhi in three sites) and an
understorey tree (putaputat#® at Waihaha). Additional plots were required toaitt
sufficient individuals at two sites (Waiotaka anéiaha). In most cases, the height
distributions of seedlings were similar (skewedrall individuals) and were not greatly
different between blocks.

Understorey biomass, assessed by proxy metholilelisto be greater in Waiotaka and
Ruataniwha than in Waihaha and Anatoki. The propomf the biomass in the understorey
comprised of species that are preferred by deewvemslow in three sites (<10% of
measured points in the three beech-dominated $ifagtaka, Ruataniwha, and Anatoki) and
was greater in the non-beech forests at Waihahdl@4 of measured points).

10.2 Recommendations

« Establish the relationship between point heigharcegpts and measured cover and
biomass, by species or by palatability class, elh aséte. Use accessible sites from which
we can generalise to the entire catchment. Thesewdth be publishable and of great use
to future fieldworkers. They will also provide ugthvinformation on the variance in our
biomass per subplot.

« Obtain data on soil nutrient concentrations ankitlenvironments at the subplot-level
because these are very likely to determine seedingography and understorey biomass
and its composition.

« Combine the assessments of intra- and inter-ditereinces highlighted in this report
alongside data on intra- and inter-site differernnedeer (and other ungulate) densities to
determine which sites should be prioritised forgd@arm inclusion in this project.
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Appendix 1 Classification of plant taxa into ordind palatability categories

Classification of species (or taxa) into ordinadlgpability categories. Total number of
intercepts that were not classified (Class = ‘Ni€’J65 out of a total of 9748 (8%).
Congenerics ONLY used if all species are in theesaategory (e.g. all species of
Dracophyllumare always avoided; the same cannot be sadlesdria). Polystichum vestitum
andAsplenium bulbiferunvere classified as ‘Preferred’ after Mark & Bayli®75), Wardle
(1971), Wardle (1974), and Wardle & Hayward (1978)her than ‘Not selected’ (after

Forsyth et al. 2002).

Species (or taxa) Class Source(s) . No.
intercepts
in FAD
dataset

Polystichum vestitum P Not selected Forsyth et al. (2002); 285

Preferred Mark & Baylis (1975)

Griselinia littoralis P Forsyth et al. (2002) 151

Weinmannia racemosa P Forsyth et al. (2002) 131

Pseudopanax crassifolius P Forsyth et al. (2002) 68

Coprosma tenuifolia P Forsyth et al. (2002) 48

Pseudopanax colensoi P Forsyth et al. (2002) 22

Asplenium bulbiferum P Not selected Forsyth et al. (2002); 17

Preferred Mark & Baylis (1975)

Aristotelia serrata P Forsyth et al. (2002) 11
Asplenium flaccidum P Forsyth et al. (2002) 10
Ripogonum scandens P Forsyth et al. (2002) 9
Melicytus ramiflorus P Forsyth et al. (2002) 8
Coprosma grandifolia P Forsyth et al. (2002) 7
Coprosma lucida P Forsyth et al. (2002) 6
Myrsine australis P Forsyth et al. (2002) 5
Schefflera digitata P Forsyth et al. (2002) 5
Anisotome haastii P Rose & Platt (1987) 3
Geniostoma ligustrifolium P Forsyth et al. (2002) 2
Raukaua edgerleyi P Forsyth et al. (2002) 2
Pseudopanax arboreus P Forsyth et al. (2002) 1
Hoheria lyallii P Hoheria glabrata is preferred 1

(Stewart et al. 1987)
Chionochloa pallens P Preferred (Rose & Platt 1987); 1

Avoided (Wardle 1974, but probably

ranked too low — Wardle 1991)
Podocarpus nivalis NS Wardle (1974); Wardle (1991) 455
Blechnum fluviatile NS Forsyth et al. (2002) 368
Metrosideros diffusa NS Forsyth et al. (2002) 230
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Blechnum procerum

Leptopteris superba

Coprosma foetidissima
Blechnum penna-marina

Coprosma pseudocuneata

Raukaua anomalus
Rubus cissoides
Dicksonia squarrosa
Myrsine salicina
Carpodetus serratus
Elaeocarpus hookerianus

Chionochloa species

Pseudopanax linearis
Coprosma rhamnoides
Muehlenbeckia australis
Cyathea colensoi
Coprosma colensoi
Hebe stricta

Raukaua simplex

Astelia fragrans

Chionochloa rigida

Coprosma propinqua
Metrosideros umbellata

Astelia nervosa

Coprosma ciliata

Hebe odora
Nothofagus truncata

Astelia trinervia

Clematis paniculata
Hedycarya arborea
Pennantia corymbosa

Astelia solandri

NS
NS

NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS

NS

NS
NS
NS

NS

NS
NS
NS

NS
NS
NS
NS

Forsyth et al. (2002) 142
Avoided Forsyth et al. (2002); 116
Not selected Wardle (1974)

Forsyth et al. (2002) 105
Forsyth et al. (2002) 97
Not selected (Stewart et al. 1987); 96

Avoided (Wardle 1974; Wardle &
Hayward 1970)

Stewart et al. (1987) 39
Forsyth et al. (2002) 33
Forsyth et al. (2002) 30
Forsyth et al. (2002) 29
Forsyth et al. (2002) 28
Forsyth et al. (2002) 25

Not selected (Wardle 1991; rather generig2
hint that they are often eaten)

Wardle (1974); Stewart et al. (1987) 21
Forsyth et al. (2002) 19
Forsyth et al. (2002) 18
Wardle (1974) 17
Wardle (1974); Stewart et al. (1987) 16
Forsyth et al. (2002) 13
Forsyth et al. (2002) 13
Wardle (1984) listésteliaspp. 12

as currently eaten

Not selected (Wardle 1991; rather generit1
suggestion that they are often eaten)

Forsyth et al. (2002)
Forsyth et al. (2002) 6

Not selected (Wardle 1971, 1974); 6
Preferred (James & Wallis 1969)

Preferred (Wardle & Hayward 1970); Not5

selected (Wardle 1974; Stewart et al.
1987)

Stewart et al. (1987) 5
Wardle (1974) 4
Wardle (1984) listésteliaspp. 4

as currently eaten

Forsyth et al. (2002)

Forsyth et al. (2002)

Forsyth et al. (2002) 3
Wardle (1984) listésteliaspp. 3
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Tmesipterispp. NS Forsyth et al. (2002) 2
Coprosma cheesemanii NS Rose & Platt (1987) 2
Asplenium polyodon NS Forsyth et al. (2002) 1
Rubusspp. NS Forsyth et al. (2002) 1
Tmesipteris elongata NS Forsyth et al. (2002) 1
Nothofagus solandri NS Forsyth et al. (2005) 1
Aristotelia fruticosa NS Stewart et al. (1987) 1
Olearia lacunosa NS Wardle (1974) 1
Elaeocarpus dentatus NS Forsyth et al. (2002)
Nothofagus solandniar. cliffortioides AV Forsyth et al. (2002) 840
Microlaena avenacea AV  Wardle (1991, p. 202) 603
Blechnum discolor AV Forsyth et al. (2002) 557
Pseudowintera colorata AV Forsyth et al. (2002) 520
Uncinia uncinata AV ‘the large-leaved spp. @fncinia 509
(Wardle 1967)
Leptopteris hymenophylloides AV Forsyth et al. (2002) 308
Hymenophyllum revolutum AV Forsyth et al. (2002) 202
Hymenophyllum multifidum AV Forsyth et al. (2002) 194
Neomyrtus pedunculata AV Forsyth et al. (2002) 192
Uncinia filiformis AV ‘the large-leaved spp. @fncinia 157
(Wardle 1967)
Hymenophyllunspp. AV Forsyth et al. (2002) 152
Coprosma tayloriae AV Husheer et al. (2006) 151
Trichomanes reniforme AV Forsyth et al. (2002) 138
Nothofagus menziesii AV Forsyth et al. (2002) 132
Uncinia spp. AV  ‘the large-leaved spp. ddncinia 109
(Wardle 1967)
Hymenophyllum demissum AV Forsyth et al. (2002) 81
Dracophyllum recurvum AV Stewart et al. (1987) for congenerics 65
Phyllocladus alpinus AV  Wardle & Hayward (1970); Wardle et al. 62
(1973); Stewart et al. (1987)
Dicksonia lanata AV Cunningham (1979); James & Wallis 61
(1969); Wardle (1991)
Nothofagus fusca AV Forsyth et al. (2002) 52
Uncinia rupestris AV ‘the large-leaved spp. @fncinia 51
(Wardle 1967)
Podocarpus hallii AV Forsyth et al. (2002) 49
Cyathea smithii AV Forsyth et al. (2002) 45
Nestegis cunninghamii AV Forsyth et al. (2002) 39
Blechnum chambersii AV Forsyth et al. (2002) 38
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Grammitis billardierei
Histiopteris incisa
Gaultheria antipoda
Prumnopitys ferruginea

Cortaderia fulvida

Blechnum colensoi
Lepidothamnus laxifolius

Lepidothamnus laxifolius

Hymenophyllum sanguinolentum

Nestegis lanceolata
Dacrydium cupressinum
Gahnia procera
Hymenophyllum dilatatum
Hypolepis distans

Archeria traversii

Dracophyllum traversii
Phormium cookianum
Dracophyllum longifolium
Hypolepis millefolium
Pentachondra pumila
Celmisia spectabilis

Nertera dichondrifolia
Phyllocladus trichomanoides
Prumnopitys taxifolia

Gaultheria depressa

Dracophyllum menziesii
Cyathodes juniperina
Androstoma empetrifolia
Grammitisspp.
Parsonsiaspp.
Cortaderia toetoe
Podocarpus totara
Lagenifera strangulata
Rytidosperma gracile
Cyathea dealbata

Leptospermum scoparium

AV
AV
AV
AV
AV

AV
AV
AV

AV
AV
AV
AV
AV
AV
AV

AV
AV
AV
AV
AV
AV
AV
AV
AV
AV

AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV

Forsyth et al. (2002)
Forsyth et al. (2002)
Forsyth et al. (2002)
Forsyth et al. (2002)

C. toetods according to Rogers &
Leathwick (1997).

Forsyth et al. (2002)
Forsyth et al. (2002)

Lepidothamnus intermedius avoided
(Stewart et al. 1987)

Forsyth et al. (2002)
Forsyth et al. (2002)
Forsyth et al. (2002)
Wardle (1974)

Forsyth et al. (2002)
Forsyth et al. (2002)

Wardle & Hayward (1970);
Stewart et al. (1987)

Wardle & Hayward (1970)

Wardle (1974)

Forsyth et al. (2002)

Forsyth et al. (2002)

Epacrids are avoided (Wardle 1991)
Wardle (1971)

Wardle (1991, p. 202)

Forsyth et al. (2002)

Forsyth et al. (2002)

Gaultheria antipodaandG. ruprestris
are avoided (Stewart et al. 1987)

Stewart et al. (1987)
Forsyth et al. (2002)
Epacrids are avoided (Wardle 1991)
Forsyth et al. (2002)
Forsyth et al. (2002)
Rogers & Leathwick (1997)
Wardle (1971)

Wardle (1991, p. 202)
Wardle (1991, p. 202)
Forsyth et al. (2002)
Forsyth et al. (2002)

35
34
33
31
28

27
26
26

23
23
21
21
20
20
20

18
16
15
15
13
13
13
11
11
11

11
10

(o2}

g o o o
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Gahniaspp. AV G. procerais avoided (Wardle 1974) 5
Dracophyllumspp. AV Congenerics are avoided and Epacrids 4
are avoided (Wardle 1991)
Beilschmiedia tawa AV Forsyth et al. (2002) 3
Hymenophyllum rufescens AV Forsyth et al. (2002) 3
Hymenophyllum villosum AV Forsyth et al. (2002) 3
Olearia colensoi AV Wardle (1974); Stewart et al. (1987) 3
Nertera depressa AV Wardle (1991, p. 202) 3
Uncinia banksii AV ‘the large-leaved spp. dfncinia 2
(Wardle 1967)
Uncinia nervosa AV ‘the large-leaved spp. dfncinia 2
(Wardle 1967)
Asplenium hookerianum AV Forsyth et al. (2002) 2
Hymenophyllum bivalve AV Forsyth et al. (2002) 2
Hymenophyllum flabellatum AV Forsyth et al. (2002) 2
Hymenophyllum scabrum AV Forsyth et al. (2002) 2
Nothofagus solandnar. cliffortioides x fusca AV Forsyth et al. (2002) lists the two parent 2
species as avoided
Gaultheria species AV Gaultheria antipodaandG. ruprestrisare 2
avoided (Stewart et al. 1987)
Dracophyllum uniflorum AV  Wardle (1971, 1974) 2
Rytidospermapp. AV Wardle (1991, p. 202) 2
Phyllocladus toatoa AV ‘most podocarps’ Wardle (1991); James &
Wallis (1969)
Hymenophyllum lyallii AV Forsyth et al. (2002) 1
Hymenophyllum rarum AV Forsyth et al. (2002) 1
Leptopterisspp. AV Forsyth et al. (2002) 1
Melicope simplex AV Forsyth et al. (2002) 1
Pteridium esculentum AV Forsyth et al. (2002) 1
Rhabdothamnus solandri AV Forsyth et al. (2002) 1
Gaultheria crassa AV Gaultheria antipodaandG. ruprestrisare 1
avoided (Stewart et al. 1987)
Halocarpus bidwillii AV Halocarpus biformés Avoided (Wardle 1
& Hayward 1970; Stewart et al. 1987)
Ozothamnus leptophyllus AV Wardle (1971) 1
Coprosma depressa NC 132
Blechnum novae-zealandiae NC 59
Unknownspecies NC 42
Coprosma microcarpa NC 35
Sticherus cunninghamii NC 31
Olearia nummulariifolia NC 30
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Polystichum silvaticum
Poa cita
Holcus lanatus

Brachyglottis bidwillii

Coprosmaspecies ‘pdumosa

Nertera villosa
Coprosma pseudociliata
Cardaminespp.
Blechnum vulcanicum
Agrostis capillaris
Anthoxanthum odoratum
Libertia micrantha
Anisotome aromatica
Coprosmaspp.

Crepis capillaris

Viola filicaulis

Pratia angulata
Trifolium repens
Luzuriaga parviflora
Polygonum salicifolium
Blechnum spp.

Hebe gracillima
Corybas species

Hebe tetragona
Knightia excelsa
Muehlenbeckia species
Nertera ciliata
Parahebe lyallii
Acaena anserinifolia
Aspleniunmspp.

Coriaria angustissima
Lycopodiurrspp.
Nerteraspp.

Oxalis lactea

Poa breviglumis
Pseudowintera axillaris
Urtica incisa
Carmichaeliaspp.

Cerastium fontanum

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
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Coprosma spathulata
Hieracium praealtum
Hydrocotylespp.
Lastreopsis glabella
Lindsaea trichomanoides
Luzula picta
Ranunculus reflexus
Trichomanes venosum
Blechnum filiforme
Brachyglottis repanda
Cardamine debilis
Cyatheaspp.
Dichelachne crinita
Hebe canterburiensis
Helichrysum bellidioides
Hydrocotyle pterocarpa
Lycopodium scariosum
Myrsine nummularia
Nestegispp.

Oxalisspp.

Pyrrosia eleagnifolia
Schizeilema haastii
Taraxacum officinale
Brachyglottis elaeagnifolia
Brachyglottis laxifolia
Centella uniflora
Collospermum hastatum
Coprosma perpusilla
Cordyline banksii
Dicksonia fibrosa

Earina autumnalis
Forstera sedifolia
Forstera tenella

Hebe topiaria
Hypochoeris radicata
Luzulaspp.

Lycopodium australianum
Lycopodium fastigiatum

Microseris scapigera

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
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Mycelis muralis
Ourisia sessilifolia
Parahebespp.
Rumex acetosella

Stellaria parviflora

NC
NC
NC
NC
NC

N N =
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Appendix 2 Detrended correspondence analysis of teebasal area

Detrended correspondence analysis of the basabétese species 2.5 cm in diameter at
1.35 m height in 40 permanent plots in the nortistw&imanawa Forest Park surveyed in
1980: northern plots include some plots from thedféka block, and southern plots include
some plots from the Whitikau block.
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Appendix 3 Summary of Kaimanawa forest plot measunments

Summary of tree basal area, tree, sapling andisgetnsities and local environment in
north-west Kaimanawa Forest Park based on 40 pemh&orest plots measured in 1980:
northern plots include some plots from the Waiothakek, and southern plots include some
plots from the Whitikau block.

Northern Arearf = 26) Southern Area(= 14)

Basal area (ftha + SD)

Nothofagus solandri 4 +11 5 +9
Nothofagus fusca 23 +40 14 +23
Nothofagus menziesii 2 +7 8 +14
Griselinia littoralis 3 +5 3 4
Weinmannia racemosa 26 +26 11 +15
Pseudowintera colorata 5 +5 1 1
All species 68 +42 50 +18

Tree stems/ha + SD

Nothofagus solandri 465 + 4305 185 + 280
Nothofagus fusca 161 + 250 148 + 375
Nothofagus menziesii 24 + 68 267 + 422
Griselinia littoralis 39 51 62 71
Weinmannia racemosa 410 + 348 269 + 376
Pseudowintera colorata 2566 * 2657 496 +572
All species 4568 + 2761 2366 +711

Small seedling (< 15 cm) freq occur (%)

Griselinia littoralis 66 65
Neomyrtus pedunculata 8 10
Uncinia spp. 40 42
Coprosma ‘tayloriae’ 31 46
Microlaena avenacea 17 7

Raukaua simplex 21 27
Myrsine divaricata 26 39
Nothofagus solandri 13 23
Nothofagus menziesii 0 31
Nothofagus fusca 11 17
Weinmannia racemosa 9 9

Pseudowintera colorata 46 42



Seedling density £ SD
(15-135 cm tall stems/ ha)

Griselinia littoralis
Neomyrtus pedunculata
Coprosma ‘tayloriae’
Raukaua simplex
Myrsine divaricata
Nothofagus solandri
Nothofagus menziesii
Nothofagus fusca
Weinmannia racemosa

Pseudowintera colorata

Sapling density + SD
(>135 cm tall, <2.5 cm dbh)

Pseudowintera colorata

Site variables
Altitude
Aspect

Slope

70
1810
2500
880
1740
1260
170
790
70
5830

1950

1006
318
25

+ 950
+10310
+ 10530
+ 5010
+6380
+ 7260
+ 2020
+ 5610
+1510
+ 10380

+ 2520

+151
+97
+9

80
4810
4540
240
1620
670
1260
630
240
3270

530

1046
170
25

61

+ 1020
+ 20033
+11210
+ 2030
+4910
+ 3840
+ 4750
+ 4050
+ 2500
+ 9570

+ 860

+ 167
+111
+10
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Appendix 4 Summary of Hopkins—Huxley forest plot masurements

Summary of tree basal area, tree, sapling andisgettnsities and local environment in the
Hopkins and Huxley river catchments based on 3Bhpeent forest plots.

Basal area (ftha + SD)
Nothofagus solandri
Nothofagus menziesii
Phyllocladus alpinus
Podocarpus hallii
Dracophyllum longifolium
Griselinia littoralis
Hoheria glabrata

All species

Tree stems/ha = SD
Nothofagus solandri
Nothofagus menziesii
Phyllocladus alpinus
Podocarpus hallii
Dracophyllum longifolium
Griselinia littoralis
Hoheria glabrata

All species

Small seedling (< 15 cm) freq occur (%)

Nothofagus solandri
Nothofagus menziesii
Podocarpus nivalis
Hoheria glabrata
Griselinia littoralis
Phyllocladus alpinus
Coprosma tayloriae
Podocarpus hallii

Raukaua simplex

Seedling density + SD (15-135 cm tall stems/ha)

Nothofagus solandri
Nothofagus menziesii

Podocarpus nivalis

Hopkins = 21) Huxley 6 = 14)
48 + 26 37 +28
14 +19 20 +24
0.4 +0.9
0.1 +0.5 0.4 +1.2
0.1 +0.3
0.1 +04
0.1 +0.5
62 +20 58 +17
909 + 687 612 + 577
272 + 425 394 +443
110 + 307
10 + 39 51 +102
44 +104
10 +40
41 +190
1244 + 676 1246 +543
77 66
14 22
13
3 1
7
0.4 5
2
1
0.4

18680 +45060
2100 + 13730

29160 +68970
1100 +5100
4500 + 24640



Phyllocladus alpinus
Hoheria glabrata
Dracophyllum longifolium
Raukaua simplex
Griselinia littoralis
Podocarpus hallii
Coprosma tayloriae

Aristotelia fruticosa

Sapling density £ SD (>135 cm tall <2.5 cm dbh)
Nothofagus solandri

Nothofagus menziesii

Hoheria glabrata

Raukaua simplex

Site variables
Altitude
Slope

210
390

240
110
50

1000
40
120
10

1005
25

+ 2760
+ 3570

+ 3490
+1180
+1180

+ 3390
+190
+780
+90

+ 148
+13

510

280

240

80
40

1170

20

911
28

+ 4250

+ 3750

+ 3690

+ 1450
+720

+68970

+110

+ 150
+12
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Appendix 5 NMDS ordination of vegetation compositia data, Kahurangi National Park

NMDS ordination of vegetation composition data @ced using Recce relevé plots) from
two areas either side of the Anatoki River, Kahgrdational Park. NMDS performed in
PC-Ord. Final stress = 22.8 for two-dimensionalisoh; final instability = 0.03035 after 200
iterations
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Appendix 6 Elevation vs NMDS axes 1 and 2 for Kahuangi National Park

Relationships between elevation and the NMDS axasd12 scores for each vegetation plot.
Data are presented for two areas either side oAtia¢oki River, Kahurangi National Park.
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Appendix 7 Pembroke Wilderness Area site that wasomsidered but not selected

We were asked to assess whether two comparablksbdbdorest could be selected from the
Pembroke Wilderness Area in northern Fiordland. ditea is confined by the Tasman coast
to the west, the Tutuko massif to the east, MilfSalind to the south, and the Hollyford

River to the north. The terrain is extremely std@pugh much of the area but a strong appeal
of the area is that it is purported to have higérakensities because difficult access limits
hunting pressure (D.M. Forsyth, pers. comm.).

We summarised Recce relevé data collected by Cuydii#v8) from the study region

(Table S1; Fig. S1). We divided the area thus: INblock is tentatively from Sydney Beach
to Mount Sutherland north to the May Hills and uds the Kaipo River west of the Alpine
Fault. South block is tentatively from south of tidge from Sydney Beach to Mount
Sutherland to south of the John O’Groats Riverudiclg land west of the Alpine Fault.
These data revealed that forests in the north demgnated by silver beech while those in
the south were more diverse and variously dominbayedimahi, southernata (Metrosideros
umbellatg, silver beech and mountain beech. An NMDS ordmaivas used to organise the
plots according to composition (Fig. S1) and thesady revealed that there was limited
overlap in composition between the two blocks. Botges were never mapped in this area
of New Zealand. Geology was similar in the nortd #re south (greywacke with alluvial
deposits along river courses). We concluded thatpositional differences between the two
blocks were too great to justify establishmentwad tomparable blocks.
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Table S1Frequency of species recorded as dominant covietad tier heights in two blocks
within the Pembroke Wilderness Area. Data fromtwt randomly located lines throughout
the area in 1977. Data in table are frequencyasph which species were recorded as
dominant (and present). Dominance was scored tirecthe field and was not ascribed
from cover class scores.

North Block South Block
n = 64 plots n = 38 plots

Tier Species % of plots % of plots
>20m Dacrydium cupressinum 22 (23) 11 (11)
12-20 m  Nothofagus menziesii 52 (59) 16 (32)
Weinmannia racemosa 9 (14) 26 (45)
Metrosideros umbellata 9 (36) 16 (68)
Dacrydium cupressinum 6 (25) 11 (32)
Nothofagus solandniar. cliffortioides 3 (6) 13 (16)
5-12m Weinmannia racemosa 63 (80) 61 (89)
Fuchsia excorticata 19 (34) 3 (16)
Nothofagus menziesii 13 (52) 5 (26)
Melicytus ramiflorus 6 (20) 11 (32)
Hedycarya arborea 3 (16) 11 (29)
2-5m Weinmannia racemosa 34 (75) 16 (79)
Cyathea smithii 27 (83) 13 (53)
Pseudowintera colorata 17 (41) 0 (5)
Coprosma foetidissima 11 (48) 18 (53)
Dicksonia squarrosa 9 (56) 29 (61)
Freycinetia baueriana subsp. banksii 2(9) 13 (45)
0.3-2m Blechnum discolor 47 (72) 29 (68)
Cyathea smithii 28 (77) 24 (58)
Pseudowintera colorata 17 (53) 0 (13)
Dicksonia squarrosa 3(47) 11 (63)
0-0.3m Metrosideros diffusa 22 (61) 16 (61)
Blechnum novae-zelandiae 16 (53) 29 (68)
Metrosideros perforata 14 (23) 0 (5)
Nertera depressa 2 (13) 11 (37)

Metrosideros fulgens 0 (11) 11 (61)




