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Factors influencing natural regeneration of totara
(Podocarpus totara D.Don) on grazed hill country
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Abstract

Background: There is increasing interest in establishing indigenous forests on marginal pastoral hill country in New
Zealand to improve soil conservation, water quality and indigenous biodiversity. Large-scale reforestation using
native seedlings is extremely costly. However, given suitable seed sources, it is possible to encourage natural
regeneration of grassland into native plants.

Methods: A grazed, sloping pasture site in Northland where totara (Podocarpus totara D.Don) regeneration had
been allowed to develop over a 10-year period was assessed using a grid of 2-metre diameter plots. Counts of
regenerating woody species and cover of herbaceous species were obtained in each plot. Plots were classified on
the basis of herbaceous species cover using the TWINSPAN classification procedure. Regression analyses were used
to identify site factors and characteristics of the herbaceous vegetation associated with totara regeneration.

Results: More than 7,000 stems ha−1 of woody species, mostly totara and gorse (Ulex europaeus L.), had
accumulated over the 10-year period despite the presence of cattle grazing. Regeneration of totara was associated
with steeper slopes and sites with the greatest diversity of herbaceous species but with lower overall levels of
herbaceous cover. The regeneration pattern of the other main woody species was similar although gorse colonised
a wider range of sites. Regeneration of woody species was absent on flatter sites, which were dominated by a few
high-fertility tolerant herbaceous species and had high levels of herbaceous cover.

Conclusion: This study has shown that regeneration of totara on a pastoral hill-country site was most prevalent on
steeper slopes of lower fertility with typically sparse vegetation cover comprising low fertility tolerant herbaceous
species. Conversely, totara regeneration was absent on flatter areas of higher fertility. It seems likely that grazing
assists totara regeneration by keeping pasture cover short, thus increasing light levels near ground level for newly
germinated seedlings. The propensity for totara to regenerate on pastoral hill country in the presence of grazing
and where there is a nearby seed source could provide a practical option for re-establishing indigenous woody
vegetation on erosion-prone marginal land.
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Background
There is increasing interest in establishing indigenous for-
ests on marginal pastoral hill country in New Zealand to
improve soil conservation, water quality and indigenous
biodiversity. In recent years, major rainstorm events in the
North Island’s East Coast, Bay of Plenty, Wairarapa and
Manawatu regions have caused soil loss over extensive
areas of steep erosion-prone pasture land, contributing to
sedimentation of river systems and widespread flood dam-
age to public and private assets (Davis et al. 2009). These
events have highlighted the desirability of afforesting
erosion-prone grasslands to reduce soil loss and flood
damage. Indigenous tree and shrub species can provide
good protection against erosion (Bergin et al. 1995, Marden
and Rowan 1993, Rowe et al. 1999), although fast-growing
exotic tree species such as Pinus radiata D.Don are more
often advocated for such purposes.
Large-scale reforestation using native seedlings is ex-

tremely costly, with costs ranging from $15,000 ha−1 for
bare-root stock through to $35,000 ha−1 for container-
grown stock (Davis et al. 2009). Potentially less costly
systems for establishing indigenous trees and shrubs on
grasslands have been advocated such as direct seeding
using manuka (Leptospermum scoparium J.R.Forst. et G.
Forst. var. scoparium) or kanuka (Kunzea ericoides (A.
Rich) Joy Thomps. var. ericoides). However, the most crit-
ical requirements for direct seeding are the elimination of
competing vegetation, especially grasses, and the mainten-
ance of a microclimate suitable for seed germination and
growth (Porteus 1993, Ledgard et al. 2008). Experience in-
dicates that both of these requirements are very difficult
to achieve in practice on typical grassland sites (Davis
et al. 2009). It is possible to encourage natural regeneration
to convert grassland into indigenous plants where there are
adjacent areas of suitable seed sources. Requirements are
similar to those of direct seeding but there must also be an
adequate local seed source (Davis et al. 2009). Porteus
(1993) describes a system involving the removal of grass
to allow natural regeneration of indigenous seedlings,
followed by hand thinning of weed species, and continued
protection of selected seedlings from grazing or browsing
animals. However, this system would be too labour inten-
sive to be applied on a large scale.
Indigenous tree and shrub species can sometimes re-

generate naturally in grassland in New Zealand, given
the right conditions. This has been studied extensively
(e.g. Bergin 2000, Bergin et al. 1995; Bergin and Gea
2007; Sullivan et al. 2007), and is reviewed by Davis
et al. (2009). Natural regeneration of kanuka and ma-
nuka which have wind-dispersed seed, and of totara
(Podocarpus totara D.Don) which has bird-dispersed
seed, is common where seed sources are available and
when management inputs such as weed control and fer-
tiliser application have been reduced.
Regenerating stands of totara are found in many
grazed pastoral areas throughout New Zealand (Wardle
1974). They occur as groves or as scattered trees
along fencelines and roadsides (Esler 1978), or as
more extensive regenerating stands on hill country,
and along riparian areas and on river flats, sometimes
mixed with kahikatea (Dacrycarpus dacrydioides (A.
Rich.) de Laub.) (e.g., Duguid 1990). Regeneration occurs
within grass to form pure stands of totara or can be in
varying mixtures with other species including gorse (Ulex
europaeus L.), manuka and kanuka.
It is generally considered important in indigenous

forest establishment to exclude grazing and browsing
animals, and rehabilitation of indigenous forest remnants
in grassland landscapes can often be achieved simply by
excluding livestock and animal pests (Davis et al. 2009).
However, several studies indicate that a number of less
palatable indigenous species including totara, manuka and
kanuka can successfully regenerate in the presence of
grazing animals. For example, Miller and Wells (2003)
found that grazing appears to improve site availability for
totara establishment on river terraces in south Westland.
Regenerating totara is often observed on farmland in
Northland when there is a local seed source (Bergin 2000).
A survey using high-resolution aerial photography in the
Whangaroa County in Northland identified a substantial
regional resource of regenerating totara on farmland
(Quinlan 2009).
The current study was undertaken at a typical Northland

farmland site where early-stage totara regeneration was
observed to be occurring despite an active cattle-grazing
regime. This site provided the opportunity to study (i)
whether totara can regenerate naturally on a grassland
site subject to intensive grazing pressure, and (ii) if so, to
identify site factors and characteristics of the vegetation
associated with such totara regeneration.

Methods
Site description
The study site is located on pastoral hill country within
the Whangaroa County on the east coast of the Far North
district in Northland (NZTM 1671325E, 6108400 N). The
area surrounding the site comprises ridges and hill
slopes dominated by exotic pasture grasses and mostly
fenced-off riparian areas with mixtures of naturally re-
generating indigenous forest species and small stands
of planted exotic trees. Groves dominated by regenerat-
ing totara occur on steep slopes along with scattered
totara and kahikatea trees within and immediately adja-
cent to the trial site, some of which were observed to
be seeding.
The site consists of a predominantly south-east facing

slope of over 40° in places, within a large paddock domi-
nated by exotic pasture species. The soils of the rolling
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and hill land are Otangaroa clay and sandy clay loams
(Sutherland et al. 1980) taxonomically described as ‘wet
soils’ of podzolised yellow-brown earths (Hewitt 1998).
The soils of the flood plains at the base of the ridge are
Whakapara silt loam and clay loam, which are well to
moderately well-drained ‘recent soils’ (Sutherland et al.
1980) now classed as Mottled Fluvial Recent soils that
have been derived from river alluvium (Hewitt 1998).
The elevation of the site is 20 m above sea level. The
nearest weather station to Kaeo located at Kerikeri
25 km to the south has an average annual rainfall of
1682 mm, a daily mean temperature of 15.2°C, an aver-
age of 25 ground frosts per year and an average of 2000
sunshine hours per year (New Zealand Meteorological
Service 1983).
The study site had not been cleared of regenerating to-

tara over the preceding 10 years. The only weed man-
agement had been an annual spot spraying of scattered
gorse that had grown up to 1-m high using the herbicide
triclopyr (Grazon™) at the label rate for gorse application
(Doug Lane, landowner, pers. comm.). Totara and other
woody native species were not targeted. The site had
been regularly grazed by cattle using a beef-raising re-
gime achieving 800 kg live weight per ha per year, esti-
mated by the landowner to approximate 11 stock units
per ha (ewe equivalents). This intensive grazing regime
comprised break-feeding using portable electric fencing
on a 35-day rotation over summer (October-April) and
70-day rotation over winter (May-September). As part of
standard farm practice the site had been top-dressed an-
nually with reactive rock phosphate with potassium at
350 kg per ha. Lime had been applied at 2.5 tonnes per
ha once every four years. Fertiliser and lime were applied
by truck traversing the flat and rolling terrain with some
associated dispersal onto steeper hill slopes (Doug Lane,
pers. comm.).
Field sampling
A rectangular 120 m × 50 m area was demarcated to en-
compass a hill slope from base to ridge crest as the study
area. Within this area, lines were marked at 4-m inter-
vals across the slope, and two-metre diameter circular
plots established and marked at 4-m intervals along each
line. The resulting 347 plots formed a 4-m × 4 m grid
covering the area.
Within each plot, seedlings and saplings within six

height categories were recorded for all woody species
present, including totara, kahikatea, gorse and manuka/
kanuka (considered too difficult to distinguish apart at
small seedling stage) and small quantities of a few other
indigenous tree and shrub species. Height categories
used for the woody species were 0–10 cm, >10-30 cm,
>30-100 cm, >1 to 2 m, >2 to 5 m and >5 m.
Percentage cover scores were obtained for herbaceous-
cover species which included grasses, ferns, dicotyle-
dons, rushes and a sedge, based on a modified Braun-
Blanquet cover scale (Mueller-Dombois and Ellenberg
1974). Vegetation cover classes recorded separately for
each species were: 1, < 1%; 2, 1-5%; 3, 6-25%; 4, 26-50%;
5, 51-75%; 6, 76-95%; 7, > 95%. The overall vegetation
cover (PCTCOV) and area in bare ground (PCTBARE)
were also determined for each plot using the same seven-
point scale. Fertility tolerances of herbaceous pasture
cover species were obtained from several sources (e.g.
Daly 1973; Lambrechtsen 1975; Levy 1970; Parham and
Healy 1976). On the basis of these, all major non-woody
species found in the study were classified into one of three
fertility tolerance classes (High, Medium, Low). A variable
representing fertility tolerance was obtained from the
summed cover percentages (using midpoints for each
cover class) of High and Low fertility tolerant species:
FERT =%High/(%High +%Low).
Site factors recorded for each plot included aspect,

slope angle, degree of disturbance of the soil profile by
cattle and any recent browsing and trampling damage to
woody vegetation. The area was mapped in relation to
nearby semi-mature totara and other tree species, and
evidence of seeding of totara within and in the vicinity of
the survey site during autumn and winter was noted. The
landowner was interviewed to ascertain the history of site
management and current farming practices that were rele-
vant to the vegetation cover over the survey site.

Data analysis
Classification of plots based on the cover class of each
herbaceous species was carried out using the TWIN-
SPAN procedure (Hill 1979) as implemented in the PC-
ORD Version 4 software package. TWINSPAN applies a
polythetic divisive technique of indicator species analysis
(ISA) (Hill et al. 1975). TWINSPAN divisions were taken
to the second level classifying the plots into four groups.
TWINSPAN groups were compared for the following

variables:

� Presence/absence of each major herbaceous species
� Presence/absence of each major woody species

(totara, gorse, manuka/kanuka, kahikatea)
� NSPECIES – the number of species present

(representing a species richness score)
� PCTCOV - percentage herbaceous cover
� PCTBARE - percentage bare ground
� SLOPE – slope angle (o)
� FERT – fertility tolerance of herbaceous vegetation,

%High/(%High +%Low)

These comparisons were made using one-way analyses
of variance (ANOVAs) carried out using the GLIMMIX
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procedure in the SAS Version 9.2 data analysis package.
Presence/absence variables were assumed to follow the
binomial distribution and were fitted using logit link
functions while other variables were assumed to be nor-
mally distributed. Pair-wise comparisons between groups
were performed using the Tukey-Kramer method.
One of the problems inherent in an observational

study such as this is that the plots cannot be considered
to be spatially independent, and standard statistical tests
may, therefore, tend to overstate levels of significance.
An attempt was made to account for this by including
exponential spatial covariance structures in all the ANO-
VAs. This generally resulted in considerable reductions
in levels of significance when compared with simple
ANOVAs, but it was assumed that this analysis approach
provided a truer reflection of the significance of each
variable.
Associations between totara regeneration and various

environmental variables were estimated by calculating
Pearson correlation coefficients. A series of logistic regres-
sion models were fitted using the GLIMMIX procedure to
test these associations. These models used presence/ab-
sence of totara as the dependent variable, and were fit-
ted using a binomial distribution and logit link function
that included an exponential spatial covariance error
structure. Independent variables fitted in these regres-
sions were: SLOPE, PCTCOV, PCTBARE, NSPECIES,
FERT, presence of other major woody species, and
TWINSPAN group (fitted as a categorical variable). Step-
wise multiple regression models were also fitted using the
above variables.

Results
The equivalent of over 7,000 stems ha−1 of woody spe-
cies, split almost evenly between totara and gorse with a
few other minor species, were found regenerating on
this Northland grassland site (Table 1). Totara was found
in about a quarter of the plots surveyed with a high pro-
portion (73%) of totara plants being less than 1 m high,
indicating that recruitment was continuing. Kanuka/
Table 1 Abundance and size class of the woody species regen

Species Number of
stems ha−1

Plots with at
least one plant
present (%)

0-10 cm

Totara 3422 23.6 19

Gorse 3036 35.2 12

Kahikatea 367 4.9 39

Manuka/kanuka 385 3.7 64

Mingimingi 9 0.3 0

Mahoe 18 0.6 0

Towai 9 0.3 0

TOTAL 7247
manuka and kahikatea were present in 4-5% of plots
amounting to less than 400 stems ha−1 across the study
site for each, all in the lower size classes. The broad-
leaved shrub species mingimingi (Leucopogon fasciculatus
(G.Forst.) A.Rich.), mahoe (Melicytus ramiflorus J.R.Forst.
et G.Forst.) and towai (Weinmannia silvicola Sol. ex A.
Cunn.) were found growing within dense clusters of totara
saplings protected from browsing and amounted to less
than 18 stems ha−1.
A total of 48 herbaceous species were identified at the

site (Additional file 1: Table S1). High and medium fer-
tility-tolerant species were predominantly on flatter sites,
while medium to low fertility-tolerant species were pre-
dominantly on steeper sites along with the major woody
species totara and gorse (Figure 1). Plots were classified
into four groups on the basis of herbaceous species com-
position using TWINSPAN (Additional file 2: Table S2).
Group 1 plots were predominately on flatter sites with
improved pasture species mostly of high fertility toler-
ance. Groups 2 and 3 were generally on sites of inter-
mediate slope and contained increasing numbers of
species of medium or low fertility tolerance. Group 4
plots tended to be on the steepest slopes and often con-
tained common weed species of low or medium fertility
tolerance. There was little difference in herbaceous spe-
cies richness between the TWINSPAN groups at the plot
scale (~3 m2). However species richness increased with
increasing sampling effort with Group 1 showing the
least richness and Group 4 the greatest richness. The
mean number of herbaceous species in 20 randomly
chosen plots ranged from 14.8 (Group 1) to 28.0 (Group 4)
with the other groups being 20.4 (Group 2) and 21.1
(Group 3).
There were significant differences in: the presence of

woody species, mean herbaceous cover and mean slope
among the TWINSPAN groups (Table 2). Woody species
were found mostly in Groups 3 and 4 where percentage
mean herbaceous cover was significantly lower and
mean slope significantly steeper than in Groups 1 and 2.
Gorse was most frequent in Group 3 where it was
erating amongst herbaceous pasture species

Percentage of plants in each size class

11-30 cm 31-100 cm >1-2 m >2-5 m >5 m

21 34 18 7 1

37 46 5 0 0

28 27 3 3 0

33 3 0 0 0

100 0 0 0 0

0 0 100 0 0

100 0 0 0 0



Figure 1 Box and whisker plots showing distribution of slope in plots where each species was present. The upper and lower edges of
each box indicate the upper and lower quartiles of the slope distribution, the centre line indicates the median, the whiskers indicate the maximum
and minimum slopes, and the dot indicates the mean slope. Species are ordered on the basis of mean slope from lowest to highest. Herbaceous
species with mean cover more than 5% are shown along with the four most prevalent woody species. Fertility tolerance classes of herbaceous species
are also shown.
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present in nearly 60% of plots. In contrast, there were
no woody species present on the relatively flat Group 1
sites where mean herbaceous cover was highest at 94%.
Similarly, the gently sloping Group 2 sites had a low
number of woody species but a high percentage of herb-
aceous cover.
Correlation and logistic regression analysis identified

several variables which were strongly indicative of the
presence or absence of totara (Table 3). Totara was most
likely to be present on steeper slopes and on sites with
relatively low percentage mean grass cover. These results
are illustrated in Figures 2a and 2b where mean percent-
age presence of totara is plotted against slope classified
into four classes, and overall herbaceous cover in the
Braun-Blanquet cover-scale classes. The combined effect
of slope and herbaceous cover is shown using simplified
Table 2 A comparison of the presence of four woody
species, mean herbaceous cover and mean slope across
the four TWINSPAN groups

Variable TWINSPAN group

1 2 3 4

Totara presence (%) 0 a 4 a 29 b 48 b

Gorse presence (%) 0 a 8 a 59 b 39 b

Manuka/kanuka presence (%) 0 a 0 a 1 a 15 b

Kahikatea presence (%) 0 a 1 a 0 a 23 b

Mean herbaceous cover (%) 94 a 83 b 56 c 46 d

Mean slope (°) 8 a 13 b 24 c 26 c

Within each row, values followed by the same letter do not differ
significantly (p = 0.05).
classes in Figure 2c. This shows that totara was almost
entirely absent on sites with slope less than 20° and
herbaceous cover greater than 50%, but on steeper sites
it was strongly associated with lower levels of herb-
aceous cover. Totara was also more common where
other woody species (such as gorse) were regenerating,
and in plots dominated by herbaceous species more tol-
erant of lower-fertility sites such as those in TWINSPAN
Groups 3 and 4 (Figure 2d).
A stepwise multiple logistic regression model for the

presence of totara included the following independent
variables (in order): SLOPE (positive), PCTCOV (nega-
tive) and NSPECIES (positive). All three variables were
statistically highly significant (p < 0.0001) with no further
independent variable significant at the 5% level.
Table 3 Tests of association between presence/absence of
totara and various environmental variables

Variable Correlation F value Pr > F

SLOPE (°) 0.64 93.09 <0.0001

PCTCOV (% herbaceous cover) −0.52 49.70 <0.0001

PCTBARE (% Bare ground) 0.27 8.51 0.0038

Gorse present (%) 0.25 5.77 0.017

Manuka/kanuka present (%) 0.25 7.29 0.0073

FERT (%High/(%Low +%High)) −0.39 16.31 <0.0001

NSPECIES (no. herbaceous species) 0.31 16.12 <0.0001

TWINSPAN group - 5.59 0.0009

Shown are the Pearson correlation coefficient, and the significance of the
association tested using logistic regression F values (with 1 and 345 degrees
of freedom) and probabilities.



Figure 2 Mean percentage presence of totara in each plot versus: (a) slope class; (b) % herbaceous cover; (c) the combined effects of
slope (SLP) and herbaceous cover (HC); and (d) TWINSPAN group. Error bars show standard errors obtained from logistic regression analysis.
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A map showing locations of plots with slope > 20°
shows that the study side contained a roughly crescent-
shaped sloping area with flat zones below and above this
area (Figure 3). Regenerating totara was almost entirely
absent in the flat areas. Totara was present in several
large contiguous zones within the sloping area, but was
absent from other parts of the slope. An examination of
the sloped area (plots with slope > 20°) found that 56%
of plots without totara had high levels of herbaceous
cover (>50%) compared with only 27% of plots with to-
tara. This suggests that competition from grasses was a
Figure 3 Simplified map of study site showing plots with slope great
woody native species present, and plots with gorse present.
major factor hindering the establishment of totara in the
sloped area.

Discussion
It is not surprising that totara and gorse were the dom-
inant regenerating woody species on this pastoral hill-
country site in Northland as both are light-demanding
pioneer species that readily establish in grass and are
relatively unpalatable to grazing stock (e.g., Ebbett and
Ogden 1998; Zabkiewicz 1976). Successful regeneration
of totara has occurred despite intensive cattle grazing.
er or equal to 20°, plots with totara present, plots with other
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Totara has also been found to colonise pastures else-
where in the North and South Islands (e.g. Beveridge
1977, Wardle 1974, Miller and Wells 2003). Regener-
ation of totara also occurs in open seral vegetation, such
as under a light canopy of manuka and kanuka (Wardle
1991). These and other studies indicate that totara is
light-demanding, tolerant of dry exposed sites and that
regenerating totara plants are not particularly palatable
to livestock.
The pattern of regeneration of totara on farmland in

Northland is consistent with the ‘catastrophic’ regener-
ation mode (Veblen 1992) where an even-aged stand de-
velops after a massive disturbance such as fire, mass
movement, flooding, large-scale windthrow or volcanic
eruption. Seedlings of species that adopt this mode are
typically shade-intolerant. Ebbett and Ogden (1998)
showed that totara and kahikatea display the greatest
height growth responses to increased light compared
with the other major podocarps matai (Prumnopitys
taxifolia (D.Don) de Laub.), rimu (Dacrydium cupressi-
num Lamb.) and miro (Prumnopitys ferruginea (D.Don)
Laubenf.). Clearance of forest cover for farming has re-
sulted in similarly catastrophic disturbance and conse-
quently, shade-intolerant species such as totara and
kahikatea are successful colonisers on farmed sites
(Burns 2000).
Totara regeneration was associated with steeper slopes

and sites with greater diversity of herbaceous species but
with lower levels of herbaceous cover. These steeper
slopes have less herbaceous vegetation cover with spe-
cies of lower fertility tolerance, possibly because the soils
are less fertile, but also because of footfalls and skidding
by cattle when compared with adjacent flatter sites. It is
this combination of less grass competition and highly
disturbed microsites prone to drought which favours es-
tablishment of totara and other woody pioneer species.
In contrast, managed highly productive grass swards
dominated by perennial ryegrass and clover, which are
common on fertile soils throughout the country, are
effective in preventing reversion to woody vegetation
(Levy 1970).
Totara regeneration is occurring at this site despite in-

tensive grazing by cattle on a regular basis during the
10-year period prior to the study. Although there was no
ungrazed control site for comparison, some reasonable
conclusions can be made regarding the role played by
grazing cattle in the successful regeneration of totara at
this site. It seems likely that grazing has assisted regener-
ation by keeping grass cover short, thus increasing light
levels near ground level for newly germinated seedlings.
Miller and Wells (2003) cited several New Zealand studies
demonstrating the reduced ability of native woody seed-
lings to establish and survive through rank grass. On
grazed land leased from the Department of Conservation
in south Westland, Buxton et al. (2001) found there were
higher numbers of seedlings of a particular variety of to-
tara (Podocarpus totara var. waihoensis Wardle) in grazed
plots than in plots within fenced exclosures. They sug-
gested that cattle may be removing the more palatable
herbaceous and woody species reducing competition for
the less palatable canopy-formers and, to some extent, fa-
cilitating their recruitment.
On sloping ground, particularly when wet, footfalls of

cattle churn up the soil profile and prevent development
of a dense ground cover of grass. Sheath and Carlson
(1998) found damage to the soil surface was greatest on
animal tracks and camps on moderate slopes, with high
levels of disturbance to the soil surface due to skid dam-
age on steep inter-tracks in hill country during winter.
Although not quantified directly in the current study,
considerable skid damage was evident on steep faces be-
tween animal tracks, resulting in a greater proportion of
bare ground on steep slopes compared with flat sites.
Many seedlings had established on the bare ground and
less densely vegetated steep faces between formed ani-
mal tracks. Although trampling by livestock can severely
damage young totara (Bergin and Pardy 1987), the
present study shows that many seedlings are able to sur-
vive and develop on the steeper hill faces.
Further evidence of the influence of dense grass com-

petition on germination of woody native species can be
seen in direct seeding trials of various indigenous woody
species on steep hill country grassland, which indicates
the need to control intense competition from existing
vegetation, particularly exotic grasses (Davis et al. 2009).
For example, Ledgard et al. (2008) found that seedlings
of indigenous species germinated from broadcast seed-
ing in direct-seeding trials where soil had been dis-
turbed. Further direct-seeding work indicated seedling
establishment was best in ploughed/cultivated treat-
ments, especially where rank grass had been mown and
sprayed with herbicide beforehand (Davis et al. 2009).
Grazing maintains a light cover of grass and, on steep

slopes, creates bare ground from animal disturbance. It
also eliminates regeneration of palatable species such as
hardwood trees and shrubs, some of which would other-
wise regenerate quickly on these sites, competing with
totara and slowing its establishment. Wardle (1991)
indicated that seral shrubs and trees can form self-
perpetuating communities where grazing eliminates
tree seedlings of more palatable species. The unpalat-
able shrubs manuka and gorse, and the trees kanuka
and totara clearly have an advantage on these grazed
pasture sites in Northland. No other forest tree species
have a chance to regenerate under a regime of con-
tinuous grazing.
Esler (1967) regarded the effects of grazing in the con-

version of grassland to shrubland on Kapiti Island as
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diverse. Grazing either accelerates or retards succession
of woody species depending on certain other site factors
and can also determine which species are likely to suc-
ceed. He found that small areas of grassland remained
on parts of Kapiti Island where heavy grazing occurred
or where there was no grazing at all. Intensive grazing of
pasture on fertile soils retarded the appearance of woody
species but on other sites the invasion of manuka and
kanuka ceased when sheep and goats were removed due
the development of a dense deep turf. In management of
hill country for pasture, intensity of grazing is a major
factor in succession of woody species (Levy 1970). Sheep
and cattle grazing have different effects on reversion of
hill country to woody species. Intense close grazing by
sheep leads to invasion of manuka, hard fern and rushes
whereas controlled grazing with cattle will maintain a
permanent sward provided that clovers are kept growing
strongly by applications of phosphate (ibid).
The current farm-management practices at the study

site of intensive cattle grazing (break-feeding at 35-day
rotations during summer and 70-day rotations during
winter) and annual topdressing with fertiliser (and lime
every four years) are effectively maintaining the clover-
perennial ryegrass dominated pastures on the lower
angle slopes and flats. The steeper slopes are, however,
dominated by less fertility-demanding grass species and
with grazing, this open cover is allowing regeneration of
totara and other non-palatable seral species such as ma-
nuka and gorse.
Manuka and kanuka were only minor components of

the regeneration at this site. However, observations of
many farmland sites throughout Northland indicate that
regeneration of totara can be in pure stands or in mix-
tures with manuka and kanuka as well as with gorse.
Manuka in particular has long been known to be effect-
ive in colonising a wide range of soils where sites have
been subject to forest clearance, grazing animals and
fires (Cockayne 1928). Large-scale pasture reversion to
dense manuka and kanuka communities in hill county
on the East Coast of the North Island has been occur-
ring over several decades (Bergin et al. 1995). Extensive
regenerating manuka and kanuka following abandon-
ment of previously farmed land in the Waitakere Range
have also developed where there has been a long history
of grazing and trampling by cattle (Esler and Astridge
1974). The lack of widespread kanuka or manuka regen-
eration at this site may simply reflect the specific envir-
onmental and climatic conditions during the 10 years
prior to the study. Although manuka and kanuka have
different ecologies, both have relatively light wind-
dispersed seed. In contrast, the seed of totara (which is
dispersed by birds when seed trees are present (Beveridge
1964)), is produced most years and can be formed on rela-
tively young trees. It is therefore not surprising that the
proportion of these three species can vary widely within
regenerating areas.
Apart from totara, kahikatea was the only other podo-

carp species found regenerating on this Northland pas-
ture site. Seed-producing trees of both totara and
kahikatea were in close proximity to the study site. Differ-
ences in site requirements between the two species may
explain the lesser abundance of kahikatea, with kahikatea
favouring moister sites than totara (e.g. Wardle 1991). Dif-
ferences in palatability to stock may also be a contributing
factor.
The benefits of reforesting steeply sloping marginal

farmland to reduce soil loss and flood damage, and to
increase biodiversity, are well known (Davis et al. 2009).
The present study demonstrates that totara-dominated
stands can develop naturally in grassland and that totara
readily establishes on slopes greater than 20° without af-
fecting flatter country. Such steeper slopes are where the
risk of erosion is greatest and would therefore benefit
most from conversion from grassland to woody vegeta-
tion. This study demonstrates there may be no need to
completely retire such areas from grazing. In fact grazing
appears to have assisted in the regeneration process at
this site.
A major requirement is an adequate local seed source

from established totara trees. Where this is not available,
a long-term option for landowners is to establish banks
of seed trees throughout areas where totara regeneration
may be desired. Well-managed totara established on rea-
sonable sites will produce viable seed within 10 years of
planting (Bergin et al. 2008). The role of totara seed
sources and the intensity of seedfall required to allow
the species to regenerate naturally in grassland, includ-
ing the potential to establish totara seed sources on key
sites across marginal pastoral hill country, should be the
subject of further research.
On some sites, periodic control of aggressive persistent

weeds such as pampas (Cortaderia spp.) could assist re-
generation and development of totara. Other early suc-
cessional weed species (if present), such as gorse, are
likely to be ultimately succeeded by totara (e.g., Wilson
1994). If a fully-stocked totara stand was desirable, large
gaps within regenerating totara stands could be in-filled
by planting nursery-raised seedlings or trialling the effi-
cacy of transplanting small seedlings from adjacent over-
stocked areas. Nursery-raised totara seedlings are likely
to be more susceptible to browsing than hardened natur-
ally regenerating seedlings so may need temporary pro-
tection from grazing animals. When seedlings are well
established, areas could be fenced off to encourage a
more diverse range of native plants including more
shade tolerant and palatable broadleaved tree species. If
desired, developing totara stands can be managed by
thinning and pruning at appropriate stages, potentially
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providing a valuable resource of timber for future
generations.

Conclusions
This study has shown that regeneration of totara on a
pastoral hill-country site is most prevalent on steeper
slopes of lower fertility. These areas typically have a
sparse vegetation cover comprising herbaceous species
tolerant of lower fertility conditions. Conversely, totara
regeneration is absent on flatter areas with high levels of
herbaceous cover dominated by higher fertility tolerant
species. It seems likely that grazing assists totara regen-
eration by keeping pasture cover short, thus increasing
light levels near ground level for newly germinated seed-
lings. The propensity for totara and other non-palatable
woody species such as manuka and kanuka to occupy
steeper, less fertile hillslopes compared to more product-
ive flatter areas provides a practical option of establish-
ing woody vegetation on erosion-prone marginal
pastoral land.
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