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Do woody plants facilitate herbaceous plants in dryland New 

Zealand? 

 
.

ABSTRACT  
 
Aims: Woody plants are postulated to facilitate understory herbaceous plants in arid and 

semi-arid environments worldwide, the so-called ‘nurse plant’ effect, but this mechanism. 

has been little studied in the drylands of New Zealand. Indigenous dryland plants postulated 

to have grown under woody shrubs in New Zealand before European settlement may benefit 

from their recovery, or even their replacement by exotic substitutes. The aim of this study 

was to investigate woody pant facilitation of understory herbaceous plants in dryland New 

Zealand.  

Study design: In this study I investigated the effects of canopies of four shrub species – 

Kunzea serotina, Discaria toumatou, Rosa rubiginosa and Coprosma propinqua – on 

herbaceous plant species richness, in the presence and absence of rabbit grazing (for K. 

serotina). 

Place and Duration of Study:  The study was conducted in the drylands of Central Otago, 

New Zealand, from August 2007 to January 2009.  

Results: Herbaceous plant species richness was lower under canopies of K. serotina, 

possibly because the dense canopy shaded the understorey plants. It was higher under C. 

propinqua, D. toumatou and R. rubiginosa canopies than in their adjacent open grasslands, 

but for all three species this effect was seen only in winter. Woody plant canopy protection of 

understorey herbaceous plants against winter frost may explain the effects. Grazing 

significantly decreased herbaceous plant species richness. Since D. toumatou, R. rubiginosa 



 

 

and C. propinqua showed facilitative effects on herbaceous plant species richness they are 

possible agents for the restoration of dryland vegetation.  

Conclusion: I conclude that control of grazing and the protection of these three woody 

species could be a good management strategy for the maintenance of a predominantly 

indigenous dryland mixed herbaceous and woody vegetation in Central Otago. 
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1. INTRODUCTION  
 
The effects of woody plants on the herbaceous understorey species in dryland areas have 

been prominent among the plant interactions studied over the past few decades. These 

studies, however, have been contradictory. Some have reported a positive effect, i.e., plant 

establishment, and/or growth, and/or species richness being higher under the woody plant 

canopy than in adjacent open grassland (e.g. 1; 2; 3; 4; 5; 6; 7; 8; 9, 10; 11). Others have 

reported inconsistent or negative results, with is less establishment/growth/species richness 

(e.g. 12, 13, 14; 15; 16; 17; 18).  

The issue is not well understood in New Zealand, but it is particularly relevant for the 

understanding and restoration of its drylands, which constitute about 20% of the total land 

area (19) and are particularly vulnerable to degradation. Some threatened herbaceous plant 

species are postulated to have grown under former New Zealand woody canopy and might 

therefore may benefit from the restoration of the woody ecosystem (20), but little is known 

about which dryland species might benefit from shaded woody habitats (21). Moreover, 

restoration might be prevented by grazing by introduced mammals such as the European 

rabbit Oryctolagus cuniculus.  

Human disturbance and mammalian grazing do not have a very long history in New Zealand 

(22). Before occupation by Polynesian people after 1200 AD, the occurrence of fire was low 

(23). In the 1850s, European pastoralists introduced grazing mammals such as sheep and 

cattle, and feral pests: rabbits and plants (24).  



 

 

The present study sets out to examine this question by survey and experiment, addressing 

three questions:  

(1) do different shrub species facilitate recruitment of native herbaceous plant species 

and do they facilitate their recruitment differently? 

(2) does the effect of shrubs on recruitment of herbaceous plants vary with time and 

scale of observation? and  

(3) does grazing reduce the recruitment of herbaceous plant species?  

 
 

2. MATERIAL AND METHODS  
 

2.1 STUDY ENVIRONMENT 

 
The study area is in an inter-montane basin of Central Otago, New Zealand, within the sub-

humid moisture range. The study was situated at the Luggate Long-term experimental site 

(Luggate), in the Upper Clutha (45
o
 S, 169

o
 E, 25), in the northwest corner of Central Otago. 

The site is located on a fluvio-glacial outwash terrace (26). The annual rainfall was 495.6 

mm in 2007 and 605 mm in 2008 (27). The study area is dominated by terraces of outwash 

gravel deposited by meltwater streams during Pleistocene glacial advances in the Upper 

Clutha catchment. The outwash materials are typically sandy, fine-coarse gravel with 

occasional boulders and a veneer of loess (windblown silt) on the terrace surface. The 

maximum daily temperatures usually are 25-30 
o
C in summer (December-February) and less 

than 5 
o
C in winter (June-August), sometimes with severe frosts (28). Within- and between-

year weather variations are large with soil moisture deficiency periodically extending into 

drought. During the study (2007-2009), recorded wind speed averaged 31.6 km/h in 

summer, 15.1 km/h in winter and 24.7 km/h in spring.  

The study site is a dry grassland with a mosaic of shrubland. The vegetation consists of a 

mixture of native and exotic grasses and forbs with remnants of native subshrubs and 

shrubs. Prominent species were grasses Anthoxanthum odoratum and the native Festuca 

novae-zelandiae (28). Other species include the native shrubs such as Kunzea serotina, 



 

 

Coprosma petriei, Discaria toumatou and Carmichaelia petriei, and the exotic Rosa 

rubiginosa. Nomenclature in this manuscript follows the Allan Herbarium (29).  

 

2.2 RESEARCH DESIGN 
 
Effects of shrub canopy on herbaceous plant species richness  

The aim of this investigation was to examine the environmental effects of shrub canopy (via 

shade, temperature, etc.), aspect (north, south, west, east) and mammalian herbivory on the 

herbaceous plant species richness.  

Sixteen K. serotina shrubs were randomly selected from a relatively uniform Kunzea 

serotina-dominated plot of 200 m by 200 m. To be eligible for selection, shrubs had to be 1.8 

- 4.0 m canopy diameter and with no neighbouring K. serotina of more than 0.5 m height 

within 2 m radius of the outer edge of the tree canopy. Shrubs were classified as small when 

less than 4.0 m
2 

in canopy area and those 4.0 m
2
 and over, as large, calculating the shrub 

canopy area as an ellipse when the two axes are not identical. Shrub architecture was 

classified as follows: canopy 10 cm or less above ground was classified as dense-canopy 

where more than 10 branches and dense leaves, and fewer than 10 branches with sparse 

leaves sparse-canopy: (1) small sparse-canopy (2) small dense-canopy and (3) Large 

sparse-canopy.  

Eight of the sixteen shrubs were randomly selected and fenced in late winter 2007 to 

examine effect of rabbit herbivory. A wire meshed rabbit-proof fence was erected 2 m radius 

from the outermost edge of the canopy in the north and south aspects, and 1 m from it in the 

west and east aspects, and laid on the ground for 15 cm outside to prevent access. The 

average canopy area of the K. serotina shrubs selected was 4 m
2
. Since the shrubs differed 

in size, the plots (square fence area) ranged in size from 17.9 m² to 31.9 m², with an average 

of 24.7 m².  

 

2.3 DATA COLLECTION 



 

 

 
For all the sixteen selected shrubs, plant species richness was monitored using a 25 cm by 

25 cm quadrat placed on the ground, on all four aspects both under a K. serotina canopy 

and in the adjacent open grassland, where the quadrat was placed halfway between the 

outermost edge of the canopy and the fence or the boundary of the plot. In each quadrat, the 

number of plant species was recorded on nine occasions at approximately 60-day intervals 

from late winter (27 to 31 August) 2007 to mid-summer (15 to 19 January) 2009. 

Occurrences of all other vascular plant species in the 200 m by 200 m study area were also 

recorded.  

 

2.3.1  EFFECTS OF CANOPY OF OTHER SHRUB SPECIES ON HERBACEOUS PLANT 

SPECIES RICHNESS  

In order to examine whether different shrub species can have different effects on their 

understorey herbaceous plant species, herbaceous plant species richness was also 

monitored under three other shrub species. An area of 200 m by 160 m adjacent to the study 

area was included to monitor D. toumatou (Rhamnaceae) and R. rubiginosa (Rosaceae) in 

late autumn (15
 
to 19 May) 2008. A third species, C. propinqua (Rubiaceae), situated in an 

area of 100 m by 50 m, about 600 m northeast of the other plots was first monitored in late 

winter (29
t
 August to 2 September) 2008. In these areas, ten D. toumatou, R. rubiginosa, 

and C. propinqua plants were selected randomly from all plants of these species that met the 

criteria as for Kunzea serotina. The plot dimensions for D. toumatou and R. rubiginosa were 

also defined as in K. serotina. The average canopy area and the average plot area of D. 

toumatou plants selected was 1.1 m
2
 and 16.4 m², R. rubiginosa 2.8 m² and 22.5 m², C. 

propinqua 1.8 m
2
 and 19.0 m², respectively.  

Herbaceous plant species richness was measured as described for Kunzea serotina plots. 

For all three shrub species, herbaceous plant species richness was then monitored at 

approximately 30-day intervals up to the end of the investigation in mid-summer (15 to 19 



 

 

January) 2009, as described for K. serotina plots. D. toumatou and the R. rubiginosa plots 

were measured five times, and C. propinqua plots four times. 

 

 

 

 

2.3.2 INTENSITY OF GRAZING BY RABBITS 

In order to determine grazing intensity, the resident rabbit population was estimated by 

spotlight transect counts (30; 31; 32), since they can be spotlight transect counts can be 

consistent and more cost-effective (33). 

A 350 m transect was marked across the Kunzea serotina study area to count rabbits using 

a spotlight at night. However, no rabbits were sighted along the transect during two nights of 

spotlight counting on the 29
th
 and 30

th
 August 2007. Therefore, a total count of all rabbits 

was done the following morning, by walking across 350 m x 200 m the study area and 

counting all rabbits sighted. The total counts were then done at approximately 60-day 

intervals during plant sampling. The rabbit population density was 4.29 per ha.  

 
 
 

2.4 DATA ANALYSES  
 
The herbaceous plant species richness was analysed by experimental period and shrub 

species. Herbaceous plants were sampled under only Kunzea serotina canopy and in the 

open grassland from August 2007 to March 2008. Discaria toumatou and Rosa rubiginosa 

were included in the sampling in May 2008 and Coprosma propinqua in August 2008. 

Therefore, herbaceous plant species richness under shrubs were analysed from when the 

shrub species were included in sampling. To decrease the rate of type I error, a Bonferroni 

correction was applied, with the original  value (0.05) divided by the number of shrub 

species (4) resulting in an adjusted  value of 0.0125. 



 

 

Herbaceous plant species richness data were analysed using Analysis of Variance (ANOVA) 

in the Teddybear software (34) to test if there were statistically significant differences 

between the experiment treatments in a split-plot design. The treatments were canopy cover 

(canopy or open grassland), grazing (grazed or ungrazed) and aspect (north, east, south or 

west). As indicated earlier, for K. serotina, there were 16 plots: 8 grazed and 8 ungrazed. For 

the other three species (D. toumatou, R. rubiginosa and C. propinqua pl), there were 10 

plots each with no grazing treatment. 

 

The grazing ratio was calculated by dividing mean abundance in the grazed plots by mean 

abundance in the ungrazed plots.  

  

Species-accumulation curves were calculated and the size of the florule estimated by Chao-

type estimators (Chao 1) based on 100 randomized samples, using EstimateS software 

(version 7.5.1, 35).  

 
 

3. RESULTS AND DISCUSSION 
 
3.1 RESULTS 
 
Herbaceous plant species richness  

The tendency through the study was for species richness to be lower under Kunzea serotina 

canopies than in the adjacent grassland, significantly so from October 2007 to March 2008 

and May 2008. The difference was greater in the ungrazed plots (Figs. 1, 2). The opposite 

trend was seen in Rosa rubiginosa, with significantly higher herbaceous plant species 

richness under the canopy than in open grassland, and even more clearly in D. toumatou 

(Fig. 2, Appendix 1) 
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Fig. 1 Effects of canopy cover and grazing on herbaceous plant species richness (mean, n = 

32 for each type of canopy cover per grazing treatment), October 2007 to March 2008. For 

each grazing treatment, types of canopy cover sharing a letter are not significantly different 

from each other (P > 0.0125, ±1SE) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Effects of shrub species and canopy cover on herbaceous plant species richness 

(mean, n = 40 for each type of canopy cover per shrub species), May 2008. For shrub 

species, types of canopy cover sharing a letter are not significantly different from each other 

(P > 0.0125, ±1SE) 
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Herbaceous plant species richness was significantly higher in October and March (3.1 in 

October and 3.2 in March) than in January (2.2; Appendix 2). In the period August to 

October 2008, herbaceous plant species richness increased significantly with month of 

sampling for all four species (Fig. 3, P = 0.017, Appendix 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Effect of shrub species, canopy cover and month of sampling on herbaceous plant 

species richness (mean, n = 120 for each type of canopy cover per species except for K. 

serotina where n = 96), August 2008 to October 2008. For each aspect, types of canopy 

cover sharing a letter are not significantly different from each other (P > 0.0125, ±1SE)  

 

Species pool [or florule] under a shrub canopy and in the open grassland  

Contrary to the mean number of species per sample (see results on herbaceous plant 

species richness), areas under a Kunzea serotina canopy supported higher total number of 

herbaceous plant species (cumulative species richness) than the adjacent open grassland. 

Areas under a K. serotina canopy also supported higher herbaceous plant species diversity 
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than the adjacent open grassland (Table 1). The ungrazed plots of K. serotina supported 

higher cumulative herbaceous plant species richness and species diversity than the grazed 

plots.  

 

 

Table 1 Cumulative species richness, diversity and similarity in K. serotina plots.  

Plot                  Canopy cover                   Open grassland 

Species 

richness 

Chao 1 

estimate 

Species 

richness 

Chao 1 

estimate 

Kunzea serotina 36 38 34 35 

Discaria toumatou 22 22 23 23 

Rosa rubiginosa 30 35 31 31 

Coprosma 

propinqua 

29 30 30 41 

 

 

However, the open grasslands of the Discaria toumatou plots and the Coprosma propinqua 

plots supported higher cumulative herbaceous plant species richness and species diversity 

than areas under canopy (Table 1).  

For the Rosa rubiginosa plots, the open grassland supported higher cumulative herbaceous 

plant species richness but lower species diversity than the adjacent areas under canopy. 

 
 
 
 
 
3.2 DISCUSSION 
 
Do different shrub species studied facilitate the recruitment of native herbaceous 

plant species and do they facilitate their recruitment differentially? 



 

 

Positive (facilitative) effects of woody plants on recruitment and species richness of 

understorey plants have been demonstrated by previous workers (2; 4; 5, 6; 7; 8; 36). This 

hypothesis of a facilitative effect of woody plants on understorey herbaceous plant species, 

however, was not always supported by the experiment results of the current study. Evidence 

of a facilitative effect varied with aspect and time of measurement. At the beginning of the 

experiment in late winter (August) 2007, areas under Kunzea serotina canopy supported a 

higher herbaceous plant species richness on the northern and southern aspects than on the 

western and eastern aspects. While recruitment of herbaceous plant species increased from 

mid-summer (January 2008) to through to mid-autumn (March 2008), K. serotina canopy 

seemed to suppress the recruitment of herbaceous plant species during the same period.  

 

Facilitation 

Belsky et al. (2) compared herbaceous plant productivity under isolated trees of Acacia 

tortilis and Adansonia digitata, and in open areas in the semiarid Tsavo National Park, 

Kenya. Belsky et al. (2) reported that that the above-ground net primary productivity was 

higher under the tree canopies than in the open grassland, although the two species did not 

significantly differ in primary productivity. Belsky et al. (2) attributed the higher herbaceous 

plant productivity under the trees to greater fertility of the soils in the canopy zone. In 

contrast, in the current study, evidence of facilitation of understorey herbaceous plants by 

shrubs differed with shrub species and time of sampling. In late autumn (May 2008), Discaria 

toumatou and Rosa rubiginosa facilitated herbaceous plant species richness but the reverse 

was true for Kunzea serotina (Fig. 3). For all four shrub species; K. serotina, D. toumatou, R. 

rubiginosa and Coprosma propinqua, recruitment of herbaceous plant species increased 

from late-winter (August) through to October (mid-spring). D. toumatou, R. rubiginosa and C. 

propinqua facilitated the recruitment of herbaceous plants but the opposite was true for K. 

serotina (Fig. 3). In contrast to Belsky et al. (2), higher soil fertility under shrub canopy may 

not be the main explanation for the higher herbaceous plant species richness under a 



 

 

canopy. Camara (37) reported that soils under K. serotina canopy showed higher 

concentrations of nitrogen and phosphorus than those in the open grassland but the 

opposite was true for herbaceous plant species richness. The higher concentrations of total 

nitrogen and available phosphorus in soils under canopies of D. toumatou, R. rubiginosa and 

C. propinqua (nitrogen only) than soils in the adjacent open grassland (see 37; 38) can 

explain the higher herbaceous plant species richness found under shrub canopy than in the 

adjacent open grassland.  

The higher species richness of herbaceous plants cannot be explained only by soil fertility. 

Facelli and Brock (5) studied the effects of Acacia papyrocarpa on vegetation and soils in 

South Australia and reported that some bird-dispersed plant species were more often under 

the canopy of Acacia than in open grassland areas (5). Similarly, Duarte et al. (8) reported 

that in southern Brazil the mean number of forest species seedlings was higher under the 

canopy of a nurse plant, 1.6, compared to 0.1 for the open grassland. They argued that by 

providing perching for birds the forest trees enhanced colonization by other species. 

However, since few birds (less than ten) were encountered during the current study, 

perching for birds may not be an important agent of herbaceous plant species colonisation in 

the area. Moreover, none of the herbaceous plants found in the study area are fleshy-fruited 

or known to be bird-dispersed.  

Protection against heat stress could also explain the higher herbaceous plant species 

richness under a shrub canopy than in the adjacent open grassland (1; 4; 6; 7). Phillips (1) 

reported that areas under the canopy of Artemisia tridentata (Great Basin Sagebrush) 

supported a higher number of seedlings of Pinus monophylla (Pinyon pine) than open 

grassland areas. These results were confirmed by Callaway et al. (4) working on the same 

species. Callaway et al. (4) argued that shrubs not only reduce mortality through the 

amelioration of heat stress and desiccation, but they also indirectly facilitate Pinyon pine 

seedlings by reducing herbivory (4). In a related study, Camara (37) found that from late 

winter through to mid-spring, canopies of Kunzea serotina reduced PAR transmission by 



 

 

70%, Coprosma propinqua by 57%, Discaria toumatou by 44% and Rosa rubiginosa by 

36%, which may facilitate the establishment of understorey herbaceous plant species. 

Similarly, soil water content was generally higher under the canopies of all the four shrub 

species than in the open grassland which could also minimise water stress for herbaceous 

plant species under a shrub canopy (37).  

 

Interference 

Some workers have reported negative effects of woody canopy plants on understorey 

herbaceous plant species in drylands (4; 16; Tielborger and Kadmon 13, 14; 17; 18), as 

outlined in the introduction. Negative effects of woody canopy plants on understorey 

herbaceous plant species could be due to the inhibition of annuals by shrubs (17) or by 

seasonal resource fluctuation (16; 13, 14; 18).  

Facelli and Temby (18) compared annual plants under a shrub canopy and in open 

grassland areas in South Australia and reported simultaneous negative and positive effects. 

In a related study in the current study area, Camara (37) found that, in mid-summer (January 

2009), areas under canopies of Kunzea serotina, Discaria toumatou and Coprosma 

propinqua supported lower frequency of herbaceous species than the adjacent open 

grassland. In contrast, areas under a Rosa rubiginosa canopy did not differ in frequency of 

herbaceous plants from the adjacent open grassland (37). The negative effects of the 

canopies of the shrub species on the recruitment of understorey herbaceous plant species 

could be an indication of interference between the woody and the herbaceous species. 

However, since canopies of the same shrub species had positive effects on herbaceous 

plant species richness at other times, seasonal fluctuation of resources such as solar 

radiation, soil temperature and soil moisture may also be operative (see 37).  

 

Do effects of shrubs on recruitment of herbaceous plants vary with time and scale of 

observation? 



 

 

Different shrub species can have different effects on the recruitment of understorey 

herbaceous plant species. Greenlee and Callaway (16) studied Lesquerella carinata a 

perennial herb usually associated with bunchgrass and reported a negative interaction 

between the two species in a wet year, and facilitative effects of bunchgrasses on 

Lesquerella in a very dry year. Similar results of seasonal variation in the net outcome of 

plant interactions have been reported in South Australia by Hastwell and Facelli (18). They 

reported that shade had a positive effect on seedling survival of a shrub species (E. 

tomentosa) in summer but a negative effect in winter and spring. They also reported that 

seedlings growing under the shade showed higher relative growth rate (RGR) than seedlings 

growing in the open (18). They ascribed their findings to the theory that positive interactions 

increase with the severity of the environment. 

Not all year-to-year variation in the net outcome of plant interactions follows the postulated 

pattern of increased positive interactions (facilitation) with increase in environmental severity. 

Tielbörger and Kadmon (14) reported that in the Negev desert of Israel, the net effect of 

shrubs on understorey annual plants shifted from negative to positive when annual rainfall 

increased (14), contrary to the theory of positive interactions increasing with environmental 

severity (39). In contrast, in the current study, effects of the shrubs on the recruitment of 

understorey herbaceous plant species shifted from positive in winter to negative in summer. 

The positive effect in winter could be due to the shrubs protecting the understorey 

herbaceous plant species from winter frost. The shift to a negative effect in summer could be 

an indication that the benefits to an herbaceous plant of being in the grassland, outweigh 

those of being under a shrub canopy.  

Effects of a shrub canopy on recruitment of herbaceous plant species can vary with scale of 

observation. A positive effect of a woody plant canopy at the small (sample) scale may not 

reflect a positive effect at the large (cumulative) scale. Areas under a shrub canopy can have 

lower herbaceous species richness than adjacent open areas in a grassland at the sample 

scale, but higher cumulative herbaceous species richness if herbaceous plants of the open 



 

 

grassland are more similar than those of the areas under the shrub canopy. Camara (40) in 

the Negev Desert, Israel, reported that shrub patches supported lower herbaceous species 

richness at the sample scale, but higher cumulative herbaceous species richness over time, 

than microphytic crust patches. In the current study, for the Kunzea serotina plots, while the 

open grassland sometimes supported higher species richness than adjacent areas under the 

canopy, at the cumulative scale (total under a canopy or in the adjacent grassland) the areas 

under a canopy supported higher species richness. Areas under a canopy also supported 

higher species diversity than those of the adjacent open grassland. The lower species 

diversity of the adjacent open grassland could explain the discrepancy between species 

richness at the sample scale and cumulative species richness, in the open grassland. The 

open grassland supported a higher species richness at the sample scale but showed a 

higher similarity, resulting in a lower cumulative species richness than adjacent areas under 

a shrub canopy.  

 

Does grazing reduce the recruitment of herbaceous plant species?  

Grazing can have both negative (41) and positive (42, 43; 44; 45) effects at the level of the 

individual plant. Grazing may also have a negative effect at the plant community level (46; 

47; 48). However, if dominant plant species competitively exclude less-dominant ones, 

grazing can have a positive effect on species richness at the plant community level.  

Plants can either avoid or tolerate herbivory (49; 50; 51). The effect of grazing on plants 

could depend on the evolutionary history of the plant species. The vegetation of the dry 

grasslands of Central Otago evolved in the presence of probable avian grazing but absence 

of mammalian grazing up to the time of European settlement. Since European settlement, 

mammals such as the European rabbit and sheep have been the major herbivores in the 

area (24). Mammalian grazing coupled with frequent fires at the time of European 

settlement, initiated modification of the grassland vegetation resulting in the spread of exotic 

plant species and reduction in the distribution of palatable native species (52). Anecdotal 



 

 

evidence suggests that rabbit population in the study area is significantly increasing. The 

rabbit population has been estimated at 4.29 per ha in the study area. Rabbit grazing was, 

therefore, expected to have a negative effect on the recruitment of herbaceous plant 

species. Natural recruitment of herbaceous plant species was higher in the ungrazed than in 

the grazed plots, at the end of the experiment in mid-summer (January) 2009. Consistent 

with our hypothesis, grazing had a negative effect on natural recruitment of herbaceous plant 

species. The negative effect of grazing on herbaceous plant species richness could be due 

to a decrease in diversity and productivity (47; 48) and the absence of competitive exclusion 

by dominant species.  

 
 
 
 
4. CONCLUSION AND IMPLICATIONS FOR RESTORATION 

 
The success of the restoration of a predominantly indigenous dryland mixed herbaceous and 

woody vegetation can depend on the choice of species tolerant to shade and defoliation. 

Effects of a shrub canopy on the recruitment of understorey herbaceous plant species 

ranged from mainly negative and scale-dependent (Kunzea serotina) to inconsistent but 

mainly positive (Discaria toumatou and Coprosma propinqua), and mainly positive (Rosa 

rubiginosa). Grazing generally decreased the natural recruitment of understorey herbaceous 

plant species. Since D. toumatou, R. rubiginosa and C. propinqua showed mainly facilitative 

effects on the recruitment of understorey herbaceous plant species, they may be good 

candidates for the restoration of a predominantly indigenous dryland mixed herbaceous and 

woody vegetation in Central Otago.  

In the study area, protection against grazing is probably more important for understorey 

herbaceous plant species than protection against intense solar radiation and desiccation. 

Control of grazing coupled with the use of shrubs as ‘nurse plants’ could be a good starting 



 

 

point for the restoration of a predominantly indigenous dryland mixed herbaceous and woody 

vegetation in Central Otago, New Zealand.  
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APPENDIX 
 
 
Appendix 1. Analysis of Variance (ANOVA) for herbaceous plant species richness in May 

2008. Significant probability (P) values are in bold. P values > 0.1 are shown as not 

significant (ns). Interactions above two factors are shown only when P < 0.1.  

 

Plot 

Source of variation SS DF MS F P 

Shrub species 99.94 2 49.97 58.28 < 0.001 

Canopy cover 0.01 1 0.01 0.01 ns 

Shrub species x canopy 

cover 

11.48 2 5.74 6.69 0.003 

Error 42.87 50 0.86   

Total 154.36 55 2.81   

 

Sub-plot 

Source of variation SS DF MS F P 

Aspect 124.70 3 41.57 77.98 < 0.001 

Shrub species x aspect  30.25 6 5.04 9.46 < 0.001 

Canopy cover x aspect 5.44 3 1.81 3.40 0.019 

Error 79.96 150 0.53   

Total 256.50 168 1.53   

 

 

 

Appendix 2. Analysis of Variance (ANOVA) for herbaceous plant species richness from 

October 2007 to March 2008. Significant probability (P) values are in bold. P values > 0.1 



 

 

are shown as not significant (ns). Interactions above two factors are shown only when P < 

0.1.  

 

Plot level 1 

Source of variation SS DF MS F P 

Grazing 41.25 1 41.25 10.86 0.008 

Error 37.97 10 3.79   

Total 89.17 15 5.94   

 

Plot level 2 

Source of variation SS DF MS F P 

Canopy cover 90.65 1 90.65 49.99 < 0.001 

Aspect 18.74 3 6.25 3.45 0.021 

Canopy cover x grazing 15.76 1 15.76 8.69 0.004 

Canopy cover x aspect 16.39 3 5.46 3.01 0.036 

Error 126.95 70 1.81   

Total 330.83 112 2.95   

 

Plot level 3 

Source of variation SS DF MS F P 

Month of sampling 67.73 2 33.86 33.27 < 0.001 

Error 162.83 160 1.02   

Total 345.33 256 1.35   

 

 



 

 

Appendix 3. Analysis of Variance (ANOVA) for herbaceous plant species richness in August 

2008 to October 2008. Significant probability (P) values are in bold. P values > 0.1 are 

shown as not significant (ns). Interactions above two factors are shown only when P < 0.1.  

 

a) Plot 

Source of variation SS DF MS F P 

Shrub species 94.11 3 31.37 14.78 < 0.001 

Canopy cover 0.01 1 0.01 0.00 ns 

Shrub species x canopy cover 31.05 3 10.35 4.88 0.003 

Canopy cover x aspect 15.16 3 5.21 2.45 0.064 

Error 577.27 272 2.12   

Total 743.85 303 2.45   

 

b) Sub-plot 

Source of variation SS DF MS F P 

Month of sampling 445.26 2 222.63 318.64 < 0.001 

Shrub species x month of sampling 9.29 6 1.55 2.22 0.040 

Shrub species x canopy cover x 

month of sampling 

10.94 6 1.82 2.61 0.017 

Error 380.08 544 0.69   

Total 886.67 608 1.46   

 

 

 

 

 


