Wairio Wetland Block 3 restoration experimental design: 

Objective 
To design and implement a large-scale manipulative field experiment involving the planting of ~2000 native trees subject to different methods of site preparation and after-care to determine the best (i.e. most cost-effective) combination of treatments for successful establishment of tree saplings. Survival and growth over the first 6 months will be monitored, and protocols developed for longer-term monitoring and follow-up studies.
Trees have been categorised into two broad groups: “focal species” are species characteristic of mature swamp forest, they typically regenerate under a partial canopy and are reasonably slow-growing. “Nurse Species” are pioneers that “grow fast and die young”, they are expected to cope better with competition from grasses and will provide shelter to help the establishment of slower-growing focal species. 
Treatments

1. Top soil

(2 options: Topsoil excavated vs.  Topsoil retained)

2. Weed mat

(2 options: Weed mat vs. No weed mat)

3. Nurse trees

(3 options: Concurrent vs.   Advance planting vs.  no nurse trees)

4. Nurse species
(2 options: ‘Karamu & Mingimingi’ vs.  ‘Manuka & Kohuhu’)

5. Nurse spacing
(2 options: 1.5m vs.  0.75m spacing)

The first three factors will be applied in all possible combinations (2 x 2 x 3 = 12); combined with two different mixtures of nurse species and two spacing’s in the ‘advance planting’ results in 28 out of a possible 32 different treatment combinations being trialed replicated across 56 different plots. (Table 1). Each plot will always contain an internal contrast of half with weed mat and half without. Further details below. 

Table 1. Number of replicate half-plots receiving each combination of factors.  Where focal trees are planted concurrently with nurse trees (i) two mixtures of nurse species are being trialed (five replicate half-plots of each), all at 1.5m spacing. Where the nurse trees are being planted in advance (ii) two mixtures of species each at two different spacing’s will be trialed (= four combinations, 2 replicates of each). Each half-block will receive a plot of focal trees planted without nurse trees as a control.

	
	
	Topsoil excavated
	
	Topsoil retained

	
	
	Weed mat
	
	No mat
	
	Weed mat
	
	No mat

	Nurse trees:
	
	
	
	
	
	
	
	

	i) Concurrent planting 

2 mixtures at 1.5m
	
	5 + 5
	
	5 + 5
	
	5 + 5
	
	5 + 5

	ii) Advance planting
2 mixtures x 2 spacing’s
	
	2+2+2+2
	
	2+2+2+2
	
	2+2+2+2
	
	2+2+2+2

	iii) No nurse trees
1.5m spacing
	
	10
	
	10
	
	10
	
	10


Spatial design

Trees will be planted in plots (one plot is an array of 16 – 64 individual trees).

Plots will be grouped together into ten larger blocks scattered across stage 3 of the Wairio wetlands (Fig 1). Half of each block will have topsoil removed, the other half with topsoil retained). Eight of the blocks will contain 3 plots in each of their halves (representing the three nurse tree treatments: concurrent planting vs. advance planting vs. no nurse trees), the remaining two blocks will contain 2 plots in each half (concurrent planting vs. no nurse trees). 

Each plot is divided into four quarters, two quarters will receive weed mat and two-quarters will not.

10 blocks = an area of scraped topsoil with adjacent non-scraped area: 

· 8 large blocks - 30m by 40m [288 trees in each]  

· 2 medium blocks – 30m by 30m [160 trees in each]

2 or 3 plots within each half of a block

Plot types = 

i) Concurrent planting of 48 nurse and 16 focal trees (=64 trees per plot)

· 8x8 array of native nurse mixture A & native focal species [x10 plots]

· 8x8 array of native nurse mixture B & native focal species [x10]

ii) Advanced planting of 48 nurse trees only (=48 trees per plot)

· 8x8 array of native nurse mixture A at 1.5m spacing [x4]

· 8x8 array of native nurse mixture B at 1.5m spacing [x4]

· 8x8 array of native nurse mixture A at 0.75m spacing [x4]

· 8x8 array of native nurse mixture B at 0.75m spacing [x4]

iii) No nurse trees, focal trees only (=16 trees per plot)

· 16 native focal species at 1.5m spacing or more [x20]

2 zones within each plot have weed mats. The zones occupy opposite quarters to minimize chance correlations with environmental gradients confounding the results
Treatment Methods: 
Previous to the treatments beginning all blocks will be measured, pegged and suitably labeled. 

Topsoil Excavated
Scrape off the top soil on 10 blocks in the Wairio wetlands, eight 30m by 40m blocks and two 30m by 30m blocks. The dirt will be removed by a truck and transported to else where in the Wairio Wetlands.  

Topsoil Retained
These areas will be adjacent to the bulldozed scrapes, and of the same size. 

Native nurse trees: (i) concurrent planting 1.5m spacing – (20 plots across 10 blocks)
Four native nurse species will be paired to make two sets (Karamu & Mingimingi) and (Manuka and Kohuhu). They will be planted in a specific pattern inside the 10 blocks (Figures 2 & 3). These species are known to be fast growers and therefore can shade out weed species. They will be planted 1.5m apart.  The four focal species will be planted concurrently in between these species. 
Native nurse trees: (iia) advanced planting 1.5m spacing – (8 plots across 4 blocks)
This treatment is similar to the above. Four native nurse species will be paired to make two sets (a + b) and (c + d). They will be planted in a specific pattern inside four blocks (Figure 2). They will be planted 1.5m apart.  The difference between this treatment and the above is that the focal species will not be planted in between them for another 2-3 years.  
Native nurse trees: (iib) advanced planting 0.75m spacing – (8 plots across 4 blocks) Again, this treatment is similar to (iia). The difference is that all species will be planted 0.75m apart (instead of the 1.5m distance used for the rest of the species). This spacing will leave gaps for focal native species to be planted in between the native nurse species in 2-3 years time. 
No nurse trees – (20 plots across 10 blocks)
These plots will act as the control sites. Sixteen focal trees will be planted in the same design as the other plots, but without any nurse trees. As with all other plots two-quarters will receive weed mat and two-quarters will not.  Release spraying will be applied as for all other trees.  

Weed mats (two-quarters of each and every plot (=58 plots))

A commercial weed mat will cut into 60cm by 60cm square. Following planting, the weed mats will be placed over the specified new tree and secured with pegs. This will be completed in an array of 4x4 trees. Only pre-planting weed spraying will take place on these plots. If any weeds do grow through, they will be hand weeded. 

Release/Spot spraying 
About a month before planting occurs all non-scraped part of the blocks will be sprayed with round up. The area sprayed around each plant spot will cover 1m2, apart from the natives plated at 0.75m, they sprayed area will just cover 6m2.  In early spring 2011, spot spraying will take place around all the trees planted, using a cocktail of herbicides. This will be repeated about twice a year for 2 years. 
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Figure 1– Wairio Block 3. NB. Indicative layout only. The orientations of the blocks do not have to be strictly in the exact places above. Avoid ‘steep’ slopes that will change the soil moisture within a block. As well as avoiding mature trees, scout out and avoid any ‘rare’ wetland plants along the lake margins. 
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Trees Required in 2011
	Medium blocks
	n
	 

	Focal native
	64
	2
	128

	Native nurse
	96
	2
	192

	Subtotal
	160
	 
	320

	Large blocks
	n
	 

	Focal native
	64
	8
	  512

	Native nurse
	192
	8
	1536

	Subtotal
	288
	 
	2048

	Combined
	 
	n
	 
	per species

	Focal native
	
	10
	  640
	160

	Native nurse
	
	10
	1728
	432

	Grand total
	 
	
	2368
	 


Grand total = 2624 trees (2368 in June, and 256 in 2013 or 2014) 

· 160 x 4 different native focal tree species: a, b, c, d

(160 x 4 species in June, 64 x 4 species in 2014)

· 432 x 4 different native nurse species: w, x, y, z

Focal species a, b, c and d

a) Totara (Podocarpus totara) – Tot


x160
b) Kahikatea (Dacrycarpus dacrydioides) – Kak
x160
c) Cabbage Tree (Cordyline australis) – Cab
x160
d) Bush Daisy (Olearia virgata) – Bsh

x160
Nurse Natives w, x, y and z
w) Kohuhu (Pittosporum tenuifolium) – Koh

x432
x) Karamu (Coprosma robusta) – Kar

x432
y) Mingimingi (Coprosma propinqua) – Mm
x432

z) Manuka (Leptospermum scoparium) – Man
x432
Time Line 

	 Early April 2011 
	Bridget to mark out 10 plots and areas to be sprayed 

	Mid April 2011
	Half of the 10 blocks to be spot sprayed 

	
	Top soil scraped off other half of the ten blocks and soil removed 

	23rd June 
	Tree Planting 

	
	Measuring trees planted

	Late September 2011
	Release spraying

	Early December 2011/Janurary 2012
	Re-measure plants 

	
	Release spraying 

	April/May 2012
	Release spraying 

	Winter 2013 or 2014
	Plant focal natives amongst nurse natives 

	Autumn 2013
	Release spraying concludes


Figure 3 – times two replicates of the above medium blocks (30m by 30m). This will use 64 focal natives and 96 native nurse plants in each block (160 in total). These blocks are labeled 1-2 in Figure 1. 
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Figure 2 – A large block (30x40m) containing six plots times. This block type will be replicated 8 times, it will contain 96 focal natives and 192 native nurse plants (288 in total). These blocks are labeled 3- 10 in Figure 1. 
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Focal species 1-4
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Figure 2 – times four replicates of the above large blocks (30m by 40m). This will use 96 focal natives, 192 native nurse plants in each block (288 in total). These blocks are labeled 3, 5, 7, and 9 in Figure 1. 
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