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1 Introduction 

The natural, pre-human ecology of the lower Waikato River and its margins and adjacent lakes was 

predominantly indigenous swamp and riparian forest with a great diversity of bird, fish and 

invertebrate life. With the removal of the native forest from the river margins introduced willows 

have been planted (and subsequently spread) to reduce river bank erosion. While the willows, with 

their rapid growth and deep root system, have provided effective erosion control and moderate 

habitat for tuna (eels), this species does not provide suitably diverse habitat to support the diversity 

of indigenous flora and fauna that once occupied the river channel.  

Water levels in the lower Waikato can rise several metres above base summer flows and remain at 

those levels for weeks at a time in winter. Adjacent lakes such as Lake Waahi that are directly 

affected by elevated Waikato River levels also experience prolonged periods through winter where 

lake water level is 2 to 3 metres above summer levels. Alternating periods of prolonged immersion 

in water followed by prolonged dry conditions through summer are particularly challenging for 

plants, especially during establishment (natural or planted).  

There is a wish amongst many lower Waikato stakeholder groups, including iwi and conservation 

groups, to restore indigenous vegetation and habitat for indigenous fauna along margins of the 

lower Waikato River, its tributaries and adjacent lakes. However, the standard revegetation 

technique involving clearance of invasive /introduced plant species followed by blanket planting of 

native species has generally not been successful because: 

 river banks are left vulnerable to erosion while the planted vegetation establishes and  

 plant survival is typically very low because of the intolerance of most native river/lake 

margin species in the first few years following planting to exposure to the extremes of 

summer sun, soil drought and wind followed by winter immersion/overtopping by water. 

The purpose of this project was to trial alternative native plant establishment techniques, 

incorporating both Maatauranga Maaori and western science knowledge, to gradually replace 

introduced willow stands with indigenous riparian margin and swamp forest plants to achieve a 

transition back to indigenous dominance without the risk of river bank erosion and the loss of tuna 

habitat that would result if the willows were cleared before planting.  

The basis of the planting techniques used has been drawn from research undertaken by Dr Colin 

Meurk of Landcare Research who successfully established native vegetation under a poisoned 

willow canopy at Travis Wetland in Christchurch (Meurk 2011).  

2 Project Partners 

This has been a collaborative project managed by Opus International Consultants (Opus) with the 

involvement of representatives from Waahi Paa and Te Wharekura o Rakaumanga. A major aim of 

the project has been to provide educational opportunities in establishing trials and monitoring 

various revegetation options using native plants.  

Waahi Paa representatives assisted in the selection of the trial planting site and the determination 

of project goals and Te Wharekura o Rakaumanga students assisted with the establishment and 

monitoring of plots and the planting of native seedlings. Two members of the Opus team also gave 
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a classroom presentation to students on the importance of science and scientific method in 

carrying out field trials of the nature undertaken.  

3 Methods 

3.1 Trial site selection 

The original intention of this project had been to plant and monitor two trial sites, one on the 

banks of the Waikato River adjacent to Waahi Paa and the other on the willowed margins of Lake 

Waahi next to   Te Wharekura o Rakaumanga school.   After considerable engagement the Waikato 

River trial site was excluded from the trial because of access issues and the possibility that all 

willows along the nominated section may be cleared before the conclusion of the trial.  

Because an alternative accessible willow covered river margin site could not be found the trial focus 

was shifted to the large willow-covered margins of Lake Waahi immediately adjacent to Te 

Wharekura o Rakaumanga (Figure 1).  While the lake site does not face the erosion issues that the 

river margins are exposed to, the lake does experience prolonged elevated water levels through the 

winter months because of its direct connection to the Waikato River. For this reason the lake 

margin site was considered suitable for the trial.  

 

 

Figure 1: Lake Waahi trial site with Lake Waahi to the left, Waahi Stream along the upper edge of the 

willow stand (draining from the lake to the Waikato River), and Te Wharekura o Rakaumanga centre 

right.  
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The selected lake margin site consists predominantly of an intact willow canopy with an open 

understorey with only occasional ti kouka (cabbage tree) and pukio (Carex secta) plants growing 

naturally (figures 2 and 3).  

 
Figures 2 (left) and 3 (right): Interior of the dense willow zone with an open understorey and only 
occasional ti kouka and pukio, Lake Waahi restoration trial 

 

In summer the ground under the willows is mostly dry but by mid-winter and following periods of 

prolonged heavy rain the planting areas can lie under 1 to 2 metres of water for days (and 

sometimes weeks) at a time.  

3.2 Trial objectives 

The objectives of the trial were to: 

1. Compare the survivability  and growth of a range of native species when planted under a 

willow canopy; 

2. Measure the performance of the planted species under a poisoned willow canopy compared to 

those planted under a non-poisoned canopy. 

3. Assess the value of the techniques used for the establishment of native vegetation to replace 

willows along river and lake margins, and to offer suggestions/recommendations to improve 

success.  

4. To involve Te Wharekura o Rakaumanga students in the design of the trials, planting of the 

seedlings and monitoring of plant growth. 

3.3 Plot establishment 

In December 2014 four circular Permanent Sample Plots (PSPs) 22.56 m in diameter were 

established with a minimum 5m buffer for each within the dense willow dominated stand at the 
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Lake Waahi site. The four plots were made up of 2 paired plots, one plot of each pair where willows 

were poisoned to allow canopy opening to compare growth of under-planted natives with those in 

the non-treated willow plots. Plot centres were approximately 40m apart to allow for a 30 m 

diameter of treated willow canopy for each plot.  

 

 

Figure 4: The location of the four planted plots (red circles) within the willow stand along the edge of 

Lake Waahi, Huntly. Plots were identified with Plot 1 the southerly most plot and Plot 4 the most 

northerly. The two yellow lines show the initial site inspection transects established early 2014. 

 

The plot locations were selected along the landward edge of the stand bordering the school 

boundary and minimum of 10 m in from the current willow boundary to reduce edge-effect. The 

plots were marked using a 50mm x 50 mm H4 treated peg in the centre and string to define the 

four quarters. The GPS point of the centre peg for each plot was recorded.  

 

3.3.1 Planting 

Planting was initially planned for late spring but was delayed until the water level within the willow 

stand had reduced. Standing water was still present up to early December 2014 (Figure 5). The 

planting sites within the willows were largely bare ground or with minimal herbaceous weed 

growth between tree trunks requiring minor clearing during planting. The water table was at or just 

below ground level.  

The planting of the four plots within the willows was carried out on 15-16th December 2014. The 

plants were supplied by Te Whangai Nursery Trust, Miranda, and delivered to the planting site 

where they were sorted by species and divided into 4 equal groups so that each plot had the same 

number of species in each. 

Those planting included Stephanie Large (Opus International), Michael Bergin (Environmental 

Restoration Ltd) and six senior students from Te Wharekura o Rakaumanga. 

Plot 1 

 Treated 

Plot 2 

Control 

Plot 3 

Treated 

Plot 4 

Control 
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Figure 5: The willow site remained flooded from mid-winter until mid-December 2014 when planting 

was carried out.  

 

3.3.2 Species planted 

Species of native sedges, shrubs and trees that were planted in equal numbers within each plot are 

shown in the table below. Extra plants of some species were established within plots. Mean height 

was measured as natural height of live foliage of planted seedlings except the monocots which were 

pulled up. 17 species were planted – 4 sedges, 3 larger monocots, 6 shrub hardwoods and 4 tree 

species. 

Rongoa species important to Maori were discussed with the Waahi Paa representatives during the 

planning stages of the project but in the end plant availability from the supplier nursery dictated 

what species could be planted.  

Bamboo stakes 1 m high were placed at every planted seedling to enable easy relocation for 

assessment.  

Tagging of the 3 Carex species was undertaken to help with later identification during future 

monitoring. Three colours of flagging tape (yellow, orange, pink) were tied to the bamboo stake 

beside each seedling. The colour allocation was: 

Yellow – Carex secta 

Orange – Carex geminata 

Pink – Carex virgata. 
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The natives had been raised in large plastic containers equivalent to a PB3 planter bag. A sample of 

each species was measured for height. All species appeared healthy and vigorous at planting. 

Table 1: Plant species and quantity planted 

 Species Common 
name 

No. of 
plants/plot 

Total no. 
plants  

Extra 
plants 

Mean 
height 
(cm) 

Sedges       

1 Carex geminata Rautahi 15 60  68.7  

2 Carex secta Pukio 15 60  74.2 

3 Carex virgata Purei 15 60 6 55.2 

4 Cyperus ustulatus Upokotangata 15 60 3 72.8 

Shrub hardwoods/monocots      

1 Phormium tenax Harakeke 15 60  89.2 

2 Coprosma robusta Karamu 15 60 1 77.8 

3 Cordyline australis Ti kouka 15 60  65.3 

4 Kunzea ericoides Kanuka 15 60  42 

5 Pittosporum tenuifolium Kohuhu 15 60  43.8 

6 Austroderia fulvida Toetoe 15 60 1 104 

7 Leptospermum 
scoparium 

Manuka 15 60  83.4 

8 Carpodetus serratus Putaputaweta 15 60  47.1 

9 Coprosma propinqua Mingimingi 15 60 1 61.5 

Trees       

1 Dacrycarpus 
dacrydioides 

Kahikatea 10 40 20 84.3 

2 Podocarpus totara Totara 10 40  71.2 

3 Sophora microphylla Kowhai 10 40  50.8 

4 Laurelia novae-
zelandiae 

Pukatea 2 8  45 

TOTAL   227 908 
 

  

 

 

Figure 6: Planting natives in the 4 Permanent Sample Plots within the willow stand, Lake Waahi, 15th 

December 2014 
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3.3.3 Willow control  

The willow canopy was treated and under-planted natives assessed on 29th January 2015 by 

Michael Bergin and David Bergin. Survival of a sample of the planted natives was also completed.  

The willows in one plot of each set of paired plots was poisoned. Plots 1 and 3 were selected as the 

willow treatment plots where all the willows within and any willows leaning into the plot were 

poisoned. This included a minimum 5 m buffer around each Permanent Sample Plot so that each 

treated plot was approximately 30 m in diameter.  

 
Figure 7: Diagrammatic layout of plots for the Lake Waahi restoration planting trials. 

 

 

The treatment applied to the willows involved cutting into the trunk approx. 0.3-1.0 m above 

ground level using the tip of a chainsaw. The height variation was due to the build-up of silt from 

past flooding and the collapsed nature of most of the willows resulting in a mounding of earth built 

up around the willow trunk above ground level. The cuts made into the trunks were 10 cm deep, 10 

cm long, as wide as the kerf (thickness) of the chainsaw bar. Cuts were staggered on a vertical or 

diagonal angle depending on ease of access for the chainsaw every 10-15 cm around each stem. As 

many trunks were at low angles or near horizontal only the upper portion of these trunks could be 

cut and chemical applied. Depending on the size of willow trunks, the number of cuts varied from 3 

for small stems (10-15 cm diameter) to over 10 for larger diameter trunks (40 cm or more) 

A chemical mix of glyphosate (Roundup 360 Pro) and water at a rate of 1 glyphosate: 3 water along 

with 20 ml of penetrant (Pulse Penetrant) and 10mls of red marker was added to each batch. The 

chemical mix was then applied using a hand held drench gun and carry-pack by injecting 

approximately 10-15 mls into each of the cuts made into the willow trunks. For each treated plot 

3.5-4.0 litres of the mixed chemical and water was used.  

Most willow stems were 30-40 cm in diameter where cuts and herbicide had been applied. The 

range of willow diameters was 12-55 cm. Each 30 m diameter plot comprised approximately 30 

willow trees although there is difficulty in determining separate trees where multiple trunks occur 

in close proximity. The time taken to treat at least the 50 trees with herbicide across both plots was 

3 hours for 2 persons.  

All operations complied with Healthy and Safety requirements. 
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Figure 8: Cutting willow in treatment plots to allow application of herbicide – 29 January 2015 

 

 

Figure 9: A mixture of 1:4 glyphosate:water with surfactant added was inserted into each chainsaw 

cut for each willow. Only the upper part of the many trees with trunks at low angles to the ground 

were cut and herbicide applied. A red marker dye was used to easily identify which trees had been 

treated during the operation.  
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4 Results 

4.1 Early plant performance (January 2015) 

Six weeks after planting the estimated mean survival was high and plant vigour excellent for most 

species based on assessment of a 25% sample of the planted natives. Plant vigour was based on a 

subjective assessment using a 1-5 scale: 

1. Poor 

2. Unthrifty 

3. Average 

4. Good 

5. Excellent. 

Four species with survival less than 80% 6 weeks after planting included putaputaweta, kohuhu, 

kanuka and karamu. Poor performance of these four species also reflected in lower vigour scores 

compared to other species. While seedlings were deliberately planted on the most elevated sites in 

each plot, some were inevitably planted in lower wet areas and this affected some species more 

than others. For instance, at least two kowhai planted on wet sites had died. Survival and vigour 

was excellent for all 4 sedge species planted irrespective of whether planted on low or elevated 

sites.  

Table 2: Plant survival and vigour after 6 weeks 

 Species Common 
name 

Survival 
estimate 

(%) 

Plant 
vigour 

score (1-5)*  

Comments 

Sedges     

1 Carex geminata Rautahi 100 5  

2 Carex secta Pukio 100 4.9  

3 Carex virgata Purei 100 4.7 Foliage lying over 

4 Cyperus ustulatus Upokotangata 100 5  

Shrub hardwoods/monocots 

1 Phormium tenax Harakeke 100 4.3  

2 Coprosma robusta Karamu 76.9 4.4 Significant mortality 

3 Cordyline australis Ti kouka 100 4.9  

4 Kunzea ericoides Kanuka 50 3.5 Poor performance 

5 Pittosporum tenuifolium Kohuhu 64.3 3.8 Poor 

6 Austroderia fulvida Toetoe 100 5  

7 Leptospermum scoparium Manuka 94.4 4.8  

8 Carpodetus serratus Putaputaweta 66.7 4.3 Dieback common 

9 Coprosma propinqua Mingimingi 84.6 3.9 Highly variable 

Trees     

1 Dacrycarpus dacrydioides Kahikatea 100 4.6  

2 Podocarpus totara Totara 100 4.9  

3 Sophora microphylla Kowhai 95 4.6 Dead in wet sites 

4 Laurelia novae-zelandiae Pukatea 100 4.3  

*Plant vigour score: 1 = poor, 3 = average, 5 = excellent.  
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Dense growth of herbaceous exotic weeds had dominated the most elevated sites across all planted 

plots. Bamboo stakes were essential in relocating each planted native seedling.  

 

 

 

Figure 10: Post plant assessment undertaken 29 January 2015 

 

4.2 10 month and 24 month plant performance assessments 

Plant survival and plant vigour were assessed at 10 months post-planting (October 2015) and 24 

months post planting (December 2016).  

Thirty two percent (288 plants) of the 908 plants planted in all 4 plots were still alive at the 10 

month (October 2015) assessment, and only 3% (26 plants) remained alive at the 24 month 

(December 2016) assessment (see Table 3 and 4).
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Table 3: Plant survival rates at the second assessment (October 2015) and third assessment (December 2016) 

 

 

 

Species Species code  Jan 2015 (6 Weeks)

Control and poison 

plots Control plots (2 and 4) Poison plots (1 and 3) Control plots (2 and 4) Poison plots (1 and 3)

Sedges

Carex geminata CARgem 100.0 30.0 43.3 36.6 0.0

Carex secta CARsec 100.0 70.0 83.3 0.0 0.0

Carex virgata CARvir 100.0 70.0 90.0 6.7 3.3

Cyperus ustulatus CYPust 100.0 96.7 93.3 23.3 13.3

Shrub hardwoods/monocots

Phormium tenax PHOten 100.0 60.0 70.0 0.0 0.0

Coprosma robusta COProb 76.9 3.3 0.0 0.0 0.0

Cordyline australis CORaus 100.0 3.3 10.0 0.0 0.0

Kunzea ericoides KUNeri 50.0 0.0 0.0 0.0 0.0

Pittosporum tenufolium PITten 64.3 0.0 0.0 0.0 0.0

Austroderia fulvida AUSful 100.0 0.0 3.3 0.0 0.0

Leptospermum scoparium LEPsco 94.4 16.7 20.0 0.0 0.0

Carpodetus serratus CARser 66.7 0.0 0.0 0.0 0.0

Coprosma propinqua COPpro 84.6 0.0 0.0 0.0 0.0

Trees

Dacrycarpus dacrydioides DACdac 100.0 85.0 100.0 3.3 0.0

Podocarpus totara PODtot 100.0 60.0 50.0 0.0 0.0

Sophora microphylla SOPmic 95.0 0.0 0.0 0.0 0.0

Laurelia novae-zelandiae LAUnov 100.0 0.0 25.0 0.0 0.0

Total plant % survival 30% 34% 5% 1%

Oct 2015 (10 months) Dec 2016 (2 years)

% Survival 
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Table 4: Plant survival numbers at the 10 month and 24 month assessments 

Species

Plot 1 Plot 2 (control) Plot 3 Plot 4 (control) Plot 1 Plot 2 (control) Plot 3 Plot 4 (control) Plot 1 Plot 2 (control) Plot 3 Plot 4 (control)

Carex geminata 8 4 5 5 0 3 0 8 6 16 7

Carex secta 13 14 12 7 0 0 0 0 1

Carex virgata 14 9 12 12 1 0 0 2 4 4 12 8

Cyperus ustulatus 13 11 15 18 3 2 1 5 3 7 8 12

Phormium tenax 9 8 12 10 0 0 0 0

Coprosma robusta 0 0 0 1 0 0 0 0

Cordyline australis 2 1 1 0 0 0 0 0

Kunzea ericoides 0 0 0 0 0 0 0 0

Pittosporum tenuifolium 0 0 0 0 0 0 0 0

Austroderia fulvida 0 0 1 0 0 0 0 0

Leptospermum scoparium 3 4 3 1 0 0 0 0

Carpodetus serratus 0 0 0 0 0 0 0 0

Coprosma propinqua 0 0 0 0 0 0 0 0 1 1

Dacrycarpus dacrydioides 11 8 9 9 0 0 0 1 1

Podocarpus totara 4 4 6 8 0 0 0 0

Sophora microphylla 0 0 0 0 0 0 0 0

Laurelia novae zealandiae 1 0 0 0 0 0 0 0

Juncus spp (not planted) 1

Total surviving plants 78 63 76 71 4 5 1 16 14 29 20 29

% survival compared to planted 34% 28% 33% 31% 2% 2% 0% 7%

Combined plot survival %

Second assessment Oct 15 Third assessment Dec 16 Self established seedlings

32% 3%
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4.2.1 Comparison of species performance 

Twelve of the 17 species  planted  had some plants surviving in October 2015 ; only 4 species   

remained alive by December 2016, all but one of them sedges.  The one non-sedge species 

remaining at 24 months was kahikatea. The one individual seedling that survived until December 

2016 was in poor condition and appeared close to death.  

Carex geminata (11 plants), Cyperus ustulatus (11 plants) and Carex virgata (3 plants), in the 

order, were the only species with more than one planted seedling surviving at the end of the trial 

(24 month assessment).  

4.2.2 Comparison of survival between treated and untreated sites 

The plant survival rates at 10 months post planting were very similar for both control (29.5%) and 

treated willow poisoned (33.5%) sites. By the 24 month assessment the control sites had 4.5% of 

seedlings surviving and the treatment plots had a survival rate of 1%. Plot 4, an untreated plot, had 

considerably more surviving seedlings (16) than the other three plots (see Figure 11). 
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Figure 11: Plant survival % at 10 months and 24 
months after planting
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4.2.3 Self-established seedlings 

The assessment at 24 months recorded 92 seedlings that were not marked as planted, and had not 

been previously recorded growing on the 4 plots (see Figure 13 and Table 4). While one or two of 

these may have been planted seedlings that had lost their bamboo marker stakes most were 

considered to be self-seeded plants.  There was confidence in assuming these seedlings were self-

established because many were growing on collapsed willow limbs or woody debris mounds that 

would not have been planting sites.  

 

 

 

 

 

 

 

 

 

 

4.2.4 Plant vigour 

At the 24 month assessment, the plant vigour scores closely aligned to the numbers surviving.  

Cyperus ustulatus had the highest average vigour score of 3.4, Carex geminata was next with a 

score of 3.2 and Carex virgata averaged 2.7. Many of the plants that scored 4 or 5 were growing in 

slightly elevated areas within each plot.  

 

5 Discussion 

5.1 Site conditions 

The growing conditions at the trial site at Lake Waahi are extreme, especially during winter when 

the water level in the lake can rise by close to 2 metres. This lake level rise occurs when the 

adjacent Waikato River is in flood. Flood gates at the outlet of Waahi Stream to the Waikato River 

prevent water flowing out of the lake until the river drops well below the lake level. Consequently, 

the trial site can lie under between half a metre to one full metre of water for prolonged periods, 

sometimes several weeks at a time. Water frequently sits at or above the fenceline that marks the 

edge of the willow area at the trial site (see the orange line in the Appendix 1 figures), and 

occasionally at the upper fenceline next to the school fields (marked in red in Appendix 1). The 
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willow-edge fenceline sits approximately half a metre above the elevation of the trial plots and the 

school field fenceline is about 1.5 metres above the trial plots. 

Some riparian/wetland margin plant species, especially Carex spp and Cyperus ustulatus, are 

tolerant of full emersion for over a week although not generally for periods of several weeks at a 

time. Freshly-grown nursery seedlings, even those species with a tolerance of growing in water, 

have a considerably lower tolerance of being overtopped by water for long periods until they are 

well established and have developed substantial root systems. This may take two or three growing 

seasons.  

While the water levels at the trial sites were not constantly monitored, anecdotal observations 

suggested that the winter of 2015 was moderate in terms of flooding and especially in terms of the 

duration of each flood event. Flood waters appeared to recede reasonably quickly leaving time 

before the next flood event. The 2016 winter/spring appeared to have flood events that were more 

prolonged than in 2015 with the planting site well under water for several weeks at a time.  

The 32% survival rate from planting to October 2015 was promising, especially the 70% plus 

survival of three species: Carex geminata, Cyperus ustulatus and Carex virgata. However, 91% of 

those plants alive in the 4 plots in October 2015 did not survive to December 2016. The prolonged 

periods of very high water level in winter/spring of 2016 are thought to be the reason for this 

continued mortality.  

5.2 Species performance 

Apart from one kahikatea in very poor condition, only three species survived through to December 

2016: Carex geminata, Cyperus ustulatus and Carex virgata. Of these, Carex geminata and 

Cyperus ustulatus performed the best with 11 individuals of each species surviving until December 

24, a survival rate of 18% from planting. Three Carex virgata were also still surviving at the last 

assessment (5% survival).  

Twelve of the 17 species planted had seedlings that survived until the first 10 month assessment in 

October 2015. Eight of the twelve species had a survival rate of 10% or more. The loss of a further 9 

species (including kahikatea which has one surviving individual only) over the second season of 

this trial supports the anecdotal view that the environmental conditions were considerably more 

challenging in the second year compared to the first, especially in terms of the duration that high 

water levels persevered.  

There was one noted anomaly in the data collection. More Carex geminata seedlings (8) were 

recorded in Plot 4 at 24 months than was recorded at 10 months (5). This may be due to 

observation or recording error at the 10 month assessment, or it may be associated with the 

significant increase in self-established or apparently non-planted seedlings from October 2015 and 

December 2016. This occurrence is discussed in more detail in a section below.  

5.3 Impact of willow poisoning 

The low survival rates in all 4 plots suggests that the existence of a living or dead willow canopy did 

not contribute in a significant way to plant mortality or survival. The treated (poisoned) plots had a 

slightly higher survival rate at 10 months (33.5% compared to 29.5%), whereas at 24 months the 

control plots had the highest survival (4.5% compared to 1% for the treated plots). Most of this 
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change between treated and control plot performance occurred because of considerably higher 

plant survival in plot 4 (7%) at 24 months compared to the other 3 plots (2% and below).  

The objective of poisoning the willow canopy was to provide more light to the growing seedlings 

and reduce competition from the willows. This technique has worked at other willow dominant 

restoration sites (eg. Travis wetland in Christchurch) however these other sites do not experience 

the extreme and prolonged water level changes experienced at the Lake Waahi trial site.  

5.4 Self-establishing seedlings 

An intriguing element of this project has been the detection of 92 native seedlings in the 4 plots at 

the December 2016 assessment that were not present previously. 87 of these seedlings were of the 

three species that had the highest survival rates amongst the planted seedlings, Carex geminata 

(29 self-established plants), Carex virgata (28) and Cyperus ustulatus (30). The other self-

established seedlings were Carex secta (1), Coprosma propinqua (2), kahikatea (1) and one Juncus 

spp plant. All but the Juncus are species that were part of the planting trial.   

There are several possibilities as to how these seedlings established: 

1. They are planted seedlings that have lost their marker stakes.  

This is a possibility for some of them because several of the bamboo marker stakes had disappeared 

by the December 16 assessment. However, several of the self-established seedlings counted were 

positioned in locations which were not planted, such as on fallen willow branches and trunks and 

in decomposing woody debris piles.  

2. Planted seedlings lifted by flood waters and re-deposited on willow branches and trunks and 

new locations. 

Because several seedlings were found on low lying branches, trunks and debris piles it is possible 

that seedlings were lifted from their original planted location and deposited on in the new 

locations as flood water receded.  

3. Self-established seedlings grew from seed produced by planted seedlings. 

Carex species and Cyperus ustulatus can produce viable seed in the first year following planting so 

it is possible that their wind dispersed seed collected and germinated over the summer of 2015-16 

and grew into sizeable plants by the December 2016 assessment.  

It is likely that all three possibilities have occurred. The fact that those species that had the highest 

survival rate are also the most numerous amongst the self-established plants suggests that the self-

established plants are planted stock or derived from the seed of planted stock. Only occasional 

cabbage tree and Carex secta plants were recorded in the wider trial area prior to commencement 

of the trial and none were recorded in the plots. No Carex geminata, Carex virgata or Cyperus 

ustulatus were present prior to the trial which further supports the argument that all or most have 

been derived from planted stock or are planted stock.  

The Coprosma propinqua and kahikatea self-established seedlings have seed that is bird dispersed 

so they may have germinated from bird deposited seed. However, because of the size of the three 

specimens it is more likely that they were lifted and repositioned by the flood waters, or their 

marker stakes were removed.  
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Assuming that the self-established plants have been derived from the stock planted, the overall 

trial survival rate increases to 13% over the whole trial (117 survivors of 908 planted), and the 

survival rates of Carex geminata, Carex virgata and Cyperus ustulatus increase to 67%, 52% and 

68% respectively.  

6 Conclusions and Recommendations 

The objective of this project was to find native plant species and establishment techniques that 

could be used to under-plant and ultimately succeed willows in locations in the Lower Waikato 

catchment where water levels fluctuate greatly through the year and can stay elevated for several 

weeks at a time. Willows currently serve to prevent bank and river bed erosion, and for this reason 

the preferred willow replacement technique is to under-plant with natives rather then remove the 

willows first and then restore the exposed banks.  

The conditions in year one of the trial were as expected and resulted in reasonably high survival of 

several native species planted, however, year 2 generated conditions that were more hostile for all 

species planted and higher mortality occurred as a consequence.   

While survival rates by the end of the trial were lower than hoped for there has been enough 

survival and information gained to provide some pointers for future efforts to establish native 

plants under willow flood prone riparian and lake margins. Useful information gained includes: 

 Three sedge species, Carex geminata, Cyperus ustulatus and Carex virgata can survive as 

planted seedlings in this environment even when completely covered by flood waters for 

weeks at a time. 

 These three species are prolific seed producers and because the seed is light and wind 

dispersed once plants are established in an area expansion of the population can be 

expected.  

 Plants in more elevated locations survived the best, probably because they remained 

completely covered by flood waters for shorter periods than those planted in depressions. 

 A sizeable number of seedlings that survived throughout the trials grew on willow branches 

and elevated areas of woody debris. It is quite possible that these plants were deposited 

there after flooding but it is interesting to note that most of the naturally established 

cabbage tree and Carex secta seedlings observed around the wider site were also growing 

on elevated fallen and rotting willow branches rather than in the soil.  

The findings of this project have revealed three species that will survive the hostile conditions that 

prevail along the lower Waikato River and its tributaries and lakes. However, these sedge species 

alone will not directly lead to succession from a willow canopy to a native tree canopy. Tree species 

such as cabbage tree and kahikatea and an understory of shrub species tolerant of these conditions 

will be needed to replace the willows and anchor the river banks and lake edges.  

One observation gained from this project that may assist in establishing a greater diversity of 

native species, including tree species, under a willow canopy is the capacity of several species to 

grow and flourish when anchored in fallen willow branches, stumps, trunks and elevated areas of 

woody debris. It appears that small depressions in rotting branches and woody debris capture 

moisture and sediment (containing nutrients) sufficient to support the growth of native seedlings, 
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and these branches and trunks are sufficiently elevated to reduce flooding duration and well 

anchored to prevent removal.  

It is our recommendation that further trials are undertaken to plant nursery grown seedlings 

directly into fallen willow branches, trunks and stumps in flood-prone margins of the Waikato 

River and its tributaries and lakes. The results from this project and observations of willow covered 

areas of a similar nature suggest that there are likely to be several riparian species including 

cabbage tree, Coprosma propinqua, kahikatea, flax, manuka and several sedges that could be 

planted directly into rotting willow wood and have a reasonable likelihood of survival.  
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9 Appendix One: Aerial maps and contours of the 

trial sites.
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