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INTRODUCTION 
 
 Vegetation monitoring was conducted at Kahanahaiki Management Unit (MU) Subunit I in 2018 
in association with Implementation Plan (IP) requirements for long term monitoring of vegetation 
composition and change over time (OANRP 2008) (Figure 1). The primary objective of MU monitoring 
is to assess if the percent cover of non-native plant species is less than 50% across the MU, or is 
decreasing towards that threshold requirement. The secondary objective is to assess if native cover is 
greater than 50% across the MU, or is increasing towards that threshold recommendation. Kahanahaiki 
MU vegetation monitoring occurs on a on a three-year interval and took place previously in 2009, 2012 
and 2015 (OANRP 2009, 2012 and 2015). Previous monitoring in 2015 indicated that cover goals were 
only met for the non-native understory. The MU fence for Subunit I was completed in 1997. The Subunit 
II fence was completed in 2013, but monitoring plots were not established due to steep terrain and limited 
plans for active management in that area.  
 

 
Figure 1. Kahanahaiki MU vegetation monitoring plot locations.  
 
METHODS 
 

In May of 2018, 53 plots along nine transects were monitored in Subunit I of Kahanahaiki MU. 
Plots measuring 5 x 10 m were generally located every 50 m along transects. Transects were spaced 
approximately 100 m apart. These same plots were also monitored in 2009 (OANRP 2009), 2012 
(OANRP 2012), and 2015 (OANRP 2015). Understory (0 – 2 m above ground level (AGL), including 
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low branches from canopy species) and canopy (> 2 m AGL, including epiphytes) vegetation was 
recorded by percent cover for all non-native and native species present. Summary percent cover by 
vegetation type (shrub, fern, grass/sedge) in the understory, overall summary percent cover of non-native 
and native vegetation in the understory and canopy, and bare ground (non-vegetated < 25 cm AGL), were 
also documented. Bare ground was not recorded in 2012. Percent cover categories were recorded in 10% 
intervals between 10 and 100%, and on finer intervals (0-1%, 1-5%, and 5-10%) between 0 and 10% 
cover. Understory recruitment (defined as seedlings or saplings < 2 m AGL) data for tree species was 
recorded beginning in 2012. Monitoring results were compared with data from prior years. 
Inconsistencies with previous recruitment data collection precluded meaningful statistical analyses of 
frequency change. Based on IP recommendations, p-values < 0.05 were considered significant, and only 
absolute cover changes ≥ 10% were recognized. Additional methodology information is detailed in 
Monitoring Protocol 1.2.1 (OANRP 2008). All analyses were performed in IBM SPSS Statistics Version 
25. These included Friedman’s tests with Bonferroni adjusted post-hoc pairwise comparisons for cover 
and richness data, McNemar’s tests for frequency data, and generalized linear modeling for the influence 
of weed control efforts on cover change as well as the influence of non-native cover change on native 
cover. 
 
RESULTS 
 
Understory and canopy cover categories 
 

Management objectives of having < 50% non-native understory and canopy and > 50% native 
understory and canopy cover continued to be met only for the non-native understory (25% median) in 
2018 (Table 1). Native understory and canopy cover was low (15% median for both), and non-native 
canopy was moderate (55% median). Since 2009, there were significant changes in percent cover of 
vegetation that met the 10% standard for recognized change in cover. Native understory cover declined 
between 2015 and 2018. Non-native shrubs cover increased from 2009 to 2015. Total non-native 
understory also increased from 2009 to 2015, but decreased from 2015 to 2018. Bare ground, non-native 
canopy and total canopy have increased since 2009 (Figure 2). The highest percent cover of native 
understory and canopy in 2018 primarily occurred in the southern (Maile Flats) portion of the MU (Figure 
3). Non-native canopy cover was high throughout much of the northern half of the MU as well as the 
eastern edge of Maile Flats. Locations of moderate to high percent cover of non-native understory were 
patchily distributed across the MU. Beneficial changes in native canopy cover occurred primarily in 
Maile Flats, otherwise, locations of beneficial and worsening conditions were patchily distributed across 
the MU (Figure 4).  
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Table 1. Median percent cover of native and non-native vegetation categories in the canopy and understory at 
Kahanahaiki MU from 2009 to 2018 (n = 53). Categories specifically addressed in management objectives are 
shaded. Statistically significant values for categories that meet the 10% standard for recognized change in cover are 
in boldface. Arrows indicate increase (↑), decrease (↓), or inconsistent trend (↕) in cover. 
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p* X2 
years that 
differed 

significantly 

p 
(post-
hoc)** 

Management 
objective 
currently 

met? 
Understory                   
Native shrubs 7.5 15 7.5 7.5 0.000↕ 20.156 2009 vs. 2012 

2009 vs. 2015 
0.032↑ 
0.029↑ 

 

Native ferns 7.5 3 7.5 3 0.042↕ 8.205    

Native grass/sedges 0 0 0.5 0 0.224 4.371    

Total native understory  15 25 25 15 0.003↕ 14.127 2015 vs. 2018 0.011↓ No 
Non-native shrubs 15 25 25 25 0.000↑ 26.810 2009 vs. 2015 

2009 vs. 2018 
2012 vs. 2015 

0.000↑ 
0.026↑ 
0.012↑ 

 

Non-native ferns 0 0.5 0.5 0.5 0.023↑ 9.516    

Non-native grass/sedges 0.5 0.5 3 0.5 0.000↕ 26.476 2012 vs. 2015 
2015 vs. 2018 

0.000↑ 
0.026↓ 

 

Total non-native 
understory 

25 25 35 25 0.000↕ 28.311 2009 vs. 2015 
2012 vs. 2015 
2015 vs. 2018 

0.000↑ 
0.000↑ 
0.026↓ 

Yes 

Bare ground 45 NA 55 65 0.008↑ 9.723 2009 vs. 2018 0.013↑ 
 

Canopy                 
 

Native canopy 15 15 15 15 0.031↑ 8.881     No 
Non-native canopy 45 55 55 55 0.000↑ 23.021 2009 vs. 2018 0.000↑ No 
Total canopy 65 95 95 95 0.000↑ 39.054 2009 vs. 2012 

2009 vs. 2015 
2009 vs. 2018 

0.000↑ 
0.000↑ 
0.000↑ 

  

*from Friedman's test, asymptotic significance 
**from post-hoc pairwise comparisons with Bonferroni adjustment    
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Figure 2. Boxplots for vegetation categories with significant change in percent cover that meet 10% standard for 
recognized change in cover between years 2009 and 2018 in Kahanahaiki MU. [Note: The boxes depict 50% of the 
data values, and the horizontal line inside the box represents the median value. Very high or low values relative to 
the shaded box are indicated by circles (1.5 to 3 times the length of the shaded box) and asterisks (> 3 times the 
length of the shaded box), while the lines extending above and below the shaded box depict the range in values for 
all remaining data. Circles and asterisks that appear to be in boldface indicate multiple data points for the same 
values.] 
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Figure 3. Locations of low to high percent cover of native and non-native understory and canopy 
vegetation among monitored plots at Kahanahaiki MU in 2018. Larger circles denote higher percent 
cover, while smaller circles represent lower cover.  
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Figure 4. Locations of change in native and non-native percent cover for the understory and canopy vegetation in 
monitored plots in Kahanahaiki MU between 2009 and 2018 in the understory and canopy. Color gradients are 
inverted for native and non-native vegetation, such that blue indicates beneficial change, red depicts worsening 
conditions. Cover change of 0 indicates there was no change in percent cover.  
 
Species richness  
 
 During monitoring in 2018, 103 species were recorded in the understory (52% native taxa), and 
47 were identified in the canopy (68% native). Most species present in the canopy were also represented 
in the understory, with the exception of four native species (Gynochthodes trimera, Hibiscus arnottianus 
subsp. arnottianus, Korthalsella cylindrica, and Santalum freycinetianum var. freycinetianum) and two 
non-native (Eucalyptus urophylla and Syzygium cumini). Native understory and canopy species richness 
was generally higher in Maile Flats, and lower in the northern gulch portion of the MU (Figure 5). 
Locations of high and low species richness for the non-native understory and canopy were somewhat 
patchily distributed across the MU, but more often had higher richness in the northern gulch region. The 
highest diversity occurred within the native understory, with 54 taxa documented for the MU, and up to 
19 species in a single plot. The non-native canopy was the least diverse, with only 15 taxa across the MU, 
and no more than 4 species in a single plot. Species richness within plots differed significantly between 
the years monitored, with a small increase in non-native understory between 2009 and 2018 (Table 2). 
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Seven newly recorded species (29% native), were found in plots in 2018, while 17 species (59% native) 
were recorded in previous years but not observed in 2018 (Table 3). Aside from natural processes and the 
direct or indirect result of management actions, the presence or absence of species may be due in part to 
human error such as misidentification, observer bias regarding plot boundaries or amount of time spent 
searching, or accidental non-recording. All of the species that were not present in 2018 were uncommon 
in prior years, with frequencies less than 8%. Similarly, species newly recorded in 2018 had low 
frequencies, less than 2%.  
 

 
Figure 5. Locations of low to high species richness among plots in the native and non-native 
understory and canopy in Kahanahaiki MU in 2018. Color gradients of blue to red indicate 
low to high values, respectively, of the number of species occurring in plots (i.e., blue 
indicates low diversity, while red indicates relatively higher diversity).  
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Table 2. Kahanahaiki MU understory and canopy species richness from 2009 to 
2018. Median species richness per plot during vegetation monitoring is shown by 
year, with the total number of species recorded among all plots in parenthesis (n = 
53). Statistically significant values are in boldface. Arrows indicate increase (↑) or 
decrease (↓) in richness. Post-hoc pairwise comparisons with Bonferroni 
adjustment did not reveal any years that differed significantly. 

  2009 2012 2015 2018 p* X2 
Native understory 8 (55) 8 (55) 9 (55) 9 (54) 0.561 2.054 
Non-native understory 6 (44) 6 (45) 7 (49) 8 (49) 0.012↑ 11.035 
Native canopy 3 (30) 3 (28) 3 (31) 3 (32) 0.115 5.927 
Non-native canopy 2 (10) 2 (9) 2 (12) 2 (15) 0.056 7.556 
*from Friedman's test, asymptotic significance 

 
Table 3. Taxa no longer present, and newly recorded, from 2018 Kahanahaiki MU monitoring in 
the understory and/or canopy. Native taxa are in boldface. Frequency (the proportion of plots in 
which species are present) values are represented (n = 53).*ICA. ‡Rare taxa. 

Species not recorded in 
2018, but observed in 

plots previously 
2015 2012 2009 New species recorded in plots in 

2018 2018 

Adiantum hispidulum 3.8 3.8 3.8 Angiopteris evecta* 1.9 
Asplenium macraei 1.9 0.0 0.0 Arundina gramminifolia 1.9 
Canavalia galeata 1.9 0.0 0.0 Cyanea superba subsp. superba ‡ 1.9 
Casuarina equisetifolia* 0.0 1.9 0.0 Indigofera suffruticosa 1.9 
Coprosma longifolia 1.9 0.0 0.0 Litchi chinensis 1.9 
Cyanthillium cinereum 3.8 1.9 0.0 Plectranthus parviflorus 1.9 
Delissea waianaeensis ‡ 1.9 1.9 0.0 Unknown sp. 1.9 
Doryopteris decipiens 0.0 0.0 1.9    
Emilia fosbergii 0.0 0.0 3.8    
Gahnia beecheyi 1.9 1.9 0.0    
Gamochaeta purpurea 0.0 0.0 1.9    
Leucaena leucocephala 0.0 1.9 5.7    
Melicope oahuensis 1.9 0.0 7.5    
Panicum nephelophilum 1.9 0.0 0.0    
Setaria parviflora 0.0 0.0 1.9    
Streblus pendulinus 0.0 1.9 1.9    
Waltheria indica 1.9 0.0 0.0     

 
Species frequency 
 

Non-native species that occurred most frequently in plots (present in more than half the plots) in 
the understory included Psidium cattleianum, Clidemia hirta, and Schinus terebinthifolius, while P. 
cattleianum and S. terebinthifolius occurred most commonly in the canopy (Table 4). The most frequent 
native species included Alyxia stellata and Psydrax odorata, both in the understory and canopy. Two MIP 
rare taxa, Cenchrus agrimonioides var. agrimonioides and Cyanea superba subsp. superba (Figure 6), 
were recorded in a single plot each during monitoring in 2018. Numerous target weed taxa (taxa of 
special concern for weed management, ranging from incipient species to those with widespread 
distributions) for Kahanahaiki MU were present in monitored plots in either the understory or canopy 
(Figure 7). Two out of the 16 ICA target species, Acacia mearnsii and Angiopteris evecta, were present in 
a single plot each. Five out of 11 limited distribution target taxa were recorded, including, Grevillea 
robusta, Macrotyloma axillare var. glabrum, Montanoa hibiscifolia, Nephrolepis brownii, and Spathodea 
campanulata, and over a quarter of the plots included at least one of these. All 45 widespread distribution 
target taxa were observed, at least one of which was present in all plots.  
 
  

Appendix 3-8



Table 4. Species frequency among plots (percent of plots in which a given species occurs) during 2018 
Kahanahaiki MU monitoring (n= 53), in order of most to least frequent. Native species are in bold print. ‡Rare 
taxa. Target weed taxa: *ICA, **limited distribution. 

TaxonName Freq TaxonName Freq 
Understory      
Psidium cattleianum 96.2 Deparia petersenii 7.5 
Clidemia hirta 88.7 Euphorbia multiformis 7.5 
Schinus terebinthifolius 69.8 Melinis repens 7.5 
Alyxia stellata 67.9 Mesosphaerum pectinatum 7.5 
Psydrax odorata 67.9 Nestegis sandwicensis 7.5 
Nephrolepis exaltata subsp. hawaiiensis 49.1 Pipturus albidus 7.5 
Doodia kunthiana 41.5 Pisonia brunoniana 7.5 
Blechnum appendiculatum 39.6 Pteridium aquilinum 7.5 
Coprosma foliosa 39.6 Asplenium caudatum 5.7 
Lantana camara 39.6 Cyclosorus dentatus 5.7 
Acacia koa 37.7 Cyperus hillebrandii var. hillebrandii 5.7 
Dianella sandwicensis 37.7 Dicranopteris linearis 5.7 
Microlepia strigosa 37.7 Diospyros hillebrandii 5.7 
Metrosideros polymorpha 35.8 Leptecophylla tameiameiae 5.7 
Kadua affinis 30.2 Myrsine lessertiana 5.7 
Melinis minutiflora 30.2 Passiflora edulis 5.7 
Rubus rosifolius 30.2 Planchonella sandwicensis 5.7 
Cyclosorus parasiticus 28.3 Youngia japonica 5.7 
Passiflora suberosa 28.3 Ageratina adenophora 3.8 
Cocculus orbiculatus 26.4 Ageratum conyzoides 3.8 
Carex meyenii 24.5 Buddleja asiatica 3.8 
Carex wahuensis 24.5 Castilleja arvensis 3.8 
Diospyros sandwicensis 24.5 Chamaecrista nictitans 3.8 
Oplismenus hirtellus 24.5 Charpentiera tomentosa 3.8 
Paspalum conjugatum 24.5 Emilia sonchifolia 3.8 
Conyza bonariensis 22.6 Grevillea robusta** 3.8 
Wikstroemia oahuensis var. oahuensis 22.6 Pluchea carolinensis 3.8 
Sphenomeris chinensis 20.8 Psychotria hathewayi 3.8 
Ageratina riparia 18.9 Sapindus oahuensis 3.8 
Stachytarpheta australis 18.9 Xylosma hawaiiense 3.8 
Psilotum nudum 17.0 Acacia mearnsii* 1.9 
Psychotria mariniana 17.0 Aleurites moluccana 1.9 
Bidens torta 15.1 Angiopteris evecta* 1.9 
Cibotium chamissoi 15.1 Arundina gramminifolia 1.9 
Lepisorus thunbergianus 15.1 Bobea elatior 1.9 
Crassocephalum crepidoides 13.2 Cenchrus agrimonioides var. agrimonioides‡ 1.9 
Nephrolepis brownii** 13.2 Cheilanthes viridis 1.9 
Oxalis corniculata 13.2 Cyanea superba subsp. superba‡ 1.9 
Erechtites valerianifolia 11.3 Desmodium incanum 1.9 
Oxalis debilis 11.3 Elaphoglossum aemulum 1.9 
Pisonia sandwicensis 11.3 Indigofera suffruticosa 1.9 
Spathodea campanulata** 11.3 Litchi chinensis 1.9 
Andropogon virginicus 9.4 Macrotyloma axillare var. glabrum** 1.9 
Antidesma platyphyllum 9.4 Montanoa hibiscifolia** 1.9 
Cordyline fruticosa 9.4 Myrsine lanaiensis 1.9 
Dodonaea viscosa 9.4 Peperomia tetraphylla 1.9 
Phlebodium aureum 9.4 Pisonia umbellifera 1.9 
Psidium guajava 9.4 Pittosporum glabrum 1.9 
Scaevola gaudichaudiana 9.4 Pityrogramma austroamericana 1.9 
Asplenium kaulfussii 7.5 Plectranthus parviflorus 1.9 
Cyperus hypochlorus var. hypochlorus 7.5     
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Table 4, cont. 
TaxonName Freq TaxonName Freq 
Understory      
Rivina humilis 1.9 Unknown sp.1 1.9 
Rumex albescens 1.9 Urochloa maxima 1.9 
Triumfetta semitriloba 1.9 Viola chamissoniana subsp. tracheliifolia 1.9 
Canopy      
Psidium cattleianum 84.9 Passiflora suberosa 3.8 
Psydrax odorata 75.5 Pipturus albidus 3.8 
Schinus terebinthifolius 73.6 Santalum freycinetianum var. freycinetianum 3.8 
Alyxia stellata 50.9 Xylosma hawaiiense 3.8 
Acacia koa 39.6 Bidens torta 1.9 
Metrosideros polymorpha 32.1 Bobea elatior 1.9 
Coprosma foliosa 20.8 Charpentiera tomentosa 1.9 
Aleurites moluccana 15.1 Dicranopteris linearis 1.9 
Diospyros sandwicensis 13.2 Eucalyptus urophylla 1.9 
Kadua affinis 13.2 Grevillea robusta** 1.9 
Psychotria mariniana 11.3 Gynochthodes trimera 1.9 
Antidesma platyphyllum 9.4 Korthalsella cylindrica 1.9 
Clidemia hirta 9.4 Lantana camara 1.9 
Cordyline fruticosa 9.4 Leptecophylla tameiameiae 1.9 
Nestegis sandwicensis 9.4 Montanoa hibiscifolia** 1.9 
Planchonella sandwicensis 9.4 Pittosporum glabrum 1.9 
Pisonia sandwicensis 7.5 Pluchea carolinensis 1.9 
Cibotium chamissoi 5.7 Psidium guajava 1.9 
Cocculus orbiculatus 3.8 Psychotria hathewayi 1.9 
Diospyros hillebrandii 3.8 Scaevola gaudichaudiana 1.9 
Dodonaea viscosa 3.8 Stachytarpheta australis 1.9 
Hibiscus arnottianus subsp. arnottianus 3.8 Syzygium cumini 1.9 
Lepisorus thunbergianus 3.8 Wikstroemia oahuensis var. oahuensis 1.9 
Passiflora edulis 3.8     

1Immature plant with insufficient diagnostic material for identification, presumed non-native. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. A vegetation 
monitoring plot in 2018, 
now the location of a new 
reintroduction site for 
Cyanea superba subsp. 
superba, MMR-J, 
outplanted two months 
prior to monitoring. 
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Figure 7. Locations of ICA and limited distribution target taxa in the understory and/or canopy found in 
monitoring plots at Kahanahaiki MU Subunit I.  
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Analysis of frequency change was limited to taxa with at least ten percent change between 2009 
and 2018. There were significant changes in frequency for a number of species (Table 5 and Figure 8). 
The most noteworthy changes between 2009 and 2018 included increases for one native (Dianella 
sandwicensis) and two non-native (C. hirta and Passiflora suberosa) species in the understory, and 
decreases for G. robusta both in the understory and canopy. 

 
Table 5. Species with significant frequency change at Kahanahaiki MU between 2009 and 
2018. Only taxa with at least 10% change in frequency were analyzed. Frequency values 
represent the proportion of plots in which species are present (n = 53). Native species are in 
boldface. P-values obtained from McNemar’s test (exact significance, binomial distribution, 
Bonferroni adjusted). Arrows indicate increase (↑) or decrease (↓) in frequency. **Limited 
distribution target weed taxa. 

  
Years that 
differed p 2009 2012 2015 2018 

Freq. 
change 
(2018-
2009) 

Understory               
Clidemia hirta 2009 vs. 2018 

2012 vs. 2018 
0.012↑ 
0.023↑ 

69.8 71.7 77.4 88.7 18.9 

Conyza bonariensis 2009 vs. 2015 0.001↑ 11.3 20.8 37.7 22.6 11.3 
Dianella sandwicensis 2009 vs. 2018 0.012↑ 18.9 30.2 30.2 37.7 18.9 
Grevillea robusta** 2009 vs. 2018 0.038↓ 22.6 11.3 17.0 3.8 -18.9 
Passiflora suberosa 2009 vs. 2018 0.012↑ 9.4 9.4 18.9 28.3 18.9 
Canopy               
Cocculus orbiculatus 2009 vs. 2015 0.047↓ 17.0 5.7 1.9 3.8 -13.2 
Grevillea robusta** 2009 vs. 2018 0.023↓ 18.9 7.5 13.2 1.9 -17.0 

 

 
Figure 8. Species frequencies at Kahanahaiki MU between 2009 and 2018, among taxa with 
significant changes over time. Frequency values represent the proportion of plots in which 
species are present (n=53). ‡Native taxa.  
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Species cover 
 

Species with frequencies > 20% in 2018 or 2009 were analyzed. Significant cover changes 
occurred for several taxa in the understory and canopy (Table 6), however many of these were small (≤ 
10% absolute change), inconsistent across years, and/or were of limited management concern. Notable 
cover changes included increases in one native (A. stellata) and two non-native (C. hirta and P. 
cattleianum) understory species between 2009 and 2015, and one native (Acacia koa) and one non-native 
(P. catttleianum) canopy species between 2009 and 2018 (Figure 9).  
 
Table 6. Species with significant cover change at Kahanahaiki MU between 2009 and 
2018. Only taxa with > 20% frequency in either 2018 or 2009 were analyzed. Arrows 
indicate increase (↑), decrease (↓), or inconsistent trend (↕) in cover. Native species are in 
boldface. 

  
p* X2 

Years with 
significant 
differences 

p (post-
hoc)** 

Understory         
Alyxia stellata 0.002↕ 14.939 2009 vs. 2015 0.029↑ 
Antidesma platyphyllum 0.034↕ 8.676 

 
  

Bidens torta 0.000↕ 23.642 
 

  
Carex meyenii 0.003↕ 14.062 

 
  

Clidemia hirta 0.000↑ 29.025 2009 vs. 2015 
2009 vs. 2018 

0.005↑ 
0.001↑ 

Cocculus orbiculatus 0.017↓ 10.164 
 

  
Conyza bonariensis 0.000↕ 19.258 

 
  

Dianella sandwicensis 0.000↑ 22.133 
 

  
Grevillea robusta 0.005↕ 12.84 

 
  

Melinis minutiflora 0.001↕ 16.38 
 

  
Nephrolepis exaltata subsp. hawaiiensis 0.036↓ 8.55 

 
  

Passiflora suberosa 0.000↑ 18.333 
 

  
Psidium cattleianum 0.003↑ 13.793 2009 vs. 2015 0.014↑ 
Psydrax odorata 0.028↕ 9.097 

 
  

Rubus rosifolius 0.014↕ 10.65 
 

  
Schinus terebinthifolius 0.005↕ 12.845 

 
  

 Canopy         
Acacia koa 0.000↑ 20.235 2009 vs. 2018 0.036↑ 
Kadua affinis 0.002↓ 14.567 

 
  

Psidium cattleianum 0.000↑ 30.101 2009 vs. 2018 
2012 vs. 2018 

0.000↑ 
0.002↑ 

*from Friedman's test, asymptotic significance 
**from post-hoc pairwise comparisons with Bonferroni adjustment 

 

Appendix 3-8



 
Figure 9. Boxplots of cover change for taxa with noteworthy significant changes at Kahanahaiki MU. Values > 0 
represent increased cover in plots, while those < 0 represent decreased cover. Values equaling 0 represent no 
change. ‡Native taxa.  
 
Canopy replacement 
 

Many canopy tree species were found recruiting in the understory, including 18 native and 10 
non-native taxa (Table 7). Psidium cattleianum was the most commonly recruiting tree species, occurring 
in nearly every plot. Species with higher frequencies in the canopy generally had higher recruitment 
frequencies among plots. Native tree species with no recruitment observed in plots were also low in 
frequency in the canopy. It should be noted that the age of saplings may vary greatly, from less than one 
year to decades, in accordance with differing species and individual growth rates, complicating 
interpretations of presence/absence and change over time with respect to concerns over long term canopy 
replacement. 
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Table 7. Summary of recruitment frequency among plots in the understory for 
tree taxa observed in monitored plots (understory and/or canopy) at 
Kahanahaiki MU in 2018. Native species are in boldface. Target weed taxa: 
*ICA, **limited distribution. 

Species 
Recruitment 
Frequency 

Canopy 
Frequency 

Psidium cattleianum 96.2 84.9 
Schinus terebinthifolius 56.6 73.6 
Psydrax odorata 41.5 75.5 
Acacia koa 28.3 39.6 
Diospyros sandwicensis 20.8 13.2 
Kadua affinis 20.8 13.2 
Metrosideros polymorpha 18.9 32.1 
Psychotria mariniana 13.2 11.3 
Spathodea campanulata** 11.3 0.0 
Pisonia sandwicensis 9.4 7.5 
Dodonaea viscosa 7.5 3.8 
Pisonia brunoniana 7.5 0.0 
Psidium guajava 7.5 1.9 
Myrsine lessertiana 5.7 0.0 
Pipturus albidus 5.7 3.8 
Planchonella sandwicensis 5.7 9.4 
Antidesma platyphyllum 3.8 9.4 
Diospyros hillebrandii 3.8 3.8 
Nestegis sandwicensis 3.8 9.4 
Acacia mearnsii* 1.9 0.0 
Aleurites moluccana 1.9 15.1 
Grevillea robusta** 1.9 1.9 
Litchi chinensis 1.9 0.0 
Montanoa hibiscifolia** 1.9 1.9 
Myrsine lanaiensis 1.9 0.0 
Pisonia umbellifera 1.9 0.0 
Psychotria hathewayi 1.9 1.9 
Unknown sp. 1.9 0.0 
Bobea elatior 0.0 1.9 
Eucalyptus urophylla 0.0 1.9 
Gynochthodes trimera 0.0 1.9 
Hibiscus arnottianus subsp. arnottianus 0.0 3.8 
Pittosporum glabrum 0.0 1.9 
Santalum freycinetianum var. freycinetianum 0.0 3.8 
Sapindus oahuensis 0.0 0.0 
Syzygium cumini 0.0 1.9 
Xylosma hawaiiense 0.0 3.8 

 
Weed control 

 
Weed control efforts (WCA) at Kahanahaiki Subunit I between the 2009 and 2012 monitoring 

intervals were relatively high (including 2555 person hours, with 59% of MU weeded, and occurring in 
66% of plots) (Figure 10). Efforts between the 2012 and 2015 monitoring intervals were relatively lower 
(1948 person hours, 27% of MU weeded, in 28% of plots). Between the 2015 and 2018 intervals, efforts 
were again relatively high (3328 person hours, 62% of MU weeded, in 66% of plots). Weeding occurred 
in nearly all plots (94%) between 2009 and 2018 at least once. Much of the weeding efforts over the last 
nine years consisted of general ecosystem weed control, but some included targeted control of specific 
widespread distribution target taxa (e.g., G. robusta and M. hibiscifolia), as well as grass control and trail 
clearing. Additional weed control efforts occurred for ICA taxa. 
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Changes in native and non-native understory and canopy cover were not significantly associated 

with the occurrence of weeding within plots for any of the three-year intervals. Sample sizes for 
unweeded plots between 2009 and 2018 were deemed insufficient for statistical comparison of cover 
change in weeded vs. unweeded plots for that time range. However, change in native understory cover 
between 2009 and 2018 was influenced by changes in both non-native canopy (GLM: p = 0.000, exp (β) 
= 0.700) and non-native understory (GLM: marginal significance, p = 0.052, exp (β) = 0.788) cover 
resulting from either weed control efforts and/or natural processes. Native understory cover increased 
with decreasing non-native cover, and decreased with increasing non-native cover. This pattern is most 
evident in two plots, one that has not been weeded since 2011 and has transitioned from high to low 
native understory cover as non-native canopy progressed from very low to very high cover (Figure 11), 
and a second in the Maile Flats “Chipper Site” where native understory cover changed from very low to 
moderate (and native canopy from very low to high) as non-native canopy cover transformed from very 
high to very low in association with restoration efforts (Figure 12). 

 

 
Figure 10. Locations of vegetation monitoring plots at Kahanahaiki MU Subunit I in relation to weeded areas 
(WCA and ICA) between monitoring intervals.  
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Figure 11. Vegetation cover over time in a plot in an area that has not been weeded aside from widespread 
grass sprays in 2010 and that fell within a G. robusta sweep in 2009, demonstrating increased non-native 
canopy cover paired with decreased native understory.  
 

  
Figure 12. Vegetation cover over time in a plot within the Chipper Site restoration area, demonstrating 
decreased non-native canopy cover paired with increased native understory.  
 
Native ecosystem restoration efforts 
 

Native ecosystem restoration efforts began at Kahanahaiki Subunit 1 on a small scale in 2008 
with outplantings of common native species (237 plants), and expanded over time to include large scale 
chainsaw removal of non-native canopy in addition to outplanting, seed sowing, and transplanting of 
common native taxa (Figures 13 and 14). Between the 2009 and 2012 monitoring intervals, restoration 
efforts consisted initially of small-scale outplantings, then larger scale efforts began in 2012 with 
chainsaw clearing and seed sowing in Maile Flats. Between the 2012 and 2015 monitoring intervals, 
chainsaw clearing and seed sowing continued in Maile Flats, and outplanting began in the northern gulch 
region as well as at the Achatinella mustelina snail enclosure (135 plants total). Between the 2015 and 
2018 monitoring intervals, efforts expanded substantially in the northern gulch region, with large-scale 
chainsaw clearing, along with outplanting, seed sowing, and transplanting common native taxa in several 
areas. Additional seed sowing occurred, and outplanting in the Maile Flats restoration area also began in 
2017. A total of 2604 common native plants were outplanted during this time interval for all restoration 
sites. Restoration efforts crossed through two plots during the 2009 to 2012 and 2012 to 2015 monitoring 
intervals, then one additional plot between 2015 and 2018. Sample sizes were insufficient for statistical 
comparison of cover change in plots for restored vs. unrestored areas to discern the impacts of restoration 
on the native and non-native understory and canopy. However, vegetation change is documented at 
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individual restoration sites that demonstrates the beneficial changes that are taking place. Dramatic 
reductions in non-native vegetation and increases in native vegetation were documented from photopoints 
as well as plots recording frequency, richness and cover at the Chipper Site in Maile Flats (OANRP 2016) 
and from photopoints at the gulch restoration sites (Chapter 3).  
 

 
Figure 13. Locations of vegetation monitoring plots in relation to native ecosystem restoration actions between 
monitoring intervals at Kahanahaiki MU.  
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Figure 14. Vegetation change in a monitoring plot at the newly established “Schweppes Extension” restoration site 
in the northern gulch region, showing when the area was dominated by Psidium cattleianum in 2009 (left), then in 
2018 (right) after becoming dominated by young Pipturus albidus (primarily from seeds sown seven months prior) 
and common native outplants (planted two months prior). 
 
SUMMARY AND DISCUSSION 
 
 Management objectives continue to be met for percent cover of non-native understory for 
Kahanahaiki MU Subunit I. Objectives are still not met for native understory, native canopy and non-
native canopy cover. There were a number of significant changes in vegetation since 2009, many of 
which were relatively small, inconsistent, and/or of limited management concern. The most noteworthy 
changes included: 
 

• Categorical cover 
o Increased 

 Non-native shrubs (from 2009 to 2015) 
 Non-native understory (from 2009 to 2015) 
 Non-native canopy (from 2009 to 2018) 

o Decreased 
 Native understory (from 2015 to 2018)  
 Non-native understory (from 2015 to 2018) 

• Frequency (all from 2009 to 2018) 
o Increased 

 Native understory 
• D. sandwicensis 

 Non-native understory 
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• C. hirta 
• P. suberosa 

o Decreased 
 Non-native understory 

• G. robusta 
 Non-native canopy 

• G. robusta 
• Species cover 

o Increased  
 Native understory 

• A. stellata (from 2009 to 2015) 
 Non-native understory 

• C. hirta (from 2009 to 2015) 
• P. cattleianum (from 2009 to 2015) 

 Native canopy 
• A. koa (from 2009 to 2018) 

 Non-native canopy 
• P. cattleianum (from 2009 to 2018) 

• Weed control 
o Reductions in non-native canopy and understory cover are associated with increases in 

native understory cover, and increases in non-native canopy and understory cover are 
associated with declines in native understory cover (from 2009 to 2018) 

 
The many notable changes in vegetation at Kahanahaiki since 2009 include both beneficial and 

unfavorable ones. Much has been gained presumably from direct (weeding, restoration) and/or indirect 
(ungulate exclusion, rodent control) management actions, namely the increase in canopy cover of A. koa 
(primarily in Maile Flats, see Figure 15) and A. stellata in the understory, the spread of D. sandwicensis, 
the decline of non-native understory (in the last three years), and the decline in G. robusta frequency 
(from targeted control). However, non-native vegetation, particularly the problematic weeds C. hirta, P. 
suberosa (Figure 16), and P. cattleianum, continues to spread in cover and/or frequency. The association 
revealed between changes in non-native cover and native understory cover underscores the capacity of 
weeding and restoration to reverse the trend of decreasing native understory in conjunction with 
increasing non-native canopy and understory. 
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Figure 15. Locations of cover change for Acacia koa 
from 2009 to 2018. 
 

 
Figure 16. Locations of Passiflora suberosa in plots in 
2009, and locations into which it spread by 2018.  
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RECOMMENDATIONS 
 
 Based on the results of vegetation monitoring, a number of recommendations were made with the 
goal of making progress towards meeting management objectives: 
 

• Continued efforts for general ecosystem weeding and grass control 
• Continued control of ICA taxa 
• Continued targeted sweeps for limited distribution target taxa M. hibiscifolia and the few 

remaining mature G. robusta trees 
• Conduct general ecosystem weeding sweeps through Maile Flats WCAs in native-dominated 

areas on a regular rotation (every 3 to 5 years) and map out remaining monotypic stands of P. 
cattleianum for future ecosystem restoration work, with specific actions for the following WCAs: 

o Kahanahaiki-11, SW (Blue Team). Increasing alien cover seen here. Most native-
dominated WCA in Maile Flats. This WCA was more or less completely swept in 2002, 
2007, 2011, and 2013. It is overdue for another sweep. Blue team started in Q2, 2018, but 
did not finish. Prioritize finishing by end of 2018.  

o Kahanahaiki-12, SE (Green Team). Increasing alien cover seen here. Some P. 
cattleianum monocultures, some native forest patches, some mixed areas. Need to 
reinstitute sweeps here. Sweeps should be detailed in native forest patches, and gradual in 
mixed areas. Map P. cattleianum monocultures and target for later removal and 
restoration.  

o Kahanahaiki-08, -10, -12 (Green Team) have more non-native canopy to the east. Would 
be good to have some sweeps across parts of -08 and -10 (as well as -12).  

o Kahanahaiki-07, -09 (Blue Team) have more mixed forest. Do sweeps across these areas, 
targeting understory and slow removal/replacement of canopy.  

• Scope S. terebinthifolius areas in Maile Flats and consider management options 
• Focused efforts on controlling P. suberosa during general ecosystem weeding  
• Focused efforts for controlling N. brownii 
• Consider MU-wide IPA sweeps for P. guajava and S. cumini and find effective control technique 

for S. cumini 
• Continued expansion of ecosystem restoration efforts, which may include: 

o “Re-veg” road area and northwest corner of Subunit I, to include removal of U. urophylla 
and outplanting A. koa and D. viscosa 

o Between “OG chipper” and Ethan’s 
o Between Shire and Ethan’s 
o Near Generals 
o Remaining stands of P. cattleianum in Maile Flats 
o East side of Maile Flats 
o Expand Black Wattle into neighboring P. cattleianum zone 
o Use of chipper where appropriate 
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