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Section IV FUNCTIONAL ASPECTS OF KAWAI NUI MARSH
WATER QUALITY
STREAM WATER INPUTS12 — Water quality in Maunawili and Kahanaiki
streams in this report are based upon data collected near the point where each
stream enters Kawai Nui Marsh (at Kalanianaole Highway). Data for Maunawili
are most extensive, and cover two different time periods. The first data set was
collected between January 1990 and April 1994 on approximately a bi-weekly
basis (AECOS, 1995). The second dataset was collected monthly between July
2002 and June 2003 (this project; Appendix B). A statistical comparison of
selected water quality parameters for early data set with the most recent sampling
effort was made to determine if the data could be combined into a single set
representing the quality of stream water entering the marsh.
The similarity in temperature and conductivity means from the 1990-94 and
2002-03 data (Table IV-1) suggest that there has not been a significant change in
basic stream conditions over the period of sampling. The temperature data
indicate that flow has been similar because increased or decreased flows might
result in lower or higher temperatures, respectively. Likewise, the similarity in
conductivity values for the two data sets suggest that water sources have remained
relatively constant between these periods; increased surface runoff would have
resulted in lower conductivity levels in the stream while increased groundwater
input would have resulted in elevated conductivity levels.

Table IV-1. Statistical summary of 1990s and recent
water quality measurements in lower Maunawili Stream.
Period

Statistic

Temp.

Cond.

pH

Turbidity

TSS

Nitrate*

Total N

Total P

1990-94

means

22.6

208

7.5

7.9

2002-03

means
%
change

22.5

210

7.7

6.9

5.8

69

178

30

6.0

103

287

46

< -1%

< +1%

+3%

t-test

0.764

0.835

0.060

-13%

+3%

+49%

+61%

+53%

0.360

0.590

0.080

<0.001†

M-W test

0.813

0.732

0.053

0.354

0.191

0.736

0.064

0.004

0.009

Grayed areas indicate significant difference at the P = 0.05 level.
* Nitrate + nitrite in this and all subsequent tables

The changes in particulate levels between the 1990-94 and 2002-03 (Table IV-1)
sampling periods are not statistically significant and a comparison of annual
12
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means (Table IV-2) further indicates that there is no particular trend (i.e., upward
or downward) over these years.

Table IV-2. Comparison of annual mean values for selected water quality
parameters in Maunawili Stream (with data from AECOS, 1990 and 1995).
pH

Turbidity

TSS

Nitrate

Total N

Total P

1990

7.5

9.8

8.2

73

210

38

1991

7.5

7.9

5.8

70

155

25

1992

7.5

9.4

6.6

76

182

27

1993

7.4

5.5

3.7

51

158

37

2002-03

7.7

9.4

10.3

96

287

46

pH levels in the 2002-03 surveys (Table IV-1) were slightly higher (although not
significantly so) and may have resulted from the fact that the 2002-03 pH
measurements were made in the field, while pH samples in the 1990-94 surveys
were usually returned to the AECOS laboratory for measurement.
There was a notable, but not quite significant, increase in mean nitrate + nitrite
concentrations between the 1990-94 and 2002-03 surveys (Table IV-1). The
increase in mean total nitrogen (total N) concentration between the 1990-94 and
2002-03 water quality surveys was statistically significant. There was also an
increase in total phosphorus (total P) levels during this time period, but the
difference was only significant by the Mann-Whitney test.
The fact that there was little change in the mean characteristics of the physical
parameters between the two survey periods, coupled with considerable (49 to
61%) increases in nutrient concentrations in the 2002-03 surveys is difficult to
explain. An increase in groundwater inputs to Maunawili Stream, relative to
surface runoff, could result in increased soluble nutrient levels, but the similarity
in water temperature and conductivity between the two survey periods suggest
that there has not be any significant change in groundwater input.13
Based upon the above analyses, it is concluded that the physical water quality
measurements from the two survey periods have not changed significantly and
can be combined for the analyses that follow below. The consistently higher
nutrient concentrations in the 2002-03 surveys raises the question as to whether
these values represent a shift in nutrient loading of Maunawili Stream or simply
the higher end of a natural cycle. Because of this uncertainty, our following
analysis of nutrients considers the combination of the 1990-94 and 2002-03 data
as well as just the 2002-03 data alone.
13

A comparison of stream flow data for Maunawili Stream and/or rainfall data for the two survey
periods might provide clues to the source of the nutrient level changes. However, USGS stream flow
measurements at Station 1 were discontinued prior to the 2002-03 surveys, and historic rainfall data
(1990-94) for the survey area are not readily available.
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MAUNAWILI STREAM — Water quality parameters such as water temperature,
dissolved oxygen saturation levels, pH, and conductivity often provide valuable
insight regarding water quality conditions and are included here not only to
establish compliance with State criteria, but also for comparison with other
measured parameters. The water quality characteristics for physical parameters
are summarized in Table IV-3.
Table IV-3. Summary statistics for selected water quality parameters
in Maunawili Stream.
Parameter
Temperature (ºC)
pH
DO saturation (%)
Conductivity (μmhos/cm)

mean
22.6
7.5
58
209

Statistic
range

count

19.0 - 25.0

108

6.7 - 8.4

73

40 – 79

8

139 - 276

59

State water quality criteria specify that temperature shall not vary more than one
degree Celsius from ambient conditions. Ambient conditions in lower Maunawili
Stream, based on 108 measurements over a nearly 5-year period, had a mean of
22.6 ºC and a range from 19.0 ºC to 25.0º. pH exceeded the State maximum
value of 8.0 on eight occasions or about 11 percent of the time. Dissolved oxygen
(DO) concentrations were not monitored during the 1990-94 sampling period, but
were monitored on 11 occasions during the 2002 – 03 sampling period and were
always below the State mandated DO saturation level of 80% (not compliant).
Conductivity levels were consistently below the State mandated maximum value
of 300 μmhos/cm (compliant).
Turbidity is a measure of the “cloudiness” of the water and is based upon the
light-scattering properties of colloidal and very fine suspended material in the
water sample. Total suspended solids (TSS), on the other hand, is a dry-weight
measurement of larger particulate matter that is retained on a glass-fiber filter
(Type C, 1.2μ pore size). While there is a relationship between these two
measurements, perfect correlation is not generally achieved. Turbidity levels in
lower Maunawili Stream consistently exceed State criteria during both the wet
and dry seasons, especially for the highest turbidity levels (Table IV-4).
Interestingly, the dry season geometric mean for turbidity exceeds that of the wet
season. TSS concentrations in Maunawili Stream were notably lower than State
criteria, except for the wet season “not to exceed 2% of the time” value (Table IV5) which is related to freshet events
Nutrients, including ammonia, nitrate + nitrite, total nitrogen (total N), and total
phosphorus (total P) comprise important components of water quality in Hawaiian
waters as these substances promote plant growth which can influence other
water quality parameters such as DO, pH, particulate levels, color, and taste.
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Comparison of the combined 1990-04 and 2002-03 nutrient data with the 200203 data are discussed below because of general differences in nutrient
concentrations between the two surveys as noted above.

Table IV-4. Comparison of State of Hawaii stream water quality criteria
for turbidity (ntu) with Maunawili Stream data.
Not to Exceed

Season
wet

Source

Geometric
Mean

State Criteria
Maunawili Stream

State Criteria
Maunawili Stream
Grayed numbers exceed State criterion.
dry

10%
of time

5.0
7.4†

15
27

2.0
8.2

5.5
20

2%
of time
25
126
10
61

Table IV-5. Comparison of State of Hawaii stream water quality criteria
for TSS (mg/l) with Maunawili Stream data.
Not to Exceed

Geometric
Mean

10%
of time

2%
of time

State Criteria
Maunawili Stream

20
6.2

50
30

80
193†

State Criteria
Maunawili Stream
Grayed numbers exceed State criterion.

10
5.4

30
15

55
51

Season
wet

Source

dry

Nitrate + nitrite concentrations in lower Maunawili Stream exceeded the State
geometric mean criteria for both wet and dry seasons (Table IV-6) for both the
combined data set and the 2002-03 data set. The combined data also exceeded
the “not to exceed 10% of the time” for the dry season criterion, while the 200203 data exceeded this level for both the wet and dry seasons.
The distribution of total nitrogen (total N) in lower Maunawili Stream is in
compliance considering all State criteria except the “not to exceed 2% of the
time” during the wet season (Table IV-7) for the combined data set, but the 200203 data exceeded both wet and dry State criteria.
Total phosphorus (total P) concentrations are well within the State wet season
criteria for the combined data, but not for the 2002-03 data alone. The combined
data are not quite in compliance with the dry season criteria, although they are
nearly so for the geometric mean and “not to exceed 10% of the time” criteria
(Table IV-8). The 2002-03 data exceed the dry season State geometric mean
criterion.
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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Table IV-6. Comparison of State of Hawaii stream water quality criteria for
nitrate + nitrite (μg/l) with Maunawili Stream data.
Not to Exceed

Season

Dataset

wet

1990-04 + 2002-03
2002-03

dry

1990-04 + 2002-03
2002-03

Source
State Criteria
Maunawili Stream

State Criteria
Maunawili Stream

Geometric
mean

10%
of time

2%
of time

70
102†
106

180
165
238

300
233
---*

30
52
99

90
98
201

170
145
---

Grayed numbers exceed State criterion.

* Data insufficient for calculation.

Table IV-7. Comparison of State of Hawaii stream water quality criteria for
total nitrogen (μg/l) with Maunawili Stream data.
Not to Exceed

Season

Dataset

wet

1990-04 + 2002-03
2002-03

dry

1990-04 + 2002-03
2002-03

Source
State Criteria
Maunawili Stream

State Criteria
Maunawili Stream

Geometric
mean

10%
of time

2%
of time

250
244
303

520
397
621

800
811†
---*

180
172
272

380
299
401

600
436
---

Grayed numbers exceed State criterion.

* Insufficient data for calculation.

The Maunawili Stream turbidity data exceed all State criteria for both the wet and
dry seasons. TSS levels, on the other hand, are consistently within State mandated
limits with the single exception of the wet season “not to exceed 2% of the time”
criterion—a condition that would only occur during a major storm event. Since
turbidity and TSS data typically follow similar patterns, this diversion represents a
somewhat unusual condition. The likely explanation for this phenomenon is
probably the fact that this station is located near the mouth of the stream where it
empties into Kawai Nui Marsh. In this lowest reach, the stream has widened and
deepened, and while base flow ranges up to about 9 cubic feet per second (cfs),
flow is usually slow and non-turbulent. These flow characteristics promote settling
out of the heavier particles (that ge measured in TSS), while finer turbid material
(measured both TSS and Turbidity) remain in suspension.
The flow characteristics in this lower reach of Maunawili Stream could also
account for the relatively low DO saturation levels recorded here. Thus, the lack
of turbulent flow (i.e., mixing), coupled with increased water depth could limit
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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DO refreshment and DO saturation levels would decrease as the result of
biological and chemical oxygen demands.

Table IV-8. Comparison of State of Hawaii stream water quality criteria for
total phosphorus (μg/l) with Maunawili Stream data.
Not to Exceed

Season

Dataset

wet

1990-04 + 2002-03
2002-03

dry

1990-04 + 2002-03
2002-03

Source
State Criteria
Maunawili Stream

State Criteria
Maunawili Stream

Geometric
Mean

10%
of time

2%
of time

50
39
51†

100
87
209

150
143
---*

30
32
41

60
64
60

80
97
---

Grayed numbers exceed State criterion.

* Insufficient data for calculation.

Nitrate+nitrite concentrations in Maunawili Stream are elevated relative to State
criteria for base flows in both wet and dry seasons. This result presumably
represents groundwater inputs to this stream. During heavy runoff conditions,
nitrate+ nitrite conditions tend to fall more in line with State criteria indicating a
minimal nitrate+nitrite sources such as fertilizers in this watershed. Total N and
total P concentrations from both groundwater and runoff sources are
representative of good water quality conditions.
The water quality characteristics of Maunawili Stream entering Kawai Nui Marsh,
with the exception of dissolved oxygen levels, are generally good and indicate
that the stream is not presently contributing to the degradation of the marsh
system.

KAHANAIKI STREAM — A comparison of selected physical water quality
parameters in lower Maunawili and lower Kahanaiki streams are shown in Table
IV-9 for the 2002-03 survey. Long-term data, such as those used for assessing
Maunawili Stream (AECOS, 1995), are not available for Kahanaiki Stream.
Consequently, our approach here is to compare the water quality characteristics
of smaller Kahanaiki Stream wit those of Maunawili Stream where these streams
enter Kawai Nui marsh.
Temperature levels are slightly higher and pH values are slightly lower in
Kahanaiki Stream as compared with Maunawili Stream. DO saturation levels are
depressed in Kahanaiki Stream relative to those in Maunawili Stream, while
conductivity levels are elevated by about 7 percent. This suggests that there maty
be relatively greater groundwater input to Kahanaiki Stream as compared to
Maunawili Stream. Lower DO saturation may be the result of the sample station
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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on Kahanaiki Stream being physically closer to the marsh and at a slightly lower
elevation (very bottom of the stream gradient).

Table IV-9. Summary statistics for selected physical water quality
parameters in Maunawili and Kahanaiki streams for the 2002-03 survey.
Parameter

Stream
mean

Temperature (ºC)
pH
DO saturation (%)
Conductivity (µmhos/cm)

Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki

22.5
22.7
7.7
7.5
61
42
209
224

Statistic
range

count

20.6 – 23.9

11

20.6 – 24.2

11

7.2 – 8.1

12

7.0 – 8.3

12

47 - 79

11

27 – 65

11

180 - 220

11

199 - 330

11

Turbidity levels were similar in both streams during the 2002-03 survey (Table IV10), while TSS concentrations were somewhat elevated in Maunawili Stream
relative to Kahanaiki Stream. The difference in TSS concentrations is probably due
to the fact that the downstream waters of Maunawili Stream transport a greater
volume of water per unit time, thus giving it more erosive capability (i.e., greater
competence) compared with Kahanaiki Stream.

Table IV-10. Summary statistics for particulate and nutrient water quality
parameters in Maunawili and Kahanaiki streams from the 2002-03 survey.
Parameter

Stream
mean

Turbidity (ntu)
TSS (mg/l)
Nitrate+nitrite (µg N/l)
Ammonia (µg N/l)
Total N (µg N/l)
Total P (µg P/l)

Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki
Maunawili
Kahanaiki

9.4
9.8
10.3
8.8
112
46
3
4
287
250
46
52

Statistic
range

count

4.7 – 48

12

3.7 - 57

12

3.6 - 69

12

2.7 – 56

12

76 – 657

12

24 – 232

12

0.5 – 22

12

0.5 – 60

12

228 -558

12

160 - 842

12

31 - 208

11

30 - 203

11

Nutrient concentrations are fairly comparable between the two streams, except for
nitrate+nitrite levels which are higher on average in Maunawili Stream by a factor
of 2.4 when compared to Kahanaiki Stream.
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KAWAI NUI MARSH — Once water enters the marsh, its movement (except
during large freshet flows) slows down and the water interacts with the vegetation
and sediments of the marsh basin. We known very little of the pattern of flow,
but can assume that during normal circumstances, surface flow on the upper
marsh is confined to the stream channels moving from the two upland streams
towards the Central Pond. Therefore, we would expect that our Station 5 on the
Central Pond more or less represents the water of the Upper Marsh (see Figure IV1). In the vicinity of the Central Pond, the surface mat is floating above the bottom
sediment, and the flow must spread out considerably. Our Station 7 would
represent water that has arrived at the middle of the marsh via the somewhat open
channel, or beneath the mat14, or both. Station 6 is located along the periphery of
the marsh at Na Pohaku, and subject to a set of circumstances related to the
restoration efforts there. The general flow within the marsh would be northward,
arriving at perhaps a good many points along the levee drainage stream, which
collects the flow and directs it westward to the Oneawa Channel Station 10
represents water arriving at the eastern end of the levee and Station 12 represents
water arriving at the western end. Only a few samples were obtained from Station
12, because this sample required locating fresh water exiting the marsh as small
rivulets and water falls flowing over the hidden levee separating the upper end of
the Oneawa Channel from the marsh, something that happens here only when the
marsh water level is well above normal. No samples were collected in this area
from the channel itself, because this water is brackish and would represent water
from the marsh that has already mixed with sea water.
Table IV-11 compares the input water quality (all measurements from Sta. 1 and
Sta. 2 combined and mean or geomeans recalculated) from the two Maunawili
streams with the means/geomeans for selected parameters at Sta. 5 (the Central
Pond) and Sta. 7 (Transverse Canal). All of the values show fairly marked changes
that presumably reflect physical and chemical reactions occurring in the marsh.
For example, there is a marked rise in temperature, at least once the water reaches
Sta. 7. The relatively modest rise in average temperature between stream input
water and Sta. 5 is perhaps indicative of the fact that the water moves directly
from the upper end of the marsh to the Central Pond. The differences between
Sta. 5-Sta. 7 and the stream input values mostly represents a rise in water
temperature as water ponds in the marsh. At Sta. 5, temperature deviation from
the stream average (that is, the difference between the Sta. 5 water temperature
and the average of the two stream measurements on the same sampling event)
was -0.6 to 1.3 C˚ with a mean deviation of 0.7. Thus, the actual temperature at

14

There is some evidence in our monitoring well data (see Section III) that the vegetation mat is not floating
along the margin of transverse canal, at least in the vicinity of water quality Station 7. If such is the case, water
sampled here may have mostly flowed here in the canal via the Central Pond.
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Figure IV-1. Water quality station locations and generalized surface water flow in
Kawai Nui Marsh. Large white arrows: surface freshet flow; small arrows on tail of
larger black arrows indicate where tidal flow occurs.
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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Sta. 5 deviates a bit more than the difference between the means suggests, and
includes two instances (January and February 2003) when the water in the pond
was actually slightly cooler than that in the streams . For Sta. 7, the range of the
deviations was 0.6 to 5.4 C˚ with a mean deviation of 3.1 C˚.
Table IV-11. Comparison of means for Maunawili/Kahanaiki streams (combined)
and Kawai Nui Marsh Station 5 (Central Pond) and 7 for 2002-2003 period.
Station

Temp.

Cond.

pH

Turbidity

Streams

22.6

217

7.6

Sta. 5

22.8

291

6.8

Sta. 7

25.7

1322

8.4

96

Ammonia

Total N

Total P

Chl α

TSS

Nitrate*

6.7

5.8

72

3

268

49

0.53

17.5

16.0

1

23

754

240

10.5

95

2

6

8811

2094

28.5

The means for conductivity and the geomeans for turbidity, TSS, Total N, Total P,
and Chlorophyll α show marked increases as water moves through the open,
central part of the marsh. The increase in conductivity could reflect evaporation
as the water sits in the warmed central marsh, or may indicate that other inputs
are occurring, for example from deeper groundwater leaking upwards into the
pond. Previous authors have played down groundwater inputs as a significant
source of water entering the marsh. On the other hand, Moye (2002b), on the
basis of anecdotal observations, hypothesized that inputs of groundwater were
occurring, especially during the wet season. The marked difference in
conductivity between Sta. 5 and Sta. 7 may be best explained as an indication of
an unmonitored (by us) source of water to the marsh in the vicinity of the latter
station.
The shifts in pH may, at first, seem odd. Initially, there is a change in pH to very
slightly acidic (pH = 6.8) as it moves from the streams (pH ~ 7.6) into the Central
Pond, a shift that theoretically could be expected from the breakdown products of
decaying vegetation. However, this shift is apparently offset by an increase in pH
to (an average of) 8.4 once the water reaches Sta. 7. An increase in pH of this sort
typically occurs as a result of primary productivity in the water column. That is, if
a substantial population of microscopic algae exists in the water, photosynthetic
activity during day-light hours produces dissolved oxygen and reduces dissolved
CO2. The latter reaction increases pH because dissolved CO2 forms a weak acid.
In this case, we do see (by the chlorophyll α values) that the phytoplankton
population increases considerably within the central open marsh; further, TSS
increases, reflecting a greater weight of particulates, probably microscopic algae.
We can now come to some conclusions about what these water quality
measurements tell us about Kawai Nui Marsh. The upper part of the Lower
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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Marsh, or more specifically the Central Pond and its extension the Transverse
Canal, behaves more like a lake than a marsh. Stream water enters and ponds
there, warming and developing a phytoplankton population supported by inputs
of inorganic nutrients, especially soluble nitrates and phosphates.
Changes in the nutrients (and Chl α) are plotted in Figure IV-2. for each station
(Sta. 6 not included, and data from Sta.s 1 and 2 combined) arranged by distance
from the upper end of the marsh. As water enters the marsh, nitrate is quickly
removed, although ammonia increases. The combined nitrate, nitrite, and
ammonia values (dashed line = inorganic N) shows that the net change is a steady
decrease in soluble, inorganic nitrogen indicating uptake by phytoplankton and
aquatic plants. A corresponding increase in phytoplankton (dotted line) is
evident. These inorganic nutrients are converted to organic forms: partly,
phytoplankton.
The remaining two stations: Stations 10 and 12, represent water coming out of the
marsh. Between these points near the levee and the water quality sampling
locations discussed above representing essentially the open water of the central
marsh, the normal flow of water is beneath a solid mat of peat and vegetation.
This very different aquatic environment results in changes to the water quality that
are mostly reversals of the pattern described above. Table IV-12 compares Sta. 7
(representative of the water just before flowing under the mat) and Stations 10 and
12 located at either end of the levee. Realize that Sta. 12 data are biased to wet
season (December, March, and April samples only) measurements.

Table IV-12. Comparison of water quality in the central open water (Sta. 7)
and water exiting the marsh at Stations 10 and 12 for 2002-2003 period.
Station

Temp.

Cond.

pH

Turbidity

TSS

Nitrate*

Ammonia

Total N

Total P

Chl α
28.5

Sta. 7

25.7

1322

8.4

96

95

2

6

8811

2094

Sta. 10

24.7

632

7.2

71

32

2

12

1192

530

36

Sta. 12

21.9

366

7.0

10.4

7

1

1

755

237

0.24

The Sta. 10 and 12 means for temperature, conductivity, pH, and geomeans for
turbidity and TSS all decrease relative to Sta. 7. This decline is greater for Sta. 12
than for Sta. 10, the former being furthest from Sta. 7 (representing a greater
distance of travel under the vegetation mat). We expect that the aquatic
environment beneath the mat is one of little or no light, and therefore
unsupportive of phytoplankton. Without light and phytoplankton, dissolved
oxygen gets used up and is not regenerated. DO at Sta. 7 averaged 3.7 mg/L; at
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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Sta. 10 it averaged 0.7 mg/L.15 All of these decreases reverse much of the change
in the same parameters that occurs between Sta. 5 and Sta. 7, leading to the
unexpected conclusion that in some respects, water quality at the lower end of
the marsh is similar to that in the Central Pond. However, this summarization is
only partly true.
10000
Maunaw ili &
Kahaniki
Streams

Total N

Levee

CONCENTRATION
(ug N/L or ug P/L)

1000

Total P

100
Inorg. N
Chl a

10
Ammonia
Nitrate+nitrite

1

0
0

2000

4000

6000

8000

10000

12000

DISTANCE from stream inputs (feet)

Figure IV-2. Changes in nutrient (and chorophyll α) concentrations
as water moves through Kawai Nui Marsh.

Difficult to explain is a steady decrease in conductivity (Table IV-12), although it
is possible that Sta. 7 is not typical for this value. For example, conductivity at Sta.
5 averaged 291 μmhos, so we see instead a steady increase in conductivity
15

Values obtained at Sta. 12 were similar to those at Sta. 7, but artificially enhanced because water
samples were collected from water falling off the interior levee/vegetation mat.
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between Sta. 5 and the levee stations. Clearly we need to investigate the
distribution of conductivity within the marsh in greater detail, but not because
these conductivity values are significant. Conductivity may provide a key to
understanding the relative contributions of surface and ground water to the
overall water budget of the marsh.
Turbidity, TSS, and Chl α decrease as expected: phytoplankton die and these and
other particulates settle to the bottom as the water moves slowly beneath the mat.
pH returns to a value close to neutral. The relatively high Chl. α value at Sta. 10
(36 μ/L) could be due to regeneration of phytoplankton in the lateral drainage that
normally flows slowly from the east end of the levee towards the Oneawa
Channel. Thus, we cannot state that the water at Sta. 10 is representative of water
just exiting from beneath the vegetation mat. Some of the water sampled here has
had a residence time in a vegetation-choked drainage channel.
Thus
temperature, turbidity, and TSS are elevated here relative to Sta. 12.
Reference to the right side of Figure IV-2 illustrates what happens to nutrients in
the transit beneath the mat. Inorganic nitrogen continues to be stripped out of the
water column (although ammonia appears to increase slightly at Sta. 10). Total N
and Total P decrease, although it is interesting to note that the values exiting the
system are greater than those for the two streams providing much of the input.
We feel that we have insufficient data points and sample locations to conclude
that these numbers represent or could be used to construct a nutrient budget for
the marsh. However, we can surmise that soluble inorganic forms of nitrogen are
efficiently removed from the stream system, but this process is mostly one of
conversion to organic and particulate nitrogen forms, initially by phytoplankton
uptake. Crucial, unanswered questions in any wetland—given the domination by
wetland plants—are: What is the dynamic of nutrients relative to the emergent
plant layer? Are nutrients being sequestered by the plants and ultimately by an
accumulating peat and organic rich sediment, or is this process more or less in
balance? To the extent that the marsh does strip inorganic nutrients from the
streams that flow into it indicates that at least one important function of a wetland
on the landscape is being performed by Kawai Nui Marsh.

VEGETATION
Smith (1978, p. 34) described the vegetation of Kawai Nui Marsh as follows:
The marsh vegetation is comprised of two major communities: (1) a
grass community composed of an almost pure stand of Brachiaria mutica
on the upper, mountainward side of the marsh and (2) an area of
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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Scirpus [=Schoenoplectus] californicus mixed with saw-grass, taro patch
fern, and minor amounts of other species. This community is aquatic
and occupies the area on the Kailua side of the marsh.
This division of the area into two wetland communities follows conceptually the
upper and lower marsh as shown in Figure II-1, and does match the present-day
vegetation in a broad sense. Differences with the plant community structure
observed today are really in the details, and that will be the focus of this Section.
The majority of Smith’s observations were qualitative and derived from traversing
parts of the marsh or observing from high points around the marsh. Our
observations are comparable.
While we generally agree that there are two broad areas of the marsh termed
upper and lower, we are only slowly approaching the ability to outline these for
the entire marsh as Smith did (see Section VI) based upon a series of aerial
photographs covering the period from 1926-1974. We have been creating our
own vegetation map, utilizing a relatively recent aerial photograph obtained by
the State Division of Forestry (Dave Smith, pers. comm.) and field reconnaissance.
For this report, we will first discuss each of the species of plants found in the
marsh. Following a brief description of the plant, this discussion will cover three
items: (1) the observations of Smith (in 1977-78) on this species; (2) our
observations made 25 years after Smith; and (3) our experience with this species
in regards to our habitat restoration efforts. Species are dealt with roughly from
most aquatic to least aquatic16, with similar species (either in terms of taxonomic
classification or nature) sometimes discussed together. Smith listed 17 species in
the bulrush community and 5 species in the grass community. Following the
discussion of the individual species, we introduce our vegetation map of Kawai
Nui to the point it has progressed as of completion of this report (September
2004).

Duckweed, Lemna aequinoctialis Welw.
This plant (Family Lemnaceae) consists of a small, bright-green leaf (3-6 mm
long) floating on the water (or wet mud) surface. A single, thin white root
extends down from the underside. Probably an introduced species, duckweed
has been in Hawai`i for over 100 years. Duckweed is not discussed in Smith
(1978), although she encountered three species (L. minor [= L. sp.], Spirodella
punctata, and Wolffia columbiana [= W. globosa]) in the marsh as listed in her
Table 3. Elliot and Hall (19) list Spirodella polyrrhiza [= Landoltia polyrhizza]
from Kawi Nui Marsh.

16

The order is not absolute. Species of similar proclivities with regard to aquatic habitat or soil wetness
are discussed close to each other in the list and could exchange positions in the listing.
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These plants are small and only conspicuous when massed over the
surface of a pond. Duckweed (L. purpusilla) appeared on its own in the
newly opened ponds at Na Pohaku in late 1999, completely covering the water
surface by February 2000. However, this plant disappears during summer low
water, usually not returning until the next spring when water level is again
high. It does poorly in our larger ponds with fish present (i.e., after 1999).

Water hyacinth, Eichhornia crassipes (Mart.) Solms
The water hyacinth is a floating plant (Family Pontideriaceae) distinguished by
each leaf having an inflated petiole (leaf stem), forming an air-filled float. The
leaves are arranged in a rosette, out of the base of which feathery roots extend
down into the mud or water. Spreads by runners (stolons). Conspicuous violet
flowers develop on a stalk rising up from the basal rosette. The water hyacinth
is an obligate aquatic plant that is adapted to spreading over a water surface
upon which it floats. This plant is a serious pest in tropical fresh waters almost
everywhere it has been introduced.
Described by Smith as “occurs rarely among the bulrushes” and ”most
conspicuous in a small pond (about 5 x 10 m) near Kailua Road, where it
occasionally forms a complete cover.” However, this species is mentioned in
Conant (1981) as the main component of the choking vegetation of open water
areas of the marsh. That is the case today, where nearly all of the open water
of the marsh (central pond and lateral canal) is covered more or less
completely (small areas remain open, but these shift around) by water
hyacinth. Shallenberger (1977) noted that a major storm in 1977 cleared large
portions of the marsh open water, significantly increasing the quantity and
quality of waterbird habitat that year.
Small water hyacinth plants appear occasionally around the Na Pohaku ponds,
presumably growing from seed. Others have been seen on bare mud along the
wetland access trail “B”. These pioneers are easily removed by hand.
Preventing this species from getting established (or removing where already
established) in any part in the marsh is important to recovering habitat for
water birds.

Water lettuce, Pistia stratiotes L.
This floating plant (Family Araceae) grows in the form of a rosette of fuzzy, pale
green leaves resembling a small head of bib lettuce. It is an introduced species
common in freshwater canals. It is fairly common along the inside of the levee
in Kawai Nui and was noted by Smith (1978) without comment or indication
that it was observed in the marsh. Because this plant is both a non-native and a
floating plant with potential to completely cover a water surface, it has not
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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been introduced at Na Pohaku. Nor has it been observed to volunteer there. It
does not seem to be present in the central waterways of the marsh.
Kariba weed, Salvinia molesta D.S. Mitch. and Azolla filiculoides Lam.
A naturalized, floating fern (Family Salviniaceae) that has proven to be very
aggressive in warm climates, growing over the surface of open water bodies.
Not noted by Smith (1978) and probably not present in the marsh until
relatively recently. This plant was noted as naturalized and growing in
Kaelepulu Pond (Enchanted Lake) and Lake Wilson (Wahiawa Reservoir) in
April 1999 (Palmer, 2003), and subsequently found growing in the drainage
channels along Kapa`a Quarry Road where it persists to this day, despite
numerous attempts at eradication there.
Another introduced floating fern, Azolla filiculoides (Family Azollaceae), is
seen covering open water and exposed mud along the marsh drainage stream
paralleling the inside margin of the flood control levee. This species is not
considered an aggressive weed, and can be easily separated from bright green
Salvinia by the fact that Azolla typically develops a dark red to purple
coloration. The pinnae (0.5-1.5 cm long) are much smaller than those of
Salvinia (2.4 to 3 cm).
Egyptian lotus, Nymphaea lotus L.
A plant related (both in the Family Nymphaceae) and resembling somewhat a
water lily, Egyptian lotus is a true (obligate) aquatic plant. This species is
reported by Smith (1978) from the marsh, but has not been seen by us. These
plants are not considered naturalized in Hawai`i, but appear in waterways by
the actions of man, where they persist. Not observed by us.

Ung choi or swamp cabbage, Ipomoea aquatica Forsk.
Ung choi is a vine (Family Convolvulaceae) with hollow stems that grows on
the banks and out over the surface of the water of streams and canals. It is
more common to encounter this plant where it has been planted for harvesting.
Listed as occurring in the marsh by Smith (1978). Not seen by us.

Arrowhead, Sagittaria latifolia Willd.
Arrowhead is a plant (Family Alismataceae) that grows from a low stem,
sending up bright green, arrowhead shaped leaves on hollow petioles, growing
much like a taro. The flowers are completely different, being white and
somewhat showy.
Smith (1978) described this species (as S. sagittifolius) as occurring near the
large lake (i.e., the central pond), where over a limited area it comprised
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)
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almost 50% of the plant cover. She described it as evident only during the wet
season. We concur that the west shore of the central pond is where this
wetland obligate is found, and it is locally abundant. The plants are less
conspicuous, but still present, during the dry season.
Because arrowhead is an introduced species, no attempt has been made to
introduce this plant to the ponds at Na Pohaku. The species has not
volunteered at Na Pohaku either.

Bulrush, Schoenoplectus californicus (C.A. Mey.) Palla
Great bulrush (Family Cyperaceae)17 is a very distinctive plant, even from a
distance. A creeping rhizome remains buried in mud, sending up 3+ m tall
hollow stems that are dark green and sharply pointed at the tip. No leaves are
produced, and flowers are individually small and brown, growing from a
branched structure that erupts below the stem tip.
Smith (1978) regarded this as the dominant plant of the “ponding basin” or
lower marsh and having a cover value of 75-80% in the bulrush community.
Both para grass and saw-grass were noted as intermingling with bulrush where
the former grew in pure stands adjacent to the bulrush. Although her
quantitative quadrats were limited to five lines run inland for up to 150 m from
off the levee, bulrush is seen to be recorded as dominant in only one area
(quadrats 30-33). Everywhere else, saw-grass is at least co-dominant or the
transect could not be completed because coverage by saw grass was
considered impenetrable.18
In terms of coverage across the lower marsh, bulrush is certainly a prolific
species, forming sometimes nearly pure stands and at other times stands
occurring mixed with para grass. The dark color of this plant makes it stand
out amidst all of the other vegetation, perhaps giving the impression of greater
biomass than actually exists. Bulrush is also conspicuous lining channels at the
edge of the marsh, especially in the vicinity of the levee (where the Smith
transects were run). Our assessment is that bulrush is the dominant wetland
17

The Family Cyperaceae includes the rushes, sedges, bulrushes, and similar plants, many of which are
adapted to conditions of wet soils and are considered to be typical inhabitants of marshes. This
family is well represented in the list of species discussed here.
18
A total of five transects were run, but two were terminated after 20 meters (2 samples) because the
stand was purely C.jamaicense beyond that point. Saw-grass is all but impenetrable without causing
serious injury. Table 1 in the report from which presents the Braun-Blanquet cover values suffers
from misalignment of the species with their respective values. The statement in the table that
“Cladium [jamaicense] is over-represented (repeated in the text on page 47) because of impassibility
through pure stands of this plant” seems to be a mis-statement, and should read “under-represented”
considering that quantitative data could not be collected from two transects through saw-grass stands.
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plant inland of the transverse canal (where it is co-dominant with paragrass and
cattail) on the west side of the lower marsh. It is the dominant plant over most
of the eastern side of the lower marsh. However, makai or north of the
transverse canal it is abundant only in those areas of extensive tree growth (see
below); this part of the marsh is clearly dominated by saw-grass.
Bulrush is only present in Na Pohaku ponds because of a planting (of several
stem gathered further out in the marsh) in one area. The stand is now much
enlarged19 and poses an eventual threat to taking over the area where it was
first planted. The bulrush stand readily spreads vegetatively into adjacent areas
with exposed peat mat and more slowly into shallow, open water of the pond.
No seedlings have ever been observed anywhere at the restoration project.

`Uki, saw-grass, Cladium jamaicense Crantz
`Uki or saw-grass (Family Cyperaceae), although growing to considerable size
(1+ m high and perhaps 2 m across) is nonetheless somewhat inconspicuous
because the plant consists of long, narrow, arching, light green leaves forming
a dense bunch. The leaves quickly attract your attention if you attempt to move
through a growth of saw grass as they are armed with sharp, backward set teeth
that easily cut flesh if movement is against the orientation of the teeth. From a
distance, saw-grass is best observed when the plants are in flower (late
summer) as the flowers are small, but numerous, from light to dark brown and
borne on stalks that arch above the plant. The flowers give the whole stand a
brownish tinge recognizable at distances of up to 1 km.
Smith (1978) describes saw-grass (as C. leptostachyum) as “the second most
dominant plant in this [bulrush] community…” noting that it “occurs as
discrete patches and to some extent intermingled with [Shoenoplectus].”
Cover value for this plant for all of the bulrush community was given as 5-10%.
She also related that the root mat of saw-grass was too thin to walk on, in
contrast to that of bulrush that “forms thick mats of roots and living material
which are substantial enough to walk on.”
Although our experience with bulrush is that it does not form an especially
thick mat, we have no experience with attempting to traverse pure stands of
saw grass inasmuch as very little grows anywhere south of the transverse
channel. The saw-grass there grows mostly at the edge of the channel, and in
this setting does not presently appear to be forming a mat at all. However,
19

The high water period that lasted from November 2003 through April 2004 killed most of this stand. Indeed,
another characteristic of Giant bulrush is extensive areas of dead culms and wind-damaged stands; Giant
bulrush stands seen from a distance and in aerial photographs are either mostly dark green or mostly light
brown.
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observation out into the marsh from high points, reveals that a pure stand of
saw-grass occupies a very substantial part of the lower marsh, especially the
western half between the transverse channel and the levee. This stand is
mostly just saw-grass, although there exists scattered patches of other species,
notably bulrush and cattail. There are no other comparable monotypic stands
of any plant in the marsh with the exception of papyrus (see below). We
would place saw-grass as covering between 40 and 50% of the lower marsh, a
substantial increase over the coverage reported by Smith (1978).
Although we have found saw-grass plants difficult to transfer from where it
occurs far out at the end of trail “B” back to the pond restoration project (few
keikes take when moved), a few plants are now established and growing
adjacent to the ponds. The plants are slow growing here, and the oldest
(perhaps established for 18 mos to 2 yrs) is just flowering in late summer 2003
(all were flowering in mid-2004). This plant does not occur naturally
anywhere near Na Pohaku.

Common cattail, Typha latifolia L.
Cattails (Family Typhaceae) have tall gray-green, strap-like leaves arising from
near the base of the plant and distinguished by a single flower spike at the end
of a stem that matures and persists as a dark brown "bob." The green part of
the plant grows up from a creeping, underground stem called a rhizome.
Smith (1978) noted that cattail occurs in the bulrush community as pure stands
5 to 20 m across. She estimated that total coverage by cattail in the bulrush
community at less than 1 %, but could not map this species. Elsewhere (p. 4445), she listed cattail as part of the “grass community” but not the “bulrush
community.” Today cattail is a dominant plant in many parts of the lower
marsh and across the boundary into the upper marsh. Certainly more than 1%
of the marsh is occupied by cattail, which tends to form pure stands, although
stands mixed with para grass and swamp cyclosorus (neke) are not uncommon.
In these situations it is difficult to predict which way an area is going, as each
species can successfully invade the other.
Cattail rhizomes are well established in the marsh at Na Pohaku, requiring
some control (presently, cutting or pulling, and herbicide treatment) to keep
this introduced species from dominating the landscape. Herbicide (Rodeo) is
not particularly effective (it stunts the leaf growth for a time) because the stem
can remain viable underground; cutting provides only short-term clearance of
the mat surface. Wetland habitat enhancement efforts at Na Pohaku would
seem to encourage the growth of cattails, which are persistent colonizers of
wet mud areas. Most effective at reducing colonization is to minimize exposed
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)

Page IV-19

FINAL //\\\//\\\//\\\//\\\//\\\//\\\ FINAL //\\\///\\\//\\\//\\\//\\// FINAL \\\//\\\///\\\//\\\//\\\//\\\//\\ FINAL

wet mud surfaces. The wind-born seeds do not germinate if landed on open
water or a surface dominated by ground covers such as `ae`ae (Bacopa). Hand
removal of the distinctive seedlings is effective at controlling future growth in
areas of established native vegetation. Indeed, once the native vegetation,
dominated by `ae`ae at Na Pohaku, becomes established, cattail becomes a
generally minor weeding problem, despite the proximity of adjacent abundant
production of wind-borne seeds.

Papyrus, Cyperus papyrus L.
Papyrus is a large, distinctive sedge (Family Cyperaceae) that approximately
resembles the umbrella sedge (C. alternafolius). However, in Kawai Nui, the
culms (hollow stems) of papyrus are over 3 m and approach 5 m in length, and
are topped by a dense head or tuft of narrow rays. This plant is a popular
ornamental in small garden ponds, and not widely naturalized. However, it is
very apparent in Kawai Nui, although limited to stands that are circular in
shape, each presumably representing vegetative growth outwards (like a “fairy
ring”) from a single initial colonization. These are distributed mostly on the
eastern side of the marsh (off Ulupo), with one stand located off Na Pohaku
near the central pond (a second stand was discovered in 2004). These growths
are so conspicuous (and the plants so large) that their absence from the plant
listing in Smith (1978) can only be interpreted one way: no significant papyrus
growth was then present in Kawai Nui Marsh20.
The papyrus stands in Kawai Nui support no other vegetation except that maile
pilau (Paederia scandens), a vine, sometimes invades around the margins. The
stands appear to simply expand by vegetative growth outwards, displacing
whatever is growing there. The nature of the papyrus growth over the past 20
years suggests that this species poses a clear danger to becoming the dominant
invasive species in at least a substantial portion of the marsh, but its eradication
could be successful. The large size of the stands will present considerable
difficulty in attempting to remove them, but regrowth from seeds seems
unlikely to occur.

Makai, kaluha, Bulboschoenus maritimus (L.) Palla subsp. paludosus (A
Nels.) T. Koyama
This indigenous wetland bulrush (Family Cyperaceae) is very distinctive with its
three-sided upright growth and multiple, full light brown flower heads. This
species is found typically in wetlands close to the sea. Three small plants were
20

The very conspicuous growth of papyrus near the west side of the central pond is adjacent to the area
of significant arrowhead growth described by Smith (1981) indicating, we think, that she explored this
area and would have noted any sizable papyrus plants which now tower over all of the other
vegetation in this area..
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collected from a drainage ditch at Kapiolani Park and planted at Na Pohaku o
Hauwahine in June 2000. The plants have spread rapidly, both by seed and
runners, and new plants are quite large compared with the population in
Waikiki. Growth is seasonal, with mature upright growth turning brown and
production of new shoots curtailed during the colder months. Not previously
recorded from Kawai Nui Marsh and not seen by us elsewhere in the marsh.
This last species and all of the others discussed above this point in the text are
considered to be obligate wetland plants. That is, species that are found nearly
always in wetlands. The remaining plants are facultative wetland plants: plants
typically found in wetlands, but also occurring in uplands, usually in wet areas.

`Akiohala, hau hele wai, Hibiscus furcellatus Desr.
This indigenous hibiscus (Family Malvaceae) used to be fairly common on
O`ahu, but is seldom seen any more. It grows as a somewhat lanky shrub with
distinctive brownish-red stems covered with stiff hairs. The plant bears solitary,
pale lavender to rose colored flowers on bare branches that rise above the
sparse foliage.
Reported by Smith (1978) (as H. youngianus) who saw a single specimen. We
discovered hau hele wai growing naturally in the marsh at the end of Trail “B”
along the transverse channel, and propagated plants from cuttings and seeds to
be planted at Na Pohaku. Most of the planted specimen have done well, and
the species now seeds naturally in the area.

Wild cane, Saccharum sponteneum L.
Wild cane (Family Poaceae) is a large grass that forms conspicuous, isolated
clumps scattered about the marsh. In addition to long arching green leaves,
there is usually a good number of dead leaves present, giving the dense
bunches a distinctive appearance. These plants seldom flower here.
Smith observed about 10 stands (presumably one or a few plants per stand) of
wild cane near the levee, noting them only because they were conspicuous.
This plant appears scattered about the central pond and along the margin of the
transverse channel. In some cases, the plants appear to be associated with a
fragment of floating mat separate from the main mat. It may be that these are
pieces of stem and root carried into the marsh during freshets. There is a stand
of a large grass (unidentified, but resembling either sugar cane or pampas grass)
on Kahanaiki Stream just above Kalanianaole Highway.
One or two plants thought to be wild cane have volunteered at Na Pohaku.
These have been weeded out before identification could be established Proper
identification requires observing the flowers; but the central pond specimens
KBAC RFP RT-01-06 (Stream/Wetlands Restoration)

Page IV-21

FINAL //\\\//\\\//\\\//\\\//\\\//\\\ FINAL //\\\///\\\//\\\//\\\//\\// FINAL \\\//\\\///\\\//\\\//\\\//\\\//\\ FINAL

and those accessible along the transverse channel have not flowered in two
years of monitoring.

Umbrella sedge, Cyperus alternifolius L.
Umbrella sedge is a distinctive sedge (Family Cyperaceae) that grows to 2 m in
height and is bright green in color, with the a head of leaves whorled at the
upper end of a long culm (hollow stem) appearing somewhat umbrella-like.
Noted as present in Kawai Nui by Smith (1978). We have noted that this plant
appears to be invading the marsh along the boundary between the upper and
lower marsh, although it can be found in small clumps widely distributed
about the marsh. This plant does invade areas near Na Pohaku by seedlings
and these are removed when discovered.

‘Ae’ae, water hyssop, Bacopa monnieri L. Wettst.
A low-growing (creeping) rather succulent plant (Family Scrophulariaceae),
bright green in color with white to pale lilac, 5-petal flowers. Water hyssop
forms mats on wet ground or floating out across a water surface, the stems
rooting regularly at the nodes. This indigenous species is typically found in
lowland wetlands in Hawaii.
Smith (1978) only lists this species as having been recorded by Elliott and Hall
(1977), although previous to our efforts at transplanting the species to Na
Pohaku, it was abundant along the narrow marsh drainage stream immediately
south of the levee where Smith conducted her transects.
Two "mats" of ‘ae’ae were transferred from the north side of Kawai Nui to Na
Pohaku in May 2000 soon spread over the area. Today, this plant dominates
the scene forming a nearly continuous ground cover over large areas of cleared
marsh border and along the levee pathways. This species spreads and seeds
readily on pond margins, and is now the most abundant plant in the wetland
restoration area. The dense, spreading growth tends to exclude seeding by
other species. With some minimal maintenance to remove occasional
seedlings of para grass and cattails, only dayflower (Commelina) is effective at
invading established Bacopa beds (see below). This plant will grow over any
exposed mud surface, and appears to be only limited by deep shading. Even a
rise in water level often results in a floating mat of `ae`ae off the shoreline.21
Kamole is able to compete by getting establish early (before the ‘ae’ae closes
over) and then growing above it. Although sometimes regarded as a pest
(USFWS, pers. comm.) because of this aggressive growth, this low-growing
21

However, the continuous high-water from November 2003 through April 2004 did kill most of the `ae`ae
growing in areas where the ground did not float up (non-peat mat areas).
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native plant offers our project significant hope of maintaining large areas of
pond border free from invasives such as day-flower and cattail. Like kamole,
the design and method of construction of the wetland habitat favor this plant.

Honohono wai, dayflower, Commelina diffusa N. L. Burm.
This wetland plant (Family Commelinaceae) typically consists of short erect to
prostrate growing stems with roots forming at the nodes, alternate, pointed
leaves, and small, bright blue flowers. This is a naturalized species widespread
in wet areas in Hawai`i.
Smith (1978) lists this species as an upland plant at Kawai Nui. However,
under conditions of our pond restoration, this species is a pest. Honohono wai
grows extensively on pond margins and well back into dry areas at Na Pohaku
o Hauwahine if encouraged by rain during the wet season. It is generally
difficult to control by hand weeding or cutting, because pulling the runners
leaves nodes behind that quickly resprout new growth. Persistent weeding in
areas of established `ae`ae and herbicide sprays in pure honohono wai stands
can eliminate growth of this species, which relies on vegetative growth to
spread and dominate, rarely producing seedlings.

‘Ahu’awa, Mariscus javanicus (Houtt.) Merr. & Metcalfe
‘Ahu’awa is a coarse, medium-size sedge that is indigenous to the
Hawaiian Islands, forming dense gray-green clumps in wetlands and
along streams and some non-wetland sites. This species is unknown
from Kawai Nui, although potentially a candidate species for the shores
of our restoration ponds. A large number of plants were obtained in mid2003 from Hui ku Maoli Ola (Matt Schirman and Rick Barboza; donated
by Lisa Ferrantino) for planting at Na Pohaku (and later purchased from
the same source for planting at the mitigation islets). Although many of
these plants were subsequently drowned and perished in the rising water
after November 2003, many did survive and have produced flower
heads. We have yet to evaluate the success of the introduction owing to
a lack of access to the ponds through all of 2004.
Cyperus polystachyos Rottb.
An indigenous sedge mostly under 1 foot tall. Having appeared naturally
sometime in late 2001 at the wetlands restoration site, this plant has since
spread rapidly, producing large amounts of viable seed. C. polystachyos
rapidly became the dominant sedge in the restoration project. Like other
species mentioned, this plant is clearly favored by our activities. Not noted
previously from Kawai Nui marsh.
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Kamole or primrose willow, Ludwigia octovalvis (Jacq.) Raven
Kamole (Family Onagraceae) is thought to be a Polynesian introduction. This
herbaceous shrub with yellow, 4-petal flowers grows in wet places, and
regarded as a pest in lo’i kalo. The leaves are long and narrow, the fruit a long,
ribbed capsule.
Smith (1978) mentioned this species only in context of the stream banks at the
extreme upper end of the marsh where “a Xanthosoma [also] was found
sparsely to rarely”. Although it does occur elsewhere around the margins of
the marsh, it is rare to find it in the wetland, except at Na Pohaku. Kamole
rapidly colonizes areas opened by clearing of the vegetation (mostly cattail)
and digging at Na Pohaku. Colonization has a definite seasonal peak in the
spring, although seedlings seem to be always germinating, growth is slow at
other times of the year. This plant has come to dominate the levee trails at the
restoration project. Once established the plants are perennial and reach a
healthy height of 0.7 m if left alone. An abundance of kamole transforms the
look of the restored ponds as the vegetation matures. This situation seems to
be an outcome of the way the ponds have been constructed (see page V-3).

Hau, Hibiscus tiliaceus L.
Hau is a large tree related to hibiscus (Family Malvaceae) with lengthy
branches that spread laterally forming a dense thicket. This plant is either
indigenous or a Polynesian introduction. It grows typically in wet places as
along slow moving streams and wetland borders. Listed by Smith (1978) as an
upland plant, it certainly is this throughout most of the Kawai Nui area, but
also grows down to the edge of the marsh at Na Pohaku and elsewhere. A few
plants are growing well out on the mat near the central pond. Because of its
size, hau has the potential for shading significant parts of the project ponds, so
the trees are regularly trimmed.

Para grass, Urochloa mutica (Forssk.) T.Q. Nguyen
An introduced grass (also as Brachiaria mutica; Family Poaceae), widespread in
wet areas in the tropics, California or para grass is a large grass with a
spreading habit. Although not really aquatic, the long stems grow horizontally
as much as 6 m (20 ft) out from the shore of ponds and wet areas, eventually
covering the surface and obscuring open water. California grass will grow to a
height of several feet (about 1 m), or higher if supported on other vegetation.
Smith (1978) considered the grass community to be nearly a pure stand of para
grass. She also noted that it appeared in the bulrush community “where low
spots create a situation of permanently standing water.”

KBAC RFP RT-01-06 (Stream/Wetlands Restoration)

Page IV-24

FINAL //\\\//\\\//\\\//\\\//\\\//\\\ FINAL //\\\///\\\//\\\//\\\//\\// FINAL \\\//\\\///\\\//\\\//\\\//\\\//\\ FINAL

Para grass remains the dominant species in the upper marsh. The observation
that invasion of the lower marsh was where permanent standing water was
present is unsettled. Our experience is that para grass grows in areas where
there is less likelihood of standing water, and the advance of para grass from
the upper to the lower marsh may be retarded in the wet season or in very wet
years, when ponding is most prevalent. Nonetheless, there are many places
where para grass occurs in the lower marsh as the dominant vegetation, and
flooding of areas covered by para grass does not lead to its eradication from
those areas. This circumstance may be due to the rapid growth of the plant
from the “shore”. No matter what harm befalls para grass in flooded areas, the
dead stems merely serve as a bed for expansion of the grass from rooted areas
higher up once the water level begins to drop.
Maintaining pond habitat at Na Pohaku requires weeding out the para grass,
usually with weed-wackers and herbicide, followed by hand removal of
occasional seedlings, which are easily identified by their rapid growth and
hairy stems (compared with other grasses that volunteer in this area). Hand
weeding is an effective control once an area is replanted to desirable species.

Seashore paspalum, saltgrass, Paspalum vaginatum Sw.
Low growing (usually under 25 cm or 1 foot), dark green grass (Family
Poaceae) found along the edges of coastal (brackish) wetlands. Although not a
native species, this grass is naturalized throughout the Hawaiian Islands along
the banks of estuaries and coastal ponds. Planted from cuttings along the
inland edge of our initial pond at Na Pohaku in February 2000, this species
initially spread rapidly. Growth around the ponds is encouraged to soften the
borders and limit colonization by weedy species. Although spreading readily in
the restoration area by runners and seed, seashore paspalum is readily outcompeted by `ae`ae in most areas. If established, stems are able to hang on
within the ‘ae’ae, but dense growth fails at that point. A species not mentioned
in Smith (1978), although extremely common along the estuarine Oneawa
Channel near where her transects were conducted.

Neke or swamp fern, Cyclosorus interruptus (Willd.) H. Ito
The swamp fern or neke is an indigenous fern (Family Thelypteridaceae) with
leathery green fronds that may exceed 1 m in length (generally smaller in the
marsh), and have leaflets with coarse, saw-like edges. Although a terrestrial
plant, neke is common in wet areas and the most abundant native plant in the
vegetation-choked marsh near Na Pohaku o Hauwahine.
Smith (1978) noted that it occurred throughout the bulrush community, “and in
one small area (about 12 m across) forms an almost pure stand.” It is possible
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that this area is the same one on our Trail “B” between wells B3 and B-4
(Figure III-11). Also as noted by Smith, the mat formed by the intertwining
roots and stems of the fern is strong. This fern is widely scattered in the
middle part of the marsh, sometimes inconspicuous among para grass and
other weedy species. Other small stands dominated by neke occur in the
marsh.
It has so far proven impossible to transfer or encourage this fern to the manmade ponds at Na Pohaku. Transplants do not succeed, and even areas where
the fern occurs naturally near the ponds, lose this species as the work proceeds
towards them.

False daisy, Eclipta alba (L.) Hassk.
Upright or sometimes spreading plant (Family Asteraceae) with narrow, graygreen leaves and small white, daisy-like flowers. This non-native wetland
border species occasionally appears in abundance along pond margins. It is a
favored food of our resident mallard duck. Recorded by Smith (1978) as
occurring in or around the marsh. In general regarded as a weed, it competes
poorly against Kamole and `ae`ae in our project area, although manages to
hang on.

Indian fleabane, Pluchea indica (L.) Less
Indian fleabane (Family Asteraceae) is a shrub regarded as a wetland border
plant throughout the tropics where it is widely naturalized. Noted as occurring
in or around the marsh by Smith (1978). This weedy invasive has not been
seen by us within the marsh, only in some disturbed areas (as along the inside
face of the levee). Seedlings rarely do appear at Na Pohaku.

Paperbark tree, Melaleuca quinquenervia (Cav.) S.T. Blake
Also called swamp mahogany, the paperbark tree of landscape popularity is
highly adaptable species.
Smith (1978) mentioned that “[t]here are about 30 paperbark trees..” near the
Kailua levee. This number appears to not have changed much in 25 years,
although the number of invasive individual trees in the marsh is now well into
the thousands. Efforts by the state to remove trees from the marsh have
resulted in removal of some in 2002 (Dave Smith, pers. comm.). Paperbark is
present in the northern part of the marsh, but not present in the middle or
southern part. However, a number of other terrestrial tree species are invading
both areas, including in rough order of present day abundances (paperbark is
third): fiddlewood (Citharexylum caudatum), octopus tree (Shefflera
actinophylla), Moluccan albizia (Falcataria moluccana), Chinese banyan (Ficus
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microcarpa), Christmasberry (Schinus terebinthefolius), ironwood (Casuarina
equisetifolia), and monkeypod (Samanea saman). Hau (see above) should also
be considered invasive in the same respect as these others where hau plants
are established within the marsh (as opposed to the marsh border).

Marsh pea, Vigna luteola (Jacq.) Benth. And other vines
Nanea (Vigna marina) is an indigenous vine (Family Fabaceae) that is common
on beaches and in sand deposits around coastal wetlands behind beaches. A
very similar species was observed in the middle of the marsh (end of Trail B)
and then appeared at Na Pohaku around “imported” saw-grass plants (possibly
from seeds brought in with the saw-grass, as the plants were obtained from the
end of Trail B). All of the plants we have observed are eventually attacked by a
mite, although the plant is now (2004) reappearing from seed. This species was
eventually confirmed to be Vigna luteola, the marsh pea (Clyde Imata, pers.
comm.). Neither species was reported by Smith (1978) from Kawai Nui.
Numerous other herbaceous plant species that would not at all be regarded as
wetland plants, can be found invading different parts of the marsh. The most
ubiquitous near Na Pohaku is maile pilau (Family Rubiaceae; Paederia
scandens). This vine covers large areas around our Trail A, where it either
dominates or intermingles with para grass and cattail.
There are a number of other weedy species of non-wetland plants listed by Smith
(1978) as part of the bulrush community, but each having cover values less than
1%: Conyza bonariensis, Emilia fosbergi, Pluchea carolinensis (as P.
symphytifolia), Sonchus oleraceus, and Spathoglotis plicata. These are
opportunistic species whose inclusion in the list of plants found in Kawai Nui
Marsh is unexplained.
Plantings attempted but not successful at Na Pohaku in the wetland restoration
area include makaloa, a sedge (Family Cyperaceae; Cyperus laevigatus L.) and
kalo or taro (Family Araceae; Calocasia esculenta). Both species are of cultural
interest and utilized in wetland restorations all over the state. Our experience is
that makaloa does poorly in the peaty soil and low dissolved oxygen water of
Kawai Nui Marsh. Kalo also does not do well, although this may be due to the
large population of apple snails (Pomacea canaliculata) present in the ponds. The
fact that the water is not regularly refreshed and cool may also limit the success of
growing kalo here.
Other potential wetland species observed by Elliott and Hall (1977), but not seen
by either Smith (1978) or us include Ceratopteris siliquosa (swamp fern),
Eleocharis acicularis, E. obtusa, and Monochoria vaginalis.
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VEGETATION COMMUNITY MAP
Figure IV-2 is a map of Kawai Nui Marsh with vegetation assemblages delineated.
This map is based upon an aerial photograph22 of the entire marsh at an approximate
scale of 1 in= 400 ft and loaned to the author by David Smith of the Department of
Land a Natural Resources (DLNR, DOFAW). A reduced, color printer version on 8.5
x 11 inch paper was also provided. The latter was used to develop a tracing of the
roadways and other features, margin of the marsh, open water areas, and lines
marking distinct changes in vegetation across the marsh. The tracing was then
scanned to a JPEG image and the pencil lines converted to sharp lines using Adobe
Photoshop. This image was then “colored” in shades of gray to represent various
vegetation assemblages as described below.
The original photograph was taken on June 2, 1996. Thus, most of the outlines in the
drawing represent a merging of what can be seen on the photograph and what can be
established by ground-truthing. As with any aerial photograph of vegetation, and
especially of a wetland as complex as that of Kawai Nui, boundaries evident from the
air may or may not have any significance relative to vegetation composition on the
ground. Because the marsh vegetation is nearly all herbaceous, only subtle color
differences mark transitions in vegetation type, and these are in most cases less
obvious than differences representing water flow, soil or sediment moisture, die-back,
wind damage, etc. to the vegetation.

22

Air Survey Hawaii no. 1588 1-2
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Figure IV-2. Plant communities of Kawai Nui Marsh and vicinity.
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Although a few of the vegetation assemblages are clearly dominated by one species
and approach monotypic communities, most areas are not. It was therefore decided
to map the dominant associations. These are coded by number (and shading) on the
completed map (Figure IV-2) using the following codes:
OPEN WATER HABITATS:
01 — Open water, fresh. In the central complex, mapped largely on ponds as
they appear in a June 1996 photograph.
02 — Open water, fresh, covered by floating aquatic plants. Plants the dominate
these areas are mostly water hyacinth (Eicchornia crassipes) (central pond
complex and lateral canal), Pistia and Azolla (marsh drainage stream), and
Salvinia molesta (Kapa`a Quarry Road drainage canals).
03 — Open water, brackish.
04 — Open water, brackish-marine (Oneawa Channel).
05 — Open water, fresh, flowing stream (Maunawili, Konahiki, and Kapa`a
streams).
CENTRAL MARSH PLANT ASSEMBLAGES
10 — Monotypic stand of saw-grass (Cladium jamaicense)
11 — Bulrush (Schoenoplectus sp.) dominated wetland. In places this assemblage
is mixed with Para grass, and several other wetland species a well.
12 — Cattail (Typha latifolia) assemblage; in many areas Paragrass is codominant. Other complexes in which cattail was not necessarily dominant
were mapped as well: Sagitaria, Cyperus alternifolia, neke fern.
MARSH MARGIN PLANT ASSEMBLAGES AND MISCELLANEOUS OTHER
GROUPINGS
20 — Pasture lands, typically dominated in ungrazed areas by paragrass.
Dominant grass(es) in cattle grazed areas not yet determined.
21 — Paragrass community. In most areas where this type was mapped, the
paragrass (Brachiaria mutica) is the only dominant species. However, in
some places, terrestrial vines (such as Canavalia cathartica and Paederia
scandens) are present and small or sparse patches of cattail and/or bulrush
occur.
22 — Wild cane (Saccharum spontaneum; also as “C” on map).
23 — Areas where neke fern (Cyclosorus interruptus) dominates.
24 — Hau (Hibiscus tiliaceus) stands.
25 — Elephant grass (Pennisetum purpureum) stands.
26 — Mangrove-Pickleweed (Rhizophora mangle and Batis maritima) assemblage
(mostly Hamakua Marsh).
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TERRESTRIAL PLANT ASSEMBLAGES
30 — Dry-land (non-wetland) forest dominated by monkeypod with understory of
koa-haole and with a number of other tree species (Syzigium cumini,
Citharexylum spp., Spathodea campanulata, Schinus terebinthefolius,
Schefflera actinophyla) present as well.
31 — Dry-land (non-wetland) “forest:” dominated by koa-haole (Leucaena
leucocephala) and Guinea grass (Panicum maximum).
R — Ruderal; disturbed areas. Also, some “urban” or developed areas.
The vegetation map produced by Smith (1978) is discussed and compared with our
map in Section VI of this report.
2006 ADDENDUM: The map in Figure IV-2 was used as a basis for further plant
distribution studies (including extensive ground-truthing of most areas within the marsh)
during mid-2005. A revised map of Kawai Nui Marsh Vegetation Assemblages was
produced (Oceanit, 2005). A list of plant species from Kawai Nui and vicinity was
prepared. As this listing was an extension of the work done under the KBAC grant, the
latest version is included on pages that follow.
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PLANT LIST FOR KAWAI NUI
March 15, 2006

AECOS No. 1090

Table IV-13 is a listing of the flora of Kawai Nui Marsh and immediately adjacent
uplands. For the purpose of this report, all plants encountered during the field
surveys, plants observed during other surveys, and while working in and around
the marsh, and plant listed in older references (specifically Smith, 1978; Elliott
and Hall, 1977; Shallenberger, 1977, Char, 2001) are included. With respect to
plants found in environments other than the marsh itself, an arbitrary boundary of
the Kailua drainage canal (makai side of Kailua levee), Kailua Road, Kalanianaole
Highway, Kapa`a Quarry Road (sometimes called “Dump Road”), and Mokapu
Blvd. to a point across Oneawa Channel from the Kailua drainage channel was
used (see Fig. IV-2). Bounding the survey area in this manner served the purpose
of avoiding difficult field decisions where the transition from wetland to upland
would be far from clear and served the purpose of including many upland plants
whose distribution brings them in close proximity to the wetland and therefore
that might also distribute into Kawai Nui Marsh presently or in the future.
Table IV-13 serves as check list and reference for the taxonomy used in the text.
We have also included estimates of abundances of each species in the four broad
categories of plant assemblages found in the survey area: 0 – open water or
aquatic environments, 1 – marsh peat beds, 2 – wet meadow, and 3 – uplands.
Thus, it can be seen readily how each species is either distributed into or not into
the marsh. Note that with reference to Fig. IV-2, the number codes here are the
first digit of the assemblage codes mapped and described on page IV-30. Taking
for example the listing of ferns, we see that there are two species (Azolla
filiculoides and Salvinia molesta) that grow in open water areas (both are floating
ferns), and neither occurs in other environments. There are also three species
seen or reported from the lower marsh: Cyclosorus interruptus, Nephrolepis
multiflora, and Ceratopteris thalictroides. The first two are most abundant on peat
of the lower marsh but do occur elsewhere, and the third has note (3) indicating it
was reported by Elliott and Hall (1977) but has not been seen since.
The
majority of fern species listed are not found in the marsh, but in the uplands
immediately surrounding the marsh.
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Table IV-13. Checklist of plants found in and around Kawai Nui Marsh,
Island of O’ahu, Hawai’i.
Wetland

ABUNDANCE

code

0

1

2

3

FERNS & FERN ALLIES
ANTHYRIACEAE
Deparia petersenii (Kunze) M. Kato
AZOLLACEAE
Azolla filiculoides Lam.

BLECHNACEAE
Blechnum appendiculatum Willd.
LINDSAEACEAE
Sphenomerus chinensis (L.) Maxon
NEPHROLEPIDACEAE
Nephrolepis multiflora

---

Nat.

FAC

--

--

--

R

mosquito fern

Nat.

OBL

O

--

--

--

blechnum fern

Nat.

FACU

--

--

--

U

pala`a

Ind.

FAC

--

--

--

U

common sword

Nat.

FAC

--

O

R

U

laua`e

Nat.

FACU

--

--

--

R

Nat.
Nat.
Nat.
Nat.
Nat.
Nat.

FACU
OBL
UPL
UPL
FAC
UPL

-------

-(3)
-----

-------

R
-R
R
U
R

Nat.

OBL

U

--

--

--

Nat.
Ind.

FAC
FACW

---

AA

-O

C
--

Nat.
Nat.
Nat.

FACU
FAC
UPL

----

----

----

A
A
C

Nat.

FAC

--

--

--

U

Nat.
Nat.

FAC
UPL

---

---

---

O
R

(Roxburgh) Jarrett ex Morton

POLYPODIACEAE
Phymatosorus grossus (Langsd & Fisch.)
Brownlie

PTERIDACEAE
Adiantum tenerum Sw.
brittle maiden-hair
Ceratopteris thalictroides (L.) Brongn.
hihia wai
Cheilanthes viridis (Forssk.) Sw.
green cliff brake
Pityrogramma austroamericana Domin gold fern
Pityrogramma calomelanos (L.) Link
silver fern
Pteris cretica L.
cretan brake
SALVINIACEAE
Salvinia molesta D.S. Mitch
kariba weed
THELYPTERIDACEAE
Christella parasitica (L.) H. Lev.
wood fern
Cyclosorus interruptus (Willd.) H. Ito
neke
FLOWERING PLANTS
DICOTYLEDONES
ACANTHACEAE
Asystasia gangetica (L.) T. Anderson
Chinese violet
Dicliptera chinensis (L.) Juss.
--Justicia betonica L.
white shrimp plant
AIZOACEAE
Trianthema portulacastrum L.
--AMARANTHACEAE
Achyranthes aspera L.
--Alternanthera pungens Kunth
khaki weed

--
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Table IV-13 (continued).
Wetland

AMARANTHACEAE (cont.)
Amaranthus spinosus L.
Ameranthus viridis L.
ANACARDIACEAE
Mangifera indica L.
Schinus terebinthefolius Raddi
ANNONACEAE
Annona muricata L.
ARALIACEAE
Schefflera actinophylla (Endl.) Harms
ASTERACEAE (COMPOSITAE)
Ageratum conyzoides L.
Bidens pilosa L.
Conyza bonariensis (L.) Cronq.
Crassocephalum crepidiodes (Benth.) S.

ABUNDANCE

code

0

1

2

3

spiny amaranth
slender amaranth

Nat.
Nat.

FACU
FACU

---

---

---

U
U

mango
Christmas berry

Nat.
Nat.

FACU
FACU

---

-R

-R

U
O

soursop

Orn.

NL

--

--

--

(4)

octopus tree

Nat.

UPL

--

C

O

C

maile hohono
beggar’s-tick
hairy horseweed
---

Nat.
Nat.
Nat.
Nat.

FAC
FACU
FAC
FACU

-----

-----

-----

O
U
U
O

false daisy
pualele
--Indian fleabane
sourbush

Oriental hawksbeard

Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.

FACW
FACU
FAC
FAC
FAC
UPL
FACU
FACU
FAC
FACU

-----------

-R
-----U
---

U
--U
O
--O
---

R
O
U
O
O
R
R
C
U
U

African tulip tree

Nat.

FACU

--

--

C

kou
---

Ind.
Nat.

FACU
FAC

---

---

R
R

bittercress
---

Nat.
Nat.

FAC
UPL

---

---

---

U
U

dog tail

Nat.

FACU

--

--

--

O

Night-blooming cereus

Nat.

UPL

--

--

R

Moore

Eclipta alba (L.) Hassk.
Emilia fosbergii Nicolson
Erigeron belloides DC
Pluchia indica (L.) Less.
Pluchea carolinensis (Jacq.) G Don
Sigesbeckia orientalis L.
Sonchus oleraceus L.
Sphagneticola trilobata (L.) Pruski
Synedrella nodiflora (L.) Gaertn.
Youngia japonica (L.) DC
BIGNONIACEAE
Spathodea campanulata P. Beauv.
BORAGINACEAE
Cordia subcordata Lam.
Heliotropium procumbens Mill.
BRASSICACEAE
Cardamine flexuosa L.
Lepidium virginicum L.
BUDDLEJACEAE
Buddleia asiatica Lour.
CACTACEAE
Hylocereus undatus (Haw.) Britton & Rose

small yellow crown-beard

prickly sow thistle
wedelia
nodeweed

----

--
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Table IV-13 (continued).
Wetland

CARICACEAE
Carica papaya L.
CARYOPHYLLACEAE
Drymaria cordata (L.) Willd. ex Roem &

ABUNDANCE

code

0

1

--

--

papaya

Nat.

FAC

pipili

Nat.

FAC

--

common ironwood

Nat.

FACU

autograph tree

Nat.

FACU

tropical almond

Nat.

FAC

--

moon flower
ung choi
Koali’ai
Koali’awa
--wood rose

Nat.
Nat.
Ind.
Ind.
Nat.
Nat.

FACU
OBL
UPL
FACU
FAC
UPL

scarlet-fruited gourd

balsam pear

Nat.
Nat.

kukui
garden spurge
graceful spurge
prostrate spurge
niruri
--castor bean

2

3

--

U

--

--

R

--

--

U

U

--

R

--

R

--

--

R

-(2)
-----

-------

---U
---

U
-R
U
C
O

FAC
FAC

---

---

R
R

R
R

Pol.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.

FACU
FACU
FACU
FACU
FAC
UPL
FACU

--------

--------

--------

U
O
O
U
O
U
O

wait-a-bit
maunaloa
fuzzy rattlepod
slender mimosa

Nat.
Nat.
Nat.
Nat.

UPL
FACU
UPL
FACU

-----

-U
---

-O
---

U
U
U
R

--earpod
indigo

Nat.
Orn.
Nat.

FAC
NL
UPL

----

----

----

R
R
U

Schult.

CASUARINACEAE
Casuarina equisetifolia L.
CLUSIACEAE
Clusia rosea Jacq.
COMBRETACEAE
Terminalia catappa L.
CONVOLVULACEAE
Ipomoea alba L.
Ipomoea aquatica Forsk.
Ipomoea cairica (L.) Sweet
Ipomoea indica (J. Burm.) Merr.
Ipomoea obscura (L.) Ker-Gawl.
Merremia tuberosa (L.) Rendle
CUCURBITACEAE
Coccinia grandis (L.) Voigt
Momordica charantia L.
EUPHORBIACEAE
Aleurites moluccana (L.) Willd.
Chamaesyce hirta (L.) Millsp.
Chamaesyce hypericifolia (L.) Millsp.
Chamaesyce prostrata (Aiton) Small
Phyllanthus debilis Klein ex Willd.
Phyllanthus tenellus Roxb.
Ricinus communis L.
FABACEAE
Caesalpinia decapetala (Roth) Alston
Canavalia cathartica Thouars
Crotalaria incana L.
Desmanthus
pernambucanus
(L.)
Thellung

Desmodium triflorum (L.) DC
Enterolobium cyclocarpum (N. Jacq.) Grisb.

Indigofera suffruticosa Mill.
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Table IV-13 (continued).
Wetland

FABACEAE (continued)
Leucaena leucocephala (Lam.) de Wit
Macroptilium lathyroides (L.) Urb.
Mimosa pudica L.
Prosopis pallida (Humb. & Bonpl. Ex
Willd.) Kunth
Samanea saman (Jacq.) Merr.

ABUNDANCE

Code

0

1

2

3

koa haole
cow pea
sensitive plant
kiawe

Nat.
Nat.
Nat.
Nat.

UPL
FACU
FACU
FACU

-----

-----

U
--R

AA
R
R
--

monkeypod

Nat.
Nat.

UPL
UPL

---

---

R
R

A
U

marsh pea

Nat.

FAC

--

O

O

--

comb hyptis

Nat.

UPL

--

--

--

U

alligator pear

Nat.

UPL

--

--

--

U

hairy abutilon
`akiohala
hau
false mallow
--`ilima
--prickly sida
milo

Nat.

Ind.

UPL
FACW
FAC
FACU
UPL
UPL
FACU
UPL
FAC

----------

-U
R
-------

-(1)
O
---R
---

O
-O
R
U
R
U
R
R

Koster’s curse

Nat.

FACU

--

--

--

R

Chinaberry

Nat.

FACU

--

--

--

R

huehue

Ind.

FACU

--

--

--

R

Chinese banyan
Port Jackson fig

Nat.
Orn.

FACU
UPL

---

---

---

O
R

Surinam-cherry
paperbark
allspice

Orn.
Nat.
Orn.

FACU
FAC
UPL

----

-O
--

-R
--

(4)
R
(4)

Senna surattensis (N.L. Burm.) H. Irwin &
Barneby

Vigna luteola (Jacq.) Benth.
LAMIACEAE
Hyptis pectinata (L.) Poit.
LAURACEAE
Persea americana Mill.
MALVACEAE
Abutilon grandifolium (Willd.) Sweet
Hibiscuis furcellatus Desr.
Hibiscus tiliaceus L.
Malvastrum coromandelianum (L.) Garcke

Sida ciliaris L.
Sida fallax Walp.
Sida rhombifolia L.
Sida spinosa L.
Thespesia populnea (L.) Sol. Ex Correa
MELASTOMATIDAE
Clidemia hirta (L.) D. Don
MELIACEAE
Melia azedarach L.
MENISPERMACEAE
Cocculus orbiculatus (L.) DC
MORACEAE
Ficus microcarpa L. fil.
Ficus rubiginosa Ventenat

MYRTACEAE
Eugenia uniflora L.
Melaleuca quinquenervia (Cav.) S.T. Blake
Pimenta dioica (L.) Merrill

Ind.
Ind.
Nat.
Nat.
Ind.
Nat.
Nat.
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Table IV-13 (continued).
Wetland

MYRTACEAE (cont.)
Psidium guajava L.
Syzygium cumini (L.) Skeels
NYCTAGINACEAE
Boerhavia coccinea Mill.
Mirabilis jalapa L.
NYMPHAEACEAE
Nymphaea caerulea Savigny
Nymphaea cf. capensis Thunberg
ONAGRACEAE
Ludwigia octovalvus (Jacq.) Raven

OXALIDACEAE
Oxalis corniculata L.
PAPAVERACEAE
Argemone mexicana L.
PASSIFLORACEAE
Passiflora edulis Sims
Passiflora suberosa L.
PHYTOLACCACEAE
Rivina humilis L.
PORTULACACEAE
Portulaca oleracea L.

RHAMNACEAE
Colubrina asiatica (L.) Brongn.
RHIZOPHORACEAE
Rhizophora mangle L.
RUBIACEAE
Morinda citrifolia L.
Paederia foetida L.
RUTACEAE
Citrus cf. limon (L.) N.L. Burm.
Murraya paniculata (L.) W. Jack
SAPINDACEAE
Cardiospermum grandiflorum Sw.
Filicium decipiens (Wight & Arnott) Thwaites
SCROPHULARIACEAE
Bacopa monnieri (L.) Pennell

ABUNDANCE

Code

0

1

2

3

common guava
Java plum

Nat.
Nat.

FACU
FAC

---

-R

-U

U
C

--marvel of Peru

Nat.
Nat.

UPL
FACU

---

---

---

U
U

Egyptian lotus
Cape blue water- lily

Nat.
Orn.

OBL
OBL

(2)
R

---

---

---

primrose willow

Nat.

OBL

--

O

C

R

‘ihi’ai

Pol.

FACU

--

--

--

O

Mexican poppy

Nat.

FACU

--

--

--

R

passion fruit
Wild passionfruit

Nat.
Nat.

FACU
FAC

---

---

---

U
U

coral berry

Nat.

UPL

--

--

--

O

pig weed

Nat.

FACU

--

--

--

U

‘anapanapa

Ind.

FAC

--

--

--

U

red mangerove

Nat.

OBL

--

--

--

U

noni
maile pilau

Pol.
Nat.

FACU
UPL

---

-O

-O

U
O

lemon
mock orange

Orn.
Orn.

NL
UPL

---

---

---

R
R

balloon vine
fern tree

Nat.
Nat.

UPL
UPL

---

---

---

R
R

‘ae’ae

Ind.

OBL

--

O

--

--
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Table IV-13 (continued).
Wetland

SOLANACEAE
Nicotiana tobacum L.
Solanum americanum Mill.
Solanum torvum Sw.
STERCULIACEAE
Waltheria indica L.

VERBENACEAE
Citharexylum caudatum L.
Citharexylum spinosum L.
Clerodendrum philippinum Schauer
Stachytarpheta cayennensis (Rich.) Vahl
Verbena litoralis Kunth

ABUNDANCE

Code

0

1

2

3

----

----

-R
U

R
U
U

tobacco
popolo
---

Nat.
Ind.
Nat.

FACU
FACU
FAC

‘uhaloa

Pol.

FACU

--

--

--

U

fiddlewood
fiddlewood
pikake honohono
owi
owi

Nat.
Nat.
Nat.
Nat.
Nat.

UPL
FAC
FAC
FAC
FACU

------

O
-----

O
---R

O
O
U
O
--

ti

Pol.

FAC

--

--

--

U

arrowhead

Nat.

OBL

--

C

O

--

Chinese taro
--water lettuce
pothos vine
“nephthytis”
‘ape

Nat.
Orn.
Nat.
Orn.
Orn.
Nat.

FACU
UPL
OBL
FAC
NL
FAC

--O
----

-------

-----R

R
R
-U
O
R

coconut, niu
Chinese fan palm

Pol.
Orn.

FACU
FACU

---

---

---

U
R

Indian-shot

Nat.

FACU

--

--

--

R

dayflower

Nat.

FACW

--

C

O

U

kaluha
McCoy grass
‘uki, saw-grass
umbrella sedge

Ind.
Nat.

OBL
FACU
OBL
FACW

-----

(1)
-AA
U

--U
C

-R
-U

MONOCOTYLEDONES
AGAVACEAE
Cordyline fruticosa (L.) A. Chev.
ALISMATACEAE
Sagittaria latifolia Willd.
ARACEAE
Alocasia cucullata (Lour.) G. Don
Philodendron cf. lacernum (N. Jacq.) Schott

Pistia stratiotes L.
Scindapsus aureus (J. Lind. & Andre) Birdsey
Syngonium podophyllum Schott
Xanthosoma roseum Schott
ARECACEAE
Cocos nucifera L.
Livistona chinensis (N. Jacq.) Martius
CANNACEAE
Canna indica L.
COMMELINACEAE
Commelina diffusa N.L. Burm..
CYPERACEAE
Bulboschoenus maritimus (L.) Palla
Cyperus gracilis R.Br.
Cladium jamaicense Crantz
Cyperus involucratus Roxb.

Ind.
Nat.
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Table IV-13 (continued).
Wetland

0

1

2

Ind.
Nat.

OBL
FACW
OBL
OBL
FAC

------

-(1)
(3)
(3)
--

O
-----

----O

Kaluha,
great bulrush

Nat.

OBL

--

AA

O

--

`aka`akai

Ind.

OBL

--

O

U

--

---

Nat.

FACU

--

--

--

R

greater duckweed
--duckweed
water meal

Nat.
Nat.
Nat.
Nat.

OBL
OBL
OBL
OBL

(3)
(2)
R
(2)

-----

-----

-----

banana

Pol.

FACU

--

--

--

R

Malaysian ground
orchid

Nat.

FACU

--

R

--

--

carpetgrass
sandbur

Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.
Nat.

FAC
FACU
FAC
FACW
FAC
UPL
FAC
FACU
FACW
FACW
FACU
FAC
FACU
FAC
FAC

----------------

----------------

---C
-----O
----O

R
U
C
-O
U
O
C
U
-O
O
C
A
O

code

CYPERACEAE (cont.)
Cyperus papyrus L.
Cyperus polystachyos Rottb.
Eleocharis radicans (Poir.) Kunth
Eleocharis obtusa (Willd.) Schult.
Kyllinga nemoralis (J. R. Forster

ABUNDANCE

Egyptian papyrus
------& G. Kili`o`opu

Nat.
Ind.
Nat.

3

Forster) Dandy ex Hutchinson & Dalziel

Schoenoplectus californicus (C.A.
Meyer) Palla

Schoenoplectus lacustris (L.) Palla
HELICONIACEAE
Heliconia bihai (L.) L.
LEMNACEAE
Landoltia polyrhiza (L.)
Landoltia punctata (G. Meyer) Les & Crowford

Lemna aequinoctialis Welw.
Wolfia globosa (Roxb.) Hartog & Plas
MUSACEAE
Musa X paradisiaca L.
ORCHIDACEAE
Spathoglottis plicata Blume
POACEAE (GRAMINEAE)
Axonopus compressus (Sw.) P. Beauv.
Cenchrus echinatus L.
Chloris barbata (L.) Sw.
Coix lachrymal-jobi L.
Cynodon dactylon (L.) Pers.
Dactyloctenium aegyptium (L.) Willd.
Digitaria ciliaris (Retz.) Koeler
Digitaria insularis (L.) Mez ex Ekman
Echinochloa colona (L.) Link
Echinochloa crus-galli (L.) P. Beauv.
Eleusine indica P. Beauv.
Eragrostis amabilis (L.) Wight & Hook.
Oplismenus hirtellus (L.) P. Beauv.
Panicum maxium Jacq.
Paspalum conjugatum Bergius

swollen fingergrass

Job’s tears
Bermuda grass
beach wiregrass
Henry’s crabgrass

sourgrass
jungle rice
barnyard grass
wiregrass
lovegrass
basketgrass
Guinea grass
Hilo grass
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Table IV-13 (continued).
Wetland
Code

POACEAE (cont.)
Paspalum vaginatum Sw.
Pennisetum purpureum Schumach.
Saccharum spontaneum L.
Themeda villosa (Poir.) A. Camus
Urochloa mutica (Forssk.) T.Q. Nguyen
PONTEDARIACEAE
Eichhornia crassipes (Mart.) Solms
Monochoria vaginalis (N.L. Burm.) K.Presl.

ABUNDANCE

0

1

2

3

seashore paspalum
elephant grass
wild cane
Lyon’s grass
California grass

Nat.
Nat.
Nat.
Nat.
Nat.

FACW
FAC
FAC
UPL
FACW

--O
-O

U
U
O
-C

-C
O
-A

-O
-U
U

water hyacinth
cordate monochoria

Nat.
Nat.

OBL
OBL

A
(3)

U
--

U
--

---

cattail

Nat.

OBL

--

AA

O

--

TYPHACEAE
Typha latifolia L.
Table IV-13 Legend:
Status = distributional status
End. = endemic; native to Hawaii and found naturally nowhere else.
Ind. = indigenous; native to Hawaii, but not unique to the Hawaiian Islands.
Nat. = naturalized, exotic, plant introduced to the Hawaiian Islands since the arrival of Cook Expedition in 1778, and well-established
outside of cultivation.
Orn. = exotic, ornamental; plant not naturalized at this location (not well-established outside of cultivation).
Pol. = Polynesian introduction before 1778.
Abundance = occurrence ratings for plants by areas 0, 1, 2, and 3.
R – Rare encountered only once or twice.
U - Uncommon - encountered, but not very often.
O - Occasional - encountered sporadically; not especially abundant anywhere.
C - Common encounted regularly or observed numerous times and places.
A - Abundant - found in large numbers; may be locally dominant.
AA - Abundant - abundant and dominant; defining vegetation type for the area.
Wetland Indicator Codes (Reed, 1988; updated by Bishop Museum, 2004 [draft]):
See text.
Notes:
(1) – Planted at Na Pohaku and now established there (in the marsh).
(2) – Not seen; listed in Smith (1978) from Kawai Nui Marsh.
(3) – Not seen; listed in Elliott and Hall (1977) from Kawai Nui Marsh.
(4) – Not seen; listed by Char (2001) from upland margin of Kawai Nui Marsh.

Species “status” is whether the species is considered native or non-native. The codes used
are provided in the legend following the table. The date of Cooke’s arrival (1778) is taken
as a temporal dividing point: all species new to the islands after that date are introduced
species. However, species present in the Islands on that date may have been introductions
made by Polynesian voyagers. Many of these latter are so-called “canoe plants” brought
purposely by the early Polynesian migrants as plants useful to settlement in the new place.
A few “weedy” species are thought to have been accidental introductions that
accompanied the canoe plants.
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Wetland indicator codes are provided in the column following status. The codes are
important to establishing which plants are likely to be true wetland plants, which plants are
highly adaptable to wetland conditions, and which plants are essentially upland species
based upon a low likelihood of being found within wetlands. “The codes reflect the range
of estimated probabilities (expressed as frequency of occurrence) of a species occurring in
wetland versus non-wetland” (Reed, 1988, p. 9). Note that the code does not reflect
degrees of wetness. The codes used are from a modification of the “official” list by Reed
(1988), prepared by Bishop Museum (2004 draft) and anticipated to be adopted by the
community of wetland biologists and gain official legal status, replacing Reed (1988). The
following codes (listed here alphabetically) are used in this column:
FAC – Facultative; about equally likely to occur in wetlands as non-wetlands.
FACU – Facultative upland; usually occurring in upland or non-wetland conditions.
FACW – Facultative wetland; most frequently found under wetland conditions.
NI – Insufficient information exists to establish wetland indicator status.
NL – Not listed in Reed (1988) or NRCS (2005).
OBL – Obligate wetland plant, almost always found under wetland conditions.
Species assigned wetland codes in Reed (1988) shown in bold above (i.e., OBL, FACW,
and FAC) are considered hydrophytes (wetland indicators) by the Army Corps of Engineers
(ACOE, 1987). This assignment has implication in establishing and bounding wetlands for
jurisdictional purposes.
Table IV-13 lists 185 different species of plants found in and near Kawai Nui Marsh. The
majority of these (119 species) are plants associated only with upland or non-wetland
environments (abundance area code 3); that is, only 66 of the listed species are reported
from the marsh itself (abundance area codes 0, 1, 2). This finding is not unusual because
wetlands are regarded as environments with habitats that most plant species are unable to
adapt to. The physical limitations for most species are related to flooding and saturated
soils, both of which can result in inadequate oxygen reaching plant tissues below the water
line. Tissues are killed in species not adapted to low oxygen in the soil or water (essentially
the plant “drowns”). The purpose of the wetland codes discussed above is to identify
species that have the necessary adaptations, and therefore would be indicative of a
wetland, although perhaps not always found in wetlands. Only 34 of the 66 species (52%)
reported from the marsh occur only in the marsh. These are mostly wetland species (OBL
and FACW). However, one—the orchid, Spathoglottis plicata—is an oddity in being an
upland species (FACU) found only in the marsh. The reason is that this common upland
species occurs at slightly higher elevations than the margin lands of the marsh that are
within the defined survey area.
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