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HABITAT QUALITY AND BIOTIC INTEGRITY OF MOUNTAIN STREAMS

IN EAST MAUI, HAWAII

ABSTRACT

Hawaiian streams are valued for environmental, cultural, and aesthetic

qualities. Windward streams in East Maui, Hawaii are diverted to irrigate crops in

central portions of the island. Diversions typically remove 100% of the base flow and

leave downstream reaches dry most of the year. Ground water seeps and springs

contribute to overall base flow, and the magnitudes of these contributions vary by

catchment. This otherwise pristine region provided a natural setting in which lotic

ecosystem responses to stream dewatering could be studied. An examination of nine

channel reaches in three streams exposed various controls on instream habitat quality

and aquatic biological integrity. The Hawaii Stream Bioassessment Protocol (HSBP)

was used to compare each study site. Elevation, discharge, riparian conditions, and

channel reach morphology influenced independent measures habitat quality and biotic

integrity. Mechanistic interpretations of HSBP results were limited by spatial scale.

Suggested improvements to the tool include the adoption of multi-scale metrics in

order to account for the effects of elevation and channel reach morphology.

INTRODUCTION

Hawaiian stream communities are relatively depauperate, but those species

that are native to these lotic ecosystems are highly specialized and well suited for life
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histories that involve both freshwater and marine life stages. The physical, chemical,

and biological characteristics that define Hawaiian stream systems are results of the

sub-tropical climate, the volcanic origins of the islands, and the extreme isolation

from other landmasses (approximately 4000 km to the nearest continent). Native

freshwater aquatic biota is sensitive to human induced habitat alterations (Brasher,

2003). Disturbances such as urbanization, channelization, and flow diversion degrade

aquatic habitat and effect ecosystem functions. Understanding the relationships

between multi-scale environmental disturbances and ecological responses is

important when evaluating ecosystem integrity and addressing societal needs for

freshwater resources. Hynes (1970) and Likens (1974) noted that the structure and

function of freshwater ecosystems are tightly linked to the catchment of which they

are a part. This insight revolutionized geomorphic and ecological research, and set

the stage for integrated conceptual models that now provide spatially and temporally

hierarchical, process based frameworks in which stream ecosystems can be evaluated

(Frissell et al., 1986; Hawkins et al., 1993; Montgomery and Buffington, 1997).

Water resources managers in Hawaii collect bioassessment data and water

quality data to screen stream networks for potential degradation, to assess nonpoint

source pollution, and to establish statewide total maximum daily loads (TMDLs).

Kido et al. (1999) developed the Hawaii Stream Bioassessment Protocol (HSBP) as a

multi-metric field survey that integrates measures of biological integrity with physical

habitat quality information collected at the stream reach scale. Field survey

observations are ranked against reference stream data to determine relative degrees of

degradation. Resource managers use the HSBP to monitor biological and physical
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habitat conditions of streams listed by the Hawaii Department of Health in the

§303(d) List of Water Quality Limited Segments (Burr, 2001).

Assessing disturbance impacts on Hawaiian stream ecosystems is an

important prerequisite for stream conservation and restoration. The purpose of this

paper is: to review prior research about native Hawaiian stream fauna; to present the

results of an application of a recently developed multi-metric lotic ecosystem

assessment tool (HSBP) using field data from East Maui; and to assess the sensitivity

of this tool across a hydrologic disturbance gradient and an elevation gradient.

BACKGROUND

During the late 19th and early 20th centuries, an extensive irrigation system

was built in East Maui to supply water to large scale sugarcane operations in central

Maui. The collection system consisted of 388 separate intakes, 24 miles of ditches,

and 50 miles of tunnels, as well as numerous small dams, intakes, pipes, and flumes

(Wilcox, 1996). Many of these large-scale operations have since closed down, yet the

irrigation infrastructure remains and continues to impact stream flow in many regions.

Many of the diversions remove 100% of the median stream flow, and as a result areas

downstream of these diversions remain dry except during heavy precipitation events

when rising waters top the structures (Wilcox, 1996). The impacts of such diversions

are known to effect natural flow regimes, physical habitat, and biological

communities (Poff et al., 1997; Benbow, 1999; McIntosh et al., 2002; Old, 2003).

Highly specialized native stream fauna in Hawaii includes one indigenous

(native to Hawaii and elsewhere) goby, Awaous guamensis (o'opu nakea); one

endemic (occurring only in Hawaii) eleotrid, Eleotris sandwicensis (o'opu akupa);
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and three endemic gobies, Lentipes concolor (o'opu alamo'o), Sicyopterus stimpsoni

(o'opu nopili), and Steno gobius hawaiiensis (o'opu naniha) (Kinzie, 1990). The

gobies among this group have hydraulic disks on their ventral surface (which

developed from the fusion of their pelvic fins that allow them to cling to substrate

during high flow conditions as well as to climb steep waterfalls (Ford and Kinzie,

1982). In fact, the presence of o'opu alamo'o has been documented above waterfalls

100 m high (Timbol et al., 1980) and at elevations of 480 m (Lau, 1973).

Crustaceans also compose part of the native stream fauna in Hawaii, and

include the mountain shrimp Atyoida bisculata (opae kalaole) and the estuarine prawn

Macrobrachium grandimanus (opae oeha'a). Native snails include the limpet like

Neritina granosa (hihiwai), the estuarine Theodoxus vespertinus (hapawai), and snails

in the family Lymnaeidae which are found along stream banks and near springs.

Studies related to Hawaiian stream biota have focused on reproductive

biology, life history, and genetics (Ha and Kinzie, 1996; Way et al., 1998; Lindstrom,

1998; Benson, 2002; Benbow et al., 2004), distribution (Timbol et al., 1980; Kinzie

and Ford, 1982; Kinzie, 1988; Higashi and Yamamoto, 1993), habitat utilization

(Kinzie, 1988; Brasher, 1996, 1997; McRae, 2001), evolution (Zink et al., 1996),

feeding habitats (Burky et al.,1993; Kido 1996a, 1997), and the effects of stream

diversions on community structure (Kido, 1996b; Brasher, 1996, 1997; Benbow et al.,

1997; Benbow, 1999; Wolff, 2000; McIntosh et al., 2002). Native Hawaiian stream

fish and crustaceans are amphidromous, in which their adult stage, including

spawning, takes place in streams, and their larval stage takes place in marine or

estuarine environments (Meyers, 1949; Ford and Kinzie, 1982; Kinzie, 1988;
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McDowall, 1988). The timing of spawning has been linked to periods of high stream

discharge following heavy precipitation events (Kinzie, 1988), where breeding and

deposition of demersal eggs takes place. Once the embryos hatch, they are swept out

to sea where they develop for weeks to months before juvenile recruits return to

stream mouths and begin their upstream migration. Longitudinal zonation and habitat

utilization patterns have been observed by researchers and there is a general

understanding that abiotic (e.g. hydraulic, thermal) and biotic (e.g. nutrient

availability, interspecific competition) forces that shape community structure in

Hawaiian streams (Kinzie 1988, Nishimoto and Kuamoo 1991, Fitzsimons et al.

1993, Brasher 1996, 1997). These studies provide the critical underpinnings for

understanding community organization within Hawaiian stream ecosystems.

Studies that assessed Hawaiian stream communities and habitat characteristics

emerged during the 1980s to better understand the relationships between stream flow

and habitat availability. These projects generally followed the Instream Flow

Incremental Methodoloy (IFIM) (Bovee, 1982) and employed physical habitat models

such as the Physical Habitat Simulation System (PHABSIM) developed by the U.S.

Fish and Wildlife Service (Bovee and Milhouse, 1978; Milhous et al., 1989). Studies

were conducted on Kauai and Maui (Payne and Associates, 1987), and Hawaii and

Oahu (Kinzie et al., 1986). Results from these studies were highly stream specific as

habitat preferences of native aquatic species varied beyond the scale captured by the

hydraulic habitat simulation models. The importance of flow variability to the

management of Hawaiian stream ecosystems is not well understood (Parham, 2002).



Recent efforts have been put forth to develop spatially explicit models that

predict distributions of instream habitat availability in order to infer potential

distributions of native stream fauna. Parham (2002) designed and implemented a set

of geographic information systems (GIS) algorithms that used digital elevation

models (DEMs) to calculate reach scale geomorphic channel characteristics, to

establish basin scale stream classifications, and to quantify abundances and

distributions of stream types throughout the main Hawaiian Islands. These models do

not have a hydrologic component and can not account for dynamic flow regimes, and

thus can not address flow related patch hierarchies (Poole, 2002).

In 2002, the U.S. Geological Survey (USGS) Water Resources Division in

Honolulu, HI was contracted by the state Commission on Water Resource

Management (CWRM) to conduct a cooperative project aimed at establishing

instream flow standards for streams in East Maui, Hawaii. The Native Hawaiian

Legal Corporation filed 27 petitions to CWRM on the local residents' behalf in order

to amend the instream flow standards, as existing instream flow standards in this

region did not support the mandates in the State Water Code. Field surveys were

designed to collect information: to assess the effects of existing surface-water

diversions on stream flow characteristics for several perennial streams in on the

windward side of East Maui; to characterize the effects of diversions on instream

temperature variations; and to estimate the effects that stream flow restoration (full or

partial) will have on habitat availability for native stream fauna (fish, shrimp, and

snails) in northeast Maui. The data that were collected for the USGS project were

used for the analyses described in this paper.
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METHODS

Study Area and Site Descriptions

Hanawi, Kopiliula, and Wailuanui Streams in northeast Maui, Hawaii were

selected as part of a USGS stream habitat study (Figure 1). They were chosen to

represent a gradient of hydrologic conditions based on ground surveys and available

knowledge. The three drainage basins share similar physical characteristics (Table

1). The East Maui region is deeply dissected and underlain by Honomanu, Hana, and

Kula volcanics (Stearns and Macdonald, 1942). The streams in this region have steep

average channel gradients, are highly confined and often flow through incised

bedrock banks, have high turbulent flow, and have high temporal discharge

variability. Channel morphologies have high boundary roughness, high spatial

variability, and are characterized by waterfalls, plunge pools, step pools, cascades,

riffles, and runs. First order streams in the largest catchment basins begin at

approximately 2300 meters elevation, while those in the smaller catchment basins

begin below the cloud belt between 1500 and 600 meters.

Windward streams in all of Hawaii are flashy by nature and stream levels can

rise and fall several feet over the span of a few hours (Craig, 2003; Old and Brasher,

2003). This is caused by primarily by orographic rainfall which dominates the

precipitation regime (Giambelluca, 1986). Precipitation events vary spatially and

temporally due to the strong influences of elevation, basin orientation, and seasonal

climate patterns. Relatively steady baseflow is common for many streams in the area

because of significant groundwater contributions both above and below the

KoolaulWailoa ditch system (Gingerich, 1999). Frequent mid-elevation precipitation



events top stream diversion structures and send flood pulses (freshets) to lower stream

reaches. Stream discharges of approximately 0.57 to 0.85 cubic meters per second

(cms) are required to top these structures and approximately 1 out of 5 annual rain

events produce a discharge of this magnitude. The rapid response to rainfall events is

due to small drainage basin sizes, high vertical relief and associated steep stream

gradients, small amount of channel storage, and shallow depth to saprolite and/or

bedrock (Brasher, 2003).

Figure 1. Study catchments displayed with perennial stream networks, draped over a
sun-illuminated elevation surface of northeast Maui, Hawaii.

Hanawi Stream in East Maui is considered to one of the most ecologically

intact streams in the Hawaiian Islands and is used in state-wide stream



bioassessments as a reference standard against which other streams are compared

(Kido, 2002). This stream has been studied more intensively than most other streams

in the islands as well (Timbol et al., 1980; Kinzie et al, 1986; Gingerich, 1999).

Interestingly, all base flow is diverted from the channel into the Koolau Ditch at

approximately 396 m elevation. Several large springs below this elevation produce

highly predictable daily base flows. Landcover within the catchment is 90% forest,

8% grassland, and 2% scrub/shrub. The catchment is uninhabited and human

developments include a small network of roads and a few buildings used for

management of the ditch systems.

Kopiliula Stream drains a slightly smaller catchment, but shares many of the

same morphometnc characteristics as Hanawi. Landcover is 84% forest, 10%

scrub/shrub, 3% grassland, and 3% bare land. One family resides in the valley and

has developed a small portion of land along the ridge between Kopiliula Stream and

East Wailuaiki Stream to the west. The hydrology differs from that of Hanawi in that

baseflow below the Koolau Ditch is not augmented by significant springs, and in fact

loses water between the upstream diversion and the middle site. An undiverted

tributary joins the main stem between the middle and lower sites, yielding relatively

steady baseflow at the mouth of the stream.

Wailuanui Stream drains the largest of the three catchments. The average

channel gradient is also slightly less than the gradients of Hanawi and Kopiliula, and

there is a long relatively flat, alluvial segment between the stream mouth and the first

major upstream waterfall. The flood plain on the west side of the stream in this flat

area is sparsely inhabited and is used for taro cultivation. Landcover in this
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catchment is classified as 39% forest, 35% bare land (most of which is above the

headwaters near the mountain top), 17% scrub/shrub, and 9% grassland. The small

developed area near the stream mouth is classified primarily as grassland. This

stream does not gain significant amounts of water between the upstream diversion

and the mouth. An additional diversion below the terminal waterfall and the lower

site irrigates taro fields (loi) adjacent to the stream. Runoff from the taro loi enters

the stream above the lower site.

Table 1. Catchment characteristics.
Hanawi
Stream

Kopiliula
Stream

Wailuanui
Stream

Drainage area (km2) 13.9 12.2 16.8
Perirneter(km) 31.8 33.3 51.2
Relief (rn) 2,466.0 2,552.0 2,710.0
Relief ratio (rn/rn) 0.2 0.2 0.2
Mean basin elevation (m) 1,216.8 1,282.5 1,519.3
Mean annual precipitation (cm) 481.5 426.9 320.4
Average channel gradient (%) 18.5 17.9 13.3

Field Data Collection

Three study reaches were located in each stream and were selected based on

ease and safety of access, position relative to stream diversions, and proximity to

significant topographic breaks (e.g. waterfalls). High elevation sites were positioned

upstream of the Koolau/Wailoa Ditch (-P365 m); mid-elevation sites were positioned

at a point below the ditch but above the first major barrier (e.g. a waterfall)

encountered by organisms migrating upstream (-180 m); and low elevation sites were

positioned near the stream mouths (-6 m). These sites are hereafter called upper,

middle, and lower, respectively (Figure 2). Surveys were conducted in a day or two

for each site: Lower Wailuanui (7/29-30/2002), Upper Wailuanui (7/31/2002),

Middle Wailuanui (8/1/2002), Upper Kopiliula (8/19/2002), Lower Kopiliula (8/20-
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2 1/2002), Middle Kopiliula (8/22/2002), Lower Hanawi (4/15-16/2003), Upper

Hanawi (6/16/2002, 6/19/2002), Middle Hanawi (7/23/2002).

Figure 2. Study site locations.

Field surveys were conducted during the day and during base flow conditions

(Table 2). Six to eight channel cross-sections were placed using a stratified random

sampling technique to capture the full range of channel units present in the reach (e.g.

pool, run, riffle, cascade) (Fitzpatrick et al., 1998). Each cross-section, or transect,

was marked with a tag-line strung across the channel and was divided into cells that

were 1 foot wide and extended 2 feet downstream. Underwater visual censuses were

conducted following Baker and Foster (1992) and Kido et al. (1994). An observer

using a mask and snorkel slowly approached the transect from the downstream side

and recorded the species and number of each fish, shrimp, and snail found within
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each cell. The length of each fish was estimated to the centimeter, and each snail was

measured using calipers. After the visual observation was finished, the observer

moved back across the transect and recorded substrate characteristics (percent bottom

cover of bedrock, boulders, rocks, cobble, gravel, sand, and organics) for each cell. A

team equipped with a flow meter then occupied the transect and recorded depth and

velocity at the 0.6 depth for each cell.

Table 2. Reach characteristics.

Site
Reach

Classification'
Elevation

(m)
Discharge2

(m3Is)
Average Annual
Temperature (C)

Lower Wailuanui Plane Bed 5 0.11 21.81

Middle Wailuanui Cascade 190 0.10 20.39

Upper Wailuanui Cascade 420 0.07 19.34

Lower Kopiliula Cascade / Pool 5 0.10 20.78

Middle Kopiliula Plane Bed / Pool 170 0.04 21.07

Upper Kopiliula Forced Plane Bed 390 0.19 19.15

Lower Hanawi Cascade / Run 5 0.76 18.67

Middle Hanawi Cascade 205 0.35 16.89

Upper Hanawi Cascade / Run 400 0.32 19.29

'Classifications follow Montgomery and Buffington (1997).
2Discharge measured on day of biological survey.

Hydrogeomorphic maps were created that delineated channel units and other

significant features, such as diversions and tributaries, and marked the placement of

temperature monitoring instruments. Digital photographs of channel features and

riparian conditions were taken at each transect. Reach scale characteristics were

recorded, including left and right bank canopy cover and canopy angle, active channel

width, potential channel width, stream discharge and water temperature.

These data were then entered into a Microsoft Access database and careful

quality control was conducted by other members of the team. At the time of the
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publication of this paper, the USGS was still analyzing the temperature and flow data,

modeling the physical habitat with PHABSIM, and no results had been reported.

Hawaii Stream Bioassessment Protocol

The USGS survey collected more detailed hydrologic, geomorphic, and

biological descriptions of the study reaches than were required by the HSBP.

Furthermore, the HSBP was designed to enable the full characterization of stream

reaches in less than a day, so the overall survey design and sampling strategies were

different. For example, the HSBP subdivided the study reach into four quadrants of

equal length, in which habitat characteristics were tallied, and then summarized for

the whole reach. This paper binned the transect specific data into four equal

longitudinal zones to represent the quadrant methodology. The HSBP biological

metrics did not require this spatial aggregation. Ten habitat metrics and eleven

biological metrics were evaluated for each study reach (Appendix A). The resulting

physical habitat and biological scores were compiled to assess the overall biotic

integrity and habitat quality for each study site.

Many of the metrics could be calculated directly with data extracted from the

USGS database. The HSBP recognizes seven distinct hydraulic flow regimes that are

differentiated by depth and velocity. Within each quadrant, four regimes are expected

in low slope reaches, while six are expected in medium to high slope reaches. This

study recognized that depth and velocity combinations can be further described with

the hydraulic variable: Froude. Froude numbers were calculated for cells that

contained a value for depth and velocity. The following equation was used, where V

is velocity (mis) at 0.6 depth, and D is depth (m):
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Fr = V / (D * 9.8 rn/s2)"2

Eleven flow types were classified using a distribution of Fr from the most

hydraulically diverse reach (Hanawi Lower). These were used to represent the range

of depth and velocity combinations summarized in the HSBP. The presence or

absence of each class was calculated for each quadrant within each reach, and the

metric was scored based on this ratio.

RESULTS

This study was designed to assess the condition of physical stream habitat and

biological integrity in nine sites that represent hydrological and elevation gradients

using the Hawaii Stream Bioassessment Protocol. The principal goal was to

determine the behavior of the tool in a reference condition stream (Hanawi), a

moderately impacted stream (Kopiliula), and a degraded stream (Wailuanui).

The HSBP results revealed a general positive correlation between habitat

quality and biotic integrity (Figure 3, Appendix B). A slight clumping pattern also

emerged. Lower Hanawi, Lower Kopiliula, and Middle Hanawi had biotic integrities

of 89% and better and habitat qualities of 91% and better. The three upper sites all

had habitat qualities of 90% and better, but had biotic integrities of 60%. Lower

Wailuanui had both the poorest biotic integrity (60%) and poorest habitat quality

(65%). Middle Kopiliula and Middle Wailuanui both had poor biotic integrity (67%),

but Middle Wailuanui had slightly better habitat.
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Bioassessment Results for Hanawi, Kopiliula, and Wailuanui Streams
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Figure 3. Bioassessment results for Hanawi, Kopiliula, and Wailuanui Streams.

Site Analysis

Lower Hanawi, Lower Kopiliula, and Middle Hanawi all scored very high for

habitat quality and biotic integrity, with small differences among the group. Lower

Kopiliula had lower scores for velocity-depth combinations, embeddedness, and

channel status. These all relate to the degraded flow regime, and are reflected in the

low discharge observed during the field survey. Middle Hanawi scored slightly lower

for habitat quality because of npanan understory, and scored lower for biotic integrity

because of the low taxa richness. In fact, only one species was present in this reach,

which influenced two biology metrics.

Upper Hanawi, Upper Kopiliula, and Upper Wailuanui all scored high for

habitat quality, but low for biotic integrity. This was caused by low scores for five

metrics, all of which related to fish, because there were no fish observed in these
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upper reaches. Each reach had healthy populations of the native shrimp (Aiyoida

bisculata) which allowed the overall biotic scores to remain above 50%.

Middle Kopiliula and Middle Wailuanui scored slightly better than the

previous three reaches for biotic integrity, primarily because low densities of two

native fish species were observed. However, these reaches score lower for habitat

quality than the reaches described above. The primary cause of this was channel

status, or the amount of water observed in the channel. Middle Kopiliula scored even

lower than Middle Wailuanui because of lower scores for habitat availability,

embeddedness, and nparian understory.

Lower Wailuanui scored the lowest for habitat quality and biotic integrity

among all the sites. The low biotic integrity scores were due to the low abundances

of sensitive native fish species and the low overall density of native fish. The low

habitat quality scores were due primarily to channel alteration, channel status,

velocity-depth combinations, habitat availability, and embeddedness. Channel

alteration, which was the lowest overall score, was caused by the presence of hau.

The effects of this tree on the stream habitat included increased sedimentation and

decreased bank stability.

Elevation and Hydrologic Gradient Analysis

Ecological studies generally indicate that habitat quality and biotic integrity

are closely related. For instance, high measures of biotic integrity are normally

associated with high habitat quality, while poor habitat quality is normally associated

with low biotic integrity. A continuum of this type should plot linearly on the HSBP

composite graph from the origin to the top-right corner. Outlier points would indicate
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that this "equilibrium" was unbalanced, perhaps pointing to a temporal lag between

habitat quality and biotic integrity. However, in the case of the three study streams in

East Maui, such a temporal lag is not believed to exist because of the relative

hydrologic and biotic invariance. Three outliers were evident in this study, and all

were in the upper reaches, which had disproportionately low biotic integrity.

The three upper sites were all positioned upstream of the Koolau Ditch

diversions and thus had fairly normal flow regimes. These three sites all scored very

well for habitat quality (Figure 4). The low biotic integrity scores associated with

these sites were caused by the absence of fish. Fish have been observed at these

elevations in other regions in Hawaii, but the combination of steep channel gradients

and distance from the ocean may prevent fish from attaining these heights in these

particular streams. Furthermore, stream diversions forcibly create intermittent

downstream reaches, eliminate habitat corridor continuity during most of the year,

increase downstream water temperatures, and reduce downstream baseflow levels, all

of which impose additional barriers to migrating fish.

The three middle sites differed considerably from each other. Middle Hanawi

was positioned immediately downstream of Big Springs which yields a steady annual

baseflow with cool temperatures. The high predictability of daily flows provides

sustained habitat for the native fish. However, two major waterfalls lie between the

stream mouth and this particular reach which prevents all fish species but the alamo'o

from climbing this high. Middle Kopiliula and Middle Wailuanui are also above

major waterfalls, but the median annual discharge through these reaches is much

lower due to the upstream diversion and the absence of any significant springs.



Frequent freshets maintain the potential habitat quality of the high gradient Middle

Wailuanui study reach, but the lower gradient Middle Kopiliula study reach remains

more embedded with fewer habitat types.

The three low elevation sites also differed considerably. Their proximity to

the ocean and low channel gradients would indicate that fish should inhabit these

reaches. Lower Hanawi scored well, and the only apparent problem was the lack of

large fish. However, this may simply indicate that the adult fish favored higher

elevations, perhaps as a competitive response to the high recruitment levels observed.

Interestingly, Lower Kopiliula scored very well despite the upstream flow impacts

and the small decrease in habitat quality did not seem to impact the biological

composition as species richness and abundance were high in this reach. Lower

Wailuanui had the worst pair of scores among these three streams, indicating that

habitat quality and biotic integrity are linked at this site. This site was the only site in

a relatively unconfined reach/valley and also was adjacent to a cultivated flood plain,

exhibited the lowest channel gradient, and had the most riparian canopy cover.

Figure 4. Spatial distribution of HSBP habitat quality and index of biotic integrity
scores by study site. Larger circles are closer to reference conditions.
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DISCUSSION

Habitat quality and biotic integrity vary differentially with several factors

including elevation, discharge, riparian condition, and channel reach morphology.

The results from this application of the HSBP to nine reaches in three East Maui

streams reveal many of these differences. Hanawi Stream, with a relatively intact

flow regime (due to several contributing springs), nearly met statewide habitat quality

reference conditions in all reaches, but species richness decreased with increases in

elevation. Lower Kopiliula and Lower Hanawi exhibited high biotic integrities, but

habitat quality in Lower Kopiliula was lower because of the effects of less discharge.

Low scores in Lower Wailuanui were ultimately caused by invasive, channel altering

riparian vegetation and low discharge. Middle Kopiliula and Middle Wailuanui had

similar biotic characteristics, but the combination of lower discharge and plane bed

reach morphology caused Middle Kopiliula to have poorer habitat. The three upper

sites, noted as outliers in the HSBP composite graph, are probably misclassified given

the elevation constraint. Inclusion of catchment and segment scale metrics in the

HSBP would help weight the other metrics and thus provide a more realistic

representation of natural stream conditions.

Poff (1997) presented a biologically based, mechanistic framework with

which to understand the multi-scale effects of environmental filters on aquatic species

distribution and abundance and community composition in a hierarchical landscape.

The ability of the HSBP to observe stream degradation and relate it to a source of

disturbance was recently shown in a study that applied the methodology in seven

catchments on Kauai (Paul et al., 2004). The results indicated that the HSBP detected
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trends in stream community composition and physical habitat structure that were

related to human disturbances on a landscape scale (e.g. percent forest cover). The

results described in this paper revealed additional constraints on habitat quality and

biotic integrity. These constraints were evident at different spatial scales (Table 3).

Table 3. Hierarchical landscape filters evident in East Maui, Hawaii streamst.

Spatial
scale Landscape feature(s) System attribute(s) Filter
Catchment Humans Land use Nutrient enrichment

Sediment / Siltation

Topography Elevation Cost path

Segment Diversions Barriers Flow regime

Thermal regime
Habitat continuity

Waterfalls Barriers Topographic break

Reach Land cover Riparian condition Organic matter inputs

Bank stability

Morphology Transport capacity Grain size,

Confinement Stream power Flood intensity

Unit Morphometry Channel hydraulics Water velocity

Pool depth Habitat volume

Substrate sizes Substrate availability Substrate requirement

Embeddedness Interstitial space

Maximum sediment size Flood refugia Substrate mobility

Microhabitat Water depth, velocity Surface hydraulics Water roughness

Near bed hydraulics Shear stress

Particle size Substrate type Substrate requirement
Flood refugia Substrate mobility

TModified from Poff (1997)

Tools, such as the HSBP, that are used in water resources management

activities would benefit from adopting a hierarchical approach to unifying stream

ecology and hydrogeomorphology. Kido (2002) noted that a comprehensive

hierarchical classification framework is still needed to group Hawaiian stream

systems into similar groups, because an existing classification by Polhemus et al.
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(1992) for inland waters of tropical Pacific islands is too general for Hawaii. A

biological stream classification that encompasses longitudinal discontinuities, vertical

hydrologic influences, lateral sediment and organic matter exchanges, and instream

patch hierarchies will truly facilitate comparison and generalization within and among

streams. Future research efforts will be most effective if they can target specific

processes at scales of functional significance to native aquatic biota.

CONCLUSION

Conceptual frameworks that integrate geomorphology and stream ecology

generate useful scientific understanding necessary for effective ecosystem

management (Montgomery, 2001). The HSBP method provides a standard field

survey operating procedure that is useful for characterizing overall stream health and

monitoring specific sites over time. Surveys assess microhabitat, channel unit, and

reach scale attributes, and are thus limited to small scale characterizations. Processes

linked to landscape scale patterns can only be inferred from survey results. The

spatial context and causal linkages between human induced disturbances and

ecosystem responses are difficult to predict. As researchers and water resources

managers continue to investigate the impacts of different management decisions (e.g.

urban development, flow diversion, channelization) on lotic ecosystems, a more

process based understanding of these systems will evolve.
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APPENDIX A

HSBP Habitat Assessment.
Metric Description Data Source(s)

1 Habitat Availability Maps, Photos

2 Embeddedness Substrate data

3 Fine / Coarse Particulate Organic Matter Substrate data

4 Velocity-Depth Combinations Hydraulic data

5 Channel Flow Status Photos, Transect data

6 Channel Alteration Maps, Photos

7 Bank Stability Maps, Photos

8 Riparian Vegetative Zone Width Photos, Densiometer data

9 Riparian Understory Coverage Photos

10 Cobble I Boulder vs. Soil Presence Substrate data

HSBP Index of Biolo2ical Inte2ritv (HS-IBI).
Metric Description Data Source(s)

1 Number of Native Amphidromous Macrofauna Underwater survey data

2 % Contribution Native Macrofauna Taxa Underwater survey data

3 % Sensitive Native Fish Species Underwater survey data

4 Sensitive Native Fish Density (fish sq rn-i) Underwater survey data

5 % Sensitive Native Fish Size (>= 6.0 cm) Underwater survey data

6 % Awaous guamensis Size (%>= 8.0 cm) Underwater survey data

7 Total Native Fish Density (fish sq rn-i) Underwater survey data

8 Community Weighted Average Underwater survey data

9 Number of Alien Taxa Underwater survey data

10 % Tolerant Alien Fish Species Underwater survey data

11 % Diseased / Parasitized Fish Underwater survey data
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APPENDIX B

HSBP Habitat Assessment

Metric
Wailuanw

Upper
Wailuanw

Middle
Wailuanui

Lower
Kopiliula

Upper
Kopiiula
Middle

Kopiiula
Lower

Hanawi
Upper

Hanawi
Middle

Hanawi
Lower

1 16 18 12 12 11 18 15 16 18

2 20 20 13 20 14 16 16 20 19

3 20 20 19 20 20 20 20 20 20

4 9 13 9 16 11 13 16 17 18

5 20 8 6 17 10 15 20 20 20

6 20 20 4 20 20 20 20 20 20

7 20 16 13 16 18 20 20 20 20

8 20 20 20 19 20 20 20 20 20

9 20 19 17 20 15 20 15 13 20

10

Observed

20

185

20

174

17

130

20

180

19

158

20

182

20

182

20

186

20

195

Expected 200 200 200 200 200 200 200 200 200

93% 87% 65% 90% 79% 91% 91% 93% 98%



28

HSBP Index of Biotic Intel!ritv (HS-IBI'i

Metric
Wailuanui

Upper
Wailuanui

Middle
Wailuanul

Lower
Kopiliula
Upper

Kopifiula
Middle

Kopiiula
Lower

Hanawi
Upper

Hanawi
Middle

Hanawi
Lower

1 3 3 5 3 3 5 3 3 5

2 5 1 3 5 5 5 5 5 5

3 1 5 1 1 5 5 1 5 5

4 1 3 1 1 1 5 1 5 5

5 1 5 1 1 3 3 1 5 3

6 1 1 3 1 1 5 1 1 5

7 1 1 1 1 1 5 1 5 5

8 5 3 3 5 3 5 5 5 5

9 5 5 5 5 5 5 5 5 5

10 5 5 5 5 5 5 5 5 5

11 5 5 5 5 5 5 5 5 5

Observed 33 37 33 33 37 53 33 49 53

Expected 55 55 55 55 55 55 55 55 55

60% 67% 60% 60% 67% 96% 60% 89% 96%




