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Abstract

We provide an overview of the coastal ecosystem of the Hawaiian archipelago and describe the ecological factors that have
influenced the ecosystem in the past, present, and future. Coastal ecosystems found throughout the Hawaiian archipelago are
subject to oceanic influences such as winds, salt-spray, and wave energy. Two coastal ecosystem sub-types occur in the
archipelago and are defined by moisture regime: coastal dry and coastal wet-mesic sub-types. Limited information exists
about what coastal ecosystems and their associated ecological communities looked like prior to human-contact. The
assumption is that coastal ecosystems were historically more resilient to stochastic events because they had more continuous
populations of native flora with a higher faunal diversity. Currently, coastal ecosystems are in decline due to factors such as
conversion pressure from expanding development and agriculture and the introduction of invasive species. We analyzed four
scenarios for a foreseeable future of coastal ecosystems with varying levels of change in Conservation Management
Parameters: conservation values, laws and biosecurity, and development or conservation planning. We anticipate that coastal
ecosystems will continue to decline unless significant management change occurs.
Introduction

The Hawaiian archipelago in the Pacific Ocean is more than 3200 km from the nearest continental land mass with extreme
variations in elevation, wind, rain, topography, substrate, and hydrology. These variations create unique ecosystems across the
archipelago. We provide an overview of the coastal ecosystem in Hawai‘i and describe the ecological factors that have influenced it
over time. Please see the Physical Geography of the Hawaiian Islands by Harrington, Pang, and Richardson 2019 for a full description of
the unique geography, geology, climate, hydrology and descriptions of the islands in the Hawaiian archipelago.
edia of the World's Biomes https://doi.org/10.1016/B978-0-12-409548-9.12418-2 1
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Description

Defining Hawaiian Islands Coastal Ecosystems

Coastal ecosystems are defined as near-shore areas impacted by the ocean. Bound by ocean on one side, these ecosystems generally
range within 100 m of the high tide, and up to 300 m in elevation. This limit is determined by the effect of seawater on the
substratum and plant rooting zone; the limit of spray kill; and the limit of formations such as sand dunes, elevated coral outcrops,
and marine terraces, which are created largely through shoreline processes (e.g., inundation or exposure to salt water and onshore
flow of ‘ehukai salt mist, strong winds, movement of sand by winds, and brackish basal groundwater; see Richmond and Mueller-
Dombois, 1972; Gagné and Cuddihy, 1999; Warshauer et al., 2009) and sometimes extends farther inland if strong prevailing
onshore winds drive these processes into the lowland zone (TNCH, 2009).

Coastal ecosystems are found on all of the main Hawaiian Islands (Hawai‘i, Maui, Moloka‘i, Kaho‘olawe, L�ana‘i, O‘ahu, Kaua‘i,
and Ni‘ihau) and offshore islets. The highest species diversity occurs in the least populated and undeveloped coastal areas on the
main Hawaiian Islands. These ecosystems also occur on the islands and atolls within the islands in the Northwestern Hawaiian
Islands (NWHI or Papah�anaumoku�akea).

The coastal substrate consists of well-drained talus (the pile of rocks that accumulate at the base of a cliff, chute, or slopes),
calcareous (limestone) slopes, and dunes. This ecosystem can be dry (less than 1200 mm annual rainfall), mesic (1200–2500 mm),
and wet (more than 2500 mm). The vegetation community within these dry and wet-mesic ecosystems consist of herblands,
sedgelands, grasslands, shrublands, mixed communities, and forests (Table 1 and described below).
Pre-human Condition

Information about native vegetation in Hawai‘i prior to the arrival of humans is limited. Our assumptions are based on existing
vegetation, remnants in disturbed areas, patterns of climate and substrates, and a few fossilized remains (Cuddihy and Stone, 1990).
Coastal ecosystems were found on all islands in the archipelago in a continuous ring, only interrupted by stretches of recent lava
flows or unstable cliff faces (Jacobi and Warshauer, 2017). Native flora and fauna existing today are likely remnants of larger, more
extensive past populations of flora and fauna (Gagné and Cuddihy, 1999). What is now an island or atoll within the Northwestern
Hawaiian Islands was likely a high elevation island with a varying array of vegetation communities that do not currently exist. For
example, typical high island tree species such as loulu (Pritchardia sp.) and ‘iliahi (sandalwood, Santalum elipticum) on the coral
island of Kamole (Laysan) might have been the remnant of a more expansive vegetation community present at one time on a higher
elevation island form (Mueller-Dombois and Fosberg, 1998) (Fig. 1).

Vegetation on rocky shores were low growing and mat forming species in areas closest to the ocean (Warshauer et al., 2009), or
stunted due to strong winds (e.g., tree species grew to shrub forms) (Gagné and Cuddihy, 1999). Taller plants grew farther inland or
where accumulated soil was locally available (Warshauer et al., 2009). A range of conditions at other sites allowed for species
diversity within coastal communities (Warshauer et al., 2009). We assume that healthy, functioning coastal ecosystems unaltered by
humans had the ability to provide natural protective buffers for inland ecosystems (Fig. 2).

Dry Hawaiian coastal ecosystems historically occurred on all coral atolls and high island remnants of the NWHI, and along the
coastlines of all the main islands (Gagné and Cuddihy, 1999). They were likely more extensive on the drier leeward sides of larger
Table 1 Categories and sub-units of Hawaiian coastal systems and dominant plant species and vegetation type were used to
classify habitat sub-units based on their elevation and moisture regimes within the coastal boundaries.

Coastal communities
Coastal dry communities Coastal dry herblands Nama Herbland

‘�Akulikuli (Sesuvium) Herbland
Coastal dry grasslands ‘Aki‘aki (Sporobolus) Grassland

K�Awelu (Eragrostis) Grassland
Lepturus Grassland

Coastal dry mixed communities ‘Ilima (Sida) Mixed Shrub and Grassland
Coastal dry shrublands Naupaka Kahakai (Scaevola) Shrubland

‘ilima (Sida) Shrubland
Ma‘o (Gossypium) Shrubland
Hinahina/K�õp�ukai (Heliotropium) Shrubland
‘Iliahialo‘e (Santalum) Shrubland
Coastal Cliff Mixed Shrubland
‘�Aweoweo (Chenopodium) Coastal Shrubland
Naio (Myoporum) Shrubland

Coastal wet-mesic communities Coastal mesic forest Hala (Pandanus) Forest
Loulu (Pritchardia) Coastal Forest

Adapted from Gagné WC and Cuddihy LW (1999) Vegetation. In: Wagner WL, Herbst DR, and Sohmer SH (eds.) Manual of the Flowering Plants
of Hawai‘i, pp. 45–114. Honolulu: University of Hawai‘i Press, Bishop Museum Press.



Fig. 1 Nihoa Island, a high island in the Northwestern Hawaiian Islands.

Fig. 2 Low growing and mat forming shrubs at Ka‘ena Point on the island of O‘ahu.
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islands and on all sides of the smaller, arid islands and atolls in the Hawaiian archipelago (Gagné and Cuddihy, 1999; Landfire,
2016). Certain plants such as naupaka kahakai (Scaevola taccada) were able to utilize the brackish groundwater to grow year-round
(Gagné and Cuddihy, 1999). Other typical coastal dry vegetation consisted of ‘ �Ohai (Sesbania tomentosa), ‘aki‘a (Wikstroemia uva-
ursi), naio (Myoporum sandwicense), p �Opolo, ‘akoko (Chamaesyce celasroides), ‘ewa hinahina (Achyranthes splendens var. rotundata),
p�a‘�u o Hi‘iaka (Jacquemontia ovalifolia subsp. sandwicensis), and ‘ilima (Sida fallax) (see Table 2) (Fig. 3).

Wet coastal ecosystems in Hawai‘i included nutrient-rich flood plains, marshes, lowland riparian, fresh groundwater, and
permanent stream areas. These included the coastal wet forests and the coastal mesic forests (see Table 3) (Fig. 4).

Hawaiian vertebrate species such as honu (Hawaiian green sea turtle, Chelonia mydas), honu ‘ea (hawksbill turtle, Eretmochelys
imbricata), and ‘�ı lioholoholoikauaua (Hawaiian monk seal, Monachus schauinslandi) frequented coastlines where the offshore
waters provide an abundance of limu and reef protection from predatory shark species. ‘ �Ope‘ape‘a (Hawaiian hoary bat, Lasiurus
cinereus semotus) foraged along the coasts searching for insect prey. Nesting seabirds left their young in sandy or rocky burrows to
forage in the prey rich sources offshore. Other seabirds used the edge of the vegetation line to lay their eggs away from the high tide.



Table 2 Historic and current condition of coastal dry communities.

Historic condition Current condition

Coastal dry
herblands

Coastal dry herblands occurred in rocky areas, on
coralline surfaces, and on mudflats adjacent to
lagoons, marshes, and anchialine pools on coraline or
basaltic surfaces; from 0 to 5 m elevation; with an
annual rainfall from less than 250 mm to more than
1000 mm (Gagné and Cuddihy, 1999). Dominant herb
species included hinahina kahakai (Nama
sandwicensis) and ‘�Akulikuli (Sesuvium
portulacastrum) (Gagné and Cuddihy, 1999). Other
herbaceous plants consisted of p�a‘�u o Hi‘iaka and
‘ohelo kai (Lycium sandwicense) (Gagné and Cuddihy,
1999).

Nama and ‘�akulikuli dry herbland communities currently occur only where human
disturbance is minimized and along coastal bluffs and cliffs where there are
rocky areas and coral surfaces (Gagné and Cuddihy, 1999, p. 55). Some of these
native communities have been replaced by the non-native slender sea-purslane
(Sesuvium maritimum).

Coastal dry
grasslands

Coastal dry grasslands typically occurred in leeward
areas, at sea level to 300 m elevation with an annual
rainfall from 250 to 1000 mm, on variety of
substrates of well-drained calcareous sand to newly
vegetated volcanic flows (Gagné and Cuddihy, 1999).
The plant communities were often subject to summer
drought and “brown off” (with the exception of
‘aki‘aki (Sporobolus virginicus) and k�awelu
(Eragrostis variabilis) (Gagné and Cuddihy, 1999).
‘Aki‘aki, k�awelu, and Lepturus repens were the
dominant grasses.

Native coastal dry grasslands are limited to a few coastal dunes on which human
disturbance has been minimized (Gagné and Cuddihy, 1999, p. 57). ‘Aki‘aki
grasslands have been converted to kiawe forest communities. Nonnative weeds
remain the primary threat to ‘aki‘aki, k�awelu, and Lepturus grassland
communities (Gagné and Cuddihy, 1999, p. 58). ‘Aki‘aki is often the only native
understory species beneath kiawe. Otherwise, the understories are dominated by
nonnative drought-resistant grasses and herbs, particularly buffelgrass
(Cenchrus ciliaris) fingergrass (Chloris spp.), and guinea grass.

Coastal dry
mixed
communities

Coastal dry mixed communities occurred on talus
slopes or on shallow, rocky, weathered clay soils,
especially in leeward areas with an annual rainfall of
less than 500 mm, often subject to winter storm salt
spray (Gagné and Cuddihy, 1999). ‘Ilima was the
dominant plant species.

‘Ilima mixed shrub and grassland communities are still found, however, fingergrass
now occurs with ‘ilima as a dominant hybrid community in this coastal dry
habitat. Additionally, in drier sites on the main Hawaiian Islands these
communities have usually been replaced by kiawe, koa haole, Christmas berry or
klu (Acacia farnesiana). Protection by isolation, especially from feral herbivores
provides some protection to the native mixed community.

Coastal dry
shrublands

Coastal dry shrubland communities occurred mostly on
flat, rocky sites in open, widespread coastal areas
below 300 m with an annual rainfall of less than
500 mm; small shrubs in this community were
subject to harsh environmental conditions (e.g., highly
seasonal precipitation, large temperature
fluctuations, and intense solar radiation) (Gagné and
Cuddihy, 1999). Naupaka kahakai (Scaevola taccada),
‘ilima, ma‘o, hinahina/k�õp�ukai (Heliotropium
anomalum var. argenteum)/(H. curassavicum), and
‘iliahialo‘e (Santalum ellipticum) were dominant
species. Coastal cliff mixed shrubland, another sub-
habitat of the coastal dry shrublands, consisted of a
mix of ‘ilima, nehe (Lipochaeta spp.), ‘akoko
(Euphorbia degeneri), k�awelu, Schiedea globosa, and
‘�anaunau (Lepidium bidentatum var. o-waihiense)
species); ‘�Aweoweo (Chenopodium oahuense) and,
pua kala (Argemone glauca), naio.

Native coastal dry shrubland communities occur where they are not subjected to
grazing. Abandoned grazing lands along coastlines are extensive thickets of koa
haole shrublands.

Christmas berry and kiawe forest are also components of these shrublands, the
latter community prevailing especially where kiawe is able to tap brackish
groundwater.

Currently predominantly native dry shrublands consist of mostly nonnatives.
Naupaka kahakai shrubland occurring on dunes can be mixed with invasive
species such as Indian fleabane (Pluchea indica), sourbush (Pluchea carolinensis)
and Christmas berry; on raised coral can be found with stinking passionflower
(Passiflora foetida); and on basalt cliffs can be found with sweet acacia (Acacia
farnesiana). ‘Ilima, ma‘o, and hinahina/k�õp�ukai, and ‘a‘ali‘i shrublands occur on a
few locations in the main Hawaiian Islands. Although severely disturbed by roads,
trails, and nonnative weeds and only represented by a single natural occurrence
at Makapu‘u on O‘ahu, ‘iliahialo‘e shrubland remains a native-dominated
community (Gagné and Cuddihy, 1999).

Coastal cliff mixed shrublands grade into nonnative dominated communities from
the top to bottom of cliff bases. Native species are not large components of these
communities.

Most of the native coastal dry shrublands that remain are being destroyed by
urbanization, off-road vehicle activity, arson, grazing, and encroachment by
nonnative plant species. ‘llima, ‘�aweoweo, and naupaka kahakai shrublands
occur on federally protected lands in the NWHI; naupaka kahakai shrublands are
fairly dominant in certain coastal areas of the main Hawaiian Islands. Coastal cliff
mixed shrublands also have some natural barriers (steepness of cliff slopes)
which make it impossible for nonnative ungulates and predators to access, but is
almost ubiquitously disturbed by nonnative plants. Although several of these
communities occur within the State’s Ka‘ena Point Natural Area Reserve on
O‘ahu, they have not yet received protective management. Ma‘o, hinahina/
k�õp�ukai, ‘iliahialo‘e, and naio shrub lands remain unprotected.

4 Hawaiian Islands Coastal Ecosystems: Past, Present, and Future



Table 2 (Continued)

Historic condition Current condition

The coastal dry shrubland is often delineated at the inland boundary by nonnative
lowland shrubs and trees (klu, kiawe, koa haole, and Christmas berry) where the
degree of salt spray, is minimal. No extant intact naio shrublands currently exist;
only remnant scattered clumps of naio occur in the lowlands of O‘ahu, such as on
the Mokul�e‘ia side of Ka‘ena Point, where they have not been impacted by
agriculture or fire and subsequently replaced by nonnative shrublands or forests.
On Laysan, this vegetational association was an important element until it was
destroyed by introduced rabbits in the early 1900s and replaced by shrublands of
Indian fleabane. ‘�Aweoweo coastal shrublands have since been reintroduced on
Lisianski and Laysan.

Coastal dry
forests

Coastal dry forests occurred in gently sloping and level
lowlands, in areas where there was sufficient soil
(Gagné and Cuddihy, 1999). Ground cover consisting
of ‘aki‘aki extended inland beneath taller tree species
such as wiliwili (Erythrina sandwicensis), ‘ohe makai
(Reynoldsia sandwicensis), and loulu (Pritchardia
spp.). Typical plants in this community included ‘ilima
and nehe. Vegetation in the semi-arid conditions on
the leeward coasts were able to utilize brackish water
found under talus and alluvial substrates.

Additionally, wiliwili, ‘ohe makai, and hoary abutilon have been replaced with
invasive species such lantana (Lantana camara), klu, Christmas berry, koa haole,
or kiawe (the latter being the current dominant species in the coastal dry forest).
Because kiawe is able to utilize brackish groundwater at great depths it thrives in
the semi-arid conditions along this coastal habitat type. Logwood (Haematoxylum
campechianum) is locally quite abundant and may be codominant with kiawe on
the south Kona coast of Hawai‘i Island.

Adapted from Gagné WC and Cuddihy LW (1999) Vegetation. In: Wagner WL, Herbst DR, and Sohmer SH (eds.) Manual of the Flowering Plants of Hawai‘i, pp. 45–114. Honolulu:
University of Hawai‘i Press, Bishop Museum Press.

Fig. 3 ‘�Ohai and naupaka on the island of O‘ahu.
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Other native birds (e.g., finches (Family: Fringillidae), millerbirds (Family: Acrocephalidae), large flightless birds (Family: Anati-
dae), and various migratory shorebirds) used the native vegetation to build their nests and forage for food sources within the coastal
ecosystem. Native insects such as the yellow-faced bee (Hylaeus spp.) used the branches of native vegetation to build their nests.
In short, these coastal areas were vibrant, diverse ecological communities that could sustain the ecological processes within the
ecosystem.



Table 3 Historic and current condition of coastal wet-mesic communities.

Historic condition Current condition

Coastal wet
forests

Coastal wet forests were likely a
widespread community which
occurred on the windward coastlines
(Gagné and Cuddihy, 1999). ‘�Ohi‘a
(Metrosideros polymorpha) and lama
(Diospyros sandwicensis) were likely
widespread on the windward coasts
(Gagné and Cuddihy, 1999).

‘�Ohi‘a/lama wet forests no longer exist as a primary dominant community type in the coastal habitat.
The wet coastal forests that exist today are mangrove swamps consisting of American mangrove
(Rhizophora mangle) and oriental mangrove (Bruguiera gymnorrhiza).

Coastal
mesic
forests

Coastal mesic forests occurred on
sandy coastlines, wetter lower
slopes, valley bottoms, land shelves,
and cliff bases from 0 to 493 ft.
(150 m) elevation in areas with an
annual rainfall of 71–150 in
(1800–3800 mm) (Gagné and
Cuddihy, 1999). Loulu were the
dominant tree species in the coastal
wet-mesic habitat.

Both hala and loulu coastal mesic forests are rare. Hala forests are now uncommon but still occur in
areas not excessively altered by humans, e.g., example on the N�a Pali coast trail on the island of
Kaua‘i. Fairly intact hala forest are also found along the Puna coastline on Hawai‘i Island but have
since been covered by current (2018) lava flows. Only one extant population of loulu coastal forest
currently remains on the island of Nihoa. This last lolulu forest community is unique in that it is not
subject to invasive mammalian seed predators. Common ironwood (Casuarina equisetifolia) which is
considered an invasive tree, is another coastal mesic forest community. This community has the
capability to grow in monospecific stands due to its aggressiveness in its nitrogen-fixing capability,
ability to utilize brackish groundwater, and ability to exclude understory growth with its allelopathic
leaves. Coconut (Cocos nucifera) trees introduced to Hawai‘i by early Polynesian settlers are found
along coastal beaches, sometimes in dense monotypic stands.

Other areas that were once consisting of hala dominated species were farmed and subsequently
abandoned by the ancient Hawaiians. These habitats have become dominated by common guava
(Psidium guajava), strawberry guava (P. cattleianum), or black bamboo (Phyllostachys nigra), or by
Polynesian introductions such as kamani (Calophyllum inophyllum), kukui (Aleurites moluccana), hau
(Hibiscus tiliaceus), and tree heliotrope (Tournefortia argentea).

Adapted from Gagné WC and Cuddihy LW (1999) Vegetation. In: Wagner WL, Herbst DR, and Sohmer SH (eds.) Manual of the Flowering Plants of Hawai‘i, pp. 45–114. Honolulu:
University of Hawai‘i Press, Bishop Museum Press.

Fig. 4 Loulu coastal forest on the island of Nihoa.
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Coastal Ecosystem Viability

We suspect that species viability in coastal ecosystems depended on maintaining multiple, distributed (or redundant) populations
of sufficient quality and size to be resilient to change, and with a species richness and representative of a genetic range to survive
across their ecological environment over time. The distribution of the coastal ecosystems in the Hawaiian archipelago likely
provided the redundancy, which allowed the ecosystem to withstand stochastic events (like volcanic eruptions or hurricanes) on
portions of the habitat.
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We assume the ecosystem viability of coastal communities before pre-human contact were very resilient, redundant, and well
represented and occurred in a continuous ring on all the islands, only restricted by elevation, rainfall, and ocean influences. Because
they were widely distributed, it is believed their ability to recover from catastrophic events was more likely. These communities
tolerated natural disturbances and any changes or variations to the environment.
Current Condition

Hawaiian coastal ecosystems have been transformed either intentionally (e.g., ornamental or food crops, human residences or
hotels, other development such as harbors, jetties, and piers) or inadvertently (e.g., examples plus climate) by humans. Non-native
species may become naturalized or outcompete native species. For example, strawberry guava (Psidium cattleianum), a Brazilian
native tree species, grows from sea level to 4000 ft in elevation (USFS, 2016). Strawberry guava competes with native species,
fragments native habitat systems, alters water cycling of Hawaiian watersheds, and promotes secondary invasive species.

Ironwood (Casuarina equisetifolia) is an invasive species that is capable of fixing nitrogen and therefore, may alter the soil
chemistry (Smith, 1992). It grows rapidly, forms exclusive stands, and its fallen branchlets produce allelopathic chemicals (Smith,
1992). In the NWHI, naupaka, a sand stabilizer of these islands, cannot tolerate the heavy shade from ironwood, thus has suffered
from the gradual encroachment and eventual replacement by the invasive species (Smith, 1992). These low lying coastal islands are
therefore more susceptible to erosive processes (Smith, 1992).

Koa haole (Leucaena leucocephala) is an aggressive pest due to its effective dispersal and potential for rapid population increase
(Wester, 1992). Its ability to vigorously resprout and establish by seed after fire exhibits its ability to exploit new sites and shift the
ecological systems (Smith and Tunison, 1992).

Coastal dry communities
Coastal dry communities have been inundated or replaced by invasive species such as pickleweed (Batis maritima), kiawe (Prosopis
pallida), koa haole (Leucaena leucocephala), Christmas berry (Schinus terebinthifolius), sourbush (Pluchea carolinensis), guinea grass
(Megathyrsus maximus) Native species are no longer dominant in the coastal dry forest (Gagné and Cuddihy, 1999); rather, the
systems are made up of invasive plants as listed above and in Table 2.

Coastal wet-mesic communities
Coastal wet-mesic communities are represented by forests, generally restricted to the windward side due to the availability of
rainfall, and in the NWHI and offshore islets (e.g., loulu valleys on Nihoa, ironwood stands on Midway, loulu on sea cliffs offshore
of Moloka‘i). Relative to other communities in the coastal system the coastal wet-mesic communities are relatively species-poor, but
this may be a result of human alteration (Gagné and Cuddihy, 1999). Coastal mesic and wet forests have been significantly reduced
to invasive dominated communities (see Table 3) (Figs. 5–8).
Current Biotic Components of Coastal Ecosystems

The honu, honu ‘ea, and ‘�ı lioholoholoikauaua continue to use coastal areas, however, we speculate in less numbers than historic
times. ‘ �Ope‘ape‘a continue to forage in and off these habitats. Seabirds (Families: Sulidae, Fregatidae, Diomedeidae, Procellariidae,
Hydrobatidae, Laridae, Phaethontidae) are abundant on the NWHI. Honeycreepers and millerbirds continue to breed in coastal
shrub communities in the NWHI. Flightless herbivorous birds, such as the moa nalo, are extinct. Native bees (Hylaeus spp.) may be
found in remnant coastal communities in the main Hawaiian Islands and NWHI. Current threats to native species include
introduced plants, mammals (rodents and ungulates), insects that negatively impact the native biota within the main Hawaiian
Islands and NHWI in these coastal ecosystems (see below for discussion).
Stressors

Development
Human development modified coastal ecosystems (Warshauer et al., 2009). Structures and sand hardening altered the hydrody-
namics and water flow, wave regime, sediment dynamics, grain size, and depositional processes (Fletcher et al., 1997; Miles et al.,
2001; Runyan and Griggs, 2003; Martin et al., 2005; Dugan et al., 2011). Beach hardening projects, including placement of seawalls,
jetties, sandbags, and hardened structures, reduce coastal ecosystems, leading to the loss of coastal strand. These activities often
result in sand compaction, erosion, and additional sedimentation in near-shore ecosystems, resulting in negative indirect effects to
the ecological community and the ecosystem. Often, these increase erosion in adjacent areas and the potential for a cascading series
of other beach stabilization projects (Fletcher, 2010; Coastal Geology Group, 2016).

When not managed, public access and recreation degrades or eliminates native communities. Vehicular access from tours,
individual recreational access, and use of All Terrain Vehicles (ATV’s) increases erosion and damages communities by crushing and
breaking of native communities.

Ecosystem destruction and modification by urbanization and land use conversion lead to the direct fragmentation of coastal
ecosystems and reduce native dominated coastal communities (Warshauer et al., 2009). Fragmentation decreases the total area of



Fig. 6 Coastal ecosystem quality on the island of O‘ahu. From Reeves MK and Amidon F (2018) Habitat status assessment methods—Hawai‘i, current condition
summaries, August 2018. Technical Report from United States Fish and Wildlife Service, 439 pp. Honolulu, HI: Pacific Islands Fish and Wildlife Office.

Fig. 5 Coastal ecosystem quality on the islands of Kaua‘i and Ni‘ihau. From Reeves MK and Amidon F (2018) Habitat status assessment methods—Hawai‘i,
current condition summaries, August 2018. Technical Report from United States Fish and Wildlife Service, 439 pp. Honolulu, HI: Pacific Islands Fish and Wildlife
Office.



Fig. 7 Coastal ecosystem quality on the islands of Moloka‘i, L�ana‘i, Maui, and Kaho‘olawe. From Reeves MK and Amidon F (2018) Habitat status assessment
methods—Hawai‘i, current condition summaries, August 2018. Technical Report from United States Fish and Wildlife Service, 439 pp. Honolulu, HI: Pacific Islands
Fish and Wildlife Office.
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the ecosystem and native communities, reduces the diversity and composition of communities found in the ecosystem, and
therefore reduces its resiliency (Figs. 9 and 10).

Biosecurity
Four agencies are responsible for inspection of goods arriving in Hawai‘i. The Hawai‘i Department of Agriculture (HDOA) inspects
domestic cargo and vessels and focuses on pests of concern to Hawai‘i, especially insects or plant diseases not yet known to be
present in the State. The US Department of Homeland Security-Customs and Border Protection (CBP) is responsible for inspecting
commercial, private, and military vessels and aircraft and related cargo and passengers arriving from foreign locations. They focus on
a wide range of quarantine issues involving non-propagative plant materials (processed and unprocessed); wooden packing
materials, timber, and products; internationally regulated commercial species under the Convention in International Trade in
Endangered Species (CITES); federally listed noxious seeds and plants; soil; and pests of concern to the greater United States, such as
pests of mainland US forests and agriculture. The US Department of Agriculture-Animal and Plant Health Inspection Service-Plant
Protection and Quarantine (PPQ) inspects propagative plant material, provides identification services for arriving plants and pests,
conducts pest risk assessments, trains CBP personnel, conducts permitting and preclearance inspections for products originating in
foreign countries, and maintains a pest database that, again, has a focus on pests of wide concern across the United States. The
USFWS inspects arriving wildlife products, enforces the injurious wildlife provisions of the Lacey Act (18 U.S.C. 42; 16 U.S.C. 3371
et seq.), and prosecutes CITES violations.

The State of Hawai‘i’s unique biosecurity needs are not recognized by Federal import regulations. Under the PPQ’s commodity
risk assessments for plant pests, regulations are based on species considered threats to the mainland United States and do not
address many species that could be pests in Hawai‘i. Interstate commerce provides the pathway for invasive species and commod-
ities infested with non-federal quarantine pests to enter Hawai‘i. Pests of quarantine concern for Hawai‘i may be intercepted at ports
in Hawai‘i by Federal agents but are not always acted on by them because these pests are not regulated under Federal mandates.
Hence, Federal protection against pest species of concern to Hawai‘i has historically been inadequate. It is possible for the USDA to
grant Hawai‘i protective exemptions under the “Special Local Needs Rule,” when clear and comprehensive arguments for both
agricultural and conservation issues are provided; however, this exemption procedure operates on a case-by-case basis and is



Fig. 8 Coastal ecosystem quality on the island of Hawai‘i. From Reeves MK and Amidon F (2018) Habitat status assessment methods—Hawai‘i, current condition
summaries, August 2018. Technical Report from United States Fish and Wildlife Service, 439 pp. Honolulu, HI: Pacific Islands Fish and Wildlife Office.

Fig. 9 Public parking lot and road at Ka‘ena Point Natural Area Reserve entrance.



Fig. 10 ATV and off road trails with nonnative species.
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extremely time-consuming to satisfy. Therefore, that avenue may only provide minimal protection against the large diversity of
foreign pests that threaten Hawai‘i.

Adequate staffing, facilities, and equipment for Federal and State pest inspectors and identifiers in Hawai‘i devoted to invasive
species interdiction are critical biosecurity gaps. State laws have recently been passed that allow the HDOA to collect fees for
quarantine inspection of freight entering Hawai‘i (e.g., Act 36 (2011) H.R.S. 150A–5.3). Legislation enacted in 2011 (H.B. 1568)
requires commercial harbors and airports in Hawai‘i to provide biosecurity and to facilitate cargo inspections. As described above,
the introduction of new pests to the State of Hawai‘i is a significant risk to coastal ecosystems.

Invasive animals
Introduced animals have impacted coastal native vegetation and native fauna. Impacts to native species and ecosystems accelerated
following the arrival of Captain James Cook in 1778. This expedition and subsequent explorers intentionally introduced European
pigs, goats and other livestock for food sources for seagoing explorers (Tomich, 1986; Loope, 1998). The mild climate of the islands
and lack of predators led to the successful establishment of large populations of ungulates.

In these systems, ungulates disturb the soil, destroying vegetative cover and native vegetation. They create open areas conducive
to further invasion by invasive plants.

Dogs, cats, and mongoose also affect coastal ecosystems: dogs trample plants; mongoose opportunistically eat insect pollinators,
fruits, and native plants; and cats spread the parasite, Toxoplasma gondii, in feces that affect ‘�ı liholoakauauaua.

Three species of introduced rats, Polynesian rat (Rattus exulans), black rat (Rattus rattus), and Norway rat (Rattus norvegicus),
impact the coastal communities within the ecosystem. Omnivorous rats eat fleshy fruits, seeds, flowers, stems, leaves, and roots
(Atkinson and Atkinson, 2000), strip bark and cut small branches (twig cutting) in search of moisture and nutrients, and seriously
affect the vigor and regeneration of vegetation (Abe and Umeno, 2011; Nelson, 2012). In the Hawaiian Islands, rats may consume
as much at 90% of seeds produced by some native plants, and in some cases prevent regeneration of species completely (Cuddihy
and Stone, 1990). Hawaiian plants are particularly susceptible to rat predation because the successful reproduction is affected
(Cuddihy and Stone, 1990). Given their impacts on native vegetation, rats have the potential to significantly alter coastal
communities.

The introduced house mouse (Mus musculus) is most common in lowland ecosystems and abundant over a wide range of
vegetation types (Cuddihy and Stone, 1990). Mice have been documented eating insects, grass seeds, fruits (Kami, 1966), and may
disrupt plant pollination through destruction of larvae of pollinators (Cole et al., 2000; Cuddihy and Stone, 1990).

Invasive insects
Sometimes when invasive invertebrates feed on or defoliate native plants, the ranges of the native plants are reduced. For example,
the erythrina gall wasp (Quadrastichus erythrinae) is an invasive invertebrate that impacts wiliwili trees (Erythrina sandwicensis). The
gall wasp was first discovered on O‘ahu in 2005 and subsequently spread to other main Hawaiian Islands (Heu et al., 2008). Like
other gall-forming wasps, they insert eggs into young leaf and stem tissue. Larvae develop and eventually cut exit holes to emerge as
adults. Heavily galled plants result in a loss of growth and vigor, while severe infestations lead to defoliation and death (Heu et al.,
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