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Abstract

This article represents a status assessment of the Mariana Islands coastal ecotype, including the status, stressors, and future
viability. The coastal ecotype in the Mariana Islands is composed of two sub-types: coastal strand and mangrove swamps.
Coastal strand is present on portions of the perimeter of all islands in the archipelago but is more extensive on the older and
larger southern islands (i.e., Guam, Rota, Tinian and Saipan), while mangrove swamps are limited to Guam and Saipan.
Coastal strand and mangrove swamps are generally limited to a narrow zone above high tide and below the line of influence
of shoreline processes such as periodic salt-water inundation, eroding winds, salt spray, and groundwater influx. Invasive
species degrade and fragment coastal areas and disrupt mutualistic relationships among biota. Sea level rise and increased
storm frequency exacerbate this. Typhoons, drought, sedimentation, erosion and pollution also degrade coastal systems.

Introduction

The 15 main islands and associated small islets of the Mariana archipelago hereby referred to as Marianas, stretch north to south for
890 km in the western Pacific Ocean. The archipelago extends from Uracas (also known as Farallón de Pájaros) located at 20.5�N,
144.9�E south to the island of Guam located at 13.4�N, 144.8�E; all are of volcanic origin. The older and larger islands in the south
are composed of elevated coral limestone and weathered basalt (Mueller-Dombois and Fosberg, 1998). The vast majority of the
land area is concentrated in these large southern islands, specifically Guam, Rota, Tinian and Saipan. The younger islands to the
north are composed of black basalts and some have active volcanoes (Ohba, 1994). The tropical climate has little temperature vari-
ation (e.g., monthly averages are 24 �C–27 �C) and distinct wet (July–October) and dry (November–June) seasons (Mueller-
Dombois and Fosberg, 1998). Precipitation averages 2000–2500 mm/year (Mueller-Dombois and Fosberg, 1998). This document
will describe the terrestrial coastal ecotype of the Marianas with a focus on factors that have influenced the systems in the past and
what to expect in the future.

Geology

The Marianas are of volcanic origin but their geology varies based on the age of the island. The older and generally larger islands in
the south, from Guam to Farallon de Medinilla, contain extensive areas of uplifted limestone and have a terraced appearance with
large plateaus and steep cliffs (Mueller-Dombois and Fosberg, 1998). The limestone substrate weathered over time to produce
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shallow, fertile soils that are high in calcium (Donnegan et al., 2011). The younger northern islands, from Anatahan to Uracas, are
cone-shaped stratovolcanoes (i.e., steep, many-layered volcanoes characterized by periodic, explosive eruptions) comprised mostly
of hardened lava, tephra, and volcanic ash (Mueller-Dombois and Fosberg, 1998; Ohba, 1994). Some of the islands remain volca-
nically active with periodic, explosive eruptions (e.g., Uracas in 1967; Pagan in 1981; Anatahan in 2003) (Venzke, 2013). Most
beaches are made of calcareous sand, composed of pulverized fragments of the skeletons or shells of corals, calcareous algae, fora-
minifera, and mollusks (Mueller-Dombois and Fosberg, 1998). Volcanic sand exists near the young volcanoes of the northern
islands and a few river mouths in southern Guam (Mueller-Dombois and Fosberg, 1998). The coastal ecotype is heavily influenced
by movement of sediments such as sand and silt that are transported by waves and currents from the ocean, wind and rainfall, and
rivers, which flush sediment from upland areas (Maanan and Robin, 2015). Therefore, fluctuations in sediment transport, especially
those related to excess erosion and/or deposition can result in functional changes in coastal habitats, including changes in species
composition and distribution (Levin et al., 2011).

Coastal Ecotype Description

The Mariana coastal ecotype generally is limited to a narrow zone above the high-tide level and below the line of influence of shore-
line processes such as periodic salt-water inundation, eroding wind, salt spray and movement of groundwater (Falanruw et al.,
1989; Mueller-Dombois and Fosberg, 1998). These processes sculpt the bare sand, muddy sand, rocks, bench platforms (narrow
erosional platform cut into limestone or volcanic rock) and/or karst (landscape formed by the dissolution of soluble limestone
rock) that make up the substrate in coastal areas. The coastal ecotype is present along portions of the coastlines of all islands
and islets in the Marianas (Amidon et al., 2017; Ohba, 1994).

In the Marinas, two vegetation communities are present in the coastal system: coastal strand and mangrove swamp. The flora of
both tends to be halophytic and plants often have fleshy leaves; an adaptation to reduce evaporation accelerated by the direct
sunlight and/or strong winds present in this system (Fosberg, 1960). Although the coastal ecotype is present on all islands and islets
in the Marianas, it is more extensive on the older and larger islands in the south (i.e., Guam, Rota, Saipan, and Tinian). Mangroves
are only present on Guam and Saipan (Amidon et al., 2017). On the southern islands, all coastal habitat makes up nomore than 2%
of any island area (Amidon and Reeves, 2018). Sea level variation, typhoon frequency, and coastal disturbance by humans are
drivers of the distribution of the coastal ecotype (Fosberg, 1960). Features within the ocean (e.g., coral reefs) bordering one side
of this ecotype help protect from storm surge and other erosional forces (Fig. 1).

The coastal strand is a community of flowering plants, creeping vines and salt-tolerant grasses and is found above the high-tide
line and sometimes between other inland ecotypes such as atoll and limestone forest (Falanruw et al., 1989). Coastal strand vege-
tation is adapted to well-drained soils and exposed shoreline conditions that include salt water and spray, strong winds, and direct
sunlight, which increase evaporation rates (Fosberg, 1960). Coastal strand species are well adapted to maximize pollination services
via insects. Seeds are light and buoyant to be easily dispersed by wind, ocean currents, or carried on the plumage or inside the gut of
birds; contributing to wide distributions (Heatwole et al., 1981). This strategy also enhances the ability to recolonize suitable
substrate after catastrophic or stochastic events (Table 1).

Mangrove swamps (mangroves) are limited to Guam and Saipan and found in estuarine-tidal flats and in coastal swamps at the
mouths of small rivers (Moore et al., 1977; Stone, 1970). Mangroves provide sediment stabilization in estuaries, protection from
storms, maintenance of water quality and spawning grounds and nutrients for a variety of fish and shellfish (Raulerson and

Fig. 1 Coastal strand vegetation at As Matmos Point, Rota dominated by the shrub Scaevola taccada. Photo: USFWS.
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Rinehart, 1991; Woodroffe, 1987; Selvam, 2007). In the Marianas, the mangrove swamp subtype has a fraction of species compared
to mangroves elsewhere in the tropics (Fosberg, 1960); however, there is evidence that they are similarly productive as a function of
detritus per unit area (Woodroffe, 1987). The seeds of the mangroves are torpedo-shaped propagules allowing them to either float
to new habitat or establish in the water or mud beneath parent trees to create dense mangrove forests (Fosberg, 1960) (Table 2).

The viability of coastal strand and mangroves depends on maintaining multiple and distributed locations (redundant) of suffi-
cient quality and size (resilient) with species richness and genetic diversity to be maintained across its ecological environment
(representative) over time. The phrase “ecologically healthy” refers to functions affecting biodiversity, productivity, biochemical
cycles, and evolutionary processes that are linked to the climatic and geologic conditions in the region (Borja et al., 2008). The
ecologically healthy, or viable, coastal ecotype that existed throughout the Marianas prior to human contact likely maintained
natural connections between system components. Native biota that was historically characteristic of Mariana coastal strand and
mangroves filled environmental niches necessary to sustain the habitat (Fig. 2).

The coastal ecotype occurs in a narrow band around portions of islands. Although it was likely more abundant and diverse
before human arrival and subsequent alteration and development of coastal areas, the coastal ecotype is still common and consid-
ered moderately redundant. The mangrove subtype has a more constricted range and only occurs on two islands in the archipelago
(i.e., Guam and Saipan), thus this subtype has low redundancy.

Table 1 Common plant species found in the coastal strand subtype of the coastal system in the Mariana archipelago (Stone, 1970; Raulerson and
Rinehart, 1991; Asakura et al., 1994; Mueller-Dombois and Fosberg, 1998).

Species name Chamorro or common name Vegetation type

Barringtonia asiatica Fishkill tree, putting, ghuul Tree
Bikkia tetrandra Torchwood, gausali Shrub
Casuarina equisetifolia Ironwood, gagu, gago Tree
Cassytha filiformis Love vine Vine
Cordia subcordata Niyoron, aliw Tree
Heliotropium foertherianum Velvet leaf, hunik, hunek, hunig, tchel Tree
Hibiscus tiliaceus Sea-hibiscus, corkwood, pago Tree
Hernandia nymphaeifolia Lantern tree Tree
Ipomoea pes-caprae Alaahi tasi, beach morning glory Vine
Lepturus repens Bunchgrass Grass
Mammea odorata Chapok, chopag Tree
Ochrosia mariannensis Lipstick tree, lengit Tree
Pandanus tectorius Kafu, fatsao Tree
Pemphis acidula Nigas, engi Shrub
Scaevola taccada Half flower, fan flower, nanaso, lanasa, liat Small tree/shrub
Sesuvium portulacastrum Chara Herb
Sporobolus virginicus Seashore rushgrass Grass
Thuarea involuta Las-aga, kuroiwa grass Grass
Thespesia populnea Rosewood Small tree
Vigna marina Beach pea Vine

Table 2 Primary flora species found in the mangrove swamp subtype of the coastal system in the Mariana Islands archipelago (Stone, 1970;
Falanruw et al., 1989).

Species name Chamorro or common name Vegetation type

Acrostichum aureum Langayao Fern
Avicennia marina Gray mangrove, white mangrove Tree
Acrostichum aureum Mangrove fern, golden leather fern Fern
Barringtonia racemosa Langasát or langaasag Tree
Bruguiera gymnorrhiza Manglan lahi Tree
Heritiera littoralis Ufa-halomtano Tree
Hibiscus tiliaceus Sea hibiscus Shrub
Lumnitzera littorea Nana or red-flowered mangrove Tree
Nypa fruticans Nipa or mangrove palm Tree
Rhizophora apiculata Mangle hembra Tree
Rhizophora mucronata Red mangrove Tree
Rhizophora stylosa Stilted mangrove Tree
Xylocarpus granatum Mangrove cannonball Tree
Xylocarpus moluccensis Mangrove cannonball Tree
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Resilience is defined as the amount of disturbance that the system can absorb without a change in structure and composition
(Carpenter et al., 2001). Disturbance in coastal strand and mangrove habitats include natural forces such as typhoons and sea level
change. Due to well drained soils in the coastal strand, salt water tolerance, and highly adapted flora and fauna (avian dispersal,
floating seeds, and root systems) in coastal strand and mangroves, “healthy” coastal habitats have an increased capacity (high resil-
iency) to recover from natural stochastic events.

Representation relates to the variety of system types and variety of species within subtypes. The coastal strand subtype is relatively
speciose and occurs on a wider range of islands within the archipelago compared to the mangrove subtype. The mangrove subtype’s
restricted range means it is more poorly represented than coastal strand.

The primary driving factor for maintaining representation and redundancy for coastal strand and mangroves is related to
dispersal and connectivity. Connectivity refers to the ability of plants and animals to move between habitat patches on the land-
scape (Tischendorf and Fahrig, 2000). Wind and water, specifically the ocean, is essential for dispersal to distant sites, though
some propagules utilize birds for natural dispersal in aquatic systems. Seabirds and migratory birds which may consume or other-
wise carry propagules, contribute to connectivity between coastal habitats at small to large scales (i.e., regional to inter-continental)
while transiting between feeding, breeding, and non-breeding areas (Buelow and Sheaves, 2015).

Pre-Human Condition

Information about native vegetation in the Marianas prior to the arrival of humans is limited. Accurate descriptions of coastal vege-
tation communities during this period requires information from the fossil record and observations of the composition of relatively
undisturbed, intact coastal systems. Prior to human colonization, the coastal system in the Marianas was present on every island in
the archipelago (Fosberg, 1960; Ohba, 1994) and was heavily influenced by changes in sea level (Woodroffe, 1987). Pacific sea level
declines during the late Holocene caused profound coastline changes. Around 3000–4000 years ago, the drop in sea level exposed
extensive low tide platforms. Erosion, typhoons, and volcanic eruptions also influenced the physical coastline.

Prior to human colonization, coastal strand and mangrove swamps were more speciose overall and thus more resilient. The
dominant species varied across the archipelago as dictated by geomorphology. Similar to today, mangrove swamps in the Marianas
were less speciose relative to coastal strand (Fosberg, 1960). Thus, prior to human contact, the Marianas coastal ecotype was highly
resilient and hadmedium (strand) and low (mangroves) levels of redundancy and representation (Table 3). As we see today, coastal

Fig. 2 Example of a mangrove swamp with aerial roots visible at Cabras Marina, Guam. Photo: USFWS.

Table 3 Levels of resiliency, redundancy, and representation for coastal strand and mangrove swamp subtypes of the coastal ecotype that existed in
the Mariana Island Archipelago prior to human contact.

Habitat type Resiliency Redundancy Representation

Coastal strand High Medium Medium
Mangroves High Low Low
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strand was diverse and widespread across the islands, and was better represented and had greater redundancy than the mangrove
subtype, which had lower species diversity and was limited in distribution to Guam and Saipan (Fosberg, 1960; Falanruw et al.,
1989).

Current Condition

Rapid human settlement of the central Pacific including the Marianas 2500–3500 years ago (Nunn, 1990) caused widespread alter-
nation of coastal areas (Athens and Ward, 2004). The development of coastal plains as sea level fell since the last interglacial period
may have made coastlines more attractive for human settlers. The human occupation of the Marianas resulted in coastal land use,
development and accidental or intentional introduction of invasive species, which altered much of the vegetation across the islands
so drastically that pristine habitats are rare (Spoehr, 1957; Athens and Ward, 2004). Over time, the distribution and species compo-
sition of coastal strand and mangroves changed substantially to include a variety of introduced biota that are capable of affecting
species distribution, diversity and abundance (Reddy, 2011). Invasive plants [e.g., Cuscuta campestris (dodder) and Antigonon leptopus
(chain of love)] and animals [e.g., feral ungulates, Rattus spp., invasive ants (Family Formicidae)] are present in coastal areas and can
have profound effects on ecosystems (Table 4) (Kessler, 2011; Raulerson and Rinehart, 1991; Wiewel et al., 2009).

Some of the more dominant coastal strand species today include: Pemphis acidula (often pitted in limestone of windward coasts),
Heliotropium foertherianum and Casuarina equisetifolia, which are found in loamy areas; and Scaevola taccada and Ipomoea pes-caprae
which are found on sandy beaches (Table 1). Coconut palms (Cocos nucifera) were present in sediment cores over 4000 years ago
prior to human colonization so are native to the Marianas (Athens and Ward, 2004). Coconut palms have gradually became more
common as they were planted widely andmany islands now contain nearly monotypic stands (Asakura et al., 1994). In many areas,
native species still dominate coastal strand, primarily because the abiotic conditions (i.e., salt spray and inundation, wind and sun
exposure) are harsh and limit colonization by other species.

In southern Guam, there was likely an increase of mangrove vegetation within the last 1000 years based on pollen cores in the
area (Amesbury, 1999). Currently the largest concentrations exist along the eastern shores of Apra Harbor and smaller areas in Mer-
izo and Inarajan. Guam’s mangroves are dominated by Rhizophora apiculata but are composed of a variety of species that existed

Table 4 Primary invasive species in the Marianas coastal habitats.

Common name Scientific name Primary species affected How invasive affects the

ecotype

Where present References

Ants Anoplolepis gracilipes,

Wasmannia

auropunctata

Prey on native fauna,
affect plant distribution
via mutualisms and
direct seed predation

Changes in distribution,
abundance and
diversity of biota

Pagan, Guam Plentovich et al. (2018),
Raymundo and Miller
(2012), and Wetterer
and Porter (2003)

Brown tree
snake (BTS)

Boiga irregularis Prey on fauna including
birds and reptiles

Absence of bird
dispersers, so reduced
vegetation dispersal
and reduced
germination success

Guam Savidge (1987) and
Rodda and Savidge
(2007)

Coconut rhinoceros
beetle (CRB)

Oryctes thinocerosrhin

overos

Coconut palms Loss of vegetation Guam Rota CNAS (2016) and
Marshall and Moore
(2016)

Vines (Ivy Gourd, Bitter
Melon, Mile-a-Minute,
Mikania, Woodrose,
Chain of Love)

Coccinia grandis,
Momordica charantia,

Mikania scandens,

Mikania micrantha,

Merremia tuberosa,

Antigonon leptopus

Native vegetation Aggressively block
sunlight and compete
for water with native
plants, smothering
them altogether

Saipan, Tinian,
Guam

PIER (2018)

Ungulates
(goats, pigs, deer)

Capra hircus, Sus

scrofa, Rusa marianna

Native vegetation Dig up soils, facilitating
erosion and
sedimentation input,
prevent survival of
seedlings, consume or
otherwise destroy
natural resources

Guam, Aguiguan,
Tinian, Rota,
Anatahan,
Pagan, Agrigan

Kessler (2011), Liske-
Clark (2015) and
Rubinoff and Holland
(2018)

Rodents Mus musculus, Rattus.

Cf. diardii, R. exulens,
R. norvegicus, R. rattus,
Suncus murinus

Native biota; prey on
native and nonnative
biota, including birds
and plant

Depredate and compete
with native fauna,
impede plant survival
by eating seeds

All Islands Steadman (1999), Liske-
Clark (2015) and
Wiewel et al. (2009)
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historically. Rhizophora no longer occurs on Saipan; instead it has been replaced by another species in the Rhizophoraceae, Bruguiera
gymnorrhiza (Moore et al., 1977). Heritiera littoralis and Xylocarpus moluccensis are also common in Saipan’s mangroves (Falanruw
et al., 1989).

Currently, coastal habitat makes up less than 2% of any island within the Marianas (Amidon and Reeves, 2018). Coastal areas
were mapped on the larger, older southern islands where it composes 953 acres on Guam, 373 acres on Rota, 468 acres on Saipan,
and 636 on Tinian. Coastal areas are not mapped on most of the northern islands. Of the 373 acres of coastal habitat on Guam,
mangrove swamps account for 182 acres. Of the 468 acres of coastal habitat on Saipan, mangroves only account for 2 acres that
occur near the American Memorial Park. The stressors below affect the ecotypes resilience, redundancy and representation.

Stressors

Climate Change

Predicted climate changes such as increased precipitation, sea level rise, and increased typhoon intensity will have significant effects
on coastal systems in the Marianas. Global temperatures have increased over the past century and the rate accelerated in the mid-
20th century (Pachauri et al., 2014). These increased temperatures correlate with carbon dioxide emissions, which have increased
more since 1970 than in prior periods (Pachauri et al., 2014). The oceans are absorbing more than 80% of the heat added to the
Earth’s climate system (Griggs and Noguer, 2002) causing average global ocean temperatures to increase and thermal expansion of
the sea. Thermal expansion combined with melting ice (e.g., alpine glaciers, ice-sheets and ice caps) will result in global sea level
changes. Some coastal systems may be able to migrate inland as sea level rises if there is time and space; however, this may not be
possible where heavy coastline development exists. Typhoons cause significant disturbance in these areas and increased intensity
and frequency will reduce recovery time and will likely have significant negative effects on these systems in the foreseeable future.

Development

Economic development has and continues to affect the coastal ecotype in the Marianas. Coastal development includes the construc-
tion of buildings [e.g., hotels, residential homes, and facilities associated with providing necessities (e.g., fresh water, sewage treat-
ment, etc.) to these buildings], marine structures (e.g., bulkheads, seawalls, breakwaters, jetties, and piers), recreational sites (e.g.,
parks, lookouts, harbors, etc.), and sand hardening that has occurred as a result of development. These structures can alter the
substrate, hydrology, and resources required by native coastal communities (Agardy and Alder, 2005). Additionally, development
of coastal areas increases the potential for invasion by nonnative species (see section Invasive Species below). For example, many
invasive species such as invasive ants and brown tree snake can be transported in building materials, equipment, and soil (Hulme,
2009). Coastal development contributes to fragmentation of naturally occurring communities. The fragmentation of ecotypes
decreases the total area and reduces the abundance, diversity and composition of communities found in the system, thereby
reducing the system’s resiliency, or ability to withstand stochastic events including typhoons and storm surge.

Development across the Marianas is correlated with population size. Guam and Saipan are the most populous and developed
islands and therefore face the largest threat from development in the foreseeable future (Fig. 3). Coastal habitat on other islands,

Fig. 3 Coastal development along the western coast of Saipan near the town of Garapan. Photo: R. Walker.

190 Coastal Strand and Mangrove Swamps of the Mariana Islands

Encyclopedia of the World’s Biomes, 2020, 185–197



including Tinian and Rota also experienced a decrease in total area due to development projects such as casinos and/or upscale
hotels and military training facilities (Pacific Engineering Group, and Services, and Chris Hart, and Partners, Inc., 2018). World
War II caused substantial impacts to natural resources of the Marianas. Post World War II, there was a large increase in development,
including rebuilding Apra Harbor in Guam. Military operations and bases have continued to expand since that time and include the
use of one of the northern islands, Farallon de Medinilla, for training exercises (Guampedia, 2018).

Tourism also contributes to development and thus a loss of coastal systems. In 2003, Guam and the Commonwealth of the
Northern Mariana Islands (CNMI) were identified as two of thirteen most developed small island international destinations char-
acterized by visitor density (McElroy, 2003). The inhospitable coastal geomorphology and topography naturally limit development
in some areas.

Invasive Species

Oceanic islands such as the Marianas are known to be especially vulnerable to species introductions, which have caused significant,
detrimental effects in coastal systems (Table 4) (Vitousek, 1988). Invasive generalist predators such as rats and invasive ants cause
cascading effects in ecosystems (O’Dowd et al., 2003; Wiewel et al., 2009). Rats (Rattus sp.), which are not native to the Marianas,
have detrimental effects in coastal systems by directly (e.g., eating plant seeds and flowers) and indirectly (e.g., reducing populations
of other seed predators and dispersers such as birds and invertebrates) altering the distribution, diversity and abundance of plants
(Rankin et al., 2018; Steadman, 1999; Wiewel et al., 2009). Currently three or more rat species are present in the archipelago (Wie-
wel et al., 2009). Invasive ants are another generalist predator that threatens coastal systems by displacing native invertebrates and
vertebrates via predation and/or competition (O’Dowd et al., 2003; Plentovich et al., 2018; Wetterer and Porter, 2003). Addition-
ally, ants farm sap-sucking insects (e.g., scales and aphids), which can cause defoliation of plant species. Little fire ant is currently
only present on Guam, but its small size allows it to spread easily in soils, especially those in potted plants (Raymundo and Miller,
2012). The yellow crazy ant is present on Pagan and is spread primarily in cargo and soils. Little fire ant and yellow crazy ants pose
significant risks to biodiversity in coastal areas in the Marianas.

In addition to the species above, the brown tree snake, other invasive invertebrates (e.g., coconut rhinoceros beetle), feral ungu-
lates, and a variety of invasive plants cause significant and catastrophic degradation in coastal systems (Table 4). Biosecurity
measures and monitoring are not adequate to prevent spread, or to determine the true extent of invasive species at this time. In
addition, other invasive species are likely present but their presence and effects have not yet been determined.

Pollution

Various pollutants including oils, untreated sewage, human-generated trash, Polychlorinated biphenyls (PCBs), heavy metals,
plastic marine debris and sediments negatively affect coastal systems in the Marianas, especially the populated southern islands.
Oil from spills, run-off, and land-based waste adversely affects aquatic organisms at all trophic levels including primary producers,
echinoderms, mollusks and seabirds (Li et al., 2016). Sewage run-off is a significant problem in the southern islands where there is
a link between sewage-derived nitrogen pollution and coral disease severity (Redding et al., 2013). PCBs and heavy metals are
present in harbor sediments and marine organisms on Guam and interfere with normal development and behavior (Denton
et al., 2005, 2006). Marine debris including discarded fishing gear and plastics is widespread in theMarianas and has negative effects
on coastal systems. Plastics form a thin layer on shells, sand and other debris and sink in water resulting in the inability to transfer
nutrients and gases between water and sediments. Fauna using coastal systems, like sea turtles and seabirds, can become entangled
in and ingest plastic and other debris causing harm and sometimes death (Wilcox et al., 2015).

Sedimentation/Erosion

Excess sediment deposition and erosion can change native plant and animal communities by destabilizing substrates, damaging or
destroying individual plants, and altering hydrological patterns. In Guam, limited vegetation due to wildfires results in an increase
in erosion and sedimentation, negatively affecting downstream areas and coral reefs (Golabi et al., 2005). These coral reefs provide
coastal protection by dissipating wave energy, which could damage coastal areas (Pickard et al., 1990). Excess sediment from fires,
vegetation clearing, and erosion upland of the coast overload coastal vegetation and fill stream estuaries where mangroves may be
growing (Golabi et al., 2005).

Typhoons

The Marianas lie in a typhoon belt and regularly experience typhoons. Typhoons cause variety of impacts to vegetation including
pruned or downed vegetation from intense wind, defoliation and damage from wind, heavy rain and salt spray, and mortality by
salt-water inundation in low-lying areas (Fosberg, 1960; Kerr, 2000).

The stressors described above decrease ecotype range and diversity, and increase fragmentation relative to its prehuman condi-
tion. Climate change, development, erosion, and increased typhoon frequency contributed to permanent losses of native coastal
communities and increased fragmentation, which has reduced resilience and redundancy of both the coastal strand and mangrove
subtypes. Loss of mutualistic relationships and declines and/or extirpations of native species associated with species introductions
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reduced species diversity and therefore representation in both subtypes. This will be exacerbated as the system degrades and
becomes more and more vulnerable to species introduction. Species declines, permanent loss of habitat due to development
and climate change, and the break-down of mutualistic relationships means the coastal system may not be able to recover and
future restoration options are limited. Decreases in resiliency, representation, and redundancy translate into a loss of viability
for the coastal ecotype.

Conservation Opportunities

Impacts from stressors may be addressed through laws and regulations, land protections, education, outreach, and/or various
management approaches such as on-the-ground management (e.g., predator and invasive species control). These approaches are
implemented by government agencies (territory, commonwealth and federal), private organizations or individuals, and non-
governmental organizations. Given that land ownership of this system is spread among these parties, partnerships are sometimes
formed to manage the system collectively. The following conservation efforts provide direct and indirect benefits to the coastal
habitat as well as other habitats and ecosystems.

Guam Coastal and Estuarine Land Conservation Program Plan

A draft 2008 Guam Coastal and Estuarine Land Conservation Program Plan was written with the intention to protect important
coastal and estuarine areas that have significant conservation and ecological values with consideration given to the degree of threat
of loss, ecological significance and potential for effective management (Guam Coastal Management Program, 2008).

Cleanup Activities

Cleanup activities are limited to the Guam, Rota, Saipan and Tinian and are typically volunteer based. Both Guam and the CNMI
participate in the annual Ocean Conservancy’s annual beach clean-up in September. Volunteers collect garbage off beaches, strand,
and other coastal areas. In 2014, the CNMI event had nearly 1400 volunteers collect over 19,600 pounds of trash. These efforts
engage the public to care about local resources and improve the health of the coastal habitat (Micronesia Challenge, 2018).

The Guam National Wildlife Refuge hosts a beach clean-up on the first Saturday of each month to remove debris from the
Refuge’s coastline. In fiscal year 2017, over 195 volunteers removed 1304 pounds of trash from the beaches (United States Fish
and Wildlife Service, 2018). The National Park Service hosts beach clean-ups on the second Saturday of each month at both its
Guam and Saipan locations (https://www.nps.gov).

Erosion Control

Efforts to combat erosion have increased recently as a way to protect coral reefs and may indirectly improve the coastal habitat.
Public education campaigns have periodically been enacted to educate outdoor enthusiasts of how their activities affect habitat.
National Oceanic and Atmospheric Administration (NOAA) Coastal Management Program has committed resources to the conser-
vation of Guam’s Manell-Geus Habitat Focus Area by replanting upland areas and restoring native vegetation to the lower riverine
areas. By focusing on stopping erosion in savanna areas, NOAA hopes to improve the health of the coastal habitat and ocean waters
downstream. Long-term plans include establishment of a monitoring plan to detect changes in the health of the mangrove forests in
this area (National Oceanic and Atmospheric Administration (NOAA), 2014).

On Saipan, the Laolao Bay watershed is being improved by revegetating badlands damaged by fire and illegal land clearings as
well as conducting grassroots education campaigns. The intent is to restore the upland vegetation, which would result in reduced
sediment in the watershed, ultimately improving the quality of coastal habitat and marine waters.

Invasive Species Management and Control Activities

Conservation efforts to control, interdict andmitigate the effects of terrestrial invasive species in the Marianas are limited. With a few
exceptions (e.g., Brown tree snake and Coconut Rhinoceros beetle), the effects and extent of invasions are not well studied. Preven-
tion of invasive species through biosecurity measures is essential in limiting risk to habitats and species of the Marianas. Both the
CNMI and Guam have biosecurity mechanisms as part of their overall port programs. Amajor biosecurity focus within the Marianas
is preventing the spread of brown tree snake (BTS) to the CNMI fromGuam. In this regard, federal agencies support local capacity in
Guam and the CNMI. On Guam, there are extensive efforts to keep BTS out of the transportation chain, effectively reducing the
potential for BTS to be accidentally transported from the island. In the CNMI, there are efforts to ensure that high-risk cargo and
craft arriving from Guam are inspected to reduce risks of BTS accidentally arriving and establishing.

The University of Guam and the Northern Marianas College provide research and extension services to support invasive species
management, as do the various soil and water conservation districts. Activities include Coconut Rhinoceros Beetle monitoring and
management and research programs. Similarly, both the CNMI and Guam have government offices and staff that support pest
species and natural resource management and conservation and restoration efforts. The U.S. Department of Defense has active
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natural resource programs on military lands, which included full time staff and various projects such as BTS management, feral
ungulate control, habitat restoration and fencing control.

The Coconut Rhinoceros Beetle was first detected on Guam 2007 in an area totaling less than 1000 acres and eradication was
attempted but failed. The Guam Coconut Rhinoceros Beetle Eradication Project was a joint effort involving the U.S. Department of
Agriculture, the Guam Department of Agriculture and the University of Guam and U.S. Forest Service. Quarantine, biocontrol, sani-
tation, trapping, and chemical control of Coconut Rhinoceros Beetle were used unsuccessfully and the species is now found
throughout Guam (A. Moore personal Communication 5/17/2018).

The National Park Service conducts vegetation management and has partnered with U.S. Fish and Wildlife Service on Guam on
a project (Guam Recovery Actions for the Mariana eight-spot butterfly, tree snails, and a rare vine) to translocate species into the
national park.

Interactions of Stressors, Conservation Actions, Protected Designations and Laws and Regulations

Of the stressors described above, the two most significant drivers of the current condition of coastal systems are (1) conversion/frag-
mentation of land due to development, and (2) the ongoing effects of invasive species. These stressors, which reduce resiliency,
representation, and redundancy in the coastal system, are significant and ongoing, act in concert with other stressors, and are ex-
pected to continue or increase in magnitude and intensity into the future without effective management actions. Although laws,
regulations, land protection, and conservation actions benefit coastal systems, these protections have not prevented an overall
decline in native coastal systems.

The rate of native coastal system decline is highest on those islands with the largest human population (i.e., Guam and Saipan).
Development within coastal systems is concentrated in Guam around Tumon Bay, Hagatna, and Apra Harbor and in Saipan in
Garapan and Chalan Kanoa (Figs. 3 and 4). The plant and animal species found here have experienced reductions in numbers
of populations and individuals and development contributes to fragmentation thus decreasing habitat connectivity. Mangroves
have had additional protection through legislation and therefore have not faced similar threats from development. Throughout
the archipelago, increased levels of restoration and conservation efforts such as invasive species management, restoration of
badlands, and a reduction in the level of development have the potential to maintain the current native status or even reverse
ongoing degradation occurring for these habitats.

Future Scenarios

The condition of the Marianas coastal ecotype in the foreseeable future is based on potential changes in three conservation manage-
ment parameters (CMPs). These conservation parameters capture the social and legal mechanisms under which natural resource
conservation is carried out. The CMPs are as follows:

(1) Conservation Values: stakeholder involvement and public opinion determine the formulation, implementation and funding of
natural resource conservation within laws and development plans.

(2) Laws and Biosecurity: national, state, county, and city laws and regulations are the means by which natural resource conservation
and biosecurity are supported and implemented. (e.g., hunting regulations, Clean Water Act, Endangered Species Act, and local
laws, etc.).

(3) Development or Conservation Planning: national, state, county, city, and private development plans or conservation plans define
specific actions that result in losses or gains in natural resource conservation and biosecurity (impacts are only realized at the
time of implementation).

These conservation management parameters are critical factors that drive the direction and magnitude of natural resource conser-
vation, and determine foreseeable future scenarios. The year 2035 is the extent of the “foreseeable future,” and is based on the pro-
jected divergence of IPCC Representative Concentration Pathway (RCP) climate change scenarios (van Vuuren et al., 2011a,b). The
four foreseeable future scenarios considered in this habitat assessment are:

Future Scenario One
Scenario One is considered the most likely future scenario, and serves as a “baseline.” There is no change in the implementation

of the three CMPs between 2018 and 2035. A continuing current rate of change in land cover through this foreseeable future results
in a slow but continuous change in the habitat. An expanding human population and increased development and general land use
on all inhabited islands is anticipated (Table 5), and therefore habitat stressors are expected to increase at a small annual rate. The
largest increases in development are expected on Saipan and Guam, where the largest human populations reside, with smaller
increases on Rota and Tinian (Table 5). On average, the percentage of land developed for residential, commercial, and agricultural
purposes within 100 m of the coastline on the four southern islands is expected to increase by 3% from 2016 to 2035.

The rate of sea level rise in relation to increased global temperatures has risen from about 0.1 in. (2.5 mm) per year in the 1990s
to about 0.13 in. (3.4 mm) per year today (Legeais et al., 2018). As these trends continue, it is not likely to result in discernible
changes to coastal communities within the Marianas in the next 15 years. Climate related stressors, such as drought and increased
storm strength will further stress and degrade communities.
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Fig. 4 Developed areas on Guam and Saipan defined as highly influenced by continuous human activities (e.g., impermeable human-made
surfaces, landscaped areas, active cropland areas, roads, towns, parks, golf courses, airstrips, and military facilities, Reeves and Amidon, 2018).
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Based on the analysis of the status quo scenario, we expect species declines, permanent loss, degradation and fragmentation of
the coastal system due to development, invasive species spread and climate change, and continued loss and disruptions of mutu-
alistic relationships. The coastal strand will be more directly affected by development than mangroves. Both subtypes will be less
able to recover from stochastic events (i.e., less resilient), less speciose and diverse (i.e., less represented), and less represented across
the landscape.

Future Scenario Two
Under Scenario Two, conservation agencies and stakeholders work with increased but limited resources to slow or stop the

degradation of landscape areas. Although there is an expanding human population, development is not expected to increase
substantially. A slightly improved biosecurity effort will reduce the rate of introduction of new invasive species and plant diseases
but increases in the number and range of invasive species are still expected. Highly destruction invasive species, such as ungulates,
rats, yellow crazy ant, little fire ant and coconut rhinoceros beetle are likely to persist or expand along coastlines where they will
depredate, displace or degrade the coastal system. The slight improvement of natural resource conservation could result in the
increased stewardship and protection of coastal areas. This could expand and protect more coastal systems potentially increasing
their resilience to stochastic events and perturbations. The small increase in the CMPs associated with conservation planning
and conservation values will not prevent, mitigate, or reverse the impacts of climate change-related stressors and is not expected
to greatly alter wildfire frequency and intensity.

Future Scenario Three
Under Scenario Three, all natural resource management actions in the CMPs are set aside in deference to land use for economic

development. An expanding human population requires increased land use for agriculture and development with no encumbrance
from natural resource management. Biosecurity controls are significantly weakened leading to an increase in the number and spread
of invasive species and new plant diseases. Combined together, these factors will result in substantial increases in wildfire frequency.
The substantial loss of CMP supported conservation may locally aggravate the impacts of climate change-related stressors. Under
this scenario, the coastal system will decline substantially in extent, quality and function through the foreseeable future. Already
fragmented coastal vegetation will be completely lost. Areas that cannot support development become the only areas of free-
living native species.

Future Scenario Four
Under Scenario Four an overt and robust, active, ongoing effort is made to engage partners and stakeholders in identifying and

prioritizing landscape areas needed for the conservation of native habitats and ecosystems, and to actively restore and expand these
habitats and ecosystems. Active and well-supported natural resource management begins to restore and expand these habitats and
ecosystems. The needs of an expanding human population are addressed throughmore efficient land use governance based on rede-
velopment rather than development of undeveloped areas. Substantially improved biosecurity regulations decrease the rate of intro-
ductions of invasive species and plant diseases. Established invasive species will continue to spread but at a decreased rate relative to
previous scenarios. These improved land management actions result in decreased wildfire frequency and extent. The substantial
increase in CMP supported conservation may locally mitigate the effects of climate change-related stressors, but climate-related
changes are expected in the near future. The coastal subtypes would be larger and less fragmented and could potentially disperse
naturally into new areas. The larger and relatively intact systems would be more resilient to perturbations, better represented in
term of species diversity and more redundant across the landscape relative to previous scenarios.
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