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Abstract

In February 2014, the National Oceaaitd Atmospheric Administration (NOAA) announced

the designation of Manelbeus Watersheds as a Habitat Focus Area because it is valuable as a
natural resource to the coastal community of Merizo. As a Habitat Focus Area more resources
are dedicated to theevelopment anonplementation of watershed management plans and
conservation actia To implement effective watershed management practices, it is important to
a) have a better understanding of the available information about the watershed, b) hanee basel
information of the hydrologic conditions (ie., stream flow, stream level, turbidity, and
precipitation over time) and, c) understand the behavior of the watershed. This study was funded
by NOAA through the University of Guam Water and EnvironmentaeRech Institute (WERI)

via the Guam Bureau of Statistics and Plans, Guam Coastal Management PTogratady
determines baseline hydrologic conditions of the Geus Watershed, through field observations and
hydrologic data collected from December 2013dauary 2015. Results show a strong

correlation between stream level, turbidity, and rainfall within the watershed, suggesting the
watershed is highly dynamic. The response of stream level and turbidity to rainfall in the Geus
River was observed on tinseales of hours. Field data collected also produced a stage discharge
curve which increases the efficiency of future watershed management by providing an estimate
of stream flow from a simple measure of water level. Supplemental analyses based aitshe res
of soil samples and a Glsased erosion model identified areas within the watershed with higher
contributions to erosion potential. A synthesis of the information in this watershed study allows
for recommendations of effective watershed managemeategies and opens the way for
evaluating progress within the Geus Watershed with continued monitoring.
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Introduction

Soil erosion is on®f the most criticaknvironmental issues affectingland ecosystemtoday
Erosionis a process by whickoil particles are detached, transported, and deposited elsewhere
by erosive agents such as wind or waWater inducederosion is a criticaform of erosion
pollution, because soil that isuspended and transportey watercan settledownstream and
acaumulateover time (Golabi et al2005). This processlegrades thgquality of the topsoil and

the welfareof both freshwater and marine ecosysteifise severity of thegroblem may be
overlooked because ttie subtle and often imperceptible ratevaich land erodesand the fact

that erosion rates diffeby location (Khosrowpanah et.aR007%). Runoff events on Guam
commonly occur as high velocity episodes with relatively short duratien flash floods)
(Wolanski efal., 2003;Golabiet al, 200%). Sedimentation due to upland erosion remains one of

t he most signi fi c dahreefecdsystensstBarditket,&®9.a mds coas

The mountains of southern Guam are highly susceptible to erosion from human activities and
other forms of environmeak degradation (Minton, 2006; Khosrowpanahaét 2012. Human
developmentand natural forces that result in a decreaseegetative cover witka concurrent
increase in exposed sofbrms areas known a b a d | whithdcsrbnually erode alonghe
sloping topography espetly during heavy rain eventsS¢heman etal., 2002). Although
badlands may occupy a relatly small areait can be unproportionally responsible for the total

soil loss due to its high erosion potentiéhfsrowpanah edl., 2007a).

The GeusWatershed i®ne of the smallewatersheds in southern Guam. It has one major river,
the GeusRiver, with several upland tributaries surrounded by high slopes. It is one of three
watersheds located in the southerost village of Merizo, ah is situated between the high
peaks of Mt. Shroeder, Mt. Finansanta, and Mt. Sasata@tigure 1). It also is bordered by
Cocos Lagoon along the coast, with tBeusRiver discharging directly into the interior portion

of the lagoon.

In February 2014, the National Oceanic and Atmospheric Administration (NOAA) announced
the designation ahe ManellFGeus Watershedss a Habitat Focus Area because it is valuable

a natural resource to tlm@astal communitpf Merizo. As a Habitat Focugrea more resources
are dedicated to the development amplementation of watershed management plans and
conservation actia Under the Guam Coastal Nonpoint Control Program (GCNPS&&jtion
6217 of the Coastal Zone Act Reauthorization Amendment (C2ABRA 1990 includes
guidelines in agreememith the Habitat Focu#\rea requirementsTo implement effective
watershed management practices, it is importantajohae a better understanding of the
available information abouthe watershed, b) haveaseline information of the hydrologic
conditions (.e., stream flow, stream level, turbidity, and precipitation over time) and, c)
understand the behavior of the watershed
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Figure 1. Geus Watershedtationin the village of Merizo irsouthern Guam.

Study Area

1. Location

At the Southern tip of Guam, the Geus Watersbdabund at the coast by Cocos Lagoon. With

an area of 1.7 square miles finf4.5 square kilometers [Ki), Geusis the second smallest of

the major watersheds in southern Guam. However, it has the second highest mean slope (33
percent [%]) FSRD, 201]. It has one major perennial river, the Geus River, which is about 2.71

mi (4.36 km) long with several upland tributari@$ie Geus Rivedischages to the interior of

Cocos Lagoon and the Mamaon Channel (Figuré@)ess into th&eus Valley is providedia

Espnosa Street, which extends about one mile inland along thearers sparselgeveloped

for residential purpose®f the surroundingidges, only the western ridge contains significant
developments including residential housing and the Pigua subdivision, Merizo Elementary
School and Ball Park, and the Merizo Communit

In Merizo, traditional fishing practiceermai n an | mportant part of
Being at the interior of the Cocos Lagoon and adjacent to the Achang Reef Flat Marine Preserve,
the coastal sea grass and coral reef communities are highly valuable to the local population but
also hidnly susceptible to increased environmental stressors. Maeels was singled out as a



Habitat Focus Area with the idea that NOAAOD
maximized at this coastal community with benefits for marine resources and ladaintes
(NOAA, 2014).

Figure 2. Aerial photoap of theus Watredisare location along the coast
(Khosrowpanah et al., 2007b)

2. Climate

The climate of Guams characterized by a dry season (from January through June) which
provides about 30% of the annual total rainfall, and a rainy season (from July through December)
averaging 70% of the annual tothlander and Guard®003). There can be significaryearto-

year variations in rainfall totals and average intensity duéregular occurrences of tropical
cyclonegtyphoonsand patterns of El NifioBetween 1957 and 1992 omengterm weather
station on Guam recorded a mean annual rainfall of 101.84 iGich€8,587millimeters [mm)

with a gandard deviation of 22.2 in (56#hm) (Lander and Guar@®003).

Locally, rainfall distribution is influenced hippographicalzariances and the general orientation
of the islandexcept during the morextreme rain events (Lander and Gya&@03) In geneal,
rainfall paternsare oriented in a northortheast to soutBouthwest manneHowever,rainfall
during typhoonconditions is distributed based on the structure and path of the #uerage
annua rainfall over the Geus Wershel ranges from 90 to 95 in (2,2802,410mm) alorg the
coast to 108110 in (2,6762,790mm) atop the inland mountair{sigure 3.
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3. Geology

The Geus Watersheektends over two miles inland with increasingly steep topography and a
maximum elevation 0833 feet(ft) (254 meterdm]) at the nortkast corner of the atershed
(Figure 4 (Khosrowpanah eil.,20070. The geologyconsists of rok formations from the Facpi

and Umatac episodes f G uvaloadics history(Siegrist etal., 2008) These formations are
relatively impermeable in comparison with the limestone material that coestimuch of
Northern GuamAs a result, they do not support a viable groundwater aquifer; instead surface
water features (springs and rivers) are more prominent.

The Facpif or mati on i s Guambés ol dest rock member. |
extending from the southwestern part of the Geus Watershed and northwest along the coast to
Facpi Point. The eastern ridge and interior highlands of the Geus Waterstmdpigsed of

Umatac formation rock of varying flow members; Geus flow member, Schroeder flow member,
Bolanos pyroclastic member, and Umatac formation undifferentiated (Siegrist et al., 2008).
Alluvial clay deposits occupy the surface between the Facpi anatddnfiormations, along the

coast and valley floor (Figure E¥iegrist et al., 2008).

4
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Figure 4. USGS Topographic Map Figure 5. GeusGeology(Siegrist et al., 2008)

The Facpiformation consists of highalcium boninite basaltshich formed into pillow lavas as

it was exuded below the sea surface more than 34 million years ago (Reagan andL88éjer
Breccias, hyaloclastites, and sandstones of the same litholagyalso be observed in Facpi
formation. The Umatac formation has an estimaggterate thickness of 2,200 ft (670) with
minor interbedded limestone and calcareous shale (Btaly, 1964). The Bolanogpyroclastic
member creates the high mountainase of the back valley from M Schroeder to K
Sasalaguamnd Mt. Finananta (Siegrist et al., 2008)lit consists of tuffaceous breccias with
fragments of limestone, tuffaceous sandstone, and volcanic conglonetateding from 750 to
1,000 t (230 to 0 m) deep (Tracyet al, 1964). The Schroeder flow member is older than the
Bolanos type and consists of pillow basalts with interbedded sandstones in the uppéislayer.
estimated thickness is 100 to 400(81 to 120m) (Siegristet al, 2008). The Geus flow member

is the oldest of the Umatac formation members and includes interbedded limestones, sandy and
tuffaceous limestones, sandstones, and volceomglomeratesvith an estinated thickness of
250 to 3001 (76 to 91m) (Siegristet al, 2008.

4. Soils

Much of the Geus Watershed soils are derived from the weathered volcanic rock substrate. They
consist of clays and siltglays with rock outcrops in the upper elevations. Soil types and
topographic conditions are common for areas of southern Guam susceptible to badland



development. Based on the information describing vegetation (below), badlands occupy about
1.7% (18.5 acreor 74,730 ) of the Geus Watershed (Khosrowpanah et al., 2007b).

About 4595% of Geus badlands are located on Agfaydimna-Rock outcrop association,
extremely steep soils. Akiragfayan associatiorsteep contain about 37.28b Geusbadlands,
and abot1 16.6%of the badlands are on Agfay&kina association, extremely ste€poung,
1988; Khosrowpanah et al., 2007l)ig clay comprises only a fraction of opercent (0.25%)
of the Geus badlandgroung, 1988; Khosrowpanah et al., 20Q7b)

In general, theAgfayanAkina-Rock outcrop and AgfayaAkina associations dominate the
interior of the valley and uplands with Akildrban land complex, Togckdig complex, and
Akina-Badland complex covering a small developed area on the western (Pigua) ridge (Figure 6)
(Young, 1988). Inarajan clay dominates the lower river valley adjacent to a small patch of Ylig
clay (inland) and Inarajan sandy clay loam (along the c¢ést)ng, 1988).

Soil Type

\7, Agfayan-Akina association, extremely steep
|| Agfayan-Akina-Rock outcrop association, extremely steep
\: Akina-Agfayan association, steep
- Akina-Badland association, steep
Akina-Badland complex, 7 to 15 percent slopes
- Akina-Urban land complex, 0 to 7 percent slopes
- Inarajan clay, 0 to 4 percent slopes
Inarajan sandy clay loam, 0 to 3 percent slopes
Togcha-Ylig complex, 3 to 7 percent slopes

Urban land-Ustorthents complex, nearly level

| Ylig clay, 3 to 7 percent slopes

1 Miles

}i’v

Figure 6. Soil types and location within the Geus Watershed
(Young, 1988)



5. Vegetation

The most dominant vegetation types in the Geus Watershed are forests, savanna/grassland, and
scrub/shrub forest (Table {)Khosrowpanah et al., 2007Ravine forests occupy most of the

interior portion of the valley, grading into savanna along the tops of the ridges (Fig8erub).

forests become more abundant in the lower reaches and closer to the coast mixed in with patches
of urban builtup, urban cultivatedand wetland area§&ome urban lands and badlands are also
present in small patches along the ridges closer to the coast.

Table 1. Summary of Geus Vegetation Typghosrowpanah et al., 2007b)

Vegetation Description | % Area | Area (m? | Area (acres)
Bad Land 1.7 74,730 18.47
Forest 46.0 2,055,435 507.91
Savanna/Grassland 29.4 1,314,432 324.80
Scrub/Shrub Forest 9.1 408,160 100.86
Urban Builtup 8.7 387,864 95.84
UrbanCultivated 0.03 1,508 0.37
Wetland 51 225,887 55.82

Vegetation Type
[ Badiand
Forest
Savanna/Grassland
Scrub/Shrub
Urban Built-up

Urban Cultivated |4 \

Wetland 3 .

- — — = AR
L ] = LR <

Figure 7. Vegetationtypes and distribution within the Geus Watershed.
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6. Land Use

The Geus Watershed is primarily uninhabited except at its lower reaches where there are some
residential developments and farmlanBased on the 20lremote senng land cover datdom

the NOAA Ocean Service, Gstal Services CenteKljosrowpanah eél., 2007b) only about

10% of he watershed is occupied by developed and impensgatfaces Less than 1%of the
wateshedis cultivated and 1% isoccupied ly badand

The upper reaches of the Geus River and its upland tributaries are largely forested, grading to
grasslands and some badlands on the surrounding high gfogese 8) There is very little off

roading in this watershed, with some fauneel traffic (mainly hunters) along the ridges on the
north and east sides of the watershed boyndene uplands contaimany early Chamorro
artifacts. There are likely a very large number of ungulates (wild pigs and deer) inhabiting the
area.Wildfires are common in the dry season, and occur primarily in the grassy areas located on
the steep slopes and highest terrain of the surrounding mountains.

Figure 8. Aerial photograph in the Geus Watershed in seutifGuam
(June 172014.

Project Goals and Objective

This study has the followingoals

- Examine the dynamic behaviof the Geus Watershed by determining how diéfiet
levels of rainfall triggeresponses in stream level, stream flow, and turbidity.

- Determine baseline hydrologicconditions by examining stream flow, stream level,
turbidity, and precipitation during dry and rainy season conditibhis will be important



in assedsg how future estoration or other developments affect #mvironmental
conditionof the watershed.

- Establish a stage discharge curve that will increase the efficiency of future watershed
management strategies, providing stream flow from a simple water level measurement.

- ldentify areas that have a high potential for contributing thetreoil erosion within the
watershed using Gi8odeling techniques based on the Revised Universal Soil Loss
Equation (RUSLE).

The goals of this project were accomplished in three phases. First, a watershed assessment was
completed using all available phgal and environmental informatio®econd, hydrologic data

and soil samples were collected in the field to quantify and correlate baseline environmental
conditions.Finally, all the data collected was analyzed and compared with data from similar
studies that have occurred at other wateeds in suthern Guam.The goal includes
recommendations fawatershed management strategies to help address issues with sedimentation
on land and in neashore communities.

Review of Literature

1. Erosion and Sedimentationon Guam

The problems associated with erosion and sedimentation on Guam are almost exclimgve to
southern volcanic regiorkrosion runoff may contribute non-point sources of pollution such
as nutrients, pesticides, or sediment depoditss affects the water quality of freshwater
resources and ecosystertishosrowpanah and Jocson, 20049 well as neashore marine
habitats (Wolaski et al., 2003; Burdick et al., 2008 which provide importannatural and
economic benefits t&uam.Unlike the karshorthern limestone plateau, south@uam consists
primarily of highly weatheredsoils formed fromimpermeablevolcanic rock which are easily
erodiblealong the steep mountainous terrain.

In a report sumiarizing The State of Coral Reef Ecosystem&aam(Burdick et al., 2008, it
wassuggested that upland erosion in southern Guam remains one of the most significant threats
to coral reefs ecosysters$ the island In fact, based on a consensusltgal coral reef experts

of the list of top five CoraReef Management Priorities N OsAtépdankel priority is to

Ai mprove the <condition of cor al reefs ecosys
pollution from development, fires, recreati ol
(NOAA, 2010).

There are several types of wabeduced erosion with varying degrees of sevefidtymalang

and Khosrowpanal1,998 Khosrowpanah and Jocson, 2008pland erosion is typically in the
form of sheet erosion caused by raindrop impact, or rill erosion cénysedncentrated surface
runoff with no development of a water chanrf&lrface runoff comiiescreating concentrated

flow erosion, which may form eroded chatmeontributing to gully formationThe most
extreme flow conditions cause stream channel emps$iludingriver bank erosion, and mass
wastingor landslides The severity of erosion within a watershed is influenced by the rate of
rainfall (duration and intensity), soil conditions, topography, geology, vegetation cover, and land



use activitiesTurbidity, or the concentration of suspended particulate mattemioff water is
commonly measured as an indicator of erosion leWssiifauer1981).

The effects of laneclearing in southern Guab swatersheds werexamined early on by
Neubaue(1981) After handclearingof ravine forest in southern Guanthe experimental plots
became repopulated by savanna vegetalibis suggested savanna vEgmn is an earlier stage
of succession and ravine forest is the climax vegetation type for this envirb({Mezrbauer
1981). Results of turbidity measurements showed thabdclearing of vegetation did not
significantly contribute to erosiofNeubauer1981) However, since the vegetation regime that
grew back was more susceptible fiee, turbidity and erosion wergkely to increase if the
vegetation subsequently buriéeuibauer1981).

Erosion on Guams heavily influenced byclimatic patterns that create significant rainfall
variability (Dumaiang and Khosrowpanah,998, including ElI Nifio Southern Oscillation
(ENSO) cycles (Lander, 1994puring rany season, rainfall totalsiay differ from 0.1 inches

per day from tradewind showers, to up to 30 inches per day from tropical cycCldwemore
intense rain storms create flaBbod conditions causing high flow velocities and increasing the
transport potential for more (and larger) sediment over greater distances. Therefore, the erosivity,
or ability to erode, may also differ dramatigally storm eventlumalang and Khosrowpanah,

1998. This trend was also exhibited in the Ugum watershed where the majority of sediment
transported occurred during a relatively short period of the year (i.e., during the heaviest storm
conditions) (Khosrowgnah et al., 2007a; FSRD, 2010).

Erosivity is also dependent oground cover, soil conditions, and topographarren
undeveloped areas, known as badlands, have been proven to have the highest erosion rates when
compared with othetand covertypes (Lewis, 1999; Schemanet al., 2002 Minton, 2006.
Badlands are actively eroding areas of very deep-avalhed saprolite derived from tuff and

tuff breccia mostly consisting of heavily eroded Akina or Atate soils (Young, 1888gneal,

areas with greater vegetation cover experience less sheet and rill erosion due to reduced raindrop
impact and increased resistance to the ftdwurface runoff (Golabét al., 2005). Howeverat

the La Sa Fua Watershe@&chemanet al (2002) alsoobserve increased erosion among
grasslandsduring heavy rain eventfObservations at La Sa Fua suggestedt physical
conditions of thatvatershed promoted gully and stream channel eroammhslope was a major

driving factor for increased erosion during rain evéStshemaretal., 2002).Finally, likely due

to a lag time between rainfall and stream flow, suspended sediment levels more closely
correlated with surface water discharge rather than rainfall acationu{Schemastal., 2002).

The La Sa Fua Watershed discharges into the ocean via the La Sa Fua River at FoultiaeBay in
southern village of Umatadround the same time Scheman al (2002) studied sources of
upland erosion at the La Sa Fua Watersheédlanskiet al (2003) examined the dynamics of the
sediment plumes deposited into Fouha Bay from the La Sa Fua Rineresults of this study
suggested that the main threat to corals in Fouha Bhg teposition of sediment during normal
calm conditions, rather #n the freshwater effects salinity (Wolanskiet al., 2003).However,
during storm swell conditions sediment seeméd get effectively flushed out providing
opportunitiesfor coral regenerationThe imgications of this study suggest that successful
managementfahe fringing reefs, adjacent &iream dischargpoints can be achieved if land

10



use management improvements are implemented to decrease the total sediment load from upland
erosion (Wolansket al., 2003). If the severity & sedimentation is minimized, seasonal ocean
storm surges nmyawash out accumulated sediment beforeedches levels harmful toorals.
Wolanski et al. (2003) @so observedlischargeplumes as shotived flashfloods, with large
sediment loads that setfleuickly during normal conditions.

Several studies examined tpeoblemof erosion and how it iexacerbated biuman activities,
such asncreased developmenénibusan, 2012), offoad trailing (Khosrowpanah and Jocson,
2005 Kottermair, 201, andwildfires (Minton, 2006)most of which are intentionally set (Neill
and Rea, 2004)at different watersheds southern GuamkKhosrowpanah and Jocson (2005)
assessed ngmoint sources of pollution in thé&Jgum Watershed The findings of this
environmentahssessment identified impacts of erosion from upland locations, basi&rerand
land sliding(Khosrowpanah and Jocson, 20059llowing the completion of the environmental
assessmen®ark (2007) developed a GKdased erosion model to assess soil erosion in the
Ugum Watershed based on the RUSLE equation.

Expanding on the use of &based analysis ofvatersheds, Wert al. (2009 and 2009
assessed land cover changelih watersheds of southerru@m The analysis was based on a
comparison between satellite imageom 1973 an@001.Land cover wagharacterized by five
different classes; forest, grassland, barren land, urban area, and Wateesultsfor all 14
watersheds combideshowed that forest coverage increased from 43.56% to 46.46%
grassland coveraggecreased from 48.10% to 31.04%his meant theotal vegetation coverage
decreased from 91.66% in 1978 77.50% in 2001 (Weatal., 2011).Theurban area coverage
increased from 3.43% to 16.66%hile barren land coverage decreased from 4.48% to 3.56%
This was a bad indicator for urban runoff gdod in terms of erosion controln geneal,
watershed land cover change in southern Guam was greatly affected by @gghio@ctivities.
However, natural forcedsso showedsome effect on change over time (Watal., 2011).

Since barren land/badlands are considered the deismental land cover class in terms of
erosion,Kottermair, M. (2010conducted importantesearch usinGIS modeling to investigate

the dynamics of badlandever time.Based on a 5§ear period of study, ddland dynamics
(development and reegetation) were determined to bemplex attributable towarious human

and natural factor@Kottermair,2010) Humaninduced activities including burning and -wiad

trailing were considered two of the largest contributors to badland development, especially along
steep windward facing slopes and at higher elevations (Kottermair, 2010).

Once a disturbanaexposes an area there is a greater potential for erosion of the Atitheiap

soil. If the erosion occurs faster than the vegetation can repopulate the affected arem, the
pattern develops contributing tmntinued erosion and a decrease in soitipetivity (Golabiet

al., 2005%). This is especially problematia the tropics where nutrients are more effectively
stored and recycled in organic matter, rather than in soils whathd otherwise get quicki
leached out during heavy rain ever@hemicaand physical soil attributes resulting in badlands
include high clay content, low pH, low nutrient levels, and low to noracgaatter (Kottermair,
2010). Work by Golabiet al. (20058 suggests these adverse conditions can be reversed by
controlling theerosion and reegetating the area.
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Most recently, a significant amount of research was conducted to assess sources of eqnsion in
area threatened by major future developmetitg PittAsan Watershed (Mion, 2006;
Kottermair, 2012;Manibusan, 2012)Minton (2006) conducted a thorough assessment of fire,
erosion, and sedimentation in the fAgan Watershed and the War in the Pacific National
Historical Park, GuamThe resultsfound erosion rates to daghest in badlands and recently
burned savannarhe PittAsan Watershed Management Plan was completedditermair
(2012), detailing thenajor threats to the overalkalth of the watershed@hese threats included
erosion and sedimentation, development, wildland fires, invasive species, and pollutant
Specific goalswere consideredor improving the overall water quality, habitats, and publ
supportin light of proposedievelopmentsAround the same time, Manibusan (2012) collected
empirical data of hydrological and soil conditions within the-RganWatershed, and applied

the RUSLE GlSbased erosion model developed by Park (200Ag model was modifietb
estimate changes in future erosion potetizeled on the proposed development scenarios.

2. Geus Watershed Research

The Geus River Watershed is dirticular importance because of its ecological value, and its
direct effect on coastal resources that are culturally significant to the traditional fishing
community of Merizo (NOAA, 2014).However, there is very little literature available
concerning th&eusWatershed

Kami et al.(1974) wasne of the firsto documenihatural aspects of the Geus River Watershed

by studyingthe physical environmentaktting and biological resourcddased on observations

of several distinct biotopes within the Gewualley, this study found that the once hidav
disturbed ravine forests weraturally making a comebackowever, the upland savanna was
still heavily disturbed and threatened by frequent fires, as well as the flat valley with increasing
pressures from diivation and urbanizatiorOther than general maintenance of the natural state
of the Geus River Valley, Kamet al. (1974) recommended fire control measures and
reforestation of the upland savanna as restoration priorities.

The more recent stiies thatexamined aspects dfie Geus watershed are based on computer
modeling and GlS&lerived analyses.Neill and Rea (204) assessed the risk and hazard of
wildfires on Guam based on the distribution of vegetation, general topography, resources at risk,
and hisbry and behawr of wildfires. The GIS-derived analyis determined there is a high fire
hazard around the watershed ridges closer to the coast due to high frequency and accessibility.
There s a small section ithe back valley where the fiteazard is cosidered very high because

of its isolation and greater ability for fire to spread.

Wenet al.(2009a) assessed land cover changbe Geus watershed@he most significant land
cover changewerein urban areas and barren land coverafyban areasovered 0.14% of the
Geus Watershed in 1973 and increased to 21.95% in Ba0fen land covered 4.91% of the
watershed in 1973, but decreased to 0.58% in 260tests covered 45.2% of the Geus
watershed, and increased slightly to 45.56% in 2001. Firgahgslands decreased from 49.75%

to 20.95% in 2001The majority of grasslancoverwas converted to urban areas or forebtsa

lesser degree, some forests were also converted to urban areas and grédsiastibalf of the
barren lands were convertedo grasslands and urban areas and forests also took over some of
thebadlands (Wen, 2009a)

12



The Guam Statewide Forest ResourceeAsment and Resources Strategy, compleyethe
Department of Agriculture, Forestry & Soil Resources Division (FSRD, 20h6luded an
analysis of estimated average annual sediment transported by wat@istddonpoint Source
Pollution and Erosion Comparison Tool -®PECT) GIS model was applied to 18 southern
Guam watersheds including Gelfie NSPECTmodel computes a gkbased analysis in GIS

using principles of the RUSLE, similar to the model developed by R&7). The result is an
estimate of average annual sediment erosion and delivery to streams from surface and rill
erosion, but not mass wasting, gully, or strelaamk erosionThe estimated delivered sediment
yield for the Geus watershed was 7.9 tons/acre/year (FSRD, 2010).

3. GIS-based Erosion Model and the Revised Universal Soil Loss Equation

The Universal SoiLoss Equation (USLE) was developkd Wischmeier andmith (1965)to

predict average annual soil lobased on severdhctors that arestatistically determined and
calculated fromsmall (standard USLHjeld plot experimentsThe procedres for determining

the different factordiave been improved in the development of the RUSLE byafdest al.

(1997. The result of theRUSLE is a product offactors represeimg rainfall erosivity, soil
erodibility, slope length, slope steepness, cover crop management, and managemers practice
(Renarcet al, 1997).

The factors for rainfall and runoff (R) and soil erodibility (K) represent the cause and effect of

soil erosion, and provide the units for average annual soil log$éhk, 2007)The R factoiis a

function of local rainfallpatterrs (Dumaiang and Khosrowpanai998. It represerdr ai nf al | 6 s
erosive power o80il regardles®f soil type.Consideration for soil type is the K factor which

represents the level of resistardiferent soil types have agairntste erosive powe of rainfall.

The factors for slopéength and slope gradient (L®pver management (C), aedosion control

practices IP) are dimensionlesgatios thatrepresent real world conditionand allow for site

specific adjustments from tlstandard field plot condition&hosrowpanah et al., 2007a)

The application of the RUSLE on Guam wasssistedby the work of Dumaliang and
Khosrowpanah (1998Y his studydevelopedan isoerodent map and engsy factor (R) derived

from continuous rairdll data collected from an experimental site, as wehiagrical rainfall
data for Guam (Dumaliang, 199&%. f act or s f or each of Guamobs
determinedby the Natural Resource Conservation Service (NRCS) and listed in the soil survey
of Guam (Young, 1988).

Schemaret al.(2002) compared predicted erosion rates using the RUSLE with measured erosion
rates from badlands in tHea Sa Fua Watershedrhis stuly foundthat the RUSLE soil loss
estimates were more accurate when thddc$ors were empirically derived or field testeather

than usingNRCS variablesAdditionally, Scheman «il. (2002) suggested thatafiRUSLE is not

an effectivetool for pr edi cti ng soi l l oss within Guamobs
overestimatectrosion ratesAlthough it was not a specific objective of Lewis (1999), theesam
pattern was observed basedmoeasuredbadland retreat ratés the Taelayag Watershed

The use of the RUSLE on Guam was revisited by P20R7)by incorporating the technological
benefits of GISGIS software provides the ability to analyze complex spatial data by organizing
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different attribute information in a grid/raster format of smaklls that canthen be
mathematically operated dor several attributesver a large are@gkhosrowpanah et al., 2007a)

This studyattempted to improve on th#eficienciesidentified by Schemaet al. (2002), by
computing the LSactors using adownloadable program which derivés from a digital
elevation model (DEM)(Van Remortelet al., 2004. Although improvemend on RUSLE
accuracyof estimated annualboil loss valuefiave not been thoroughly asses$tatk(2007)and
Khosmowpanahet al.(2007a) suggestatieir model estimates the maximum possible soil erosion
rate.Neverthelesghis methodology may be used as an effective management tool that identifies
areas within a watershed with the highetativesoil erosion potential.

The GIlSerosion modelwas apped to the PitiAsan Watershedoy Manibusan (2012).
Manibusan (2012) used the same methods at Park (&BD@déjermine areas within the Pitsan
Watershed that contribute the most to soil erogiinosrowpanatet al., 2012) In addition
changes in erosion potentlzsed on planned future developmemse analyzedResults of the
GIS-based erosion model estimat8d5 tons/acres/yeaf average annuadoil loss from the
Asan Watershedand5.15 tons/acre/year from the Piti Wiatieed(Khosiowpanahet al., 2012).
This means the average estimated soil loss for both watersheds combined was 6.6 tons/acre/year.
Actual data collected of sediment accumulation in the reef ofABdN, estimated the terrestrial
sources of erosion contrited about 6.7 tons/acre/yeafr sediment at both atersheds combined
(Minton, 2006. Additionally, a similar analysis of sediment loss using th& RECT model,
which also applies principles of the RUSLE, estimated 6.8 tons/acre/year of sediyieided
from Piti-Asan (FSRD, 2010)herefore, a comparison between two separateb@sed RUSLE
models and empirical data collected for the FAtan Watershed as wholappear reasonably
consistent.

4. Turbidity Information for other Guam Watersheds

A majority of previous studies concerning aspects of erosion in southern Guam watershed
guantified soil losgates on relatively large scalesuch agon/hectare/week (Dumaliang and
Khogowpanah, 1998) or ton/acre/yeteis, 199; Schemartal., 2002;Golabietal., 2005).

This is useful for understanding lotgrm soil loss and for assessitige accuracy of erosion
modelestimates based on the RUSLE (&olanet al., 2002; Minton, 2006Pak, 2007; FSRD,
2010; Manibusan, 2012However, it masks thempacts ofsediment plume dynamicand
patterns of high volume sedimelaiading characteristic of flasflood conditions common on
Guam.

An empirical understanding @figh volumesediment loading over shoridreavy rainfallevents

is better assesd byanalyzing suspended solid concatittns over shorter durationss a result,
previous studies that correlated levels of turbidity, rainfall, and other hydrological fattors
different watersheds of southern Guam weraesged for this study Khosrowpanahet al.,
2007a; Manibusan, 2012)

Khosrowpanahet al. (2007) reported daily average turbidity measurements correlated with
stream flow and rainfall in the Ugum Watershed from January 2004 through November 2006.
The results of the hydrolog@nalysis for this study found that the Ugum Watersheds responds
rapidly to rainfall then recedes at a more constant Eateng the heavier rain storms recorded
(3-4 inches per day or more), daily average turbidity spiked00-300 nephelometric turbidy
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units (NTUs), and streamflow increased to greater than 150 cubic feet per second (cfs)
(Khosrowpanaletal., 20079).

Manibusan (2012) collected hydrologic field datahe Masso and Asan Rivefeom July 2011
through June 2012The data was correlateith continual stream level and rainfall
measurements, as well as weekly stream flow readingbe Piti Watershedhe Masso River
level peaked within 45 minutes of major rain eventghereas, the Asan River stream level
peaked within 30 minutes of hgarains, based on data collected atmiihute intervalsThis
suggested that the dynamic response to rainfall is greater in the Asan Watershedhédti
Watershed (Manibusan, 2012)urbidity readingswvere collected bweekly thereforeassessing
the dynamics of suspéed solid plumes wasorelimited. The highest turbidity readingin the
MassoRiver was 76.3 NTU, measured on October 24, 2011 with a correspondihgu24
rainfall of 0.48 inches and stream level increafsebout3 feet.The maximunturbidity recorded

in the Asan River was 101 NTU on October 5, 2011 with a correspondihg4rainfall of
0.74 inches and an increase in stream level of about ZMestibusan, 2012)Turbidity in the
Piti-Asan Watershed was rarely ever measured above 50 NTU, and tended to be slightly higher
in the Asan Watershedtlevated turbidity from normal rainy season conditions in the Piti and
Asan Watersheds in 2011 ranged from aboed@INTU (Manibusan, 2012).

5. Watershed ManagemeniStrategies

The importance of watershed management strategies on Gasrbeen increasing since the
threatsof anthropogenic activities continués grow. Section 6217 of the Coastal Zone Act
Reauthorization Amendmeé (CZARA) of 1990 of the Guam Coastal Nonpoint Pollution Control
Program (GCNPCP), requires the development of a +pei#tr watershed restoration strategy to
include a watershed assessment and identification of opportunities to redugeimosource
pollution. In addition, a Unified Watershed Assessment was created under the Clean Water
Action Plan for Guam (GovGuam, 1998), in response to a federal initiative protect and restore
our waters.The Geus Watershed watetermined to be a Category 1 watershededling
restoration) because of its impacts to the marine environment (GovGuam, 1098he 20
watersheds identified, 13 were designated Category 1, and the remaining seven were Category 4
(watersheds with insufficient data to make an assessment).

Despite the policies created to adwaynfene t he
studies tedate hae actually examinedxistingwatershed conditiong.he watershesithat have

gained the most focus from previous studregude Ugum (Khosrowpanamd Jocson, 2005;

Pak and Khosrowanahet al, 2007a NRCS, 2009 Kottermair, 2010, La Sa Fua (Schemaat

al., 2002; Wolanskiet al., 2003), and PitAsan (Mirton, 2006; Kottermair, 2012ylanibusan,

2012) These studies have helped document basebnditions at these three watersheds which

is essential in evaluating progress of future watershed activitiesious studies have also
specified the need to collect data for more than one year due to rainfall variability from seasonal
patterns and regial cycles, sch as ENSO (Dumaliang and Kinospanah 1998; Lewis, 1999).

Finally, there is a group of preaas studies that have used @i&ed analysis as a tool for
determining major contributing factors of soil erosion over time (\&teal., 2009a; Park and
Khosrowpanah, 2007a; FSRD, 2010hese tools can be effective in the decision making
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process bcauseit can assess major contributing factors of soil erosion on a -scgke
Although quantitatively the margin of error in these modetaikhbe reassessed, danstill be
usefulin comparingconditions between watersheds, and identifying areas within a watershed
with the highestelativesoil erosion potential.

In terms of actual implementation of management strategigSuam severaktudies hag used
gualitative evaluation criteria to recommend a range of specific management actions (Minton,
2005; FSRD, 2010; Kottermair, 2012; Manibusan, 20B¥hough the evaluation approach

could ke relevant across oth&@uam vatersheds, the rankings fepecificactions were heavily
influenced bysite-specific circumstance3he PittAsan Watershed has recently been the subject

of one of Guamdés most thorough evalwuations of
Kottermar, 2012; Manbusan, 2012)However, thedetails of what actions were actually
completed and follovon evaluation of actual effectiveness (based on a comparison -of pre
restoration/baselineoaditions) has ndbeen quantified talate.

Golabi et al. (2005%) is one of the few studiethat examined the effectiveness of a specific
erosion mitigation technique using more controlled experimental methusisg controlled
plots, runoff from the vetiver system was compared with runoff from other surface conditions
common in savanna habitats of southern Guam (specifically, natural savanna vedsiatieah,
savanna, and exposed surfacegnd cover).Vetiver is a dense, bundkipe grass with stiff
stems, extremely strong roots, high reliance to fire and drougitdaes not produce a fertile
seed (Golabetal., 2005). After 16 months of data collection, the results showed that thefat

soil loss from thevetiver plot (1.47 tons/hectare/year) was significantly less slodrioss from

the other soil surfaceonditions, controlled burn (14.13 tons/hectare/year); bare soil (104.75
tons/acre/year); and natural savanna (5.22 tons/hectare/year).

Methodology

1. Field observations

Field visitations were conducted on a weekly basis flmnember 2013 through January 2015
During each visitpotential elementthat may contribute to erosion and sediraéohthat were
observed weredocumented These include vegetation types, badland locations, slope and
topography, and fires or other human activitiegures 9arnd 10. In addition, aerial surveys
were conducted to observe land cagand identify areas with more potential susceptibtiity
erosion
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Figure 9. Badlandsatopthe Piga Ridge inMerizo, southern Guam
(March 15, 2014)

Figure 10. Burned Savanna along the Geus Sldpesouthern Guam
(April 2, 2014)
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2. Hydrologic Data

Hydrologic conditions were examined by quantifyinginfall, stream level, streariow, and
turbidity during dry and wet season conditiombe data wasollected in the field with an array
of instrumentdon setup strategicallywithin the watershed.In addition, manal field
measurements were collected regularly during sitgits for analyses andlata quality
evaluations A primary hydrologic data collection station was setup atebectedlocation
downstream from most of the major tributaries anof ¥ mile inlandrom the coasfFigure 1J.
Hydrologic data collection began on January 15, 28id data was collected through January
15, 2015

Primary Data
Collection Site

\l’ ‘ 2 & " " < t .7v
Figure 11. Location ofthe hydrologicdata collectiontaitionin the Geus River.

Stream Level

Stream level is simply the height of the Geus River water column at the data collection site.
Stream level was measured using two HoboWare® U20 water level data loggers with a range of
0 to 30 ft and an accuracy of 0.01%Rtgure 12 and 1)3The levelloggers were collocated with

one level logger resting at the bottom of the water column and the other logger outside of the
water column to account for atmospheric pressure variattyessure readings were collected at
5-minute intervals, and the pressutifference between the river level logger and the atmosphere
level logger provided the pressure (in psi) attributed to the water colbomng data post
processinga correction factor was apptl to account for the actual location of the pressure
senso based on its orientation in the PVC housing and stream level baseline height established
during dry season conditions. This was necessary to provide a more accurate stream level height
and a consistent reference point for the stage discharge curve.
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Figure 12. Installation of data loggers in the Geus River in southern Guam
(January 15, 2014)

Figure 13. Field download of Geus River data logger information
(March 5, 2014)
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Stream Flow

Stream flow wasneasurd close to the primary data collection station during weekly sitésvisi
(Figure 14. A Flow-mat e E Mode l Elowineter Rars rusead to todect readin(@s
cfs) along a trasect set perpendicular fow direction. A correlation between totdlow and
stream level over time prades a discharge rating curve.

j,» . =3 : \-\: -~} ‘__ e ' ;rs..
Figure 14. Stream fow measurement ithe Geus Rivein southern Guam
(January 15, 2014)

Turbidity

Turbidity was measuredsing a turbidity logger and a haheld turbidity meter An Analite
NEP495P Turbidity Logging Probe was installet collect turbidity readingat 15minute
intervals in the water colum(Figure 15). In addition, during weekly site visits water samples
were collected and analyzed using an Omegad442 Portable Turbidity MeterBoth
turbidimeters measure suspended particles in a solution based on the amount of light scatter
produced with infrared lightAccuracy of the portable turbidity meter was veriffgibr to each
use.The turbidity logger was calibrated pritwr deployment and accuracy was assessed weekly

by comparison with the portable turbidity met®taintenance was conducted weekly during
long-term deployment and recalibration was conducted gieadly as necessary.
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Figure 15. Turbidimeter housingnistallationin the Geus River
(March 5, 2014)

Rainfall

Daily rainfall quantities were recorded by a rain gauge located on the Pigua ridge just upland
from the primary dat&ollection siteToward the lger part of the data collection period the Pigua
rain gauge becamfaulty and no longer was supplying valid dafderefore, gpplemental
rainfall data was also used from a rain gauge located in the Ugum Watérghee 16. The

rain gauge usetwo tipping buckets that collegtater as it falls, recording each time the tipping
buckets are activated representing a specific quasftiiginfall (0.01 in per tip)
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| Legend

A Rain Gauge Location
Rivers

Watershed Boundary

3. Soil Sampling

Soil sampledrom seven locations were collectadd tested in thsoil lab to identify the various
soil types represented in the Geus Watergliregure 17 and 18 Samples were collecteals
compositesfrom samplelocaions selected based on exposed soil obseymatior dominant
vegetation typeg-our samples were collected alpthe upland ridge includingreas consisting
of the more prominent badlandad grasslandg hree samplesere cdlected in the interior of
the valley and along the River where more foxegjetationdominate. Each composite sample
consisted of five individual sample aliqso collectedto the depth of 12 if30 cm) from the
surface.
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Figure 17. Soil sample clecti ina balaation in the Geus Watershed
(June 3, 2014)

Legend

0 Soil Sample Location
[ Badiand
1 Forest
Savanna/Grassland
Scrub/Shrub
1 Urban Built-up
Urban Cultivated 3
[ Wetland % < §

N

Figure 18. Soil sampledcationswithin the Geus Watershed in Southern Guam.
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Upon collection all samples were processed and analgzetie University of Guam Soill
Laboratory.Samples were dried, ground, then sifted through a standard two millimeter sieve.
Sample aliquots were individually analyzed for pH, soil texture, organic matter content, and
nutrients.

Soil pH was measuredoly mixing 10 ml of water with 10.0 gran(g) soil creating a 1:1 soil to

water ratio solutionAn electronic Oaktron pH meter was used to provide the pH value of the
sample solutior(Figure 19. This pH meter uses a combination electrode (glass and reference
electrodes) that measures pH based on the electrical potential created from pH differences in an
internal and sample solution around the glass electrode in comparison to the reference electrode.

Figure 19. Soil analysis conduatkat the University of Guam Soil Laboratory.

The soil texture analysis determines the proportion of sand, silt, and clay particlesoiin a
sample.The method of analysis was based on the understatitgoil particle size directly
influences the rate at which it will settle in a soluti@ettling velocity was derived by timed
density measurements using a Bouyoucos hydrometer whittablished othe fundamentals
of St o k dydremetér aneas@ments were takeat specific time intervals in 500 ml of
distilled water with a dispersing agent and 50 g of soil per sarijgeperature was also
recorded to correct for the density effects caused by temperature.

Soil organic matter was determined byeasuring the soil carbon using a rapid dichromate
oxidation procedure known as the WalkBlack Method (Schumacher2002. However,
because no additional heating wased only abut 76% of the organic carbon wescovered,
therefore a correction factor &f3 was applied

Nutrients analyses were conducted for available phosphorus (P), potassium (K), calcium (Ca),
and Magnesium (Mg)Available P wasxtracted using an acid solution, and thealyzedby a
Spectronic meterThis is known aghe Olsenmethod(Olsenet al., 1954). The routine nutrient
analyses quantified the remaining nutrients (K, Ca, and Mg).
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4. GIS-RUSLE Model

The GlSbased soil erosio modelwas applied to the Geu&/atershedwith the samedata
processing procedures akescribed by Park (2007The Rfactor, for the erosive power of
rainfall, was digitized based on the isoerodengdircalculated by Dumaliang (1998 he K-
factor, for soiloss rate per eroswindex unit,was taken as listefbr each soil typen the il
Survey of GuamYoung 1988).The Geus Watershed soil types were obtained frerDigital
Guam Atlas Khosrowpanah edl., 2007hH. The L and S factors, for ratios of soil loss from field
slope length and gradient, was calculated by the C++ prograed s a 1m DEM(Van
Remortel etal., 2004) The Gfactor, for land cover and management, was based on the 2011
landcover information provided in the Digital Guam Atlash@srowpanah etl., 2007H
reclassified as was dofy Park (2007). The-Ractor, forsoil loss with support practices, was
assigned as 1 because there are no soil support practices currentlplkas@nghe output of the
GlS-based model was a color coded map that differentiated areas that have a higher potential to
contribute to soil ersion within the Geus Watershed.

5. Aerial Photography

An aerial photo survey was conducted in June 2014 uairayistom built radi@ontrolled
hexacopteequipped with a video camerBhe main focus of the survey was general vegetation
cover and the extenvf the more critical high erosion areas within the Geus watershed.
Limitations with this technology included shorter air time due to limited battery power, and
narrower coverage and distance limits from the radio cortfolever, the lower elevation
aerialfootage allowdor higher resolution photos.

Results and Discussion

1. Expected Results

The results of this study provides a clearer understanding of the dynamics of the Geus
Watershed, or the degree to which rainfall correlates with stream level, streamafid
turbidity. A strong response to rainfall in the Geus River suggests the Geus Watershed is very
dynanic. Furthermore, a correlation between strel@vels and stream flow rateprovides a

stage discharge curve, whickith a large amount of reliable @apoints can be useful in
estimating stream flow based on a simple stream level measurérhentnformation has not

been thoroudly examined prior to this study, and would bssentialfor proper watershed
managemenduring future restoratioar development within the watershed.

In addition to determining the watershed dynamics, soil samples were collected to assess
physical and chemical properties tfe soil at representative locations within the Geus
WatershedAn aerial survey was sb condated to gain aminderstanding of lahcover and the

extent of bathnds which is one of the major contributors of soil erosion and sedimentdinan.
GlIS-based RUSLE erosion model walkso used to identify areas that contribute most to soil
erosionwithin the watershedRecommendationfor restoration efforts within the watershed are
made more effectively with the consideration of all the data collected.
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2. Hydrologic Data

Hydrologic data collecteth this studywas used to examine the relationshgtween raifall,

stream level (h)and turbdity (Figures20, 21, and 2R Since stream flow is a function of stream
level (h), stream level used for this correlation and the relationship between stream flow and
stream level was used in the determinatbthe stage discharge cuné@ver the course of data
collectionperiod (from January 2014 to January 2015), rainfall, stream level, stream flow, and
turbidity showedthe most variabilityfrom July through NovembeThis was consistent with the
typical rany season period (Lander and Guard, 2003).

Based on the data, it appears there is a strong correlation between stream level anith thmfall
Geus Watershed (Figure 20n general when daily rainfall averaged one to two inches, the
stream level incr@sed on the order of one to two feBuring heavier rain events, with daily
totals reaching almost four to five inches, stream level showed significant spikes upwards of four
to five feet depending on the intensity of the rainfdlhere also appeared toe a strong
correlation between turbidity in the Geus River anafedii (Figure 2). This observation is
supported by overlaying stream level with streambitity measurements (Figure 2As a

result, it was evident that the intensity of the storm w&eyafactor influencing erosion and
runoff as indicated by levels of turbidity.

The dynamic response of the Geus watershed was also evident as rainy season storms produced
high velocity flow events with maximum recorded turbidity readings. In fact, tigedarain

event (Tropical Storm Halong) on July 30, 2014, caused so much sedimentpaitdund the
turbidimeter that it affected the validity of the data until manual cleaning was comietéal

this storm event the maximuntresam level recorded was0 f at 2:05 am, and the duratia

that heightvas not longer than thatriinute intervalDuring that spikestream level was greater

than 6 f for 30 minutes, greater than 6fér 40 minutes, and greater than t4fdr 70 minutes.
Based on this datahe stream level doubled then came back down (fronto375t) in less than

an hour and a halfFigure 23) A similar pattern was exhibitedhithe turbidity datawhich
recorded a maximum concentration of 964.9 NTOnfr2:15 am to 2:30 am (Figure 23)
Turbidity above 900 NTUs lasted about an hour andal§ land significant increasedere
observed when stream level rose to greater than threeRimeted rainfall data at a 4finute

delay correlated well with the-@inute stream level data (Figure 23héeTcoefficient for rainfall
routing best fit the stream level response with a delay -@01&inutes between peak rainfall and
peak streak levellhis storm event is one example that shows how dynamic the Geus Watershed
is.

A time series during a period storm activity in October 2014 also depicts the response time
between rainfall, stream level, and turbidity (Figure 24). Based on the dimension of the Geus
Watershed, the river floods appear to last less than a couple of hours. This shows that the
dynamcs of river runoff and suspended sediment fluctuated at a times scale of hours or less.
Therefore, this is an important consideration for understanding the magnitude of sediment
plumes versus the lorigrm erosion rate.
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Figure 21. 15-Minute turbidityreadingsanddaily rainfall totals
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