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Abstract 

My graduate experience in the Tropical Conservation Biology and Environmental Science 

internship track consisted of participating in separate projects with The Nature Conservancy and 

Three Mountain Alliance. The majority of the graduate program allowed me to gain hands-on 

experience in working in both terrestrial and coastal ecosystems collecting data, restoring native 

ecosystems, analyzing data, and writing data reports. The first project, guided by The Nature 

Conservancy, consisted of researching the nitrogen isotopes of macroalgae within Kīholo Bay, 

analyzing the data, and writing a report. The purpose of this macroalgae project was to research 

how the nitrogen from kiawe trees (Prosopis pallida) and feral goat (Capra hircus) feces 

influence the growth of marine macroalgae. The results indicated that the nitrogen from kiawe 

trees and goat feces influences the growth of marine macroalgae. According to the nitrogen 

values, I was able to infer that Kīholo Bay was not polluted with excess nitrogen. The second 

project was a nine-month internship with Three Mountain Alliance, which is a watershed 

partnership located within Volcanoes National Park. My tasks with Three Mountain Alliance 

mainly consisted of conducting data collections of native and non-native vegetation within 

planting sites and reporting that data. Also, inputting previously collected bird and ungulate data, 

and writing up reports for various partner organizations. I completed other tasks with Three 

Mountain Alliance that induced creativity, such as making a plant guide for one of their 

restoration areas and making a digital display of vegetation photo points. The most significant 

skill sets I gained from these experiences were learning how to effectively collect data in 

terrestrial and marine ecosystems, as well as analyzing and reporting the data I collected. 

Overall, I gained more confidence in myself, as well as a professional manner that I carry with 
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me every day. I also became inspired to further my education by learning more about 

environmental policy to make more influential changes in my community. 
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Introduction to Internship Experiences 

In my two-year Tropical Conservation Biology and Environmental Science (TCBES) 

graduate experience, I completed two major projects that aided in my professional development 

in watershed management. The three projects included a macroalgae research project at Kīholo 

Bay, and an internship with Three Mountain Alliance. The purpose of participating in two 

projects was to diversify my skills and knowledge. Through these affairs, I learned methods of 

research, data collection in the field, data analysis and management, and technical writing of 

reports.  

The first project I conducted consisted of researching the nitrogen isotopes of macroalgae 

within Kīholo Bay. The objectives of this project were to create an experimental design to 

properly collect macroalgae and nitrogen inputs, collect the proper amount and types of 

macroalgae, analyze the macroalgal data, and report the data results to answer the research 

question. The research question stated, does the nitrogen from kiawe trees and goat feces feed 

the marine macroalgae within the intertidal zone of Kīholo Bay, and if so, to what extent?  The 

data analysis and report were supported by The Nature Conservancy (TNC) through access to 

research sites and guidance on experimental design and methodology. TNC manages the Kīholo 

Fishpond Preserve, a traditional Hawaiian fishpond that was donated to TNC for conservation in 

2011. Thus, I analyzed macroalgal nitrogen isotopes and their origins to understand if kiawe 

trees (Prosopis pallida) and feral goat (Capra hircus) feces were influencing the growth of 

marine macroalgae. Data was collected in June 2019, analyzed in July and August 2019,  and a 

report was written in December 2019. 

The second phase was a 600-hour internship with Three Mountain Alliance (TMA). 

TMA is a watershed partnership between landowners and conservation agencies, including 
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Kamehameha Schools and the Department of Forestry and Wildlife. Their objective was to 

manage the natural resources within the three mountains on the south side of Hawaiʻi island: 

Hualālai, Mauna Loa, and Kīlauea. TMA conducts reforestation of forests that were degraded 

from cattle ranching and the introduction of invasive species. TMA also collects data on native 

flora and fauna within their management areas and writes data reports for various landowners 

and agencies. The objective of this internship was to learn the organization’s operations and how 

to manage resources within upland ecosystems. My role was assisting the data technician in 

various tasks including data collection, analysis, and the reporting of data.  
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Learning Objectives 

 Professional development and graduate student learning objectives 

● To gain  professional experience in the conservation field in Hawaiʻi. 

● To learn how to conduct resource management effectively in Hawaiʻi. 

●  To understand and be able to conduct proficient scientific research and data collection, 

and then apply it to resource management in Hawaiʻi. 

● To learn watershed management skills, which include but are not limited to direct 

fishpond management, native ecosystem restoration, program coordination, outreach, 

education, collaboration with partners, budgeting, and leadership. 

● To learn critical skill sets within the professional conservation field, such as scientific 

research, data collection, program coordination, outreach, education, collaboration with 

partners, budgeting, and leadership. 

● To communicate science in a professional manner and educate the public about 

controversial environmental issues and mitigation strategies. 

● Gain confidence within my abilities to be professional and represent myself 

professionally so employers will take me seriously and want to hire me. 

● Improve communication skills with scientific colleagues in the conservation field to 

discuss effective management strategies. 
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 Chapter I: Watershed Management: Investigating Macroalgal Nitrogen Isotopes in Kīholo 

Bay and their Association with Prosopis pallida 

 

Executive Summary 

        In June 2019, I conducted a macroalgae project at Kīholo Bay because previous studies 

have shown that significant amounts of anthropogenic nitrogen inputs into the ocean, such as 

sewage and fertilizers, can be detrimental to the living coral colonies by causing algal blooms. In 

Kīholo Bay, the coral reef has been recorded to be the most resilient to bleaching compared to 

other sites in West Hawaiʻi (TNC 2016). Kīholo Bay is mostly undeveloped with few 

anthropogenic nitrogen inputs. However, natural sources of nitrogen can still impact marine and 

aquatic ecosystems within the watershed. Kiawe trees (Prosopis pallida), which are nitrogen 

fixers, and feral goat (Capra hircus) feces are abundant and widely spread throughout the Kīholo 

Preserve. Furthermore, they are nitrogen sources that could be affecting the coral reef system 

within Kīholo Bay. The project objective was to research if kiawe trees and goat feces were 

feeding the growth of marine macroalgae within Kīholo Bay. 

The negative ecological impact and benefit of the nitrogen sources on Kīholo Bay's 

marine ecosystem is unclear. The goal of this study was to determine the sources of nitrogen to 

the nearshore intertidal zone using macroalgal δ15N (stable isotope of nitrogen) concentrations. 

The hypothesis was that the δ15N of macroalgae would be linked to the δ15N of kiawe trees and 

goat feces. 

 The data indicate the δ15N of macroalgal tissues are within the range of the δ15N isotopic 

signatures measured in kiawe trees and goat feces. Furthering the understanding of the 

relationship between terrestrial and marine ecosystems within the Kīholo Watershed contributes 
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to The Nature Conservancy's knowledge of managing the Kīholo Preserve, which can help them 

achieve better management of invasive species, such as kiawe trees and ungulates. Since 

dominant nutrients come from kiawe and goats, is it in a manager’s interest to remove these 

invasive species from coastal areas. 

 

Background 

The Hawaiʻi island watersheds provide a crucial ecosystem service of supplying millions 

of gallons of water to various sectors, including natural ecosystems, urban communities, and 

businesses (Scott et al. 1988, Krulce 1997, Gingerich, 1999, Gutrich et al. 2005) and are under 

significant threats from continued degradation by invasive species and ungulates (Gutrich et al. 

2005, Hughes & Denslow 2005, Wiegner et al. 2013, Roberts et al. 2016). Watersheds are 

complex because they cover a vast spatial scale including terrestrial, aquatic, and marine 

ecosystems, and have varying responses to spatiotemporal climatic inputs; hence, watershed 

management is also complex (Mcdonnell et al. 2007) as compared to managing other 

ecosystems. Furthermore, watersheds incorporate cultural, natural, economic, demographic, and 

political factors and require conservation as human developments continue to expand (Gutrich et 

al. 2005, Wang et al. 2006, Ratha & Agrawal 2015). 

In today’s era, sustainable land use and water management is a growing concern in the 

face of urban and economic development and climate change (Ratha & Agrawal 2015, Rao & 

Kumar 2004). Numerous studies have been conducted on integrated and collaborative watershed 

management, which is a technique that establishes stakeholder and community involvement, 

partnerships among various organizations and agencies, and the successful sustainable 

management of human activities and natural resources within a watershed (Slocombe 1998, 
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Mullen & Allison 1999, Radif 1999, Leach et al. 2002, Gutrich et al. 2005, Imperial 2005, 

Borisova et al. 2011). Multiple studies have concluded that traditional Hawaiian watershed 

management and modern ecosystem science need to be integrated into community-based 

management in Hawaiʻi (Gutrich et al. 2005, Tissot et al. 2009). Integrative, collaborative, and 

community-based watershed management is becoming the norm as demonstrated by the success 

of watershed partnerships. 

The Kīholo Fishpond Preserve is a coastal conservation area that consists of a historically 

and culturally significant, and ecologically valuable fishpond managed by The Nature 

Conservancy (TNC). The restoration of fishponds in the Hawaiian Islands are vital because the 

fishponds serve as an interface between land and coastal waters and provide habitat for native 

flora and fauna (Maynard et al. 2016, TNC 2016). Kīholo Fishpond Preserve is being restored by 

TNC and community partners to improve health and abundance of native coastal flora and fauna 

(Maynard et al. 2016, TNC 2016).  

Kīholo Bay, which is adjacent to Kīholo Fishpond Preserve, is an oligotrophic system 

(Johnson & Wiegner 2013) that consists of many freshwater springs that flow into the ocean of 

which create a unique marine ecosystem (TNC 2016). Kīholo Bay also provides thriving habitats 

that host many endemic species (Maynard et al. 2016, TNC 2016). Furthermore, the coral reef 

system in Kīholo Bay was found to have a high resilience score during a study that took place 

during the 2015 mass bleaching events out of 40 coral reefs surveyed in West Hawaiʻi (Maynard 

et al. 2016, TNC 2016). The Kīholo Watershed is mainly undeveloped with very few 

anthropogenic nutrient sources and has at least 18 point-source, well-studied submarine 

groundwater discharge (SGD) plumes, which emit approximately 7,100 m3/day (Peterson et al. 
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2009, Kelly et al. 2013, Johnson & Wiegner 2013). The Kīholo watershed also has many coastal 

kiawe trees growing along its coastline. 

Kiawe, or mesquite, trees (Prosopis pallida), a nitrogen-fixing species, are widely spread 

throughout the 90.9 km2 watershed in which Kīholo Bay resides (Peterson et al. 2009, Johnson & 

Wiegner 2013) and grow vastly across the Kīholo Fishpond Preserve. The process of nitrogen 

fixation is performed by microbial bacteria that create a symbiosis with the roots of trees in the 

legume family, which include kiawe trees (Christian et al. 2016). The bacteria catalyze the 

reduction of atmospheric nitrogen to ammonia via a nitrogenase enzyme (Zhang et al. 2014). 

Kiawe trees also have a deep taproot that allows them to access groundwater, which is a trait of 

all species within the Prosopis genus (Gallaher & Merlin 2010, Dudley et al. 2014). Kiawe trees 

may increase nitrate (NO3-) concentrations within the groundwater that flow into Kīholo Bay via 

SGD (Dudley et al. 2014), and then onto the coral reef. In the Hawaiian Islands, groundwater 

transports nitrogen and other nutrients, from terrestrial to marine ecosystems, which provides the 

primary nutrient sources for marine organisms in nearshore waters (Paytan et al. 2006). 

Humans first introduced kiawe trees to the Hawaiian Islands in 1828, and the trees now 

dominate the leeward side of all the Hawaiian Islands (Gallaher & Merlin 2010, Dudley et al. 

2014). Kiawe trees are considered to be invasive because they have overtaken vast areas of the 

native landscape; hence, they are difficult and expensive to eradicate, and they compete with 

native species (Gallaher & Merlin 2010). However, kiawe trees do provide benefits to the 

terrestrial ecosystem, including buffering the impacts of soil erosion (Cornejo et al. 1982), 

reduction of soil pH and salinity, and the enhancement of soil moisture retention and soil 

rehabilitation (Gallaher & Merlin 2010). Kiawe trees are considered to be a mid-successional 

species that facilitate the later-succession of woodland habitats, and conservationists could 
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potentially use this species in restoration efforts on the Hawaiian Islands (Gallaher & Merlin 

2010).  

Before deforestation occurred and kiawe trees became established, the leeward side of 

Hawaiʻi Island was populated by other native nitrogen-fixing trees including wiliwili (Erythrina 

sandwicensis), uhiuhi (Mezoneuron kavaiense), and ʻōhai (Sesbania tomentosa) (University of 

Hawaiʻi 2009) that may have contributed to nitrogen (N) imports into the ocean. However, those 

species have decreased in abundance and are sparse currently in the Kīholo watershed. The 

relationship between native nitrogen-fixers and coral reefs before the kiawe invaded has not been 

documented. 

Inputs of ecological nutrients, such as nitrogen, are crucial in linking ecosystems together 

(Palumbi 2003), and Hawaiian coral reefs receive essential freshwater nutrients via SGD from 

terrestrial ecosystems (Umezawa et al. 2002, Garrison et al. 2003, Slomp & Van Cappellen 2004, 

Hwang et al. 2005, Paytan et al. 2006, Johnson & Wiegner 2013). SGD is a natural phenomenon 

that occurs where terrestrial-derived water is exported underground into the ocean (Moore 1999, 

Kelly et al. 2013). However, the increase of anthropogenic activities is a cause of concern 

because of excess terrestrial-derived nutrient and sediment inputs, such as N from sewage, into 

coastal and marine ecosystems (Vitousek et al. 1997, Paytan et al. 2006, Abaya et al. 2018). 

Previous studies have focused on the impact of excess nutrient inputs on coral reef 

productivity because corals also face stress from a changing climate, increased sea temperature, 

rising sea level, and decreasing water PH (Paytan et al. 2006, Johnson & Wiegner 2013). Future 

developments and climatic shifts may occur that could make terrestrial and marine ecosystems 

more vulnerable to disturbances, including flash floods, coral bleaching, or hurricanes. At a local 

scale, soil erosion, sedimentation, and nutrient enrichment can also degrade coral reefs (Bryant et 
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al. 1998, Fabricius 2005). In the Hawaiian Islands, excess groundwater nutrients from 

anthropogenic sources have caused benthic macroalgal blooms on coral reefs (Van Beukering & 

Cesar 2004, Smith et al. 2006, Johnson & Wiegner 2013). Additionally, these nutrients 

negatively impact coral biodiversity, growth rates, and species distribution and abundance 

(Pastorok & Bilyard 1985, Parsons et al. 2008, Abaya et al. 2018). 

Multiple studies have documented the effects of nitrogen fixing plants on aquatic systems 

in Oregon (Compton et al. 2003) and in Hawaiʻi (Roberts et al. 2016, Dudley et al. 2014). 

Furthermore, scientists use macroalgae as bioindicators of N because their tissues rapidly 

assimilate N inputs and can be used to find a point-source of the N (Duarte 1995, Cohen & Fong 

2006, Abaya et al. 2018). Limu palahalaha or sea lettuce (Ulva fasciata) and other green 

filamentous algae (Cladophora spp.) are early-successional opportunistic algae and are typically 

used to indicate N because their growth rates, in response to increased nutrients, are rapid 

(Ryther et al. 1981, Peckol & Rivers 1995, Cohen & Fong 2006, Wiegner et al. 2016). 

Feral ungulates, such as goats, sheep, cattle, and pigs, are widely spread throughout the 

Hawaiian Islands and are destructive to native ecosystems because they browse native plants, 

strip bark from native trees and eat native seedlings, which limits native vegetation growth (Hess 

2016). Feral ungulates have repeatedly populated Mauna Kea, and have caused devastating 

impacts within the watershed (Hess 2016). Over 87,000 ungulates have been removed from 

Mauna Kea; however, ungulate populations have not been eradicated (Banko et al. 2014, Hess 

2016). Feral goats (Capra hircus), which are particularly problematic on the leeward side of 

Hawaiʻi island, thrive in the arid environments (Chynoweth et al. 2013 & Hess 2016) that 

include the Kīholo Fishpond Preserve. The cumulative devastation caused by ungulates in 

terrestrial and coastal ecosystems may prevent long-term sustainability for native flora. 
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Furthermore, nitrogen from the feces of feral ungulate populations could be leaching into the 

ocean and causing algal blooms or changes in the microbial community. 

Studying the N isotopes within macroalgae can be used to identify sources of nitrogen to 

ecosystems and is often used as a tracer in ecological studies to assess impacts from 

anthropogenic sources. Macroalgal tissues rapidly assimilate N inputs, which is why they are 

used to find a source of the N. The collection of macroalgae must factor in distance from the 

shoreline because once the groundwater enters the ocean, it rapidly dilutes (Paytan et al. 2006).  

The association of terrestrial δ15N with macroalgae may decrease in strength with an increase of 

the lateral distance from the shoreline and the horizontal distance from the SGD plumes. 

 

Approach 

Macroalgal samples were collected at five locations along the intertidal zone of the 

Kīholo Bay shoreline (Fig.1) where sufficient biomass (~5g) occurred at low tide. All samples 

were stored in labeled Ziploc bags. Samples were obtained from nitrogen sources (kiawe trees 

roots, soil, and leaf litter, as well as fresh water, and goat feces) to find a point-source of the N 

found within the macroalgae. A total of three kiawe trees were sampled; however, kiawe leaf 

litter and pieces of the roots and the soil underneath the roots were collected from only two of 

those trees due to accessibility. One sample of goat feces was collected as well as one water 

sample from the fishpond. Additionally, another water sample was collected from a well 

uninfluenced by kiawe trees, which was located higher in elevation above the Kīholo Fishpond 

Preserve at Puʻu Lani Ranch Clubhouse (Fig. 2). 
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Figure 1. Samples collected along the shoreline of Kīholo Bay 

 

Figure 2. Map of Puʻu Lani Ranch Clubhouse.  

 

A water quality sonde (Yellow Springs Instrument, Xylem pro 2030) was used to 

measure the salinity and temperature of each water sample. Water quality samples were 

transported on ice back to the UH Hilo Analytical Laboratory within 24 hours. Macroalgae 

samples were identified to species, and macroalgal tissue was dried at 60 °C until they reached a 
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constant dry weight. They were ground and homogenized using a Wig - L- Bug grinding mill. 

The ground and dried tissue was folded in 4x6mm tin capsules for stable isotope analysis. 

 The 15NNO3 in water samples and samples were prepared by a cadmium reduction of 

nitrate to nitrite in a 25ml aliquot of sample. The samples were shaken overnight to ensure that 

all nitrate was reduced before 10ml of each sample were pipetted into crip-seal vials. The sample 

nitrate was converted to nitrous oxide gas by injecting 1ml of a 1:1 20% acetic acid and 2M 

sodium azide buffer. 

  The samples were analyzed for δ15N using a Thermo Delta V Advantage isotope ratio 

mass spectrometer with a Conflo III interface and a CostechTM ECS 4010 Elemental Analyzer. 

During analysis, two quality control (QC) samples were run alongside the submitted samples to 

verify the accuracy and precision of particulate isotope data. The QC samples were NIST 1547 

(Peach Leaves) and were run to verify accuracy and precision in tissue samples. The value 

reported was the average analytical value returned from instruments, as well as the accepted 

value of the QC sample. 

Following the particulate samples, three quality control (QC) samples were run alongside 

the submitted samples to verify the accuracy and precision of the water isotope data. The QC 

samples were IAEA-N3 (potassium nitrate) and were run to verify accuracy and precision in 

water samples. The value reported was the average analytical value returned from instruments as 

well as the accepted value of the QC sample. All data were normalized to standard 47 of the 

United States Geological Service National Institution of Standards and Technology. Nitrogen 

isotopic signatures were expressed as standard (δ15N) values, in units of parts per mil (‰), and 

calculated as [(Rsample − Rstandard) / Rstandard] × 1000, where R = 15N/14N (Table 1). 
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Mean δ15N values were calculated for each source sample type (water, kiawe matter, soil, 

and goat feces) and compared to the mean δ15N value of the macroalgae (Table 1). The δ15N 

values of the goat feces and the soil were combined because of their close similarity. A mixing 

model was used to calculate the percent of kiawe derived nitrogen (KDN) versus soil-derived 

nitrogen (SDN), which combines the soil and feces δ15N values, represented as %KDN = [(SAM 

- SEM) / (KEM - SEM)] x 100 and %SDN = [(SAM - KEM) / (SEM - KEM)] x 100 where 

%KDN is the percent KDN in a given sample, %SDN is the percent SDN in a given sample, 

SAM is the observed δ15N of the sample, KEM is the kiawe end member (i.e.,  δ15N values 

representing KDN) and SEM is the soil end member (i.e.,  δ15N values representing SDN). In 

this study, SAM was calculated as the mean δ15N value of each macroalgal sample, KEM was 

the mean δ15N value of the kiawe leaf litter samples and root samples, and SEM was the 

combined mean δ15N value of each soil and feces sample (Helfield & Naiman 2002). The model 

assumes that isotopic fractionation associated with N uptake is negligible, as is likely the case 

where N is limiting (Nadelhoffer & Fry 1994).  
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Table 1. Sampled Data and their δ15N values. Macroalgae types in samples 1-4 were found 

growing together, and thus, were analyzed together.  

Sample ID Type δ15N 

1 Macroalgae (Cladophora laetevirens & Gelidiella 

myriclada) 

3.7 

2 Macroalgae (Cladophora laetevirens & Gelidiella 

myriclada) 

2.6 

3 Macroalgae (Cladophora laetevirens & Gelidiella 

myriclada) 

2.5 

4 Macroalgae (Cladophora laetevirens & Gelidiella 

myriclada) 

3.1 

5 Macroalgae (Ahnfeltiopsis concinna) 2.7 

6 Leaf Litter Prosopis pallida 1.4 

7 Soil 5.3 

8 Root (Prosopis pallida) 0.2 

9 Goat Feces (Capra hircus) 4.6 

10 Fishpond Water (brackish water) -21.6 

11 Root (Prosopis pallida) 0.5 

12 Soil 4.9 

13 Leaf Litter (Prosopis pallida) 2.0 

14 Well Water (fresh water) -17.5 
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Outcomes 

Three macroalgal species were collected along the Kīholo Bay shoreline: Cladophora 

laetevirens, a filamentous green species; Gelidiella myrocladia, a small red, turf-forming species; 

and Ahnfeltiopsis concinna or limu ‘aki ‘aki, a common, fleshy intertidal red species. All the 

macroalgal species had similar δ15N values (Table 1), thus I combined the individual values to 

calculate a mean value (Table 2).  The mean δ15N value of the macroalgae is most similar to that 

of the combined mean value of leaf litter and root, and of soil and goat feces (Figure 3). The 

mixed model calculations resulted in 71% kiawe derived nitrogen and 29% soil derived nitrogen, 

which reflects the coastal abundance of kiawe trees within the Kīholo Fishpond Preserve. From 

these results, we can infer that the macroalgae along the shoreline in Kīholo Bay most likely 

uptakes nitrogen from kiawe trees, soil, and goat feces. However, more extensive research would 

need to be performed to identify the specific source and form of the nitrogen. Many microbial 

processes occur in the soil, such as nitrification and denitrification, and the N data could not 

discern the contributions of such processes. 



21 

 

Table 2. Mean δ15N values of each sample type. 

Sample Type Mean δ15N +/- SD 

Macroalgae 2.94 0.17 

 

Leaf Litter 

(Prosopis 

Pallida) 

1.68 0.10 

Soil/ Goat 

Feces 

4.94 2.16 

Root 

(Prosopis 

Pallida) 

0.4 0.2 

Fresh Water -19.55 0.06 
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Figure 3.  δ15N values vs. Macroalgae collected at Kīholo Bay. Background areas represent the  

δ15N range of the N source values (Soil/Goat Feces, Leaf Litter/Root, and Fresh Water from the 

fishpond and well) measured as part of this study.  

 

Discussion 

The results of this study imply if the feral goat population and kiawe tree cohorts increase 

within the Kīholo Fishpond Preserve, the nitrogen levels may increase and become problematic. 

Effective ungulate and kiawe tree management would be advised to avoid future ecosystem 

disturbances to the marine ecosystem. Since ungulates and kiawe trees are abundant on the 

leeward sides of all the other main Hawaiian Islands, the proposed research applies to other 

kiawe dominated- and ungulate dominated - watersheds that encompass a marine ecosystem. 

Furthermore, other N-fixing plants, including river tamarinds or koa haole (Leucaena 

leucocephala), fire trees (Myrica faya), and silk plants or albizia (Falcataria moluccana), are 

commonly found across the Hawaiian Islands (DLNR 2018). The proposed research could 

pertain to these other N-fixers that have invaded lowland regions on both the leeward and 

windward side of the islands, especially those with a deep taproot. 

Overall, the ecosystems within and adjacent to the Kīholo Fishpond Preserve seem 

healthy. I believe this is because of the high input of submarine groundwater discharge, low 

pollution from anthropogenic sources (sewage and fertilizers), and an abundance of marine  

herbivore grazers, including green sea turtles and reef fish that keep the marine macroalgae from 

overflowing. The health of Kīholo Bay reveals the importance of preserving the various habitats 

within its watershed.  
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Chapter II: Internship with Three Mountain Alliance Watershed Partnership 

 

Executive Summary 

 Located in Hawaiʻi Volcanoes National Park, Three Mountain Alliance (TMA) is a 

Watershed Partnership agency that works with various land-owners to reforest, protect, and 

restore critical habitats along the slopes of Mauna Loa, Hualālai, and Kīlauea. I conducted a 600-

hour internship that started in May 2019 and ended in December 2019. With TMA, I completed 

numerous projects that helped me gain knowledge and experience in the field of watershed 

management (Table 3).  

 

Table 3. Tasks at Three Mountain Alliance  

Month 2019  Task Description Software used 

 May  TMA Bird Surveys 

2019, data entry 

Entered data from Field notebooks 

into the USGS Bird database. 

Proofed data per the USGS data 

proofing protocol. Scanned field 

data books. 

MS Access 2010, 

Adobe Acrobat X pro 

June - July TMA Bird Surveys 

2019 summary 

report 

Created summary report describing 

methods, presenting detection 

statistics in a table and illustrating 

results with maps showing the 

location and numbers of detections 

for individual bird species. 

MS Word 2010, 

ArcMap 10.4 

October - 

November  

Lupea Plant Guide Created an illustrated plant guide 

for the Lupea fenced enclosure in 

North Kona based on the TMA 

2016 species list for the area. 

Guide includes 1-2 pictures per 

species, information about the 

conservation status of each plant 

(is it listed as threatened or 

endangered? Is it a 'candidate' 

Adobe Illustrator 
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species? is it considered a species 

of concern?), the plant origin (is it 

endemic, indigenous, introduced, 

or considered a noxious weed?) 

November - 

December 

Photo Library Researched options for exporting 

the TMA photo Library to a cloud 

server. Taking into account options 

for exporting existing keywords, 

creating new keywords and other 

tags, considering ease of upload 

and download of images, ease of 

sharing images with others, and 

cost comparisons. 

Adobe Lightroom, 

Flickr, Google Photos 

August - 

September 

2019 

Canoe Forest 

Poster 

Went through documents and 

researched various aspects of the 

Koa Canoe Forest and made an 

infographic based on the 

information 

Adobe Illustrator 

April - 

December 

(quarterly) 

Vegetation 

monitoring, data 

entry 

Entered data from data sheets into 

the MS Access database. Then 

scanned and filed the data sheets 

MS Access 2010, 

Adobe Acrobat X Pro 

April - 

December 

(quarterly) 

Ungulate 

monitoring, data 

entry and result 

summaries 

Entered data from field notebooks 

into Excel. Proofed data via the 

process of summarizing the data 

and creating a graph, and then 

scanned field data books. 

MS Excel 2010, 

Adobe Acrobat X Pro 

April - 

December 

(quarterly) 

Restoration 

monitoring, 

Standard operating 

procedures (SOP), 

field work, data 

entry 

Created a new restoration 

monitoring SOP. Collected data in 

the field, such as species present, 

abundance, canopy height, and 

vegetation height within a given 

area, and recorded data on the 

record sheets. Then entered that 

data into the MS Access database. 

Then scanned and filed the data 

sheets 

MS Access 2010, 

Adobe Acrobat X 

Pro, MS Word 2010 

April - July 

 

 Photo points, field 

work 

Took photos at the photoprint 

stations in the field in each 

cardinal direction and recorded the 

data on a record sheet. Then 

uploaded the photos to the S drive 

 Canon Camera, 

Adobe Acrobat X Pro 
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and scanned data sheets. 

May - June Photo points, 

display results 

online 

For this task I batch labeled the 

photoprint pictures throughout 

various years to show a change 

over time. I then uploaded them to 

Google Photos. I also made a CSV 

file of the latitude and longitude of 

each photo point and uploaded it 

into google earth. For each latitude 

longitude point of the photo points, 

I was able to attach and 

synchronize the pictures to the 

location on Google earth. Thus, the 

product was a display that showed 

the location of each photo point, 

and picture of the first year the 

photo point was established, and 

the most recent picture of each 

photo point in order to show the 

changes of the photo point 

locations over time. I wrote out 

instructions for this process and 

saved them on the Shared Drive 

Google Earth, 

Photoshop, 

Google Photos, MS 

Excel 

2010 

April - 

December 

(monthly) 

Restoration field 

work 

With Imi Pono, I went up to 

Keauhou and did out plantings of 

various native species. I also 

collected seeds from numerous 

native species 

 

June Map - TMA fences Created a map on GIS using 

various shape files from the S 

Drive to convey the names of all 

the fences in Keauhou and where 

they meet. This map was created 

for the field crew 

ArcMap 10.4 

November Map - Distribution 

of Threatened and 

Endangered (T&E) 

plant species on 

TMA lands 

I downloaded shapefiles from 

Jacobi and Price that displayed 

T&E species and their ranges. I 

then used these shapefiles and  

made multiple layers on the Three 

Mountain Alliance Map that  

conveyed  T&E species' ranges on 

various TMA Alliance properties. 

ArcMap 10.4 
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April - 

December 

(quarterly) 

TMA meetings Attended TMA meetings to learn 

what occurs at these meetings and 

obtain a better understanding of 

what the partners do and how they 

interact with one another 

 

April - 

December 

(monthly) 

TMA outreach Worked with volunteers and keiki 

groups to represent TMA in a 

positive way and educate them 

about native plant species and 

watersheds 

 

 

 I worked under the supervision of the TMA data technician, Karin Schlappa, and 

together we collected photo points of native planting sites within the Keauhou Forest Reserve 

and compiled that data into quarterly reports for our partners. I also worked in the office, 

analyzing and organizing data via Microsoft Access, including native bird surveys and ungulate 

surveys. Furthermore, I spent time making a plant guide for a restoration site called Lupea 

(located in South Kona), making maps for reports, and making an infographic for the Koa Canoe 

Forest. Overall, my time spent with Three Mountain Alliance helped me understand how to 

manage and restore critical ecosystems in the upland regions of Southern Hawaiʻi island.  

 

Background  

The most significant watershed partnership in Hawai‘i, the Three Mountain Alliance 

(TMA), was formed in 2007. Covering 1,116,300 acres, the TMA partnered with ten landowners 

with the overall objective to reforest degraded ecosystems to their native habitats (Three 

Mountain Alliance n.d.).. Also, to sustain the ecosystem benefits within the three mountains of 

Kīlauea, Mauna Loa, and Hualālai (Three Mountain Alliance n.d.). The TMA reaches success by 

responsibly managing its watershed areas, native habitats, and species, historical, cultural, and 
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socio-economic resources for all who benefit from the continued health of the three mountains 

(Three Mountain Alliance n.d.). 

 

Approach 

 The following section describes the approaches to critical undertakings of the internship. 

I conducted a total of 15 significant tasks (Table 3); however, I will describe three tasks, which 

were the most essential. Everything I produced was reviewed by Colleen Cole, the director of 

TMA, and my direct supervisor, Karin Schlappa. 

The first task consisted of inputting the annual TMA forest bird survey data, conducted at 

Keauhou-Kīlauea, into the USGS Bird database via Microsoft Access. The surveys took place on 

February 20-21, 2019. I then reviewed the data per the USGS data proofing protocol. Next, I 

scanned the bird survey field data books into the computer at the TMA office and organized 

them electronically. I then created a summary report describing the survey methods, presented 

detection statistics in a table, and illustrated the survey results with ArcGIS maps. The maps 

showed the locations and the numbers of detections for each bird species. The summary report 

and maps were proof-read by Ms. Schlappa and Cole and sent out to our partners for review.  

For the next task, using Adobe InDesign, I created an illustrated plant guide for the Lupea 

fenced enclosure in South Kona based on the TMA 2016 species list for the area. The guide 

includes 1-2 pictures per species, information about the conservation status of each plant (listed 

as threatened, endangered, candidate species, or species of concern), and the plants’ origins 

(endemic, indigenous, introduced, or noxious weed). The field crew and the Natural Resource 

Manager of TMA helped review and revise the plant guide to fit their needs.   
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Finally, Ms. Schlappa and I took photos at the vegetation photo point stations throughout 

the Keauhou Forest Reserve. We took the photos in each cardinal direction and recorded the 

photo data on a record sheet. I then uploaded the photos to the office computer and scanned the 

datasheets for safekeeping. Next, I batch labeled the photo point pictures throughout several 

years to show a change over time. Afterward, I uploaded them to Google Photos. I also made a 

CSV file of the latitude and longitude of each photo point and uploaded it into Google Earth. I 

was then able to attach and synchronize the photos on Google Drive to the GPS locations, using 

Google Earth. Thus, the product displayed each point's location, the first year's photo, and the 

most recent picture of each photo point. The purpose of the display was to show the changes of 

the locations over time. Karin reviewed this product and then sent it out to a partner, 

Kamehameha Schools (KS), for their review. The photo journal was used by KS to access the 

success of their funding of TMA efforts.  

 

Outcomes 

 I completed my deliverables for TMA with diligence. TMA partners received their 

reports promptly, and I was able to collect and record the data needed for those reports on-time. 

The TMA staff were impressed with my work and enjoyed having me on their team. I continue 

to keep a professional relationship with them and have received a letter of  

recommendation from Karin Schlappa.  

 

Discussion 

 The main tasks that I achieved at TMA were delegated to me by Karin, the Data 

Technician. My internship was the first one they have had with a graduate student. As a graduate 



33 

student, I was able to think on a scientific level similar to that of their team. When out in the field 

and while analyzing data, I was able to contribute new ideas within a scientific perspective. For 

example, I created a new standard operating procedure for vegetation monitoring and provided 

ways of collecting vegetation data that were efficient. Also, I was able to contribute new ways of 

organizing photo data as well as presenting photos in reports.  
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Conclusion 

 Overall, I have gained much knowledge of watershed management. I worked amongst an 

entire watershed system conducting restoration in terrestrial ecosystems in the mountains, and 

also collected data in coastal ecosystems. My internship experiences have allowed me to meet 

my goals and learning objectives. I have learned how to conduct resource management 

effectively, conduct proficient scientific research and data collection and apply it to resource 

management, fishpond management, native ecosystem restoration, program coordination, 

outreach, education, and collaboration with partners. I have also gained more confidence within 

myself and as a professional, which I carry with me every day. I am now moving onto my next 

educational step, which is to learn how to write policy so that I can make greater changes in my 

community. I have full confidence that I will gain a dream career in the conservation field in 

Hawaiʻi. 

 

 

 


