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Impacts of Invasive Algae Removal in Maunalua Bay: Knowledge Domain
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[bookmark: _dmepvnq0bus4]Narrative
[bookmark: _34opowjpjfwt]The Huki Project in Maunalua Bay is a large-scale Mudweed (Avrainvillea amadelpha) removal operation that has produced numerous cascading effects across socio-ecological systems. Fishermen perspectives vary depending on time they’ve lived and subsisted off the resource.  These perspectives have the potential to influence fish stocks in contemporary times and show current differences measured against historical baselines. Fish population diversity, abundance, and biomass will be looked at against environmental shifts occurring in the bay from pre-invasion, post-invasion, and current removal of invasive algae.  Channelization of water bodies, and the resulting sedimentation due to runoff has led to a sudden shift in stable states, from a native seagrass (Halophila hawaiiana) and algae dominated state to one that is dominated by invasive algae. Mudweed invasion has been correlated with alterations to regional sediment catch, and ecosystem state shifts associated with the presence of mudweed have resulted in increased levels of sedimentation that smother native seagrass beds and allow mudweed to outcompete native seagrass and algal growth. Fish and invertebrate populations may have been impacted and shifts in species diversity and assemblage may have occurred between each shift in state. 
[bookmark: _hwfq4keh46x0]  The presence of mudweed in Maunalua Bay undoubtedly influences the composition of local invertebrate assemblages. Invasive algae provides habitat for amphipods, molluscs, and polychaete worms, all of which are prey species for dominant macrofauna and forage-feeding, predatory fishes. Benthic-dwelling invertebrates provide a crucial prey base for predatory fishes, fulfilling a key role in marine food webs through the provision of nutrients to native and non-native fish species. As a result of the Huki Project’s removal efforts, invertebrate assemblages may have undergone changes in response to alterations to their environment. These changes can be characterized by both invertebrate diversity and biomass. Shifts in the composition of invertebrate communities between invasive-dominated, cleared, and restored plots may be identifiable through comprehensive surveys of m acrofauna within these distinct treatment groups. Correlations between the extent of mudweed inundation and the abundance of significant invertebrate prey species will certainly inform fishery management decisions. A greater understanding of the characteristic responses of macrofaunal assemblages to mudweed removal will assist in identifying cause-and-effect relationships between removal projects and predatory fish biomass. 
[bookmark: _ume32btytudl]Incorporating human dimensions is an important factor within the scope of this project. Within many citizen science volunteer opportunities, although it can potentially yield positive scientific outcomes, local citizen feedback is equally necessary. The needs of the individuals who are directly connected to areas that are being restored or conserved should be the primary target of big outreach programs. Making sure the goals of Mālama Maunalua’s efforts coincide directly with the concerns of local citizens is a key aim of the project. By interviewing fishermen and asking questions focusing on the changes they have seen in fish populations after the big Huki project over the last several years, will offer data aimed at getting a community perspective of the efficiency of removing invasive algae in Maunalua Bay. This data will be beneficial to utilize in potentially continuing massive volunteer-based efforts stemming in the community, or possible altering parameters to better serve those who are both directly involved and affected by its outcomes.
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[bookmark: _2qdai97t2ktu]Introduction
Ecosystem shifts occurring in Maunalua Bay over the past century have greatly influenced the fish populations of the area.  The once-healthy bay containing a thriving reef, abundant native seagrass habitats, diverse fish populations, and assorted invertebrate assemblages has degraded to a eutrophic, sediment-ridden environment smothered with invasive algae.  Longtime fishermen frequenting Maunalua Bay have witnessed these negative changes induced by the invasive mudweed (Avrainvillea amadelpha), and experienced their negative effects on the bay from pre-1950s until now (Kittinger, 2013).  The invasive leather mudweed (Avrainvillea amadelpha) has been implicated in dramatic changes to marine environments in Maunalua Bay (Minton and Conklin, 2012; Longenecker et al. 2011; Smith et al. 2002)  Changes in the ecosystem between the bay’s current state and its prior condition are reflected in the observations and actions of these fishermen who have utilized the resource over time.  Surveys from fishermen that have frequented Maunalua Bay, scientific monitoring , and research studies compiled into literature accurately reflect its historical baseline and shifts in fish species diversity, sea-grass populations and invertebrate assemblages from pre-1950s to current times.
Maunalua Bay historically supported large seagrass (H. hawaiiana) beds, with patches of coral and native algal species mixed in amongst the seagrass beds (Murphy 2013).  These seagrass beds were home to a wide variety of invertebrate species and fishes.  The bay was fed by multiple watersheds, which was the source of many streams and springs that flowed both into and from the bay.  However, due to large-scale development in the Maunalua Bay area, many of these streams were channelized, and the watersheds were invaded by a wide variety of non-native plants and ungulates.  This lead to a wide variety of down-stream effects, including high levels of sedimentation and run-off flowing into the bay.  
Due to the susceptibility of H. hawaiiana to burial by sediment, and it’s need for high levels of sunlight, many seagrass beds were either buried by sediment flowing into the bay, or smothered by the newly heightened turbidity levels of the water (Murphy 2013).  Additionally, the invasion of Maunalua Bay by alien algal species, including leather mud weed (Avrainvillea amadelpha), prickly seaweed (Acanthophora spicifera), and gorilla ogo (Gracilaria salicornia) resulted in a shift in stable states, from native-dominated seagrass and algal beds to non-native dominated algae flats (Longenecker et al. 2011).  This shift in stable states was highly detrimental to reef flat ecosystems.  The high levels of sedimentation and non-native algae resulted in anoxic zones, decreasing species richness and the abundance of economically viable species (Longenecker et al. 2011).  A. amadelpha was first recorded in Maunalua Bay in 1985, at depths of ten meters, but within two years, made its way into the intertidal zone.  By 2003, it had reached 100% cover in some areas, often encroaching on H. hawaiiana meadows.
A highly competitive, noxious introduction, mudweed inundates native reef ecosystems through aggressive growth and physical transformation of the benthic community. Among numerous biotic changes associated with the presence of mudweed are alterations to macrofaunal assemblages (Longenecker et al. 2011). Invertebrate communities provide the foundational prey base for predatory fishes, many of which are significant to local nearshore fisheries. Donovan et al. (2015) found that two highly prized bonefish species (Albula glossodonta and A. virgata) forage for a variety of invertebrate species on Hawaiian reef flats, demonstrating the importance of diverse benthic macrofauna communities to local predatory fishes. Numerous species from diverse carnivorous fish families (i.e. Mullidae and Carangidae) similarly rely on either the invertebrate assemblages or smaller foraging fish species as a prey base. The respective capacities of mudweed-invaded, post-removal, and native seagrass bed plots to support regional fish assemblages will need to be assessed in order to evaluate the influence of algal removal efforts on trophic interactions within the bay. 
There were 3 principle fishponds in Maunalua Bay used by fishermen: Kuapa, Wailupe, and Niu. Wailupe and Niu were both filled in and developed during the 1930’s and 40’s and Kuapa was developed into Hawaii Kai in the 1950’s (Atkinson, 2007). Another area of high productivity at Maunalua Bay was Paiko Lagoon. Paiko Lagoon remains as a wildlife sanctuary and was previously a productive fishery before dredging was done in 1972 (Atkinson, 2007). In surveys of Maunalua Bay conducted between 2009 and 2012, fish biomass was found to be lower than biomass in 24 comparable sites in Hawaii and the fish community was found to be greatly degraded (Minton et al., 2014). These surveys were conducted within the period of algae removal conducted by Mālama Maunalua, TNC, and Pono Pacific (Kittinger et al., 2016). At the same time, fishermen were surveyed on their perspectives of the Bay before and after the removal (Kittinger, 2013). Fishermen reported a decrease in the mean catch in kilograms per trip from when they first started fishing to today (Kittinger, 2013). 
	Fish stocks and biomass is a common parameter used to study the health of a fish population. Larger fish generally produce more offspring that are better able to survive and are generally called primary spawners or BOFFFFs (Big Old Fat Fecund Female Fish), which contribute to population biomass more than smaller fish (Hixon et al., 2014).  Likewise, fish stocks are most frequently observed by the fishermen of the area and neighboring community, those who use the resource most.  Thereby, community perspectives, especially those of the fishermen, can greatly contribute to knowledge regarding fish stocks and biomass. 
Community involvement in research paves the way for future successes of conservation and restoration science. Participation from local individuals in collecting, assessing, and evaluating different management practices is an essential part of socio-ecological research. By extracting information from participants that are experts in their own environments, researchers can gain an intrinsic view of a place of interest (Kittinger et al. 2013). Shoultz et al. stresses the importance of collaborating between communities and academic institutions to invoke community-based participatory research. In more secluded areas, studies focused on outreach to community knowledge of ecological sites produced a more successful outcome (2006). This type of co-management style develops over time and is heavily influenced by the historical relationships between each party. Overlapping authority is another key aspect in community-based projects because decision-making often relies on several governing bodies within a particular place (Berkes et al. 2009). Therefore, it is essential to make sure the appropriate voices from local parties are heard within bigger projects and a logical consensus on best practices are reached.
In a similar study in the Asia-Pacific, community efforts were implemented in the management of small-scale fisheries (Kittinger, 2013). Managing these fisheries required cultural knowledge that impacted individuals and communities around the Asia-Pacific region. It is important, not just for research incorporating the human dimensions of those fishers who benefited from and used the land, the management would have been unsuccessful (Kittinger, 2013). Through volunteer efforts coordinated by Mālama Maunalua Bay, the Huki project, a volunteer-based invasive algae removal, mudweed was removed over a 12 km range on the bay. Based on the responses from the varied range of expertise, fishers overall saw the improvements in comparison to other years, a baseline assessment to the health of an ecosystem on a temporal scale (Kittinger 2013).
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[bookmark: _19sllrswkes0]Key Question:  What are the effects of removing invasive algae from Maunalua Bay on the shallow reef ecosystem?  
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Using varied forms of documentation representing the state of Maunalua Bay at different time periods correlated alongside Kittinger’s (2013) study on participatory fishing community assessments, it will be determined how fish diversity in Maunalua Bay has changed over time from its historical baseline to now.  We predict that due to increased development, declines in water quality, and an influx of sedimentation that fish species diversity and stocks have decreased over time and the community composition of fish species occupying Maunalua Bay has changed from what it looked like historically. 
In order to help restore Maunalua Bay to its former stable state, Mālama Maunalua has been removing invasive algae from sections near Paiko Beach.  In the areas that have been cleared of algae, H. hawaiiana beds are currently a rare occurrence, but there have been significant reductions in sediment depth (Minton and Conklin 2012).  To help their efforts, determining the effects of the increased sedimentation load on the seagrass beds is crucial, both before and after the invasion by alien algae.  Additionally, information on re-invasions by alien algaes into areas that have been previously cleared needs to be gathered, to determine what type of monitoring and post-removal work needs to be done.  Ascertaining whether H. hawaiiana and native algaes will self-propagate in areas cleared of alien algaes, or if they need to be propagated and planted is the final piece of information that needs to be gathered.  In essence, we want to know what the effects the removal of the alien algaes will have on the populations of H. hawaiiana, to determine what the next steps need to be.  We hypothesize that due to the slow growth of H. hawaiiana, combined with its low reproductive rates, simply removing the rapidly growing alien algaes will not affect populations of H. hawaiiana.  In order to increase population density of H. hawaiiana, further steps will need to be done, which could include transplanting or outplanting of nursery grown H. hawaiiana. 
Little is known about the capacity of macrofauna in mudweed-dominated areas to sustain fish populations in Maunalua Bay. In preliminary research, marine invertebrate communities found within mudweed demonstrate lower species richness, higher richness of nonindigenous species, and higher total invertebrate abundance (Longenecker et al. 2011). These qualities significantly distinguish them from macrofaunal communities found in native algal meadows and seagrass beds. Mudweed removal efforts represent major disturbances in their own right, and result in the creation of uniquely affected systems unlike mudweed-dominated and native environments. Macrofaunal communities in post-removal sites resemble those found in vegetation-less sand patches. Native seagrass beds do exist in certain locales within the bay, and in turn provide habitat for a larger percentage of native invertebrate species (Spieldman 2012). The goal of my work would be to collect information on the macrofauna in each of these three habitat types, assess their significance to foraging fish populations, and produce a set of predicted outcomes for fisheries during different stages of management in the bay. Maunalua Bay contains a broad spectrum of these habitat types, and therefore represents an opportunity to compare invertebrate assemblages under local environmental conditions.  We hypothesize that each of these sites will favor different predatory fish species based on variable abundances of distinct groups of macrofauna across treatment groups. Out of these characterizations of expected invertebrate assemblages, we theorize that benthic environment types can be successfully correlated with the presence of specific predatory fishes. 
A study of reef complexity and fish biomass has not been done in Maunalua Bay to date.  Dredging has impacted the reef flats of Maunalua Bay and likely prevents native seagrasses from reestablishing due to agitation of benthic sediment (Erftemeijer & Lewis, 2006). Bare sand flats remain in areas where algae has been removed and there is little opportunity for rugose coral structure (Kittinger et al., 2016). Since algae removal occurred in 2010, there has not been a follow up survey of biomass since Minton et al. (2014), where it was found that biomass had not significantly changed after removal occurred.  We aim to investigate how fish biomass has changed following invasive algae removal and hypothesize that fish biomass has decreased after invasive algae removal due to lack of habitat for reef fish to populate after algae is removed
Fishermen perspectives are a key component to community-based management. However, some fishermen argue that the project did more harm than good to the area, while others were able to see a positive change in that particular area. The fishers interviewed within Maunalua Bay had over 40+ years of fishing experience, while others had only a few years of experience out in Maunalua Bay. Previous data also suggests more surveys must be distributed among the fishermen in Maunalua Bay. The fishermen made up only a small portion of the interviews previously facilitated, and surveyed perspectives primarily came from those directly involved in the IAR or with other affiliating parties (Kittinger 2016). Therefore, perspectives will inevitably shift according to time scale and fishing experience when more fishermen are included within the data.

Actions
Conducting a thorough literature review using Malama Maunalua’s resource library was key to uncovering previous studies and surveys.  Original survey data from the Kittinger (2013) study and an overview of Malama Maunaluaʻs role in management were provided by Pam Weiant, Marine Program Manager of Malama Maunalua.  Research questions were refined following a brief meeting with active marine scientists in Maunalua Bay, Dr. Leighton Taylor and Ralph Dykes, lending guidance to possible research focuses and the current state of the bay.  

During the 1950’s,  increased access to fishing by the general public sparked incentives for residents to protect the resource, but documentation of the Paiko Fishing Hui Constitution and By-Laws imply that fish stocks were plentiful during this time.  The Paiko Fishing Hui granted residents near the Paiko fishery or on Paiko drive to have exclusive fishing rights.  Strict rules and regulations specific to the fishery were implemented through an organized leadership structure including officers, an executive committee, a nominating committee, and special enforcement officer.  In addition to state-wide regulations in place, the Paiko Fishing Hui banned the selling of any fish caught from the waters, enforced catch limits, encouraged all members to enforce these regulations should they see violators, and thus, stimulated a respect for the fishery and other members by being mindful of the resource and each other’s territory.  Though these regulations were strictly adhered to and enforced, catch limits stood copiously at 30 fish, 5 lobster, 5 squid, and no limit on crab; which is nearly impossible for a skilled fishermen to catch within a day in the bay’s current state.  Despite the increased fishing by the public and the creation of the Hui to protect the resource, the generous catch limits support that Maunalua Bay was an abundant fishery pre-1950’s.  Kittinger’s study suggest this conclusion is accurate with survey findings in that the bay averaged a 4.6 on a scale of 1 (degraded, depleted, unhealthy) to 5 (healthy, abundant, diverse) during this time.   
As development expanded and small businesses increased, environmental impact studies (Tait et al., 1975) noted that the area no longer represented a diverse fish community 25 years later.  Higher fish diversity was seen towards the open ocean and lower diversity was observed closer to shore, but the furthest study areas did not show promise for shoreward migration and colonization from fishes in the open ocean.  Out of 7 study areas, only one site contained a “near normal” community of fish.  Two sites nearest to shore were completely absent of fish due to high sedimentation and poor water quality sparked by increased development.  Especially low species diversity occurred near the channels due to disturbance from frequent boat traffic.  Within Kittinger (2013)’s assessment, it is evident that fishermen also observed these changes.  The survey data indicates the bay decreased to a ranking of 3 for fishers with over 45 years of experience in the bay and an average of 3.5 for all survey respondents.  The lack of fish diversity found in the impact studies complement the fishermen’s perspective of a noteworthy reduction in health within the bay.  
	In 2008, Mālama Maunalua turned back to the fishermen to gauge the state of the fishery in the bay with their Pakini Survey. (Mālama Maunalua, 2008).  Over one year, catches of 2000 fishers using Maunalua Bay (49% of whom were residents) were surveyed.  The top fish targeted were ʻōʻio, papio, uhu, and heʻe.  However, the top species caught were weke and surgeon/tangs.  The survey also recorded effort, such that it took on average 50 hours to catch 1 papio, 29 hours to catch one ʻōʻio, 5 ½ to catch a heʻe, and 5 to catch an uhu.  If target species were similar in the 1950s, this proves the drastic difference in the bay from a fisherman being able to catch 30 fish in one day, to only being able to catch 1 papio in 50 hours.  The participatory fishing community assessments show that fishermen of the area agree that the health of the bay is declining and rated its health an average of 1.9 among all respondents.  Recent marine monitoring by The Nature Conservancy also indicate that Maunalua Bay’s reef assemblage is in poor condition (Minton et al., 2014), consistent with the findings by the Pakini survey.  Following this preliminary assessment to establish baseline knowledge and identify knowledge gaps, future studies will be guided to inform scientists and Mālama Maunalua about directions to take regarding management.  From there, they will be able to make educated decisions on the best ways to replenish H. hawaiiana meadows, invertebrate assemblages, and fish stocks throughout the bay, and restore the health of Maunalua Bay.
[bookmark: _ln5uubfcdw3q]Our work will seek to quantify the types and abundances of invertebrate species in invaded, post-removal, and “natural” plots and their abilities to support viable predatory fish stocks. A thorough assessment of the impacts of mudweed removal efforts on invertebrate assemblages will provide crucial insight into the potential effects of leather mudweed removal on nearshore fisheries. For this work we will need to utilize existing data on invertebrate species collections in different habitat types. The research presented by Longenecker et al. 2011 and Spieldman 2012 will provide excellent reference information regarding the classes of organisms we can expect to find in these systems. Dr. Leighton Taylor and Dr. Ralph Dykes also recommended several recent macrofaunal surveys conducted by UH Manoa biology classes, whose data we will include in my assessments.  If needed, we will be open to supplementing existing data with more current data collection from locales in Maunalua Bay. Species identifications and counts within designated plots could verify existing data on the presence and relative abundances of macrofauna. After this data is compiled, we will need to conduct interviews with marine biologists and fishermen and use prior literature to identify the preferred prey items of key fish species. These fishes should be the most heavily targeted in the nearshore fishery.  We will utilize this information to determine the feasibility of sustaining fish populations in the three aforementioned treatments.
New surveys will be conducted of Maunalua Bay to assess impacts of algae removal, nearly a decade after the beginning of the project. Biomass surveys modeled after Minton et al. (2014) will be conducted in Maunalua Bay along 10 transects selected randomly in areas where there has been algae removal (i.e. Kuliouou or Paiko Beach). In addition, a survey of fishermen has not been conducted since the end of “The Great Huki” in 2011 (Malama Maunalua; Kittinger, 2013) and new information about catch in the bay will be essential to understanding the impacts of the algae removal for fishermen. 
Community surveys will be an instrumental portion of data collection in Maunalua Bay. Members included major stakeholders, or those already involved in the invasive algae removal (IAR); however, the purpose of this study is to make sure that the voices of those directly affected by these volunteer efforts are heard and recorded. Fletcher suggests that when working in community-based research projects, it is important to remember to focus research on the issues voiced by the community, even if the initial perception may not be positive. Another goal is to educate and dispense response data once the study is completed because research should be open to the public, especially when it directly involves those who live in the area (2003). The interviews also help to gauge and understand if volunteer projects like the Huki will be useful over time, and if similar projects should be conducted in the future based off of feedback from individuals within the community.

Resolutions
The literature review supports the declination of fish stocks and diversity in Maunalua Bay over time.  Archival documents, previous survey data, and prior studies provided by Malama Maunalua conclude that while Maunalua Bay was once diverse and abundant with fish, it has decreased over time as changes around the area have taken place.  However, in between long survey periods, fishermen that experience the bay regularly accumulate valid and accurate information regarding its changes.  In Kittinger’s 2013 study, residents fishing for over 45 years were able to recall the state of the bay in the 1950’s with precision.  Therefore, fishermen surveys is proven a reliable source of knowledge as we continue to gather information regarding the impacts of the invasive algae removal on fish diversity and stocks.  
Determining the effects of the removal of alien algae on nearshore ecosystems is a critical part of the removal program.  Without understanding what the effects of the project are on the broader ecosystem, the project may have unintended consequences that could negatively affect both Maunalua Bay and its users.  Because of this, we need to fully understand and research the relationships within the nearshore ecosystems, and the results of the alien algae removals.  Starting at the lowest trophic level is a highly logical step, for a variety of reasons.  First, algaes, whether native or not, are primary producers, and the basal trophic level.  Second, by removing the basal trophic level, or changing the basal trophic species, can have profound effects on ecosystems, resulting in “bottom-up” effects.  Finally, both alien algae and H. hawaiiana provide habitat for invertebrate species, which serve as prey for predatory fishes and mollusks.  For these reasons, it is critically important to determine the effects, if any, of removing alien algaes upon H. hawaiiana populations, to see if habitats will be filled in, or if there will be barren patches without habitat for invertebrate species.  Establishing the effects of the removal of the alien algaes on native seagrasses is a critical first step to understanding the interconnected relationships of nearshore marine ecosystems in Maunalua Bay. 
[bookmark: _gjdgxs]Using this accumulated knowledge, a general set of predictions may be created regarding the expected fish population changes that will take place during Maunalua Bay’s recovery process. Shifting prey availabilities within the changing benthic landscape of the bay’s localities could feasibly be linked to visible shifts in regional assemblages of fishes. As one species’ preferred habitat becomes scarce or more prevalent, we can theoretically expect subsequent distribution changes that correlate with habitat availability. A tangible manifestation of this effect may be reflected in overall fish biomass within Maunalua Bay. While it is unlikely that macrofaunal community shifts are solely responsible for changes in predatory fish biomass over time, they undoubtedly facilitate the presence and abundance of these species where viable habitat persists. 
Since the inception of the project, it has become apparent that there are many factors at play that contribute to fish biomass. In many areas, development over fish ponds may have contributed to decreased fish populations. In addition, the reef flat does not have much structure and degradation of the reef due to runoff and dredging may have cascaded to affect fish populations.  Effects are most observed by fishermen in the area and their perspectives, especially those who have used the resource for many years, can be regarded as reliable knowledge.  Therefore, fishermen and community members alike should be considered when management strategies are being discussed.
Organizations often utilize citizen science or collaborative management within community projects Through the interviews, it will help incorporate traditional ecological knowledge into a voluntary science research project. Valuable community knowledge can increase not only policy-making in legislation, but also contributes to well-informed decisions about natural ecosystems. Working with fishers in Maunalua Bay will help to understand the impacts of the Huki Project on fish populations in MB. Community-based participatory management is necessary for an effective outcome, especially when partnering with local communities. They must play an equal role in these types of research practices (Fletcher 2003). As a direct result of community involvement, project outcomes are more effectively reached. 

Reflections:
	We made many changes to our CMAP from the original version.  In our original brainstorming process, we were able to map out most of the connections and players that are involved in this system, draw boundaries, and eliminate the irrelevant roles. The field trip to Maunalua Bay, and the tour of the area with Dr. Bob Richmond, helped us to understand the complicated nature of the relationships and connections that are closely tied together in the various ecosystems in and around the bay. After the second trip, and including the fishermen surveys, we were able to reassess the status of our knowledge domain and CMAP.  
	Through participating in Mālama Maunalua’s community huki event and our meeting with Ralph Dykes and Leighton Taylor, we began to recognize several “leverage points” within this case study. Defined by Meadows (2008) as “points of power” in a system, these oft-obscured underpinning determinants of system function exert disproportionate levels of influence on its players and relationships. The manipulation of leverage points by controlling interests may cause a system to improve or deteriorate depending on the intensity, frequency, and nature of the change. A key leverage point clearly acknowledged by Mālama Maunalua is the flow of information amongst and throughout stakeholder groups. Knowledge about various metrics used to assess the health of the bay (i.e. fish stocks, algal removal success, fisherman surveys), when supplied to the participating community, is likely to foster broader involvement and citizen investment in Mālama Maunalua’s management strategies. The organization possesses a constantly growing array of data types for numerous parameters that track shifting conditions within the bay, and therefore holds potential for providing community members with a vast conservatory of ecological information. Public awareness of the effectiveness of Mālama Maunalua’s conservation-minded actions will undoubtedly impact stakeholders’ willingness to support the organization’s community-based management ideologies. An invaluable benefit to this open sharing of accumulated data is the strengthening of trust between Maunalua Bay communities and Mālama Maunalua. Mutual understanding and respect for one another will develop naturally through facilitating open information flows between stakeholders and the organization. 
	On a broader scale, the design and implementation of rules is a powerful leverage point cited by Meadows (2008). Rulemaking and policy creation can define the parameters of a system, governing appropriate behavior and determining the legality of actions conducted by participants. These rules may also delineate interventionary measures that may be taken to correct failures within that system. For example, the stakeholders in Maunalua Bay must comply with the restrictions and user guidelines currently outlined by state and federal agencies (e.g. DAR). As such, these organizations must be responsible for designing appropriate laws and regulations for the effective management of the bay’s resources. Influencing the decisions made by policymakers is the primary means by which to manipulate this leverage point. In our case study, Mālama Maunalua works with state agencies to develop management strategies through the provision of creel data, algae removal effort summaries, and other monitoring information. Through the provisioning of vital socio-ecological knowledge, Mālama Maunalua is responsible for supplying agencies with data upon which management decisions could be made. In turn, the agencies create management strategies that reflect the information collected by Mālama Maunalua, demonstrating the influence of community organizations on legislation design.
After participating in the Huki and learning more about the goals Maunalua Bay has for the human dimensions of its project, the CMAP had to encompass a bit more than we originally created. We discovered there were some system animals after we were able to dissect the original CMAP. We discovered that IAR project turned out to be somewhat of a systems trap. According to Meadows, the Policy Resistance trap seemed the best fitting model that suited the IAR project and what Malama Maunalua foresees for the future of the bay (2008). By focusing on removing only one single invasive species, in this case, the leather mudweed, other conflicting factors can become ignored. Specifically, looking at fisher perspectives involved looking at more than just fishers and their point of view about the Huki projects over the last several years. The surveys we originally had in mind focused on asking fishermen specifically what influence the they thought the IAR had on their fish catches and if the invasive algae had any impact (positive or negative) on where they were able to catch their fish. Our questions now, are a bit less direct, but will still allow us to make inferences on whether or not invasive algae and its presence or absence will directly influence fisher perspective on fish in Maunalua Bay. These questions will now focus on where fishers are catching their fish, what they are catching and where, and if there is a noticeable difference they see in where they are able to catch their fish population of preference. Meadows suggests that in order to rectify this type of trap, it is best to “let go,” because in many cases, there is pull from so many different parties and voices, that it is hard to continue regulation as the party progresses (2008).
We discovered that this small piece of our project CMAP connects to the larger group in many ways. Sedimentation will impact water quality in the area in the presence or absence of invasive or native algal species. Economically, the businesses and home prices in the surrounding area will directly relate to how much or how little leather mudweed was removed over the last several years. Although we represent just one small piece, we have found it to be complex and necessary to figure out the bigger picture. 
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