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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 
This report summarizes data gathered by the {ǘŀǘŜ ƻŦ IŀǿŀƛΩƛΩǎ Division of Aquatic Resources, 
the Kaulapapa National Historic Park, NOAA Pacific Islands Fisheries Science Center, and the 
CƛǎƘŜǊƛŜǎ 9ŎƻƭƻƎȅ wŜǎŜŀǊŎƘ [ŀō ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ IŀǿŀƛΩƛ ŀǘ aŀƴƻŀ ŘǳǊƛƴƎ ǘǿƻ ǎŜǇŀǊŀǘŜ 
sampling periods in May and August, 2017. Surveys were conducted in order to gather baseline 
ecological data to characterize the nearshore ecosystems of the North Shore of the island of 
aƻƭƻƪŀΩƛΦ 
 
¢ƘŜ bƻǊǘƘ {ƘƻǊŜ ƻŦ aƻƭƻƪŀΩƛ ƛǎ ŀ ŘȅƴŀƳƛŎ ŜƴǾƛǊƻƴƳŜƴǘΣ ŜȄǇƻǎŜŘ ǘƻ ŘƻƳƛƴŀƴǘ ǿƛƴŘǎ ŀƴŘ ƘŜŀǾȅ 
winter swells. The challenging conditions along this shoreline, in conjunction with low nearby 
human population density, results in low fishing pressure and a marine ecosystem that harbors 
some of the highest reef fish biomass in the State of Hawaii. These natural resources are 
important to livelihoods ƻŦ ǘƘŜ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ƻƴ aƻƭƻƪŀΩƛ, and efforts are being made to 
protect and preserve the nearshore marine ecosystem and associated local fisheries by 
establishing Community Based Subsistence Fishery Management regulations. 
 
This comprehensive assessment of the nearshore marine resources along the north shore of 
aƻƭƻƪŀΩƛ characterizes ǘƘŜ ŦƛǎƘ ŀƴŘ ōŜƴǘƘƛŎ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ aƻƭƻƪŀΩƛΩǎ bƻǊǘƘ {ƘƻǊŜΦ ¢Ƙƛǎ ƛǎ 
intended to serve as a baseline to describe the current nearshore ecosystem, from which future 
monitoring may be measured and management efforts may be assessed. 

Main conclusions and observations 

¶ bƻǊǘƘ aƻƭƻƪŀΩƛ Ƙŀǎ ǎƻƳŜ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ ōƛƻƳŀǎǎ ƻŦ ǊŜŜŦ ŦƛǎƘ ƛƴ ǘƘŜ {ǘŀǘŜ ƻŦ IŀǿŀƛƛΣ with 
resource species biomass nearly 3.5X higher than the statewide average, and nearly 3X 
higher than other northern coastlines. 

¶ Target species important to the community also show higher mean biomass than similar 
northern shorelines (~ 1.5 to 2X higher for kole, kumu, and uhu). 

¶ {ƛȊŜǎ ƻŦ ǎǇŜŎƛŜǎ ƻŦ ƛƴǘŜǊŜǎǘ όƪƻƭŜ ŀƴŘ ƪǳƳǳύ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƭŀǊƎŜǊ ƻƴ aƻƭƻƪŀΩƛΩǎ ƴƻǊǘƘ 
coast than elsewhere in the MHI. 

¶ Benthic habitat in the study area is dominated by turf algae. Rock and boulder habitats 
have greater benthic diversity than other habitats, with coralline algae, Porites lobata, 
and Pocillipora meandrina also comprising portions of the benthic cover. 

¶ The northern coastline of aƻƭƻƪŀΩƛ has healthy fisheries resources, and fishery 
management actions in this area have the potential to preserve these resources for the 
future. 
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LƴǘǊƻŘǳŎǘƛƻƴ 

CƛǎƘŜǊƛŜǎ ŘŜŎƭƛƴŜǎ ƛƴ IŀǿŀƛΩƛ 

¢ƘŜ {ǘŀǘŜ ƻŦ IŀǿŀƛΩƛΩǎ ƴŜŀǊǎƘƻǊŜ fisheries are in decline, a result of chronic overexploitation 

(Friedlander et al., 2003; Friedlander and DeMartini, 2002; Shomura, 1987; Smith, 1993) and 

habitat degradation (Hunter and Evans, 1995). A growing human population, the use of efficient 

and/or destructive fishing techniques (monofilament gillnets, Scuba equipment, spear guns, 

power boats, sonar fish finders), and loss of traditional conservation practices are putting 

increasing pressure on nearshore fisheries (Brock et al., 1985; Friedlander et al., 2003; Lowe, 

1996). If long-term sustainability of fishery stocks is to be achieved, actions must be taken to 

address these pressures and conserve existing coastal fisheries. 

bƻǊǘƘ aƻƭƻƪŀΩƛ subsistence fishing 

The local nearshore fisheries of the north coast oŦ aƻƭƻƪŀΩƛ ŀǊŜ ŀ ōǊƛƎƘǘ ǎǇƻǘ ƛƴ IŀǿŀƛΩƛΦ ²ƛǘƘ ŀ 

ƭƻƴƎ ƘƛǎǘƻǊȅ ƻŦ ǎǳōǎƛǎǘŜƴŎŜ ŦƛǎƘƛƴƎ ŀƴŘ ƎŀǘƘŜǊƛƴƎΣ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ bƻǊǘƘ aƻƭƻƪŀΩƛ Ŧƻƭƭƻǿ 

practices of community self-management, with natural resources managed by those that use 

them and know them best (Poepoe et al., 2007). This subsistence-fishery management 

approachΣ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǊǳƎƎŜŘΣ ǊŜƳƻǘŜΣ ŀƴŘ ƛƴŀŎŎŜǎǎƛōƭŜ ŎƘŀǊŀŎǘŜǊ ƻŦ aƻƭƻƪŀΩƛΩǎ 

northern shoreline, Ƙŀǎ ōŜŜƴ ǘƘƻǳƎƘǘ ǘƻ ƘŀǾŜ ǇǊŜǾŜƴǘŜŘ bƻǊǘƘ aƻƭƻƪŀΩƛΩǎ ƴŜŀǊǎƘƻǊŜ ŦƛǎƘŜǊƛŜǎ 

from slipping into the same state of decline as elsewhere in the main Hawaiian Islands. 

aƻΩƻƳƻƳƛΩǎ IƛǎǘƻǊȅ 

aŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎ ŀƭƻƴƎ aƻƭƻƪŀΩƛΩǎ ƴƻǊǘƘ-west coast are primarily harvested by a community of 

ƴŀǘƛǾŜ Iŀǿŀƛƛŀƴǎ ǿƘƻ ǊŜǎƛŘŜ ƛƴ ǘƘŜ ƴŜŀǊōȅ IƻΩƻƭŜƘǳŀ Iŀǿŀƛƛŀƴ IƻƳŜǎǘŜŀŘΦ hǇŜƴŜŘ ƛƴ мфнпΣ 

IƻΩƻƭŜƘǳŀ ǿŀǎ established in 1924 after the US Congress passed the Hawaiian Homes 

Commission Act in 1921, and act intended to return Hawaiians to the land. The community has 

a population of about 1,000 native Hawaiians (Iǳƛ aŀƭŀƳŀ ƻ aƻΨƻƳƻƳƛΣ мффр), and retains a 

strong communal identity defined by shared cultural heritage and a system of interdependence 

and social reciprocity (Poepoe et al., 2007). wŜǎƛŘŜƴǘǎ ƻŦ IƻΩƻƭŜƘǳŀ IƻƳŜǎǘŜŀŘ depend highly 

on subsistence farming and fishing, which provide a third of the food consumed by the 

community (Governor's Moloka'i Subsistence Taskforce, 1994). Most IƻΩƻƭŜƘǳŀ Ƙƻuseholds 

include active fishers, and it has been estimated that the average household consumes nearly 

мм ƪƎ ƻŦ ǎŜŀŦƻƻŘ ǇŜǊ ǿŜŜƪΣ ƻǊ ŀōƻǳǘ ǘŜƴ ǘƛƳŜǎ ŀǎ ƳǳŎƘ ŀǎ ƻƴ hΩŀƘǳ (Poepoe et al., 2007). 

Strong social cooperation and dependence on subsistence harvesting foster a collective interest 

in proper resource use and conservation (Iǳƛ aŀƭŀƳŀ ƻ aƻΨƻƳƻƳƛΣ мффр), to be promoted to 

local resource users as well as to fishermen who come from elsewhere to harvest within the 

area. In the past, when certain fish species such as kumu (Parupeneus porphyreus) were 
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targeted for their high commercial value in markets in Honolulu, high exploitation by fisherman 

ŦǊƻƳ aƻƭƻƪŀΩƛ ŀƴŘ ŜƭǎŜǿƘŜǊŜ led to a decline in the stock of this species. This served as a clear 

example of the consequences of deviating from traditional subsistence fishing practices and 

resource conservation norms. Recognition of the importance of community-based resource 

management led to the formation of Iǳƛ aŀƭŀƳŀ ƻ aƻΩƻƳƻƳƛ (Iǳƛ aŀƭŀƳŀ ƻ aƻΨƻƳƻƳƛΣ 

1995). 

In 1994, the Hawaii State Legislature established a process, ŎƻŘƛŦƛŜŘ ŀǎ Iŀǿŀƛ ƛ wŜǾƛǎŜŘ {ǘŀǘǳǘŜ 

(H.R.S.) §188-22.6, for designating community-based subsistence fishing areas, allowing 

communities to manage shoreline marine resources in nearby areas for subsistence fishing 

(Governor's Moloka'i Subsistence Taskforce, 1994). In response to this legislation, the Hui 

aŀƭŀƳŀ ƻ aƻΩƻƳƻƳƛ prepared a fishery management plan for the north-west coast of 

aƻƭƻƪŀΩƛ (Iǳƛ aŀƭŀƳŀ ƻ aƻΨƻƳƻƳƛΣ мф95), with objectives to: 

¶ establish a marine resource monitoring program that integrates traditional and science-
based techniques 

¶ foster consensus about how fishing should be conducted to restore community values 
and care-taking 

¶ revitalize a locally sanctioned code of fishing conduct. 

In a two-year experimental period, the State Department of Land and Natural Resources (DLNR) 

ŘŜǎƛƎƴŀǘŜŘ aƻΩƻƳƻƳƛ ŀƴŘ YŀǿŀΩŀƭƻŀ Bays, a small portion of the ŎƻƳƳǳƴƛǘȅΩǎ ŦƛǎƘƛƴƎ ƎǊƻǳƴŘǎΣ 

as a community subsistence fishing area, with fishing gear restrictions and monitoring of 

resources and fishing activities (DLNR, 1996). After the experiment, the state drafted 

regulations for permanent government designation of a subsistence fishing area limited to the 

two bays. Lƴ hŎǘƻōŜǊ нлллΣ ǘƘŜ 5[bw ƘŜƭŘ ŀ ǇǳōƭƛŎ ƘŜŀǊƛƴƎ ƻƴ aƻƭƻƪŀΩƛ, at which community 

leaders expressed ambitions for a much larger special area. They proposed a traditional 

ŀƘǳǇǳŀΩŀ framework (Smith and Pai, 1992), in which land and sea would be managed as 

interconnected units. The Hui proposed to manage local fisheries according to mutually agreed 

ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ǿƻǳƭŘ ŀƭƭƻǿ ǘƘŜ ǎǘŀǘŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŎƻƳƳǳƴƛǘȅΩǎ ƳŀƴŀƎŜƳŜƴǘ ǇŜǊŦƻǊƳŀƴŎŜ 

(Poepoe et al., 2007). However ultimately, the CBSFA management plan proposed by the Hui 

was rejected. 

Current proposed management 

Despite the passage of CBSFA ƭŜƎƛǎƭŀǘƛƻƴ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎ ŀƎƻΣ ǘƘŜ aƻΨƻƳƻƳƛ /.{C! 

remains to be established with an approved management plan. Iǳƛ aņƭŀƳŀ h aƻ ƻƳƻƳƛ 

continues to advance a renewed proposal to make traditional subsistence harvesting practices 

legally enforceable in the dŜǎƛƎƴŀǘŜŘ ŀǊŜŀ ƻŦ aƻƭƻƪŀΨƛΩǎ ƴƻǊǘƘ ǎƘƻǊŜΦ  

Current proposed CBSFA regulations aim to reaffirm and protect Native Hawaiian traditional 

and customary subsistence fishing, cultural, and religious practices, and to protect the diversity, 

abundance, and accessibility of the marine resources upon which these practices rely. The 
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proposed management area extends fǊƻƳ YŀƭŀŜƻƪŀΨơƭƛƻ όΨRƭƛƻ tƻƛƴǘύ ƛƴ ǘƘŜ ǿŜǎǘ ǘƻ Nihoa Flats in 

the east, with the eastern boundary lining up with the western boundary of Kalaupapa National 

Historical Park, from the shoreline out to one nautical mile. Proposed regulations include a mix 

of bans, bag limits, size limits, and seasonal closures for certain species of interest. It also bans 

night diving, spearfishing on scuba, and commercial fishing (with exemptions for trolling for 

pelagic species, and for deep bottomfishing outside of 40 fathoms). A special protection area is 

proposed for YŀǿŀΨŀƭƻŀ .ŀȅ, an important nursery area for many species, areas which 

traditionally were left alone to allow fishes to rest and replenish. The protected nursery area 

would limit fishing and recreational activity, with certain exceptions.  

a)   

b)  

Fig 1. (a) tǊƻǇƻǎŜŘ ōƻǳƴŘŀǊȅ ŦƻǊ aƻΩƻƳƻƳƛ /.{C!Σ ŀƴŘ (b) proposed YŀǿŀΩŀƭƻŀ .ŀȅ bǳǊǎŜǊȅ !ǊŜŀ 
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Species of interest 

¦Ƙǳ Ǉņƭǳƪŀƭǳƪŀ ŀƴŘ ŜƭŜ ŜƭŜ όwŜŘƭƛǇ ǇŀǊǊƻǘŦƛǎƘΣ Scarus rubroviolaceus) 

¢ǿƻ ƻŦ IŀǿŀƛΩƛΩǎ largest parrotfish species ŀǊŜ ǳƘǳ ŜƭŜ ŜƭŜ όƳŀƭŜ wŜŘƭƛǇ ǇŀǊǊƻǘŦƛǎƘΣ Scarus 

rubroviolaceus) and the endemic uhu uliuli (male Spectacled parrotfish, Chlorurus perspicillatus) 

(Hoover, 2008). For S. rubroviolaceus, L50, or the length at which 50% of the population has 

reached sexual maturity, is around 13 inches fork length (FL), which is larger than the current 

State rule of minimum catch size of 12 inches. This means that fish that may be legally caught 

and kept might still not be reproductively mature, thus contributing to population declines. In 

ǘƘŜ aƻ ƻƳƻƳƛ ŀǊŜŀ, as in much of the state, declines of uhu populations have been observed 

over the last 15 years. 

YǹƳǹ (Whitesaddle Goatfish, Parupeneus porphyreus) 

YǹƳǹ is Iŀǿŀƛ ƛΩǎ ƻƴƭȅ ŜƴŘŜƳƛŎ ǎhallow-water goatfish, and is highly prized and targeted, 

reputed to be the best tasting of the Hawaiian goatfish. Traditionally, kǹƳǹ was used as an 

offering to the gods. Growing up to 20 inches, it is typically low in the water column, associated 

with the bottom where they forage over sand and rubble. Due to heavy exploitation in the past 

few decades, ƪǹƳǹ ƛƴ ǘƘŜ aƻ ƻƳƻƳƛ ŀǊŜŀ ƛǎ considered to be depleted. 

Recent trends for YǹƳǹ ŀƴŘ tņƭǳƪŀƭǳƪŀ όǳƘǳ ΨŜƭŜΨŜƭŜύ 

Data since 2006 from Kalaupapa National HistoǊƛŎŀƭ tŀǊƪ ŦƻǊ ƪǹƳǹ ŀƴŘ Ǉņƭǳƪŀƭǳƪŀ όǳƘǳ ΨŜƭŜΨŜƭŜύ 

show promising patterns. While the ǘǊŜƴŘ ƛƴ ƪǹƳǹ ŀōǳƴŘŀƴŎŜ ŀƴŘ ōƛƻƳŀǎǎ is slightly negative, 

the relationship does not appear to be statistically significant. Pņƭǳƪŀƭǳƪŀ ŀōǳƴŘŀƴŎŜ has 

increased moderately since 2006, with a significant increase in biomass, indicating larger fish 

are now present. 

Kole (Goldring surgeonfish, Ctenochaetus strigosus)  

Kole is a territorial, group-spawning species found in shallow sub-surge zones of coral, rock, and 

boulders. 5ǳŜ ǘƻ ǘƘŜ ǊƻǳƎƘ ŎƻƴŘƛǘƛƻƴǎ ƳǳŎƘ ƻŦ ǘƘŜ ȅŜŀǊ ƻƴ aƻƭƻƪŀΩƛΩǎ ƴƻǊǘƘ ŎƻŀǎǘΣ ƪƻƭŜ ŀǘ 

aƻΩƻƳƻƳƛ ŀǊŜ highly targeted in the summer months when the conditions are calm. Given 

their life history characteristics, they are easily exploited and often overharvested, and when 

groups of large, reproductive individuals are greatly reduced (i.e. spawning group is harvested), 

recovery can be slow. 

Objectives of this report 

This report aims to summarize baseline ecological data gathered on the North Shore of the 
island of MoloƪŀΩƛ by the {ǘŀǘŜ ƻŦ IŀǿŀƛΩƛΩǎ Division of Aquatic Resources, the Kaulapapa 
National Historic Park, NOAA Pacific Islands Fisheries Science Center, and the Fisheries Ecology 
wŜǎŜŀǊŎƘ [ŀō ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ IŀǿŀƛΩƛ ŀǘ aŀƴƻŀΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ǘƘŜ ƴŜŀǊǎƘƻǊŜ 
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ŜŎƻǎȅǎǘŜƳǎ ƻŦ bƻǊǘƘ aƻƭƻƪŀΩƛΣ ǘƘƛǎ ǊŜǇƻǊǘ ŀƭǎƻ focuses on key species important to the local 
communities, and describes the marine resources relative to other locations in the State. 
 
9ŦŦƻǊǘǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǊŜƎǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ aƻΩƻƳƻƳƛ /ƻƳƳǳƴƛǘȅ .ŀǎŜŘ {ǳōǎƛǎǘŜƴŎŜ CƛǎƘŜǊȅ !ǊŜŀ 

have long been underway, and have been informed by local knowledge and customs. The 

summary evaluation presented herein serves to contribute to these efforts by providing a 

quantitative ecological analysis conducted using scientific methods. Furthermore, this baseline 

assessment provides a platform from which future monitoring efforts and evaluations may be 

based.  

aƻ ƻƳƻƳƛ ŀƴŘ ǘƘŜ ƴƻǊǘƘ Ŏƻŀǎǘ ƻŦ aƻƭƻƪŀ ƛ seek to establish CBSFA regulations to ensure food, 

economic, and cultural sustainability. CBSFA designation would bring the rich local knowledge 

and traditions of the aƻΨƻƳƻƳƛ community together with the formal rule making authority and 

enforcement capabilities of the DLNR.  The CBSFA process is an important new tool that the 

state can use to work with communities to ǇǊƻǘŜŎǘ IŀǿŀƛΨƛΩǎ ƳŀǊƛƴŜ ǊŜǎƻǳǊŎŜǎ, and develop 

management activities that support ecological and cultural sustainability.   
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aŜǘƘƻŘǎ  
{ǳǊǾŜȅǎ ǘƻƻƪ ǇƭŀŎŜ ƛƴ aŀȅ ŀƴŘ !ǳƎǳǎǘ ƻŦ нлмт ŀƴŘ ŜȄǘŜƴŘŜŘ ŦǊƻƳ YŀƭŀŜƻƪŀΨơƭƛƻ ƛƴ ǘƘŜ ǿŜǎǘ ǘƻ 
Nihoa Flats in the east (Fig 2). Surveys were conducted using a stratified random sampling 
design, restricted to habitats with > 50% hard bottom based on NOAA Benthic Habitat maps 
(Battista et al., 2007), with the study area stratified into segments from east to west to ensure 
spatially comprehensive representation. CǳǊǘƘŜǊƳƻǊŜΣ YŀǿŀΩŀƭƻŀ .ŀȅ ǎŜrved as a separate 
stratum, to ensure thorough sampling of this area of interest.  

A total of 141 surveys were conducted, following standard underwater visual census (UVC) 
methods in which observers recorded species, size (total length, TL), and abundance of all 
observed fishes within 25 x 5 m transects. The 
habitat was classified at each transect start, as 
was a ranking of complexity, on a scale of 1 to 5, 
with 1 being flat pavement and 5 being large 
complex boulders or other types of habitat with 
large caves, overhands and/or ledges. Benthic 
data were also collected along the transects using 
photo-quadrat methods, where photos of the 
benthos were taken from 1 m above the substrate 
at every meter along the transect line. 

 

 

Fig 2. Underwater visual census survey points (n = 141) from May and August 2017 sampling periods; classified by 
habitat type, as determined in situ during sampling. 
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Fig 3. NOAA benthic habitat maps of study area, depicting classes of (a) geomorphological structure, and (b) 
biological cover (Battista et al., 2007). 

 

  

(a) 

(b) 
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wŜǎǳƭǘǎ 

Fish 

Reef fish biomass 

Mean total biomass of reef fish on North aƻƭƻƪŀΩƛ was 172 (± 14) g / m-2, with samples ranging 
from 0.9 to 840 g / m-2. Biomass of resource species of reef fish 145 (± 13) g / m-2, with samples 
ranging from 0 to 829 g / m-2. Resource biomass ƻƴ bƻǊǘƘ aƻƭƻƪŀ ƛ was high relative to other 
ŀǊŜŀǎ ƛƴ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ; approximately 3 times higher than that of other north-exposed 
shorelines, and nearly 3.5 times that of the main Hawaiian Islands (MHI) in general (Fig 5). Mean 
biomass of resource species estimated from May and August 2017 survey data is consistent 
ǿƛǘƘ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ CǊƛŜŘƭŀƴŘŜǊ Ŝǘ ŀƭΦΩǎ (2018) analysis of resource biomass by moku (Fig 6), 
ǿƘƛŎƘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ bƻǊǘƘ aƻƭƻƪŀΩƛ ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ŜǎǘƛƳŀǘŜŘ ōƛomass of resource species in 
the state. 

 

 

Fig 4. Biomass of resource fish across study area. 

    

Fig 5. Resource species biomass (with 95% confidence intervals), for N. aƻƭƻƪŀΩƛ, other north shores in the MHI, N. 
Oahu, and all MHI (data for other sites from HIMARC 2017 and Friedlander et al. 2017). 
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Fig 6. Mean biomass of resource fish from North aƻƭƻƪŀΩƛ 2017 surveys (red bar), compared with biomass from 
other areas of the main Hawaiian Islands (Friedlander et al. 2017). Cross-hatched areas represent proportion of 
biomass comprising reef sharks and jacks. aƻƭƻƪŀΩƛ Koolau is the same area as the 2017 sampling; both estimates 
indicate this area has the highest biomass in the state, but far from the biomass in the pristine Northwest Hawaiian 
Islands (NWHI; purple bar). 

 

By Habitat 

Lƴ ǘƘŜ bƻǊǘƘ aƻƭƻƪŀΩƛ ǎǘǳŘȅ ŀǊŜŀΣ ǘƻǘŀƭ ōƛƻƳŀǎǎ, resource fish biomass, mean density, and 
species richness varied by habitat type. Pavement habitat, characterized by low relief and low 
structural complexity, had less than half the mean fish biomass of Pavement with Ledges and 
Rock and Boulder habitats, habitats of higher structural complexity (Fig 7,  

Table 1). While none of the surveys had zero fish, all the surveys which had resource species 
biomass of 0 were in Pavement habitats (and had very low total biomass). Rock and Boulder 
habitats also had more than twice the fish abundance and species richness of Pavement 
habitats. Rock and boulder habitat also had substantially higher sea urchin density than other 
habitats (Fig). 

Trophic structure of fish communities varied with habitat type (Fig). Pavement habitat had a 
higher proportion (79% by biomass) of herbivores than other habitats (64% in ROB, 59% in 
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PAVL), while mobile invertivores are more highly represented in pavement with ledges (26%) 
than other habitats (17% in ROB, 12% in pavement). Rock and boulder had the most even 
diversity of the habitat types in the study area, but was still dominated by herbivores, as were 
the other habitats. 

 

Table 1. Mean fish assemblage metrics, by habitat type (± st. err.). 

 

Total  
reef fish biomass 

(g/m2) 

Resource species 
biomass 
(g/m2) 

Density 
(indiv/ 100m2) 

Spp richness 
(no. spp) 

Pavement 102.41 (23.2) 93.69 (23.1) 72.88 (6.2) 11.80 (0.7) 
Pavement with ledges 214.54 (33.2) 189.43 (30.7) 119.79 (14.8) 18.67 (1.3) 
Rock and boulder 223.41 (17.4) 180.88 (16.3) 164.7 (10.0) 25.78 (0.7) 

 

   

   

Fig 7. (a) Resource fish biomass (g / m2), (b) mean fish density (no. indiv / 100 m¬2), and (c) mean species richness 
(no. species / transect), by habitat type (± st. err.) 
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Fig 9. Trophic structure of fish communities, by habitat 

 

Given the clear difference in fish assemblage metrics between habitat types, biomass 
comparisons between locations were further assessed by habitat type. Survey data from other 
locations were attributed with habitat types based on NOAA Benthic Habitat Map structure 
classes (Battista et al., 2007). Assessment of resource biomass for Rock and Boulder and 
Pavement habitats showed consistent patterns with those previously presented. Biomass of 
resƻǳǊŎŜ ŦƛǎƘ ƛƴ wƻŎƪ ŀƴŘ .ƻǳƭŘŜǊ Ƙŀōƛǘŀǘǎ ƻƴ bƻǊǘƘ aƻƭƻƪŀΩƛ ƛǎ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ 
similar habitats on coastlines of similar exposures. With a mean of 180.9 (± 16.3) g m-2, Rock 
ŀƴŘ .ƻǳƭŘŜǊ Ƙŀōƛǘŀǘǎ ƻƴ bƻǊǘƘ aƻƭƻƪŀΩƛ ƘŀǾŜ ƎǊŜŀǘŜǊ ǘƘŀƴ р· the biomass of resource species 
than those of other northern coastlines in the main Hawaiian Islands, and nearly 40X the 
ōƛƻƳŀǎǎ ƻŦ bƻǊǘƘ hΩŀƘǳ (Fig. 10a). While the differences were not as pronounced in Pavement 
ƘŀōƛǘŀǘǎΣ bƻǊǘƘ aƻƭƻƪŀΩƛ ǎǘƛƭƭ ŜȄƘƛōƛǘŜŘ ƘƛƎƘŜǊ Ǌesource biomass in this habitat, 3-5X higher than 
Pavement habitats elsewhere in the MHI (Fig. 10b). A closely analogous structure class was not 
available for Pavement with Ledges. 
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Fig 8. Mean sea urchin density (± st. err.), by habitat. 
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Fig 10. Mean biomass (g / m2) of resource species in (a) rock and boulder habitats, and (b) pavement habitats (± st. 
err.). North aƻƭƻƪŀΩƛ compared to all other north shores in the MHI, nearby North Oahu specifically, and statewide 
mean. Data source for comparisons: HIMARC 2018 

 

Species of interest 

Mean biomass of selected resource species (kole, Ctenochaetus strigosus; kumu, Parupeneus 
porphyreus; and uhu, Scarus rubroviolaceus) varied substantially by habitat (Fig ). Kole occurred 
exclusively in rock and boulder habitat. Kumu was observed in rock and boulder habitat, as well 
as pavement with ledges and cracks, but had very low biomass in flat pavement habitats, a 
pattern similarly observed in uhu. Chlorurus perspicillatus, also a species of interest in the study 
area, was not abundant enough in surveys to be included in the analyses of uhu. 

Rock and boulder habitats and pavement areas with ledges and overhangs have greater 
structural complexity than flat pavement habitats. Higher complexity provides more holes and 
spaces that fish can use for refuge, and these patterns of higher biomass in habitats of greater 
structural complexity are further supported by analyses of rugosity rankings (Fig. 12). 

    

Fig 11. Mean biomass of species of interest, by habitat type. PAV = pavement, PAVL = Pavement with ledges, ROB = 
rock and boulder. 
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Fig 12. Mean biomass of resource species, by rugosity ranking. Rugosity estimates are on a scale of 1 to 5, with 1 
being flat pavement and 5 being large complex boulders or other types of habitat with large caves, overhands 
and/or ledges. 

 
Overall biomass of specƛŜǎ ƻŦ ƛƴǘŜǊŜǎǘ ƻƴ aƻƭƻƪŀΩƛΩǎ ƴƻǊǘƘ Ŏƻŀǎǘ ǿŀǎ ƘƛƎƘ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ 
locations around the State (Fig 83). Kumu and uhu showed higher mean biomass on North 
aƻƭƻƪŀΩƛ ǘƘŀƴ ǘƘŜ ǎǘŀǘŜǿƛŘŜ ŀǾŜǊŀƎŜΦ /ƻƳǇŀǊƛƴƎ ǘƻ ǎƘƻǊŜƭƛƴŜǎ ƻŦ comparable exposure, mean 
ōƛƻƳŀǎǎ ƻŦ ƪƻƭŜΣ ƪǳƳǳΣ ŀƴŘ ǳƘǳ ƻƴ aƻƭƻƪŀΩƛΩǎ ƴƻǊǘƘ ǎƘƻǊŜ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƴƻǊǘƘ ǎƘƻǊŜǎ ƻŦ 
other islands. A particularly strong contrast was observed in the comparison of the north shores 
ƻŦ aƻƭƻƪŀΩƛ ŀƴŘ hΩŀƘǳΤ resource fish biƻƳŀǎǎ ƻƴ bƻǊǘƘ aƻƭƻƪŀΩƛ ǿŀǎ ŘǊŀǎǘƛŎŀƭƭȅ ƘƛƎƘŜǊ (10-20X) 
ǘƘŀƴ ƻƴ ƴŜƛƎƘōƻǊƛƴƎ hΩŀƘǳΣ ŀƴ ŀǊŜŀ ƻŦ ƘƛƎƘ ŦƛǎƘƛƴƎ ǇǊŜǎǎǳǊŜΦ 
 
 

      

Fig 8. Mean biomass (± SE) of species of interest; North aƻƭƻƪŀΩƛ compared to all other north shores in the MHI, 
nearby North Oahu specifically, and statewide mean. Data source for comparisons: HIMARC 2018 

 
Differences in fish communities were also apparent in the size structure of species of interest. 
Sizes of kole, kumu, and uhu of North aƻƭƻƪŀΩƛ were generally larger than those of the MHI as a 
whole (Fig 94, Fig 105, Fig 116). 
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