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Abstract 

Marine debris has become a persistent and a widespread threat to the oceanic 

environment, impacting species on most trophic levels, including pelagic fish.  The most 

problematic type of marine debris are those comprised of plastic due to its slow 

degradation, chemical composition and ability to attract  hydrophobic persistent organic 

pollutants that may absorb into the tissues of fish when ingested. While plastic debris 

ingestion by planktivorous fish in the North Pacific Ocean has been studied, few studies 

have focused on piscivorous fish.  Longnose lancetfish have a voracious diet and are 

often caught throughout the water column by the Hawaii-based pelagic longline fishery 

where they are considered a discard.  The  objectives of this study were to: 1) determine 

the presence, diversity (i.e., different types of plastic), and abundance of ingested plastic 

marine debris; 2) investigate if a relationship exists between longnose lancetfish 

morphometrics and the surface area of plastic marine debris; and 3) examine the 

geographical location and date of capture of longnose lancetfish with ingested plastic in 

relation to body mass, the amount of plastic, and chloropigment concentrations during the 

shallow-set longline fishing season.  Results indicate that 24% of longnose lancetfish 

(n=192) ingested various types of plastic marine debris.  There is a 95% chance that 19 to 

31% of longnose lancetfish in the shallow-set fishery will have ingested plastic marine 

debris.  Plastic fragments were the most frequent type of plastic debris ingested (51.9%).  

Ropes (21.3%), nets (20.4%), straps (3.7%) and a piece of plastic bag (1.9%) were also 

present in stomach contents.  No relationship existed between the surface area or the 

amount of plastic debris and the length and weight of longnose lancetfish.  Although the 

longnose lancetfish is not directly consumed by humans, it is common prey for fish 
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species such as bigeye tuna (Thunnus obesus) and swordfish (Xiphias gladius) that are 

commercially harvested for human consumption.  Further research is needed to assess the 

effects of chemicals associated with plastic marine debris, biomagnification and the 

potential contamination of the food web. 
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CHAPTER 1:  INTRODUCTION AND BACKGROUND 
 
 

Marine debris, including glass, metals, polystyrene, rubber, discarded fishing gear 

and plastic, is a problem of global significance impacting oceans, coastlines, beaches, and 

seafloors (Williams et al., 2005).  Marine debris is defined as “any persistent solid 

material that is manufactured or processed and directly or indirectly, intentionally or 

unintentionally, disposed of or abandoned into the marine environment or the Great 

Lakes” for the purposes of the Marine Debris Research, Prevention and Reduction Act of 

2006. Until recently, the threat of marine debris was considered trivial due to the 

perceived abundance of marine life and vastness of the oceans (Laist, 1987).  It is now 

realized that various marine organisms can become entangled in openings or loops of 

drifting debris and ingest fragments of these anthropogenic materials.  Once ingested, 

marine debris may block the digestive tract or remain in the stomach and reduce the drive 

to forage, causing ulcerations to the stomach lining and becoming a source of toxic 

chemicals (Day et al., 1985).  Increased knowledge of the effects of debris on marine life 

justifies recognition of marine debris as a significant form of ocean pollution (Laist, 

1987).   

The most common types of marine debris are plastics and other synthetic 

materials (UNEP, 2005).  The development of modern plastics began in the 19th century 

and expanded during the first 50 years of the 20th century (Andrady and Neal, 2009).  The 

mass production of plastic began in the 1940s (Cole et al., 2011) and has continued to 

grow from 1.5 million tons in 1950 to 230 tons in 2009 (PlasticsEurope, 2010).  In the 

1970s public perceptions of plastic debris started to change considerably and plastic 
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debris became recognized as a widespread marine pollutant and a threat to marine species 

(Azzarello and Van Vleet, 1987).   

While the incidental ingestion of plastic marine debris by planktivorous fishes has 

been investigated (Boerger et al., 2010; Davison and Asch, 2011) plastic marine debris 

ingestion by piscivorous fish, specifically the longnose lancetfish (Alepisaurus ferox), a 

unique, widely distributed epi-mesopelagic fish, is not well documented.  This study 

focuses on the occurrence and abundance of plastic marine debris in the stomachs of 

longnose lancetfish captured in the Hawaii-based shallow-set fishery in order to assist 

resource managers and policy makers in furthering the understanding of plastic marine 

debris in the open ocean and its potential ecosystem-level implications. 

 

1.1 Plastic Debris 

Plastics are synthetic, petroleum-based, organic polymers (Derraik, 2002).  Plastics 

have an expansive range of unique properties: they can be easily worked into a hot melt 

and utilized at variable ranges of temperature; they are chemical and light-resistant; and 

they are light in weight and durable (Andrady and Neal, 2009).  Over one-third of the 

consumption of plastics in the developed regions of the world is in packaging 

applications such as containers and plastic bags and another one-third or more is in 

construction products (Andrady and Neal, 2009).  In developing regions, the use of 

plastics is increasing due to the lower unit cost of plastic and its substitution for materials 

such as glass, wood and paper (Andrady and Neal, 2009).  Exacerbated by the utilization 

of throw away “user” plastics in regions all over the world (Cole et al., 2011), the 

proportion of plastics worldwide is estimated at approximately 10 percent of municipal 
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waste mass (Barnes et al., 2009).  There is currently no up-to date, accurate estimate of 

the amount of plastic debris that enters the worlds’ oceans each year (NOAA MDP, 

2012).  The number of plastic debris, if quantified by the number of pieces, may increase 

over time due to degradation. 

While solar ultraviolet radiation is an efficient means of degradation for plastics 

exposed to air, the degradation of plastics in the marine environment is significantly 

slowed, primarily due to low temperatures and low oxygen concentrations (Andrady, 

2011).  Photodegradation is a time-consuming process that begins with surficial cracking 

and embrittlement of plastic into fragmented remains (Williams et al., 2005).  The 

photodegradation process may be further impeded by fouling effects from biofilm 

succeeded by an algal mat and a colony of invertebrates (Muthukumar et al., 2011).  

The degradation of plastics, on land or in water, results in more marine debris, and debris 

that is now more difficult to see, easier for smaller animals to ingest, and difficult to clean 

up. 

 

Derelict Fishing Gear 

The use of synthetic plastic materials initiated a major revolution in the fishing 

industry (Uchida, 1985).  The twine originally used to fabricate netting consisted of 

natural fibers such as cotton, flax, linen, manila, sisal and hemp has been replaced by 

synthetic materials like polypropylene, polyethylene and nylon (Uchida, 1985).  Nets 

constructed of synthetic material eventually loose their strength; however, they do not 

break down like materials of natural fiber (Uchida, 1985).  In 1949, the Japanese were the 

first to incorporate synthetic fibers into the construction of gill and surrounding nets 
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(Uchida, 1985).  Fifteen years later, synthetic fiber nets accounted for 100% of all netting 

material manufactured in Japan (Uchida, 1985).   

Fishery observers in the Pacific Islands Regional Observer Program (PIROP) often 

encounter marine debris (e.g., derelict fishing gear) while aboard Hawaii-based longline 

fishing vessels (Fig. 1.1).  Derelict fishing gear is defined by the NOAA Marine Debris 

Program (MDP) (2012) “as fishing equipment that has been lost, abandoned, or discarded 

in the marine environment”.  Maritime debris may consist of trawl, seine, cargo and gill 

nets constructed of monofilament and multifilament (Fig. 1.2).  These nets vary in stretch 

mesh, twine diameter, number of strands and types of construction such as: twisted 

knotted, twisted-knotless, braided knotted, braided knotless and double-stranded 

(Timmers et al. 2005).  

     
Figure 1.1.  Marine debris recovery    Figure 1.2.  Derelict fishing gear  
of a plastic tarp from the North     hauled from the North Pacific Ocean  
Pacific Ocean onto a Hawaii-based   aboard a Hawaii-based longline vessel.   
longline vessel.  Photo credit: PIROP.  Photo credit: PIROP. 

 

1.2 NOAA Marine Debris Program 

In 2007, the MDP began collaborating with the NOAA PIROP to quantify how 

often the Hawaii-based longline fishery encounters marine debris, such as derelict fishing 

gear, and how it impacts fishing effort and costs (Hospital and Morishige, 2011).  The 
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NOAA MDP was established in 2005 with a primary mission to “investigate and solve 

the problems that stem from marine debris through research, prevention and reduction 

activities” (NOAA Strategic Plan, 2009).  The MDP was formally established within the 

National Ocean Service, Office of Response and Restoration, by President G.W. Bush in 

2006 under the Marine Debris Research, Prevention and Reduction Act (MDRPRA) 

(NOAA, 2010). 

To fulfill their Congressional mandate, vision and mission, the MDP has set 

strategic goals including facilitating and supporting research on marine debris, such as 

derelict fishing gear.  Derelict fishing gear, the most common type encountered being 

fishing nets, impacts the longline fishery through gear entanglement, catch and vessel 

interactions, and is a safety hazard to vessel crew who must disentangle the vessel 

(Hospital and Morishige, 2011), which often requires them to enter the water with an 

improvised breathing apparatus.  Fishery observers are trained to complete a Marine 

Debris Encounter Report (MDER) to document when the vessel, fishing gear, or its catch 

interact with or encounter marine debris at sea (Hospital and Morishige, 2011).  At-sea 

marine debris encounters during 2008 and 2009 impacted approximately 20% of the trips 

in the Hawaii-based longline fishery.  The areas of increased interaction (Fig. 1.3) 

overlap with the general area of the Subtropical Convergence Zone (STCZ) (Hospital and 

Morishige, 2011), a known area of marine debris concentration (Pichel et al. 2007). 
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Figure 1.3.  The spatial distribution of recorded at-sea marine debris encounters.  
Note the highest level of encounters (red) is between 30°N and 40°N, the general 
area of the N. Pacific Subtropical Convergence Zone, a known area of marine debris 
concentration. 
 
 
1.3 Marine Debris Aggregation 

The Subtropical Convergence Zone (STCZ) lies at the southern edge of the 

Transition Zone (Fig. 1.4) (Howell et al., 2012), where Ekman transport, the net water 

movement that flows at an angle of 45° to the direction of the wind (Thurman, 1994), 

creates surface layer convergence.  Using tracking data from drifting buoys and wind-

drift models, Kubota (1994) and Maximenko et al. (2012) suggested that the residence 

time of these buoys is extensive in the STCZ and concluded that marine debris tends to 
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reside in this area due to convergence caused by wind fields and associated Ekman 

transports, downwelling and weak horizontal currents. 

 

 
Figure 1.4.  The Subarctic and Subtropical Frontal Zones are represented by the 
areas bounded by orange lines. Regions of known marine debris accumulation, such 
as the Subtropical Convergence Zone, are represented by the green shaded areas.  
WGP and EGP represent the Western and Eastern Garbage Patches, near Japan 
and California respectively, and are not discussed in this paper.  Courtesy of Howell 
et al. (2012). 

 

There are two large oceanic gyres in the North Pacific, the Subpolar Gyre and the 

Subropical Gyre.  The North Pacific Transition Zone lies between the two gyres and 

extends horizontally from Japan to North America and nearly 100 km vertically (Roden, 

1991).  The Transition Zone is bounded by a Subarctic Frontal Zone (SATZ) to the north 

and a Subtropical Frontal Zone (STFZ) to the south delineated by sudden changes in 

hydrostatic stability structures, thermohaline structures, and biological species 

composition (Roden, 1991). 

The associated fronts within the Transition Zone, the STFZ, STCZ and TZCF 

migrate more than 1000 km, latitudinally varying between 30-35°N in winter months and 

40-45°N in summer months (Bograd et al., 2004).  Due to the strength of wind stress and 
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convergence during the winter months, marine debris is expected to be most concentrated 

in the STCZ (Bograd et al., 2004; Pichel et al., 2007).  This annual migration is the result 

of changes in wind stress and an increase of insolation (Howell et al., 2012).  Due to 

enhanced surface convergence and vertical mixing, the STCZ migrates even further south 

during El Niño events (Donohue and Foley, 2007; Morishige et al., 2007; Pichel et al., 

2007). 

A discernible biological indicator of surface convergence at the southern edge of 

the transition zone is the Transition Zone Chlorophyll Front (TZCF), defined as the 0.2 

mg chlorophyll-a m-3 isopleth (Polovina et al., 2001). The TZCF and the STCZ are 

coupled with a physical and biological association most evident west of 160° to 180°W 

longitude (Bograd et al., 2004).  The surface convergence in TZCF causes cool nutrient-

rich and vertically mixed waters from the north side to sink under the warm, stratified and 

nutrient-poor waters from the south side (Polovina et al., 2001).  The Hawaii-based 

pelagic longline fishery, specifically the shallow-set fishery, targets this area due to the 

surface convergence and increased biological productivity in this region. Fisheries data 

on albacore tuna (Thunnus alalunga); fish species commonly captured in the deep-set 

fishery) and satellite telemetry on the movements of loggerhead turtles (Caretta caretta) 

suggest that the high-chlorophyll waters of the TZCF are being exploited as a foraging 

habitat by these animals during their trans-Pacific migration (Polovina et al., 2001). 
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1.4 Study Area: Hawaii-Based Pelagic Longline Fishery 

 The gear in the Hawaii-based pelagic deep-set and shallow-set longline fisheries 

is configured with monofilament main line strung horizontally across 1-100 km of ocean 

suspended in the epi-mesopelagic zones of the water column by vertical float lines 

connected to surface floats (Boggs and Ito, 1993).  The length of the branch and float 

lines combined with the depth of the catenary curve between floats (basket) and the 

position of the deepest fishing branchline in regards to the middle of the catenary curve 

determine the fishing depth (Fig. 1.5) (Boggs and Ito, 1993).  The major difference 

between the deep-set and shallow-set fisheries is the desired depth and target species; the 

deep-set fishery employs a hydraulic shooter to pull mainline off of a spool to increase 

the depth of the catenary curve between floats and deploys more than 15 branchlines per 

basket to reach a depth of over 100 m.  The target species in the deep-set fishery is the 

bigeye tuna (Thunnus obesus).  In contrast, the shallow-set fishery targets swordfish 

(Xiphias gladius), does not use a hydraulic shooter and deploys less than 15 branchlines, 

generally four to seven branchlines per basket to reach a depth less than 100 m (NOAA 

PIROP Longline Observer Database System, 2011).  The focus of this study is on the 

shallow-set fishery (Fig. 1.6) due to the location of the shallow-set fishing grounds and 

the winter geographical position of the STCZ, a known area of plastic marine debris 

accumulation and high biological productivity (Polovina et al., 2001; Seki et al., 2002; 

Pichel et al., 2007). 
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Figure 1.5.  Diagram of a shallow-set   Figure 1.6.  Typical Hawaii-based  
longline gear configuration.  Graphics  shallow-set longline vessel.  Photo 
credit: Stuart Arceneaux.  credit: PIROP. 
 

Shallow-set Fishery 

 Effort in the shallow-set fishery is distributed north of the Hawaiian Archipelago, 

generally centered on the North Pacific Subtropical Frontal Zone (Fig.1.7) where a 

variety of fronts and surface convergence is evident, most prominently at 32°-34°N and 

at 28°-30°N (Seki et al., 2002).  The shallow-set fishery, in which swordfish is the target 

species, focuses on this area due to the increased biological productivity and the shoaling 

of the thermocline that is believed to concentrate these fish closer to the surface (Seki et 

al., 2002).  Loggerhead sea turtles may also have an affinity for this area of convergence 

based on data from satellite telemetry for nine turtles traveling westward in the central 

North Pacific along two convergent fronts that overlap or are in close proximity to the 

shallow-set fishing grounds (Polovina et al., 2000).  In accordance with Federal Fishing 

Regulations, all permitted Hawaii-based longline vessels declaring to shallow-set must 

carry an observer owing to the probability of a protected species interaction with an 

endangered sea turtle.  
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Figure 1.7.  The spatial distribution of fishing effort in the Hawaii-based shallow-set 
fishery based on the number of sets deployed from November 2010-September 2011. 
 
 

Shallow-set gear is deployed approximately one hour after the setting of the sun.  

To attract swordfish, a luminescent light stick may be affixed to several or all of the 

branch lines.  Once all the gear is set, it is left to soak for many hours to fish.  The 

longline is retrieved hydraulically and the branch and float lines are coiled manually. 

Although swordfish is the target species, given the nature of longline fishing, pelagic 

species such as the longnose lancetfish are incidentally captured and considered to be 

bycatch.  Swordfish taken on shallow-set trips are harvested, processed and stored in ice 

similarly to Thunnus spp.; however their product is not intended for the fresh sashimi 
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market which allows vessels (Fig. 1.10) to remain at sea for a longer period of time than 

those in the deep-set fishery. 

 

1.5 Longose Lancetfish  

 Longnose lancetfish have a voracious diet and are often caught throughout the 

water column by commercial pelagic longline gear where they are considered a discard in 

the Hawaii-based longline fishery.  Foraging behaviors and characteristics of prey may be 

attributed to a fishes incidental ingestion of plastic marine debris.  This study focuses on 

the presence of plastic marine debris in the stomach contents of longnose lancetfish due 

to their morphology (Figs. 1.8, 1.9) and feeding behavior.  

 The longnose lancetfish has an elongate body with flabby, watery muscles, which 

suggest its inability to swim at high cruising speed for extended lengths of time 

(Romanov and Zamorov, 2002).  Their muscle tissue consists primarily of white muscle 

that is responsible for short-term bursts of movement.  In addition the high dorsal fin, and 

large caudal fin, of the longnose lancetfish are other characteristics suggesting they swim 

and forage only for short distances (Romanov and Zamorov, 2002).   

 The morphology of the longnose lancetfish is favorable to ambush predator 

hunting tactics.  This type of foraging is less energetically demanding than actively 

chasing prey.  Common prey items found in the stomachs of longnose lancetfish are slow 

swimming species and passive drifters (Romanov and Zamorov, 2002).  The wide 

variation of sizes, textures, colors, and shapes of stomach contents demonstrate the 

absence of selectivity and resemble an opportunistic feeding behavior (Kubota and 

Uyeno, 1970). 
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Figure1.8.  Longnose lancetfish   Figure 1.9.  Plastic marine debris  
captured on a Hawaii-based longline found in the stomach of a longnose  
vessel.  Photo credit: PIROP.    lancetfish captured on a Hawaii-based 

            longline vessel.  Photo credit: PIROP. 
 

Ingestion of plastic debris by planktivorous fishes in the North Pacific Subtropical 

Gyre ( Boerger et al., 2010; Davison and Asch, 2011), three marine catfish species in a 

tropical estuary in Northeast Brazil (Possatto et al., 2011) and Yellowtail Jacks (Seriola 

lalandi) (Gassel et al., 2011) in the North Pacific Gyre have been investigated, however, 

plastic ingestion by piscivorous fish captured on pelagic longlines is not well 

documented.  Most literature that describes plastic marine debris found in the stomachs of 

piscivorous fish is incidental to the main objective of the study.  For example, in a food 

habit study of longnose lancetfish by Kubota and Uyeno (1970), 78 pieces of plastic and 

rubber were found in the stomach contents of 36 specimens.  Jackson et al. (2000) studied 

the diet of the southern opah and discovered a high occurrence of plastic in the stomachs 

of 10 specimens, 14% of the total stomachs analyzed.  In a comparative food study of 

yellowfin tuna (Thunnus albacares) and blackfin tuna (Thunnus atlanticus), Manooch 

and Mason (1983), found a 31.6% frequency of non-food items (plants, feathers, globs of 

tar and plastics) in the stomachs of yellowfin tuna compared to 15.7% in blackfin tuna.   
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1.6 Research Objectives 
 

The overall goal of this study was to determine if longnose lancetfish are 

ingesting plastic marine debris and if so, to quantify and categorize the different types of 

plastic marine debris discovered.  To address this goal, three specific objectives were 

identified: 1) determine the presence, diversity (i.e., different types of plastic), and 

abundance of ingested plastic marine debris; 2) investigate if a relationship exists 

between longnose lancetfish morphometrics and the surface area of plastic marine debris; 

and 3) examine the geographical location and date of capture of longnose lancetfish with 

ingested plastic in relation to body mass, the amount of plastic, and chloropigment 

concentrations during the shallow-set season.   

Four hypotheses were developed based on personal observation and knowledge 

gained from literature review.  The following hypotheses will be addressed in chapter 

two: 1) Plastic marine debris will be present in the stomachs of the longnose lancetfish 

based on their opportunistic feeding behavior on slow-moving, less muscular gelatinous 

species throughout a wide range in the water column (Moteki et al., 2001) and the known 

aggregation of plastic marine debris in the region this fish species is captured (Kubota, 

1994; Pichel et al., 2007; Maximenko et al., 2012) and 2) Longnose lancetfish longer in 

length and greater in weight will have larger plastic debris pieces present in their stomach 

contents in comparison to shorter, smaller longnose lancetfish.  The larger a fish becomes 

the larger the prey items they are able to consume.  Likewise, the larger the fish becomes 

the older the fish is, therefore it will have consumed more prey and possibly more plastic 

marine debris during its accumulated feeding activities.   
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The following hypotheses will be addressed in chapter three: 3)  Longnose 

lancetfish with the highest amounts of plastic marine debris in the stomach contents will 

have been caught in the vicinity of the North Pacific STCZ as convergent fronts 

integrated within the Transition Zone have been linked with marine debris aggregation 

(Kubota, 1994; Pichel et al., 2007; Maximenko et al., 2012) and 4) Longnose lancetfish 

captured on the shallow-set longline during the winter/spring season will have ingested 

more pieces of plastic marine debris and plastic marine debris greater in surface area than 

longnose lancetfish captured during the summer season.  Due to the strength of wind 

stress and convergence during the winter months, the highest accumulation of marine 

debris is expected to be concentrated in the STCZ (Bograd et al., 2004; Pichel et al., 

2007).   
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CHAPTER 2: LONGNOSE LANCETFISH AND PLASTIC DEBRIS 

INGESTION 

 

2.1 Introduction 

 Pollution by plastic marine debris constitutes a major threat to marine life 

(Derraik, 2002).  Plastic marine debris ingestion by fish species is suspected to cause 

adverse effects similar to those in seabirds and sea turtles.  Large amounts of ingested 

plastic marine debris may block the digestive tract and reduce the feeding drive (Hoss 

and Settle 1990).  Specific types and sizes of plastic marine debris may hinder digestion.  

For example, Jackson et al. (2000) found that some ingested prey in an opah (Lampris 

immaculatus) stomach that were surrounded by plastic were hard, dried and undigested.  

The types of ingested plastic found in 14% of the opah studied included food-associated 

packaging, cigarette box wrapping, plastic strips, and plastic sheets (Jackson et al., 2000).  

Once ingested, plastic debris may block the digestive tract, remain in the stomach and 

reduce the drive to forage, cause ulcerations to the stomach lining, and become a source 

of toxic chemicals (Day et al., 1985).  The accumulation of plastic marine debris has the 

ability to adversely impact marine organisms worldwide (Derraik, 2002). 

 Marine debris is known to accumulate in the Subtropical Convergence Zone 

(STCZ) which is located at the southern edge of the North Pacific Transition Zone (MDP, 

2012).  In the Subtropical Convergence Zone (Fig. 2.1), surface layer convergence caused 

by wind fields and associated Ekman transports (Pichel et al., 2007) constrain passive 

material such as marine debris and inactive plankton with increased retention at the 

surface (Howell et al., 2012).  The mechanisms that work to create this convergent 
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Figure 2.1.  Location of the Hawaiian Archipelago relative to the major North 
Pacific Ocean currents and the Subtropical Convergence Zone. 
Map courtesy of the NOAA MDP. 
 

front result in the STCZ being important for both marine debris and biological organisms 

(Howell et al., 2012).  The Hawaii-based shallow-set fishery targets this area owing to the 

increased biological productivity and the shoaling of the thermocline that is believed to 

concentrate swordfish (Xiphias gladius) closer to the surface (Seki et al., 2002).  The 

focus of this study is on longnose lancetfish captured in the Hawaii-based shallow-set 

fishery due to the proximity of the shallow-set fishing grounds to the STCZ, a known 

area of marine debris accumulation (Kubota, 1994; Pichel et al., 2007; Maximenko et al., 

2012).  While considered a discard in the Hawaii-based longline fishery, longnose 

lancetfish are often caught throughout the water column by commercial pelagic longline 

gear.  The foraging behaviors and characteristics of prey may attribute to the incidental 

ingestion of plastic marine debris by this species.  In a food habit study of longnose 

lancetfish, Kubota and Uyteno (1970) found a lack of food selection due to the various 

types of prey that inhabit the surface, middle, and bottom ocean layers, and strong 
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evidence of vertical migration throughout the water column.  The wide variation of sizes, 

textures, colors, and shapes of stomach contents demonstrate the absence of selectivity 

and resemble an opportunistic feeding behavior (Kubota and Uyeno, 1970). 

 

Objectives and Hypotheses 

This chapter examines the stomach contents of longnose lancetfish captured by 

the Hawaii-based shallow-set fishery to determine if longnose lancetfish are ingesting 

plastic marine debris and, if so, to categorize and quantify the different types of plastic 

marine debris discovered.  The specific objectives are: 1) determine the presence, 

diversity (i.e., different types of plastic), and abundance of ingested plastic marine debris, 

and 2) investigate if a relationship exists between longnose lancetfish morphometrics and 

the surface area of plastic marine debris. 

The following hypotheses were developed based on personal observation and 

knowledge gained from literature review: 1) Plastic marine debris will be present in the 

stomachs of the longnose lancetfish based on their opportunistic feeding behavior on 

slow-moving, less muscular gelatinous species throughout a wide range in the water 

column (Moteki et al., 2001) and the known aggregation of plastic marine debris in the 

region this fish species is captured (Kubota, 1994; Pichel et al., 2007; Maximenko et al., 

2012) and 2) Longnose lancetfish longer in length and greater in weight will have larger 

plastic debris pieces present in their stomach contents in comparison to shorter, smaller 

longnose lancetfish.  The larger a fish becomes the larger the prey items they are able to 

consume.  Likewise, the larger the fish becomes the older the fish is, therefore it will 
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have consumed more prey and possibly more plastic marine debris during its 

accumulated feeding activities. 

 

2.2 Materials and Methods 

Study Area 

The effort in the shallow-set longline fishery is distributed north of the Hawaiian 

Archipelago, generally centered on the North Pacific STFZ where a variety of fronts and 

surface convergence is evident, most prominently at 32°-34°N and at 28°-30°N (Fig. 2.2) 

(Seki et al., 2002).  

 
Figure 2.2. The Pacific Basin with the black oval showing the area targeted by the 
Hawaii-based shallow-set fishery.  Image courtesy of NOAA Fisheries. 
 
 The longest shallow-set trip for the winter 2010 and spring 2011 season was 46 

days with an average trip length of 35 days (NOAA PIROP Longline Observer Database 
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System, 2011).  Although very few shallow-set vessels fish during the summer months, 

the typical fishing season peaks in the winter and continues into the early spring.  To 

represent the fishing effort in the shallow-set fishery during the winter and summer 

seasons, longnose lancetfish were collected from vessels departing in November 2010 to 

vessels arriving in August 2011 (Fig.2.3). 

 

 
Figure 2.3.  The distribution of longnose lancetfish samples collected from Hawaii-
based shallow-set vessels from November 2010 through August 2011. 
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Pilot Study to Determine Effective Sampling Protocol 

Prior to the start of the formal fish collection in November 2010, a pilot study was 

initiated in May 2010.  To ensure randomness and ease of collection for the observers and 

fishermen, the current Pacific Islands Regional Observer Program (PIROP) protocol 

(PIROP Field Manual, version LM. 09.11) of measuring every third fish species captured 

on the longline was used.  Observers were asked to collect the measured fish if it was a 

longnose lancetfish.  Longnose lancetfish are extremely fragile and tear easily between 

the hooked mouth and body when retrieved on the longline (Fig. 2.4).  As such, the 

objective of the pilot study was to determine whether the systematic sampling protocol 

would provide enough intact and measurable longnose lancetfish suitable for stomach 

analysis (Fig. 2.5).   

Three experienced fishery observers were asked to participate in this study.  Each 

was supplied with a sampling kit including 20 Ziploc bags, 20 large trash bags, 20 

specimen tags, rubber bands and a written description of fish collection procedures.  

   
Figure 2.4.  A longnose lancetfish    Figure 2.5.  A longnose lancetfish 
captured in the Hawaii-based fishery   being retrieved from pelagic longline  
with its head detached from the body.  gear in the Hawaii-based fishery. 
Photo credit: PIROP.         Photo credit: PIROP.  

 
Feedback from the observers by personal communications and notes on their data 

forms helped to ensure safe handling when preparing the fish for the freezer.  Longnose 
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lancetfish have large sharp teeth that can both tear through bags, gloves and even 

puncture skin if not handled carefully.  The average of 15 longnose lancetfish collected 

from each trip in the pilot study proved to be sufficient.  The goal for the formal study 

was to sample at least 20 different shallow-set trips to cover the geographic expansion of 

fishing effort in the shallow-set longline fleet, while collecting an average of 15 longnose 

lancetfish per trip. 

 

Specimen Collection 

A total of 233 longnose lancetfish were collected from 41 trips from the Hawaii-

based shallow-set fishery by a total of 28 observers (Fig. 2.6).  Of the 233 longnose 

lancetfish, 41 were not suitable for analysis due to stomachs that were either severed with 

contents lost or entirely missing due to the fragility of the fish.  Longnose lancetfish 

could not be sorted by sex because they are synchronous hermaphrodites where the 

ovarian and testicular tissues are simultaneously developed (Smith and Atz, 1973).  

Observers were directed to measure the fork length (FL) in centimeters of each longnose 

lancetfish collected as a specimen.  They were asked to complete a specimen tag (Fig. 

2.7) with the trip number, set number, data form page number and the measured FL.  

Once the observer secured the tag to the longnose lancetfish with a rubber band, they 

were directed to store the fish in the vessels’ freezer or ice hold. 
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Figure 2.6.  An observer measuring the  Figure 2.7.  An example of a specimen 
FL of a longnose lancetfish captured on tag to be completed and attached to  
a shallow-set trip with 2 m calipers. each longnose lancetfish collected by a  
Photo credit:  Greg Bary (PIROP).  NOAA fishery observer aboard a 

shallow-set longline  vessel. 
 
Stomach Content Analysis 
 

Longnose lancetfish were measured at sea to the nearest cm FL prior to freezing 

and weighed to the nearest kg, (wet weight), after thawing in situ.  For each fish, a 

superficial straight-line cut from the anus anterior through the mid pelvic girdle was 

performed to expose the peritoneal cavity.  Stomachs were then extracted whole with 

incisions at the cardiac and pyloric sphincters.  Stomachs were weighed to the nearest 

gram.  The appearance of longnose lancetfish stomachs (Fig 2.8) were generally dark 

gray in color.  Stomach contents were removed and processed similar to Jackson et al. 

(2000). 

The presence of plastic marine debris in this study was determined visually. 

Plastic pieces that could not be seen with the naked eye were not quantified in this study.  

The intestines (Fig 2.9) were fragile and easily torn when handled and thus not included 

in the stomach analysis.  The digestion process for longnose lancetfish is believed to 

occur in the intestine rather than the stomach (Allain, 2003) therefore, plastic marine 

debris would have to move from the stomach through the small canal connecting the 
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stomach to the intestine.  It is possible that minute pieces of plastic marine debris 

indistinguishable by the unaided eye may have passed from the stomach to the intestine 

and thus was not quantified in this study.  When plastic debris was discovered, associated 

prey items were quantified and identified to the family level and the plastic pieces were 

collected, labeled, and stored to be measured and weighed at a later date.   

   
Figure 2.8.  An opened stomach of a    Figure 2.9.  An example of easily torn 
longnose lancetfish.          intestines of a longose lancetfish. 
 

Plastic Characterization 

Each piece of plastic marine debris was measured and categorized by similar 

characteristics such as type, shape, malleability, and color.  The six groups were: net, 

fragment, rope, strap, plastic bag, and miscellaneous.   

The pliability of each fragment was easily determined by touch.  If the fragment 

bent without breaking it was considered soft, if it broke it was considered hard and if it 

had any obvious curvature in shape, it was considered to be rounded.  Single or multi-

strand monofilament or whether the plastic marine debris was systematically woven or 

knotted were criteria used to subcategorize the net category.  Plastic marine debris that 

resembled net, but was not manufactured of monofilament or systematically woven or 

knotted was considered to be rope.  The rope category was divided into two 
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subcategories; braided and miscellaneous.  Based on what appeared to be the original tint 

(black, blue, brown, clear, gray, green, green and white, orange, and white), the collected 

plastic marine debris was divided into nine color categories.   

Each piece of plastic marine debris was measured for weight (g), length (mm), 

diameter (mm) and area (mm2).  An analytical scale (A&D Weighing, San Jose, CA) was 

necessary to weigh most pieces and measurements were made to the nearest gram.  

Venier calipers (Central Tools, Inc., Cranston, RI) were used to measure the length, 

width, and diameter of the plastic debris in millimeters.  Often, especially for rope and 

net, the diameter and width measurements were the same.  To obtain the surface area of 

the plastics in mm2, the photo analysis software, Image J (Version 1.440, National 

Institute of Health, Bethesda, MD) was utilized. 

 

National Institute of Health (NIH) Image J Photo Analysis  

The plastic marine debris collected varied in shapes and sizes.  Many of the 

plastic pieces, including rope, were irregular in shape, but the Image J photo analysis 

software was an effective tool in calculating the surface area.  A Cannon Rebel T3 

(Cannon Corporation, Lake Success, NY) digital single lens reflex camera was used to 

take photos of the different pieces of plastic marine debris.  To achieve maximum 

contrast, comparisons were made between a white and burgundy-red background.  In 

each photo frame, graph paper was used, which enabled adjustments to the measurement 

scale in regards to the focal length (Fig 2.10) be made.  Based on the length of one side of 

the square in the graph paper measured with the line selection tool, Image J was able to 

convert the pixels of the selected shape into mm2.  Image J has an assortment of tools 
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available to include and exclude shapes in the photo.  After the scale was set, the photo 

was converted into an 8-bit image to experiment with the threshold binary contrast 

enhancement which helped to reveal detail and sharpen the edges of the different shapes 

of plastic (Fig. 2.11). 

   
Figure 2.10  A piece of plastic marine   Figure 2.11.  A piece of plastic marine 
debris on a burgundy-red background debris imaged using the threshold  
to create contrast for the Image J  binary contrast enhancement tool. 
software analysis. 
 
 
2.3 Statistical Analyses  

All statistical analyses were performed using SigmaStat (Version 3.5, Systat 

Software, San Jose, CA).  A linear regression was used to analyze the length and weight 

of longnose lancetfish.  A plus four confidence interval for a single proportion (α=0.05) 

(Moore et al., 2009) was used to calculate the confidence interval for the proportion of 

fish that ingested plastic debris.  This method is commonly used to measure the 

confidence intervals for small sample sizes. 

 

2.4 Results 

Longnose Lancetfish Sampled 

The number of hooks deployed from the 41 sampled shallow-set trips ranged from 

555 to 1,395 with a mean of 993 hooks.  The number of hooks per float ranged from four 
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to seven with a mean of five hooks between consecutive floats.  Although longnose 

lancetfish were captured on each of the hooks throughout the catenary curve, they were 

caught on hook number two and hook number four more than others (Fig. 2.12).  The 

observed depth for shallow-set gear with four hooks between successive floats had a 

median value of 60 m over the course of 333 swordfish sets (Bigelow et al., 2006).   
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Figure 2.12.  Position on the catenary curve where longnose lancetfish were 
captured in the Hawaii-based shallow-set fishery.  There were 190,651 hooks 
deployed during the sampling period. 

 

Plastic marine debris detectable by the unaided eye (≥ 27.8 mm2) was found 

inside the stomachs of 47 fishes, or 24% of the 192 fish sampled.  The number of fish that 

ingested plastic marine debris is a conservative estimate.  Plastic marine debris may have 

been present in the intestines (that were not dissected), may have been regurgitated prior 

to the stomach analysis or missed during visual inspection. 

The distribution of longnose lancetfish with ingested plastic marine debris was 

not normal.  A plus four confidence interval for a single proportion, estimates the 

proportion from a population based on a selected sample.  There is a 95% chance that 19 
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to 31% of longnose lancetfish caught in the Hawaii-based shallow-set longline fishery 

will have ingested plastic marine debris. 

Longnose lancetfish collected in this study varied considerably in both length and 

weight.  Individuals ranged from 48 to 146 cm FL and 0.18 to 6.56 kg in weight (Fig. 

2.13).  Both distributions are bi-modal with peaks at the 80 cm and 130 cm FL 

measurements.  There were few fish sampled smaller than 60 or larger than 140 cm.  No 

fish were sampled between 95 and 105 cm FL. 
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Figure 2.13.  The larger histogram with dark colored bars represents all the 
longnose lancetfish sampled.  The insert graph is the distribution of longnose 
lancetfish found to have ingested plastic marine debris.  
 

Plastic Marine Debris Ingested 

The majority of ingested plastic marine debris ingested per fish was measured to 

have a total surface area <3,000 mm2 (Figure 2.14).  The total surface area outliers 

corresponded to three different longnose lancetfish that contained a large piece of a black 

plastic bag (Figure 2.15), fragments and net and braided rope (Figure 2.16) and net. 
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Figure 2.14.  Distribution of the total surface area of plastic marine debris ingested 
by each of the 47 longnose lancetfish captured in the shallow-set longline fishery. 
Measurements were round half up when necessary. 
 

   
Figure 2.15.  A plastic bag removed   Figure 2.16.  Large braided rope 
from the stomach of a  longnose    from the stomach of a longnose   
lancetfish captured in the shallow-set lancetfish captured in the shallow-set 
fishery.  The star      represents the   fishery. 
fish’s stomach. 
 
 

Although the total weight (Fig. 2.17) of the plastic marine debris ingested per fish was 

generally less than three grams, one fish ingested a braided rope along with a piece of net 

that weighed 9.98 grams.  The majority of plastic marine debris ingested per fish was less 

than 300 mm in total length (Fig. 2.18).  The outlier at 800 mm was the same outlier for 

the area and weight distribution, one fish that ingested a braided rope and net. 
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Figure 2.17.  Distribution of the total weight of plastic marine debris ingested by 
each of the 47 longnose lancetfish captured in the shallow-set longline fishery. 
Measurements were round half up when necessary. 
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Figure 2.18.  Distribution of the total length of plastic marine debris ingested by 
each of the 47 longnose lancetfish captured in the shallow-set longline fishery. 
Measurements were round half up when necessary. 
 

A length-weight linear regression was used to analyze the relationship between 

the two longnose lancetfish groups: fish with plastic marine debris and fish without 
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plastic marine debris (Fig. 2.19).  The dashed regression line represents the relationship 

between the FL and weight based on the data collected on fish without plastic marine 

debris and the dotted regression line represents the relationship between the FL and 

weight based on the data collected on fish with plastic marine debris.  The solid line 

illustrates the trend for both groups.  Although the lines cross approximately at the 110 

cm mark, there was no significant difference between the slope for longnose lancetfish 

with and without ingested plastic marine debris.  The fork lengths and weights of fish that 

did ingest plastic marine debris were similar of fish that did not ingest plastic marine 

debris.  
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Figure 2.19.  Linear regression for 3 groups of longnose lancetfish; with plastic (···), 
without plastic (---), both groups combined (—).  The key represents fish with 
ingested plastic (○) and fish without ingested plastic (●). 
 

A linear regression was used to analyze the relationship between the FL and the 

weight of longnose lancetfish and the surface area of plastic marine debris ingested by 
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longnose lancetfish.  There were no significant relationships detected and there were no 

considerable differences when the outliers were excluded. 

 

Plastic Debris Characterization 

The six groups of plastic marine debris were: rope, net, strap, plastic bag, 

fragment, and miscellaneous (Figure 2.20).  The miscellaneous group consisted of one 

piece of plastic marine debris that did not fit into any of these categories and resembled 

fiber tape material.  The ingested plastic marine debris appears to come from a variety of 

sources for which the country of origin and source could not be determined.  The straps 

were similar to the type used in securing cardboard boxes that hold fish bait. 

 

b. c.a. 

 

 d. e. f. 

Figure 2.20.  The six main categories of plastic marine debris collected from the 
stomach contents of longnose lancetfish captured in the shallow-set longline fishery 
are: a. Rope, b. Net, c. Strap, d. Plastic bag, e. Fragment, and f. Miscellaneous.  
 
 

Plastic fragments (Figure 2.21) comprised over half (51.9%) of the plastic marine 

debris categorized, followed by rope (21.3%) and net (20.4%), which were similar in 

percentages.  Strap, plastic bag and the miscellaneous categories totaled less than 7%.  
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Figure 2.21.  Percentages for the six major categories of plastic marine debris 
collected from longnose lancetfish captured in the shallow-set longline fishery. 
 
 
The plastic fragment category was further divided into four subcategories (Fig. 2.22) 

based upon the pliability of each piece as determined by touch. 

 

 

k. l. m. n. 

Figure 2.22.  The subcategories for plastic fragment debris collected from the 
stomachs of longnose lancetfish captured in the shallow-set longline fishery are: k. 
Soft, l. Rounded, m. Hard, and n. Hollow square pattern.   
 
 
Hard fragments were those that did not bend without breaking and accounted for most of 

the plastic fragment debris (Figure 2.23).  Soft fragments were those that did not break 

when bent, and combined with the rounded and hollow square pattern fragments only 

totaled 32.1% of the total fragment debris. 
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Fragment 

Figure 2.23.  Percentages for the four subcategories categorized as plastic fragments 
within the plastic marine debris collected from the stomach contents of longnose 
lancetfish captured in the shallow-set longline fishery. 
 
The plastic net category was further divided into four subcategories (Figure 2.24) based 

on the type of monofilament or multi-filament detected. i.

 

g.  h. i. j. 

Figure 2.24.  The subcategories for plastic net debris collected from the stomach 
contents of longnose lancetfish captured in the shallow-set longline fishery are: g. 
Monofilament multi-strand, h. Monofilament single strand, i. Multi-filament, and j. 
Miscellaneous. 
 

Multi-strand monofilament comprised over half (54.5%) of the four different 

types of net debris followed by single-strand monofilament (22.7%) (Fig. 2.25).  The 

multi-filament and miscellaneous subcategories made up 22.7% of total net debris. 

 34



Net 

13.6%

54.6%

9.1%

22.7%

Net- miscellaneous

Net- monofilament, multi-strand

Net -multi-filament

Net-monofilament, single-strand

 
Figure 2.25.  Percentages for the four subcategories categorized as plastic net debris 
collected from the stomach contents of longnose lancetfish captured in the shallow-
set longline fishery. 
 
Plastic marine debris that was not constructed of monofilament or systematically woven 

or knotted was categorized as rope.  The miscellaneous subcategory included strands of 

twine that appeared to have been pieces from rope (Fig. 2.26). 

 

o. p. 

Figure 2.26.  The subcategories for plastic rope debris collected from the stomachs 
of longnose lancetfish captured in the shallow-set fishery are: o. Braided, and p. 
Miscellaneous. 
 

Plastic marine debris was also categorized by color to examine whether the 

longnose lancetfish ingested a particular color more often than others.  In some cases it 

was challenging to determine the initial color of some of the plastic debris due to biofilm 

build-up and decay.  The color (Fig. 2.27) with the greatest percentage was white 

(31.5%), which was comprised mostly of hard fragments and some monofilament net and 

miscellaneous rope.  Green had the second highest color percentage (16.7%) and was 

represented mainly by multi- and single-strand monofilament and braided rope. 
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Figure 2.27.  Percentages for the nine different colors of plastic marine debris 
collected from the stomach contents of longnose lancetfish captured in the shallow-
set longline fishery. 
 

The total and percent surface areas including the mean surface area with standard 

deviation were calculated for each plastic marine debris category (Table 2.1).  Although 

there were only two pieces in the plastic bag category, they accounted for 28.8% of total 

surface area of all plastic debris found.  The net category (n=19) represented 51.9% of 

total surface area while fragments, which comprised 47.5% of the total type of plastic 

debris, ranked third at 13.9%.  

 

Table 2.1.  Quantification of surface area of plastic marine debris from the stomach 
contents of 47 longnose lancetfish captured in the shallow-set longline fishery. 
Debris N (%) Area (mm2)    Area (%) mean area ± 1 S.D.  Range 
Fragment 38 (47.5) 24,929.90 13.9 445.2 ± 464.9  (0-2,130) 
Rope 16 (20.0) 7,019.60 3.9 305.2 ± 433.7 (0-2,086) 
Net 19 (23.8) 93,413.00 51.9 4,202.7 ± 14,752.9  (0-68,983) 
Strap 4 (5.0) 1,644.30 0.5 411.1 ± 142.6  (0-610) 
Plastic bag 2 (2.5) 51,843.70 28.8 25,921 ± 35,442.0  (0-50,983) 
Miscellaneous 1 (1.3) 954.5 0.9 954.5 ± 0 (954.5) (954.5) 
      
Total 80 (100) 179,804.9         —— 1,656.1 ± 8,256.4  (0-68,983) 
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The total and percent weights including the mean weight with standard deviation were 

calculated for each plastic marine debris category (Table 2.2).  Fragments accounted for 

the largest percentage of weight (42.7%). 

 

Table 2.2.  Quantification of weight of plastic marine debris from the stomach 
contents of 47 longnose lancetfish captured in the shallow-set longline fishery. 
Debris N (%) Weight (g) Weight (%) mean area ± 1 S.D.  Range 
Fragment 38 (47.5) 23.6 42.7 0.422 ± 0.59  (1-3.01) 
Rope 16 (20.0) 7.7 13.9 0.33 ± 0.90  (1-4.34) 
Net 19 (23.8) 19.2 34.6 0.87 ± 2.10  (1-9.25) 
Strap 4 (5.0) 1.9 3.4 0.10 ± 0.05  (1-.14) 
Plastic bag 2 (2.5) 2.6 4.6 1.28 ± 1.78  (1- 2.54) 
Miscellaneous 1 (1.3) 0.4 0.7 1.88 ± 0  (1.88) 
      
Total 80 (100) 55.3         —— 0.51 ± 1.1  (0-9.25) 

 

The total and percent length including the mean length with standard deviation was 

calculated for each plastic marine debris category (Table 2.3).  The rope category (n=16) 

represents 35.0% of the total length while fragments, which total 80.8% of the total type 

of plastic marine debris, ranked third 22.8%. 

 

Table 2.3.  Quantification of length of plastic marine debris from the stomach 
contents of 47 longnose lancetfish captured in the shallow-set longline fishery. 
Debris N (%) Length (mm) Length (%) mean area ± 1 S.D.  Range 
Fragment 38 (47.5) 1,816.20 22.8 32.4 ± 25.0  (1-138.9) 
Rope 16 (20.0) 2,797.10 35.0 121.6 ± 131.9  (1-660.4) 
Net 19 (23.8) 2,386.30 29.9 108.5 ± 152.5  (1-723.9) 
Strap 4 (5.0) 105 1.3 69.1 ± 15.1  (1-83.9) 
Plastic bag 2 (2.5) 600.4 7.5 300.2 ± 367.4  (1-560) 
Miscellaneous 1 (1.3) 276.2 3.5 105 ± 0  (105) 
      
Total 80 (100) 7,981.1         —— 73.90 ± 111.05  (0-723.9) 

 

 

 

 37



Identified Prey with Plastic Debris  

 The stomach contents of 32 out of the 47 longnose lancetfish (68%) that ingested 

plastic marine debris also included prey items.  The prey collected and identified were 

diverse and primarily epipelagic and mesopelagic organisms (Table 2.4) including small 

amphipods (family Hyperiidae) (Fig. 2.28), squids (family Histioteuthidae) and a Pacific 

fanfish (family Bramidae).  There were a few non-vertically migrant species from 

mesopelagic depths such as the hatchetfish (family Sternoptychidae) and evidence of 

canniblism (Fig. 2.29).  See Table 2.4 for the complete list of prey items found. 

  
Figure 2.28.  Stomach contents of a  Figure 2.29.  The head of a longnose 
longnose lancetfish that ingested    lancetfish protruding from the  
plastic marine debris: fangtooth fish, operculum of a larger longnose  
squid beaks, juvenile longnose    lancetfish(   ), evidence of cannibalism. 
lancetfish, amphipods and plastic   Photo credit: Don Hawn (NOAA Fisheries). 
marine debris.   
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Table 2.4.  Prey items collected from stomach contents of 32 of the 47 longnose 
lancetfish captured in the shallow-set fishery with ingested plastic marine debris. 
Type: P (pelagic)=fish living without relation with bottom, E (epipelagic)=ocean 
surface-200 m , M (mesopelagic)= 200-1,000 m, B (bathypelagic)= 1,000-4,000 m. 
j=juvenile, a=adult (Clarke 1974; Allain, 2003; Pietsch 2009). 
Family or species, 
 common name Type Number 

Percent of Total 
Prey 

Fishes     

 
Alepisaurus ferox, longnose 
lancetfish E,P,M 7 2.60% 

 Anoplogastridae, fangtooths 

jE,M,B 
– 
aM,B 35 12.90% 

 Pteraclis aesticola, fanfish E 1 0.40% 
 Ostraciidae, boxfishes jE - aD 11 4.10% 
 Ranzania laevis, slender mola E,M 3 1.10% 
 Phosichthyidae, lightfishes E,M 3 1.10% 
 Sternoptychidae, hatchetfish M 10 3.70% 
 Trachipteridae, ribbonfishes M 1 0.40% 
 Ceratioid (suborder), anglerfishes M,B 1 0.40% 
 unidentified fish   5 1.80% 
Crustaceans     
 Hyperiidae, amphipods E 182 67.20% 
 Phronimidae, amphipod E 1 0.40% 
Cephalopods      
 Onychoteuthidae, hooked squid  P 2 0.70% 
 Histioteuthidae, squid M 5 1.80% 
 Enoploteuthidae, squid          M 4 1.50% 
     
Gastropoda     
 Carinariidae, heteropods P   
Total     271 100.00% 

 
 
 
2.6 Discussion 

Presence of Plastic Marine Debris in Longnose Lancetfish 
 

This study found that plastic marine debris was indeed present in the stomach 

contents of longnose lancetfish.  Of the 192 longnose lancetfish dissected, plastic marine 

debris was found in the stomach contents of 47 fish (24%) sampled from November 2010 

through August 2011 in the Hawaii-based shallow-set longline fishery.  Longnose 

lancetfish are known to feed opportunistically on slow moving prey, so plastic marine 
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debris adrift in the water column may be mistaken as a prey item.  The ambush-rushing 

type of hunting characteristic of longnose lancetfish may not allow the fish ample time to 

distinguish between plastic marine debris and marine organisms.   

Previous studies of plastic debris ingestion by planktivorous fishes in the North 

Pacific Subtropical Gyre found 9.2% (Davison and Asch, 2011) and 35.0% (Boerger et 

al., 2010) of fish to have ingested plastic marine debris.  A study of plastic debris 

ingestion by three marine catfish species, Cathorops spixii, Cathorops agassizii, and 

Sciades herzbergii, in a tropical estuary in Northeast Brazil found 18.0%, 33.0%, and 

18.0%, respectively, to have plastic marine debris in their stomachs (Possatto et al., 

2011). 

 

Size of Longnose Lancetfish and Quantity of Plasic Marine Debris Ingested 
 

There were no obvious size differences between longnose lancetfish with and 

without plastic marine debris in their stomach contents.  The length and weight 

measurements for both groups were similar to a weight-on-length relationship on 

longnose lancetfish caught in the Central North Pacific Ocean (Uchida and Kazama, 

2003).  This study found that longnose lancetfish longer in length and greater in weight 

did not have larger plastic debris pieces present in their stomach contents in comparison 

to shorter, smaller longnose lancetfish.  There was no relationship between either the 

weight or fork length of longnose lancetfish and the surface area of collected plastic 

marine debris.  The lack of any relationship was not expected.  It is postulated that the 

larger a fish becomes the larger the prey items they may consume.  Likewise, the larger 

the fish becomes the older the fish is and therefore will have consumed more prey and 
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possibly more plastic marine debris during its accumulated feeding activities.  Longnose 

lancetfish may have a method of purging plastic debris that is too large to pass through 

the gastrointestinal system, limiting the time period of plastic debris retention.   

In the study on plastic debris ingestion by three marine catfish by Possatto et al. 

(2011), the numbers of plastic debris pieces ingested varied in accordance to ontogenetic 

phases between each of the different species.  Despite having a variation in fork lengths 

and weights for the 47 longnose lancetfish collected with ingested plastic marine debris 

(mean length = 100.0 ± 24.9 cm, range: 65-137 cm and mean weight =1.96 ± 1.49 kg, 

range: 0.39-6.31 kg), this size array may not have encompassed any significant 

ontogenetic shifts; juvenile, sub-adult and adult development phases.  The development 

stages of longnose lancetfish are not well documented in the literature.  

  
Characteristics of Plastic Marine Debris in Longnose Lancetfish 
 
 Plastic debris can be divided into three categories: macro-debris (>20 mm 

diameter), meso-debris (2-20 mm diameter) (Ryan et al. 2010) and microplastics (≤ 5 

mm) (NOAA MDP, 2012).  The range of plastic marine debris collected in this study is 

from 3.1 mm to 723.9 mm.  The majority of this plastic marine debris is considered 

macro-debris (mean length = 73.9 ± 111.1 mm), much larger than the debris collected in 

the planktivorous fish studies of Davison and Asch (2011) (mean length = 2.2 mm +-1.9 

mm) and Boerger et al. (2010) (range: 1-2.79 mm).  The catfish study by Possatto et al. 

(2011) did not include measurements of the plastic debris collected but describes it as 

being small based on the size of the fish (range: 3-30 cm total length).  The plastic marine 

debris collected in this study more closely resembled the plastic marine debris in the 

study by Jackson et al. (2000) on the diet of the southern opah, in which a high incidence 
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of plastic marine debris ingestion was documented to be in the size range of 60 mm-675 

mm. 

Identification of Prey Items 
 

The primary objective for examining prey items was to document whether there 

were any present in longnose lancetfish stomachs whith plastic marine debris.  Once prey 

items were detected, the secondary objective was to identify and quantify these items to 

examine what ocean layer the prey organisms inhabited as a possible indicator of where 

plastic marine debris may have been ingested. Although most plastic marine debris is 

positively buoyant, biofouling can cause some debris to become neutrally buoyant and 

sink below the ocean surface and throughout the water column (Moore et al., 2001).  Ye 

and Andrady (1991) discovered in a study in the Biscayne Bay (Florida, USA) that as 

marine plastic and rubber debris became encrusted by foulants, they became negatively 

buoyant sinking well below the water surface.  Subsequent de-fouling due to foulant 

foraging by other organisms may decrease the density and cause the marine debris to 

cycle between the surface and the water column below.  

The prey items identified and collected from 32 longnose lancetfish included 

cephalopods, invertebrates and many fish families such as the Alepisauridae, suggesting 

the occurrence of cannibalism.  In a study by Allain (2003) on the diets of wahoo 

(Acanthocybium solandri), dolphinfish (Coryphaena hippurus) and longnose lancetfish in 

the Western and Central Pacific, she found the diet of the longnose lancetfish to be the 

most varied, feeding on mainly epipelagic and pelagic organisms, and also found 

cannibalism to be an important part of their diet. 
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According to Kubota and Uyeno (1970), longnose lancetfish undertake vertical 

migration and feed on organisms found in the surface, middle and bottom layers of the 

ocean.  Prey items identified and collected in this study were primarily epipelagic and 

mesopelagic species (Fig. 2.32) in which a few of the mesopelagic species are non-

vertically migrant such as the anglerfish in the ceratioid suborder (Pietsch, 2009) and the 

hatchetfish (Sternoptyx pseudobscura) (Fig. 2.31).  Allain (2003) also found Sternoptyx 

sp. in her diet study on longnose lancetfish, which demonstrates that longnose lancetfish 

can dive to mesopelagic depth, 200 to 1000 meters below ocean’s surface.   

Longnose lancetfish have the tendency of to feed on slow-moving, less muscular 

gelatinous species throughout a wide range in the water column (Moteki et al., 2001).  

Although there is no link in this study to directly associate the plastic marine debris 

ingested by longnose lancetfish with the ocean depths of associated prey, such as the non-

vertically migrant hatchetfish and anglerfish, there may be potential to bridge the gap 

between plastic marine ingestion and ocean depth in future studies.  Stomach analysis of 

all prey items ingested by longnose lancetfish would be insightful in regards to the 

bioaccumulation of the quantity of plastic marine debris.  Analysis of non-vertically 

migrant species in the mesopelagic depths, targeted with longline gear or a deep water 

trawl, may reveal the potential of plastic marine debris to move throughout the water 

column. 
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Figure 2.31.  Hatchetfish, (Sternoptyx    Figure 2.32.  The five layers of the ocean: 
sp.), a non- vertically migrant species   epipelagic, mesopelagic, bathypelagic, 
from mesopelagic depths collected   abyssopelagic, and hadalpelagic zones. 
from the stomach contents of  a    Credit: NOAA, National Weather Service 
longnose lancetfish with ingested  
plastic marine debris. 
 
 

2.7 Conclusion 

Plastic debris was found in the stomach contents of 47 fish, 24% of the fish 

sampled from November 2010 through August 2011 in the Hawaii-based shallow-set 

longline fishery.  There is a 95% chance that 19 to 31% of longnose lancetfish in the 

shallow-set fishery will have ingested plastic marine debris.  There was no relationship 

between either the weight or the fork length of longnose lancetfish with the surface area 

of collected plastic marine debris as expected possibly due to a sample size which may 

have excluded significant ontogenetic shifts; juvenile, sub-adult and adult development 

phases as well as the limitation in isolating fish with ingested plastics into subgroups such 

as gender.  The majority of plastic marine debris collected from the stomach contents of 

longnose lancetfish in this study are considered to be macro-debris (>20 mm diameter).  

This study is an excellent baseline dataset to compare with the predicted arrival of the 

tsunami-generated debris from the Japan tsunami of March 2011. 
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Organic compounds may be used as an additive in polymers to enhance the 

unique properties of plastics (e.g. tensile strength).  Plastic marine debris may also 

contain hydrophobic persistent organic pollutants, such as polychlorinated biphenyls, 

which occur ubiquitously in seawater at very low concentrations and can be absorbed by 

plastic marine debris at a greater order of magnitude than the surrounding sea water 

(Andrady, 2011).  These contaminants may desorb into marine life once ingested and 

enter the marine food web and possibly penetrate cells and interact with fundamental 

biological molecules, possibly disrupting the endocrine system (Teuten et al., 2009). 

This research confirms that longnose lancetfish captured in the Hawaii-based 

shallow set longline fishery ingest varying types, colors, and sizes of plastic marine 

debris.  Although, the longnose lancetfish is not directly consumed by humans, they are a 

common prey for fish species such as bigeye tuna and swordfish that are commercially 

harvested for human consumption.  The behavior between the toxins associated with the 

plastic marine debris and the muscle tissue and organs of fish that ingest plastic marine 

debris is not well understood.   

One implication of planktivorous fish ingesting plastic microplastics (≤ 2 mm) is 

the contamination of the food web and biomagnification.  The majority of plastic marine 

debris discovered in this study were macro-debris (> 20 mm) and do to their size may 

exacerbate the contamination of the food web.  The larger surface area of the plastic 

marine debris may contain, absorb and desorb more plastic-associated chemicals in 

comparison to micro (≤ 2 mm) and meso-debris (>5-20 mm).  Further research is needed 

to understand the complexity of plastics and pollutants to reveal possible impacts on 

marine and human health. 
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CHAPTER 3: LOCATIONS AND DATES OF CAPTURE OF 

LONGNOSE LANCETFISH WITH INGESTED PLASTIC MARINE 

DEBRIS IN THE NORTH PACIFIC SUBTROPICAL 

CONVERGENCE ZONE 

 

3.1 Introduction  

 Studies utilizing drifting buoys and wind-drift models (Kubota,1994; Maximenko 

et al., 2012) suggest that the greatest concentration of marine debris occurs within 

specific regions in the North Pacific Ocean such as the Subtropical Convergence Zone 

(STCZ).  The STCZ is a region of surface layer convergence created by Ekman transport, 

which is a reduction in current speed and direction of flow, associated with a vertical 

velocity component (Roden, 1991).  The STCZ lies south of the North Pacific Transition 

Zone (TZ) and is bounded by two physical fronts, the Subarctic Frontal Zone (SAFZ) to 

the north and the Subtropical Frontal Zone (STFZ) to the south (Howell et al., 2012).  

These large-scale fronts are complex, comprised of one or more individual fronts 

convoluted in shape, meander and shed eddies (Roden, 1980).  During the winter and 

spring months, surface manifestation of these complex fronts in the STFZ are evident, 

characterized by a rapid change in temperature and salinity most prominent at 32°-34°N 

and 28°-30°N latitudes (Seki et al., 2002).  The position of the convergent fronts in this 

region during the winter and spring months correspond spatially to the Hawaii-based 

shallow set fishing grounds (Seki et al., 2002).  
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The Transition Zone Chlorophyll Front (TZCF) is a proxy indicator that exists for 

the region of high surface convergence in the STCZ (Howell et al., 2012).  The TZCF is a 

biological indicator of surface convergence defined as the 0.2 mg chlorophyll-a m-3 

isopleth (Polovina et al., 2001).  The TZCF and the STCZ are coupled with a physical and 

biological association most evident west of 160° to the 180° W longitude (Bograd et al., 

2004).  The same mechanisms that generate these convergent fronts are responsible for 

aggregating passive buoyant organic matter, marine debris and active pelagic species 

such as swordfish (Xiphias gladius), (Seki et al., 2002; Howell et al., 2012). 

Changes in wind stress and an increase in insolation (Howell et al. 2012) result in 

the latitudinal migration of the associated fronts within the TZ (SAFZ, STFZ, TZCF and 

STCZ), varying between 30-35° N in winter months and 40-45° N in summer months 

(Bograd et al., 2004).  Enhanced surface convergence and vertical mixing cause the 

STCZ to migrate even further south during El Niño events (Donohue and Foley 2007; 

Morishige et al., 2007; Pichel, et al. 2007).  The highest accumulation of marine debris is 

expected to be concentrated in the STCZ during the winter months in result to increased 

wind stress and convergence (Bograd et al., 2004; Pichel et al., 2007). 

Plastic ingestion by piscivorous fish, specifically the longnose lancetfish, in the 

North Pacific STCZ is not well documented.  This study focuses on the longnose 

lancetfish captured in the Hawaii-based shallow set longline fishery.  Longnose lancetfish 

are a common bycatch captured in the Hawaii-based longline fishery and are considered a 

discard.  Longnose lancetfish are a widely distributed epi-mesopelagic fish with a 

voracious diet and are often caught throughout the water column by commercial pelagic 

longline gear.  
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 The morphology of the longnose lancetfish is favorable to ambush predator 

hunting tactics.  The longnose lancetfish has an elongate body with flabby, watery 

muscles, which suggest its inability to swim at high cruising speed for extended lengths 

of time (Romanov and Zamorov, 2002).  The ambush predator type of foraging is less 

energetically demanding than actively chasing prey (Romanov and Zamorov, 2002) and 

may result in incidental ingestion of plastic marine debris by this species. 

 

Objectives and Hypotheses 

This study examines the geographic locations and dates of capture of longnose 

lancetfish (with ingested plastic debris) captured in the Hawaii-based shallow-set 

longlinge fishery in relation to the North Pacific STCZ.  The specific objectives were to 

determine: (1) if a relationship exists between the number of plastic marine debris pieces 

ingested per fish and the geographic location of their capture; and (2) if a temporal 

relationship exists between the amount and size of plastic marine debris ingested by 

longnose lancetfish and the month of their capture.   

The following hypotheses were developed based on personal observation and 

knowledge gained from literature review: 1) Longnose lancetfish with the highest 

amounts of plastic marine debris in the stomach contents will have been caught in the 

vicinity of the Pacific STCZ as convergent fronts integrated within the Transition Zone 

have been linked with marine debris aggregation (Kubota, 1994; Pichel et al., 2007; 

Maximenko et al., 2012) and 2) Longnose lancetfish captured on the shallow-set longline 

during the winter/spring season will have ingested more pieces of plastic marine debris 

and plastic marine debris greater in surface area than longnose lancetfish captured during 
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the summer season.  Due to the strength of wind stress and convergence during the winter 

months, the highest accumulation of marine debris is expected to be concentrated in the 

STCZ (Bograd et al., 2004; Pichel et al., 2007).   

 

3.2 Materials and Methods  

Study Area 

The effort in the Hawaii-based shallow-set longline fishery is distributed north of 

the Hawaiian Archipelago, generally centered on the North Pacific STFZ where a variety 

of fronts, surface convergence and high chlorophyll concentrations is evident, most 

prominently between 32°-34°N and 28°-30°N (Seki et al., 2002).  Chlorophyll is a 

material that enables plant cells to convert sunlight to energy to promote growth (NASA, 

2012).  Scientists measure chlorophyll to identify areas in the ocean rich in nutrients and 

to monitor such processes as upwelling and surface layer convergence (NASA, 2012).  

The chlorophyll concentrations in the North Pacific Ocean for three months in the winter 

and spring seasons of 2010 and 2011 and one month in the summer season of 2011 are 

displayed in Figure 3.2.  Unfortunately, the satellite’s ocean color sensor can not receive 

wavelengths through cloud cover (NASA, 2012), therefore some data sets can be patchy 

depending on the number of days included in the image  
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Figure 3.1.  Chloropigment concentrations in the North Pacific Subtropical 
Convergence Zone for (a) January, (b) February, (c) May, and (d) July.  The white 
areas are missing data due to cloud coverage.  Map courtesy of Evan Howell (NOAA 
Fisheries). 

 

Specimen Collection 

Although a few shallow-set vessels (Fig. 3.3) fish throughout the year, the fishing 

season typically peaks in the winter and continues into the early spring.  Longnose 

lancetfish were collected from vessels departing in November 2010 to vessels arriving in 

August 2011.  To ensure randomness and ease of collection for the observers and 

fishermen, observers were directed to follow the current Pacific Islands Regional 

Observer Program (PIROP) systematic sampling protocol (PIROP Field Manual, version 
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LM. 09.11) of measuring every third fish.  Observers were asked to collect the measured 

fish if it was a longnose lancetfish.  There were 233 longnose lancetfish collected from 41 

trips from the Hawaii-based shallow-set fishery by a total of 28 observers (Fig. 3.4).  Of 

the 223 lancetfish, 41 were unsuitable for analysis due to stomachs that were either 

severed with contents lost or entirely missing due to the fragility of the fish. 

Observers were directed to complete a specimen tag with the trip number, set 

number, data form page number and the measured FL for each longnose lancetfish.  Once 

the observer secured the tag to the longnose lancetfish with a rubber band, they were 

directed to store the fish in the vessels’ freezer or ice hold. 

Data elements including: begin set latitude and longitude, begin set date, fork 

length, hooks per float and hook number (the hook which captured the longnose 

lancetfish) were queried from the NOAA PIROP Longline Observer Database System 

using Crystal Reports Version, 9.2.634 (Systems Applications and Products, Newton 

Square, PA).  Data collected from the stomach analysis included: the weight (wet weight) 

of the whole longnose lancetfish, the number of pieces of plastic marine debris, and the 

weight, length, and surface area of plastic marine debris. 

    
Figure 3.2.  Typical Hawaii-based Figure 3.3.  An observer posing with  
shallow-set longline vessel. a longnose lancetfish captured in  
 the Hawaii-based longline fishery. 
 Photo credit: Kealii Kahumoku. 
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3.3 Statistical Analysis 

A Generalized additive model (GAM)  analysis was performed by using the 

package ‘mgcv’ (Version 1.7-13, Simon Wood, University of Bath, Bath UK, 

simon.wood@r-project.org) in the software package R.  Generalized additive models 

(GAMs) are a class of models that expand the typical collection of likelihood-based 

regression models by replacing the linear function with an additive approximation (Hastie 

and Tibshirani, 1990).  The predictor variables examined were: time and date of the begin 

set, fork length and weight of the longnose lancetfish, surface area and weight of the 

plastic debris.  The nonparametric Wilcoxon rank sum test was used to test if there was a 

significant difference between the medians for the number of plastic marine debris pieces 

and the surface area of plastic marine debris ingested by longnose lancetfish during the 

winter/spring 2011 season and the summer 2011 season.  All statistical tests were run 

using the program R (version 2.13.2, R Development Core Team, Vienna, Austria). 

 

3.4 Results 

Spatial Analysis 

The main predictor in the GAM was a surface of latitude and longitude that 

enabled the best fit of the model to the number of plastic marine debris pieces per fish 

variable.  The main predictor (surface of latitude and longitude) added explanatory power 

to the GAM and was significant (P < 0.0001).  Although other predictor variables were 

examined, such as beginning set date and time, fork length and weight of the longnose 

lancetfish, they did not significantly add explanatory power to the GAM.  Based on the 

GAM (Fig. 3.5), the number of plastic marine debris ingested per longnose lancetfish was 
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highest around the 33°-35° N latitudes along 155° longitude and the 26°- 29° N latitudes 

along 173° longitude.  The GAM provided a reasonable fit to the spatial distribution of 

the plastic marine debris and accounted for 34.2% of the variability in the debris data. 
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Figure 3.5.  Two dimensional spatial effect (begin set location) of the number of 
pieces of plastic marine debris ingestion per fish.  The shades of pink characterize 
areas of high input with the contoured values representing the additive spatial 
component towards the total number of pieces of plastic debris expected for each 
longnose lancetfish sampled in these areas.  
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Temporal Analysis 
 

The ingested plastic marine debris was categorized into two groups, winter/spring 

and summer months.  The winter and spring months included December 2010 through 

May 2011 while the summer months included June and July 2011.  A Wilcoxon rank sum 

test was used to compare the differences between the numbers of plastic debris ingested 

by longnose lancetfish captured in the winter months with longnose lancetfish captured 

during the summer months.  There was no significant difference detected (P = 0.20, 

Figure 3.6), although a trend with higher values in the summer can be observed. 
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Figure 3.6.  Comparison of the median values for the number of pieces of plastic 
debris ingested by longnose lancetfish captured in the shallow-set longline fishery 
during the winter and summer shallow-set seasons.. 
 
 
A Wilcoxon rank sum test was also used to compare the differences between the total 

surface area of plastic debris ingested by each longnose lancetfish captured in the winter 

months with longnose lancetfish captured during the summer months.  There was no 

significant difference detected (P = 0.89, Figure 3.7).   
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Winter 

Figure 3.7.  Comparison of the median values for the surface area of plastic marine 
debris ingested by longnose lancetfish captured in the shallow set longline fishery 
during the winter and summer shallow-set fishing seasons. 
 
 

Chlorophyll concentrations from the BloomWatch 360, NOAA CoastWatch 

website using the Chlorophyll-a, Aqua MODIS, Net Primary Production, 0.05o, Global 

Science Quality data set for December 2010, March 2011, June 2011, and July 2011 were 

downloaded into ArcGIS (Version 10, ESRI, Redlands, CA) and mapped.  The 

chlorophyll concentrations were related with different geographical locations of longnose 

lancetfish captured with ingested plastic debris for each month.  In relation to the North 

Pacific STCZ, most prominently at 32°-34°N and at 28°-30°N, the months of December 

and March have the highest chloropigment concentrations ranging from 0.6 to 5.0 mg m-3 

(Fig. 3.8). 
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December 2011       March 2012 

 
     June 2011          July 2011 

 
Chl a (mg m-3) 

0.0 0.1 0.2 0.4 0.6 1.0 2.0 5.0  
Figure 3.8.  Map of chlorophyll concentrations for (a) December 2010, (b) March 
2011, (c) June 2011, and (d) July 2011.  The different colored circles represent the 
aggregated location where longnose lancetfish were captured and found to have 
ingested plastic marine debris.  The larger circles represent a greater amount of 
longnose lancetfish captured in the 5° grid compared to the smaller circles. 
 
 
3.6 Discussion  
 

This study found that the location of capture of longnose lancetfish with the 

highest amounts of plastic in stomach contents is indeed correlated with the location of 

the North Pacific STCZ as associated fronts within the NPTZ have been linked with 

marine debris aggregation.  The GAM found that longnose lancetfish with the highest 

number of plastic marine debris ingested to be around the 33°-35° N latitudes and the 
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26°-29° N latitudes, a region found by Seki et al. (2002) to have multiple, large-scale 

semipermanent fronts.  These fronts accentuate the central North Pacific STCZ system 

climatologically located at 32°-34°N and at 28°-30°N latitudes during the months of 

January-May (Seki et al., 2002).  Horizontal convergence works to restrain active and 

passive matter such as marine debris and is associated with active frontal zones in the 

STCZ (Howell, et al., 2012). 

This study found longnose lancetfish captured on the shallow set longline during 

the winter and spring months did not ingest more pieces of plastic marine debris or larger 

pieces of plastic marine debris compared to fish captured during the summer months.  

Although the geographic positions for the longnose lancetfish captured during June and 

July were within the 32°-34°N and at 28°-30°N latitudes, the chlorophyll concentrations 

in this region (Figure 3.11) are low and less than 0.1 mg m-3, indicating that the STCZ 

has shifted north.  There are a couple of reasons as to why there was no significant 

temporal difference between the number of pieces and surface area of plastic debris 

ingested by longnose lancetfish.  First, longnose lancetfish are pelagic fish species that 

move periodically.  The region in which a longnose lancetfish is captured may not 

necessarily be the region the fish ingested the plastic marine debris.  The plastic marine 

debris may have been ingested in an area the fish was in previously and due to its size, it 

has remained in the gastrointestinal system.  Second, the confounding potential of the 

bioaccumulation of large plastic debris pieces creates “background debris” making it 

difficult to detect any seasonal differences.  It is plausible that small debris simply pass 

through a fish’s gastrointestinal system returning to the sea environment, while larger 

pieces may reside in the stomach contents for a longer period of time.  Therefore, plastic 
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marine debris ingested during previous seasons may accumulate if the fish does not have 

a method to purge.  

 

3.7 Conclusions 

A spatial relationship exists between the STCZ, an area of known marine debris 

aggregation (Kubota 1994; Pichel et al., 2007; Maximenko et al., 2012), and longnose 

lancetfish with ingested plastic marine debris captured in Hawaii-based shallow-set 

longline fishery.  Longnose lancetfish captured in this region had the highest amounts of 

plastic marine debris ingestion compared to longnose lancetfish sampled in other 

geographical regions.  There was no temporal relationship between the amount of plastic 

marine debris and the surface area of plastic marine debris ingested by longnose 

lancetfish captured during the different months of the winter/spring and summer seasons.  

Longnose lancetfish captured in December in a region high in chloropigment, inside the 

STCZ, did not ingest more or larger pieces of plastic when compared to longnose 

lancetfish captured in June in a region of low chloropigment, outside the STCZ.  This 

may be due to the unknown retention of plastic marine debris in the stomach contents and 

the migrating behavior of longnose lancetfish. 

In summary, this research demonstrates that longnose lancetfish captured by the 

Hawaii-based shallow-set longline fishery near the STCZ ingested the greatest number of 

pieces of plastic marine debris.  The retention of plastic debris in longnose lancetfish is 

unknown and therefore, plastic debris may reside within the stomach for extended 

periods of time causing both acute and chronic problems.   
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Nonylphenol, a widely used additive stabilizer, was measured in high 

concentrations on plastic marine debris fragments collected from the open ocean (Teuten 

et al., 2009).  This contaminant may desorb into marine life once ingested and enter the 

marine food web and possibly penetrate cells and interact with fundamental biological 

molecules, possibly disrupting the endocrine system (Teuten et al., 2009).  One study on 

juvenile yellowtail jacks (Seriola lalandi) found six out of 19 fish to have detectable 

concentrations of nonylphenol, which is used in the wetting agents in consumer and 

industrial products such as paint, plastics and construction materials and is a chemical 

known to have adverse effects on the endocrine system (Gassel, et al., 2011).  

Nonylphenol does not occur ubiquitously in the open ocean environment like persistent 

organic pollutants; therefore, these findings indicate the exposure of the yellowtail jacks 

to nonylphenol is from the ingestion of plastic marine debris (Gassel, et al., 2011).  This 

the first study to find evidence for contamination of the food web from chemicals 

associated with plastic marine debris (Gassel, et al., 2011).   

While we do not directly consume longnose lancetfish, they are a common prey 

for fish that are commercially harvested for human consumption.  Fish that do not 

directly ingest plastic marine debris are potentially impacted indirectly when they feed on 

prey that do consume plastic marine debris.  Further research is needed to understand the 

relationship of ingested plastic marine debris and the behavior of the toxins, such as 

nonylphenol, associated with plastic. 
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CHAPTER 4:  DISCUSSION AND CONCLUSIONS 

The abundance and ubiquity of plastic marine debris in our oceans represents a 

threat of global significance.  Anthropogenic waste in the marine environment is no 

longer just an aesthetic concern or an isolated problem.  While the ingestion of plastic 

micro-debris by planktivorous fishes in the North Pacific Subtropical Gyre has been 

investigated in several studies (Boerger et al., 2010; Davison and Asch, 2011), plastic 

ingestion by piscivorous fish is not well documented.  However, to the best of my 

knowledge, this is the first study on the occurrence of plastic marine debris ingestion by a 

piscivorous species, longnose lancetfish (Alepisaurus ferox), in the Hawaii-based 

shallow-set pelagic longline fishery. 

 The primary objective of this study was to determine if longnose lancetfish are 

ingesting plastic debris and if so, to quantify and categorize the different types of plastic 

debris ingested.  Of the 192 lancetfish dissected in this study, plastic debris was found in 

the stomach contents of 47 fish, or 24% of the fish sampled. There is a 95% chance that 

19 to 31% of longnose lancetfish in the shallow-set fishery will have ingested plastic 

marine debris.  There was no significant relationship found between either the weight or 

the fork length of longnose lancetfish and the surface area of ingested plastic marine 

debris.  The majority of plastic marine debris ingested by longnose lancetfish in this 

study was considered to be macro-debris (mean length = 73.9 ± 111.0 mm, range: 3.1-

723.9 mm).  The ingested plastic marine debris appears to come from a variety of sources 

for which the country of origin and source could not be determined.  The different types 

of plastic collected were categorized by similar characteristics such as type, shape, 

malleability, and color.  The six categories were: rope, net, strap, plastic bag, fragment, 
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and miscellaneous.  Fragments comprised over half of the plastic marine debris collected 

followed by rope and net, which were similar in percentages and together accounted for 

the remaining 41.7%.  Although it was challenging to determine the original color for 

some of the plastic marine debris due to biofilm build up and decay, white appeared to be 

the most predominant color followed by green. 

 Prey items were present in and identified and collected from 32 longnose lancetfish 

with ingested plastic marine debris.  Prey were primarily epipelagic and mesopelagic 

species.  Two of the mesopelagic species included the anglerfish in the suborder ceratioid 

and the hatchetfish (Sternoptyx pseudobscura). These two species are non-vertically 

migrant, which implies that longnose lancetfish can dive to mesopelagic depths, 200 to 

1,000 meters below the ocean’s surface.  

The second objective of this study was to examine the geographic locations and 

dates of longnose lancetfish with ingested plastic marine debris captured in the Hawaii-

based shallow-set fishery in relation to the North Pacific STCZ.  Specific objectives 

were; to investigate if a relationship exists between the number of plastic marine pieces 

ingested per fish, and the geographic location of capture and to determine if a temporal 

relationship exists between the amount and size of plastic marine debris ingested and the 

month of capture.  A generalized additive model (GAM) found that longnose lancetfish 

with the highest amounts of ingested plastic marine debris were found at the 33°- 35° N 

latitudes and the 26°- 29° N latitudes, a region within the STCZ and a known area of 

marine debris aggregation.  

There was no significant temporal relationship between the number of pieces or 

surface area of plastic marine debris ingested by longnose lancetfish captured during the 
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winter/spring and the summer season.  The retention of ingested plastic marine debris in 

the gastrointestinal system of the longnose lancetfish is unknown.  It is plausible that 

small debris simply pass through a fish’s gastrointestinal system and return to the marine 

environment, while larger pieces may reside in the stomach for a longer period of time.  

Larger pieces of plastic marine debris may bioaccumulate making it difficult to detect 

seasonal differences. 

 

4.1 Recommendations for Improvement of the Study 

Taking into consideration a few obstacles and observations during this study there 

are some recommendations that should be addressed in order to better quantify the 

occurrence of plastic marine debris ingestion by longnose lancetfish.  First, collect 

longnose lancetfish that represent multiple age classes.  With a sample size encompassing 

significant ontogenetic shifts- juvenile, sub-adult and adult development phases- there 

may be a significant relationship detected between fish morphometrics and the surface 

area of plastic marine debris.  

Second, an effort should be made to sample as many longnose lancetfish possible 

in the Hawaii-based shallow-set fishery by arranging a way to receive the longnose 

lancetfish collected on the vessels that land in California.  Seven shallow-set trips in 2010 

and 14 shallow-set trips in 2011 landed and off-loaded their catch in San Francisco, CA 

instead of Honolulu, HI.  The number of vessels that land and off-load varies season to 

season.  Although obtaining these fish may be expensive and logistically challenging, 

they will significantly increase the overall sample size for the season.  Fishing behavior is 

difficult to accurately predict, especially for the shallow- set fishery.  Rising fuel costs 
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may impact the shallow-set fishery and alter fishing behaviors.  It takes several days to 

travel to the shallow-set fishing grounds.  If fuel costs surge, some vessels that normally 

fish out of Honolulu may decide it is more economically efficient to offload their catch 

and depart from California.  In addition, some vessels may decide to declare deep-set 

fishing since these fishing grounds are closer the Hawaiian Islands in comparison to the 

shallow-set fishing grounds.  Furthermore, there are hard cap quotas for loggerhead and 

leatherback sea turtle interactions.  If these quotas are attained, the shallow-set fishery 

will close for the remainder of the calendar year and sampling opportunities will cease.  

When sampling from the shallow-set fishery, especially sampling within one season, it is 

important to take advantage of all sampling opportunities possible to ensure a sufficient 

sample set. 

Third, future researchers should make it a priority to meet and talk to each of the 

observers that will be working on the shallow-set trips and collecting longnose lancetfish.  

Personal communication with each of the observers will increase their knowledge of the 

study and its protocols and objectives.  It will also make them aware of the sampling kit 

they should be receiving when departing on a shallow-set vessel so if they are not given a 

sampling kit by the port coordinator they can ask for one or if they forget, they may be 

able to improvise at sea.   

Finally, researchers should be involved with the port coordinators and obtain the 

list of vessels that declare to fish shallow-set trips.  All vessels must give a 72-hour notice 

before departing to allow for the assignment of an observer.  Researchers should ask to 

have access to the longline trip spreadsheet and work with the port coordinators to ensure 

each shallow-set observer receives a sampling kit.  Researchers should also inform the 
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port coordinators how important it is that every shallow-set observer receives a sampling 

kit and that you will be communicating with them on a regular basis.  Although this type 

of oversight may seem excessive, the port coordinators are extremely busy transporting 

observers and ensuring that the observers go to sea with proper paperwork and gear.  The 

(PIROP) is an invaluable means of obtaining samples from fish, turtles, sharks, birds and 

marine mammals.  Requests for biological samples from PIROP are plentiful, thus any 

assistance a researcher can provide will be appreciated. 

 

4.2 Recommendations for Future Research 

 Researchers are using ocean models to help predict the movement of marine debris 

from the Japan tsunami of March 2011 (NOAA Marine Debris Program, 2012). The 

timing of the predicted arrival of the tsunami-generated debris creates a unique scenario 

in which the potential impact of the added tsunami debris could be evaluated using data 

collected in this study in comparison to data collected from the 2012-2013 shallow-set 

season. Based on this opportunity, sampling the subsequent shallow set-seasons may 

potentially provide interesting insight on the potential impact of the addition of Japan 

tsunami marine debris to the North Pacific Ocean in relation to plastic marine debris 

quantities ingestion by pelagic fish, specifically the longnose lancetfish. 

Based on the data and results that have shown that longnose lancetfish are 

ingesting plastic marine debris, the next step is to investigate plastic ingestion by pelagic 

species harvested for human consumption, specifically bigeye tuna (Thunnus obesus), 

yellowfin tuna (Thunnus albacares), albacore tuna (Thunnus alalunga) and swordfish 

(Xiphias gladius).  These fish are “gutted” at sea, wherein the cloaca is severed and the 
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gill attachments are cut.  In a smooth, slow motion the gills and attached gastrointestinal 

organs are pulled from the body.  Included in the gastrointestinal organs are the stomach, 

intestines, and liver.  Usually these parts of the fish are discarded although sometimes the 

vessel deckhands like to clean the stomach and boil it to eat.  If market valued fish are not 

adulterated which lowers the price at the auction, most longline vessel captains will allow 

observers to collect undesired fish parts.   

The impact of plastic-associated toxins in fish with ingested plastic marine debris 

and the possibility of biomagnification are not well known.  Persistent organic pollutants 

occur ubiquitously in the ocean environment making it difficult to directly associate these 

toxins with plastic marine debris.  Establishing a working relationship with a toxicology 

lab willing to analyze the liver, tissue, or other organs associated with fish that have 

ingested plastic may expose contaminants that can only be associated with plastic marine 

debris.  Properly packaging these biological samples so they are preserved and mailing 

them to a lab may be costly, however, there is a void in this area of research and any 

insights on the toxicity of plastic marine debris ingested by pelagic fish, specifically fish 

that are consumed by humans, would be significant. 

 

4.3 Implications for Management & Policy 

The identification of tiny, typically unidentifiable pieces of marine debris is 

challenging if not impossible. The types of plastic marine debris found in this study 

appear to be pieces from the degradation of larger materials.  These pieces change shape, 

texture and color over time in the marine environment. One difficult implication for 
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resource managers is determining from what larger item the piece of plastic marine debris 

originated. 

Although it can be assumed that most the net and rope originated from derelict 

fishing gear, the type of fishery and the ownership of the fishery is not easily determined.  

For example, in 1991 the United Nations banned the use of large scale drift nets in the 

high seas over 2.5 km, prior to the ban; nets were deployed of enormous proportions 

reaching lengths of 40 to 60 km (FAO, 2012).  Abandoned nets, lost to strong storm 

currents, accidental and purposeful discard, degrade into smaller pieces and are 

potentially circulating in our oceans today.   

In order to manage the ingestion of plastic debris by longnose lancetfish, the 

widespread implications of debris in the marine environment need to be understood.  Its 

more than keeping fish from ingesting plastic marine debris, it is about keeping plastics 

out of the ocean and reducing the amount of plastic that is currently in our marine 

environment.  The environmental adage, “Think globally, act locally” is inherent in the 

management of plastic marine debris.  To effectively manage the global impacts of 

plastic marine debris, the collaboration of resource managers, government at all levels, 

non-government agencies, academia, businesses, and communities with motivated 

citizens, is essential.   

This type of collaboration is evident in the education and outreach activities 

targeting children, local citizens and college students.  In Hawaii, community groups 

such as the Kokua Hawaii Foundation and Surfrider Foundation educate the public on 

reducing, reusing and eliminating single-use plastics.  The University of Hawaii at Hilo 

educates undergraduates attending the course, MARE 410-Marine Debris in the Pacific, 
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on topics such as the abundance, distribution, dispersal, accumulation patterns of marine 

debris, impacts of marine debris on wildlife, persistent organic pollutants on marine 

debris, and survey and monitoring methods (McDermid and Carson, 2011).  Beach clean-

ups are a common outreach activity for motivated citizens within communities to be 

actively and easily involved with collecting and removing plastic debris from coastlines 

while learning about and sometimes collecting data on marine debris. 

Removing marine debris, specifically derelict fishing gear, requires a great deal of 

man power, heavy machinery, and large vessels capable of collecting and transporting 

tons of debris to a depository.  The collaboration and partnerships between government 

agencies, businesses and stakeholders make this marine debris removal undertaking 

possible.  The NOAA marine debris removal effort in the Northwestern Hawaiian Islands 

has collected over 670 metric tons of derelict nets, line and rope (Morishige and Boone, 

2011).  When a Hawaii-based longline vessel encounters derelict fishing gear in the open 

ocean, typically they will haul it onboard their vessel.  The vessel captains realize that 

derelict fishing gear can easily entangle their propeller and cost them time and money to 

repair.  This debris would normally be disposed in the landfill but since the inception of 

The Hawaii Nets to Energy Program in 2002, it is transported to Schnitzer Steel Hawaii 

Corporation where, mainly nets, are chopped into small pieces and sent to the City and 

County of Honolulu’s H-Power waste-to-energy facility where it is combusted to create 

usable electricity (Morishige and Boone, 2011). This endeavor is a great example of 

business, the fishing industry, local and federal governments working together to battle 

marine debris.  
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In conclusion, piscivorous fish are ingesting various types of plastic marine 

debris.  The results of this study may assist resource managers to encourage policy 

makers to address plastic marine debris as a real threat to the marine ecosystem and 

potentially to human health.  Fish that may not directly ingest plastic marine debris are 

potentially impacted indirectly when they feed on prey that do consume plastic marine 

debris.  When fish at higher trophic levels ingest plastic marine debris, it is unknown 

whether the toxins associated with plastic increase and biomagnify.  These toxins as well 

as the physical blockage in the gastrointestinal cavity caused by plastic marine debris 

have the potential to implicate the overall health and survival of marine organisms.   

Seafood consumers consider wild-caught fish, such as the bigeye tuna and 

swordfish an important source of high quality protein with low total fat content.  This is 

part of a healthy diet and has contributed to long-lived lifestyles as scientifically 

documented in Japanese diets.  If the toxins associated with plastic absorb into fish tissue, 

direct or indirect ingestion of plastic marine debris by commercially harvested fish 

species intended for human consumption may compromise the nutritional value naturally 

associated with the final product.  The absorption rate and toxicity of plastic-associated 

chemicals from fish to consumer is in need of future research to better understand the 

potential public health risks associated with increased plastics discharged into our marine 

environment. 
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APPENDIX A: RAW DATA 

Table 4.1. These data elements were used for the regression on the length and weight of 
longnose lancetfish with the area and weight of plastic debris.  They were also used for 
the Wilcoxin rank sum test to compare the differences between the numbers of plastic 
debris ingested by longnose lancetfish and month of capture. Due to the confidentiality 
restraints of the NOAA Administrative Order 216-10 on Protection of Confidential 
Fisheries Statistics, I am not authorized to provide the Begin set coordinates associated 
with the capture of longnose lancetfish. 
 

With/Without 
plastic 

Fork 
Length 
of fish 
(cm) 

Weight 
of fish 
(kg) 

No. of 
pieces 

of 
plastic 

Weight 
of 

plastic 
(kg) 

Area of 
plastic 
(mm2) 

No. of 
hooks set 

Hooks 
per 

float 

Hook 
no. 

w 94.00 1.70 1 0.48 615.12 838.00 5.00 2.00 
w 82.00 0.77 3 2.01 1164.56 838.00 5.00 5.00 
w 89.00 0.86 1 1.25 182.97 827.00 5.00 1.00 
w 73.00 0.56 1 2.54 50983.1 555.00 4.00 3.00 
w 73.00 0.86 1 0.03 43.36 1,203.00 4.00 4.00 
w 76.00 0.61 2 0.28 898.07 886.00 4.00 2.00 
w 75.00 0.50 2 0.42 1062.13 774.00 4.00 2.00 
w 72.00 0.50 7 1.24 1772.84 851.00 4.00 2.00 
w 72.00 0.54 2 0.54 163.38 965.00 4.00 3.00 
w 74.00 0.61 4 0.76 14373.9 1,040.00 4.00 1.00 
w 79.00 0.75 1 0.94 576.33 1,060.00 4.00 4.00 
w 83.00 0.75 2 2.29 1906.56 998.00 4.00 3.00 
w 65.00 0.44 3 2.26 1591.75 779.00 5.00 3.00 
w 78.00 0.68 2 4.95 69439.6 1,090.00 4.00 3.00 
w 91.00 1.30 2 9.98 3557.55 1,395.00 6.00 2.00 
w 76.00 0.71 9 0.94 1585.28 1,202.00 5.00 5.00 
w 68.00 0.39 1 0.34 368.38 1,193.00 5.00 5.00 
w 96.00 1.04 4 0.23 613.34 864.00 5.00 2.00 
w 68.00 0.49 1 0.08 46.01 1,151.00 5.00 5.00 
w 133.00 4.80 2 0.02 90.11 1,129.00 4.00 2.00 
w 132.00 4.28 1 1.09 673.53 1,143.00 4.00 1.00 
w 81.00 0.88 1 0.08 46.01 1,085.00 4.00 4.00 
w 76.00 0.71 1 0.34 249.41 1,107.00 5.00 1.00 
w 90.00 1.70 1 0.09 171.4 1,109.00 5.00 5.00 
w 102.00 1.44 1 4.34 2086.55 1,124.00 5.00 3.00 
w 121.00 4.41 1 0.30 452.93 1,137.00 5.00 5.00 
w 76.00 1.01 1 0.57 471.62 1,012.00 4.00 4.00 
w 121.00 2.24 5 2.11 3511.07 1,078.00 4.00 4.00 
w 122.00 2.68 4 1.01 1414.35 938.00 5.00 2.00 
w 135.00 6.31 1 0.14 64.3 668.00 5.00 5.00 
w 129.00 2.44 3 1.97 1666.0 998.00 5.00 3.00 
w 129.00 3.20 1 0.02 144.6 1,169.00 5.00 5.00 
w 72.00 0.92 1 0.02 860.6 627.00 5.00 5.00 
w 126.00 2.34 1 0.27 832.1 1,161.00 5.00 2.00 
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With/Without 
plastic 

Fork 
Length 
of fish 
(cm) 

Weight 
of fish 
(kg) 

No. of 
pieces 

of 
plastic 

Weight 
of 

plastic 
(kg) 

Area of 
plastic 
(mm2) 

No. of 
hooks set 

Hooks 
per 

float 

Hook 
no. 

w 130.00 2.50 5 0.98 1912.7 1,109.00 4.00 1.00 
w 127.00 3.06 2 0.14 341.0 1,202.00 5.00 3.00 
w 131.00 3.82 2 3.10 2660.8 1,061.00 5.00 4.00 
w 127.00 3.40 1 0.23 680.9 1,099.00 5.00 1.00 
w 133.00 3.46 2 0.22 1226.0 1,150.00 5.00 2.00 
w 122.00 3.76 1 0.45 632.3 1,223.00 6.00 6.00 
w 130.00 2.80 3 0.14 618.7 1,072.00 4.00 2.00 
w 137.00 3.34 6 0.95 1445.1 1,120.00 5.00 2.00 
w 95.00 1.28 1 0.04 189.71 1,032.00 4.00 1.00 
w 92.00 1.32 1 0.09 27.75 1,032.00 4.00 4.00 
w 127.00 4.86 4 1.71 2716.19 994.00 5.00 2.00 
w 98.00 1.54 3 0.86 1069.32 1,004.00 4.00 4.00 
w 124.00 3.58 1 1.52 1139.0 1,004.00 4.00 2.00 

w/o 55.00 0.32       1,006.00 4.00 3.00 
w/o 57.00 0.32       1,006.00 4.00 3.00 
w/o 57.00 0.31       961.00 4.00 2.00 
w/o 59.00 0.35       860.00 4.00 3.00 
w/o 62.00 0.36       774.00 4.00 1.00 
w/o 62.00 0.38       1,100.00 4.00 4.00 
w/o 63.00 0.31       1,100.00 4.00 3.00 
w/o 63.00 0.32       838.00 5.00 2.00 
w/o 63.00 0.50       891.00 5.00 5.00 
w/o 64.00 0.35       816.00 5.00 4.00 
w/o 64.00 0.31       816.00 5.00 1.00 
w/o 64.00 0.44       957.00 5.00 2.00 
w/o 66.00 0.48       820.00 5.00 4.00 
w/o 67.00 0.44       891.00 5.00 5.00 
w/o 68.00 0.31       1,171.00 4.00 2.00 
w/o 68.00 0.34       759.00 4.00 2.00 
w/o 68.00 0.44       947.00 4.00 1.00 
w/o 68.00 0.74       764.00 4.00 4.00 
w/o 69.00 0.79       1,040.00 4.00 1.00 
w/o 69.00 0.77       989.00 4.00 1.00 
w/o 69.00 0.88       970.00 4.00 4.00 
w/o 70.00 0.53       905.00 4.00 1.00 
w/o 70.00 0.49       905.00 4.00 1.00 
w/o 70.00 0.48       963.00 4.00 2.00 
w/o 71.00 0.70       998.00 4.00 1.00 
w/o 71.00 0.46       1,070.00 4.00 3.00 
w/o 71.00 0.84       1,103.00 4.00 3.00 
w/o 71.00 0.52       736.00 5.00 3.00 
w/o 71.00 0.44       792.00 5.00 3.00 
w/o 71.00 0.48       857.00 5.00 1.00 
w/o 72.00 0.71       798.00 5.00 5.00 
w/o 72.00 1.01       825.00 5.00 3.00 
w/o 73.00 0.94       803.00 5.00 4.00 
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With/Without 
plastic 

Fork 
Length 
of fish 
(cm) 

Weight 
of fish 
(kg) 

No. of 
pieces 

of 
plastic 

Weight 
of 

plastic 
(kg) 

Area of 
plastic 
(mm2) 

No. of 
hooks set 

Hooks 
per 

float 

Hook 
no. 

w/o 73.00 0.71       1,070.00 4.00 4.00 
w/o 73.00 0.71       1,090.00 4.00 3.00 
w/o 73.00 0.44       743.00 4.00 2.00 
w/o 73.00 0.79       904.00 4.00 1.00 
w/o 73.00 0.91       774.00 4.00 2.00 
w/o 74.00 0.64       856.00 4.00 2.00 
w/o 74.00 0.97       856.00 4.00 4.00 
w/o 74.00 0.40       864.00 5.00 4.00 
w/o 75.00 0.52       864.00 5.00 3.00 
w/o 76.00 0.60       1,115.00 4.00 3.00 
w/o 76.00 0.75       1,030.00 4.00 3.00 
w/o 76.00 0.62       975.00 4.00 3.00 
w/o 76.00 0.78       975.00 4.00 4.00 
w/o 77.00 0.91       934.00 4.00 4.00 
w/o 77.00 0.66       1,161.00 4.00 1.00 
w/o 77.00 0.86       1,079.00 4.00 2.00 
w/o 78.00 0.59       1,072.00 5.00 4.00 
w/o 78.00 0.62       1,103.00 5.00 1.00 
w/o 79.00 0.59       1,178.00 5.00 4.00 
w/o 79.00 0.73       1,178.00 5.00 1.00 
w/o 79.00 0.72       1,178.00 5.00 3.00 
w/o 79.00 0.56       1,202.00 5.00 2.00 
w/o 79.00 0.79       1,202.00 5.00 2.00 
w/o 79.00 0.68       1,129.00 4.00 1.00 
w/o 80.00 0.62       1,143.00 4.00 2.00 
w/o 80.00 0.62       1,143.00 4.00 4.00 
w/o 81.00 0.78       1,143.00 4.00 1.00 
w/o 82.00 0.86       1,083.00 4.00 1.00 
w/o 82.00 1.19       1,107.00 5.00 1.00 
w/o 82.00 0.84       1,112.00 5.00 4.00 
w/o 82.00 0.72       1,156.00 5.00 2.00 
w/o 83.00 1.05       1,092.00 5.00 3.00 
w/o 83.00 1.05       1,115.00 5.00 1.00 
w/o 83.00 0.72       1,057.00 4.00 4.00 
w/o 83.00 1.15       1,114.00 4.00 2.00 
w/o 84.00 0.75       891.00 4.00 2.00 
w/o 85.00 0.93       891.00 4.00 4.00 
w/o 85.00 1.19       891.00 4.00 4.00 
w/o 85.00 1.20       684.00 4.00 3.00 
w/o 85.00 0.88       821.00 5.00 2.00 
w/o 86.00 0.86       821.00 5.00 3.00 
w/o 86.00 0.93       674.00 4.00 4.00 
w/o 86.00 0.86       742.00 5.00 4.00 
w/o 86.00 1.14       668.00 5.00 3.00 
w/o 86.00 1.08       911.00 5.00 2.00 
w/o 87.00 0.75       1,054.00 5.00 5.00 
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With/Without 
plastic 

Fork 
Length 
of fish 
(cm) 

Weight 
of fish 
(kg) 

No. of 
pieces 

of 
plastic 

Weight 
of 

plastic 
(kg) 

Area of 
plastic 
(mm2) 

No. of 
hooks set 

Hooks 
per 

float 

Hook 
no. 

w/o 87.00 1.04       942.00 5.00 1.00 
w/o 87.00 0.86       1,014.00 5.00 1.00 
w/o 87.00 1.41       633.00 5.00 4.00 
w/o 87.00 1.00       885.00 5.00 4.00 
w/o 87.00 1.46       870.00 5.00   
w/o 88.00 1.32       686.00 5.00 4.00 
w/o 89.00 1.08       629.00 5.00 1.00 
w/o 89.00 0.98       629.00 5.00 2.00 
w/o 90.00 1.04       937.00 5.00 3.00 
w/o 90.00 1.18       1,163.00 5.00 2.00 
w/o 90.00 1.01       1,161.00 5.00 2.00 
w/o 90.00 1.04       1,169.00 5.00 2.00 
w/o 90.00 1.07       1,242.00 5.00 5.00 
w/o 90.00 1.08       1,154.00 5.00 3.00 
w/o 90.00 1.28       1,204.00 5.00 4.00 
w/o 90.00 1.18       1,163.00 5.00 1.00 
w/o 91.00 0.91       1,163.00 5.00 5.00 
w/o 91.00 1.06       819.00 4.00 2.00 
w/o 91.00 1.63       972.00 5.00 1.00 
w/o 91.00 1.08       1,300.00 4.00 4.00 
w/o 92.00 1.46       1,138.00 4.00 2.00 
w/o 92.00 1.55       1,308.00 6.00 3.00 
w/o 93.00 1.60       1,071.00 5.00 4.00 
w/o 93.00 1.76       1,071.00 5.00 4.00 
w/o 93.00 1.50       1,102.00 5.00 4.00 
w/o 95.00 2.05       1,145.00 5.00 1.00 
w/o 96.00 1.12       1,177.00 5.00 3.00 
w/o 100.00 1.38       1,122.00 4.00 3.00 
w/o 101.00 1.81       951.00 4.00 2.00 
w/o 108.00 1.84       951.00 4.00 4.00 
w/o 112.00 2.84       951.00 4.00 2.00 
w/o 112.00 2.72       928.00 5.00 2.00 
w/o 113.00 2.80       988.00 7.00 4.00 
w/o 116.00 2.95       1,018.00 5.00 1.00 
w/o 116.00 2.20       1,271.00 5.00 2.00 
w/o 119.00 2.78       1,232.00 5.00 1.00 
w/o 122.00 3.02       1,030.00 5.00 4.00 
w/o 122.00 3.22       1,123.00 5.00 3.00 
w/o 122.00 2.64       818.00 4.00 3.00 
w/o 123.00 3.00       939.00 5.00 4.00 
w/o 125.00 2.66       1,001.00 5.00 3.00 
w/o 126.00 4.63       1,004.00 4.00 4.00 
w/o 126.00 2.80       1,004.00 4.00 3.00 
w/o 127.00 2.32       1,004.00 4.00 3.00 
w/o 128.00 2.68       886.00 4.00 1.00 
w/o 129.00 3.57       886.00 4.00 4.00 
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With/Without 
plastic 

Fork 
Length 
of fish 
(cm) 

Weight 
of fish 
(kg) 

No. of 
pieces 

of 
plastic 

Weight 
of 

plastic 
(kg) 

Area of 
plastic 
(mm2) 

No. of 
hooks set 

Hooks 
per 

float 

Hook 
no. 

w/o 129.00 3.22       1,037.00 4.00 1.00 
w/o 129.00 2.34       990.00 4.00 1.00 
w/o 129.00 2.88       990.00 4.00 4.00 
w/o 130.00 4.90       990.00 4.00 4.00 
w/o 130.00 3.20       990.00 4.00 4.00 
w/o 130.00 2.88       898.00 5.00 2.00 
w/o 132.00 3.00       898.00 5.00 2.00 
w/o 133.00 3.68       1,068.00 5.00 2.00 
w/o 134.00 5.64       1,068.00 5.00 3.00 
w/o 134.00 4.08       1,068.00 5.00 4.00 
w/o 135.00 3.62       1,035.00 5.00 4.00 
w/o 135.00 3.46       926.00 5.00 3.00 
w/o 135.00 3.12       926.00 5.00 2.00 
w/o 137.00 3.90       926.00 5.00 4.00 
w/o 137.00 3.06       945.00 5.00 4.00 
w/o 142.00 4.88       997.00 5.00 5.00 
w/o 146.00 6.56       891.00 5.00 5.00 
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APPENDIX B: RAW DATA 
 
Table 4.2.  Measurements and colors for the plastic debris that were categorized by 
Fragment-hard, Fragment-soft, Miscellaneous, Net-miscellaneous, Net-monofilament, 
multi-strand, Net monofilament, single-strand, Plastic bag, Rope-braided, Rope-
miscellaneous, and Strap. 
 

Type of plastic 
debris Color Area 

(mm2) 
length 
(mm) 

width 
(mm) 

diameter 
(mm) 

weight 
(g) 

Fragment- hard white 615.12 5.1 3.1 0.8 0.48 
Fragment- hard white 66.14 9.1 5.7 1 0.08 
Fragment- hard white 43.36 12.9 6.1 0.6 0.03 
Fragment- hard black 828.45 91.5 8.9 1.4 0.77 
Fragment- hard black 59.6 15.1 4.5 0.6 0.24 
Fragment- hard black 449.66 28 1 1.5 0.08 
Fragment- hard white 237.77 8.5 5.8 0.6 0.04 

Fragment- hard green & 
white 108.03 14.3 11 0.8 0.1 

Fragment- hard white 196.63 19.2 16.3 0.6 0.18 
Fragment- hard white 1323.85 54 43 1.9 2.17 
Fragment- hard blue 984.6 44.9 26.2 1.5 1.42 
Fragment- hard clear 204.58 29.6 7.6 1.5 0.21 
Fragment- hard clear 146.41 19.5 8.2 1.5 0.15 
Fragment- hard clear 99.94 14.8 8.6 1.5 0.1 
Fragment- hard clear 117.93 16.7 8.0 1.5 0.11 
Fragment- hard clear 132.19 17.4 7.7 1.5 0.12 
Fragment- hard white 33.6 12.4 6.2 0.6 0.03 
Fragment- hard blue 46.01 12.3 7.5 1.6 0.08 
Fragment- hard blue 46.01 37.5 21.6 1.2 0.08 
Fragment- hard green 249.41 20.2 18.8 1.3 0.34 
Fragment- hard white 452.93 25.6 21.5 0.7 0.3 
Fragment- hard clear 189.45 31.1 13.1 0.9 0.22 
Fragment- hard white 548.7 138.9 26.2 1.4 0.38 
Fragment- hard orange 219.89 19 16.9 1.6 0.32 
Fragment- hard white 64.3 15.1 8.7 1.8 0.14 
Fragment- hard white 1309.7 73.2 29.2 1.6 1.91 
Fragment- hard white 988.3 71.2 18.6 0.6 0.22 
Fragment- hard white 235.2 18.2 19.5 1.2 0.61 
Fragment- hard white 545.4 31.5 28.9 1.5 0.04 
Fragment- hard white 33.4 6.4 8.6 0.9 0.02 
Fragment- hard white 110.5 7.7 16.7 1.5 0.09 
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Type of plastic 
debris Color Area 

(mm2) 
length 
(mm) 

width 
(mm) 

diameter 
(mm) 

weight 
(g) 

Fragment- hard white 72.1 14.1 10.7 0.5 0.05 
Fragment- hard white 268.9 16.8 15.9 1.2 0.09 
Fragment- hard white 2130.9 73.9 32.8 1.7 3.01 
Fragment- hard green 632.3 43.7 25.5 0.7 0.45 
Fragment- hard orange 165.88 13.2 12.4 1.8 0.13 
Fragment- hard white 108.32 18.6 8.9 0.7 0.08 
Fragment- hard green 1139.0 39.9 38.0 2.1 1.52 
Fragment- hard, 

rounded white 576.33 35 26.4 1.7 0.94 

Fragment- hard, 
rounded green 673.53 50 18.4 6.2 1.09 

Fragment- hard, 
rounded clear 171.4 10.1 5.00 0.4 0.09 

Fragment- hard, 
rounded white 471.62 53.4 11.4 1.4 0.57 

Fragment- hard, 
rounded brown 410.9 36.1 37.0 3.9 0.49 

Fragment- hollow 
square pattern white 157.84 19 12.2 2.3 0.25 

Fragment- hollow 
square pattern white 237.22 25.8 13.9 2.3 0.37 

Fragment- soft black 192.19 20.5 12.9 0.2 0.04 
Fragment- soft clear 73.41 10.5 6.6 1.5 0.07 
Fragment- soft clear 120.34 15.8 7.4 1.5 0.04 
Fragment- soft black 1399.12 71.7 56.1 0.5 0.64 
Fragment- soft black 654.18 40.5 29.9 0.8 0.39 
Fragment- soft green 963.03 52.6 30.6 0.8 0.69 
Fragment- soft green 411.4 39.2 19.2 0.1 0.06 
Fragment- soft clear 529.9 44.2 18.5 0.4 0.09 
Fragment- soft brown 255.8 41.9 12.1 3.5 0.13 
Fragment- soft clear 1753.04 55.5 37.4 1 1.06 
Fragment- soft brown 674.26 53.3 12.1 0.5 0.24 
Miscellaneous brown 954.46 105 3.6 4.2 1.88 

Net- 
miscellaneous black 182.97 100.4 17.5 1.8 1.25 

Net- 
miscellaneous 

green & 
white 385.29 52.9 13.4 13.4 0.06 

Net- 
miscellaneous green 414.96 30.6 13.4 8.3 0.8 
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Type of plastic 
debris Color Area 

(mm2) 
length 
(mm) 

width 
(mm) 

diameter 
(mm) 

weight 
(g) 

Net- 
monofilament, 
multi-strand 

gray 494.84 140 2.2 2.2 0.18 

Net- 
monofilament, 
multi-strand 

green 123.34 11.4 6.9 4.2 0.09 

Net- 
monofilament, 
multi-strand 

green 582.71 71.6 14.2 2 0.12 

Net- 
monofilament, 
multi-strand 

brown 68983.46 338.2 3.1 3.1 4.47 

Net- 
monofilament, 
multi-strand 

green 3215.51 723.9 6.2 6.2 9.25 

Net- 
monofilament, 
multi-strand 

brown 244.84 77.7 2.9 2.9 0.1 

Net- 
monofilament, 
multi-strand 

green 295.46 71.2 15.7 15.7 0.06 

Net- 
monofilament, 
multi-strand 

white 39.44 51.9 14.8 14.8 0.04 

Net- 
monofilament, 
multi-strand 

clear 305.29 92.8 1.9 1.9 0.17 

Net- 
monofilament, 
multi-strand 

brown 100.8 132.1 6.0 6.0 0.88 

Net- 
monofilament, 
multi-strand 

white 173.4 49.0 3.2 3.2 0.12 

Net- 
monofilament, 
multi-strand 

white 196.9 68.5 3.2 3.2 0.06 

Net -multi-
filament brown 143.96 45 9.1 0.2 0.05 

Net -multi-
filament black 403.23 91 29 0.5 0.1 

Net-
monofilament, 
single-strand 

brown 800.77 78.6 5.4 5.4 0.39 
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Type of plastic 
debris Color Area 

(mm2) 
length 
(mm) 

width 
(mm) 

diameter 
(mm) 

weight 
(g) 

Net-
monofilament, 
single-strand 

green 13668.65 33.1 13.9 1.9 0.43 

Net-
monofilament, 
single-strand 

white 832.1 58.6 24.6 4.3 0.27 

Net-
monofilament, 
single-strand 

green 680.9 40.7 23.2 2.6 0.23 

Net-
monofilament, 
single-strand 

green 189.71 27.1 9.6 9.6 0.04 

Plastic bag black 50983.12 560 230 0.1 2.54 
Plastic bag black 860.6 40.4 38.0 0.1 0.02 

Rope- braided green 55.35 57.4 14.9 2.6 0.44 
Rope- braided gray 456.09 69.3 18.2 18.2 0.48 
Rope- braided clear 342.04 153 4.2 4.2 0.73 
Rope- braided blue 368.38 198.1 4.2 4.2 0.34 
Rope- braided green 2086.55 660.4 15.6 3.6 4.34 

Rope- 
miscellaneous white 261.36 76.8 38.2 0.1 0.03 

Rope- 
miscellaneous brown 106.61 18 7 7 0.02 

Rope- 
miscellaneous brown 40.14 71.2 0.2 0.2 0.04 

Rope- 
miscellaneous brown 50.61 20.5 1 0.6 0.05 

Rope- 
miscellaneous black 51.95 3.1 4.8 0.6 0.01 

Rope- 
miscellaneous black 38.16 8.5 0.2 0.2 0.01 

Rope- 
miscellaneous white 537.72 129.1 2.6 2.6 0.27 

Rope- 
miscellaneous clear 108.04 138.4 1.6 0.1 0.04 

Rope- 
miscellaneous green 98.4 24.7 8.7 8.7 0.01 

Rope- 
miscellaneous white 258.0 73.7 3.9 3.9 0.05 

Rope- 
miscellaneous black 144.6 139.7 4.1 4.1 0.02 

Rope- 
miscellaneous green 615.9 120.7 9.4 9.4 0.08 
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Type of plastic 
debris Color Area 

(mm2) 
length 
(mm) 

width 
(mm) 

diameter 
(mm) 

weight 
(g) 

Rope- 
miscellaneous white 118.5 167.6 0.2 0.2 0.02 

Rope- 
miscellaneous white 156.5 175.3 0.2 0.2 0.02 

Rope- 
miscellaneous black 213.1 167.6 0.7 0.7 0.07 

Rope- 
miscellaneous black 195.1 147.3 0.7 0.7 0.08 

Rope- 
miscellaneous brown 27.75 132.1 0.8 0.8 0.09 

Rope- 
miscellaneous black 688.95 44.5 11.1 4.3 0.44 

Strap clear 409.34 83.9 4.8 0.1 0.03 
Strap clear 281.14 61.9 4.8 0.1 0.11 
Strap clear 610.1 79.1 19.4 0.3 0.14 
Strap white 343.8 51.3 9.0 0.4 0.1 
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