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Abstract 
 
This study seeks to evaluate the ability of the North Carolina (NC) shrimp industry to 
cope with the impacts of imported shrimp on prices.  First, this study provides a review of 
the literature and relevant background information.  This essay then analyzes shrimp 
growth models and data from the National Oceanic and Atmospheric Administration 
(NOAA).  This analysis evaluates the management decisions regarding the timing of the 
shrimp harvest by comparing the rate of change of prices to the rate of change of shrimp 
growth for four growth models.  The first three models originated from the literature with 
the first model simulating the growth of male shrimp, the second model simulating the 
growth of female shrimp, and the third model simulating the growth of both sexes 
combined.  While each of these models simulates the growth of individual shrimp, so the 
fourth model simulates shrimp population levels in addition to simulating shrimp growth 
resulting in biomass.  Overall, the analysis yielded mixed results and proved highly 
dependent on the assumptions of the models. The results associated with the first and 
second models suggested the initial shrimp harvest occur in July rather than May, the 
analysis associated with the third model suggested managers delay the initial harvest until 
December or as late as possible to allow shrimpers to harvest all remaining shrimp, and 
the analysis associated with the fourth model suggested no change in the timing of the 
shrimp harvest.  The mixed nature of these results suggests the need for more information 
regarding shrimp life history and growth.  Following this conclusion, this study provides 
six general recommendations for the revision of the Fishery Management Plan (FMP) in 
2011: 1) Explore the optimal harvest timing, 2) Increase marketing efforts, 3) Address 
issues of development such as water quality and habitat destruction, 4) Allow fishers to 
keep and/or sell bycatch within reasonable limits, 5) Increase environmentally 
responsible aquaculture, and 6) Increase funding for research.  By addressing these issues 
surrounding the shrimp fishery in NC, managers can help to ensure the continued 
sustainability and profitability of one of NC’s most valuable fisheries.  
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1. Introduction 

 

Fishers continue to exploit fish stocks worldwide despite reports by experts 

categorizing greater than 70% of commercial stocks as fully exploited, over-fished, or 

collapsed.1  Technological advancement seems endless and the race for fish continues; 

faster boats with more precise instrumentation continue to fish, despite declining stocks.   

With growing human populations, people increasingly look to the sea to provide 

additional resources, but how long can humans sustain this rampant extraction of 

resources?   

In addition to the need for additional food and protein sources due to growing 

populations, ocean resources also provide incredible economic value.  While unlikely to 

feed the world, shrimp surpassed tuna as the most popular seafood in the United States 

(US).2  The penaeid shrimp fishery contributed $600 million annually to the US economy 

supporting 70,000 jobs with over 20,000 vessels, and over 100 processing plants.3  

Unlike many other fish species, shrimp live annual life cycles that require significantly 

less care in harvesting to ensure a sustainable breading stock; however, the fishery does 

not operate without regulatory difficulties.  Despite the unlikelihood that shrimp will 

significantly contribute to feeding the world, the fishery warrants further study because of 

its economic, cultural, and historical significance.  

Despite the economic influence of domestic shrimpers, they provide a mere 10% 

of the US demand for shrimp.4  A flood of international shrimp entered the US market, 

beginning in 2000, threatening the profitability of domestic shrimpers.  The US 

Department of Commerce (DOC) found cause in 2004 to admonish six countries for 

“dumping”5 shrimp on the US market by establishing retroactive tariffs on imported 

shrimp.6  While this measure provided much needed protection for US shrimpers, it 

represents a temporary fix to a larger problem.  Domestic fishers simply cannot meet the 

domestic demand for shrimp. 

                                                 
1 FAO (2002).   
2 Becker (2004).  
3 Id. 
4 Becker (2004) 
5 The DOC definition of dumping is available on the internet at http://ia.ita.doc.gov/intro/index.html. 
6 The Economist (2004).   
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In North Carolina (NC), the shrimp industry produces a higher financial yield 

than any other fishery- nearly $42.5 million in 2000.7  But, the NC shrimp industry failed 

to avoid the woes experienced by shrimpers nationwide; the value of the shrimp harvest 

reported in NC fell below $19 million in 2003.8  Over the same time period, the price per 

pound of shrimp in NC declined from $2.36 per pound to just $1.75 per pound.9  In NC, 

three species of shrimp contribute to the commercial fishery: brown shrimp, pink shrimp 

and white shrimp. Combined, these three species make shrimp the most profitable fishery 

in the state.10  Despite the similar life histories of these species, the timing of their growth 

and their use of habitats differentiates them in both time and space.  

 This study seeks to evaluate the ability of the NC shrimp industry to cope with 

reduced prices.  First, this study will review the literature and provide background 

information regarding the life history of penaeid shrimp, the history of the shrimp fishery 

in the US and in NC, the regulation of the shrimp fishery in NC, the primary threats to 

shrimp populations, the pros and cons of aquaculture, and further details regarding the 

consequences of imported shrimp.  This essay will then analyze shrimp growth models 

and data from the National Oceanic and Atmospheric Administration (NOAA) and will 

analyze the data in the context of the NC Fishery Management Plan (FMP) for shrimp.11  

Finally, this study offers six recommendations for the revision of the FMP in 2011 and 

for the future of North Carolina’s most profitable fishery. 

 

2. Background and Literature Review 

 

Life History – Penaeid Shrimp in NC 

 The NC commercial shrimp fishery includes three species of shrimp: brown 

shrimp, pink shrimp, and white shrimp. The population sizes of these species seem 

independent of harvests due to the high fecundity of the species although environmental 

                                                 
7 Lynch (2004); Waters et al (1980). 
8 FMP (2006), pg. 45. 
9 NOAA Fisheries (2007). 
10 Scientists classify all three of these species as penaeid shrimp.  While these shrimp species combine to 
make up the most profitable fishery in NC, the blue crab fishery actually contributes more economically 
than any of the shrimp species alone. 
11 Hereafter referred to as “the FMP.” 
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conditions can impact growth rates and population sizes.12  Each of these shrimp species 

exhibit highly migratory behavior and sexual dimorphism with females growing larger 

than males.13  These species spawn offshore with fertilization occurring as the male 

deposits spermatophores on the thalycom of the female.14  The female then releases eggs 

in large numbers; a single female shrimp can produce between 500,000 and 1,000,000 

eggs.15  These eggs hatch into free swimming larvae, and the larvae use ocean currents, 

winds, and tides to enter their nursery areas where they grow quickly depending on 

environmental conditions and the availability of food.16  As each species reaches its sub-

adult size, individuals leave their respective nursery grounds in the interior waters and 

begin their seaward migration.17  

While all three of these species share many similar characteristics, some specifics 

of their life histories vary.  For instance, recruitment, the timing of shrimp growing to a 

size acceptable for commercial harvest, differentiates these species.  Brown shrimp 

recruitment occurs between February and March, white shrimp recruitment occurs 

between April and May, and pink shrimp recruitment occurs between June and October.18  

Based on the timing of recruitment, the general season for harvesting these species also 

differs with the brown shrimp season occurring in summer and fall, the white shrimp 

season occurring over a similar time period although slightly later in the year, and the 

pink shrimp season occurring in the spring.19   

Environmental conditions such as salinity, temperature, dissolved oxygen content, 

and substrate influence the growth and distribution of these species.20  Environmental 

conditions also influence the harvest of shrimp by impacting their biomass.  According to 

the FMP, brown and white shrimp require salinities ranging from 2 to 35 parts-per-

million (ppm) while pink shrimp can occupy waters with salinities ranging from 0 to 45 

ppm.21  Juvenile and young pink shrimp inhabit higher salinity waters than juvenile white 

                                                 
12 FMP (2006), pg. 5. 
13 Larson et al. (1989), pg. 5. 
14 FMP (2006), pg. 13. 
15 Id. 
16 FMP (2006), pg. 13; Gunter (1964), pg. 182; and Larson (1989), pg. 4. 
17 FMP (2006), pg. 13; Gunter (1964), pg. 182. 
18 FMP (2006), Table 5.1, pg. 15. 
19 Id. 
20 Larson et al (1989) pg. 182. 
21 FMP (2006), Table 5.1, pg. 15. 
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or brown shrimp.22  Literature ranks these three species of shrimp with pink shrimp 

occupying the highest salinity waters, white shrimp occupying the lowest salinity waters, 

and brown shrimp falling in the middle.23  Fluctuations in salinity do not appear to cause 

direct mortality in shrimp, but can reduce the “vigor” of individuals and increase the risk 

of predation.24  In addition to influencing the survivability and vigor of shrimp, 

fluctuating salinities may also signal migrations of shrimp and cause juveniles to leave 

the estuarine system prematurely.25 

In addition to salinity preferences, shrimp also demonstrate temperature 

preferences.  The FMP reports that pink shrimp can occupy the widest range of 

temperature from 7 to 38 degrees Centigrade, brown shrimp can tolerate temperatures 

ranging from 7 to 37 degrees Centigrade, and white shrimp can tolerate temperatures 

ranging from 8 to 38 degrees Centigrade.26  Additional literature suggests that 

temperatures greater than 36.6 degrees Centigrade can prove fatal to brown shrimp and 

those temperatures greater than 32 degrees Centigrade or less than 10 degrees Centigrade 

cause stress in juvenile brown shrimp.27  While temperatures clearly impact survivability, 

they may also influence the spawning behavior of shrimp which in turn could impact the 

recruitment of shrimp.  

Dissolved oxygen content also delineates these species.  Pink shrimp tolerate a 

wide range of dissolved oxygen levels, from only 0.2 ppm to 6 ppm.28  Dissolved oxygen 

levels below 2 ppm can cause stress in brown shrimp and white shrimp.29  While low 

levels of dissolved oxygen can influence shrimp populations, it does not appear that low 

levels of dissolved oxygen cause direct mortality of shrimp because shrimp do not tend to 

occur amongst the dead in fish kills attributed to low levels of dissolved oxygen.  It 

would appear that brown shrimp can detect and avoid areas of low dissolved oxygen 

causing this to influence shrimp distributions more than anything else.  Because hypoxic 

zones occur most frequently along the bottom, this may drive shrimp away from 

                                                 
22 Gunter (1964), pg 184. 
23 Id. 
24 Larson (1989), pg. 2. 
25 Id. 
26 FMP (2006), Table 5.1, pg. 15. 
27 Larson (1989), pg. 2. 
28 FMP (2006), Table 5.1, pg. 15. 
29 Id. 
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protective vegetation and loose substrates causing increased predation.  Furthermore, low 

levels of dissolved oxygen might also drive shrimp away from preferred foraging grounds 

and increase the competition among shrimp for scarce food resources.30   

Studies also indicate that shrimp species prefer different habitats.  For instance, 

pink shrimp prefer inshore sea grass habitats as nursery grounds for young shrimp, while 

white and brown shrimp prefer salt marsh habitats as nursery grounds.31  Juvenile brown 

shrimp grow faster in areas with a vegetated substrate than habitats without vegetation.32  

The diurnal nature of shrimp causes them to frequently remain burrowed into the 

substrate during the day and to feed predominately at night.33  Studies suggest that pink 

shrimp prefer shell and sand substrates, while brown shrimp and white shrimp prefer 

softer substrates such as peat, mud, and muddy sand.34  Further differentiating these 

species, brown shrimp and pink shrimp both spawn in deep water in the open ocean while 

white shrimp stay in more shallow water and much closer to shore.35 

 

History of the Penaeid Shrimp Fishery in NC 

 Regulators label all three shrimp species in NC as essentially annual crops with 

viable populations.  Until 1910, people in the US did not consider shrimp fit for food.36    

As late as the 1920’s many fishers still considered shrimp pests that fouled their nets, but 

by 1925 at least 300 fishers in NC, predominately in Brunswick County, earned at least 

part of their income from shrimp although they only harvested shrimp between finfish 

seasons.37  By the 1930’s trawling for shrimp increased in Carteret County while other 

areas of NC used channel nets and pound nets.38  As the fishery increased in popularity, 

fishers sought larger vessels designed for shrimp trawling.  In 1934, regulations closed 

the sound to shrimp trawling, but regulators relaxed this in the following year to allow 

trawling from August 15 until December 1.39  The lack of production capability, limited 

                                                 
30 This study will address the issue of dissolved oxygen content in further detail in section 2.4. 
31 FMP (2006), pg. 16. 
32 Larson (1989). 
33 Williams (1958), pg. 59 and pg. 289. 
34 Id., pg. 283. 
35 FMP (2006), pg. 59. 
36 FMP (2006), pg. 17. 
37 Id. 
38 Id. 
39 Id, pg. 18. 
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refrigeration, and limited transport options all combined to inhibit the adoption of shrimp 

as a food source. 

 In the 1930’s, shrimp fishers in the Gulf of Mexico began using otter trawls to 

harvest shrimp.40  Otter trawls use a large net kept open by large doors on either side.  

NC fishers adopted this technology, but the inconsistency in the shrimp harvest continued 

to limit its market.  NC marks the northernmost extent of the commercial shrimp fishery; 

its geographic location placed NC in a lucrative position in relation to northeastern 

markets as shrimp became accepted as a food item.41  The lack of refrigeration 

technology allowed NC to more easily ship fresh shrimp to these markets than more 

distant shrimp operations in the South Atlantic or in the Gulf of Mexico. 

 World War II profoundly influenced the nature of the shrimp industry in the US 

and NC.  The war created new demand for shrimp because the rationing of food during 

the war years did not include seafood; however, seafood supplies decreased during the 

war.42  A shortage of equipment and manpower combined to limit the production of the 

industry until 1944 when the government relaxed restrictions.43  During the war, the 

government also restricted trawling in the Atlantic due to the risk of attack by German U-

boats.  The war years also brought about technological advancements including freezer 

technology.  This transformed shrimp from a perishable commodity with significant 

seasonal variation into a stable food source; the freezing technology allowed distributors 

to time the release of their shrimp to coincide with favorable market conditions.44   

 In the post-war years, the fishing industry boomed due to the return of manpower, 

the use of larger diesel trawlers, and other technologies developed during the war.45  As 

late as the 1950’s, boats of 45 to 60 feet would tow a single trawl with a headrope of 60 

to 65 feet.46  As technology continued to improve, fishers used new boats called “four-

barreled rigs” that could pull up to four nets with a combined headrope length of 120 to 

                                                 
40 Id. 
41 Id, pg. 17. 
42 Id, pg. 18. 
43 Id. 
44 Id. 
45 Id. 
46 Id. 
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160 feet.47 Additional advancement in navigational and fish finding technology further 

increased the efficiency of the fishery. 

 The historical annual average shrimp harvest exceeded 6.5 million pounds from 

1962 through 2003, but recent statistics show a decline in shrimping effort by almost 

10,000 trips from 1995 through 2003.48  While some of this decline may result from other 

forces, such as declining prices, the FMP indicates that a change in licensing procedures 

caused the decline.49  A viable recreational fishery also exists for shrimp in NC, but this 

fishery only accounts for 1% of the total commercial harvest.50 

 The FMP characterizes the shrimp fishery in NC as dominated by small to 

medium boats focusing on the internal waters and medium to large boats fishing in the 

Atlantic Ocean, the larger rivers, and sound systems.51  In a five-year period before the 

release of the FMP, regulators reported 51% of the shrimp harvest occurring in Pamlico 

Sound with 24% of the harvest occurring in the Atlantic and 10% occurring in Core 

Sound.52  Shrimpers today also demonstrate a clear preference in equipment with 93% of 

all shrimp in NC taken by otter trawls and only 3% and 4% taken from channel nets and 

skimmer trawls respectively.53  Most of the ocean trips occur within the three-mile 

territorial waters of NC, allowing the state almost exclusive regulatory authority over the 

shrimp fishery.54   

 

Regulatory Regime of the Shrimp Industry in NC 

 The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) 

remains the dominant Federal fisheries regulation.  The MSFCMA designates eight 

Fishery Management Councils (FMC) with the responsibility of managing fisheries on a 

regional scale.  The South Atlantic FMC (SAFMC) is responsible for the conservation 

and management of fisheries in federal waters off the NC coast.55  The SAFMC 

                                                 
47 Id. 
48 Id, pg. 20. 
49 Id. 
50 Id, pg. 27; Because of the low volume of harvest, this study excludes the recreational harvest from 
further analysis. 
51 FMP, pg. 20. 
52 Id, pg. 21. 
53 Id, pg. 22. 
54 Id, pg. 8. 
55 SAFMC.  Further information is available on their website at http://www.safmc.net/.  
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maintains regulations regarding the use of bycatch reduction devices (BRDs) when 

shrimping in federal waters, and seeks to quantify bycatch and to implement a limited 

access program for the shrimp fishery.56  The SAFMC also designates “essential fish 

habitat” for shrimp reproduction and growth.57   

The MSFCMA and the SAFMC, however, do not significantly influence the NC 

shrimp fishery because the vast majority of the fishery occurs within the three-mile limit 

of state jurisdiction, placing it outside of the jurisdiction of Federal fisheries 

management.58  Other Federal legislation could influence the NC shrimp industry 

indirectly including the Rivers and Harbors Act of 1898 or the Clean Water Act of 1972.  

These regulations grant regulatory authority to the US Army Corps of Engineers and to 

the US Environmental Protection Agency (EPA) respectively.  While these acts could 

influence the NC shrimp fishery, because of the indirect nature of their influence this 

study will not explore federal regulation of fisheries management further with the 

exception of discussing the role of the Federal government in protecting domestic shrimp 

markets. 

 The NC FMP reports that “all management authority for North Carolina’s shrimp 

fishery is vested in the State of North Carolina.”59 Within NC, the primary authority for 

marine fisheries management lies with the NC Department of Environment and Natural 

Resources (DENR) according to General Statutes (GS) 113-131.60 Within DENR, the 

Division of Marine Fisheries (DMF) handles the bulk of the regulatory responsibility.  

While the DMF handles most of the regulatory responsibility, the policies for the shrimp 

fishery are set by an independent rule-making body called the Marine Fisheries 

Commission (MFC). The MFC set the policies for fishing times, areas, gear, fishing 

seasons, size limits and quantities of harvest;61 however, the Director of the DMF 

maintains proclamation authority which permits the Director to make certain decisions 

regarding regulation of  a fishery such as the opening of the shrimp season. 

                                                 
56 FMP (2006), pg. 8. 
57 Id., pgs 59-78. 
58 Id. 
59 Id. 
60 Id. pg. 4. 
61 Id. 
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The NC General Assembly maintains the authority to establish commercial 

fishing licenses for state waters and this governing body mandates that “there will be no 

fees charged for permits.”62  While the General Assembly maintains oversight, they 

delegated authority to the MFC to establish permits for specific commercial fishing 

activities such as the commercial shrimp harvest.  

 While the DMF and MFC dominate the direct regulation of the shrimp fishery in 

NC, several other divisions of the NC DENR assist in regulation and management.  The 

NC Division of Coastal Management regulates the development along estuarine 

shorelines in 20 coastal NC counties.63  While the US Army Corps of Engineers regulates 

the development of wetlands, the NC Division of Water Quality within the DENR also 

maintains some regulatory authority.64  While not operating within the DENR, the NC 

Department of Agriculture (NCDA) also maintains authority and responsibility by 

regulating agriculture activities. Furthermore, the NCDA received funding from the 

federal government in order to implement a marketing program to promote NC shrimp.65 

 Additionally, the NC Fisheries Reform Act of 1997 initiated the process of 

generating FMPs for commercial fisheries in NC.66  Before the publication of the FMP in 

April 2006 no such document existed.67  The goal of FMPs in NC “shall be to ensure the 

long term viability of the state’s commercially and recreationally significant species or 

fisheries.”68  This goal provides a clear mandate for the future sustainability of 

commercial and recreational fish stocks in NC, but interestingly, the goal does not 

mention stocks specifically.  By describing the “fisheries” instead of the stocks, this goal 

incorporates not just environmental sustainability but also broader goals of economic 

sustainability.  

The FMP sets a goal for regulators of the shrimp industry to strive to “utilize a 

management strategy that provides adequate resource protection, optimizes the long-term 

commercial harvest, maximizes social and economic value, provides sufficient 

                                                 
62 Id. 
63 Id., pg. 85. 
64 Id. 
65 Id., pg. 44. 
66 Id., pg. 4. 
67 Id, pg. 8. 
68 Id, pg. 4. 
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opportunity for recreational shrimpers, and considers the needs of all user groups.”69  

Working toward this goal, the FMP specifies six objectives: 

1. Minimize waste and enhance economic value of the shrimp resource by 
promoting more effective harvesting practices. 

2. Minimize harvest of non-target species of finfish and crustaceans and 
protected, threatened, and endangered species. 

3. Promote the protection, restoration, and enhancement of habitats and 
environmental quality necessary for enhancing the shrimp resource. 

4. Maintain a clear distinction between conservation goals and allocation issues. 
5. Reduce conflicts among and within user groups, including non-shrimping user 

groups and activities. 
6. Encourage research and education to improve the understanding and 

management of the shrimp resource.70 
 

Consistent with these goals and objectives, the MFC implements a variety of 

regulatory measures including area closures, restrictions on gear size and type, and 

seasonal closures.71  Such measures include the prohibition of trawling for shrimp in 

primary nursery areas (PNAs) or secondary nursery areas (SNAs) as designated by the 

North Carolina Administrative Code (NCAC).  Unlike PNAs, the Director of the DMF 

can open SNAs to trawling from August 16 until May 14 the following year.  The FMP 

also stipulates a variety of other gear restrictions.72  The NCAC also establishes “trawl 

net prohibited areas.”  The NC DMF provides maps in order to display the gear 

restrictions spatially.73 These maps and the FMP also display seasonal closures specific 

to locations and depend on the migration and size of the shrimp.  Finally, the FMP uses 

time closures such as restrictions on weekend harvests in order to avoid user conflicts. 

 

Threats to Shrimp Populations and Other Ecologically Complicating Factors 

 As previously discussed, shrimp populations in NC appear healthy by all reports.  

While reassuring, given the extent of degradation observed in many other commercial 

fish stocks, this does not indicate that the commercial shrimp industry lacks any threats or 

complicating factors.  Bycatch represents a significant threat and complicating factor for 

                                                 
69 Id, pg. 1. 
70 Id, pg 1 and 5. 
71 Id., pg. 2. 
72 Id., pgs. 9-11. Available in Appendix D. 
73 http://www.ncfisheries.net/maps/shrimptrawl/shrimpmaps.pdf.  
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the shrimp industry.74  The most popular and successful means of catching shrimp, 

trawling, unfortunately harvests species in a non-specific manner; this includes the 

harvest of non-targeted finfish and crustaceans such as crab. If included in the overall 

statistics for global commercial fish harvests, bycatch would represent approximately ¼ 

of the total annual fish harvest.75  Depending on the species caught and the season, 

sometimes bycatch can provide additional income to the fishers.  Often, however, the 

organisms caught lack a commercial market or, perhaps worse, constitute commercial 

species caught in the wrong season.  Fishers generally return unwanted bycatch to the sea 

since it would fill valuable space on their vessel.  While some of the released organisms 

will survive, many will not although precise statistics to this effect do not exist.   

Moreover, researchers continue to struggle to characterize and quantify bycatch 

and its effects.76  Different organisms survive the release after capture at different rates 

and these rates of mortality require further study to allow regulators to accurately predict 

the percentage of mortality for any given species.  Furthermore, regulators rely on the 

landings reports of fishers to acquire data regarding the type of species caught, the size of 

the species, and the count of the species.  Accurate data for these areas simply does not 

exist.  Researchers need a better understanding of bycatch rates for various species 

accounting for seasonal migration of non-target species, growth and size of non-target 

species, sex of non-target species, and a host of other variables.  Despite the tremendous 

data needs, the lack of available funding continues to threaten the ecosystems upon which 

the commercially important shrimp depend.77  In addition to threatening ecosystem 

function, bycatch undermines the regulatory efforts for other fisheries.78  By quantifying 

and classifying bycatch, regulators can more precisely set quotas in order to meet 

management goals of sustainability. 

Despite the difficulties, regulators continue to develop new ways to address the 

issue of bycatch such as gear modification.  According to the NC FMP for shrimp, “the 

DMF has been a leader among South Atlantic states in requiring BRDs in the tailbags of 

                                                 
74 PEW (2003), pg 43. 
75 Id. 
76 FMP (2006), pg 7. 
77 Id, pgs. 7 and 59. 
78 Pew (2003), pg. 43. 
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shrimp trawls in 1992 in order to try to reduce bycatch.”79  Bycatch reduction devices 

(BRDs) represent a valiant effort, but existing versions of this technology remain 

inadequate. For instance, existing BRDs fail to significantly reduce bycatch of demersal 

species such as southern flounder.80  Additional gear restrictions for bycatch reduction 

include a requirement for a 90-foot combined headrope limit for trawling in internal 

waters except Pamlico Sound and parts of the Neuse, Pamlico and Pungo rivers.81  This 

measure reduces bycatch and also reduces conflict among shrimpers and other user-

groups.82  

 In addition to causing high levels of bycatch, trawling also causes habitat 

destruction.  As previously discussed, present regulations prohibit trawling in PNAs, 

SNAs, and other designated areas because of the documented effects on bottom structure 

and fragile habitats including submerged aquatic vegetation (SAV), oyster rakes, and 

soft-bottom habitats rich in food.83  In addition to these obvious effects, trawling may 

also adversely influence benthic organisms, sediment oxygenation, and disturb immobile 

deposits of pollutants such as heavy metals in the sediment.84  Similar to the case of 

bycatch, a high level of uncertainty exists in attempting to quantify the specific effects of 

habitat destruction due to the dynamic nature of the environment.85 

 Development threatens shrimp populations by eliminating important nursery 

habitat and reducing water quality.  Wetland loss concerns regulators because studies 

indicate a close link between wetland habitats and the success of shrimp populations.86  

Shrimp depend on the shallow, vegetated habitats that wetlands provide for both food and 

protection from larger fish predators.87  In the past, ditching, draining, filling and 

channelization for agricultural and forestry activities caused the destruction of many of 

NC’s wetland habitats.88  Estimates suggest the loss of as much as 50% of NC’s historical 

                                                 
79 FMP (2006), pg 6. 
80 Id. 
81 Id, pg 3. 
82 FMP (2006), pg. 96; Pew (2003), pg. 43. 
83 FMP (2006), pgs. 6 and 73. 
84 Id, pg. 6. 
85 Id. 
86 Id, pg. 60. 
87 FMP (2006), pg. 60; Larson et al (1989), pg. 8. 
88 Id. 
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wetland habitats.89  While the rate of wetland loss continues to decline due to regulation, 

awareness, and mitigation, the continued loss of wetlands remains a threat to shrimp 

populations.90 

 Presently, habitat loss due to commercial and residential development represents 

the primary threat to wetland habitat.91   Shoreline development in particular threatens 

juvenile shrimp because of its impact of shallow wetland systems.92  While NC strictly 

regulates the hardening of shorelines on the ocean side, these strict regulations do not 

extend back into the estuarine system.93  Shoreline stabilization can make development of 

areas easier, but studies indicate that hardened shorelines cause “gradual, long-term 

wetland loss by limiting sediment inputs needed for maintenance and expansion of 

wetlands, and by blocking landward migration as sea level rises.”94  In addition to the 

loss of habitat, further studies of shrimp abundance adjacent to bulkheads report an 80% 

to a 300% reduction in abundance when compared to unaltered vegetated shorelines.95  

Development can alter water depth, circulation patterns, sediment loads, and bottom 

sediment characteristics.96  Beach renourishment also often accompanies shoreline 

development projects and can alter habitats and the abundance of shrimp, although this 

issue requires further study to quantify its effects.97 

While shoreline development poses a direct threat to shrimp populations, 

development away from the shoreline can also threaten shrimp populations.  

Development causes an increase in impervious surfaces such as pavement while 

simultaneously eliminating important riparian buffers.98  The increase in impervious 

surfaces facilitates the rapid transport of rain water in a watershed.99  The loss of riparian 

buffers exacerbates this effect by removing natural barriers that slow the drainage of 

these waters.   

                                                 
89 FMP (2006), pg. 61. 
90 Id, pg. 61. 
91 Id, pg. 65. 
92 Id, pg. 60. 
93 NOAA Office of Coastal Resource Management (2006). 
94 FMP (2006), pg. 65. 
95 Mock (1966); Gilmore and Trent (1974); and Peterson et al. (2000) cited in FMP, pg 65. 
96 FMP (2006), pgs 65-69. 
97 FMP (2006), pg. 69. 
98 Pew (2003), pg. 56. 
99 Id. 
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 After a rain, waters would normally travel slowly through the hydrological 

system.  The increased speed of the drainage contributes to increased water depths which 

threatens shrimp populations by further exposing shrimp to predation.  A significant 

rainfall event can also significantly alter the salinities of brackish systems such as NC’s 

estuaries by flooding them with large volumes of freshwater.100  As previously discussed, 

salinity fluctuations can influence the growth rates and habitat preferences of shrimp 

populations.   

 To complicate matters, the increased flow of run-off into the estuarine system can 

also increase the amounts of pollution that enter the system.101  Riparian buffers serve an 

additional function of filtering many pollutants from run-off.102  Because the system no 

longer functions adequately, pollutants flow unfiltered into estuarine systems.  Pollutants 

such as fertilizers, pesticides, and heavy metals pose a particular threat.103  Heavy metals 

can impair shrimp growth and reproduction directly and also pose health risks to humans 

eating contaminated shrimp and other seafood.104  Pesticides also threaten shrimp and 

humans that consume shrimp by causing negative developmental and reproductive 

effects.105 

 The threats from heavy metals and pesticides remain serious, but the pollution of 

fertilizers threatens the function of the entire ecosystem.106  The nitrogen in fertilizers 

aids in the growth of crops, but, once introduced into a system, run-off can transport 

excess nitrogen into aquatic systems with catastrophic effect.  Elevated levels of nitrogen 

cause algal blooms which can result in hypoxic or anoxic conditions.107  In the summer 

months, at the peak of the shrimp fishery, the effects of low dissolved oxygen magnify.108  

Furthermore, hypoxic events most frequently occur in the bottom layer of highly 

stratified waters where shrimp prefer to live.109  Experts associate hypoxia with numerous 

fish kills in NC.   
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 Low oxygen events represent a major cause of impairment in numerous coastal 

river basins.  Reports indicate the unsuitability of 30% to 50% of the bottom habitats in 

the Neuse River due to low dissolved oxygen levels.110  Since shrimp tend not to show up 

among the dead in fish kills, it appears they can migrate to avoid low oxygen events, but 

such events may displace shrimp from preferred habitat, slow growth, increase 

competition for resources, and increase predation.111 So, despite the ability of shrimp to 

avoid lethal fish kills, hypoxia still poses a serious threat to the shrimp fishery.   

  

Aquaculture 

 Because of the limited extent of aquaculture operations in the US and NC, 

existing domestic aquaculture operations do not directly threaten shrimp populations; 

however, the impact of international aquaculture poses a significant threat to the domestic 

shrimp fishery. The wild-capture fishery dominates the domestic shrimp industry, 

responsible for over 90% of the domestic supply; conversely, cultured shrimp account for 

over 90% of the international supply.  While difficult to determine a specific cause of this 

discrepancy, several possible causes exist.  First, strict environmental controls in the US 

limit the use of coastal habitats such as mangroves for aquaculture.  Many foreign nations 

do not share this ideology, converting much of their coastal mangrove habitats into 

shrimp farms.112  Second, the US tends to protect historically significant industries such 

as the shrimp industry.  Finally, the valuable economic development alongside US 

coastlines reduces the profit margin of any conflicting use or activity such as aquaculture.  

Regardless of the reason, shrimp aquaculture lacks popularity in the US and NC.  Before 

2003, no permitted aquaculture facilities existed in the state of NC, but in 2003 the state 

issued its first two permits.113    

While both the wild-capture fishery and the aquaculture industry offer a similar 

product, each industry offers its own unique sets of pros and cons.  The wild-capture 

shrimp industry continues to compete because consumers continue to purchase wild-

caught shrimp.  Some consumers report that they prefer the taste of wild-caught shrimp to 
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those of farm-raised shrimp.114  Furthermore, the wild-capture shrimp industry supports 

local economies although the FMP reports the recently declining significance of this 

impact in comparison to tourism and other industries in NC.115 The FMP also recognizes 

the historical significance of the shrimp fishery in NC; a survey effort inquiring about the 

historical significance rated it 9.6 out of 10 among 182 fishers surveyed.116 

 While many consumers prefer wild-caught shrimp, this industry contains several 

drawbacks when compared with farm-raised shrimp.  The wild-capture fishery depends 

heavily on the seasonality of the shrimp life cycle.117  Consumers cannot readily buy NC 

wild-caught shrimp before late April or early May.  In addition to the seasonality, the 

supply of wild-caught shrimp depends heavily on environmental conditions and weather 

patterns affecting shrimp growth, shrimp distribution, and the ability of fishers to fish.  

Variations in the size of individuals in the wild stock also occur due to environmental 

conditions and the non-uniform distribution of resources.118  This size variability requires 

an increased amount of labor before the shrimp come to market and reduces the value.119 

 In addition to variations in size and timing, wild-caught shrimp can contain a 

variety of pollutants including heavy metals and other toxins.  The ingestion of 

contaminated seafood can cause human health effects as discussed in Section 2.4.  

Bycatch and habitat destruction due to trawling represent perhaps the most significant 

negative effects of the wild-capture fishery.  Again, as discussed in Section 2.4, bycatch 

and habitat destruction threaten the function of ecosystems; bycatch and habitat 

destruction do not just threaten shrimp populations but also threaten the populations of 

other species that occupy the same environments.120   

 In comparison to the wild-capture fishery, the aquaculture industry exercises 

much more control over the production process.  This offers an answer to the seasonality 

of the wild-capture fishery.  The control over size allows aquaculture to provide shrimp 

of any size to the market at any time of the year.121  This also allows aquaculture 
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operations to more closely control the size of the shrimp produced.122  The uniformity of 

shrimp size requires less work in order to prepare the shrimp for market and reduces costs 

as compared to the process required of the wild-capture fishery.123   

 In addition to closely regulating the production process, aquaculture also reduces 

the complicating factor of bycatch and the threat of habitat destruction due to bottom 

trawling.  Nevertheless, aquaculture still causes habitat destruction, just different habitats 

and for different reasons.  Different types of aquaculture operations can cause different 

types of habitat destruction, but, in general, aquaculture can cause habitat destruction in 

one of two ways: through the conversion of mangroves or other sensitive coastal habitats 

into shallow ponds or through water pollution by hormones, antibiotics, medications, fish 

feed, feces, disease, or dead fish.124   

 The increased control over the production process allows aquaculture operations 

to eliminate the risk of exposure to pollutants such as heavy metals and other toxins.  

This does not suggest that aquaculture operations always closely monitor these factors, 

but, rather, that the capability exists for them to do so.  Aquaculture operations can still 

produce shrimp containing antibiotics, growth hormones, or other medications that might 

harm humans consuming shrimp.125   

 Aquaculture operations can also use genetically modified organisms (GMOs) or 

exotic species in the production process to increase yields.126  Scientists can breed fish 

for specific desirable characteristics such as increased growth rate or greater maximum 

size, offering a comparative advantage.  The use of GMOs remains an extremely 

controversial issue.  Despite the obvious benefits, ethical questions about the use of 

GMOs continue to impede the widespread acceptance of this practice.  Also, the escape 

of fish from aquaculture operations poses an additional risk according to research.  

GMOs and exotic species may interbreed with local populations reducing the 

survivability of offspring, introducing foreign diseases or parasites into the environment, 

and competing with local populations for scarce resources.127 
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 Finally, even if aquaculture operations maintain a breeding stock, the original 

stock came from somewhere.  To acquire breeding stock, aquaculture operations must 

harvest from wild stocks or purchase stock from other operations.  So, while aquaculture 

may eliminate some of the problems that occur in the wild-capture fishery, the 

aquaculture industry itself depends to a certain extent on the wild-capture fishery. 

 

International Shrimp 

 Recently, inexpensive shrimp from international aquaculture operations caused 

the alteration of domestic shrimp markets.  Considering the potential negative impacts of 

aquaculture operations, the rise in shrimp imports driven by inexpensive farm-raised 

shrimp threatens the livelihood of shrimp fishers.  The price of shrimp from 1994 to 2000 

averaged just below $2.50 per pound; however, since 2000, fishers received as little as 

$1.77 per pound (2003).128  This reduction in prices combined with an increase in fuel 

costs places the profitability and the future of the domestic shrimp industry in question. 

The FMP grapples with the question “should North Carolina’s Shrimp Plan attempt to set 

us on a better footing to compete internationally, or should our focus be to maintain the 

traditional, community based fisheries economy?”129  This question characterizes the 

dilemma facing managers of the shrimp fishery in NC. 

The price of shrimp paid to shrimp fishers depends largely on forces of supply 

and demand.  Farm raised imports, mostly from Asia and Latin America, increased in 

order to meet increasing demand, and thereby fostered additional demand due to the 

resulting decline in price.130  In 2001, price per pound dropped 24% over the previous 

year.131  In 2002, the price dropped an additional 32% over the 2001 price received by 

fishers.132  The market experienced a small price increase in 2003 as prices climbed back 

to $1.63 per pound, only a 13% increase from 2002 prices.133  Still, this price remained 
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60% below prices from 2000.134  In 2004, the US imported a record 1,140,000,000 lbs. of 

shrimp in large part due to the reduced prices.135  

According to the DOC (2003), Americans consumed a record setting 3.7 pounds 

of shrimp per capita consumption in 2002.136  Multiplying this by NC population levels 

indicates that NC residents consumed more than 30 million pounds of shrimp in 2002; 

this statistic exceeds the total landings of shrimp for the state by more than three times.137   

Thus, even if all the shrimp caught in NC remained in the state, it would only supply one 

third of the state’s consumption needs.138  So, even in the best case scenario, the domestic 

shrimp market depends on imports to satisfy domestic demand. 

 While consumers enjoyed access to inexpensive shrimp, individuals within the 

shrimping industry grew increasingly concerned about the increases of shrimp imports.  

As previously discussed, imported shrimp account for 90% of the US shrimp supply.139  

In response to increases in imports, members of the shrimping industry from Texas to NC 

formed the Southern Shrimp Alliance (SSA) to explore possible trade action and hired 

lobbyists to help express their concerns to the government.140  SSA representatives 

believe “it’s very important for coastal communities . . . that the dumping [of shrimp] 

ends and they can receive a fair price for their shrimp.”141 

On December 31, 2003, the SSA filed with the DOC claiming the involvement of 

foreign nations in dumping shrimp on the US market.142  The DOC found cause to 

impose duties in 2004 on imported shrimp from six countries: Thailand, India, China, 

Vietnam, Brazil, and Ecuador.143  The DOC imposed variable duties depending on the 

specific circumstances for each country as a percentage of the price of shrimp as follows: 

• Brazil – up to 67.8% 
• Ecuador – 2% to 3.25% 
• India – 5.02% to 15.36% 
• Thailand – 5.79% to 6.82% 
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• China – 27.89% to 82.27% 
• Vietnam – 12% to 93%144  

Combined, these six countries account for 75% of the shrimp imported into the US 

valued at approximately $2.6 billion.145 

  In 2003, Congress responded to the situation by allocating $35 million to offset 

the economic losses of shrimp fishers in the Gulf of Mexico and the South Atlantic.146  

Of this total, NC received $4.9 million; the bulk of this funding, $4.3 million went 

directly to shrimp fishers based on their landings in 2002.147  While the DMF 

administered this funding, the NCDA received the remaining $600,000 in order to 

develop a marketing program for NC wild-caught shrimp to last for three years.148  The 

NCDA advertised shrimp in consumer publications and billboards, promoted in-store 

consumer awareness, and distributed of recipe cards.149  The NCDA also continues to 

market shrimp in its “Freshness from NC waters” program.150 

The FMP addresses the concerns over the increase in shrimp imports with a 

recommendation to increase the minimum shrimp size or count at which the Director of 

the DMF opens some water bodies to trawling in order to improve the economic 

conditions in the fishery.151  Regulators in NC recognize that they cannot significantly 

influence the volume of imports or the prices of shrimp, but regulators hope to help 

alleviate the dire economic situation facing the domestic industry through participation in 

national efforts and through responsible management.152  The remainder of this study 

focuses on restoring the profitability of the wild-capture shrimp fishery in NC with 

particular attention paid to identifying the optimal timing of the shrimp harvest.   
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3. Data, Model Simulations, and Methods 

 

The data used for the analysis came from a NOAA Fisheries database of monthly 

commercial landings.153  The database allows the user to search by species, time, and 

geographic preference for commercial fishing statistics.  A query of this database for 

statistical information about the shrimp fishery in NC yielded monthly values for metric 

tons of harvest, pounds of harvest, and the overall value of harvest.  While three species 

of penaeid shrimp make up the commercial shrimp fishery in NC, the harvest of brown 

shrimp represents both the largest volume of harvest and the highest value of harvest.154  

Thus, this study focuses on the statistics for only the brown shrimp fishery in NC. For 

this fishery, the database contained data for at least part of each year from 1990 to 1993 

and 1999 until 2004.   

After downloading the data for this fishery in a table format, this study uses 

Microsoft Excel© to perform the analysis.  In the first part of the analysis, this study sorts 

the data both by month and year allowing for the observation of both an annual average 

and a monthly average across the entire timeframe.155  In each spreadsheet, the ratio of 

value to harvest in pounds yields data for the price of shrimp per pound.  These figures 

then allow for the calculation of an average price for each month over the entire 

timeframe and an average price for each year; the bulk of the analysis in this study relies 

on the monthly average prices.156  A lack of data led to the exclusion of January, 

February, and March from the analysis.  The database contained no data from January 

and the database only contained data from February and March for the year 2000.  This 

lack of data should not confound the results of this study because no significant shrimp 

harvest occurs during these months.157   

In the second part of the analysis, this study explores shrimp growth models from 

the literature.  Using relationships from Larson et al. (1989), this study simulates the 

growth of individual shrimp with three different models in Microsoft Excel©.158    Larson 
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expressed growth as a series of nested functions for total length (TL) and carapace length 

(CL) in order to express weight (W) depending on time (t) in weeks.  The literature 

presented functions for the total length for males and females separately.159 

Males:   )1(128 ]98.5[317.0 +−−= t
t eTL  

Females:  )1(151 ]20.7[171.0 +−−= t
t eTL  

Larson included transformations in order to convert TL into CL for both males and 

females.160 

  Males:   CLTL 16.450.3 +=  

  Females:  CLTL 83.350.10 +=  

After converting TL into CL, the literature provided functions for male and female 

weight dependent on CL.161 

  Males:   94.24102.8 CLW −×=  

  Females:  84.24103.11 CLW −×=  

The separation of the male and female growth function makes sense biologically 

due to the sexually dimorphic nature of shrimp.  However, other than size selection, the 

fishery lacks the ability to selectively harvest males or females.  This suggests the minor 

economic importance of this distinction despite its biological importance.  Consistent 

with this notion, the literature also expressed a TL function for both sexes combined.162 

  Sexes Combined:  )1(178 073.0 t
t eTL −−=  

For the combined data, Larson skipped the step of converting the TL into CL and offered 

a relationship for weight and TL.163 

  Sexes Combined: 94.261052.10 TLW −×=  

 Finally, this study includes a fourth model constructed by Ling Huang, a PhD 

student at Duke University.164  She constructed this model based on data from the 

literature, but it calculates the growth of shrimp in a different fashion containing parts for 

both the weight (w(t)) and number of shrimp (n(t)). 
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 Shrimp Weight: 
1000

205.2*))1(7.177(10*52.10)( 94.2)112*(7/073.06 −−− −= tetw  

 Shrimp Number: 1163.1)1(4*092.53*007.09 )(72.1*10)(
)112(*7/073. −−−−=

teetn   

In this way, the model allows for the calculation of both shrimp weight and the number of 

shrimp in the population.  The product of these two functions (w(t) * n(t)) yields the 

overall biomass (b(t)) of the shrimp population in NC. This model incorporates the 

natural mortality of shrimp throughout the year and provides a more accurate framework 

for calculating not just the weight of an individual but the overall weight or biomass of 

the stock.165   

 The framework for the analysis does not directly rely on the numbers yielded by 

these models but rather on the rate of change observed in these models.  This study uses 

Microsoft Excel to simulate the growth of shrimp over a one-year time period and 

calculates an average monthly size from these simulations compare to the average 

monthly prices calculated from the data from NOAA Fisheries.  Using the data, this study 

compares the rates of change for price and weight over a variety of time periods from 

April to December.  The results are displayed in a matrix of possible scenarios to evaluate 

the possibility of delaying the season to allow shrimp to grow larger before harvest in 

order to increase the profitability of the fishery as suggested by the FMP.166 

  

4. Results and Interpretation of Analysis  

 

Through the framework of analysis described above, this study seeks to evaluate 

the possibility for managers to increase the profitability of the shrimp fishery by delaying 

the harvest of shrimp.  The price data clearly demonstrates the decline in prices cited as 

the cause of the economic hardships experienced by shrimp fishers.  The data reveals an 

average price of $2.18 per pound for the years before 2001, and an average price of $1.96 

per pound since 2001.167  These statistics support all reports in the literature of declining 

prices due to the rise of low cost imports. 
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While arranging the price data in a time-series demonstrated some interesting 

results, the bulk of the analysis focused on the monthly average prices beginning in April 

and continuing through December.168   Based on the data, the maximum shrimp price of 

$2.42 per pound occurs in October while the minimum price of $1.35 occurs in June.  

These values make intuitive sense due to the effects of supply and demand and the size 

preferences of consumers.  In June, fishers still harvest shrimp despite their small size. 

The peak of the fishery in July and August reveals increasing prices as the shrimp grow.  

The shrimp growth slows as fall approaches, but continued harvest reduces the number of 

shrimp causing elevated prices unassociated with growth.  Prices in September and 

November averaging $2.40 per pound and $2.41 per pound respectively demonstrate this 

trend as compared to the average price of $2.31 per pound in August and $1.81 per pound 

in July.  This analysis uses the above prices to calculate a rate of change for prices.  The 

maximum rate of change for price (42%) occurs between the minimum price in June and 

the maximum price in October.   

The model for male shrimp growth (Model 1) indicates a maximum total length of 

128 mm, a maximum carapace length of 29.9 mm, and a maximum weight of 17.9 grams 

or 0.04 lbs.  The model for female shrimp growth (Model 2) indicates a maximum total 

length of 160 mm, a maximum carapace length of 36.7 mm, and a maximum weight of 

31.3 grams or 0.07 lbs.  The shrimp growth model for both sexes combined (Model 3) 

excludes the conversion to carapace length, but indicates a maximum shrimp length of 

174 mm and a maximum shrimp weight of 34.8 grams or 0.08 lbs.  The biomass model 

(Model 4) eliminates the conversions from length to weight indicating a maximum 

shrimp weight of 0.08 lbs, a maximum shrimp population exceeding 64 billion 

individuals, and a maximum shrimp biomass of 28,259,428 lbs. The peak value for 

population occurs at the beginning of the time period and declines as time passes 

accounting for natural mortality but not for harvest.  

This study also evaluates the rate of change for shrimp weight based on each of 

the four growth models described above.  For shrimp growth, the maximum growth rate 

will equal the annual growth rate since shrimp grow throughout the year.  Model 1 

indicates an annual growth rate of 42%, Model 2 indicates an annual growth rate of 
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139%, Model 3 indicates an annual growth rate of 211,185%,169 and Model 4 indicates an 

undefined annual rate of growth due to the structure of the model.170  Model 4 simplifies 

the growth of shrimp by assuming no growth during the first 112 days of the year; 

however, using size from day 113 as an initial size, this model indicates an annual rate of 

growth of 54,750,170%.  These results contain large amounts of variation demonstrating 

the importance of model choice and parameter values when evaluating shrimp growth.   

  Rather than use these annual growth rates, this analysis relies on the rates of 

shrimp growth from one month to another or for periods of several months.  Model 1 

predicts low growth rates throughout the year; however, the fact that price declines from 

April until June causes the growth rates to exceed the rate of change of price for these 

months.171  The result depends on the initial price value used to calculate the rates.  

Generally, the Director of the DMF opens the shrimp harvest in early May.172  Using this 

initial price value and comparing the price rates to the growth rates from Model 1, 

analysis identified a pivot point between June and July.173  This would suggest that the 

Director should consider waiting until July to open the season for shrimp allowing 

individuals to grow in the wild until the rate of change of the price outstrips the growth 

rate.  Then, fishers could harvest the shrimp as prices approach a maximum.   

 If growth remains unchanged, then a higher initial price would cause a lower rate 

of price change.  This increases the likelihood that the rate of growth will exceed the rate 

of price change.  In the case of Model 1, if the initial harvest occurred in April, then the 

analysis would suggest that the Director postpone the harvest until August; if the initial 

harvest occurred in June, then the analysis would suggest no change to the management 

structure.  The analysis of this model offers an introduction to the analysis framework, 

but the growth rates predicted by this model represent an inadequate representation of the 

growth of shrimp by greatly overestimating size in the initial months.174 
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 28 
 

 Model 2 represents a slightly more accurate representation of shrimp growth 

although this model also overestimates the size of shrimp in the initial months.175  In this 

case, again assuming a season start date in May, the analysis reveals a pivot point 

between June and July.  This result parallels the results from Model 1, suggesting that the 

Director delay the opening of the harvest until July.  In the case of Model 2, if the harvest 

was supposed to begin in April, the analysis would again suggest that the Director 

postpone the harvest until August; if the initial date occurred in June, then the analysis 

would suggest no change to the management structure.  The results surrounding Model 2 

mirror the results of Model 1 over the relevant period with the exception of the case that 

the initial harvest occurs in August.  Analysis reveals a pivot point between September 

and November in this case indicating that the Director should wait until November in 

order to open the season for shrimp. 

 Model 3 represents a further improvement in accurately representing shrimp 

growth.  The analysis associated with this model demonstrates no pivot point for a 

harvest beginning in May; in all cases, the rate of shrimp growth exceeds the rate of 

change of shrimp prices.  This result would suggest that the Director postpone the harvest 

until the very end of the season when fishers would harvest all remaining shrimp to 

maximize the weight of the individual shrimp harvested.  This represents an unrealistic 

result discussed in further detail in Section 5.0.  In order to account for this result, the 

framework of this analysis suggests a skip from the assumed May initial start date to a 

June initial start date.176  

In the case of the June initial start-date for the harvest, the results of the analysis 

associated with Model 3 still do not reveal a pivot point until between November and 

December.  But, in this case, the results reveal a different type of pivot point: a reverse 

pivot point.  Unlike the results from Model 1 and Model 2 where the rate of growth 

increases faster than the rate of change of price initially, in this case, the rate of growth of 

shrimp prices exceeds the rate of growth of shrimp prices initially.  This suggests no 

change from the initial decision to begin harvesting in June until December.  The only 

reason shrimp harvest would continue past November would be the assumption of a 
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terminal horizon at which fishers either harvest shrimp or the shrimp die.  This result 

would parallel that of a salvage value in the economic literature. 

The results associated with Model 3 and an initial harvest date of July reveal a 

reverse pivot point between September and October.  This would indicate that fishers 

should complete the harvest and sale of shrimp before the end of September.  Again, the 

only reason fishers would harvest shrimp after September, in this case, would be to 

salvage any remaining value from the stock.    Finally, an initial harvest date in August 

indicates that the rate of growth exceeds the rate of price increase for all remaining 

months suggesting no change in the management decision.   

 Model 4 represents an even more realistic representation by expressing not just 

the growth of individual shrimp, but the biomass of the shrimp population.  The results of 

this analysis for the assumed initial start-date reveal no pivot points or reverse pivot 

points; the rate of increase in biomass exceeds the rate of change of price in all cases 

regardless of the initial start-date for the harvest.  Unlike the results in Model 3, where 

the analysis skipped from an initial start date in May to an initial start date in June to 

achieve some results, the results from the analysis associated with Model 4 offer no other 

possible start dates that would suggest a different management decision.  Thus, in every 

case, the results of the analysis of Model 4 would suggest that the Director make no 

change in the timing of the shrimp season.  This “no change” recommendation represents 

a contrary result from the recommendations associated with the other growth models; 

furthermore, it contradicts the recommendation of the advisory committee for the FMP 

suggesting an increase in “the minimum shrimp size (count) at which some water bodies 

are opened to trawling to help economic conditions in the fishery.”177 

 

5. Discussion of Assumptions 

 

The analysis described in Section 4.0 depends heavily on a series of assumptions; 

this section discusses those assumptions, the limitations of the analysis, and makes some 

suggestions for further study.  First, the analysis associated with all four models of 

shrimp growth assumes that growth and/or biomass depend entirely on time (t) either in 
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weeks or in days.  While time within a year plays a large role in shrimp growth, as 

evidenced by the seasonality of the fishery, the rates of shrimp growth also depend 

heavily on environmental terms such as food availability, salinity, dissolved oxygen, and 

water temperature.  None of the models used in this analysis contain terms accounting 

explicitly for fluctuations in any of these factors.  While one might consider these factors 

implicitly incorporated into the model, this does not allow for any annual variation in 

these factors.  A more realistic growth model that incorporated possible variation in the 

values for key environmental factors would greatly improve the models and the resulting 

analysis.  Additionally, none of these models gauge biomass except for Model 4.  

Biomass represents a more accurate measure for an analysis such as this because it 

incorporates natural death such as predation. Not even Model 4, however, incorporates 

the commercial and recreational harvest of shrimp.  Making these additions and 

improvements to the population model would further improve the results of this analysis.  

While these growth models represent the most accurate estimates available in the 

literature, they rely primarily on data from the 1970’s for the parameter values.  The fact 

that these models rely on old data further impedes the application of this analysis to the 

existing system.  Thus, the applicability of these models to the growth of shrimp today 

represents another assumption of this analysis.   

Furthermore, this analysis used monthly averages in order to calculate the rate for 

shrimp growth and the rate of change of shrimp prices.  These averages limit the 

resolution of the results.  This study used monthly averages because NOAA Fisheries 

only provided data for prices on a month by month basis; however, Model 1, Model 2, 

and Model 3 each provide estimated shrimp sizes by week and Model 4 provides daily 

estimated shrimp sizes.  Perhaps a higher resolution analysis would reveal more 

interesting and useful results. 

This analysis also assumes that the price of shrimp is exogenous or governed by 

forces outside the model.  For this assumption to hold, changes in the model should not 

cause changes in the price.  However, the price demonstrates endogenous behavior 

because changes in the model can influence the price.  For instance, if the model suggests 

an alteration of the timing of the shrimp harvest in NC, then this harvest would cause a 

change in the supply of shrimp.  Changing the supply of shrimp would then influence the 
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price, making the price of shrimp endogenous.  While it stands to reason that the price of 

shrimp would behave endogenously, the assumption of an exogenous price is not 

completely unreasonable since the NC harvest only represents 1/3 of the shrimp 

consumed in NC in a given year.  While fluctuations in the harvest schedule of NC 

shrimp will influence prices to some extent, the small percentage of the market share 

reduces the impact of changes in supply of NC shrimp on the price of shrimp in NC. 

Additionally, this analysis assumes that no shrimp survive more than 12 months.  

While FMP labels shrimp as an annual crop, some individuals live past this time.  This 

analysis assumes that fishers should harvest all shrimp before the end of the year because 

those shrimp will die.  This harvest takes the form of a salvage value.  While not entirely 

accurate, this assumption represents a realistic simplification of the natural system.  

Shrimp breed well before the 12 months expire and the fishery harvests as many shrimp 

as it can find anyway.  Also, no evidence suggests that shrimp living past 12 months 

provide a reproductive advantage analogous to some fish species.   

The analysis makes other assumptions regarding the timing or harvest.  

Specifically, the analysis assumes that the distribution and catchability of shrimp remains 

steady throughout the year.  Actually, these characteristics of the fishery shift as shrimp 

go through the various stages of their lifecycle.  The analysis excludes any harvest of 

shrimp before April and assumes that the initial harvest of shrimp should ideally occur by 

September at the very latest.  These simplifications accurately characterize the fishery.  

The harvest of shrimp before April would threaten the sustainability of the population by 

possibly harvesting individuals before they could reproduce.  Alternatively, the initial 

harvest of shrimp almost certainly should occur before October.  Even an initial harvest 

in September or August seems highly unlikely due to natural mortality in the stock and 

the beginning of the shrimp migration out of the estuarine system.  Fishers can still 

harvest shrimp once they leave the estuarine system, but such a change will shift profits 

away from smaller boats and increase the profits of larger vessels. 

 

6. Recommendations  

Based on a careful review of the FMP and the analysis of the pricing data and growth 

models, this study offers six recommendations for the future management of the shrimp 
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industry in North Carolina.  In each case, the suggested action will increase the 

profitability of the shrimp industry in NC through improved management, improved 

functionality of the natural system, or improvements in the market structure.  The 

following recommendations also seek to meet the stated objectives contained in the FMP. 

 

Recommendation One - Continue to Explore the Optimal Timing of the Shrimp Harvest 

 Regulators should continue to explore the optimal timing of the shrimp harvest in 

order to maximize the profitability of the industry.  The analysis in this study yields 

mixed results for the recommended initial start-date for the shrimp harvest in NC.  The 

resulting recommendation depended heavily on the model used to illustrate the rate of 

shrimp growth.  Further refinement of the growth models, perhaps incorporating some of 

the suggestions from Section 5.0, would allow the framework for this analysis to yield 

more accurate results.  These results would enable the Director to make more informed 

decisions about when to allow shrimp harvests in certain areas in order to maximize the 

profitability of the industry.  This recommendation would satisfy objectives one and six 

as described in the FMP. 

 

Recommendation Two - Increase Marketing Efforts 

 In order to further increase the profitability of the wild-capture shrimp industry in 

NC, managers should revise the FMP to include specific suggestions for marketing 

shrimp.  The current FMP contains brief descriptions of current efforts to market wild-

caught NC shrimp, but the limited funding for these efforts originated entirely from the 

Federal government in response to the dumping of international shrimp on the domestic 

market.  NC regulators should make the marketing of shrimp in NC a priority.  

Additionally, regulators should seek the assistance of the SAFMC and the SSA in order 

to formulate a regional marketing plan for wild-caught shrimp.  This would help alleviate 

funding constraints that NC regulators might experience.  This recommendation would 

satisfy objective one as described in the FMP. 

  

Recommendation Three - Continue to Address Issues of Development Such as Water 

Quality and Habitat Destruction 
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 Managers should continue to address issues of development including water 

quality and habitat destruction that impact shrimp population levels and distributions. The 

continued development of NC’s coastline threatens the profitability of the wild-capture 

shrimp industry in addition to the profitability of all other industries that depend on the 

functions of the natural estuarine system.  Water quality and habitat destruction remain 

issues of particular concern.  Regulators should continue to strive for improvements in 

shrimp harvesting technology in order to reduce the effects of trawling on the estuarine 

system.  In regard to development, NC stands out among states with a strong stance 

against shoreline stabilization along its seaward coast; however, regulators should 

increase protection measures in the estuarine system in order to preserve the natural 

functionality.   

Water quality also represents a critical issue for environmental management in 

NC.  Development projects, especially those in coastal watersheds, should strive to 

reduce the percentage of impervious surfaces used and should also seek to protect and/or 

repair riparian buffers to act as a natural filtration system and a “speed bump” for run-off.  

In addition to controlling run-off, NC should continue to encourage agriculture operations 

to minimize the use of pesticides and fertilizers on their crops.  Continued efforts in this 

area will result in long-term benefits for the NC shrimp industry and all other industries 

dependent on the beauty and the functions of the natural estuarine system in NC.  This 

recommendation would satisfy objective three as described in the FMP. 

 

Recommendation Four - Allow Fishers to Keep/Sell Bycatch Within Reasonable Limits 

 Fisheries regulators should allow fishers to keep and sell bycatch regardless of 

season within reasonable limits.  This study discusses the issue of bycatch and expressed 

the difficulties in proper management due to lack of data.  The present management 

structure does not offer fishers adequate incentives to assist managers in bridging the 

information gap.  This analysis suggests that managers relax regulations to allow fishers 

harvesting within regulations to keep and sell non-target species in order to reduce waste.  

Allowing fishers to keep and sell non-target species will assist managers in characterizing 

and quantifying the non-target catch.  Since fishers will sell more catch, rather than 

discarding it, this increases the likelihood that fishers report this harvest.  In turn, this 
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allows managers to include these fish in the annual catch data for each species.  This 

recommendation would satisfy objectives one, two, and six as described in the FMP. 

 

Recommendation Five - Increase Environmentally Responsible Aquaculture 

 Regulators should take efforts to increase the construction and production 

capacity of environmentally responsible aquaculture operations.  The wild-capture shrimp 

industry will likely resist this recommendation, but it remains a fact that the harvest of 

shrimp in NC cannot support the demand for shrimp in NC.  The protection offered by 

tariffs from the DOC remains a short-term solution, and aquaculture remains the most 

realistic way to bridge the gap between supply and demand of shrimp in NC.  This study 

described the pros and cons of the aquaculture industry.  While the threats remain 

concerning, through proper management, aquaculture operations can minimize their 

environmental impact.  The increase in aquaculture will help provide fresh shrimp in NC 

throughout the year in order to help meet consumer demand.   

 Assuming marketing efforts can solidify the consumer demand for wild-caught 

shrimp when available, the aquaculture industry will merely serve to produce shrimp 

outside of the peak season for wild-caught shrimp.  The increase in aquaculture 

operations might also provide an alternative form of employment for shrimp fishers 

unsatisfied with their earnings or displaced by regulations.  The NC government should 

consider exploring the possibilities of offering incentives to encourage responsible 

aquaculture and the retraining of fishers.  This recommendation would satisfy objectives 

two and five as described by the FMP. 

 

Recommendation Six - Increase Funding for Research 

 The most common thread throughout this study remains the need for more 

information.  Limited funding and the perceived health of shrimp populations represent 

barriers to further studies.  The previous five recommendations already covered the need 

for a better understanding of the growth rates, the population status, and the effects and 

characteristics of bycatch.  Further research is also needed on the effects of 

environmental variables.  The majority of the data cited in the FMP is 30 years old.  In 

short, managers continue to make decisions based on inadequate and outdated 
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information.  All reports indicate that shrimp populations remain healthy, but the 

endangered shrimp fishery requires more responsible management driven by more 

complete and accurate information.  This recommendation would satisfy objective six as 

described in the FMP. 

 

7.  Conclusions  

 

The shrimp fishery contributes significantly to coastal communities in North 

Carolina.  In fact, the combined penaeid shrimp fishery represents the most valuable 

fishery in the state.  The recently created FMP represents a great step forward for the 

responsible management of this valuable fishery.  However, the FMP relies on inadequate 

and outdated information.  Complicating matters, imports of low-cost international 

shrimp cause economic hardship for fishers.  Faced with reduced prices and increasing 

fuel costs, fishers struggle to make a living.  While the Federal government saw fit to 

provide some assistance for fishers in the form of direct financial assistance and 

protective tariffs on shrimp imports, regulators need to continue to work in order to 

secure the future of the shrimp industry.  The economic and social importance of the 

shrimp fishery in North Carolina requires that further research and analysis provide more 

accurate information in order to inform the proper management of the fishery.   
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Appendix A:  Harvest and Price Data from NOAA Fisheries 

Table 1: 

 Average Price 
1990 $1.97 
1991 $1.74 
1992 $2.16 
1993 $2.12 
1999 $2.63 
2000 $2.36 
2001 $2.13 
2002 $1.93 
2003 $1.75 
2004 $2.02 

 

Table 2: 

 Month Average Prices Average Prices Since 2000 
4 April $1.88 $1.88 
5 May $1.60 $1.67 
6 June $1.36 $1.35 
7 July $1.82 $1.89 
8 August $2.31 $2.31 
9 September $2.34 $2.40 
10 October $2.35 $2.42 
11 November $2.44 $2.41 
12 December $2.34 $2.05 
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Chart 1: 

Average Price by Year
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Appendix B:  Shrimp Growth Models 

Table 1: Model 1 

T TL:m CL:m W:m W:m 
weeks mm mm g lbs 

1 113.9956182 26.5614467 12.6215858 0.027830597 
2 117.8001781 27.4760043 13.9423945 0.03074298 
3 120.571156 28.1421048 14.9596759 0.032986085 
4 122.5893444 28.6272463 15.7306185 0.034686014 
5 124.0592531 28.9805897 16.3083143 0.035959833 
6 125.1298329 29.2379406 16.7377618 0.036906765 
7 125.909569 29.4253772 17.0551932 0.037606701 
8 126.4774748 29.561893 17.2888712 0.038121961 
9 126.8910981 29.6613217 17.4603891 0.038500158 

10 127.1923526 29.7337386 17.586015 0.038777163 
11 127.4117656 29.7864821 17.6778866 0.03897974 
12 127.5715708 29.8248968 17.7449984 0.039127722 
13 127.6879618 29.8528754 17.7939837 0.039235734 
14 127.772733 29.8732531 17.8297173 0.039314527 
15 127.8344745 29.8880948 17.855773 0.039371979 
16 127.8794427 29.8989045 17.8747659 0.039413859 
17 127.9121944 29.9067775 17.8886075 0.039444379 
18 127.9360485 29.9125117 17.8986931 0.039466618 
19 127.9534221 29.916688 17.9060412 0.039482821 
20 127.9660759 29.9197298 17.9113942 0.039494624 
21 127.975292 29.9219452 17.9152937 0.039503223 
22 127.9820044 29.9235588 17.9181342 0.039509486 
23 127.9868933 29.924734 17.9202032 0.039514048 
24 127.990454 29.9255899 17.9217102 0.039517371 
25 127.9930473 29.9262133 17.9228078 0.039519791 
26 127.9949362 29.9266673 17.9236073 0.039521554 
27 127.9963118 29.926998 17.9241896 0.039522838 
28 127.9973138 29.9272389 17.9246137 0.039523773 
29 127.9980436 29.9274143 17.9249226 0.039524454 
30 127.9985751 29.9275421 17.9251476 0.03952495 
31 127.9989622 29.9276351 17.9253114 0.039525312 
32 127.9992441 29.9277029 17.9254308 0.039525575 
33 127.9994495 29.9277523 17.9255177 0.039525767 
34 127.999599 29.9277882 17.925581 0.039525906 
35 127.999708 29.9278144 17.9256271 0.039526008 
36 127.9997873 29.9278335 17.9256607 0.039526082 
37 127.9998451 29.9278474 17.9256852 0.039526136 
38 127.9998872 29.9278575 17.925703 0.039526175 
39 127.9999178 29.9278649 17.925716 0.039526204 
40 127.9999401 29.9278702 17.9257254 0.039526225 
41 127.9999564 29.9278741 17.9257323 0.03952624 
42 127.9999683 29.927877 17.9257373 0.039526251 
43 127.9999769 29.9278791 17.925741 0.039526259 
44 127.9999832 29.9278806 17.9257436 0.039526265 
45 127.9999877 29.9278817 17.9257456 0.039526269 
46 127.9999911 29.9278825 17.925747 0.039526272 
47 127.9999935 29.9278831 17.925748 0.039526274 
48 127.9999953 29.9278835 17.9257487 0.039526276 
49 127.9999965 29.9278838 17.9257493 0.039526277 
50 127.9999975 29.927884 17.9257497 0.039526278 
51 127.9999982 29.9278842 17.92575 0.039526279 
52 127.9999987 29.9278843 17.9257502 0.039526279 
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Table 2: Model 2 

T TL:f CL:f W:f delta W 
weeks mm mm g lbs 

1 113.845688 26.9832083 13.103407 0.028893012 
2 119.685544 28.507975 15.3173252 0.033774702 
3 124.607501 29.7930812 17.3606603 0.038280256 
4 128.755833 30.8761965 19.2136566 0.042366113 
5 132.252136 31.7890694 20.8712008 0.046020998 
6 135.198896 32.5584584 22.3379714 0.049255227 
7 137.682488 33.206916 23.6247656 0.052092608 
8 139.775714 33.7534501 24.7458313 0.054564558 
9 141.539929 34.2140808 25.7169993 0.056705984 

10 143.026848 34.6023103 26.554426 0.058552509 
11 144.280056 34.9295185 27.2737858 0.060138698 
12 145.336286 35.2052966 27.8897863 0.061496979 
13 146.2265 35.4377284 28.4159074 0.062657076 
14 146.976791 35.6336269 28.864293 0.063645766 
15 147.609153 35.7987344 29.2457414 0.06448686 
16 148.142121 35.9378905 29.5697583 0.065201317 
17 148.591318 36.0551743 29.8446457 0.065807444 
18 148.969911 36.1540237 30.077608 0.066321126 
19 149.288997 36.237336 30.274866 0.06675608 
20 149.55793 36.3075534 30.4417687 0.0671241 
21 149.784592 36.3667342 30.5828998 0.067435294 
22 149.975628 36.416613 30.7021769 0.0676983 
23 150.136637 36.458652 30.8029398 0.067920482 
24 150.272339 36.4940833 30.8880312 0.068108109 
25 150.386712 36.5239456 30.9598663 0.068266505 
26 150.483107 36.5491142 31.0204943 0.06840019 
27 150.564352 36.5703268 31.0716527 0.068512994 
28 150.632826 36.5882053 31.1148125 0.068608162 
29 150.690538 36.6032736 31.1512186 0.068688437 
30 150.739179 36.6159736 31.1819239 0.068756142 
31 150.780174 36.6266774 31.2078183 0.068813239 
32 150.814726 36.6356987 31.2296534 0.068861386 
33 150.843847 36.6433021 31.2480641 0.068901981 
34 150.868391 36.6497105 31.2635866 0.068936208 
35 150.889077 36.6551115 31.2766732 0.068965064 
36 150.906512 36.6596637 31.2877055 0.068989391 
37 150.921206 36.6635003 31.2970058 0.069009898 
38 150.933591 36.6667339 31.3048457 0.069027185 
39 150.944029 36.6694592 31.3114543 0.069041757 
40 150.952826 36.6717562 31.3170249 0.06905404 
41 150.960241 36.6736922 31.3217204 0.069064393 
42 150.96649 36.6753238 31.3256782 0.06907312 
43 150.971757 36.676699 31.3290142 0.069080476 
44 150.976196 36.6778581 31.331826 0.069086676 
45 150.979938 36.6788349 31.334196 0.069091902 
46 150.983091 36.6796583 31.3361936 0.069096307 
47 150.985749 36.6803522 31.3378772 0.069100019 
48 150.987989 36.680937 31.3392963 0.069103148 
49 150.989877 36.68143 31.3404924 0.069105786 
50 150.991468 36.6818454 31.3415004 0.069108008 
51 150.992809 36.6821956 31.3423501 0.069109882 
52 150.993939 36.6824907 31.3430662 0.069111461 
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Table 3: Model 3 

T TL:c W:c delta W 
weeks Mm g lbs 

1 12.5310523 0.01648768 3.63553E-05 
2 24.1799288 0.11165286 0.000246195 
3 35.0087342 0.32776991 0.000722733 
4 45.0752006 0.68387126 0.001507936 
5 54.4329961 1.18406313 0.002610859 
6 63.1320107 1.82281308 0.004019303 
7 71.2186218 2.58858848 0.005707838 
8 78.7359422 3.46640461 0.007643422 
9 85.7240494 4.43960706 0.009789334 

10 92.2201998 5.49110275 0.012107882 
11 98.2590265 6.60419047 0.01456224 
12 103.872725 7.76309992 0.017117635 
13 109.091223 8.95331974 0.01974207 
14 113.942344 10.1617739 0.022406711 
15 118.45195 11.3768907 0.025086044 
16 122.644083 12.5885975 0.027757858 
17 126.541094 13.7882659 0.030403126 
18 130.163758 14.9686237 0.033005815 
19 133.53139 16.1236493 0.035552647 
20 136.661943 17.2484562 0.038032846 
21 139.572108 18.3391742 0.040437879 
22 142.2774 19.3928333 0.042761197 
23 144.792241 20.4072523 0.044997991 
24 147.13004 21.3809341 0.04714496 
25 149.303259 22.3129694 0.049200098 
26 151.323486 23.2029488 0.051162502 
27 153.201491 24.0508839 0.053032199 
28 154.947285 24.8571364 0.054809986 
29 156.570177 25.6223556 0.056497294 
30 158.078819 26.3474236 0.058096069 
31 159.481253 27.0334076 0.059608664 
32 160.784958 27.6815179 0.061037747 
33 161.996882 28.2930724 0.062386225 
34 163.123489 28.8694664 0.063657174 
35 164.170783 29.4121463 0.064853783 
36 165.144348 29.9225878 0.065979306 
37 166.049375 30.402278 0.067037023 
38 166.890689 30.8527 0.068030203 
39 167.672776 31.2753206 0.068962082 
40 168.399804 31.6715808 0.069835836 
41 169.07565 32.0428869 0.070654566 
42 169.703916 32.3906055 0.071421285 
43 170.287954 32.7160578 0.072138908 
44 170.830875 33.0205168 0.07281024 
45 171.335576 33.3052046 0.073437976 
46 171.804746 33.5712911 0.074024697 
47 172.240887 33.8198933 0.074572865 
48 172.646323 34.0520751 0.075084826 
49 173.023218 34.2688475 0.075562809 
50 173.373579 34.4711698 0.076008929 
51 173.699275 34.6599505 0.076425191 
52 174.002043 34.8360487 0.076813487 
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Table 4: Model 4 

 
monthly average 
number 

monthly average 
weight 

monthly average 
biomass 

  lbs lbs 
Jan 0 0 0 
Feb 0 0 0 
Mar 0 0 0 
Apr 1955976868 7.35083E-06 7618.209372 
May 1206646868 0.001424055 1560805.033 
June 840210132 0.008544169 6861965.789 
July 651680007.1 0.020073285 12921870.78 
Aug 538525630.5 0.033636974 18016658.17 
Sept 469184041 0.046587493 21753781.51 
Oct 425842617.2 0.057468291 24441503.27 
Nov 395928901.8 0.06668472 26360939.83 
Dec 376152436.2 0.073731326 27725182.75 
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Appendix C: Results of Analysis 

Table 1: Deltas 

delta W:m 4 5 6 7 8 9 10 11 12
17.82972 17.89869 17.91813 17.92419 17.92531 17.92563 17.92572 17.92574 17.92575

4 April 17.82971732 0 0.068976 0.088417 0.094472 0.095594 0.09591 0.095999 0.096026 0.096031
5 May 17.89869312 -0.06898 0 0.019441 0.025496 0.026618 0.026934 0.027023 0.027051 0.027056
6 June 17.91813417 -0.08842 -0.01944 0 0.006055 0.007177 0.007493 0.007582 0.007609 0.007615
7 July 17.92418958 -0.09447 -0.0255 -0.00606 0 0.001122 0.001438 0.001526 0.001554 0.001559
8 August 17.92531144 -0.09559 -0.02662 -0.00718 -0.00112 0 0.000316 0.000405 0.000432 0.000437
9 September 17.92562713 -0.09591 -0.02693 -0.00749 -0.00144 -0.00032 0 8.88E-05 0.000116 0.000122

10 October 17.92571597 -0.096 -0.02702 -0.00758 -0.00153 -0.0004 -8.9E-05 0 2.77E-05 3.28E-05
11 November 17.92574362 -0.09603 -0.02705 -0.00761 -0.00155 -0.00043 -0.00012 -2.8E-05 0 5.12E-06
12 December 17.92574875 -0.09603 -0.02706 -0.00761 -0.00156 -0.00044 -0.00012 -3.3E-05 -5.1E-06 0

delta W:f 4 5 6 7 8 9 10 11 12
28.86429 30.07761 30.70218 31.07165 31.20782 30.27487 30.44177 31.33183 31.3393

4 April 28.86429299 0 1.213315 1.837884 2.20736 2.343525 1.410573 1.577476 2.467533 2.475003
5 May 30.077608 -1.21332 0 0.624569 0.994045 1.13021 0.197258 0.364161 1.254218 1.261688
6 June 30.70217686 -1.83788 -0.62457 0 0.369476 0.505641 -0.42731 -0.26041 0.629649 0.637119
7 July 31.07165269 -2.20736 -0.99404 -0.36948 0 0.136166 -0.79679 -0.62988 0.260173 0.267644
8 August 31.20781825 -2.34353 -1.13021 -0.50564 -0.13617 0 -0.93295 -0.76605 0.124008 0.131478
9 September 30.27486601 -1.41057 -0.19726 0.427311 0.796787 0.932952 0 0.166903 1.05696 1.06443

10 October 30.44176866 -1.57748 -0.36416 0.260408 0.629884 0.76605 -0.1669 0 0.890057 0.897528
11 November 31.33182601 -2.46753 -1.25422 -0.62965 -0.26017 -0.12401 -1.05696 -0.89006 0 0.00747
12 December 31.3392963 -2.475 -1.26169 -0.63712 -0.26764 -0.13148 -1.06443 -0.89753 -0.00747 0

delta W:c 4 5 6 7 8 9 10 11 12
10.16177 14.96862 19.39283 24.05088 27.03341 29.41215 31.27532 33.02052 34.05208

4 April 10.16177387 0 4.80685 9.231059 13.88911 16.87163 19.25037 21.11355 22.85874 23.8903
5 May 14.96862369 -4.80685 0 4.42421 9.08226 12.06478 14.44352 16.3067 18.05189 19.08345
6 June 19.39283333 -9.23106 -4.42421 0 4.658051 7.640574 10.01931 11.88249 13.62768 14.65924
7 July 24.05088393 -13.8891 -9.08226 -4.65805 0 2.982524 5.361262 7.224437 8.969633 10.00119
8 August 27.0334076 -16.8716 -12.0648 -7.64057 -2.98252 0 2.378739 4.241913 5.987109 7.018667
9 September 29.41214632 -19.2504 -14.4435 -10.0193 -5.36126 -2.37874 0 1.863174 3.60837 4.639929

10 October 31.27532065 -21.1135 -16.3067 -11.8825 -7.22444 -4.24191 -1.86317 0 1.745196 2.776754
11 November 33.02051681 -22.8587 -18.0519 -13.6277 -8.96963 -5.98711 -3.60837 -1.7452 0 1.031558
12 December 34.05207506 -23.8903 -19.0835 -14.6592 -10.0012 -7.01867 -4.63993 -2.77675 -1.03156 0

delta W:L 4 5 6 7 8 9 10 11 12
7618.209 1560805 6861966 12921871 18016658 21753782 24441503 26360940 27725183

4 April 7618.209372 0 1553187 6854348 12914253 18009040 21746163 24433885 26353322 27717565
5 May 1560805.033 -1553187 0 5301161 11361066 16455853 20192976 22880698 24800135 26164378
6 June 6861965.789 -6854348 -5301161 0 6059905 11154692 14891816 17579537 19498974 20863217
7 July 12921870.78 -1.3E+07 -1.1E+07 -6059905 0 5094787 8831911 11519632 13439069 14803312
8 August 18016658.17 -1.8E+07 -1.6E+07 -1.1E+07 -5094787 0 3737123 6424845 8344282 9708525
9 September 21753781.51 -2.2E+07 -2E+07 -1.5E+07 -8831911 -3737123 0 2687722 4607158 5971401

10 October 24441503.27 -2.4E+07 -2.3E+07 -1.8E+07 -1.2E+07 -6424845 -2687722 0 1919437 3283679
11 November 26360939.83 -2.6E+07 -2.5E+07 -1.9E+07 -1.3E+07 -8344282 -4607158 -1919437 0 1364243
12 December 27725182.75 -2.8E+07 -2.6E+07 -2.1E+07 -1.5E+07 -9708525 -5971401 -3283679 -1364243 0

delta P 4 5 6 7 8 9 10 11 12
$1.88 $1.60 $1.36 $1.82 $2.31 $2.34 $2.35 $2.44 $2.34

4 April $1.88 $0.00 $0.00 $0.00 $0.00 $0.42 $0.45 $0.47 $0.56 $0.46
5 May $1.60 $0.29 $0.00 $0.00 $0.22 $0.71 $0.74 $0.75 $0.84 $0.74
6 June $1.36 $0.52 $0.24 $0.00 $0.46 $0.94 $0.97 $0.99 $1.08 $0.98
7 July $1.82 $0.06 $0.00 $0.00 $0.00 $0.49 $0.52 $0.53 $0.62 $0.52
8 August $2.31 $0.00 $0.00 $0.00 $0.00 $0.00 $0.03 $0.04 $0.13 $0.03
9 September $2.34 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.10 $0.00

10 October $2.35 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.09 $0.00
11 November $2.44 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
12 December $2.34 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.10 $0.00  
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Table 2: Ratios of Deltas for Growth to Deltas for Price 

W:m (t)
4 April 0 0.003854 0.004934 0.005271 0.005333 0.00535 0.005355 0.005357 0.005357
5 May -0.00385 0 0.001085 0.001422 0.001485 0.001503 0.001507 0.001509 0.001509
6 June -0.00493 -0.00108 0 0.000338 0.0004 0.000418 0.000423 0.000424 0.000425
7 July -0.00527 -0.00142 -0.00034 0 6.26E-05 8.02E-05 8.52E-05 8.67E-05 8.7E-05
8 August -0.00533 -0.00148 -0.0004 -6.3E-05 0 1.76E-05 2.26E-05 2.41E-05 2.44E-05
9 September -0.00535 -0.0015 -0.00042 -8E-05 -1.8E-05 0 4.96E-06 6.5E-06 6.78E-06

10 October -0.00536 -0.00151 -0.00042 -8.5E-05 -2.3E-05 -5E-06 0 1.54E-06 1.83E-06
11 November -0.00536 -0.00151 -0.00042 -8.7E-05 -2.4E-05 -6.5E-06 -1.5E-06 0 2.86E-07
12 December -0.00536 -0.00151 -0.00042 -8.7E-05 -2.4E-05 -6.8E-06 -1.8E-06 -2.9E-07 0

W:f (t)
4 April 0 0.040339 0.059862 0.071041 0.075094 0.046592 0.051819 0.078755 0.078974
5 May -0.04034 0 0.020343 0.031992 0.036216 0.006516 0.011963 0.04003 0.040259
6 June -0.05986 -0.02034 0 0.011891 0.016202 -0.01411 -0.00855 0.020096 0.02033
7 July -0.07104 -0.03199 -0.01189 0 0.004363 -0.02632 -0.02069 0.008304 0.00854
8 August -0.07509 -0.03622 -0.0162 -0.00436 0 -0.03082 -0.02516 0.003958 0.004195
9 September -0.04659 -0.00652 0.014114 0.026318 0.030816 0 0.005483 0.033734 0.033965

10 October -0.05182 -0.01196 0.008554 0.020691 0.025164 -0.00548 0 0.028407 0.028639
11 November -0.07875 -0.04003 -0.0201 -0.0083 -0.00396 -0.03373 -0.02841 0 0.000238
12 December -0.07897 -0.04026 -0.02033 -0.00854 -0.0042 -0.03396 -0.02864 -0.00024 0

W:c (t) 4 5 6 7 8 9
4 April 0 0.321128 0.476004 0.577489 0.624103 0.654504 0.675087 0.692259 0.701581
5 May -0.32113 0 0.228136 0.377627 0.446292 0.491073 0.521392 0.546687 0.56042
6 June -0.476 -0.22814 0 0.193675 0.282635 0.340652 0.379932 0.412704 0.430495
7 July -0.57749 -0.37763 -0.19367 0 0.110327 0.182281 0.230995 0.271638 0.293703
8 August -0.6241 -0.44629 -0.28263 -0.11033 0 0.080876 0.135631 0.181315 0.206116
9 September -0.6545 -0.49107 -0.34065 -0.18228 -0.08088 0 0.059573 0.109277 0.13626

10 October -0.67509 -0.52139 -0.37993 -0.23099 -0.13563 -0.05957 0 0.052852 0.081544
11 November -0.69226 -0.54669 -0.4127 -0.27164 -0.18131 -0.10928 -0.05285 0 0.030294
12 December -0.70158 -0.56042 -0.43049 -0.2937 -0.20612 -0.13626 -0.08154 -0.03029 0

W:L (t)
4 April 0 0.995119 0.99889 0.99941 0.999577 0.99965 0.999688 0.999711 0.999725
5 May -0.99512 0 0.772543 0.879212 0.913369 0.928251 0.936141 0.940791 0.943704
6 June -0.99889 -0.77254 0 0.468965 0.619132 0.684562 0.719249 0.739692 0.752501
7 July -0.99941 -0.87921 -0.46896 0 0.282782 0.405994 0.471314 0.50981 0.53393
8 August -0.99958 -0.91337 -0.61913 -0.28278 0 0.171792 0.262866 0.31654 0.35017
9 September -0.99965 -0.92825 -0.68456 -0.40599 -0.17179 0 0.109965 0.174772 0.215378

10 October -0.99969 -0.93614 -0.71925 -0.47131 -0.26287 -0.10997 0 0.072814 0.118437
11 November -0.99971 -0.94079 -0.73969 -0.50981 -0.31654 -0.17477 -0.07281 0 0.049206
12 December -0.99973 -0.9437 -0.7525 -0.53393 -0.35017 -0.21538 -0.11844 -0.04921 0

Price
4 April 0 0 0 0 0.183423 0.193912 0.198865 0.227526 0.194636
5 May 0.178375 0 0 0.121813 0.307031 0.315932 0.320136 0.344458 0.316547
6 June 0.382307 0.173063 0 0.251373 0.409265 0.416853 0.420437 0.441171 0.417377
7 July 0.034833 0 0 0 0.210909 0.221045 0.225832 0.253528 0.221745
8 August 0 0 0 0 0 0.012846 0.018912 0.054011 0.013733
9 September 0 0 0 0 0 0 0.006145 0.041701 0.000899

10 October 0 0 0 0 0 0 0 0.035775 0
11 November 0 0 0 0 0 0 0 0 0
12 December 0 0 0 0 0 0 0.005279 0.042577 0  
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Table 3: Results of Analysis 

0 Weight increases faster than Price = no harvest
1 Price increases faster than Weight = harvest

w:m (t) Model 1
April May June July August September October November December

1 0 0 0 1 1 1 1 1 April
1 0 1 1 1 1 1 1 May

1 1 1 1 1 1 1 June
1 1 1 1 1 1 July

1 1 1 1 1 August
1 1 1 1 September

1 1 0 October
1 0 November

1 December

w:f (t) Model 2
April May June July August September October November December

1 0 0 0 1 1 1 1 1 April
1 0 1 1 1 1 1 1 May

1 1 1 1 1 1 1 June
1 1 1 1 1 1 July

1 0 0 1 1 August
1 1 1 0 September

1 1 0 October
1 0 November

1 December

w:c (t) Model 3
April May June July August September October November December

1 0 0 0 0 0 0 0 0 April
1 0 0 0 0 0 0 0 May

1 1 1 1 1 1 0 June
1 1 1 0 0 0 July

1 0 0 0 0 August
1 0 0 0 September

1 0 0 October
1 0 November

1 December

w:L (t) Model 4
April May June July August September October November December

1 0 0 0 0 0 0 0 0 April
1 0 0 0 0 0 0 0 May

1 0 0 0 0 0 0 June
1 0 0 0 0 0 July

1 0 0 0 0 August
1 0 0 0 September

1 0 0 October
1 0 November

1 December  

 

 

 



 48 
 

Appendix 4:  Maps of Trawling Regulations 

  

  

  

 


