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EXECUTIVE SUMMARY 

 
Consumer demand for seafood products is growing both within the US and overseas, while the 
supply of seafood is shrinking due to overfishing and restrictions on ocean harvests.  Mariculture, 
farming seafood products on land, is a rapidly growing industry that seeks to exploit this market 
opportunity.   North Carolina (NC) universities are leaders in the development of the biotechnology 
needed to farm saltwater fish.  The Black Sea Bass (BSB), Centropristis striata, is an example of a 
high-value, high-demand marine finfish under development as a viable candidate for commercial 
aquaculture.  The traditional high-value retail market for BSB is characterized as a "niche" market 
of upscale, gourmet, white table-cloth seafood and sushi restaurants (Berlinsky et al. 2000, 
Copeland et al. 2005).  In this study, the upscale niche restaurant market for BSB is defined as those 
seafood-serving, non-buffet restaurants with an average dinner entrée price greater than or equal 
to $12.  A study of the potential niche market for BSB in NC found excellent chef acceptance of the 
farm-raised BSB product and good demand at prices that would be profitable for NC growers, based 
on NC production cost studies.  The present study builds on the promising results of the NC study to 
assess high-value, niche market restaurant demand for NC-farmed BSB in four metropolitan areas: 
New York City, Philadelphia, Atlanta and San Francisco.   
 
A random sample of restaurants in the niche market was selected from each city.  Restaurants were 
contacted by telephone and appointments made for each restaurant chef to assess NC farm-raised 
BSB ÉÎ ÔÈÅ ÃÈÅÆȭÓ ÒÅÓÔÁÕÒÁÎÔ ËÉÔÃÈÅn.  (Researchers at the University of North Carolina Wilmington 
grew the BSB used in the study in pilot-scale facilities located in Wrightsville Beach, NC.)  The 
product was delivered via next day air or in person by a graduate research associate in the field 
(depending ÏÎ ÔÈÅ ÃÈÅÆȭÓ ×ÉÓÈÅÓɊ ÔÏ ÔÈÅ ÒÅÓÔÁÕÒÁÎÔ ÆÏÒ ÁÓÓÅÓÓÍÅÎÔ.  The chefs prepared the product 
as desired and completed a survey.  Survey data were assessed to determine the characteristics of 
restaurants and customers in the niche market, desirable BSB product characteristics, and niche 
market demand for BSB.   
 

 A total of 857 seafood/sushi restaurants were identified in New York City, 490 in 
Philadelphia, 653 in Atlanta, and 714 in San Francisco.   

 
 Not all seafood/sushi restaurants met the criteria for being in the "upscale" niche market.  

In New York City, 273 (36%) of seafood/sushi restaurants were in the upscale niche 
market, 87 (19%) in Philadelphia, 85 (13%) in Atlanta, and 294 (41%) in San Francisco.   

 
 Thirty  completed surveys were obtained from each metro city (subsequent analyses were 

adjusted for different sampling rates across cities).  Survey response rates varied from 49 to 
75 percent across cities.   

 
 Average seating capacity per restaurant was 139.6, average dinner entrée price was $24.71, 

the percentage of restaurant sales attributable to fish averaged 22.8 percent, and all 
restaurants in the sample were open year-round (no restaurant in the sample waas open 
only seasonally).   

 
 Most (42%) restaurants in the niche market purchase fish on a daily basis, with the 

remainder purchasing fish weekly and daily.   
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 Over 60 percent of customers were local city residents, while about 18 percent were local 

suburban residents, and about 14 percent were tourists.   
 

 About 25 percent of niche restaurants reported that they currently purchase BSB (when 
available from ocean fisheries).  About 81 percent reported that they would purchase farm-
raised Black Sea Bass if available at a price similar to that of comparable fish species, while 
88 percent reported that they would buy BSB if it were available for a price twenty percent 
lower than that of comparable fish.   

 
 Chefs reported that BSB could be considered a comparable/substitute product for a variety 

of fish species, but snapper, grouper and striped bass were the most commonly reported 
comparable fish.   

 
 Over 20 percent of chefs had experienced problems with the availability of fish comparable 

to BSB, and over 40 percent had experienced problems with availability of ocean-caught 
BSB. 

 
 Although many chefs currently have a preference for ocean-caught fish, a substantial 

percentage (52 percent) either prefer farm-raised fish or are willing to substitute farm-
raised fish for ocean-caught.   

 
 The vast majority of chefs preferred fresh/chilled fish instead of live fish or frozen fish 

fillets.  The most-preferred preparation methods were sautéed (37 percent of chefs) and 
baked (13 percent).  Sushi, sashimi, and "other" were the next-most popular methods, with 
11 percent of chefs selecting each.   

 
 Fish size (whole weight in pounds) was deemed very important by chefs, with the 

optimal/preferred fish size being 1.5 to 2.5 lbs.  Relatively few chefs were interested in fish 
1 lb or less in size, even at a discounted price.  Those chefs interested in smaller fish were 
located in New York City and Philadelphia.   

 
 Chefs rated taste and freshness as the most important product characteristics.  Visual 

appearance of the product was very important, emphasizing the need for careful handling 
when harvesting, packing and shipping fish.  Skin color, flesh color, and texture also 
received high importance rankings, while fat content and number of bones were of 
moderate importance.  With respect to fat content, most chefs preferred a moderate to high 
fat content.  Chefs' opinions were mixed on the importance of the product having an empty 
digestive tract, organic production methods, and quality certification.  Chefs thought that 
nutrition labeling and product promotion/advertising  by the fish suppliers were relatively 
unimportant .  Domestic origin/production and certification of product origin were of only 
moderate importance to chefs.   

 
 Three statistical regression models were developed to estimate demand for farm-raised 

BSB in niche metro markets.  BSB price, restaurant seating capacity, and season of the year 
have statistically significant effects on BSB demand, but average entree price, the 
percentage of fish sales in overall restaurant sales, and availability problems with substitute 
species do not. 
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 Taking the New York City niche market as an example, the regression model results indicate 
that an increase in BSB price from $5.39/lb. to $7.00/lb. decreases BSB purchases from 
29.63 lbs./month per restaurant to 17.5 lbs./month (assuming the price of substitute fish is 
$5.39/lb. the average price of substitute fish in the city).  Similarly, lowering BSB price to 
$4.00/lb. increases BSB purchases to 40.75 lbs./month on average per restaurant.  At a BSB 
price of $5.39/lb., for every 100-seat increase in seating capacity in a New York City niche 
market restaurant, farm-raised BSB purchases increase by 12.5 lbs./month for that 
restaurant, on average.   

 
 Across all metro areas, restaurants purchase significantly more BSB in the summer season 

relative to the fall, winter and spring seasons.  When factors such as seating capacity and 
season are the same, the number of pounds of BSB purchased per month per restaurant in 
any of the three cities is approximately the same.   However, the number of restaurants and 
the average seating capacity of restaurants vary across cities, so aggregate demand for BSB 
varies across cities. 

 
 Assuming that farm-raised BSB are sold whole, fresh/chilled, 1.5-2.5 lb. in size, at prices 

equal to the average prices of comparable/substitute fish in each metro area, mean annual 
estimates of aggregate niche market demand range from 97,066 lbs./year for New York City 
to 21,972 lbs./year for Atlanta.  Estimated annual demand from just these four metro cities 
totals over 218,000 pounds per year.  It is important to emphasize that this is an estimate of 
niche market demand only; additional demand would also exist through other market 
channels but probably at lower prices. 

 
In summary, there is significant demand for farm-raised black sea bass in upscale niche 
metropolitan markets at prices that would be profitable to NC growers based on current estimates 
of production costs.  Continued biotechnology research focused on improving BSB growth rates via 
diet, nutrition and light/temperature optimization will likely increase produ ction efficiency, leading 
to lower production costs, and making the product more affordable for consumers and more 
profitable for growers.  Improvements in production, processing, and distribution efficiencies may 
further reduce costs.  Alternative packaging, branding and species-specific value-added processing 
options may increase the value of the product.  Finally, information on market demand for farm-
raised BSB in international markets (e.g., Hong Kong) would be valuable to assess potential export 
demand for farm-raised BSB.   
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INTRODUCTION 

 
Consumer demand for seafood products is growing both within the United States and overseas, 
while the supply of seafood is shrinking due to overfishing and restrictions on ocean harvests.  
Mariculture, farming seafood products on land, is a rapidly growing industry that seeks to exploit 
this market opportunity.  Marine fish species, such as flounder and black sea bass, command higher 
market prices than do freshwater species such as catfish and tilapia, yet saltwater fish have been 
much harder to produce in a farm environment.  North Carolina (NC) universities are leaders in the 
development of the biotechnology needed to farm saltwater fish.  Techniques for spawning adults, 
raising juvenile fish, and cost-effectively growing adult fish to market size have been developed in 
NC for both flounder and black sea bass (Berlinsky et al. 2000, Copeland and Watanabe 2006, 
Copeland et al. 2002, 2003, 2005).  Current biotechnology projects focused on the mariculture 
industry include: (1) the development of genetic techniques to breed female-only populations 
(females grow faster), (2) the development of the micro-scale equipment necessary to raise and 
feed microscopic live prey for larval fish, (3) the development of environmentally-friendly water 
cleaning and regeneration processes involving bio-engineering, and (4) the development of 
alternative, nutritious, and low-ÃÏÓÔ ÆÉÓÈ ÆÅÅÄÓ ɉÉÎÃÌÕÄÉÎÇ ȰÏÒÇÁÎÉÃȱ ÆÅÅÄÓ ÆÏÒ ÔÈÅ ÏÒÇÁÎÉÃ ÆÏÏÄÓ 
market) based on NC field crops and by-products. 
 
The Black Sea Bass (BSB), Centropristis striata, is an example of a high-value, high-demand marine 
finfish under development as a viable candidate for commercial aquaculture.  The BSB is a 
historically popular seafood fish that is endemic to continental shelf waters from Massachusetts to 
Florida (Musick and Mercer 1977, Sedberry 1988).  As such, it is an economically important 
commercial fishing species for many east coast states.  In NC, the 2006 commercial landing value 
for BSB exceeded $1.7 million (NMFS 2006).  In recent decades, however, overfishing and more 
stringent commercial fishing regulations have significantly reduced ocean fishery landings of BSB 
(NMFS 2007).  Moreover, stock status reports for the fishery indicate that although BSB stocks are 
beginning to recover, landings will be regulated for the indefinite future (NMFS 2007).  Limited 
availability of ocean-caught BSB seafood products, a high market price relative to many other fish 
species, and evolving buyer preferences for new seafood products (Jensen 2006, Olsen 2004) 
suggest that a farm-raised BSB industry may have a promising economic outlook in NC.  Together, 
these trends provide reasonable justification for an investigation of the potential demand for farm-
raised BSB in large metropolitan markets. 
 
NC entrepreneurs are preparing to invest in commercial-scale mariculture facilities, but an 
assessment of market demand and pricing is needed to optimize scale and growth of this new 
industry in NC.  The traditional high-value retail market for BSB is characterized as a niche market 
of upscale, gourmet, white table-cloth seafood and sushi restaurants (Berlinsky et al. 2000, 
Copeland et al. 2005).  BSB production costs (Copeland et al. 2005, Dumas et al. 2007a, 2007b) and 
demand for farm-raised BSB in the NC niche seafood restaurant market have been investigated 
(Wilde 2008, Wilde et al. 2008).  The NC study found excellent chef acceptance of the farm-raised 
BSB product and good demand at prices that would be profitable for NC growers, based on NC 
production cost studies (Wilde 2008).  The present study builds on the promising results of the NC 
study to assess high-value, niche market restaurant demand for NC-farmed marine fish in the much 
larger markets of selected metropolitan cities: New York City, Philadelphia, Atlanta and San 
Francisco, using restaurant survey/product trial methods developed and tested in NC.   
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SIGNIFICANCE TO THE REGION 

 
Mariculture techniques developed in NC use recirculating technology and innovative waste 
treatment methods that minimize water requirements, require no water treatment lagoons, and 
result in near zero water discharge.  Although saltwater fish are produced, a coastal location is 
unnecessary, as water is re-circulated and a continuous supply of saltwater is not neededɂ
therefore, mariculture facilities can be located anywhere in the state, providing a production 
alternative for NC farmers.  The University of North Carolina Wilmington is working with a local 
entrepreneur to develop a full commercial scale demonstration mariculture facility for black sea 
bass production to be located on the entrepreneur's land in Wilmington, NC.  This facility will 
develop production protocols for full scale production, transfer technology from the university to 
fish farmers, and demonstrate production costs to lending institutions.  Assessing the high-value 
niche market demand is critical to NC start-up companies as they make decisions regarding 
production volume, marketing channels, and product pricing.  Study results provide NC fish farmers 
with estimates of market demand for black sea bass from the high-value, freshɂchilled, 
metropolitan direct market channel and will determine the impact of product pricing on demand.  
Study results promote expansion of the mariculture industry in NC by reducing uncertainty 
surrounding potential market demand and pricing.  The study will save fish farmers money by 
eliminating the need for each farmer to pay for a market demand study; study results will be made 
available to all potential farmers.  Such information is critical for obtaining business loans from 
banks.   
 

STUDY GOALS AND OBJECTIVES 

 
 Restaurant niche market demand for NC-grown fresh BSB was assessed in four metropolitan areas 
(New York City, Philadelphia, Atlanta and San Francisco) via a field survey of restaurant chefs.  
Following the methodology developed by Wilde (2008) for assessment of restaurant niche market 
demand for fish via field surveys (see example survey in Appendix 1), upscale seafood restaurants 
were identified in each metropolitan area based on restaurant lists obtained from YellowPages.com.  
A random sample of restaurants was selected from the list developed for each city.  Restaurants 
were contacted by telephone and appointments made for each restaurant chef to assess the new 
product (maricultured BSBɊ ÉÎ ÔÈÅ ÃÈÅÆȭÓ ÒÅÓÔÁÕÒÁÎÔ ËÉÔÃÈÅÎȢ  4ÈÅ ÐÒÏÄÕÃÔ was delivered via next 
day air or in person by a graduate student researcher in the field (depending ÏÎ ÔÈÅ ÃÈÅÆȭÓ ×ÉÓÈÅÓɊ 
to the restaurant for assessment, together with a survey form.  Fresh, maricultured BSB were 
available from UNC-Wilmington mariculture facilities throughout the summer, fall and winter of 
2008-2009.  Chefs prepared the product as desired, completed the survey form and returned the 
form to the investigators.  Survey data were assessed using regression analysis to estimate 
restaurant niche market demand for BSB in metropolitan areas.  Results included estimates of 
pounds of BSB purchased per restaurant per month and the influence of control variables on 
pounds purchased.  Control variables included restaurant seating capacity, average entree price, 
season of the year, BSB price per pound, etc.   
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STUDY METHODOLOGY 

 

BSB Fish Sample Production Methods 

 
Approximately 500 hatchery-reared BSB were grown in an outdoor, two-tank recirculating 
aquaculture system (RAS) (see Carroll et al. 2005 for a detailed description of the RAS) to provide 
fresh, farm-raised BSB product for the study.  Individual tank stocking densities were maintained as 
suggested by Copeland et al. (2003).  Water conditions of 19-23° C, neutral pH and 33-34 g/L 
salinities were maintained to ensure optimal environmental parameters.  Multiple daily feedings of 
commercial marine finfish pellets to apparent 100 percent satiation were administered 6-7 
days/week and growth was monitored regularly until a target average market size of greater than 
or equal to 567 g (1.25 lb) (per whole, individual BSB) was achieved. 
 

 
Black Sea Bass pilot scale production facility, UNC-Wilmington, Wrightsville Beach, NC. 

 

Pre-Trial Survey 

 
A pre-trial survey of ten local (Wilmington, NC) upscale seafood and sushi restaurants was 
conducted to help identify appropriate niche markets and the attributes associated with them, such 
as average dinner entrée price and survey response rates.  The pre-trial survey also provided 
important feedback used to clarify survey question wording, establish sample sizes, and improve 
sample packing and shipping methods. 
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BSB Harvest and Shipping Methods 

 
BSB were purged of feed 1-7 days prior to harvest and all commercial chemical treatments were 
withheld from the RAS for the duration of the study.  Market-sized BSB (greater than or equal to 
567g (1.25 lb)) were harvested from tanks and euthanized using a humane, IACUC-approved 
(www.iacuc.org) metÈÏÄ ÔÈÁÔ ÕÔÉÌÉÚÅÓ Á ÓÔÁÎÄÁÒÄ ÃÏÍÍÅÒÃÉÁÌ ȰÃÈÉÌÌ-ËÉÌÌȱ ÔÅÃÈÎÉÑÕÅ ÆÏÒ ÃÏÒÅ-
temperature reduction via a dense slurry of ice and fresh seawater.  From one to six whole fish 
were then packaged immediately to be shipped and received by restaurants within 24 hours of 
harvest.  Ultra-fresh BSB shipments were made using priority overnight commercial deliveries with 
standard seafood shipping materials including corrugated cardboard boxes packed with Styrofoam 
ÓÅÁÆÏÏÄ ÂÏØÅÓ ÏÒ ÉÎÆÌÁÔÁÂÌÅ Ȱ#ÏÌÄÐÁÃËȱ ɉ×××ȢÃÏÌÄÐÁÃËÓÙÓÔÅÍȢcom) systems.  Thick, tightly-sealed 
plastic seafood shipping bags store the BSB products within packages to ensure freshness and 
prevent fin punctures that could potentially compromise product and shipment quality.  Several 
pre-frozen gel packs were packed with the product to control internal shipping temperatures.  (BSB 
were never shipped on ice based on pre-trial experience indicating a potential for reduced product 
quality due to ÐÏÏÌÓ ÏÆ ÆÒÅÓÈ×ÁÔÅÒ ÆÒÏÍ ÍÅÌÔÅÄ ÉÃÅȢɊ  3ÈÉÐÐÉÎÇ ÂÏØÅÓ ×ÅÒÅ ÌÁÂÅÌÅÄ ȰÐÅÒÉÓÈÁÂÌÅȱ ÏÎ 
all outward-facing sides and sealed envelopes containing the survey instrument, return envelopes 
and the appropriate contact information were taped conspicuously to the top of each box alongside 
pre-printed shipping invoices.  Phone calls were made to restaurants following shipments to verify 
that the product arrived fresh and without incident. 
 

 
Graduate researcher James Wilde harvesting farm-raised Black Sea Bass. 

 

Survey Sample Frame 

 
A sample frame (list) of seafood and Japanese/sushi  restaurants was developed for each metro area 
based on restaurant listings obtained from YellowPages.com in the summer of 2008.  The 
YellowPages.com website provided contact information (restaurant name, address, phone number) 
for all restaurants in a given city, and provided separate lists of restaurants by category, including a 
list of seafood restaurants, and a list of Japanese/sushi  restaurants.  The website also featured links 
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to restaurant webpages and, in many cases, pdf files of the full menus of the restaurants.  The 
YellowPages.com website listed 13,232 restaurants in New York City, of which 474 were 
Japanese/sushi  restaurants and 623 were seafood restaurants for a total of 857 seafood/sushi  
restaurants.  Similarly, 490 seafood/sushi restaurants were identified in Philadelphia, 653 in 
Atlanta, and 714 in San Francisco.  For each city, the seafood restaurant and Japanese/sushi 
restaurant lists were pooled, and duplicate listings were dropped.  Each restaurant listing was then 
screened to ensure (1) the restaurant was not primarily a buffet (low quality fish), and (2) the 
average dinner entree price was at least $12.  These screens eliminated fast food and other 
restaurants that were outside the high-value niche market.   
 

 
Niche market seafood restaurant in Philadelphia. 

 
 

 
Niche market sushi restaurant in New York City. 
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Survey 

 
Restaurants were drawn at random from the screened sample frame lists, contacted, and asked to 
participate in the survey.  In-person field survey interview appointments are made with the 
restaurant chef and/or fish buyer.  On the appointment day, the survey was conducted at the 
participating restaurants using fresh black sea bass product samples shipped overnight from the 
UNC-Wilmington mariculture facilities to the restaurant.  A field surveyor explained the 
study/survey to each survey respondent, and restaurant chefs were allowed to prepare the sample 
BSB fish prior to survey completion.  Additional restaurants were drawn at random from the 
sample frame lists until at least 30 completed surveys were obtained for each metro area.  This 
resulted in differing sampling rates across cities (however, regression analysis methods were 
adjusted to account for these differing sampling rates).  Although surveyors were prepared to 
provide Japanese language surveys, these were not needed, as all surveyed chefs either spoke 
English or had a coworker in the restaurant who could translate the interviewer's questions.   
 

 
Graduate researcher James Wilde interviewing restaurant chef. 

 

Product Attrib utes 

 
Characteristics of upscale restaurants and the BSB product were investigated to account for 
variable market conditions characteristic of seafood and restaurant industries (Engle and 
Quagrainie 2006).  An evaluation of twenty-three BSB product attributes assumed to influence 
restaurant chef acceptance of seafood products was conducted to help identify the most marketable 
BSB product form (Wessells 2002).  Examples of these BSB attributes include: freshness, fillet yield, 
flesh color, traceability and taste.  Restaurant chefs were asked to rate each BSB attribute on a scale 
from 1-10, where 1 indicated a BSB attribute deemed unimportant, 5 indicated an attribute of 
average importance, and 10 indicated an extremely important attribute.  Responses for each 
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attribute are summarized in terms of minimum, maximum, mean, standard deviation, and 
frequency distribution.   
 

Restaurant Characteristics 

 
Restaurant characteristics were evaluated to further investigate important product and market 
attributes.  Examples include clientele type, product purchase frequency (i.e., daily, weekly, 
monthly), cooking style, preferred product form, size, and fat content.  Results are presented using a 
combination of tables and bar graphs for convenient comparisons.  This analysis will help to 
identify marketable BSB product forms in addition to providing additional insight into niche market 
factors that have been found to influence demand, commodity value, and industry potential (Zucker 
and Anderson 1998).  
 

BSB Prices 

 
Farm-raised BSB prices are hypothetical because the product is not yet on the market (ocean-
caught BSB are bought and sold, but farm-raised BSB are not yet widely available).  Surveyed 
restaurants were asked to consider three BSB price scenarios: BSB price the same as the price of 
the most comparable/substitute species (as identified by the chef), BSB price 20 percent higher 
than the substitute species price, and BSB price 20 percent lower than the substitute species price.  
Substitute species prices are based on actual prices paid by the restaurants during the time of the 
survey, as reported by the restaurants or the seafood distributors who supplied the restaurants.  
Because substitute species prices vary by restaurant due to differences in substitute species type, 
substitute species availability, and seafood suppliers used by restaurants, hypothetical BSB prices 
vary as well, allowing the effect of BSB price on quantity of BSB demanded to be identified. 
 
The price of the substitute species varies by restaurant, depeÎÄÉÎÇ ÏÎ ÔÈÅ ÒÅÓÔÁÕÒÁÎÔȭÓ ÃÈÏÉÃÅ ÏÆ 
ÓÕÂÓÔÉÔÕÔÅ ÓÐÅÃÉÅÓȟ ÓÕÃÈ ÁÓ ÇÒÏÕÐÅÒ ÏÒ ÓÎÁÐÐÅÒȟ ÁÎÄ ÔÈÅ ÒÅÓÔÁÕÒÁÎÔȭÓ ÃÈÏÉÃÅ ÏÆ ÓÅÁÆÏÏÄ ÓÕÐÐÌÉÅÒȟ ÓÕÃÈ 
as Sysco or Southern Foods.  If the seafood supplier for a given restaurant was unknown, substitute 
price was determined by averaging the prices for the given species over seafood suppliers in the 
ÍÅÔÒÏ ÁÒÅÁȢ  7ÈÅÎ ÃÏÍÍÏÎȾÇÅÎÅÒÉÃ ÆÉÓÈ ÎÁÍÅÓ ɉÉȢÅȢȡ ȰÓÎÁÐÐÅÒȱ ÒÁÔÈÅÒ ÔÈÁÎ ȰÖÅÒÍÉÌÉÏÎ ÓÎÁÐÐÅÒȱɊ 
were reported by survey respondents, prices for the most commonly purchased species group, as 
reported by seafood suppliers, were used.     

Regression Analysis 

 
The goals of the regression analysis were to estimate farm-raised BSB niche market demand in 
metro niche markets and to investigate the influence of market variables such as restaurant seating 
capacity, BSB cost (price), average entrée price, and season on BSB demand.   
 
Multiple regression analysis was used to estimate niche market demand for BSB on a per restaurant 
basis.  Per restaurant demand can be extrapolated to produce estimates of aggregate demand in 
each metro area using estimates of the numbers of restaurants in each metro niche market.  
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Pre-test survey results provided insight into the market variables that influence demand for BSB in 
the niche market.  Variables included: season, BSB price, comparable/substitute species price, 
seating capacity, average dinner entrée price, problems experienced with BSB availability and the 
availability of similar/substitute fish species, and seasonal restaurant closings.  The regression 
equation was specified as: 
 

Equation 1. 

 

 

 

 

 
The regression model explains the planned purchases of BSB in pounds per month (pounds) by 
ÒÅÓÔÁÕÒÁÎÔ ȰÉȱ ÉÎ ÓÅÁÓÏÎ ÏÆ ÙÅÁÒ ȰÔȱ ÕÎÄÅÒ ÐÒÉÃÅ ÓÃÅÎÁÒÉÏ ȰÓȢȱ  0ÌÁÎÎÅÄ ÐÕÒÃÈÁÓÅÓ ÄÅÐÅÎÄ ÏÎ ÓÅÁÓÏÎÁÌ 
dummy variables (springd, falld, and winterd; summer is the omitted default season), the price of 
BSB (bsbprice), BSB price squared (bsbprsq), the seating capacity of the restaurant (seatcap), the 
average price of a dinner entrée (entreepr), entrée price squared (entreeprsq), the percentage of 
restaurant sales attributed to fish sales (fshintns), a dummy variable indicating whether the 
restaurant reported problems with the availability of the substitute species (avalprob), and dummy 
variables indicating the metro location of the restaurant (philly, atlanta, and sanfran; newyork is 
the omitted default metro area), ÃÏÎÓÔÁÎÔ ÃÏÅÆÆÉÃÉÅÎÔÓ ɼ0-ɼ13 to be estimated by the regression, and 
a random error term (e) (The random error term consists of two components in the random effects 
panel data regression model).  Seasons were specified as follows: winter (December-February), 
spring (March-May), summer (June-August), and fall (September-November).  
 
SAS statistical software (SAS Institute Inc. 2002-2003) was used to estimate all regression models.  
Weighted regression analysis was used to adjust the regression results for differences in sampling 
rates across metro areas.  Random effects panel data regression ("PROC Mixed" procedure in SAS) 
was used to adjust the regression results for correlation among multiple responses from a given 
restaurant. 

st,i,i13i12i11

i10i9i8i7

i6st,i,5st,i,4

3210st,i,

eanfransɼtlantaaɼhillypɼ

avalprobɼfshintnsɼentreeprsqɼentreeprɼ

seatcapɼbsbprsqɼbsbpriceɼ

winterdɼfalldɼspringdɼɼpounds
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RESULTS 

 

Numbers of Seafood/Sushi Restaurants and Survey Sampling Rates 

 
Restaurant listings provided by YellowPages.com for the fall 2008-winter 2009 period indicated 
that there were 857 seafood/sushi restaurants in New York City, 490 in Philadelphia, 653 in Atlanta 
and 714 in San Francisco (Table 1) .  Restaurants were selected at random from these lists and 
contacted until 30 restaurants in the targeted niche market from each city agreed to participate in 
the survey.     
 
To obtain the desired 30 participating niche restaurants per city, 169 restaurants were contacted in 
New York City, 226 in Philadelphia, 293 in Atlanta and 148 in San Francisco, resulting in a survey 
sampling rate of 20% of all seafood/sushi restaurants in New York City, 46% in Philadelphia, 45% 
in Atlanta and 21% in San Francisco.  Regression analysis results reported below are adjusted for 
the different sampling rates across metro areas. 
 

Percentage of Seafood/Sushi Restaurants in Upscale Niche Market 

 
Not all seafood/sushi restaurants met the criteria for being in the "upscale" niche market.  In New 
York City, 36% of seafood/sushi restaurants were in the upscale niche market, in Philadelphia the 
percentage was 19%, in Atlanta 13%, and in San Francisco 41% (Table 2) . 
 

Survey Response Rates 

 
Overall, survey response rates were good but varied somewhat by metro area (Table 3) .  In New 
York City, 56% of all contacted/sampled restaurants in the upscale niche agreed to participate in 
the survey, in Philadelphia survey response was somewhat higher at 75%, in Atlanta 66%, and in 
San Francisco 49%. 
 

Estimated Numbers of Upscale Niche Market Restaurants by Metro Area 

 
Based on the total number of seafood/sushi restaurants in each metro area, the number of 
seafood/sushi restaurants contacted, and the number of contacted restaurants in the upscale niche, 
estimates of the total number of restaurants in the upscale niche market in each metro area can be 
obtained (Table 4) .  The estimated number of restaurants in the upscale niche in New York City is 
273, in Philadelphia 87, in Atlanta 85, and in San Francisco 294.   
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Niche Market Restaurant Characteristics 

 
Descriptive statistics for several variables used to characterize the upscale niche restaurant market 
for BSB are presented in Tables 5-9.   All restaurants in the sample were open year-round (no 
restaurants were open only seasonally).  Table 5  presents average results for all 120 sampled 
restaurants in all four metro areas.  Average seating capacity per restaurant was 139.6, with a 
minimum of 30 and a maximum of 425.   Figure 1  shows the distribution of restaurant seating 
capacities across all restaurants from all four metro areas.  Most restaurants (71 percent) had 
seating capacities from 75 to 175, and the most common seating capacity was 125; very few 
restaurants had capacities above 275.  Average dinner entrée price was $24.71, ranging from a 
minimum of $14 to a maximum of $60.  Figure 2  presents the distribution of average entrée prices.  
The most common entrée prices (69 percent) ranged from $18 to $24; although about 9 percent of 
entrée prices were above $40.  The percentage of restaurant sales attributable to fish averaged 22.8 
percent, ranging from 5 to 75 percent.  Comparing results for individual cities (Tables 6-9, 25-30 
sampled restaurants per city) with average results (Table 5), San Francisco restaurants were 
smaller (smaller seating capacities) than those in other sampled cities.  New York City and 
Philadelphia had higher than average entrée prices, while entrée prices in Philadelphia and San 
Francisco were lower.  Sales of upscale seafood restaurants in Philadelphia and San Francisco were 
relatively more "fish-intensive" (fish accounted for 25-27 % of sales) than were sales of similar 
restaurants in New York City and Atlanta (fish accounted for 18-20 % of sales).  Figure 3  presents 
results on the type of clientele serviced by upscale seafood restaurants in the four metro areas.  
Over 60 percent of customers were local city residents, while about 18 percent were local suburban 
residents, and about 14 percent were tourists. 
 

Fish Purchasing Preferences and Behavior 

 
Results presented in Figure 4  show that 42 percent of upscale metro seafood restaurants purchase 
fish on a daily basis, with 28 percent purchasing weekly, and 25 percent purchasing both on a daily 
and weekly basis (the remaining 5 percent either reported "other" or did not report their frequency 
of fish purchases).   
 
Twenty-five percent of niche restaurants report that they currently purchase ocean-caught Black 
Sea Bass (when available) (Figure 5 ), while seventy percent report that they do not (five percent 
did not report).   Eighty -one percent of restaurants reported that they would purchase Black 
Sea Bass if it were available at a price similar to that of comparable fish species, while 
eighty -eight percent reported that they would buy BSB if it were available for a price twenty 
percent less than that of comparable fish.    
 

Desirable Fish Product Characteristics 

 
Niche market restaurant chefs were asked to assess several product characteristics of the Black Sea 
Bass product samples.  Chefs were asked to assess the relative importance of BSB product 
characteristics on a scale of 1 to 10 (Table 10 ), with 1 indicating that the characteristic was not 
important, 5 indicating average importance, and 10 indicating very important.  The chefs were also 
asked to report their desired amount or optimal level of some characteristics. 



Assessing Metro Niche Market Demand for North Carolina Mariculture Products 
 

 Page 11 

 
Fish size (whole weight in pounds) was deemed very important by chefs, receiving an average 
rating of 9 (Table 10).  Figure 6  indicates that over 90 percent of chefs gave a rating of 8 or higher 
to fish size.  The optimal/preferred fish size was from 1.5 to 2.5 lbs. for 78 percent of chefs (Figure 
7), with 8 percent of chefs preferring smaller fish, and 10 percent of chefs preferring larger fish.    
 
To investigate whether the niche market would be receptive to smaller fish sizes, chefs were asked 
whether they would purchase whole BSB of 1 lb. (or less) in weight for approximately the same 
price as larger BSB.  Thirteen percent of the chefs said yes, they would purchase the smaller fish, 
but 82 percent said no (Figure 8 ).  (Some chefs reported that the smaller fish are useful for cooking 
and serving whole, as is the custom in some Asian dishes, whereas larger fish will not fit on a 
serving plate when cooked whole.)  When asked whether they would consider purchasing the 
smaller fish if the price were discounted, more (25 percent) of the chefs said yes (Figure 9). 
 
One reason for the importance of fish size is fillet yield, which chefs rated 8.49 in importance (Table 
10).  Over 75 percent of chefs assigned fillet yield an importance rating of 8 or higher (Figure 10 ).     
 

Comparable/Substitute Fish Species 

 
An often important factor in determining demand for a new product such as farm-raised Black Sea 
Bass is the availability of substitute products, in this case other fish species thought to be similar to 
BSB in terms of preparation methods and consumer acceptance.  Chefs were asked "What other fish 
would be most comparable to Black Sea Bass in your business?  That is, Black Sea Bass would be a 
reasonable substitute for what fish?"  Chefs reported that BSB could be considered a 
comparable/substitute product for a variety of fish species (Figure 11 ), but snapper, grouper and 
striped bass were the most commonly reported substitutes, each being mentioned by thirteen or 
more chefs (out of 105 chefs reporting).  Mahi, tuna and branzino were also thought to be good 
substitutes by five or more chefs. 
 

Product Availability 

 
Seafood products are sometimes unavailable at any price due to seasonal fisheries or fishing 
regulations.  Chefs assigned an importance rating of 7.45 (Table 10) to the "Continuous Availability" 
of a seafood product.  Indeed, 63 percent of chefs assigned availability an importance rating of 8 or 
higher (Figure 12 ).  Twenty-two percent of chefs reported problems with product availability for 
fish species they considered to be comparable/good substitutes for Black Sea Bass (Figure 13).  For 
those chefs currently using Black Sea Bass (ocean-caught / wild -caught), forty-three percent report 
problems with the availability of BSB (Figure 14 ).    
 

Product Form (Live Whole, Fresh Whole, or Frozen Fillet) 

 
Fish products can be shipped live or killed.  Killed fish can be shipped fresh/chilled or frozen.  
These various product forms have different processing, storage and transport costs and different 
end uses / consumer markets.  On average, chefs reported a low importance ranking of 2.79 for 
obtaining live BSB (vs. killed) (Table 10) with only eleven percent of chefs assigning an importance 
ranking of 8 or higher, and 66 percent assigning the lowest ranking of 1 (Figure 15 ).    However, 
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chefs thought that having access to fresh/chilled product (vs. frozen) was very important, assigning 
an average importance rating of 8.60 and with over 83 percent of chefs assigning a rating of 8 or 
higher to this product attribute (Figure 16 ).  Indeed, over 85 percent of chefs indicated that killed 
fresh/chilled was their preferred product form (Figure 17 ), with over 83 percent expressing no 
interest in frozen fillets at a discounted price of 25 percent or more relative to the price of 
fresh/chilled BSB (Figure 18 ).   
 

BSB Product Characteristics and Preferred Preparation Methods 

 
Not surprisingly, all chefs assigned the highest importance rating of 10 to the BSB product 
characteristics "Taste" and "Freshness" (Figures 19 and 20 ).  Aspects of taste and freshness 
include: visual appearance, skin color, flesh (meat) color, texture, fat content, number of bones and 
whether the fish are shipped with an empty digestive tract (purged before shipping).  Chefs 
assigned Visual Appearance an importance rating of 9.72, emphasizing the importance of careful 
handling when harvesting, packing and shipping fish (Table 10 and Figure 21 ).  Skin Color, Flesh 
Color, and Texture also received high importance rankings, 8.71, 9.52, and 9.97, respectively (Table 
10, Figure s 22, 23 and 24).   Fat Content and Number of Bones were of moderate importance, 
receiving ratings of 7.72 and 7.47 (Table 10, Figures 25 and 27 ).  With respect to Fat Content, 44 
percent of chefs preferred a moderate fat content, 33 percent preferred a high fat content, and only 
12 percent preferred a low fat content (Figure 26 ).  The chefs' opinions were mixed on the 
importance of the product having an empty digestive tract (Figure 28 ), assigning an average 
importance rating of 5.09 (Table 10). 
 
As part of the study, chefs were given samples of fresh, whole Black Sea Bass to prepare and 
evaluate in their restaurant kitchens.  Chefs were then asked to report their preferred preparation 
method or methods for Black Sea Bass (Table 11 ).  Chefs were allowed to select more than one 
preferred method, if desired.  The most-preferred preparation methods were sautéed (75 percent 
of chefs) and baked (26 percent).  Sushi, sashimi, and "other" were the next-most popular methods, 
with 23 percent of chefs selecting each. 
 

Product Origin, Production, Promotion and Labeling Characteristics 

 
Chefs assigned a moderate importance rating of 6.93 to Domestic Origin/Production of the product 
(Table 10 and Figure 29 ).  Similarly, a Certificate of Origin and product route/shipping Traceability 
were of moderate importance to chefs, who assigned them average ratings of 5.73 and 6.86 (Table 
10 and Figures 30 and 31 ).   These findings indicate that many chefs are willing to use foreign-
produced product and that certification of origin is not so important as long as freshness and 
quality are maintained.  This implies that domestic production, per se, is not currently perceived by 
chefs as an especially important product attribute.  However, should imported fish suffer quality or 
food safety problems (as happened recently with imports of other food products from China), 
domestic production could become more valuable in the eyes of chefs. 
 
With regard to general production methods--farm-raised vs. ocean-caught--chefs' opinions were 
mixed ("ocean-caught" is also known as "wild-caught").  On average, chefs assigned a higher 
importance rating to ocean-caught (7.78) as compared to farm-raised (6.24), but a substantial 
percentage of chefs (39 percent) assigned an importance rating of 8 or higher to farm-raised 
production methods (Table 10 and Figures 32 and 33 ).  When asked directly which production 
method they preferred, 43 percent said ocean-caught, 7 percent said farm-raised, and 45 percent 
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said that production method did not matter (the remaining 5 percent of chefs did not answer this 
question) (Figure 34 ).  This result indicates that although many chefs prefer ocean-caught fish, a 
substantial percentage (52 percent) either prefer farm-raised fish or are willing to substitute farm-
raised fish for ocean-caught.   
 
Chefs' opinions were mixed on the importance of organic production methods (average importance 
rating 5.93), with about 20 percent rating it unimportant, 20 percent rating it very important, and 
the remainder considering it of moderate importance (Table 10, Figure 35 ). 
 
On the topic of product promotion/advertising, chefs thought that this was relatively unimportant, 
assigning an average importance rating of 3.79 (Table 10, Figure 36). 
 
Similarly, nutritional labeling was thought by chefs to be relatively unimportant (average rating 
4.42) (Table 10, Figure 37 ). 
 
However, chefs' opinions were mixed on the importance of quality certification (average rating 
6.67), with 21 percent rating it unimportant, 32 percent rating it very important, and the remainder 
rating it of moderate importance (Table 10, Figure 38 ). 
 

Monthly Demand Model for Black Sea Bass in Metro Niche Markets 

  
Three statistical regression models were developed to estimate monthly demand for farm-raised 
Black Sea Bass in the upscale seafood/sushi restaurant market.  Each model attempts to explain 
pounds of farm-raised BSB purchased per month per restaurant (variable "pounds," which is the 
dependent variable in the model).  Twelve observations with all necessary data were available for 
each of 101 restaurants (not all surveyed restaurants were included in the regression analysis 
because not all restaurants answered all survey questions necessary for the regression analysis), 
providing 1212 panel data observations for the regression analyses.  (A random effects model, 
Model 3 below, was used to adjust the analysis for the panel nature of the data.)  The twelve 
observations for a given restaurant differ from one another by season or by fish price.   
 
Model 1 is a basic multiple regression model.  Model 2 adjusts the results of Model 1 for differing 
sampling rates across cities (see Table 1 for sampling rates).  Model 3 adjusts the results for both 
differing sampling rates across cities and the panel nature of the data (i.e., multiple observations 
per restaurant).  Descriptive statistics for the variables used in the regression models are presented 
in Tables 12-16.  Table 12 provides descriptive statistics for all four metro areas pooled together, 
while Tables 13-16 give results for individual cities.  Tables 17a and 17b present the results of the 
statistical regression models.  Table 17a gives regression model coefficient estimates and t-values 
for all three models.  Table 17b gives model significance and fit results for the three models.   
 
Results of an F-test indicate that Model 1 explains a statistically significant amount of variation in 
the dependent variable pounds (Table 17b).  A likelihood-ratio test confirms this result.  The 
adjusted R-squared statistic indicates that Model 1 explains 33 percent of the variation in the 
dependent variable pounds.  In general the signs of the coefficient estimates are as expected, higher 
Black Sea Bass price (bsbprice) has a negative and significant impact on pounds purchased.  The 
effect of Black Sea Bass price squared (bsbprsq) is positive and significant, indicating that the effect 
of BSB price on pounds changes in intensity as BSB price changes.  Seating capacity of the 
restaurant (seatcap) has a positive and significant impact on pounds purchased.  The city dummy 
variables (philly, atlanta, and sanfran) are significant, indicating that pounds purchased in these 
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cities are significantly different from pounds purchased in the default city New York (however, this 
result loses statistical significance in preferred Model 3 below).  Perhaps surprisingly, if the 
restaurant experiences problems with the availability of substitute fish species from ocean fisheries  
(avalprob), then the restaurant purchases is significantly less BSB (however, this result changes 
direction and loses statistical significance in the preferred Model 3 below).  The seasonal dummy 
variables (springd, falld, and winterd) are negative but statistically insignificant (however, these 
variables become statistically significant in the preferred Model 3 below).  The effects of average 
entrée price (entreepr and entreepsq) and the percentage of fish sales in overall restaurant sales 
(fishintns) have positive but statistically insignificant effects on pounds purchased. 
  
Model 2 corrects the results of Model 1 for the effects of varying sampling rates across cities.  An F-
test indicates that Model 2 is statistically significant (Table 17b).  The adjusted R-squared statistic 
for Model 2, 0.38, indicates that Model 2 explains only slightly more of the variation in the 
dependent variable (pounds) than does Model 1.  Key coefficient estimates and statistical 
significance (Table 17a) are similar across Models 1 and 2; correction for variation in sampling 
rates across cities does not appear to substantially affect regression results.   
 
Model 3 corrects Model 1 for both varying sampling rates across regions/strata and the panel 
nature of the data.  The data feature multiple responses from each restaurant, and these "within-
restaurant" responses may be correlated.  If the responses are correlated, the regression procedure 
must be adjusted to correct for the correlation.  If correlation is present, the unadjusted standard 
errors of the estimated regression coefficients will be biased downward, leading to false 
conclusions regarding statistical significance.  In Model 3, a random effects panel data regression 
model (SAS, Proc Mixed, SAS Institute Inc. 2002-2003) is used to test for the presence of correlation 
among responses from each restaurant and to correct coefficient estimates if correlation is present.   
The F-test and adjusted R-squared measures of model fit are not appropriate for panel data 
regressions with random effects, but a likelihood ratio test is appropriate.  A likelihood ratio test 
indicates that Model 3 is statistically significant, and a Wald Z-test indicates that the "within-
restaurant" responses are, indeed, correlated, indicating that a panel data regression model such as 
Model 3 is necessary.   
 
Model 3 is the preferred model as it corrects for both varying sampling rates across regions/strata 
and correlation among responses from each restaurant.  In Model 3 the effect of higher BSB prices 
(bsbprice) on pounds purchased remains large, negative, and statistically significant.  Also, higher 
restaurant seating capacity (seatcap) has a positive and statistically significant impact on farm-
raised BSB pounds purchased.  With the panel data correction in Model 3, the variable measuring 
availability problems with substitute species (avalprob) loses statistical significance.  Similarly, the 
three dummy variables measuring differences in BSB purchasing behavior across the metro cities 
(philly , atlanta, sanfran) loses statistical significance, indicating that when other factors are similar, 
a restaurant in Philadelphia, Atlanta or San Francisco would purchase about the same number of 
pounds of BSB per month as would a similar restaurant in New York.  Another difference between 
Model 3 and the Models 1 and 2 is that the effects of the seasonal dummy variables (springd, falld 
and winterd) become significant in Model 3, indicating that pounds of BSB purchased in fall, winter 
and spring seasons are lower than pounds purchased in the summer season.  Average entree price 
(entreepr) and the percentage of fish sales in overall restaurant sales (fshintns) do not have 
statistically significant effects on pounds of farm-raised BSB pounds purchased.   
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Estimates of Metro Niche Market Demand 

 
The preferred regression model (Model 3) provides estimates of mean BSB purchases per 
restaurant per month by season.  These per restaurant estimates may be expanded by the number 
of restaurants in the niche market to project annual aggregate niche market demand for BSB in a 
particular metro area.   
 
Tables 18a and 18b present estimates of upscale niche seafood/sushi restaurant quantity 
(pounds) demanded for farm-raised Black Sea Bass by metro city and season.  The estimates 
assume that farm-raised BSB are sold whole, fresh/chilled, 1.5-2.5 lb. in size, at prices equal to the 
average prices of comparable/substitute fish in each metro area.  Model 3 is used to estimate mean 
monthly demand per restaurant for each metro area by season (Table 18a, columns 2-5).  
Multiplying the per restaurant BSB demand estimates by the estimated number of niche 
restaurants in each metro area (Table 18a, column 1) produces estimates of monthly pounds 
demanded by season by all restaurants in the niche market for each metro area (Table 18a, columns 
6-9).  In all four metro areas, monthly demands are higher in the summer relative to the other 
seasons.  Monthly demands per restaurant are higher in New York City and Philadelphia and lower 
in Atlanta and San Francisco.  The lowest per restaurant demands in San Francisco are due 
primarily to smaller restaurant size (smaller seating capacity) per restaurant.  Niche market 
demand for all restaurants in San Francisco is second only to New York City, despite low demand 
per restaurant in San Francisco, because San Francisco has the highest estimated number of 
restaurants meeting the niche criteria (higher even than New York City). 
 
Multiplying each monthly estimate by three months per season and summing across seasons 
produces best estimates of annual pounds demanded by all niche restaurants for each metro area. 
(Table 18b).  Mean annual estimates of niche market demand range from 97,066 lbs./year for New 
York City to 21,972 lbs./year for Atlanta.  Table 18b also presents 95 % confidence intervals around 
the estimated annual means (i.e., it is 95% likely that each interval contains the true mean annual 
niche market demand for its respective metro city.). 
 
Overall, estimated annual demand from just these four metro cities totals over 218,000 pounds per 
year. 
 

An Extended Example for the New York City Niche Market 

 
Equation 1 can be used with the estimated coefficient values of Model 3 to examine many different 
scenarios by varying the values inserted for the variables in Equation 1.  This example develops and 
explores estimates of demand for farm-raised Black Sea Bass in the New York City niche market.  
The coefficient estimates for Model 3 from Table 17a are inserted for the ɼ ÃÏÅÆÆÉÃÉÅÎÔÓ in Equation 
1.  The average price of substitute fish in the New York Market ($5.39/lb.) is used for bsbprice.  To 
generate a demand forecast for an "average" month, values of 0.25 are substituted for each of the 
quarterly seasonal dummy variable springd, falld and winterd.  Other variables are set at their 
mean values for the New York City metro area (Table 13), with the exceptions that bsbprsq is set 
equal to bsbprice squared, entreepsq is set equal to entreepr squared, and the variable seasonal is 
omitted entirely from the regression equation (because variable seasonal was always equal to zero 
in the sample data).  (The values bsbprsq and entreepsq from Table 13 are not used in the 
regression equation because the averages (means) of squared values as given in Table 13 are less 
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than the squares of average values for non-linear relationships, and it is the square of the average 
value that is desired for use in the regression equation.)  With these values, Equation 1 predicts 
mean pounds of farm-raised Black Sea Bass purchased per month per restaurant on average across 
seasons for the New York City metro niche market; this average is 29.63 lbs./month.  Multiplying 
the pounds per restaurant per month by 12 months per year and by the number of restaurants in 
the New York City niche market (273 restaurants) produces an estimate of the annual aggregate 
demand for farm-raised BSB in the New York City niche market of 97,066 lbs./year, with a 
corresponding 95 percent confidence interval of 66,284 lbs./year to 127,762 lbs./year.   
 
Equation 1 can be used to estimate changes in demand due to a change in BSB price.  Suppose 
growers decide to sell farm-raised BSB for $7.00/lb. while the price of substitute fish remains at 
$5.39.  Equation 1 predicts that average demand per New York City niche market restaurant would 
fall to 17.5 lbs./month (57,357 lbs./year for New York City niche market).  Figure 39  shows the 
estimated New York City Niche Market Demand Curve for farm-raised Black Sea Bass (2008-year 
dollars).  This curve shows how the quantity of Black Sea Bass purchased by all New York City niche 
market restaurants in total depends on the BSB price paid by restaurants to suppliers/wholesalers 
(all other factors held constant).  The horizontal axis gives estimated annual pounds of farm-raised 
Black Sea Bass demanded (purchased) in total by all New York City restaurants in the niche market.  
The vertical axis measures wholesale price paid by restaurants to suppliers for whole, chilled/fresh, 
farm-raised Black Sea Bass 1.5-2.5 lbs. in size.   
 
Returning to the scenario of BSB sold for $5.39/lb., the effect of season on New York City niche 
market demand can be estimated by substituting appropriate values for the seasonal dummy 
variables springd, falld and winterd in Equation 1.  With all three seasonal dummy variable values 
set to zero, Equation 1 predicts 31.32 pounds of farm-raised Black Sea Bass purchased per month 
per restaurant on average in the summer season (the default season).  Setting the springd seasonal 
dummy variable to one while holding the values of the other seasonal dummies at zero produces an 
estimate of 29.47 for mean pounds of farm-raised Black Sea Bass purchased per month per 
restaurant on average in the summer season in the spring season.  Similarly, estimates for mean 
pounds purchased per month per restaurant in the fall and winter seasons are 29.36 lbs./month 
and 28.36 lbs./month. 
 
The coefficient of 0.125 on the restaurant seating capacity variable (seatcap) for Model 3 (Table 
17a) indicates that for every 100-seat increase in seating capacity in a given restaurant, farm-raised 
BSB purchases increase by 12.5 lbs./month for that restaurant, on average. 
 

DISCUSSION AND CONCLUSIONS 

 
The purpose of this study was to investigate high-value restaurant niche market demand for farm-
raised Black Sea Bass (BSB) in several major metropolitan areas.  Researchers at North Carolina 
universities are leaders in developing the biotechnology necessary to grow BSB using state of the 
art Recirculating Aquaculture Systems (RAS) technology.  With recent progress in the development 
of RAS methods for growing BSB in North Carolina, entrepreneurs are considering the construction 
of commercial-scale RAS production facilities.  The objective of this study was to assist 
commercialization of the BSB production technology in the state by assessing the potential demand 
for farm-raised BSB in the high-value market channel of direct sales to restaurants in large 
metropolitan areas of the United States.  A prior study (Wilde 2008) found very good market 
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acceptance of BSB within the state of North Carolina and called for an investigation of large 
metropolitan markets outside the state.  
 
Ocean-caught BSB is a historically premium seafood product with high economic value.  The 
decrease in ocean catches due to overfishing has raised interest in the production of BSB using 
aquaculture methods.  The traditional high-value retail market for BSB is characterized as a niche 
market of upscale, gourmet, white table-cloth restaurants.  In this study, the upscale niche 
restaurant market for BSB is defined as those seafood-serving, non-buffet restaurants with an 
average dinner entrée price greater than or equal to $12.   
 
Four major metropolitan markets were investigated: New York City, Philadelphia, Atlanta and San 
Francisco.  The first three cities were selected due to their proximity to North Carolina and 
potentially large markets.  San Francisco was selected as a representative West Coast city to 
ascertain whether there were any significant differences between West Coast and East Coast cities.  
Differences between the coasts might exist due to differences in seafood types and availability, 
differences in ethnic populations with different food preferences, etc.   
 
A total of 857 seafood/sushi restaurants were identified in New York City.  Similarly, 490 
seafood/sushi restaurants were identified in Philadelphia, 653 in Atlanta, and 714 in San Francisco.  
Not all seafood/sushi restaurants met the criteria for being in the "upscale" niche market.  In New 
York City, 273 (36%) of seafood/sushi restaurants were in the upscale niche market, 87 (19%) in 
Philadelphia, 85 (13%) in Atlanta, and 294 (41%) in San Francisco.   
 
Seafood and Japanese/sushi restaurants in the upscale niche market were selected at random and 
contacted until 30 completed surveys were obtained from each metro city (subsequent analyses 
were adjusted for different sampling rates across cities).  Survey response rates varied from 49 to 
75 percent across cities.  Restaurant chefs prepared and evaluated fresh, whole, farm-raised BSB 
and completed a market research survey that collected information on the chefs' impressions, 
preferences and potential purchase intentions regarding BSB. 
 
In terms of general restaurant characteristics in the niche market, the survey found that average 
seating capacity per restaurant was 139.6, average dinner entrée price was $24.71, the percentage 
of restaurant sales attributable to fish averaged 22.8 percent, and all restaurants in the sample 
were open year-round (no restaurants were open only seasonally).  Most (42%) restaurants in the 
niche market purchase fish on a daily basis, with the remainder purchasing weekly and daily.  Over 
60 percent of customers were local city residents, while about 18 percent were local suburban 
residents, and about 14 percent were tourists.  San Francisco restaurants were smaller (smaller 
seating capacities) than those in other sampled cities.  New York City and Philadelphia had higher 
than average entrée prices, while entrée prices in Atlanta and San Francisco were lower.  Sales of 
upscale seafood restaurants in Philadelphia and San Francisco were relatively more "fish-intensive" 
(fish accounted for 25-27 % of sales) than were sales of similar restaurants in New York City and 
Atlanta (fish accounted for 18-20 % of sales).   
 
Twenty-five percent of niche restaurants reported that they currently purchase Black Sea Bass 
(when available from ocean fisheries).  Eighty-one percent of restaurants reported that they would 
purchase farm-raised Black Sea Bass if it were available at a price similar to that of comparable fish 
species, while eighty-eight percent reported that they would buy BSB if it were available for a price 
twenty percent less than that of comparable fish.  With regard to general production methods--
farm-raised vs. ocean-caught--chefs' opinions were mixed.  When asked which production method 
they preferred, 43 percent said ocean-caught, 7 percent said farm-raised, and 45 percent said that 
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production method did not matter (the remaining 5 percent of chefs did not answer this question) 
This result indicates that although many chefs currently have a preference for ocean-caught fish, a 
substantial percentage (52 percent) either prefer farm-raised fish or are willing to substitute farm-
raised fish for ocean-caught.  With respect to current seafood suppliers, the metro markets of New 
York City and Philadelphia appear to be more concentrated, with many restaurants obtaining 
seafood from a few dominant wholesaler/suppliers, whereas restaurants in Atlanta and San 
Francisco obtained their seafood from a wider variety of suppliers.   
 
An often important factor in determining demand for a new product such as farm-raised Black Sea 
Bass is the availability of substitute products, in this case other fish species thought to be similar to 
BSB in terms of preparation methods and consumer acceptance.  Chefs were asked "What other fish 
would be most comparable to Black Sea Bass in your business?  That is, Black Sea Bass would be a 
reasonable substitute for what fish?"  Chefs reported that BSB could be considered a 
comparable/substitute product for a variety of fish species, but snapper, grouper and striped bass 
were the most commonly reported substitutes.  Chefs' opinions on striped bass were mixed, New 
York City and Philadelphia chefs commonly compared BSB to striped bass, but not one Atlanta chef 
made this comparison. 
 
Seafood products are sometimes unavailable at any price due to seasonal fisheries or fishing 
regulations.  Aquaculture production provides a way of ensuring a continuous supply of fish.  A 
majority of chefs thought that continuous availability of seafood projects was important.  Over 
twenty percent have experienced problems with the availability of fish comparable to BSB, and over 
forty  percent have experience problems with the availability of ocean-caught BSB. 
 
Niche market restaurant chefs were asked to assess several product characteristics of the Black Sea 
Bass product samples.  In terms of project form, the vast majority of chefs preferred fresh/chilled 
fish instead of live fish or frozen fish fillets.  Chefs were given samples of fresh, whole Black Sea 
Bass to prepare and evaluate in their restaurant kitchens.  The most-preferred preparation 
methods were sautéed (75 percent of chefs) and baked (26 percent).  Sushi, sashimi, and "other" 
were the next-most popular methods, with 23 percent of chefs selecting each.  Fish size (whole 
weight in pounds) was deemed very important by chefs, with the optimal/preferred fish size being 
1.5 to 2.5 lbs.  Relatively few chefs were interested in fish 1 lb or less in size, even at a discounted 
price.  Those chefs interested in smaller fish were located in New York City and Philadelphia.  One 
reason for the importance of fish size is fillet yield, which most chefs rated highly important.  The 
importance of fish size provides another advantage to aquaculture--the size of farm-raised fish can 
be tailored to each chef's preference.   
 
Not surprisingly, chefs rated taste and freshness as the most important product characteristics.  
This is an encouraging result for aquaculture, as farms can typically provide next-day delivery of 
harvested product, ensuring freshness.  Aspects of taste and freshness include: visual appearance, 
skin color, flesh (meat) color, texture, fat content, number of bones and whether the fish are 
shipped with an empty digestive tract (purged before shipping).  Chefs thought that the visual 
appearance of the product was very important, emphasizing the need for careful handling when 
harvesting, packing and shipping fish.  Skin color, flesh color, and texture also received high 
importance rankings, while fat content and number of bones were of moderate importance.  With 
respect to fat content, most chefs preferred a moderate to high fat content.  This result is also 
encouraging for aquaculture, as farms can control the fat content of the product by adjusting feed 
composition.  Chefs' opinions were mixed on the importance of the product having an empty 
digestive tract, with chefs in the San Francisco market assigning higher importance to this product 
characteristic.  Chefs' opinions were mixed on the importance of organic production methods, with 
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the majority considering it of moderate importance.  Chefs thought that nutrition labeling and 
product promotion/advertising  by the fish suppliers were relatively unimportant .  However, chefs' 
opinions were mixed on the importance of quality certification with a third of chefs rating it highly 
important . 
 
Domestic origin/production and certification of product origin were of only moderate importance 
to chefs.  Of the four metro markets, Atlanta chefs indicated greater preference for domestic 
seafood.  These findings indicate that many chefs are willing to use foreign-produced product and 
that certification of origin is not so important as long as freshness and quality are maintained.  This 
implies that domestic production, per se, is not currently perceived by chefs as an especially 
important product attribute.  However, should imported fish suffer quality or food safety problems 
(as happened recently with imports of other food products from China), domestic production could 
become more valuable in the eyes of chefs. 
 
Three statistical regression models were developed to estimate demand for farm-raised BSB in 
niche metro markets.  The results of the preferred regression model (Model 3, which corrects for 
both varying sampling rates across metro cities and the panel nature of the data) indicate that BSB 
price, restaurant seating capacity, and season of the year have statistically significant effects on BSB 
demand, but average entree price, the percentage of fish sales in overall restaurant sales, and 
availability problems with substitute species do not have statistically significant effects.  In the New 
York City niche market, for example, an increase in BSB price from $5.39/lb. to $7.00/lb. decreases 
BSB purchases from 29.63 lbs./month per restaurant to 17.5 lbs./month (assuming the price of 
substitute fish is $5.39/lb. the average price of substitute fish in the city).  For every 100-seat 
increase in seating capacity in a niche market restaurant, farm-raised BSB purchases increase by 
12.5 lbs./month for that restaurant, on average.  Restaurants purchase significantly more BSB in the 
summer season relative to the fall, winter and spring seasons.  Regression results also indicate that 
when factors such as seating capacity and season are the same, the number of pounds of BSB 
purchased per month by a restaurant in any of the three cities is approximately the same.   
 
The preferred regression model (Model 3) provides estimates of mean BSB purchases per 
restaurant per month by season.  These per restaurant estimates may be expanded by the number 
of restaurants in the niche market to estimate annual aggregate niche market demand for BSB in a 
particular metro area.  Monthly demands per restaurant are higher in New York City and 
Philadelphia and lower in Atlanta and San Francisco.  The lowest monthly demands in San 
Francisco are due primarily to smaller restaurant size (smaller seating capacity) per restaurant.  
Total niche market demand for all restaurants in San Francisco is second only to New York City, 
despite low demand per restaurant in San Francisco, because San Francisco has the highest 
estimated number of restaurants meeting the niche criteria (higher even than New York City).   
 
Assuming that farm-raised BSB are sold whole, fresh/chilled, 1.5-2.5 lb. in size, at prices equal to 
the average prices of comparable/substitute fish in each metro area, mean annual estimates of 
aggregate niche market demand range from 97,066 lbs./year for New York City to 21,972 lbs./year 
for Atlanta (Table 18b).  Overall, estimated annual demand from just these four metro cities totals 
over 218,000 pounds per year.  In summary, there is significant demand for farm-raised black sea 
bass in upscale niche metropolitan markets at prices that would be profitable to NC growers.    
 
Although the regression model demonstrates the effects of included variables on BSB purchases, 
some additional, highly influential factors affecting BSB demand remain to be investigated.  Interest 
rates, financial lending, gas prices and the real estate market are just a few examples of highly 
variable aspects of the US economy that can affect seafood/sushi restaurants, their customers, and 
























































































































