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The potential impact of summer flounder (Paralichthys
dentatus) aquaculture on regional flounder price
CHRISTOPHER F. DUMAS & SHAWN HORTON
Department of Economics and Finance, University of North Carolina, Wilmington, USA

Abstract
Increasing consumer demand for flounder and dramatic reductions in ocean flounder harvests
have raised interest in summer flounder (Paralichthys dentatus) aquaculture. Flounder
farmers have several potential markets, including regional seafood dealers and high-end niche
(e.g., sashimi and ike-jime) buyers. Prices paid by buyers are exogenous to typical
aquacultural budgeting models, yet they are a key determinant of potential profitability. We
develop a simple economic model to assess the impacts of aquaculture industry supply on
prices paid by regional seafood dealers. The model is parameterized for a region with
established flounder dealers and active field research in flounder production methods. We
derive the price elasticity of regional seafood dealer demand for farmed flounder, and we
examine the impacts of changes in production cost and ocean harvest on regional price and
the level of aquacultural production that maximizes returns to the aquaculture industry.
Keywords: Summer flounder, Paralichthys dentatus, regional analysis, demand elasticity.
Introduction
Dramatic reductions in flounder harvest along the eastern coast of the United States (NMFS,
1998, 1999; NCDMF, 2000) and rising domestic and foreign demand for flounder have raised
interest in the production of summer flounder (Paralichthys dentatus) via aquacultural
methods (Bengston, 1995; Waters, 1999). To better assess the potential of farmed summer
flounder, further investigation of flounder markets, and in particular flounder price
determination, is needed to complement current research on flounder production biology,
engineering and costs (e.g., Daniels & Nardi, 1999; Zucker & Anderson, 1999).
Product price is a key determinant of the financial success of any aquacultural enterprise.
As recent experience with other aquacultural species (most notably tilapia, Oreochromis sp.)
has shown, new aquacultural production may exert a significant, negative influence on market
price.
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Examination of the variation in historical ex-vessel flounder price data does not give an
adequate description of the likely variation in future flounder prices, as historical price data
do not reflect the impact of increased aquacultural supply. Early entrants to the industry may
see profits dissipate as the additional production from "me too" producers depresses market
prices. Estimates of the relationship between industry production levels and market prices are
essential to prudent aquacultural investment decisions.
There are several potential markets for farmed flounder, including high-value niche
markets and traditional seafood dealers. Zucker and Anderson (1998) examine the preferences
of niche market flounder buyers (sushi chefs and wholesale buyers who supply the sushi
market) with respect to price and other product characteristics. For this niche market, these
authors find that moderate deviation (+5% to —10%) of flounder price from expected price is
one of several significant factors (in addition to fish size, freshness and appearance)
explaining buyer choice in a conjoint choice experiment. Zucker and Anderson's analysis
does not consider the impact of potentially large increases in industry supply on expected
market price. In related research, Zucker and Anderson (1999) compare the relative
profitability of several alternative marketing strategies that could be employed by a flounder
aquaculture firm targeting this niche market. However, this work assumes that there are
always markets for the product at an assumed distribution of prices, and the impact of
increased industry supply on the price distribution is not explicitly modeled.
Although high-value niche markets provide an outlet for early market entrants,
competitive pressures would be expected to squeeze niche market profit margins as industry
output increases. At some point, producers will face the decision of whether to market their
•product to niche markets or through traditional flounder dealers. The present study addresses
the potential impact of increased industry production on prices paid by regional seafood
dealers. Existing work on flounder aquaculture budgeting models (e.g., Dunning et ah, 1998;
Zucker & Anderson, 1999) takes product prices (or distributions of prices) as given and does
not provide a framework for assessing the impact of increased industry production on price.
The main objectives of this study are (1) to develop a simple economic model to assess
the impact of aquacultural production on regional flounder price and (2) to show how a brief
survey of regional seafood dealers can be used in conjunction with state fishery statistics to
parameterize the model for a particular region. The model attempts to make best use of
limited available data, which consist of state fishery statistics on ex-vessel flounder prices and
landings, and information collected through a brief survey of regional seafood dealer/brokers.
Survey information includes firm-level retail/export market prices and quantities sold1. The
flounder price model can be used with existing aquaculture facility budgeting models to better
assess the economic viability of proposed flounder aquaculture operations and to evaluate
alternative marketing channels. In addition, the model can be used to calculate the impact of
exogenous ocean fishery landings on the level of aquacultural production that maximizes net
returns to the regional aquaculture industry.
The following section of the paper develops an economic model to assess the impact of
flounder aquaculture on regional flounder prices. The model is parameterized in the third
section of the paper, and several model simulations are described. The paper concludes with a
discussion of simulation results and potential directions for future research.

1

Additional information on survey methodology and results is available on request from the authors.
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Economic model
Aquaculturists may choose to sell their product to seafood dealers in the ex-vessel market or
to final customers directly in retail/export markets. Here we develop a model of aquaculture
marketing through seafood dealer intermediaries in a regional ex-vessel market (Figure 1).
We assume that aquaculture firms market their product through regional seafood
dealer/brokers to avoid the search, transaction and storage costs associated with direct
retail/export marketing.2 However, our model produces estimates of both seafood dealer
demand in the ex-vessel market and demands by final customers in retail/export markets to
facilitate market channel comparisons.
Flounder are sold in a variety of product forms. Because seafood dealer survey results
indicate that most flounder sold by dealers in the study region are sold fresh, we drop frozen
flounder from further consideration in the model. Although most dealers could not supply
detailed data on the fraction of fresh flounder sold whole vs. the fraction sold as fillets,
dealers reported that most flounder are sold whole. Hence, in this analysis we make the
simplifying assumption that all flounder are sold in fresh, whole form.
Although the current regional flounder supply is a composite of both ocean-caught
summer flounder (Paralichthys dentatus) and southern flounder (P. lethostigma) caught in
estuarine waters, field observations of retail markets indicate that retailers and consumers do
not distinguish between the two species. Therefore, we assume the two species are fungible in
terms of taste, appearance and other quality measures.3
Ocean-harvested flounder are currently subject to minimum size regulations in the study
region. For modeling purposes, we assume that farm-raised flounder marketed within the
region would be required to meet the same minimum size requirements in order to facilitate
practical enforcement of ocean harvest regulations. In anticipation of our empirical
application, we restrict the model to consideration of North Carolina Division of Marine
Fisheries (NCDMF) flounder size classes "medium" and "large", typically 1-4 lbs per whole
fish.4
The demand of regional seafood dealers/brokers for aquaculturally-produced flounder in
the ex-vessel market is a derived demand. It is derived from the final demand of individual
consumers and restaurants for flounder sold by seafood dealers in retail/export flounder
markets.5 Although fresh, whole, medium to large size-class flounder is a relatively
homogeneous product, flounder dealers are differentiated from one another in terms of
geographic location, customer service, targeting of niche and export market segments, etc.
The significant variation in retail/export flounder prices found in the field survey (from $1.50
2
The model does not assume that all flounder produced within the region are also consumed strictly within the
region. Rather, the assumption is that aquacultural producers rely on regional dealers to locate and manage
export clients, in effect giving up the higher price possible through direct export in exchange for the dealers'
export management services. Although not the focus of the paper, the analysis also provides estimates of the
final demands of retail and export customers for flounder produced within the region. Using these final demand
estimates, an aquaculturist could compare the difference between dealer price and final demand price with the
transactions costs of finding and managing final demand customers to determine which market channel would
provide the higher net return.
This is not to say that the two species have the same costs of production in an aquaculture environment (see
Daniels & Nardi, 1999). Here we consider summer flounder production.
4
Flounder in these two size categories comprised 84% of North Carolina commercial flounder landings, on
average, from 1994 to 1998 (Diaby, 2000). Hence, the model addresses the primary flounder size class.
5
We use the term "retail/export" to refer to any sale made by a dealer, including sales made to other dealers,
even though inter-dealer sales might be more properly termed "wholesale". We do not use the term "wholesale"
in order to avoid confusion with purchases made by dealers in the ex-vessel market, which might also be
considered a "wholesale" market.
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to $4.99 per pound in the winter season, and from $2.50 to $5.95 per pound in the summer
season) suggests that retail/export market segmentation is sufficient to justify a unique,
downward-sloping retail/export demand curve for each seafood dealer.
Retail / Export
Consumer
Group 1

Retail / Export
Flounder Market 1
(Pi determined here)

Regional
Seafood
Dealer 1

Retail / Export
Consumer
Group 2

Retail / Export
Flounder Market 2 I •
(P 2 determined here)

t*

Regional
Seafood
Dealer 2

Retail / Export
Consumer
Group n

Retail / Export
Flounder Market n
(Pn determined here

Qn
Regional
Seafood
Dealer n

Extra-Regional
Buyers
Statewide Ex-Vessel
Flounder Market
(MC° determined here)

Regional
Farm-Raised
Flounder

Ocean-Caught
Flounder

Fig. 1 Schematic representation of regional flounder market

We seek a simple functional form to represent these demand relationships — a form that
can be parameterized using the limited available data and that will be tractable when
combined with other model elements. Two commonly used forms that meet these criteria are
the linear form and the constant elasticity form. Of these two functional forms, the constant
elasticity form produced unstable demand estimates when subjected to a sensitivity analysis
of the data used to parameterize the model, i.e., when using the constant elasticity form, small
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variations in the data used to parameterize the model caused estimates of quantity demanded
to change by several orders of magnitude. We therefore make the modeling assumption that
retail/export market demands are approximately linear at current prices and quantities. This is
an important assumption, as model results will depend, in part, on the choice of functional
form. Let variable i = 1 .. n index individual regional seafood dealers, where n is the number
of regional dealers offering flounder in retail/export markets. The retail/export flounder
demand facing dealer i is defined as the relationship between the price charged by dealer i
and the quantity of flounder sold by dealer i. Assuming a linear functional form, these
demand relationships are denoted:
(1)

Pi(Qi) = a i - b i Q i ,

i=l..n,

where Pj is price/lb. received by dealer i for whole, fresh medium/large size class flounder, Qj
is quantity (pounds) of whole, fresh medium/large size class flounder sold per month by
dealer i, and a; and b; are parameters to be determined in the analysis. These demand
relationships depend also on the number of consumers in each market, consumer income, the
availability and price of substitute products (such as flounder produced in other regions, other
seafood products, beef, poultry and pork), etc. The combined effects of these factors on the
retail/export demands facing regional flounder dealers are captured indirectly through the
dealer-specific intercept, ai, and slope, b;, terms in equation 1. More extensive (and costly)
data collection efforts beyond the scope of this analysis would be required to further resolve
the individual impacts of these factors on retail/export demands.
Dealer i has fixed (or overhead) costs of production, denoted FQ, and variable costs of
production per pound of flounder sold (or marginal costs), consisting of (1) per pound
flounder costs, MCf1( and (2) other marginal costs per pound of flounder sold, denoted MCoj.
We assume that each dealer i chooses Q; so as to maximize his or her individual monthly
profit, K[. Dealer i's monthly profit-maximizing decision may be expressed as:
(2)

max K
o.

Define MCe as the equilibrium price per pound of whole, fresh medium/large size class
flounder in the regional ex-vessel market. In equilibrium, competitive arbitrage at dockside
ensures that MCe is the same for all dealers, i.e., MCs = MCe, for all i = 1 . . . n. Any
differences between MCf, and MCe are assumed to reflect transportation differentials and are
absorbed by MCO;.
Substituting MCe for MCe, the first order condition necessary for profit maximization is:

or, rearranging:
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The expression on the left-hand side of equation 4 is dealer i's marginal revenue, denoted
MRi(Qi). Equation 4 is the familiar profit-maximizing condition "marginal revenue equals
marginal cost".
Dealer i's profit-maximizing quantity Q, is determined (implicitly) by equation 4.
Equation 1 determines dealer i's corresponding profit-maximizing price P; . Dealer i's profitmaximizing decision is illustrated in Figure 2.
$ / unit

Pi'
M Q + MC o i

Fig. 2 Retail/export market for dealer i

We obtain expressions for model parameters ai and b; in terms of available information
Pi, Qi, MCe and MCoi. For the given demand curve specification (equation 1), we have
—'

' = —bj. Making this substitution in equation 4 and combining equations 1 and 4, we

find:
(5)
(6)

ai=2-Pi-(MCe+MCoi),
,

_Pi-(MCe+MCoi)

i = 1 .. n, and
i = 1 .. n.

Qi

Regional dealers and other, extra-regional buyers purchase flounder from ocean
harvesters and aquacultural producers in the ex-vessel flounder market. Dealer i's factor (or
input) demand for flounder, FD(MCe)i, is defined as the relationship between the quantity of
flounder bought by dealer i, Qi, and ex-vessel price, MCe. Substituting Pj(Qj)=cij —bj -Qj
and —'

= -bj into equation 4 and solving for Q;:

(7)

i = 1 .. n.

Denote the quantity (pounds) of flounder purchased by extra-regional buyers in the
regional ex-vessel market as Q°. Define extra-regional factor demand, FD(MCe)0> as the
relationship between Q° and ex-vessel price MCe. Assuming approximate linearity at current
prices and quantities, this relationship is denoted:
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(8)

Q°=FD(MCe)0=a0-b0-MCe,

where a<> and b0 are parameters to be determined in the analysis.
Ex-vessel market factor demand, FD(MCe)m, is defined as the sum of all individual dealer
factor demands and extra-regional factor demand, or:
FD(MC e )

m

•

MCe is determined by the intersection of ex-vessel market factor demand and ex-vessel
market supply:
do)

FD(MCC)

=QT+Q\

m

where QT denotes (exogenous) monthly regional ocean landings of fresh, whole,
medium/large size class flounder, and QA denotes monthly regional aquacultural production
of fresh, whole, medium/large size class flounder. Substituting, equation 10 becomes:

(11)

[ l a i - ( M 2^b + MCoi) l + (a o -b o .MC e ) = Q^Q\
Li

i

J

Rearranging, we solve for the equilibrium ex-vessel price of fresh, whole, medium/large size
class flounder, MCe, in terms of known parameters ai, b;, a,,, bo, MCO;, QA and exogenous
landings QT:

(12)

The elasticity of ex-vessel market factor demand with respect to MCe, denoted 8, is
defined by:

3MCe

FD(MC e ) m

I

j 2bj

The ex-vessel flounder market is illustrated in Figure 3. Equilibrium ex-vessel price,
MCe, is determined by the intersection of market supply, QT + QA, and (inverse) ex-vessel
market factor demand, FD"'(QT + QA)m- In Figure 3, dealer i's (inverse) factor demand, FD'
'(Qi)i, is shown "broken out" from (inverse) ex-vessel market factor demand. The intersection
of MCe and FD''(Qi)i determines the monthly quantity of flounder purchased by dealer i in the
ex-vessel market, Qi*.
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$ / unit

MCe

Fig. 3 Statewide ex-vessel flounder market

To this point, the quantity of aquacultural production has been held fixed at level QA. We
now allow QA to vary and determine the level of QA that maximizes net returns to
aquaculture. For the present model specification, the marginal revenue of aquacultural
production, denoted MRA(QA), is defined as:

(14)

dQ

Let MCA(QA) denote the marginal cost of producing one pound of medium/large size class
flounder via aquacultural methods. In practice, MC^Q*) may be obtained from aquaculture
budgeting models (e.g., Dunning et al. 1998). Aquacultural producer surplus is maximized by
producing farmed flounder at the level QA*, where MRA(QA*) = MCA(QA*). For example,
suppose MCA(QA) equals a constant MCA for all levels of QA. In this case, for the present
model specification, we have:

05.
Equation 15 gives the level of aquacultural production (pounds per month) that maximizes
aquacultural producer surplus, given constant MCA and exogenous QT. Expressions similar to
equation 15 can be derived for alternative specifications of MCA(QA) corresponding to
aquaculture budgeting models tailored to specific production technologies.
Model parameterization and simulation
We parameterize the model to reflect conditions in eastern North Carolina, a promising
region for flounder aquaculture. Table 1 presents data from a survey of regional seafood
dealers who purchase flounder in the ex-vessel market for resale in retail and export markets.
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The survey was conducted in two phases corresponding to the two flounder marketing
seasons, spring/summer (March-September) and fall/winter (October-February). The table
provides information by season on the distribution across dealers of flounder volume (QO,
retail/export prices received by dealers (Pi's) and prices paid by dealers in the ex-vessel
market (MCe).
Table 1 Regional seafood dealer size distribution, retail/export market prices for fresh, whole,
medium flounder (Pi), and ex-vessel prices (MCe), by season, southeastern North Carolina, 19992000
Season

Dealer size
category

Spring/summer

Very small

Number
of firms

Spring/summer

Small

16

Spring/summer

Medium

12

Spring/summer

Fall/winter

Large

Very small

FaWwinter

Small

Fall/winter

Medium

Fall/winter

Large

11

Mean PI

Mean MCe

$3.78

$2.50

(0.56)

(0.44)

$3.78

$2.21

(0.55)

(0.36)

$3.70

$2.34

(0.59)

(0.64)

$4.09

$2.13

(1.21)

(0.30)

$3.48

—

(1.05)

H

$3.74

$1.65

(0.56)

(*)

$3.35

—

(0.70)

H

$2.75

$1.35

(1.31)

n

Values in parentheses are standard deviations:"—" indicates no observations,'
IS. " * " indicates no standard
deviation reported due to only one observation.
Dealer size categories based on spring/summer season sales: Very Small = 0-99 lbs./mo., Small = 100-999
lbs./mo., Medium = 1000-9999 lbs./mo., Large = 10,000+Ibs./mo.
The number of firms differs across seasons because some firms close for the winter.
Ex-vessel cost data were not requested in the fall/winter season survey; however, the data volunteered by two
firms are reported above.
Two firms reported selling no whole flounder (they sell fillets only); these two firms are not represented in Table

1.

We calculate MC0l based on a national survey of fishery-related firms conducted by the
National Fisheries Education and Research Foundation, Inc. (NFERF, 1989). For flounder
wholesalers in the southeastern U.S., NFERF survey results indicate that approximately 47%
of the difference between the price charged by dealers for whole flounder and the cost of
whole flounder in the ex-vessel market is attributable to MCoi (Table 3). Assuming stability in
variable cost shares over time, we calculate MCOi by season and firm as MCoi = 0.47-(Pi MC e ),i=l . . . n(Table2).
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Table 2 Retail/export demand parameters (ai and bi) and dealer marginal cost components (MCoi)a
Dealer Dealer size
I.D.# category

Fall/winter
retail/export demand
parameters

ai

bi

Spring/summer
retail/export demand
parameters

ai

Fall/winter
dealer costs
MCoi, ($/lb.)

Spring/summer
dealer costs
MCoi,($/lb.)

bi

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

0.000286
0.771
0.5076
3.562400
Medium
3.859200
0.000043
5.092400
0.001837
0.743
0.9776
Small
4.027400
0.001396
0.002162
1.100
0.9588
Smallb
5.190200
0.002480
5.031200
5.092400
0.022048
1.119
0.9776
Very small
5.251400
0.025228
0.016854
CIW
0.7473
CIW
4.342700
Very small
CIW
6.622400
0.000058
0.071
1.4476
Large
1.579500
0.000003
FO
FO
Small
FO
FO
FO
FO
5.092400
0.022048
CIW
0.9776
Very small
CIW
CIW
0.003604
5.031200
1.100
0.9588
Small
0.004134
5.190200
5.031200
0.005406
1.100
0.9588
Small
0.012402
5.190200
0.000630
0.771
0.4888
Small
3.501200
4.119200
0.004346
CIW
5.092400
0.002205
CIW
0.9776
Small
CIW
Medium
0.001261
5.092400
0.000551
1.119
0.9776
5.251400
5.092400
0.9776
Medium
0.001261
0.000551
1.119
5.251400
FO
0.5076
Small
FO
3.562400
0.002862
FO
0.884
0.7896
Medium
0.001661
4.480400
0.000445
4.486400
Small
0.008957
6.622400
0.002721
1.589
1.4476
6.781400
4.878200
CIW
Small
CIW
CIW
0.005141
0.9118
CIW
Small
CIW
5.031200
0.003089
0.9588
CIW
1.692
Medium
8.091200
0.002141
6.858000
0.000191
1.8988
CIW
CIW
CIW
4.725200
0.024380
0.8648
Very small
0.630
Medium
0.001776
3.577700
0.000481
0.5123
3.660200
CIW
Medium
CIW
CIW
3.195200
0.000247
0.3948
2.812700
CIW
Small
CIW
CIW
0.002502
0.2773
FO
Very small
FO
FO
FO
FO
FO
Medium
0.000286
3.562400
0.000286
0.508
3.262400
0.5076
Small
0.000614
3.577700
0.000722
0.653
3.736700
0.5123
Medium
3.195200
0.000371
0.418
2.971700
0.000393
0.3948
CIW
Very small
CIW
4.342700
0.016854
0.7473
CIW
0.071
Large
0.000001
5.092400
0.000044
0.9776
1.579500
Large
0.000004
6.637700
0.000013
0.470
1.4523
2.880000
0.418
0.018868
5.092400
0.044096
0.9776
Very small
2.971700
4.709900
CIW
Very small
CIW
CIW
0.019398
0.8601
5.092400
0.001837
Small
0.010512
1.119
0.9776
5.251400
Medium
0.001252
5.031200
0.000676
0.888
0.9588
4.501700
CIW
Small
5.092400
0.002205
0.9776
CIW
CIW
CIW
5.857400
0.000977
1.2126
Medium
CIW
CIW
5.857400
CIW
Small
0.002735
1.2126
CIW
CIW
1.241
0.000027
5.092400
0.000021
0.9776
Large
5.389200
1.100
Small
0.012402
5.031200
0.003604
0.9588
5.190200
0.001034
5.031200
0.000541
1.100
0.9588
Medium
5.190200
2.812700
0.306
Large
0.000007
0.000006
0.2773
2.344500
"CIW" = closed in winter. "FO" = fillets only.
a
MCoi are dealer costs exclusive of raw fish costs. (See Table 3)
b
Dealer did not report spring/summer season sales quantity. Dealer assigned to "small" dealer size category
based on facility size.

Given Q;, P; and MCe for each season, retail/export monthly demand parameters a; and bi
are calculated for each sampled dealer for both spring/summer and fall/winter seasons via
equations 5 and 6 (Table 2). For those dealers not reporting quantity (Q;) data, a dealer size
Aquaculture Economics and Management 6(1/2) 2002
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category is assigned based on a comparison of facility size with facility sizes typical of dealer
size categories in the region. Quantities corresponding to mean quantities for the dealer size
categories are assumed for non-reporting dealers.
We next consider several model simulations to assess the potential impact of regional
aquaculture production on regional prices and returns to aquaculture. The impact of
aquacultural production on the equilibrium price of flounder in the regional ex-vessel market
is determined using equation 12. Consider first a baseline case of no aquacultural production
(QA = 0). If QT for the spring/summer season were 486,100 lbs./mo.,6 then using the
spring/summer model parameters given in Table 2, we find MCe equals $2.33/lb. For these
values of QT and MCe, we find that e = -1.93. Hence, new aquaculture production resulting in
a one percent increase in flounder supply on the regional ex-vessel market in the
spring/summer season would be expected to depress regional ex-vessel market price by
approximately 1/e percent, or 0.518 percent.
Table 3 Percent of retail/export markup above ex-vessel price attributable to major variable cost
components, primary wholesalers of whole flounder, southeastern US, 1989
Variable cost category
Percent of primary wholesale markup
Packing material
21.43%
Labor
9.15%
Labor taxes and benefits
2.86%
Shipping/freight/trucking
4.92%
Warehousing/cold storage
0.85%
Utilities
1.94%
Broker fees
5.39%
Total
47%
Source: National Fisheries Education and Research Foundation, Inc. 1989.

Given constant MCA, equation 15 is used to assess the level of aquacultural production
that maximizes returns to aquaculture (aquacultural producer surplus). For example, if QT =
486,100 and MCA = $l/lb.; then QA* = 267,799 lbs./mo. for the spring/summer season.
Compared with the case of no aquacultural production, production at level QA* would be
expected to reduce ex-vessel market price, MCe, by $0.66/lb., from $2.33/lb. to $1.66/lb.
Gross revenues to regional aquaculture would be QA*-MCe = $444,546/mo. during the
spring/summer season. Given constant MCA = $l/lb., regional producer surplus is QA -(MCe MCA) = $176,747/mo.
Fall/winter and spring/summer monthly average values of Q° are calculated via
Qf' =QJ -YJQU » for t = 1996 to 1998, where Q,T are regional medium/large size class
flounder landings per month in the ex-vessel market by season (NCDMF, 2000).
Spring/summer and fall/winter monthly average values of MCe for years 1996 to 1998 are
based on monthly NCDMF medium flounder ex-vessel price data (NCDMF, 2000). Results
of a least squares regression of MCe on corresponding values of Q° for years 1996-1998
(Figure 4) provide estimates of 775,056.2 for model parameter ao and 224,719.1 for model
parameter bo.

6
Average yearly landings of medium and large-size class flounder in North Carolina from 1994-1998 were
6,339,003 lbs./yr. Multiplying this value by the sample fraction of landings occurring in the spring/summer
season (0.536788) and dividing by a spring/summer season length of seven months yields 486,100 lbs./mo.
Similarly, landings in the fall/winter season averaged 587,261 lbs./mo.
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Regression results:
MC" = 3.449 - 4.45E-06 • Qo

(t = 5.29) (t = -2.26)

Adj. R-squared: 0.45
F-testsignif. At 0.10 level

Fig. 4 Extra-regional buyer (inverse) factor demand curve

Table 4 and Figure 5 illustrate the impacts of changes in two important exogenous
parameters-aquaculture production costs (MCA) and ocean fishery landings (QT)-on the netrevenue-maximizing level of aquaculrural production (QA*) and equilibrium ex-vessel
flounder price (MCe). The impact of QT on QA and MCe for given MCA = $l/lb. is illustrated
in Table 4. Moderate changes in ocean fishery landings (+/-25%) can have large impacts on
the net-revenue-maximizing level of aquaculrural production. As annual ocean fishery
landings can be quite variable over time, a net-revenue-maximizing industry should plan for
large variability in quantity of product marketed from year to year.
The effects of alternative assumptions about marginal production cost (MCA) on
aquaculture industry output (QA*) and ex-vessel price (MCe) during the spring/summer season
for a given level of ocean fishery landings (QT) equal to the recent average of 486,100
lbs./mo. are illustrated in Figure 5. For the given level of Q T, Figure 5 shows that for MCA up
to $2.33/lb., it would be profitable for aquaculture to market flounder through seafood
dealers. This "break-even" level of MCA depends on ocean fishery landings, QT. Similar
examples could be constructed for other values of QT and for the fall/winter season using
equations 12 and 15 and the parameters in Table 2. Figure 5 shows also how cost-reducing
improvements in flounder production methods increase the net-revenue-maximizing level of
aquaculrural output and decrease equilibrium ex-vessel flounder price.
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Table 4 Effects of ocean landings (QT) on ex-vessel price (MCe) and net-return-maximizing level of
aquacultural output (Q A )
Season

Percent change
In monthly
ocean landings
(% change in Q1)

Ex-vessel
price
(MCe)
($/lb.)

Net-returnmaximizing
aquacultural
output (Q*")
(1000lbs./mo.)

-25%
-10%
0%
+10%
+25%
-25%
-10%
0%
+10%
+25%

$1.81
$1.72
$1.66
$1.60
$1.51
$1.36
$1.32
$1.29
$1.27
$1.23

329
292
268
243
207
396
352
322
293
249

Spring/summer
Spring/summer
Spring/summer
Spring/summer
Spring/summer
Fall/winter
Fall/winter
Fall/winter
Fall/winter
Fall/winter

300000

2.5
•2.4

250000

'•2.3
: -2.2

200000
|

150000

B

100000

•• 1 . 9
"• 1.8

: 1.7

50000
0.75

1.25

1.75
MCa ($/lb.)

• QA* (lbs./mo.) B MCe ($/lb.)
Fig. 5 Effects of marginal aquacultural production cost (MCa) on net-return-maximizing aquacultural
output (QA*) and regional ex-vessel price (MCe) for spring/summer season (assumes ocean landings
(QT) = 486,100 lbs./mo.)

Discussion and conclusions
There is growing interest in flounder aquaculture in the southeastern U.S. Evaluation of the
potential success of flounder aquaculture in the region depends in part on estimates of
flounder prices in various market channels and how these prices would respond to changes in
flounder supply. This study shows how information from a brief survey of regional seafood
dealers can be combined with state fisheries data to parameterize a regional flounder market
model. Regional models are important because the ocean catch of flounder, a competing
product, varies by region, and regional ocean catch has a stronger impact on regional exAquacuhure Economics and Management 6(1/2) 2002
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vessel price than national market prices due to regional constraints on fresh fish processing
and handling. The model determines regional ex-vessel flounder price in terms of regional
aquaculture production levels and exogenous ocean landings. In addition to determining
regional ex-vessel demand, the analysis also derives retail/export market demands to facilitate
aquaculture market channel decisions.
We parameterized the model for eastern North Carolina; a region where potential buyers
(flounder dealers) are well established and active research on flounder production methods is
underway. A survey of regional seafood dealers indicates that most (85%) view farm-raised
flounder favorably and would consider purchasing the product if it were comparable to oceancaught summer flounder in terms of price and quality. State fisheries data reveal that the
regional market is seasonal, with smaller ocean harvests and higher prices occurring in the
spring/summer (March-September) season relative to the fall/winter (October-February)
season. Model results indicate that the price elasticity of ex-vessel demand in the study region
is approximately -1.93 in the spring/summer season and -2.98 in the fall/winter season at
recent market prices and quantities. Seasonal changes in within-region customer mix may
explain these seasonal differences in demand elasticities. The regional summer customer mix
includes a higher proportion of vacationers eating flounder in restaurants. The seafood
purchases of these vacationing customers are typically less responsive to changes in price.
Less elastic demand in the spring/summer season implies also that price is relatively
more sensitive in this season to changes in ocean catch and marketed aquacultural production.
For example, conditional on recent ocean harvest levels, a 10% increase in pounds of
flounder offered in the ex-vessel market in the spring/summer season (an increase of about
49,000 lbs./mo.) would be expected to reduce ex-vessel price by approximately 5.2%,
whereas the same 10% increase in volume in the fall/winter season (an increase of about
59,000 lbs./mo.) would be expected to reduce price by about 3.4%. These exercises illustrate
how the model can be used to obtain rough estimates of the potential impact of regional
aquaculture production on regional price. These price estimates may be combined with
production cost estimates from aquaculture facility budgeting models to assess the potential
returns to individual aquaculture firms and a regional aquaculture industry.
The modeling framework yields a tractable expression for the marginal revenue earned
by the aquaculture industry from sales in the ex-vessel market, conditional on ocean harvest
landings (equation 14). When combined with marginal cost estimates from aquaculture
facility budgeting models, the marginal revenue expression may be used to estimate the
potential profit-maximizing scale of the regional flounder aquaculture industry. (Of course, if
industry expansion were to proceed unchecked, any profits would be dissipated in the long
run.) The marginal revenue expression may be used also to estimate the impact of alternative
ocean harvest levels on profit-maximizing aquaculture production and ex-vessel flounder
prices. Model simulations indicate that moderate changes in ocean fishery landings (+/-25%)
can have a large impact on the net-revenue-maximizing level of aquacultural production. As a
result, profit-maximizing flounder farmers may need to plan for significant variation in
marketed volume across years.
In addition to the regional ex-vessel market demand for flounder, both retail and export
demands are derived in the course of the analysis. With these demand estimates,
aquaculturists can assess the prices they might receive were they to by-pass regional seafood
dealers, sell directly to final retail and export customers. Although such direct sales might
bring higher prices, aquacultural producers would incur additional costs associated with
finding and managing retail and export customers. A comparison of the potential prices in
each market channel with associated search and transactions costs would help aquaculturists
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make better market channel decisions. The analysis conducted in this paper has focused on
the seafood dealer market channel.
Although survey results indicate that little imported flounder competes with flounder
landed (and potentially produced via aquacultural methods) in the case study region, large
out-of-state landings reduce out-of-region demand for flounder sold by regional dealers. For
example, preliminary results by the authors (not reported here) indicate that for every
additional million pounds of summer flounder landed in Virginia, the ex-vessel price of
flounder in North Carolina decreases by $0.11. The simulation results reported here reflect
the modeling assumption that all factors outside the model, such as Virginia landings, are
held fixed at 1999-2000 season levels. More detailed research on the determinants of out-ofregion and retail/export demands would improve the accuracy of model simulations.
Flounder sold currently in the study region are 14+ inches in size (medium to large size
class) due to size regulations in the ocean fishery. As current legislation does not distinguish
between ocean-caught and farmed fish (Zucker & Anderson, 1998), aquaculturally-produced
fish are required to meet the same size restrictions. For this reason, the present study focuses
on the market for medium to large size class flounder. However, if regulatory authorities were
to relax size limits for farmed fish, aquaculture may be able to exploit niche markets for
smaller- and larger-sized flounder. For example, Zucker and Anderson (1998) find that sushi
chefs prefer fish smaller than 14 inches. Further investigation of these niche market demands
to determine the potential impact of increased industry supply on niche market prices would
be a valuable extension of the present analysis.
It is important to note that the purpose of the simple modeling framework presented in
this paper is to provide rough estimates based on limited available data. Data limitations
necessitate several modeling assumptions, including linear demand relationships, constant
non-fish variable cost shares in retail price across firms, and the existence of market power in
retail/export markets. Should initial model results suggest the need for a more detailed
analysis, additional resources could be committed to gathering the data required to relax these
assumptions. It is also important to keep in mind that the simulation results reported here
pertain to the eastern North Carolina region. Results for other areas should be based on
regional-specific data due to regional differences in retail/export demands, seafood dealer
market structures, input costs and ocean harvest levels.
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