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Abstract

There is considerable interest in fish consumption, contaminant loads in edible fish, and the risk from consuming fish. Both the

benefits and the risks from eating fish are publicized.Most of this attention has focused on recreational anglers and self-caught fish,

although the vast majority of fish that people eat are purchased from commercial sources: fish markets and supermarkets. We

examined the availability of fish in supermarkets and specialty fish markets in New Jersey, including three regions of the state in

communities with high and low per capita incomes (upscale vs. downscale neighborhoods). We were particularly interested in

examining whether consumers could determine what type of fish they were buying and whether it was farm-raised or wild.

Flounder and salmon were the most commonly available fish, followed by bluefish and tilapia. There were few significant

differences in the availability of fish as a function of region. Fish were equally available in fishmarkets and supermarkets, although

snappers were more available in fish markets. The most common fish (found in over 60% of stores) were equally available in

upscale and downscale neighborhood stores. However, there were some significant differences in less common fish; butterfish,

croaker, monkfish, porgy, and whiting were more available in downscale markets, and halibut, sole, and swordfish were more

available in upscale markets. Information available to consumers on labels varied markedly: (1) most labels were generic but some

indicated species (e.g., Spanish vs. Boston mackerel, Chilean vs. Black sea bass, mako vs. black-tip shark, rainbow vs. steelhead

trout); (2) in many cases, labels indicated whether catfish or salmon were farmed or wild, but usually that information was lacking;

(3) sometimes, the labels indicated the locationwhere fish were caught (salmon); and (4) sometimes, there was information on both

species and type (e.g., farm/wild for salmon). In most cases, labels gave only a fish name and price. Consumers would be able to

make more informed choices if the provenance of fish was clearly stated. State agencies might improve information available to

consumers by providing distributors and markets with guidelines about the types of information necessary for consumers to make

informed decisions about the fish they eat. When asked, counter staff often could not answer where fish originated from. Finally,

there should be partnerships between government agencies responsible for public health, risk assessors, and consumers to ascertain

the types of information consumers want and to provide the best available information to consumers.
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1. Introduction

Recently, considerable attention has been devoted

to the possible human health risk from consuming

fish, particularly self-caught fish (Stern, 1993; Lac-

erda et al., 1994; Lange et al., 1994; ASTDR, 1996;

Burger et al., 2001). There are numerous fish

advisories which might prompt consumers to choose

among different types of fish. Fish are an important

source of protein, and fishing is a popular pastime in

many places in the world (Toth and Brown, 1997;

Burger et al., 1992, 1993; Burger, 2002), including

some urban areas (Burger et al., 1999, 2001; Ramos

and Crain, 2001). Despite the interest in self-caught

fish, little attention has been directed at fish that are

commercially available in supermarkets and fish

stores, the source of fish for most Americans.

Recently, the U.S. Food and Drug Administration

(FDA, 2001, 2003) issued a series of consumption

advisories based on methylmercury that suggested

that pregnant women and women of childbearing

age who may become pregnant should limit their

fish consumption, should avoid eating four types of

marine fish—shark, swordfish, king mackerel, and

tilefish—and should limit their consumption of all

other fish to just 12 ounces per week (FDA, 2001).

The main responsibility for protecting human health

lies with state agencies, which deal with the poten-

tial for adverse health effects from eating fish by

issuing consumption advisories, but most do not

provide information on the potential risk from

consuming fish purchased commercially in super-

markets or fish stores (Burger and Gochfeld, 2004).

The number of fish advisories due to chemicals,

such as mercury and PCBs, has increased in the

U.S. over the last several years (EPA, 2002).

Although intended to be reassuring, the recent

FDA (2001, 2003) advisories have raised concern

about the safety of fish available in supermarkets.

Because most people obtain their fish from markets

and supermarkets, it is important to know what fish

are available and whether consumers have the appro-

priate information to make informed decisions about

the risk from eating fish. In this paper, we examine the

commercial availability of fish in New Jersey as a

function of store type (supermarket or specialty fish

market), region (north, central, south), and economic

status (upscale vs. downscale towns, based on per
capita income). We were particularly interested in

whether people could ascertain the species of fish

they were buying, whether availability varied among

regions of the state, and whether consumers could

determine if a fish was wild-caught or farm-raised. We

tested the null hypothesis that there would be no

differences as a function of these variables. We also

collected data on fish availability from fish markets

along the shore, where we expected a greater diversity

in types of fish due to local commercial and ‘‘grey

market’’ fish landings.

It is important for people to have information about

the types of fish available in relation to potential

contaminant levels so that they can make informed

choices. Fish provide Omega-3 (n-3) fatty acids that

reduce cholesterol levels and the incidence of heart

disease, stroke, and preterm delivery (Anderson and

Wiener, 1995; Daviglus et al., 2002; Patterson, 2002).

However, contaminant levels are sufficiently high in

some fish to cause adverse human health effects in

people consuming large amounts of fish (IOM, 1991;

Hightower and Moore, 2003; Hites et al., 2004),

including counteracting the cardioprotective effects

(Guallar et al., 2002) and damaging developing

fetuses and young children. There is a positive rela-

tionship between mercury and polychlorinated biphe-

nyl (PCB) levels in fish, fish consumption by pregnant

women, and deficits in neurobehavioral development

in children (IOM, 1991; Sparks and Shepherd, 1994;

Jacobson and Jacobson, 1996; Schantz, 1996; NRC,

2000). There is also a decline in fecundity in women

who consume large quantities of contaminated fish

from Lake Ontario (Buck et al., 2000).
2. Methods

Our overall research design was to survey fish

markets and supermarkets throughout New Jersey

(north, central, south) and also along the shore, in

upscale and downscale towns, in July through October

2003. We defined upscale as above the median per

capita income for that region and downscale as below

the median per capita income, and we used the U.S.

Census Bureau (2000) data for per capita income. We

sampled at least two fish markets and two super-

markets in both downscale and upscale towns within

each of the three regions of the state. Supermarkets are
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stores selling a range of food and other grocery items,

and fish markets sold primarily fish. Only fish markets

were available along the shore and were mainly in

shore communities with a high rate of summer resi-

dents. We selected one upscale and one downscale

town in each of the three regions and then developed a

list of supermarkets and fish markets in each town

from New Jersey’s Seafood and Fish Index Page http://

www.ipindex.com/New%20Jersey/NJseafood.html).

We oversampled in the southern and northern part of

the state because the stores had less diversity than in

central New Jersey. We kept the sample sizes from

upscale/downscale and fish markets/supermarkets bal-

anced. Because we collected data only from July
Table 1

List of common species which occurred in at least 15% of the markets sa

Fish Scientific name Trophic level

Number of markets

Number of fish species

Mean number of fish/market

Common Fish (by %)

Bluefish Pomatomus saltatrix Invert/Piscivo

Butterfish Peprilus triacanthus Jellyfish/Plan

Catfish Ictalurus punctatus Small Invert/

Cod Gadus morhua Invert/Piscivo

Scrod Gadus morhua Invert/Piscivo

Croaker Micropogonias undulatus Invert/Piscivo

Flounder Pleuronectes americanus Invert/Piscivo

Grouper Epinephelus morio Invert/Piscivo

Halibut Hippoglossus stenolepis Large Invert/

Mackerel Scomber scombrus Small Invert/

Mahi mahi Coryphaena hippurus Large Invert/

Monkfish Lophius americanus Piscivore

Perch Sebastes marinus Invert/Piscivo

Porgy Stenotomus chrysops Small Invert/

Salmon Salmo salar Invert/Piscivo

Sea bass Centropristis striata Invert/Piscivo

Blacktip shark Carcharhinus limbatus Top predator

Mako shark Isurus oxyrinchus Top predator

Snapper (family) Lutjanidae Invert/Piscivo

Sole (family) Pleuronectidae Small Invert

Spot Leiostomus xanthurus Small Invert

Swordfish Xiphias gladius Top predator

Tilapia Oreochromis spp. Small Invert/

Trout (family) Salmonidae Invert/Piscivo

Tuna Thunnus spp. Piscivore

Whiting Merluccius spp. Small Invert/

Scientific names are given, in some cases, only to the family level. The d

represented.

All trophic level information is from http://www.fishbase.org/search.cfm.
through October, seasonality may affect availability

of fish in some regions of New Jersey.

At each market, we recorded all fish that were

present in the fish counter display (not canned fish or

packaged frozen fish). All information provided on

the label was noted; for some species, this referred to

wild or farm-raised or the country of origin. This

information addressed the issue of whether people

can know if the fish they select is wild and from a

given region. Because one of our key objectives was

to examine the information available to the public

concerning the fish they select, following our survey

we asked the clerk behind the counter if they knew

where the fish came from and whether they were
mpled in New Jersey

All New

Jersey

Upscale Downscale v2 ( p)
Kruskal–Wallis

57 28 29

113 87 63 4.7 (0.03)

13.1F1 13.5F 1 12.7F 1 0.02 (NS)

re 82.5% 82.1% 82.8% 0.0006 (NS)

kton 26.3% 7.1% 44.8% 7.69 (0.006)

Piscivore 52.6% 57.1% 48.3% 0.21 (NS)

re 38.6% 35.7% 41.4% 0.12 (NS)

re 19.3% 14.3% 24.1% 0.72 (NS)

re 35.1% 14.3% 55.2% 6.79 (0.009)

re 89.5% 89.3% 89.7% 0.0002 (NS)

re 24.6% 28.6% 20.7% 0.36 (NS)

Piscivore 24.6% 42.9% 6.9% 7.50 (0.006)

Piscivore 17.5% 17.9% 17.2% 0.003 (NS)

Piscivore 26.3% 35.7% 17.2% 1.85 (NS)

17.5% 3.6% 31.0% 6.12 (0.01)

re 21.1% 17.9% 24.1% 0.27 (NS)

Piscivore 33.3% 14.3% 51.7% 5.99 (0.01)

re 89.5% 92.9% 86.2% 0.07 (NS)

re 45.6% 57.1% 34.5% 1.60 (NS)

1.8% 0.0% 3.4%

12.3% 21.4% 3.4% 3.8 (0.05)

re 57.9% 64.3% 51.7% 0.39 (NS)

24.6% 39.3% 10.3% 4.86 (0.03)

28.1% 17.9% 37.9% 2.04 (NS)

56.1% 78.6% 34.5% 4.93 (0.02)

Herbivore 75.4% 75.0% 75.9% 0.001 (NS)

re 29.8% 35.7% 24.1% 0.64 (NS)

75.4% 85.7% 65.5% 0.77 (NS)

Piscivore 42.1% 17.9% 65.5% 7.68 (0.006)

esignation ‘‘spp.’’ indicates that several species in a genus may be

 http:\\www.ipindex.com\New%20Jersey\NJseafood.html 
 http:\\www.fishbase.org\search.cfm 


Fig. 1. Common species found in fish markets and supermarkets in

New Jersey. Shown are percent of markets where they occurred.
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wild-caught or farm-raised. We examined informa-

tion in two ways: (1) identification of the species of

fish sold under a given label and (2) detailed

information for those species where more informa-

tion was given. This included bass, catfish, cod,

flounder, mackerel, perch, pompano, salmon, sea

bass, shark, snapper, tilapia, trout, and whiting. All

scientific names for commonly sold fish are given in

Table 1 and are not repeated in the text. In some

cases, we identified the whole fish by keys and texts

in hand while we looked at the fish.

We used Kruskal–Wallis tests to test for differ-

ences as functions of location, store types, and

economic status (SAS, 1995a,b). For the price com-

parisons, we used a two-tailed sign test, using normal

approximation to the binomial (Siegel, 1956). We

accepted P < 0.05 as significant. Multiple regression

procedures were used to determine if region, type, or

scale (or interactions between variables) contributed

to explaining the variations in the number of fish

species/market (PROC GLM, SAS, 1995a,b). The

procedure adds the variable that contributes the most

to the R2, then adds the next variable that increases

the R2 the most, continuing until all significant

variables are added. Thus, variables that vary collin-

early are entered only if they add independently to

explaining the variation.
3. Results

3.1. Availability

Twenty-five nominal types of fish were present in

at least 15% of the 57 markets sampled in New

Jersey (Table 1). Only nine types (in most cases,

species) of fish were found in over half of the

markets in New Jersey (Fig. 1). Flounder and salmon

(seldom identified to species) were the most common

fish, followed by bluefish and tilapia. Several fish

were found in only one store (and are not included in

the tables or in further analyses), including blue

marlin Makaira nigricans, blowfish Lagocephalus

lunaris, corvina Cynoscion parvipinnis, cuttlefish

Sepia officinalis, galongong Decapterus spp., hake

Merluccius bilinearis, opah Lampris guttatus, scup

Stenotomus chrysops, shad Alosa sapidissima, and

wahoo Acanthocybium solander.
In general, there were no significant differences in

the availability of particular fish species as a function

of region. That is, a given species was found in a

similar percent of stores in all regions of the state with

one exception: butterfish were more common in the

north (X2 = 6.37, P < 0.04). Surprisingly, fish were

equally available in fish markets and supermarkets,

although snappers were more available in fish markets

(78%) compared to supermarkets (32%, X2 = 5.16,

P < 0.02).

The most common fish, those found in over 60%

of the stores, were equally available in upscale and

downscale neighborhood stores (Table 1). However,

there were some significant differences; butterfish,

croaker, monkfish, porgy, and whiting were more

available in downscale markets, and halibut, sole,

and swordfish were more available in upscale markets

(Table 1). Thus, there were more differences with

respect to local economies than to the region of the

state or type of market.

There were no significant regional differences in

the mean number of fish species available in stores

(X2 = 2.84). The average number of different fish per

store varied between 10.4 (along the shore) to 15.6

(central New Jersey). Similarly, there were no differ-

ences between fish markets and supermarkets

(X2 = 1.7). However, in central and southern New

Jersey, upscale stores had significantly more kinds of

fish than downscale stores (X2 = 6.16, P < 0.01), but

in north Jersey, downscale stores averaged twice as

many different kinds of fish (X2 = 10.6, P < 0.001).



Table 2

Information provided to customers in New Jersey markets about types of fish

Fish species Scientific name Supermarket (%) Fish market (%) X2 ( p)

Bass

Striped Morone saxatilis 60

White Morone saxatilis 20

Striped (Hybrid) Morone saxatilis�Morone chrysops 100

Slippery (Tautog) Tautoga onitis 20

Catfish

No designation 63 73 2.02 (NS)

Cajun (refers to seasoning) 8 20 0.03 (NS)

Farm-raised Ictalurus punctatus 7

Nuggets 29

Mackerel

No designation (Atlantic?) Scomber scombrus 80 80 0.12 (NS)

Boston Sarda sarda 20

Spanish Scomberomorus maculatus 20

Salmon

No designation 21

Alaskan 8

Atlantic Salmo salar 37 43 2.04 (NS)

Baby 3

Cooper 4

Farm-raised Salmo salar 23 8 6.44 (0.01)

King Oncorhynchus tshawytscha 8

Maine 4

Organic 5

Smoked 4

Steelhead (Rainbow trout) Oncorhynchus mykiss 4

Sushi Grade 4

Wild 3 13 0.58 (NS)

Wild king Oncorhynchus tshawytscha 4

Wild sockeye Oncorhynchus nerka 4

Sea bass

No designation 33 30 0.41 (NS)

Black Centropristis striata 10

Chilean Dissostichus eleginoides 67 60 0.81 (NS)

Shark

No designation 50 20 2.65 (NS)

Blacktip Carcharhinus limbatus 12

Mako Isurus oxyrinchus 38 80 0.003 (NS)

Snapper

No designation 30

Baby 10

Blue (juvenile bluefish?) 16

Red Lutjanus campechanus 60 81 8.19 (0.004)

Yellowtail Ocyurus chrysurus 3

(continued on next page)
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Fish species Scientific name Supermarket (%) Fish market (%) X2 ( p)

Sole

No designation 67 60 1.90 (NS)

Dover Mircostomus pacificus 11

Gray Glyptocephalus cynoglossus 22 20 0.63 (NS)

Lemon Microstomus kitt 20

Tilapia

No designation Oreochromis spp. 100 95 2.03 (NS)

Costa Rican Oreochromis spp. 5

Trout

No designation 18

Lake Salvelinus namaycush 14

Rainbow Oncorhynchus mykiss 55 86 0.18 (NS)

Sea Cynoscion nebulosus or regalis 9

Steelhead Oncorhynchus mykiss 18

Tuna

Baby 5

Bigeye Thunnus obesus 4

Yellowfin Thunnus albacares 95 96 0.05 (NS)

Whiting

No designation Merluccius spp. 91 77 0.31 (NS)

King (Kingfish) Menticirrhus americanus 9 8 0.031 (NS)

Smoked 15

Given is the percent of either supermarkets or fish markets (of the total) that provided that kind of information on their labels. NS = not

significant.

Table 2 (continued)
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The latter reflects an inclusion of more local

species of ethnic interest (i.e., porgys, butterfish).

The best model explaining the variation in the

number of fish species/market explained 65% of

the variability in terms of region (F = 3.8, P < 0.02)

and region X type (downscale/upscale, F = 25.9,

P < 0.0001).

3.2. Knowledge about the fish

In general, people working at the fish counters

did not have any more information than was pro-

vided on the labels, even in the specialty fish

markets. As is clear from Table 2, there was more

information about some fish than others. Some fish

had no additional information because there was

none required. For example, there is only one

species of bluefish, and they are only acquired from

the wild. For other fish, the species designation was

never given (e.g., flounder could be two different

species).
Several points need to be made:

1. sometimes, the labels indicated that the fish were

actually different species (i.e., mackerel, sea bass,

shark; Table 2);

2. sometimes, the labels indicated that the fish were

farm-raised but did not indicate if other species in

their display were wild-caught (catfish, salmon);

3. sometimes, the designations indicated the location

where fish were caught (salmon); and

4. sometimes, there was a combination of information

(salmon, Table 2).

Even with additional information, the provenance of

a fish was difficult to identify precisely (e.g., Atlan-

tic Salmon may refer to its catch location or to the

fact that farm-raised salmon is also called Atlantic

Salmon). In general, slightly more information was

available in fish markets compared to supermarkets

(Table 2). For example, in 21% of the supermarkets,

salmon was listed without any other designation,
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whereas in all the fish markets, salmon had a

descriptor, either for species or whether it was

farm-raised.

3.3. Price

Finally, for 35 species of fish where comparisons

were possible from downscale and upscale stores, the

average price/lb of fish was less in downscale markets

(Z = 31.5, P < 0.0001). The average price/lb was

cheaper in supermarkets than in fish markets for 33

of 42 comparisons (Z = 32.5, P < 0.0004). Thus, the

same species of fish is cheapest in downscale super-

markets compared to others.
4. Discussion

4.1. Availability

The null hypothesis of no regional difference in

the availability of fish throughout the state generally

was accepted (except for butterfish). However, over-

all diversity of fish species differed by region. The

only difference between fish markets and supermar-

kets overall was for snappers. This should make risk

assessment for commercial fish easier on a statewide

basis. There were, however, several significant dif-

ferences in the availability between upscale and

downscale markets; butterfish, croaker, monkfish,

porgy, and whiting were more available in downscale

markets and halibut, sole, and swordfish were more

available in upscale markets. These data indicate that

for the consumer, most kinds of fish are generally

available within each geographical region, but they

might have to frequent both upscale and downscale

markets to buy a diversity of fish. Thus, risk com-

municators might need to target information to

people in these two sectors because fish availability

differed in upscale/downscale stores. One unexpected

finding was that the variety of fish available was not

greater at shore fish markets compared to markets

elsewhere in the state. We had expected that markets

located along the shore would have access to locally

caught fish. It should be noted that we visited

markets from late July until late October, and avail-

ability of types of fish may differ at other times of

the year.
One important aspect is whether fish that are low in

contaminants are equally available to people in dif-

ferent regions of the state. There were few differences

by either region or by type of store, people in all parts

of the state could find a variety of fish. Fish that are

generally low in contaminants are flounder, salmon,

and tilapia, three of the four fish that were found in the

most stores (see Fig. 1). While salmon is generally

considered low in contaminants, recent work has

suggested that farm-raised salmon may have higher

levels of PCBs than wild-caught salmon because they

are fed fish meal (which may be high in contaminants,

Hites et al., 2004).

4.2. Knowledge about fish availability

The more surprising finding was the differences in

the information provided for commonly eaten fish,

such as catfish, salmon, sea bass, and snapper. In

many markets, a consumer could not determine

whether fish were farm-raised or wild-caught and in

most cases could not tell where they came from. Many

labels are idiosyncratic, for example, ‘‘cooper salm-

on’’ and ‘‘baby snapper’’. Some of the common

names for fish actually refer to more than one species.

There are at least two aspects that pose a problem

for the consumer: (1) some common names under

which fish are sold can include several species (e.g.,

salmon), and (2) some fish are called one thing when

they are really another (i.e., red snapper). Recently,

Consumer Reports (2003) noted that only 5 of 11

samples labelled ‘‘red snapper’’ in supermarkets were

actually red snappers. There are several species of

salmon, yet half of the 51 stores carrying salmon did

not list either the source (farm or wild) or the species.

For other species, there was no disagreement in the

species, but the source location was unknown. For

example, there is only one species of bluefish, but

consumers could not tell whether it was caught locally

or not. Because bluefish are highly migratory, catch

location will not indicate mercury exposure, except

over a large geographical region.

Knowledge about fish availability is key to con-

sumers making informed decisions about reducing

their own health risks from contaminants and for

preserving fish populations. For example, knowing

salmon are wild-caught may aid in reducing organo-

chlorine contaminants (Hites et al., 2004) and know-
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ing wild-caught salmon came from Alaska (rather

than elsewhere) may aid in reducing the impacts to

salmon populations that are more at risk (Monterey

Bay Aquarium, 2004).

4.3. Fish availability and risk

Most attention regarding the health risks from

consuming contaminated fish has focused on contam-

inant levels in fish, consumption rates, and potential

risk (see references in introduction). However, for

purposes of risk communication and advisories for

targeted audiences (such as pregnant women), it is

essential to know the availability of fish locally and to

address these specific fish. This is the first step in

selecting which species to test for contaminants so

that consumption advice can be positive (‘‘eat these’’)

rather than solely negative (‘‘avoid these’’). Commu-

nicating risks to a target audience is an important

aspect of risk communication (Reinert et al., 1991;

Velicer and Knuth, 1994; Connelly et al., 1996;

Burger, 2000; Burger and Waishwell, 2001). The data

presented in this paper suggest that because fish are

equally available in all regions of the state, risk

assessors can conduct statewide risk assessments.

However, targeted information on risk may need to

be developed differently for upscale/downscale neigh-

borhoods (and markets) because there were differ-

ences in availability in these types of markets.

If knowledgeable consumers are to select fish

with low levels of mercury or other contaminants,

they must know both which types and species of fish

have high levels and where they come from. While

top level predatory fish generally have higher levels

of contaminants than herbivores (refer to Table 1),

individuals of the same species can vary in their

contaminant levels depending upon where they lived

(i.e., a fish living in a polluted bay will acquire

higher contaminant loads than one living in a pristine

bay). For example, contaminant levels are higher in

Raritan Bay in northern New Jersey than in southern

New Jersey, so that locally caught flounder might

differ in contaminant levels. While there is a wide

range of commercial fish available to customers in

New Jersey within each geographical region, the

information provided to consumers on the exact

species of fish they are buying, whether the fish

are farm-raised or wild-caught and the location of
wild-caught fish is often lacking. It took us several

days of visiting stores, purchasing whole fish we

could use for identification, and using keys to

identify some of the species.

We suggest that markets selling fish should make

the following information available to customers:

species, farm-raised or wild, and locale where caught.

State agencies might improve the information avail-

able to consumers by providing distributors and

markets with guidelines about the types of informa-

tion necessary for consumers to make informed deci-

sions about the fish they eat. Finally, there should be

partnerships between government agencies responsi-

ble for public health, risk assessors, and consumers to

ascertain the types of information consumers want and

to provide the best available information to consumers

(Ebert, 1996).
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