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INTRODUCTION

Jeffrey A. Fisher

This manual was undertaken out of a recognition that potential alternative

shark fisheries in Florida need additional understanding. During the past few

years, Florida Sea Grant Extension personnel have fielded frequent requests

for information about shark which indicates a continuing interest to initiate

a fishery. Sharks are always appearing on underutilized species lists destin-

ed for fishery development efforts, and several government agencies have been

involved in various development projects that are adding to our understanding

of the "shark fishery"  see Additional References!. Recently, a Fishery Man-

agement Plan for sharks has been prepared by the Gulf of Mexico Fisheries

Management Council �979!. Thus discussion for development of a Florida shark

fishery is not new.

Indeed during the period of 1938 to 1950 the Gulf of Mexico and South

Atlantic waters, were the center of a substantial shark fi shery. In Florida,

the main center of activity was Port Salerno. Also an early report by the

Anglo-American Caribbean Commission   1945! pointed out "there are many places

in this area where people can make money fishing for sharks." The report also

noted the multitude of products that come from sharks such as oil, leather,

meat and fins. Only the jaw market was omitted probably because Peter Bench-

ley had not wri tten his now famous book "Jaws" until some 30 years later. Cur-

iouslyy the 1945 report pointed to the two reasons why shark fishing in the

"Caribbean area" had not really progressed. They were simply   1! improper

handling of the products on the boat and dock and �! low economic returns

with lack of available information on how to improve efficiency. These are

precisely the reasons that motivated the writing of this manual!

The primary reason for the world kyar II era rise of the fishery was that

shark livers are high in oil, a good source of Vitamin A- The demise of the

fishery in the U.S. was also linked to Vitamin A. By 1950 an inexpensive syn-

thetic Vitamin A became available and the U.S. commercial shark fishery de-

clined to a very low level. Throughout Europe the decline in the fishery



never took place simply because the shark meat was regarded wi th favor . Amer-

icans have never relished shark meat and it is only the past few years that we

see scattered efforts to market the meat 1n the U.S.

A small scale upswing in the commercial shark fishery occurred in Flor1da

during 1964 through 1968 along the southeast coastal count1es and in the Keys.
0nce again however, it was not meat that motivated the upswing. The reasons
were twofold:   1! leather from hides became more valuable, and �! shark

attacks on Florida' s flourishing corrmrrercial mackerel fishing operations. But

any fishery i s probably destined to faH ure when it is bei ng undertaken solely
as a control measure for the problems of another fishery . The promise of

leather value was not enough and once again the fi shery declined� .

Since the later 1960's there has not been a commercial shark industry of

any s1ze 1n Florida. It has been reported that by 1978 fewer than 25 full-

time jobs were 1nvolved in the harvesting, handling, and processing of sharks

in the Gulf of Mexico. Coincident with this "final" decline in the late six-

ties of the cormercial industry has been a steady, strong growth 1n the r ecre-
ational sector. Ouring 1978 it is bel1eved that recreational shark fi shi ng in

the Gulf of Mexico generated $3,500,000 in business receipts and approximately
one million dollars in personal income. Host of the activity occurred 1n Tex-

as and Florida� .

Today there are markets for shark fins, hides, teeth and jaws, and to some
extent, meat, Unfortunately, as our brief historical sketches have shown us,
along with our knowledge of problems in the fishery, we are forced to note
that probably the single most important factor accounting for a low level of
success in U.S. commercial shark fishing is that a strong domestic demand for
edible shark meat has never materialized. While sharks represent a unique
fishery in that so many products are available from one organism, the lack of
consumpti on of shark as food remains the marketing hurdle.



Throughout the history of the industry other problems have evolved that
remain with us today. These include:

  1! shark meat requires special handling both on the boat and in the
fishhouse,

�! other product  hides, fins, jaws! handling is equally specialized
and tedious,

�! meat price is low and prices for by-products are highly variable-

Today, sufficient interest has developed in all aspects of the shark fish-

ery to the point where a federal preliminary Fishery Management Plan has been

written. Late in 1983, a set of formal federal regulations went into effect

that were stated to be designed to increase the availability of sharks to U.S.

fishermen and to reduce gear conflicts between domestic and foreign fi shermen.

A foreign commercial fishery and demand is already upon us. We have the

opportuni ty in the U.S. in general and in Florida specifically to once again

attempt to develop a shark fishery--a truly undeveloped Florida commercial
potential. Twenty years from now, only history will proclaim our success or

failure.
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BIOLOGY OF SHARKS AS RELATED TO COHIERCIAL SHARK FISHING

George H. Burgess, Jr.

Information on the biology and ecology of sharks in the Gulf of Hexico and
south Atlantic reg1 on is scattered and largely incomplete� . A series of publ i-
cations by Stewart Springer over a 25 year period form the basis of much of
our knowledge of southeastern exploitable sharks. Of particular 1mportance
are h1s papers covering the life history of the sandbar shark  Carcharhinus
plumbeus!  Springer, 1960!, still the only complete life history on any shark
in the southeast area, and field observat1ons of large sharks of the Florida-
Caribbean reg1on   Springer, 1963!. Clark and von Schmidt   1965!, and more re-
cently Dodr11 1   !977!, Branstetter   1981!, Snel son and Will hams   1981!, and
Snelson et al. �984! have further contributed to our knowledge of sharks
  Table 1!, but there is still much to be learned . In particular, we know very
little about population dynamics {factors that influence the population size!
of virtually all harvestable shark species, and life history data, including
details of migrations, 1s sorely lacking for many important species. The
following discussion is based primarily on Springer's  !963! observations
gained through long term association with Florida commercial shark f1shing
ventures.

Populations

As hypothesized by Springer {1963!, the total population of each migratory
species of large shark in Florida can be divided into two parts. The largest
group, termed the "principal population", consists of the main breeding popu
lation. This core population is responsible for reproductive maintenance of
the total populat ion, and follows regular patterns of distribution  including
migrations! and habitat. The remainder of the population, called the "acces-
sory population", is that which is lost through wandering from the usual geo
graphic range of the species or through becoming out of phase in migratory
 and therefore reproductive! behavior. Members of the accessory population
occasionally achieve reproductive success, but contribute little to the gene



Table l. Alphabetical listing of sharks most frequently entering Florida's
inshore and offshore fisheries.

OffshoreInshore

Atlantic shaf pnose

nurse shark

blacknose shark
 Carcharhinus acronotus}

blacktip shark
 Carcharhinus limbatus!

bull shark
 Carcharhinus leucas!

dusky shark
 Carcharhinus obscurus}

great hammerhead
 ~S h ma mokarran!

lemon shark
 ~me a rien brevirostris!

sandbar shark
 Carcharhinus plumbeus!

scalloped hammerhead
 ~Sh ma lewini !

spinner shark
 Carcharhinus brevipinna}

ti ger shark
 Gal eocerdo cuvieri }

bigeye thresher
 ~Alo ias superciliosus!

bignose shark
 Carcharhinus altimus}

dusky shark
 Carcharhinus obscurus}

great hammerhead
 ~S h ma mokarran!

longfin mako
 Isurus paucus!

night shark
  Carcharhi nus signatus!

oceanic whitetip shark
 Carcharhinus l ongimanus }

seal loped hammerhead
 ~Sph ma lewini!

shortfin mako
 Isurus ~ox rinchus!

silky shark
 Carcharhinus falciformis}

thresher shark
 Alopias ~vu1 inus!

tiger shark
 Galeocerdo ruvieri}



pool of the total population. The size of the accessory population is small
and fluctuates with losses due to death and increases through recruitment from
the principal population.

The distinction between the principal and accessory populations is of ut-
most importance to the commercial fisherman. hlembers of the accessory popula-
tion are easy to catch in a given area, taking even spoiled bait readily, but
their numbers are small and individuals are scattered. Individuals are char-
acteristically either young or very old, and are frequently malnourished, mal-
formed, or injured. Females are almost always non-gravid  not bearing young!-
The cervnercial venture Springer represented found that fishing the accessory
population was never economically sound, since the sharks would soon be fished
out. Only by moving gear ZO-30 miles along the coast daily, and spreading out
longer groundlines, could reasonable catches be made.

Fishing the principal population was clearly the optimal strategy. Fish-
ing was carried out in somewhat deeper water, usual ly in areas where sharks
were not locally known to be abundant. Catches were monitored to determine if
fishing was sampling the principal population or if this group had migrated
out, leaving only accessory sharks  called "bank loafers" !. Smart fishermen
stayed with the migrating main aggregation and exercised special care in using
fresh cut bait and bright, well sharpened hooks; the latter was especially im-
portant since these sharks were more "hook-shy" than the rogues comprising the
accessory group .

Springer's convnercial experience with sharks occurred during a time when
liver oil, with its oil soluble Yitamin A, and hides were the targets of shark
fishing. lt is reasonable to assume that today' s economics of harvesting
sharks for their flesh do not alter this strategy . Fishermen should not fal 1
into the trap of fishing for members of the accessory population. 1nitial
catches of bank loafers may be high, but subsequent fishing will fall flat.
Sightings of sharks by non-shark fishermen, reports of shark damage to nets
and other fishing gear, and reports of concentrations of sharks near harbor
mouths. are all unreliable indicators of principal population sharks. Rather,
they indicate the presence of the accessory population, which frequents near-
shore areas around human activity.



Virtually all large harvestable sharks of Florida probably have principal
and accessory populations, although the precise detlnl tions of these PoPul a-
tions, their migrations and habits are poorly understood for most species-
Springer suggests that Florida inshore captures of the white shark  Carcharo-
don carcharias1 and mako Iisurus ~ox rinchus1 are members of accessory Poouia-
tions, and the limited experience of the author with these species in othe~
inshore southeastern areas suggests this may also hold true elsewhere. Tiger
sharks  Galeocerdo cuvierij do not seem to show any population patterns, do
not appreciably school, and have not demonstrated large-scale migrations. lt
is possible that this species permanently acts like an accessory population.
Catches of tiger sharks must essentially be regarded as bank loafers in asses-
sing the nature of a catch since they are easily caught and are quickly fi shed
out of an area.

Distribution and Movements

While it is generally acknowledged that most large shark species are capa-
ble of large-sca'le migrations, the exact patterns of migrati on by each species
are virtually unknown . We do know that certai n species wi th nursery ar eas in
northern latitudes, such as the sandbar shark and the sand ti ger shark  Odon-
~tas is taurus!, have we11 defined north-south movements. For other species
data is lacking, although captures of single sex or single size class groups
at a given locality or during a given season indicates some migration pattern
is present.

'What factors influence a shark's distribution or initiate migration? Temp-
erature is surely important, but since sharks can satisfy temperature prefer-
ences by simply moving into deeper  coolers or shallower  warmers waters, one
must consider vertical as well as lateral movements. Water temperature alone
cannot, be used to predict shark di s'tri bution . Springer notes that sudden cold
upwellings oft Salerno, Florida resulted in the best shark fishing of the
year, and that during still, hot weather all large sharks, except possibly the

levels, of course, are intimately related to water temper ature . Combinations
of high temperatures and low oxygen levels may be more iniportant than high
temperature alone. Light level is certainly a factor influencing distribution



of' sharks, with certain deep water species, such as the night shark   Carchar-
hinus si gnatus! and the bi geye thresher   Alopias superci liosus!, never taken
near the surface in daylight . Currents are perhaps the si ngie most important
factor that the commercial fisherman needs to consider. Lines set parallel to
current margins or between faces of opposing currents are the most successf'ul.

Sane movements are specifically induced by biological considerations.
Availability of food, of course, is extremely important, and shark densities
are greatly influenced by local abundances of thei r prey items . prey abund-
ances often exhibit marked seasonal changes, and shark densities usually fol-
low suite. The fall mullet "runm along Florida's east coast, for example, is
accompanied by increased shark feeding activity. Seasonal movements related
to spawni ng and puppi ng   bi rth of young! are also important . Most shark spec-
iess probably have discreet areas in which mating and puppi ng activi tes occurs
Careful monitoring of sex rati os and reproducti ve condi tion   mating scars,
presence of pups, etc.! provides insights into localized movements, and there-
fore abundances. Feeding behavior is also affected by reprod uctive state  see
Food Habits!.

Food Habits

1he notion that sharks are all omnivores   eat anything! is not enti rely
correct . kihi le it is true that the tiger shark falls into this category, most
species of sharks are far more selective . Most are fish eaters . Lemon sharks
 regna cion brevirostris!, spinner sharks  Carcharhinus ~brevi irma!, blacktip
sharks  C. limbatus!, blacknose sharks  C. acronotus!, silky sharks  C. falci-
formi s!, dusky sharks  C. obscurus!, sandbar sharks  C. plumbeus!.and sand
tiger sharks, are primarily fish consumers. The first three species also eat,
crustaceans, especially shrimp. Large dusky sharks frequently capture sea
turtles, porpoises and small sharks. Hanmerheads  ~Sph ma spp.! also eat fish
and crustaceans, but large   10 foot or more! indi vidual s, usually the great
hammerhead   S. mokarran!, have a more diverse diet, including small shark s and
st ingrays . Jn inshore ~aters scalloped hammerheads   S . 1 ewi ni ! tend to eat
mostly free swimming fishes such as herrings and bluefish, while the great
hammerhead prefers bottom dwellers, including sea catfishes, drums and f1 ound-
ers, Bu!! sharks  C. leucas! prefer small sharks. rays, sea turtles, and fre-



quently eat sea catfishes. Nurse sharks differ from the aforementicned spec-
ies in feeding on bottom invertebrates   shrimps, sea urchins, squids, spiny
lobsters!, but they too will take a fish bait.

Fishing experience 'in Florida suggests sharks apparently are repelled by,
or do not feed near, decomposing sharks   Springer, 1963!. Thus the loss of a
longline with its catch is a particularly devastating event, for not only is
the fisherman out the cost of his equipment, but the area for a radius of a-
bout five miles is unfishable for several weeks. post gravid females do not
feed in the nursery grounds of their own species, therefore captures of young
of the year indicate an area of poor fishing. Nales do not feed during court-
shipp, also affecti ng fi shing success .

Summary

Even though commercial shark fishing in Florida has traditionally been,
and will probably continue to be, a multi-species fishery, it is important to
understand that the resource is not a homogenous one. Commercial fishing for
sharks requires good knowledge of the habits and population characteristics of
the species involved since at any given point in time certain species will be
found in greater abundance, and if fished correctly, will dominate the catch.
To be profitable any such operation must acknowledge the behaviors of individ-
ual species  eg. food preferences, movements, day vs. night activity, repro-
ductive season, preferred habitat! while seeking sharks of the principal popu-
lation. Almost any fisherman can make reasonable short term catches of acces-
sory population sharks  "bank loafers" !, but any attempt to center a fishery
on this group is doomed to failure. Attention to details such as fresh bait,
sharp and shiny hooks, and proper placement of longlines are essential for
profitable long term commercial operations.
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Shark Fishing Methods and Gear

Frank J. Lawlor

Sharks are taken around the world with a variety of different gear types.
The most congion types of gear utilized are gill nets and longlines, although
they are also harvested with seines, trawl s and handl ines. The optimal method
varies with the speries sought, local bottom conditions and the economic capa-
bilities of the participants in the fishery,

The gill nets used for shark fishing are typically of large mesh size
�-25 inch stretch mesh! and are used in California and Oregon for the capture
of thresher and blue sharks, and in Chile and Peru for the capture of mako
sharks. Gil 1 nets are currently being reintroduced along Fl orida' s east
coast. Gill nets set for sharks in inshore waters are usually fixed in posi-
tion with anchors, while those fished offshore are usual ly suspended from
flotation buoys and allowed to drift. Gill nets can be more effective than
longl ines at moderate to high shark population densities, particul arly when
churned or baited, however they are more cumbersome and expensive. Gill nets
may be used to catch any size shark depending on the mesh size.

Longlining involves the attachment of baited hooks at regular interval s
along a line or wire mainline which is deployed behind a moving vessel. Ra-
sical ly, a longline consists of a mainline, usually several miles long, from
which baited hooks are suspended. The baited mainline is either supported in
the water column by floats  surface longlinej or fished on the bottom with one
or more marker buoys. Longlining may be carried out over a wide variety of
vessel capabilities ranging from a small boat with a manual process setting
about 100 hooks, to a fully automated, multi-thousand hook large vessel opera-
tionn. Longli ning is particularly effective for capturing large species of
shark. Both surface and bottom longlining have been used successfully in the
shark fi shery in Florida . Many sharks are taken as an incidental catch to the
swordfi sh longline fi shery and because of thi s incidental catch, many fi sher-
men have taken an interest in the possibility of a directed fishery for
sharks.
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There does not appear to be large populations of small sharks on Florida's
East Coast such as associated with dogfish fisheries in New England,
tr awl ing has not been employed to harvest sharks in Fl orida. In Fl orida.
small sharks are often caught inshore in small mesh gill nets as an incidental
catch to fisheries for pompano, spot, croaker, Spanish mackerel, mul let, blue-
fish, etc. They often cause extensive damage to gill nets and have been know~
to completely destroy monofilament gill nets. These sharks are often dis-
carded by the fishermen because of a lack of market.

Gear Description

In the past several years, 1980-84 a small scale directed fishery for
sharks has developed on the Florida East Coast. The following descriptio~ is
largely based on thi s current fishing acti vity. The vessel s used in thi s
fi shery usually part ici pate in other seasonal fi sheries to suppl ement their
annual income. The vessels range fron 35 to 50 feet in length and use surface
and/or bottom longlines  Fig. 1!. The typical longline operation f'ishes one
or two days per trip and carries a crew of two to four men. The longline con-
sists of one primary mainline varying from I to 6 miles in length, made of
1/4" to 3/16" hard-lay tarred nylon. The mainline is stored on a hydraul ical-
ly operated spool  Fig. 2! and strung with pulleys  Fig. 3! to facil itate set'
and retrieve. Hook lines  called gangions! usually are made of 2 fathoms of
multistrand steel cable ahead of the hook  Fig. 4!. The gangions are usually
stored in barrels and are attached to the mainl ine with snap-on connectors
 Fig. 5!. Loop protectors are used at the connection of the hook and gangion
and sacrificial anodes  zinc! are placed on the hook to minimize corrosion.
Hooks are usually 1arge, 3/0 or 3.5/0 shark hooks. Between 300 and 500 hooks
are set and the vessels usually make one or two sets per day. Hooks are spac-
ed relatively close together  between 100 and 300 feet apart!. Bait is ex-
tremely variable. Bluefish, bonita, mackerel, mullet, and squid are conwnon,
however, the fishermen often use other types of bait depending on their avail-
ability. Buoys are usual ly a combination of high density bullet-shaped foam
and polyethylene ball s attached directly to the mainl ine with snap-on connect-
ors with 15-60 fathom leaders. When bottom longlining, the leaders are of

12
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Figure 2. Hydraulically operated spool for hauling and storing the mainline

II%>~

Figure 3. pulley arrangement used to retrieve the mainline.



figure 4. Kook and gangion arrangetnent for shark longlining.
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Flgvre 5. Barrel storage of the gangions with hooks and connectors placed
along the top edge



sufficient length as the bouys will remain on the surface with the mainline on
the bottom. Fifteen or twenty foot marker poles with strobe lights and radar
reflectors called "high flyers" are attached at each end of the mainline.

Fishing Methods

Longliners fishing on the East Coast of Florida usually beg1n a trip in
the early evening. The fishing "grounds " are usually 1n 15-60 fathoms of
water. Typically the longline gear is set after dusk. A set begins with
baiting and placing the gear in the water, then retrieving the gear after 2 to
l0 hours of soak. The soaktime varies depending on expected catch rate and
intent to make add1t1onal sets.

The main11ne is led off the spool and a high flyer is clipped to the first
end and cast overboard. As the boat moves ahead, the mainl1ne is fed off the
spool. Hooks are baited and gangions are clipped on the mainline as it feeds
over the stern. Buoys are cl1pped on the mainline at proper intervals as the
line passes astern . Usually, a buoy is attached to every 10th hook. The set-
ting operat1on takes from 30 minutes to 3 hours depending on length of main-
line . Two or three men usually are required to bait hooks, uncoil and clip
on gangions and buoys, and operate the hydraulic spool. After the line is set
the vessel will usually anchor next to the high flyer for the evening and the
crew sometimes will handline for snapper/grouper.

At dawn, the haul back begins. The highflyer is picked up and the main-
line is attached to the spool, being fair led from amidships. As the vessel
moves slowly along the line, the line is retrieved and the gangions and buoys
are removed as they come aboard. When hooked sharks are brought alongside,
the boat is stopped until the fish is gaffed and brought aboard. Dead sharks
and Ilammerheads are usually cut free. The live sharks are hauled onboard with
a winch onto the rail.

Butchering begins imediately and should be accomplished as soon as possi-
ble. The shark is first immobilized by severing the spinal cord, then the
tai 1 is cut off to allow bleeding . Some innovative fi shermen have designed a

17



figure 6. Innovative restraining device to assist handling and butchering
sharks aboard the vessel.  Picture and gear design credit to Billy
Sanderfur, fisherman-, Ft . Lauderdale, F! orida! .
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specia'I lift and restraining device to assist this operation  Fig. 6!. Care
should be taken so as not to drop the tail overboard before recovering the
lower lobe of the fin. After the flow of blood from the tail stops, the shark
is gutted and brought aboard. The head and fins are cut off, the bel'ty flaps
are removed, the carcass is washed, and the belly cavity is cleaned and de-

slimed. It is especially important to remove the blood line  kidney! along
the roof of the belly cavity. At this stage, with the head and fins cut off,
the product form is called a "log" ~ In order to provide the best quality
meat, the butchered shark can be inversed in a salt water ice slush. The most
proficient crews take between 7-15 minutes from the time the shark is brought
alongside to the time the logs are placed in the salt water ice slush.

The fins should be washed and trioeed of all meat and either iced or pre-
pared for drying . The wet fins, while quite valuable  $3 � $6! are not as
perishable as the flesh. After the haul back, the vessel either heads back to

port or prepares for another set. The fish are usually left in the brine tank
for 2 to 4 hours. If the vessel makes another set, the fish are taken out of

the brine tank and stored in the hold belly side down packed in clean ice.

The fishery for sharks along the southeast Florida coast appears to be
seasonal with the highest catch rates taking place during the fall and winter

months from Sebastian to the upper Keys. Production for a vessel fishing 400
hooks during this time varies between 1,000 and 4,000 pounds per set. Catch
rates or sharks caught per total hooks set typically range from 8 to 12 per-
cent; however, up to $0 percent of the hooks may catch fish during the winter.

Ouring the summer, warmer water temperatures seem to cause the sharks to mi-

grate to deeper water  cooler temperatures! or out of the area, and catch

rates decline below profitab1e levels. At surface temperatures above 75 F in0

15-60 f'athoms catch rates usua11y decline. Catch rates are also affected by
the number of vessels fishing a given area. Catch rates decline by as much as
50 percent after a set has been made, therefore fishermen do not return to the

same area until a suitable length of time has passed  several weeks to a

month!. Thus shark fishermen try to coordinate their fishing activity.



SNARK PROCESSING AND HANOLING

W. Steven Otwe 1 1

Shark processing can include total utilization of all body parts - fins,

hide. teeth and liver oil, but current commercial interest is primarily con-

cerned with use of the edible flesh or shark meat and fins. Regardless of

which shark product is used, quality is a crucial factor. Good shark meat can

offer a nutritious boneless meal with pleasing eye appeal, mild flavors and

tender texture, but poor shark quality can leave a lasting, unfavorable im-

pression. Poor qual ity shark is usual ly reported to have strong ' sharky'

odor s and fl avot, di scol ored meat, tough texture and/or separations in the

flesh. These objectionable attributes are often a result of wrong and care-

less handling. Most consumers unfamiliar with shark meat would interpret poor

quality as an inherent characteristic for all sharks. Poor quality has often

been cited as a primary reason for the limited domestic and foreign markets

for sharks caught in the United States. Thus, the reputation of the shark in-

dustry depends on correct and unique handling methods.

Quality Considerations

Sharks are cl assi fi ed in the El asmobranch group of fi shes which also in-

cludes the skates and rays. All fishes in this group have a cartilaginous

 soft! skeleton. The next main group of fishes is the Teleost or fishes with

bony skeletons. This group contains most of the common food fish. Unlike

most food fish, the muscle and blood of Elasmobranchs has a larger amount of

non-protein nitrogen compounds  NPN!, i.e., urea, trimethylamine oxide  TNAO!,
creatine, certain amino acids, etc... These NPN compounds are also produced
by the bony fishes, but they are less concentrated and eliminated as waste

products. The more primitive kidney system in the shark retains some of these

compounds to increase the body salt levels such that the shark can survive in

a saltwater environment - Thus, urea is a natural functioning compound in
shark meat, whereas bony fishes must continually drink large amounts of water

to remain in osmotic  salt! balance with their environment.



Urease

NH - C - NH2 + 2H 0 -----------> 2NH3 + C02
2 2

Ammoni aUrea

TMAO
Reductase

CH3 + NADH -----------> CH - N � Ck + H 0 + NAD
2 3 3 2

CH3

CH -N-
3 I

CH3

Trimethylamine Oxide Trimethalymine

Figure 1. Common enzymatic reactions which contributed to spoilage in shark
flesh.

As spoilage progresses the accumulation of ammonia and other spoilage pro-

ducts will cause the pH of the shark flesh to increase. The muscle pH of

fresh caught, well iced shark is near 6.0, whereas an ammoniated, spoi1ed

shark has a muscle pH equal to or greater than 9.0. The first detectable

changes in pH occur at cut surfaces, mainly where the head has been severed

from the body. Using this basic information, researchers have tried to devel-

op simple pH scales for monitoring shark quality  Wailer, 1978 and 1980A; and
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When a shark dies, the NPN compounds can be rapidly changed into odorous

compounds with objectionable taste. Urea is converted to ammonia and TMAO is

reduced to trimethylamine  TMA!   Fig . 1! . These changes are caused by the

chemical action of specific enzymes, urease and TMAO reductase, respectively.

Studies have' shown that only minute quantities of these enzymes are present in

the muscle tissue  Simidu and Oisi, 1951; Tsuchiya et al., 1951; and James and

011ey, 1971!. Thus, before spoilage begins these specific enzymes must be

produced by certain types and amounts of bacteria which begin to grow on the

surface of the shark. Studies have shown that spoilage is first evident when

the bacteria numbers on the surface reach 3.9 x 10 microorganisms /cm2  Yap,4

1979!. These bacteria can include certain psychrotrophic types  co1d tempera-

ture tolerant! which continue to slowly grow and produce the enzymes even in

the presence of ice. Similarly, basic autolytic enzyme activity  self-diges-

tion! will contribute to the spoilage process. Although ice and refrigeration

can slow the enzymatic action, spoilage from the fresh state is inevitable.



Bilinski et al., 1983!. They proposed simp'le litmus or pH paper, with a spec,-
ific pH range �.0 to 9.0!, can be used to measure the surface pH of the flesh
to determine the expected shelf life  Table 1!. Their results were somewhat

variable and would require more work before practical application, but they
can be a more definite measure than general appearance alone.

Table 1. Recommended quality scale using surface pH measurements  litmus pa-
per! taken from flesh at the head cut to predict shelf life of fresh
shark� .   Source: Hailer, 1980A! .

Expected Fresh
Shelf-life~Surface H

6.0-7.0

7.0-8.0

8.0-9.0

good 10-12 days

4-6 daysapparently good

poor

The most popular method for detecting spoilage is sensory judgements. Hu-

mans can detect a faint taste of urea in cooked shark meat when it contains a

urea concentration in excess of 1200 mg percent  Gordievskaya, 1971!. The

urea concentration in raw shark meat can vary from 1.0 to 2e5 percent by

weight   Simidu, 1961! . Even at the lower levels of urea, enzyme activity can

produce arwaonia . Sensory perception of ammonia is more acute. The detectable

spoilage level caused by ammonia in shark meat is 0.03 percent  James and

Qlley, 1971! . Thus, a portion of the urea must be removed and the producti on

of anmonia must be prevented to assure an acceptable shark meat .

taste.
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Bleeding is the best method to remove NPN compounds from the live shark

meat   See Onboard Handling! . After proper bleeding, a variety of dips or

soaking solutions have been tried. The most practical method for onboard use

has been soaking in an icy water slush or salt brine� . The soaking action

rapidly cools the meat and will remove some of the water soluble compounds

  urea, amonia, TNAO, etc .! from the surface. Sa'lt brine will extract fluids

from deeper in the meat thus removing more compounds and possibly leaching out

darker colors in the flesh. Unfortunately, shark meat readily absorbs salt.

Thus careful use of brine i s necessary to prevent toughening or excess salt



Organic acid solutions, 1.e., lactic acid, citric acid  lemon juice! and
acet1c acid  vinegar! are thought to neutralize the basic arrrnoniation com-
pounds, remove urea, decrease bacteria, and prevent enzyme acti»ty. »ese
acids also provide some firming of the flesh. Gprdievskaya �971! indicated a
1.5 percent lactic acid solution could remove {i4 percent of the urea from five
pound pieces of shark soaked in a 1 to 4 ratio  meat to solution!. His recom-
mended soak temperature, 14 to 1$ C �7 tp 61 F! is too high for reliable com-

mercial use. Vyncke �978!, using meat from the wings of rays, recommended a

soak procedure with a 0.5% c1tric acid solution for 5-15 minutes at 5 C�1 F!.0 0

His treatment decreased ammonia production and extended iced shelf life from 10

to 14 days. The citric acid provided the additional benefit of a slight

bleaching action. If the citric acid was used in the form Of lemon juice it

may flavor the flesh. Excessive concentrations. or prolonged soak time could

impart bitter tastes. Thus, ac1d soaks can offer advantages, but they are not

recommended because careful app11cation is necessary to yi eld an acceptable

product.

Color and texture will also influence acceptance. The preferred shark meat

is white and tender. The color of shark meat will vary per species. The

pink-red or darker colored flesh has a higher concentration Of NpN compounds,

stronger taste and spoils more rapidly. If the darker colors can not be

leached from the flesh, then fishermen may want to avoid harvesting such spec-

ies. Similarly, the texture of shark meat will vary with species and size.

larger sharks typically have a slightly tougher texture but not necessarily an
objectionable texture. Regardless of species or size, careless handling can
cause adverse textural changes. Tossin9, b«i »ng, gouging and excess pres-
sure on the carcass can cause meat separat1on  Nailer, 1978 ! . This problem is
further accentuated with poor icin9 and/or improper' freeze, thaw and refreeze

practices.

I f some urea and THAO has not been removed from the fl esh and ini ti al

spoilage has begun, freezing can not preserve the quality of' the shark. The
products of enzyme activity will continue to accumulate causing odors which
could contaminate other frozen products. Subtle changes may cause increased
meat toughness. Since researchers were not able to account for increased meat
toughness as a result of dehydration dur'"9 frozen storage  gai ie f 19808!

then further degradation of TNA to dimethylamine  OHA! and formaldeh de ma be
Z3



the cause of toughening as conmonly noted in certain bony fishes. It will

suffice to say moderate quality shark will continue to spoil in frozen stor-

age. Thus, the occasional retail practice of freezing unsold fresh fish

should not be used for shark.

Onboard Handling

Fresh caught sharks can not be handled in the same manner commonly used

for most food fish. Simple ici ng or frozen storage alone will not preserve

the quality in shark. Due to the unique quality considerations previously
discussed, the shark must be handled in a specific manner without delays. To

prevent delays, considerations must be given to allow for ample deck space and

crew to properly handle sharks. Special considerations should provide shading
to protect the product from direct sunlight. A fishing schedule must be ar-
ranged to avoid landing dead sharks. After death sharks retain their blood

which contains the urea and other NPN compounds which contribute to spoilage

Experience will indicate the proper harvesting schedule. Hooked sharks can
struggle for a considerable period of time after catch. Netted shark drown
more quickly. Avoid using more fishing gear than can not be effective'ly fish-
ed to prevent harvesting dead sharks.

Live sharks should be immobilized for easier handling. Ose of guns can be

expensive and dangerous. Solid persuasion and restraining gear are recommend-
ed . Hhen immobilized the shark must be bled . If bleeding is delayed the

pumping action of the heart will weaken or stop and the blood can clot, darken
the flesh and deposit NPN compounds for spoilage. The most effective method
for bleeding is to remove the caudal fin  tail! which severs the central,
caudal vein allowing free flow of blood  Fig. 2!. Studies have shown that
different cuts result in different amounts of blood loss  Table 2; Gordiev-
skaya, 1971!. Removing the caudal fin from the small sharks typically caught
in large schools  i.e., dogfish! would be impractical. If a few small sharks
are caught, some fi shermen recommend cutting the branchial region through the

gills.
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Table 2 . Blood loss caused by cuts in different regions of a shark .

~Re ion Cut

Caudal Fin  lail!

Pect rol ' bones '   Sides!

Parietal region  Head!

Heart

*Blood Loss �!

5.2-6.1

2.0-2.S

3.5-3.8

1.9-2.1

«Basis for determination of percent blood 1 oss was not cited in the origi-
nal source, Gordievskaya, 1971.

Regardless of which bleeding method is used, fi shermen must remember the

blood contains compounds whi ch can cause spoilage, odors and bacterial growth
which can contaminate the deck and hold. Bleeding must be arranged to drain
from the deck along with continuous washing and complete deck washdowns, as

necessary, to prevent dried stains . Special care is necessary to prevent

blood contamination of the ice supply. Onboard cleanliness i s crucial to as-

sure good quality shark and to prevent an aromatic vessel .

wet depending on the market.

Recovering the hide is a specialized process only used for 1 arger sharks .
Hides must be recovered immediately after catch  within 24 hours!, properly
cut, fl eshed, and preserved with salt . Host fishermen are rel uctant to market

After bleeding, the shark i s butchered to a "log" form or carcass without

head, belly flaps, guts, or fi ns, The head should be removed fi rst wi th a

smooth cut beginning from the pectoral fins, cutting away the branchial zone

or gill cavity. The head cut should be clean and smooth to minimize exposure

of flesh and blood . The shark is then gutted . The belly flaps are removed

because they rapidly spoil and have little market value . Li vers, if market-

able, should be washed and stored separately. The belly cavity is carefully

washed and brushed to remove excess blood, kidney line at the top of the belly

cavity and any traces of discoloration. Finally remove the fins. Valuable
fins should be trimmed to remove pieces of muscle tissue, then stored dry or



Figure 2. Cutting the shark head  above! and caudal fin  below! to allow
bleeding.
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hides because the extra required care is not thought to be worth the potential

value and meat quality suffers.

Immediately after butchering, the carcass should be washed then rapidly

prechil led in an ice water slush. The recormended shark to water rati o is 1

to 4. Temperature of the water should be maintained at 0 C �2 F! with addi-0 0

tions of clean ice. An internal dial thermometer with metal probe can be used

to check the cool ing rate of the meat. Al though the prechi 1 1 will extract

some urea and other NPN compounds, the primary purpose of the soak is to r a-

pidly cool the meat. Additions of salt in the water can increase the cooling

capacity and help extract additional amounts of blood and urea. The recom-

mended salt concentration is 2.5 to 5.0 percent  approximately 2 to 4 pounds

of salt per 10 gall ons of water!. The salt should be added before the ice.

The sa1 t should be non- i odi zed to a vo i d di scol orat i on probl ems. Al so, use of

ocean water �.0 to 3.5 percent salt! is a common practice. When using sea-

water excercise care to avoid contaminated water nearer shore and about docks.

Maintaining an effective salt concentration is usually a difficult judgement

which depends on the amount of product cooled. A 2 to 4 hour soak time should

provide sufficient cooling before removing the carcasses for packing in ice.

Place carcasses bellyside down and pack with at least 2 parts ice for 1 part

shark. Empty the water as necessary to avoid accumulation of slime and blood

which would contaminate other sharks.

Brine tanks with mechanical refrigeration can also be used for prechill-

ing. This system is best suited for freezing. Due to the large size and

thickness of certain sharks, the brine tank could only provided the initial

chill or surface freeze. Storage in a freezer would be necessary to complete

freezing.

Use of chemical dips or special solutions is not recommended for onboard

handling. Chemicals are an additional expense which do not prov ide cost ef-

fective benefi ts unless properly used . Chemicals are not effecti ve in treat
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ing a whole shark carcass. Mixing and maintaining proper concentrations, and
monitoring soak time are impractical problems for routine use. In some cases

improper use of certain chemicals can be more detrimental than poor handling.

During the enti re onboard operati on fishermen should avoid excessive,
rough handling. The carcass should not be thrown about the deck and packed
under excess pressure. Bruising and pressure can cause meat separation which
becomes more obvious during further butchering and handling.

Records of the catch by species, si ze, locati on and time can be extremely
important. In addition to providing direction for future harvests, detailed
records can indi cated handling probl ems for speci fic species and si zes of
shark. Records may lead to economic decisions to avoid certain shark to as-

sure better quality and price.

Dockside and Retail Handling

Careful handling should continue when the product is unloaded at the dock.
The product should not be unloaded until arrangements are made to continue
cold stnrage. Temporary warming of the ' logs' between unloading and storage

will der.r.ase the quality of the shark meat.

Grading dockside quality usually depends on sensory judgements. Detection
of anlnoniacal 'sharky' odor and discolored meat denotes poor quality which
should be rejected . Condition of the cut carcass at the head regi on i s the
best measure of quality. The exposed flesh and blood vessels promote more
rapid spoilage. A simple litmus paper test for surface pH may be a useful
method to assist grading  See  juality Considerations; Table I!. A detrimental
practice of 'cutting back' at the head may improve the apparent quality, but
initial spoilage in the remaining carcass wi11 continue.

A whole fresh shark carcass, or 'log' should be stored between 0 to 4 C
�2 to 39 F! with skin or hide on. The carcass should remain intact until
ready for sale as butchered cuts. Custom butchering to steaks or fillets
would depend on the size shark and market situation. A cut for 3/4 or 1-I/p
inch thickness is suitable for most recipes and is best for effective presoak-
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ing to improve taste and color. Steaks should be sold skin-on with excess

belly flap trimmed. The salesman should explain the skin holds the cut intact

and it can be easily cut away after cooking. Fillets should be skinless and

cut to avoid excess darker tissue. Fillets or steaks should not be cut to in-

elude the pre-exposed meat at the head. Typically thi s meat i s the fi rst to

show signs of spoilage.

Before packaging or display, fresh shark fillets or steaks should be soak-

ed to remove more urea and ammonia, and to leach blood color from the flesh.

The most practical soak is ice water with or without salt. Previously men-

tioned meat to water ratio, salt concentrations, and soak times are recommend-

ed. Remember, soaking is not a salvage operation for poor quality shark, but a

preventative step to maintain the quality of good shark meat.

Soaking in dilute concentrations of citric acid or lemon juice could pro-

vide some flavoring, fi neing of the flesh and additional leaching of off col-

ors. The citric acid solution should be applied as an icy slush at a concen-

tration not to exceed 0.2 percent  approximately 0.15 pounds per 10 gallons!.

A 15-minute soak time in a solution to meat rati o of 1 to 4 should be suffi-

cient. Care is necessary to prevent over soaking which would cause bitter

taste or yellowing of the meat . If lemon juice is used read the contents la-

bel and dilute ci tric acid to the recomnended concentration.

If the shark meat, whole or butchered, is intended for frozen storage it

must be of excellent quality and packaged and frozen immediately. The recom-

mended storage method should provide packaging to prevent dehydration and oxy-
0

gen exposure. The recommended storage temperature should never exceed 10 C

� F! . Unnecessary thawing and refreezing can cause meat separati on Theo

conmon practice of freezing unsol d fresh f i sh can not be used for sharks.

Even in fresh shark meat the initial stages of spoilage have begun and will

progress the longer the meat remains unfrozen. @hen the apparently good meat

is frozen, the spoilage process continues. The results could be contamination

of other frozen products and unacceptable products when thawed.

Finally, salesmanship can be one of the most important factors during

handling at the wholesale and retail level. The salesman must provide extra

buyer education. Most consumers are not familiar with differences between
29



shark and common food fish. To assure a successful sale the buyer should be

advised about the special quality considerations for shark and provided recom-

mended methods for handling and preparation.
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SHARK FINS

John N. Stevely

Shark fins are highly regarded by the Chinese and provide the basic in-
gredi ent for shark fin soup and other Chinese di shes. Ry weight, shark f ins
are the most valuable part of the fish. The dorsal, pectoral, and lower lobe
of the tail fin from all other species, except nurse sharks, are conInercially
acceptable; however, some fin buyers will only accept the lower 1 obe of the

tail fin from mako, thresher, and blue sharks

Occasionally, fi shermen and fish houses can sell small quantities of

fresh, frozen, or dried fins directly to Chinese restuarants. Nore commonly

fins are sold to dealers who either export fins or supply restuarants. Hong

Kong with a population of over 5 million Chinese i s one of the most important

markets for shark fi ns . In 1982 Hong Kong imported 2,746 tons of fi ns  Ka-

keong, 1983! valued at $32.6 million U.S.  based on international monetary

exchange rates as of Nay 22, 1984!.

Cutting the Fins

All fins must be properly trimmed until white noodle-like tissues appear.

 Fig . 1! . If done correctly, the fins will have been cut with a slight curve

into the fin, Otherwise the fins will be less valuable and, if dried, will

continue to produce odors and attract flies. As a general rule of thumb,

pectoral fins larger than the si ze of your hand  approximately 8 inches from

'tip to base! will command top price. The dorsal fin and parti cul ari ly the
lower 1 obe of the tail fin can be smaller and still be acceptable. In general

you will receive full va'lue for fins from sharks at least 5 feet in length
 around 60 to 80 lbs total weight!. Fins from smaller sharks may still be

acceptable, but at a much lower price.
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Handling Fins

Fins can be prepared for shipment by either drying or freezing. For dry-

ing, the fins should be cleaned in saltwater or a 3 percent brine solution to

remove slime and blood� . Drain the fi ns for at least one hour by standi ng them

upwards in a milk or fi sh box . The fi ns can then be spred out on a wi re rack
in the sun. An alternative is to punch a small hole near the fin tip, pass a

string through the hole, and then hang the fins in the sun to dry  Fig. 2!.
The fins should be taken under shelter during the night and also when it is

raining. After the fins are somewhat dried, dew or a little rain will not
hurt them. During warm summer weather the fins will be dried in a few days.

Under less than ideal conditions it may take IZ or more days. If the weather

is bad you may be able to dry them by standing the fins upwards in a milk or
fish box placed in a warm room such as the vessel engine room . Care should be
taken to avoid any contaminates. Properly dried and cut fins can be held for

months before shipping.

For freezing, washed fins can be kept on ice and then frozen on return to
port. Frozen fi ns are sold for approximately I/2 the price of dried fi ns, but
realizing an approximate 5pl weight loss when drying there is essentially no
price difference. The decision of whether to either freeze or dry the fins
is simply based on which method suits the particular situation for handling,
storing, and shipping the fins.

Processing Fins

Shark fins command a high price and consequently buyers are very conscious
of the quality, processing method, and appearance of the final product . Most
processors prefer ta buy raw shark fins  dried or frozen! and do all further
processing themselves. Since individual fishermen usually deal only in small
quantities, it is highly unlikely that a fisherman would find it desirable to
process raw fins.
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Figure 1. Properly cut and trimmed shark fins

Figure P. Sun-drying shark fins



The following processi ng procedure is taken from Ka-keong   1983!

Initial Processing

Step 1: Prelimin,ary

a! Frozen fins are thawed in water and soaked for 8 to 9 hours.

b! Met fins are washed and soaked for 8 to 9 hours.

c! Dry raw fins are put into water and soaked for about 16-20 hours to
make them soft.

Step 2: Descal ing and skinning

Fins are further soaked in water pre-heated to 80-90 C. This warm-0

ing loosens the scales and skin. This step is carefully controlled
to avoid spoiling the fin needles. A metal brush is used to assure
the scales are sufficiently loosened. The fins are then dipped in-
to chil led water and a metal scraper is used to comp'letely remove
the scales and underlying skin. Finally, the fins are washed again
with fresh water.

Step 3; Removing the Neat

Any remaining meat attached to the fin and base of the cartilaginous
platelets is cut away.

Step 4: Removing Blood and Bleaching

The fins are then put into running water, soaked and hand washed
several times. The blood in the cartilaginous base of the shark fin
is difficult to wash away, so bleaching is necessary. Sometimes, 3X
hydrogen peroxide solution is used for bleaching for 30-40 minutes
after which the fins are thoroughly washed in fresh water. Half a
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liter � gallons! of the hydro gen peroxide solution is sufficient

to treat about 9 kg �0 pounds! of fins.

Step 5: Drying

processed fins are put on bamboo mats and sun-dried. The fins must

be turned once ar twice a day. They must not be exposed to rain or

dew. In sunny weather, i t will take 4-5 days to dry the fi ns . Some

processed fins are dried by electric oven, especially in wet

weather.

The final product is a skinless fin with some original shape. Shark fins
May be marketed in this form. However, additional time consuming preparatory
work is required before final the processed fins are ready to be cooked. Fi-
nal processing includes the following steps:

Final processing

Step I: Soaking

Processed fins are soaked in fresh water for 8 to 12 hours to make

them soft.

Step 2: Second Bleaching

Bleaching, as described above, is repeated if necessary.

Step 3: Boiling

Fins are boiled for about five minutes until the fin needles expand

and are exposed . Boiling the fins dissolves the gel of the mem-
brane . At this time, the fin needles will usually curl slightly,
The fins are then taken out of the hot water and quickly put into

chilled water.



Step 4: Removing the Membrane

The bases of the fin strands are kneaded and softened by hand to

separate the fin needles from the membrane, The remain1ng membrane

is peeled off to enable the fin needles to stand out. These are

sold as wet fiIn need les. Lower grade fins or small fins are fur-

ther processed to make fin nets.

Fin nets facilitate cooking and increase the value of the raw material. The

addit1 onal processi ng includes:

Step 5: Arranging Fin Needles

Mashed f1n needles are placed on bamboo mats, previously oiled with

edible oil, and arranged 1nto moon shaped or net shaped lots of

around I00 g each.

St .'. 6: Bleaching by Reduction

The shark fins are then bleached by a reduction method in a "sulphur

box" in which sulphur is burnt beneath trays of fins for about ZO

m i nutes . Th1 s bleaching process must not be too long as otherwise

fin needles will curl up and turn brown.

Step 7: Drying

The f1ns are then sun-dried.

Shipping Fins

Obviously shipping procedures should be discussed directly with the buyer.
In general, air freight w111 be too expensive if you are shipping less than 80
pounds. Batches of properly dried fins can be shipped by truck, However,
care must be taken to seal the fins in plast1c wrap and to seal the box w',th
tape. The box should be labeled "dr1ed marine specimens". If there is any
odor coming from the box, most 11kely it will not be accepted for sh1pment.



Occasionally, it is possible to sell directly to a local Chinese restuarant

and avoid problems with shipping.

In 1983 prices as high as $5.00/lb for frozen fins and $11,00/Ib for dried

fins were sometimes quoted, As previously stated, the size of the fins and
the care taken in cutting the fins will affect the price you receive. ln ad-

dition, if the fins are not completely dry, the price wi Il be lower as addi-
tional wei ght would be lost by further dryi ng . You wi 1 1 become more familiar
with what the buyer is looking for after the first few shipments. Local mid-

dle-man buyers often offer prices substantially lower than prices offered in

distant markets . In this case the fisherman must decide whether a higher

price is worth the expense and trouble of shipping.
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NARKETING AND ECONONIG ASSESSNENT

Fred J. Prochaska

The commercial shark industry is generally seal I scale and is a fragment-
ed industry which overlaps other fisheries. Little direct economic informa-
tion in the form of raw statistics or formal economic or market research is
available for a complete market or economic assessment . Current i nformti on
from the limited successful ventures in Florida is considered sole-source and

confidential . As a consequence, some of the following discussion and concl u-
sions with respect to Florida shark production and marketi ng are based on in-
ferences drawn from national and regional markets and isolated observations in

Florida.

Producti on

Landings of sharks  other than dogfish! by U.S. fishermen have gradudally
increased since 1971 and exceeded the 5,0 mil lion pound mark in 1982. Due to
an apparent increase in demand, dockside shark prices increased along with the
incr eased supply and reached a record $.63 per pound in 1982  NNFS, a.!. Dog-
fish landings have generally been three to four times the volume of other
shark landings . In 1982 dogfish landings were at a record of 19 .4 million
pounds but were of considerably lower value than other sharks with an average
dockside price of on'Iy 8 cents per pound. Dogfish are generally a smaller
species of shark that are used primarily for food.

Gulf of Mexico and South Atlantic landings of all sharks averaged 209,000

pounds at an average annual dockside value of $21,000 during 1975, 1976 and
1977  latest published regional data, NNFS, 1.!. During those years Florida's
average production of 103,121 pounds was 49 percent of the total produced in
the Gulf and South Atlantic fisheries. During the decade of the 1970' s Fl ori-
da production of sharks was quite eratic, rangi ng from low a of 9,448 pounds
in 1970 to highs of over 300,000 pounds in 1973 and 19/8   NMFS, c.! . Florida
shark landings during 1981 and 1982 averaged 603,122 pounds annually and were
nearly twice as large as previous peak years during the 1970's. The 1982
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dockside price was $.50 per pound. Over 80 percent of Florida shark landings
occurred on the West Coast with Lee County accounting for between 50 percent

and 66 percent of total Florida shark production during 1980 and 1981.

Longlines account for the majority of commercial shark landing in Florida.
Until recently the Florida commercial shark fishery was an incidental fishery;
that, is, sharks were caught and landed when fishermen were targeting o'.I er
speci es . The 1 atest published catch by gear type i ndi cated 73 per crt or
Florida shark landings were from longline fishermen in 1976  NNFS, b.!. An

additional 21 percent were caught with hand'lines that year . A recent s+ dy
{Cato and Lawlor, 1981! of cost and earnings in the Florida swordfish longline
fi shery provides some estimate of profitabi lity of shark fishing  at least as
an incidental catch! . In the Florida swordfi sh fishery, the average cost of
all fish 1 anded was $1. 16 per pound, This is considerably above the dockside
price received for shark . Therefore, a di rected fishery for sharks i ncurring
these costs therefore would not be profitable. However, if all costs norma',ly
incurred in the d i rected fi shey are allocated to the dir ected species { sword-
fish in thi s case! then shark 1 andings may be viewed as a supplemental source
of income as long as additional costs directly associated with handling sharks
are less than approximately 40 to 50 cents per pound  current shark pricesl.

The more recent efforts in a directed shark fishery are generally supple-
mental to other fisheries for part of the total fishing year. Although no
formal economic studies have been made, some information exists to make eco-
nornic decisions� . One producer   Heeri n, 1976! estimated that bai t, fuel and
supplies for a 10 hour trip would cost about $100.00. This was for a 25 to 4'5
foot bottom or crawfi sh type boat, fishing a main cable up to 3/4 mile long
with hooks suspended at 10 to 12 foot intervals. The cost of fishing gear and
winch was estimated at $4,260 which has to be depreciated over the life o the
equipment� . It was estimated that with an average catch rate of' 10 percent the
400 hook line would yield a dockside value of $345.00, assuming the sharks
caught are eight feet 1 ong and in good condition. This would leave appr ox i-
mately $245 to cover crew-shares, gear repair and depreciation and other 'ixed
costs  such as boat and engine depreciation! that are not prorated to other
fishing enterprises.
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Marketing

Sharks represent a rather special type of resource in that virtually the

entire organism can be utilized. The skins, fins, meat, liver, and teeth are
major end products which all have significant commercial value. However, it
i s difficult, if not impossible, to simultaneously maximi ze returns wi th res-

pect to each individual end product that can be produced from sharks. The
highest food value is generally derived from smaller sharks but the small
sharks generally have lower valued hides and fins compared to those from larg-
er sharks. Individual end products are also competitive with respect to prod-
uct care or processing technique. For example, it i s recommended that sharks
not be iced prior to skinning but this procedure results in lower quality
meat. In general, the total value of a shark is highly variable; it depends

on size, handling techniques, and species  Yreuzer and Ahmed, 1978! . The
shark fishermen cannot achieve maximum returns for a'll possible products. The

end products are competitive and trade-offs are required.

Published statistics do not allow determination of the volume and value of

all individual shark end products processed on a national or local level. In
1980, 6.9 million pounds of fresh processed and frozen shark steaks valued at
$3.6 million were reported for the United States with all processing reported
in the New England and in the Pacific fishery regi ons   NMFS, d.!. In 1981,
2.1 million pounds of fresh and frozen steaks and fillets valued at $1.1 mil-
lion were reported for the U.S. with all processing having taken place on the
Pacific Coast . Salted, smoked and leather products were reported as unclassi-
fied products . Substantial, but undetermined araounts of shark end products
obviously go through market channels not covered in the statistical reporting
system for processed fishery products.

Historically vitamin A derived from shark livers, was one of the most val-
uable end product produced from sharks. In 1941 dockside prices peaked at
$2,000 per ton of shark in the round and at $15 per pound for male soupfin
shark liver in 1943 {Stuster, 1982!. However, since the development of a syn-
thetic Vitamin A, shark livers are no longer a source utilized in most devel-

oped countries  GMFMC, 1980!.
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Shark fins represent profitable uses of expanded shark production. A

large shark  eight feet! may yield two and one half pound of dried fins which

are valued as an ingredient in oriental cuisine. U.S. dealers paid as much as

f7.50 per pound for number 1 fins and $2.50 per pound for number 2 fins in

1978  GMFMC, 1980!. Currently, wet fins bring Florida f'ishermen between $3.00

to $6.00  see above section by Lawlor!.

Markets for shark teeth and jaws have been substantial. Whole jaws of

larger sharks, when cleaned, sold for between $20 to $200 per jaw in 1978.

Currently, however, this market appears to be limited with respect to signi f-

icant expansion potential. It has been estimated that the sale of roughly

10,000 shark jaws on the Gulf Coast in one year would clearly depress the

price  GMFMC, 1980!.

The sale of shark hides, it has been concluded, is not profitable for U.S.

fishermen due to the large amount of labor involved and the relatively low

prices paid to fishermen. Hide prices to fishermen appear to be relatively

low because shark tanning technology is possessed by very few companies . There

is currently a buyers market for hides  GMFMC, 1978!.

Food for human consumption appears to offer the greatest potential for ex-

panded marketing of shark products . It has been pointed out in other secti ons

of this report that considerable care and attention must be given during both

onboard and onshore processing to produce a palatable product. Processing de-

velopment and education in thi s area have been successful and must be conti n-

ued and expanded if a sizable shark food market is to develop. A recent sur-

vey of 162 fi rms and i ndividua'ls �6 producer s, 36 wholesalers and di stribu-
tors, 46 restaurants, 23 super market chains and seafood markets and 30 fed-

eral and state statistical agents! concluded that in general the market for

shark as a food product in the U. S. should continue to gradually expand   51 os-

ser, 1983! . The results of thi s survey, as well as experiences throughout the

country, emphasi ze the extreme importance of marketing, promotion, and educa-

tion if the shark food market is to reach anywhere near its full potential

 WCFDF, 1981; Mangan, 1983, and Stuster, 1982 to mention a few!. Demand and

price at both producer and all market levels will have to be expanded to more

substantial volumes of shark meat through the food market place.
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The potential payoff to market expansion activities has been noted by num-
erous authors. Gi llespi e and Srandon   1976! found consumers to be unfamiliar
with shark meat . Consumers studied showed no definite aversion to taste or

health/nutrition aspects of shark meat. However, uncertainty was most often
noted. Consumers seemed to be curious about shark meat and desired informa-

tion to sati sfy thei r curiosity. The Gi llespie and Brandon study noted sever-
al demographic factors which should be considered in market development acti-
vities. Marital status, number of children less than 18 years of age and in-
come appeared to offer little or no relationship to the consumer's willingness
to try shark meat . Sex, age, education, race and number of individuals in the
household did, however, appear to affect consumers' attitude toward shark
meat:   1! male consumers appeared more likely to eat shark meat than did the
female, �! people between the ages of 26 and 35 tended to be most likely to
eat shark meat, �! households consisting of three members or less seemed to
be more likely to try shark meat than larger households, �! people with more
education tended to view the idea of eating shark more favorably than people
with lower education, and �! black households appear to be less likely to eat
shark meat than other races. Attention to these factors, other socio-economic
factors and product quality in marketing activities should provide for expand-
ed shark markets . The domestic processing capacity f' or sharks on the Gulf
Coast i s highly flexible and basically is limited only by the demand for and/-
or supply of shark products  GMFMC, 1980!.

Conclusions

For the most part, shark fishing will likely remain an incidental and/or
supplemental fi shery in the near future. This conclusion is based on the es-
timated high cost of production compared to current dockside shark prices and
profi tabi lity of the alternative fisheries. Substantial i ncreases in shark
prices resulting from significant market expansion would tend to weaken this
conclusion. However, rapid market expansion does not seem likely. Existing
markets for fins and jaws appear sufficient to support existing production.
The markets for jaws and teeth appear to have reached their limits. Although,
tanned shark hides are valuable products, there does not seem to be much of a
market potential for Florida or U.S. fishermen with this product unless world
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growth rates in total shark sales. The current increase in shark landings
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even with the increased production� .
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