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INTRODUCTION

Marine and inland fisheries make vital contributions to
food security—both as a direct source of protein, essential
fatty acids, and micronutrients, and indirectly via employment
and income (FAO 2018). Fisheries also have tremendous cul-
tural and educational importance in human societies. These
include longstanding representation in many religious cere-
monies and archaeological artifacts, and recreational fisheries
providing a significant source of leisure, supplementary nu-
trition, connection to nature, and influxes to local economies
(Arlinghaus et al. 2016; Hunt and McManus 2016; Cooke
et al. 2018). Indeed, most people rarely think about fish other
than as a source of protein, a pet, a recreational prize, or as a
basis for inspiration or worship. Much less widely recognized
is the diversity of other ways that fish have contributed to hu-
man societies, both presently and in the past.

In this spirit, here we explore the varied uses of freshwater
and marine fishes, focusing on their contributions to manu-
facturing and industry, technology, health care, tools and
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Fish are among the most biodiverse vertebrate groups on the planet, playing vital ecosystem roles, supporting considerable com-
mercial, recreational, and artisanal fisheries, and delivering critical ecosystem goods and services for the world's human popula-
tion. These intrinsic, ecological, and socioeconomic values of fish are well recognized. Much less widely appreciated are the diverse
additional ways that fish have contributed to human societies. Here, we explore the assorted uses of freshwater and marine fishes,
both presently and in the past, by focusing on their contributions to manufacturing and industry, technology, health care, tools
and weapons, apparel and jewelry, and musical instruments, and as curios, souvenirs, and attractions. The material ways by which
people depend on fish have continued to grow and evolve over time, resulting in a much more intricate web of human-fish rela-
tionships than is often recognized. By demonstrating the importance of fish across all facets of life, we hope that this exploration
leads to greater conservation, sustainable management, and ethical treatment of fish now and into the future.

weapons, apparel and jewelry, and musical instruments, and as
curios, souvenirs, and attractions (Figure 1). We exclude from
our review reference to other uses of fish, because they have
been treated extensively elsewhere; for example, fish for food
or source of recreation, fish, oils as a dietary supplement, the
use of fish as a biological control agent, the sociocultural sig-
nificance of fish for society, or reference to fish in folklore, my-
thology, religion, spirituality, art, literature, film, and popular
culture (e.g., Moyle and Moyle 1991; Flanagan 2001; Abbott
2004; Sommer et al. 2007; Gupta et al. 2016). By increasing
awareness of the diverse ways in which fish have and continue
to be used by human societies, we hope this our review will
promote broader conservation, sustainable management, and
ethical treatment of fish into the future.

MANUFACTURING AND INDUSTRY
Fish Glue
Fish glue is an adhesive created by prolonged boiling of
fish connective tissue, specifically formed through hydrolysis
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Figure 1. Contributions of fish (whole and in part) to manufacturing and industry, technology, health care, tools and weapons,
apparel and jewelry, and musical instruments, and as curios, souvenirs, and attractions.
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of the collagen from skins, bones, tendons, and other tissues,
similar to gelatin (Figure 2A). Fish glue is transparent, col-
orless, and water soluble, and comes in many types, ranging
from higher quality derived from swim bladders (Isinglass;
see below) to lower quality made from the skins, bones, and
cartilage. Fish glue was commonly available in the third cen-
tury, where Hippolytus notes its use by magicians and divin-
ers on the streets of Rome, in about 220 C.E. According to
Hippolytus, fish glue had asbestos-like properties, since the
trickster “anoints his feet with fish glue” so that he can walk
over hot coals without being burned (Scarborough 2015).
Later, fish glue was used by the Greeks and Romans to de-
velop veneering, specifically wood bonding, and during the
medieval ages, fish glues were used as a source for painting
and illuminating manuscripts (Laurie 1910). Fish glue was
also used by the Chinese for medicinal purposes. Today, the
application of fish glues are rarer in industry (see Akter et al.

2016), but notably are still utilized for making and restoring
artifacts (Petukhova 2000).

Fish Qil

Industrial uses of fish oils rendered from a number of
different organs are used for: protective coatings on wood,
metal, fiber, and concrete; lubricants; medicinal products
(see below); and soaps. For example, the large livers of
ratfish (Family: Chimaeridae) constitute approximately
60% of their total body weight (Figure 2B) and contain
an exceedingly high proportion of oil (as high as 80% of
the wet liver weight; Hayashi and Takagi 1980). The large
oily liver plays an important role in maintaining neutral
buoyancy at the extreme depths in which many species
of this family occupy in the world’s oceans. Stories exist
of people using ratfish liver oil to lubricate guns, pock-
et watches, and other fine delicate instruments, and even

Figure 2. Fish use in manufacturing and industry. (A) Animal (fish) glue in granular form; (B) ratfish liver used to create fish oil;
(C) antique fish oil lamp; (D) production facility for biofuel derived from fish waste in Mexico; (E) a beer maker holding a dried
swim bladder, aka isinglass; and (F) British product designer Lucy Hughes invented a biodegradable plastic made from fish
scales and skin and artist Erik de Laurens has made bioplastic cups from fish scales. Photo credits: (A) Simon Eugster, distribut-
ed under a CC-BY-SA 3.0 license; (B) https://bit.ly/3dYATsD; (C) https://bit.ly/2X8X8pQ; (D) https://bit.ly/2JHI1w]; (E) https://bbc.
in/2)JKWpmW; (F) REUTERS Stuart McDill and https://bit.ly/2ULKhlr.
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fishermen applying this oil to fishing reels to prevent rust.
Apparently, NASA even considered ratfish liver oil as a
good substitute for sperm whale oil to use as a lubricant
in their space program.

Fish oils from connective tissues have been shown to be
especially beneficial as polymerization agents in alkyds, var-
nishes, and paints, as a softening agent for the process of
tanning leather, and as a farm animal moisturizer to treat
dry and brittle horse hooves. Fish oils have occasionally been
used in caulks and sealants to achieve prolonged elasticity
and binding properties (Fineberg and Johnson 1967). Animal
repellents also containing fish meals and oils are marketed as
a biodegradable solution to protecting plants and property
from nuisance animals such as deer, rabbits, squirrels, and
rats. These repellents produce an unpleasant scent/taste that
causes a mild irritation to an animal’s nasal passage.

Sources of biofuel include a wide variety of plants, as well as
animal fats, including those derived from fish (Arvanitoyannis
and Kassaveti 2008; Figure 2C). For example, lambari oil
(lambari is the common name given to dozens of species of
small freshwater fish species from the family Characidae) is
widely used in the Brazilian Pantanal to light small lanterns.
Similarly, in Russia near the Caspian Sea, lamprey oil has been
used for illumination, and Eulachon Thaleichthys pacificus—
also called candlefish—were dried and then burned as candles
because of their high fat content during spawning. Crude fish
oil, characterized as a dark brown viscous fatty oil, is also a
source of biofuel (Yuvaraj et al. 2016). This process involves
heating fish waste to release the oil from fat deposits, and then
separating the liquids from the solids via physical pressing
and centrifuging. The oil is cleaned and purified, and with
the addition of a catalyst, biofuel is produced. For example,
Kato et al. (2004) demonstrated the use of ozone-treated fish
waste oil as a transportation diesel fuel. Interest in partnering
with the fishing industry and producing biofuels is growing,
although thus far has been largely limited to small-scale oper-
ations (e.g., Lanari and Franci 1998; Figure 2D).

Isinglass

Isinglass, a term derived from the Dutch word huizenblas
or German hausenblase (meaning sturgeon bladder) is a trans-
parent, almost pure gelatin, prepared from the swim bladder
of the sturgeon (Family: Acipenseridae; Figure 2E) and cer-
tain other fishes with relatively large swim bladders that are
easily detachable from the body cavity (Talbot 1905). Isinglass
can also be derived from the skin, stomach, intestines, and
gills, but this is much less common. The bladders are dried
and then cut into thin translucent strips; these strips, which
are nearly 80% collagen, are dissolved in hot water, then dilut-
ed and cooled into flat disks or converted into a powder to be
used as fining agents during alcohol processing (Koochekian
et al. 2006). Specifically, isinglass is used commercially to clar-
ify primarily wines and beers by aggregating the yeast and
other insoluble particles (Leach 1967). The use of isinglass
has decreased with modern brewing methods, although as
recent as 2017, trace amounts were still found in every pint
of Guinness stout. Isinglass can also be cooked into a paste
for specialized adhesive purposes, such as for envelopes and
stamps, and to preserve parchments and repair broken porce-
lain (see Fish Glue), and was also used as a food preservative
in Britain before and during World War II, when it was dis-
solved into water to act as an effective preservative for fresh
eggs (Atwell and Crawford 1867).
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Mineral/Element Extraction

Recent research has demonstrated the potential of salmon
milt (semen) as an adsorbent to recycle rare earth elements
(REE) used in various advanced materials, including catalysts,
alloys, magnets, optics, and lasers (Takahashi et al. 2014).
Solvent extraction has long been an effective method to recov-
er REEs from ore waste, but this expensive process involves the
use of toxic and sometimes radioactive chemicals that often
are released into the environment. Research has shown that
phosphate on the surface of some types of bacteria were much
more efficient in attracting REEs, yet growing cultures for use
on an industrial scale is not feasible. To address this problem,
a team of Japanese scientists demonstrated that dried salmon
semen, which could be sourced from a vast fishing industry,
was a viable replacement and was very effective in extracting
expensive elements (Takahashi et al. 2014). Fish scales have
also been used as a natural adsorbent for treatment of organic
pollution, such as to remove carotenoid pigment from waste-
water in the seafood industry (Stepnowski et al. 2004) and as
biofilm colonization media in moving bed bioreactors to treat
effluent from dairy farms (Jaafari et al. 2017).

Bioplastics

Scientists continue to explore the potential of using micro-
bial fermentation (i.e., breakdown of carbohydrates by the use
of microorganisms) as a process to produce bioplastics from
melted scales of fish. Fermented scales undergo cell disruption,
washing, centrifugation, and drying to purify the biopoly-
mer, resulting in complete sterilization and no residual odor.
Bioplastics from fish scales have been used to manufacture a
range of household goods (Figure 2F), apparel (see below),
and produce biodegradable plastic sheeting (Figure 2F). Fish
scale waste has also been explored as a filler for polymer com-
posites to produce packaging foam material (Chiarathanakrit
et al. 2018).

Biodegradability of gelatin-based biopolymer films has led
to a growing interest in their use as edible food packaging.
Fish skin collagen (and gelatin prepared from it) has low risk
of transmitting pathogens when compared to animal gelatin,
and it is suitable for consumers who follow Kosher and Halal
dietary standards (Krishna et al. 2012). In addition, increasing
interest in seafood industries to make use of waste from fish
processing is another factor contributing to growth in produc-
tion of fish gelatin in recent years (Etxabide et al. 2017; de la
Caba et al. 2019). Fish viscera, byproducts from processing
industries, are also a source of lipases, which can potentially
be applied in the detergent processing industry (Patchimpet
et al. 2019).

Biotechnology

Fish have inspired new technology, for example, in the
field of material sciences. Recently, skin from Electric Eels
Electrophorus electricus motivated the development of super-
stretchable nanogenerators that produce electricity by touch
or tapping. This device can be used as deformable and wear-
able power source, as well as fully autonomous and self-
sufficient adaptive electronic skin system (Lai et al. 2016). The
unique skin of the Electric Eel has stimulated the develop-
ment of a new family of high output electrochemical capac-
itors that are flexible, stretchable, and weavable, and seen as
particularly promising for portable and wearable electronics
(Sun et al. 2016). Similarly, recent research points to the use
of fish scales and swim bladders in creating bio-piezoelectric



nanogenerators (Ghosh and Mandal 2016a, 2016b). For in-
stance, fish scales contain collagen fibers that generate an elec-
tric charge in response to several types of ambient mechanical
energies, including body movements, machine and sound
vibrations, and even wind flow. In the future, the hope is to
implant a bio-piezoelectric nanogenerator into a heart for
pacemaker devices, where it will continuously generate power
from heartbeats for the device’s operation.

HEALTH CARE AND SEXUALITY
Cosmetics
Toothpaste containing ground fish bones was original-
ly used by the early Chinese as an abrasive to help remove
dental plaque and food from teeth. More recently, fish
scales have been used after they are melted, filtered, and
separated into collagen and hydroxyapatite. Toothpaste

made from hydroxyapatite looks and tastes like regular
toothpaste, but some studies have found it more effec-
tive in making teeth white and strong, and in facilitat-
ing repair in areas suffering from tooth decay (Prihartini
Devitasari et al. 2019).

Crystalline guanine is extracted from ground-up scales of
some fish species, including herring (Family: Clupeidae), and
is commonly used in cosmetics (Figure 3A). For example, crys-
talline guanine is added to nail polish, lipstick, mascara, sham-
poo, and other skin and hair care products, where it provides
a shimmering or pearlescent effect (Kim 2012). Crystalline
guanine is also used in metallic paints, simulated pearls, and
plastics as a colorant. Lamprey (Order: Petromyzontiformes)
have a special significance in several Indigenous cultures, in-
cluding Native American tribes, who use fish oil as hair grease
(NPCC 2015).

Figure 3. Fish use in health care and sexuality. (A) Crystalline guanine labeled as “Fish Silver Powder;” (B) doctors wrap a child’s
burnt skin with sterilized tilapia fish skin in Fortaleza, Brazil; (C) hagfish slime; (D) Garra Rufa fish (kangal fish, doctor fish, nibble
fish) is used in health and beauty spas in many parts of the world; (E) condoms (>110 years old) made from the swim bladders
of fish (note that these condoms were meant to be reusable, as suggested by the former owner’s careful tally scribed on inside
of box of how many times each condom had been used); and (F) specimen jar containing three female Japanese Bitterlings used
as a pregnancy test. Photo credits: (A) https://bit.ly/3alP3fo; (B) Paulo Whitaker, Reuters; (C) https://bit.ly/3aOydM);j; (D) iStock.
com/Jonathan Austin Daniels; (E) https://bit.ly/2UK4R]o; (F) The Board of Trustees of the Science Museum, Creative Commons.
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Biomedicine

Collagens derived from fish skins and other protein-rich
fish processing byproducts like scales and bones (colloquial-
ly known as aqua-collagens) are increasingly explored as an
alternative to mammalian-derived collagen for use in a vari-
ety of pharmaceutical and biomedical applications (Benjakul
et al. 2012). Collagen is the main structural protein in the ex-
tracellular space of various connective tissues in animal bodies
and has widespread use because of its excellent biocompat-
ibility and biodegradability, and weak antigenicity (Li et al.
2018). Aqua-collagen derived from salmonids, cyprinids, cich-
lids, and a range of other cartilaginous and non-cartilaginous
fishes has been promoted as scaffolds for engineering of bone
and other issues, surgical dressings, drug delivery, and skin
care products (e.g., Nagai et al. 2004; Pati et al. 2012; Li et al.
2018). Recently, skin from tilapia (Family: Cichlidae) has been
suggested as a possible biological cover (dressing) for burn
wounds in humans and animals, and as a biological graft in
gynecology (Bezerra et al. 2018; Figure 3B). Tilapia skin is an
inexpensive and effective option to treat patients with second-
and third-degree burns, because it contains large amounts of
moisture and type I collagen proteins at levels comparable to
human skin. This prevents scarring, while promoting the heal-
ing of wounds (Alves et al. 2018). In 2019, a woman became
the first transgender person in the world to undergo success-
ful vaginal reconstructive surgery using the skin of tilapia fish
(Anonymous 2019).

The first bioelectric phenomenon acknowledged by hu-
mans was undoubtedly the electric discharge of certain types
of fish (Kellaway 1946). Several fish species have an electric
organ discharge that is powerful enough to stun prey or be
used for defense. Examples include the South American
Electric Eel, electric catfishes (Family: Malapteruridae), star-
gazers (Family: Uranoscopidae), and electric rays (Order:
Torpediniformes). The electrical discharges produced by such
fishes were highly appreciated among ancient physicians and
were prescribed as an analgesic for the relief of headache, gout,
and prolapsed anus (Tsoucalas et al. 2014). During and after
the renaissance period, study of the anatomy and mechanics
of electric fishes by physicians and scientists paved the way for
the discovery of electricity and the evolution of electrotherapy
to relieve a range of symptoms and ailments (e.g. headaches,
wounds, paralyzed muscles, post-traumatic pain), though with
debatable effectiveness (Tsoucalas et al. 2014).

Many chemical compounds have been extracted from fish
and are increasingly employed as medical remedies. Some com-
pounds have demonstrated utility in biochemical research or
have led to the development of anticancer and antiviral drugs
(Costa-Neto 2005). For example, Pacific Hagfish Eptatretus
stoutii and Atlantic Stingray Dasyatis sabina can be sources of
cardiac stimulants and antitumors, respectively. The discovery
that a chemical compound in Dogfish Sharks Squalus acanthi-
as can help prevent infections has led some to believe that this
compound may someday also kill parasites, fungi, and bacteria
in humans (Wang et al. 2018). Slime from the Atlantic Hagfish
Myxine glutinosa is also used as a defense mechanism against
predators and is a “hydrogel” consisting of ultra-absorbent
polymers that hold and retain large amounts of water (Boni
et al. 2016; Figure 3C). These hydrogel properties make it po-
tentially useful for drug delivery, tissue engineering and regen-
eration, and absorbable sutures. Hagfish slime may also have
future industrial applications as fibers produced from the slime
are exceptionally strong (Fudge et al. 2010).
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Fish (most commonly Zebrafish Danio rerio [Family:
Cyprinidae)) are frequently used as model organisms for drug
screening and discovery. Compared to traditional mammali-
an models, fish provide numerous experimental advantages,
including genetic and molecular tractability, amenability to
high-throughput screening methods, and reduced experimen-
tal costs (Strange 2016). For example, the swim bladder of the
Zebrafish, which is similar to the mammalian lung, has provid-
ed a real-time, in vivo model for examining pulmonary neutro-
phil infiltration during acute lung injury (Zhang et al. 2016).
These examples underscore that medical research continues to
explore the utility for fish to provide greater molecular and
genetic understanding of human disease, thus significantly en-
hancing the discovery and application of new therapies.

Fish are widely used in traditional medicines, defined as
“the ancient and culture-bound medical practice which existed
in human societies before the application of modern science to
health” (WHO 1999). Modes of preparation and delivery to
treat ailments include: dried and powdered body parts admin-
istered as tea or ingested with food, ointments to be rubbed on
affected areas (bile, oil, fat, mucous), ear drops (fat), ingestion
of the cooked part (live, flesh), taken as a drink (fish oil) or
mixed with an alcoholic beverage (whole animal; Alves and
Alves 2011). For example, many species of seahorses and pipe-
fishes (Family: Signathidae) are dried and used in traditional
medicines in many countries around the world. Although ev-
idence for their health benefits is scant, seahorses have been
used in traditional medicine to treat infertility, baldness, asth-
ma, arthritis, and erectile dysfunction. Additionally, recent
research indicates seahorses exhibit antitumor, antiaging, and
antifatigue properties (Kumaravel et al. 2012).

Fish have also been suggested to be important in animal-
assisted therapy. Watching fish in an aquarium can, for exam-
ple, reduce stress (Costa-Neto 2005) and anxiety (Buttelmann
and Rompke 2014), improve physical mobility and reduce
blood pressure in patients with cardiac disease (Kongable
et al. 1989), and confer physical benefits such as weight gain
to older persons with dementia (Edwards and Beck 2002).

Since the early 21st century, Garra rufa (also called kan-
gal fish, doctor fish, nibble fish) has been used in health and
beauty spas across the world (Figure 3D). The fish nibble on
dead skin cells and supposedly release dithranol (a component
of dermatological creams) and an enzymatic secretion that
enhances the skin condition by normalizing its pH level and
helping new skin cells regenerate faster. Although the “doctor
fish” treatment has been found to alleviate the symptoms of
psoriasis (e.g. Grassberger and Hoch 2006), the treatment is
not curative, and its validity as a spa treatment is still widely
debated.

Sexuality

Some early condoms were made from the swim bladders
of fish (Huxley 1957) with the multi-use of these sheaths dat-
ing to about 1640 (Figure 3E). During the English Civil War
(circal642-1647), condoms made from fish were deployed to
the army to reduce transmission of syphilis (Khan et al. 2013).
The use of female European Bitterling Rhodeus amarus as a
pregnancy test was investigated in the 1930’s (Gottlieb 1936;
Figure 3F). This fish possesses an ovipositor, which was re-
ported to become elongated when the animal was exposed to
urine from a pregnant woman. It was presumed that female
sex hormones in the urine caused this response in the bitter-
ling. However, the test was considered highly unreliable as



experiments revealed that secretions from the adrenal glands
of male and female humans also caused the same effect
(Weisman 1938).

In the Middle Ages, the oil of lamprey was believed to
increase potency, libido, and contribute to sperm forma-
tion. Similarly, the flesh of African electric catfishes (Family:
Malapteruridae) is reported as being considered an aphrodisiac
and is reported to act as a marital love charm (Kellaway 1946).
Several other species, including the swimbladder of Acoupa
Weakfish Cynoscion acoupa are used in traditional medicine
in several Asiatic countries and considered as an aphrodisiac
(Martins et al. 2019). In addition, Striped Snakehead Channa
striata is consumed by women postpartum to promote wound
healing and reduce postoperative pain (Ab Wahab et al. 2015).
It is also used in southeast Asia as a traditional remedy for a
range of other ailments (Mohd Shafri and Abdul Manan 2012).

Fish have been documented to feature in bestiality (human
sexual relations with animals) and zoophilia (sexual disorder
involving an erotic attraction to animals). For example, there
are reports of penile penetration of dead Thornback Rays
Raja clavata (Beetz and Podberscek 2005), sex with stingrays
by professional fishermen in Brazil (anecdotal reports by pro-
fessional fishermen interviewed by JRSV), and insertion of
fish into the vaginas of women (Beirne 1997).

TOOLS AND WEAPONS
The Pirarucu Arapaima gigas is a fish belonging to a
primitive group of carnivorous bony-tongued fishes (Family:
Arapaimidae) that crush their prey with a large tongue stud-
ded with teeth. Many small villages in the Amazon use dried
Pirarucu tongues as a grater to break down the mandioca root

to produce cassava flour; a major staple food in the developing
world (Figure 4A). Pirarucu tongues are also used to scrape
dried guarana plant, to produce guaranine (better known as
caffeine) that is used in soft drinks around Brazil. Many peo-
ple also use the Pirarucu’s scales as nail files. Piranhas (Family:
Characidae) are notorious for their sharp teeth that can strip
prey to bones in a few minutes. Native peoples along the
Amazon River use piranha jaws as a cutting device or scissors
(Schleser 1997). Skin from sharks and stingrays, which are
covered with minuscule dermal denticles (Figure 4B), have a
long history of use as sandpaper for the construction of boats
and furniture, and crafting utensils (also see description of
shagreen below).

Fish parts have been used in many different ways to con-
struct weapons; here we provide just a few examples. The
leiomano is a shark-toothed club used by various Polynesian
cultures, but primarily by the native Hawaiians (Figure 4C).
The weapon resembles a thick ping pong paddle inset with
shark teeth (preferred species is the Tiger Shark Galeocerdo
cuvier) that are placed into grooves in the club and sewn into
place. The long, bony, spear-shaped bill or rostrum of sail-
fish and marlins have been fashioned into numerous styles
of daggers (Figure 4D). Stingray barbs were also attached to
spears and used in initiation ceremonies, fighting and punish-
ment, and for fishing throughout the Australian aboriginal
culture. For example, the kaiya was composed of an acacia
shaft mounted with a cluster of stingray barbs. The shaft was
smeared with blood and the butt was painted with bands of
pigment. Kaiya were used in initiation ceremonies, for fighting
and punishment, such as spearing the leg of those who dis-
obeyed tribal laws (McConnel 1953).

Figure 4. Fish use in tools and weapons. (A) Bony-tongue of Pirarucu used as grater to produce cassava flour from mandioca
root; (B) dermal denticles in shark skin, visible under the electron microscope at 135X magnification; (C) shark-toothed club
called a leiomano; and (D) Hawaiian Koa dagger constructed of a marlin bill flanked with Tiger Shark teeth secured by a strong
string fiber and decorated with brown chicken feathers. Photo credits: (A) Jean Vitule; (B) reddit.com; (C) https://bit.ly/3bZNOsj;

(D) https://bit.ly/2XbNbl3.
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APPAREL AND JEWELRY

Shagreen is a type of rawhide consisting of rough un-
tanned skin, historically derived from a horse. In the 17th and
early 18th centuries, the term “shagreen” began to be applied
to leather made from skin of a shark or stingray, and now is
produced from the skins of commercially farmed Asian sting-
rays (Order: Myliobatiformes). In modern times, shagreen is
used as a fancy leather for book bindings, pocketbooks, and
small cases, because of its reputation for withstanding rough
handling and its water-resistant qualities. Shagreen was fash-
ionable in the 1970s for furniture such as small tables, partly
due to the renewed interest in the Art-deco period. Shagreen
was also used for the hilts and scabbards of swords and dag-
gers to enhance grip.

Fish skin has been used to create a number of consumer
products including wallets, belts, gloves (Figure 5A), and even
jackets (Figure 5B). For example, apparel such as trousers,
jackets, wallets, shoes, and calendars are made with leather

from the skin of Pirarucu in South America. In the northern
hemisphere, salmonids are also widely used to produce cloth-
ing and associated products from wild specimens or now as
a byproduct of the salmon aquaculture industry (Hatt and
Kirsten 1969). Historically, Nivkh people in Russia have used
fish skin coats for protection against harsh weather conditions
(Gall and Hobby 2009).

Fish otoliths (calcium carbonate structure of the inner
ear) have been termed lucky stones as they are believed to
provide good fortune and charms to ward off illness in some
cultures (Figure 5C). Once thought to be mere pebbles, oto-
liths of Freshwater Drum Aplodinotus grunniens were found
washed up on beaches along the Great Lakes. According to
Hudson (2020), there is a tradition among Great Lakes fish-
ermen and sailors of keeping these otoliths as lucky charms
“... to keep them safe from storms, to give them an edge in a
card game, or for better luck with the ladies.” After polishing,
otoliths are used in jewelry or amulets. Fish eyes, in particular

(D)

‘Trinidad Bay
Black Snapper

Figure 5. Fish use in apparel and jewelry. (A) Various fish skin consumer products include wallets, book covers, and shoes; (B)
salmon skin coats used in the Amur region of Siberia in the 1800s; (C) polished fish otoliths called lucky stones; (D) eyes from
Black Snapper fish crafted into earrings; (E) earrings made of the fins and spines of the Indo-Pacific Lionfish; and (F) bioplastics
from fish scales used to make eye spectacles and swimming goggles. Photo credits: (A) Jean Vitule; (B) Collection Nationaal
Museum van Wereldculturen. Coll.no. RV-434-1; (C) pinterest.com; (D) http://www.manyhandsgallery.net; (E) www.etsy.com; (F)

https://bit.ly/2ULKhlIr.
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the crystalline, are also used in pieces of jewelry. For example,
the eyes from Black Snapper Apsilius dentatus caught by local
fishermen can be boiled, cured, and dyed to create sterling sil-
ver pieces of jewelry (Figure 5D). Fin spines of the invasive
Lionfish Pterois volitans in Colombia and Cuba are fashioned
into earrings and necklaces (Figure SE). Also, many cultures
make fish bone necklaces, using the vertebrae bones from dried
fish. Jewelry such as necklaces and earrings are also produced
using the large scales of tarpons (Family: Megalopidae).
Finally, bioplastics made from fish scales have been used to
create eye spectacles and swimming goggles (Figure 5F).

MUSICAL INSTRUMENTS

On virtually all continents there are musical instru-
ments made, in part, from glue and skin derived from fish.
For instance, traditional Derbakkes (also known as darbu-
ka) comprise burnt clay or light wood coated with fish skin
(Standifer 1988). This goblet-shaped hand drum is primari-
ly used in Arabic music, but is also a popular instrument in
Balkan, Persian, and Turkish music (Figure 6A). The rigq (or
rig—a type of tambourine made of a wooden frame with a
head made of fish skin—is a traditional musical instrument
in Egypt (Figure 6B). Many types of Chinese drums (ku) are
made from long pieces of bamboo or wood with dried fish
skin stretched over one end (Blades 2005).

In additional to percussion instruments, fish parts have
also been used to make stringed instruments. In one example,
the viola-de-cocho is a traditional plucked-string instrument in
the Pantanal region of Brazil, specifically in the states of Mato
Grosso and Mato Grosso do Sul (Figure 6C). It is made and
embellished with fish products such as swim bladder glue and
strings derived from various fish parts. It receives this name
because it is made of solid wood and carved in the shape of a
viola. This instrument is popular among fishermen and local
communities (Taborda 2002).

CURIOS, SOUVENIRS, AND ATTRACTIONS

Many fish species are traded and sold as curiosities (curi-
os) and souvenirs around the world, either dried or preserved,
whole or in part (Grey et al. 2005). Popular species include
sharks, pufferfishes, seahorses, and piranhas (Figure 7A,
B). Taxidermied fish are also used as attractions in a variety
of businesses. For instance, in places like Peru, Brazil, and
Bolivia, traders use whole large fish to decorate shops and
charge tourists to pose for photos with the fish (Figure 7C).
Taxidermied large fish of many species are extremely common
on the walls of restaurants and bars, for example, the taxider-
mied heads of very large Murray Cod Macullochella peelii in
many pubs in southeastern Australia (Figure 7D) and numer-
ous sportfishes are on display on walls of businesses across
North America and elsewhere.

CONCLUSION

Human societies across the globe have long recognized
the vital role of marine and freshwater fishes in supporting
considerable commercial, recreational, and artisanal fisheries.
Here, we demonstrate that there’s more to fish that just food
by reviewing the vast ways by which human society garners a
multitude of other benefits from fish. These include contribu-
tions to manufacturing and industry, technology, and health
care, and comprising elements of tools and weapons, apparel
and jewelry, musical instruments, and curios and souvenirs.
Diverse values of fish are not merely stories from the past, but

Figure 6. Fish use in musical instruments. (A) Arabic darbuka;
(B) Egyptian riqq; and (C) Brazilian viola-de-cocho. Photo cred-
its: (A) http://www.yalcinkayapercussion.com, (B) Unknown,
distributed under a CC-BY-SA 3.0 license; (C) Jean Vitule.

continue today as new and innovative uses are being actively
explored.

Looking to the future, understanding the variety of ways
that fish are used by humans is necessary to promote their
conservation, sustainable management, and ethical treatment.
But a glance into the past shows that with increased value of
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Figure. 7. Fish use as curios, souvenirs, and tourist attractions. (A) Dried piranhas; (B) taxidermied Pirarucu pictured with
co-author Vitule; (C) dried seahorses; and (D) taxidermied Murray Cod. Photo credits: (A) Jean Vitule; (B) Jean Vitule; (C)

https://bit.ly/2V1Tmvl; (D) https://ab.co/2)Opghf.

fish often comes decreased consideration for their conserva-
tion. In United States, for instance, countless species consid-
ered threatened or near threatened by the World Conservation
Union are currently exploited for the curios trade (Grey et al.
2005). Similarly, nearly 725,000 fish leather products, worth
multiple millions of dollars, are imported annually to the
United States. About 93% of these products are obtained
from wild fish and one-third of the exploited fish species
are considered globally threatened or near threatened (Grey
et al. 2006). Such rampant and unsustainable exploitation are
crucial issues that must be solved. Yet with these stories also
comes rising commitments to sustainable fisheries and the
emergence of new opportunities to reduce waste and maxi-
mize the use of by-products in the aquaculture industry. We
remain hopeful that the material ways by which people depend
on fish will continued to grow, resulting in greater appreciate
and care for the unwavering bond between humans, fishes, and
their ecosystems.
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