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Figure 8.9 Body shape among bony fishes varles as an adapt

(g) Seanorse

—
() Trunkfsh

() Porcupine fish

jon to habitat. s streamiined

and fusiform for fast swimming in tunas (Thunnus;a) dorsoventrally flattened in bottom-
dwelers such as the sea moth (Pegasus; b} o lterally lattened in bottom-dwellers such as the
flounder (Platichthys; ). Fishes living among vegetation or rocks have eekke bodies,as n the

freshwater eel (Anguila; ) ribbon-shaped, a in the gunnel (Phols;e); or thread-lke,

the

snipe eel (Nemichthys; ). Slow swimmers feature bodes that are elongate on a vertical plane, as
i the seahorse (Hippocampus;g); triangular and truncate, asin the trunkfish (Ostracion h); o

round, as n the porcupine fish (Diodory; ).

pers (Lutjanus), wrasses (Labroides, Thalas
soma), damselfshes (Amphiprion, omacentris).
and buterllyfishes (Chactodon; se¢ Fig. 8.28)
Many demersal fishes, ke rays, skates, and sea
moths (Pegasus; Fig. B9b), are dorsoventrally
flattened: Flatfishes such as flounders
(Platchihys), soles (Solea), and halibuts (Hip-
poglossus) are flat and beautifully adapted 1o
live on the bottom, but their bodies are act-
aly laterally compressed (Fig. 89¢). @ They
Jie on one side, vith both eyes on top. They.

begin ife with one eye o each side ke other
fishes, but as they develop one eye migrates
up 1o lie next to the other one. Distinctly
clongated bodies are eharacteristic of moray.
cels (Gymnothorax), trumpetfishes (Aulosto
mus), and pipefishes (Sygnathus), amon oth=
ers. @) Eellike fishes often live In narrow
spaces in racks or coral eefs, or among vege-
ation (Fig. 8.9d-f). Many bony fishes, like
seahorses (Hippocampus; Fig. 8.99) depart
from these generalized shapes, Trunkfishes

(Ostracion) have tuncate, or relatively short,
bodies (Fig. 89h). €

Body shapes can be espectally useful for
camoullage. For example, some pipefishes ive
among the eclgrass they resemble. The long,
thin trumpedfshes ofien hang vertcally among,
gorgonian corals or tube-like sponges, or even
sneak behind other fish when approaching
prey. An irregular shape is often an excellent
means of concealment, Slow-moving bouom
fishes such as blenies (Blennius) and sculpins
(Oligocortus) have their outline broken up with
irregular growths. pancularly on the head,
that resemble seaweeds. The body of the
stonelsh (Synanceia verrucosd; Fig, 8.10a) re-
sembles  rock so closely tha i 1 almost nvis-
{ble to both potential prey and humans, Un
forunately for humans, this shallow-water fish
from the tropical Pacific and Indian oceans
possesses the most potent venom known in
fishes. Stepping ona stonefis Is excruciatingly
painful and potentially ial

Coloration

Same hony fishes use color for amoufage.

but others, particularly those living in the
twopics, are among the most brightly colored
animals in the sea, @) The colored pigments
in bon fishes are mostly found i special cels
i the skin called chromatophores. These
cels e irvegular in shape and have branches
radlating from the center. The amaczing varicty
of colors and hues observed among marine
fishes results from combinations of chro

matophores with varying amounts of different
pigments. Many fishes can rapidly change
color by contracting and expanding the pig-
ment in the chromatophores. Fishes may also
Have structural colors that result when a spe

clal surface reflcts only ceruan colors of lght
Most structural colors n ishes are the conse-
quence of erystals that act like tiny mirrors
The crystals are contained In special chro-
matophores called fridophores. The irides
cent, shiny quality of many fishes is produced
by sructural colors in combination with pig-
ments (Fig. 8:100).

Colors can tell us a lot about fishes. Some
change color with their mood or reproductive
condition. @) They may also use color to ad-
vertise the fac that they are dangerous, poiso-
ous, or aste bad—a phenomenon known as
warning coloration (Fig, 8.100). Crypic col-
oration, blending witl the environment (o
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(@) cartilaginousfis

Figure 8.12

Cartlaginous and bony fishes use different adaptations to
{b) Many bony fishes have evolved a gasfilled swim bladder to compensate

)

Foward motion

aneverabilty, resulting I a much greater diversity of swimming styles (Fg.8.1)

Because most bony lishes have a swim
bladder, they do not have to rely on thetr
pectoral fns 1o provide it The pectorals are
thus free 1o serve other purposes. This gives
bony fishes great maneuverabilty. Some can
hover in the water or even swin backward,
things that sharks cannot do. The other fins
of bony fishes also help provide maneuver-
ability. The dorsal and anal fins (Fig, 8:86)
are employed as rudders, at least part of the
\ime. to steer and provide stability. The
paired pelvic fins (Fig. 8.8) also help the
fish wen, balance, and “brake.”

The exibiliy of their fins has allowed
tmany bony fishes 1o depart from the standard
undulating style of swimming, Some open-
swater bony fishes, such as tunas, emphasize
sheer speed (sce “Swimming Machines
. 326). Many fishes, paricularly those living.
around coral reefs, rocks, or kelp beds, swim
manly by moving ther fins rather than their
bodies, especally for the precise movements
needed in feeding, Their tals are used almost
solely as rudders. Wrasses, surgeonfishes
(Acanthurus), and parrotfishes (Scarus, Spari
soma), which all live on coral reefs, and the
California sheephead (Semicossyphus pul-
cher), common in kelp beds, swim mainly
with their pectoral fins. Triggerfishes
(Balistes) undulate therr dorsal and anal fins
o swim. This style 1s perfect for hovering
over the bottom while hunting for crabs and

sea urchins. Flying lishes (Cypselurus) have
greatly expanded pectoral fins that they use
1o glide through the air (see Fig. 1520). A
large varlety of bottom fishes (gobies.

sculpins, and many others) craw or st on
the bottom on their pectoral and/or pelvic
fins (Fig. 8.9b). Clinglishes(Gobiesox) are
small fishes that have their pelvic fins modi-
fied fnto part of @ sucker that allows themn o
attach to rocks. Remoras, or sharksuckers
(Echeneis), attach 1o sharks, whales, turles,
and many types of large fishes using a large
sucker on top of their heads. @) This sucker
1s derived from part of the dorsal fin

gl N
Fishes usually swim with sideways wndula-
tions of the body and tail. The pectoral fins
and tail of sharks have an important role in
buoyancy control. The fins and tail of bony
Jishes are generally not used to control buay-
ancy and instead have become highly manei-
verable and important in swimming,

Feeding

Most shaks are camivores, bul in contrast 10
\ypical camivores, which capture smaller
prey, some sharks feed by taking bites from
prey larger than themselves, For ths they use
their formidable jaws coupled with shaking
of the head: A few sharks are not partcular
almost anything can be found in a shark's
stomach. A tiger shark (Fig. 8:4) that was
caught off South Aftica was found to contain
the front half of  crocodile, the hind leg of &
sheep, three gulls, and two cans of peas
Nurse sharks leed mostly on bottom inverie-
brates, including lobsters and sea urchins.

Myomeres

Forward motlon

Bony fishes.

malitain their position in the water, (a) Sharks use their fins forft.
for thelr heavier bony skeleton, Thisfrees theif fins for

Some deep-water sharks subsist mainly on
<quids. Cookie-cutter sharks (Jsistlus) are
small, deep-water sharks that aitack larger
fishes and dolphins and cut out chunks of
llesh with their razor-sharp teeth and sucking
Tips. Even the rubber sonar domes of nuclea
ubmarines have not escaped their bites. 1t
has been suggested that these sharks use bio-
Juminescence to frjtate squids in arder o
lure ther pr

Several species of cartlaginous fishes are
fiter feeders, the whale shark, the basking
shark, the mania and devil rays, and the meg-
amouth shark (Megachasma pelagios:
Fig. 8.4m), a gigantic deep-water shark dis-
covered off the Hawatian Islands in 1976 and
Soon alter 1n Southern California and several
other locations around.the world. @ Like
‘ther fillr-eeding fishes. basking sharks il
et the water with their gill rakers, slendet
projections on the inner surface of the gill
arches (sce Fig. 8.17b). Whale sharks have
filter plates made of modifed placoid seales
The large mouths of the three flter-feeding
sharks have many small teeth and., excluding
the megamouth, very long gill sits. The
widih of the spaces betyeen the gil akes or
filier plates derermines the size of the lood
captured, Water is srained through the gl
rakers, and the shatk swallows the food that
{s Tel behind. Whale sharks feed in warm
sater on small schooling fishes, squids, and
planktonic crustaceans. Basking sharks.
which live in colder water, feed on plankton
by apening their mouths and slowly swim.
‘ming through the water (Fig.8.4h)
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Figure 8.19 _ Cross-section through the sin of afish,showing the lateralline sensory system.
The nerve collects nerve impulses from the sensory organs and transits the information to the

Behavior

Nearly all aspects of the lives of fishes involve
complex hehavior to adapt 1o light and cur.
rents, o find food and shelter, and avoid
predators. Behavior s also an Important part
of fish courtship and reproduction, which are
described in the next section. This section
provides only a glimpse of some aspects of
lish behavior, some other highlights are dis-
cussed In other chapters.

Territoriality Many marine fishes, paric-
ularly open-water specics, do not reside n
any particular area, Others, however, are
known 0 establish territories, home areas
that they defend against intruders. Some
fishes defend terntories only during repro-
duction. Many, however, have more o less
permanent territories that they use [or feed-
ing and resting or as sheler. I is thought that
fishes often guard terrtories to ensure that
they have enough food and other resources
Thus, territorfality Is most common tn
crowded environments like kelp beds and
coral reefs, where resources are most ikely to
be in short supply. Coral reef damselfishes
are famous lor fercely defending their territo-
ties, often auacking fishes many times their
size o even divers.

Fishes use a variety of aggressive behay-
fors 10 defend their temtorics. Actual fights
are surprisingly rare. Instead, fishes usualy
prefer (o avoid risking injury by bluffing
Raised fins, an open mouth, and rapid dant-

ng about are examples of such threatening
postures, Territoril defense may alsa involve
sound production. Marine bony fishes may
make sound by grinding their teeth or rub-
bing bones or fin spines on another bone
Some fshes “drum* by pulling muscles on
the swam bladder, and this sound is amplified
by the ai-filled bladder.

Sometimes a soliary individual defends a
territory. In other species, like some buuer-
fylishes, tertories are establshed by a mle-
female palr, Terriories may also be inhabited
by groups that belong 10 the same species
This Is the case tn many damselfishes, which
inhabi spaces between the branches of corals
(Fig. 8:20), and ane
(Amphiprion; se Fig, 1435). @) Members of
such groups often divide the territory into
subterriorics

Schooling Many fishes form well-defined
groups, or schools. @ Some, including her-
rings, sardines, mullets (Mugil), and some.
mackerels, school throughout their lives
Others are part-time schoolers, especially as
Juveniles or during feeding, Most cartilagi-
nous fishes are solitary, but a Tew, such as
hatmierhead-sharks, mantas, and other rays,
sometimes travel in schools. It has been esti-
mated that around 4,000 species, Including
both marine and freshwater specics, school as
adults. Schools can be huge, as large as 4,580
million m* (161,720 ft*) in the Atlantic her-
ring (Clupea harengus). The members of a

Scale  Sensoryorgan  Camal  SKin

Notice the sensory organs opening into the canals.
brain,

school are typically all about the same size
The stattonary schools that are tommon
around coral reefs, kelp beds, rocks, and
shipwrecks, however, may include members
of different sizes or even dierent species,

Schools function as well-coordinated
units, though they appear 10 have no leaders
(Fig. 821). The indiyidual fishes tend to keep
4 constant distance between themselves, turn-
Ing, stopping, and starting in near perfect
unison. Vision plays an important role in the
arientation of individuals within  school, In
some species, though, blinded fsh can schoal
Ina coordinated way, These fish probably use
the lateral line, olfaction, and sound they
emil to keep track of each other. The tight
coardination of schooling fishes may break
down when they are feeding or auacked by a
predator

Why do fishes school? One explanation is
that schooling olfers protection against preda-
tion. Predators may be confused if,for instance,
the school circles the predator (Fig. 8210) or
splits into several groups. It is also difficult for
apredator to aim for just one fish in a cloud of
shifting, darung individuals (Fig. 8.21d). On the

ing of one or more grains
sunded by sensive hairs
% anima with gravty.
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Their kidneys must adjust 0 the change from

sl 1o fresh water, Eventually they reach the
exact stream of their birth

strean (Fig. 8.23). The

salmon (Oncorhynchus tschawytscha) and

inland as Idaho and the headwaters of the

Yukon River
Salmon find their home stteams with re
P

They recognize not only the

ceuracy, using
memary
of their own stream, but also those of other
way. There also is

streams they pass along,

hum, or dog, salmon (0. heta) reach s far  evidence that they respond to chemicals re
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s
Figure 8.22 The skpjack tuna (Katsuwonus pelamis) the leading commercial catch among

tunas, undertakes extensive migrations that every year take it almost halfway across the globe.
The Pacifc salmon (Oncorhynchus) migrates to spawn only once n a fetime. Approximate limits
of distribution and migration routes indicated are for all seven species of almon.

Figure8.23 The journey of Pacific salmon sich as these sockeye salmon (Oncorhynchus
nerka) is an arduous one indeed. The fish have to swim far upstream, often leaping over rapids
and watertals, Many fal pey to hungry predators o tothe nets and lnes of fishers

Mariie Fishes~ Chapter8

leased by other members of their own species
The ability of an animal to find its way back to
behavior.

Salmon spawn on beds of clean gravel in

A home area is known as h

the shallows The female digs out a shallow
nest, or “redd,
eggs. The egas are ler
covered with gravel. Afier defending the nest

into which she deposis her

ized by the male and

for a while, the salmon die

Alter hatching, the young salmon may re
turn to sea immediately. as in the pink, or
humpback. salmon (O, gorbuscha). The young
of other species remain in fresh water for a

me, as long as five years for the sockeye, or

red, salmon (0. nerka). The kokanee salmon
A race of this st species, Is landlocked and
does not migrate to sea v all

One of the biggest hazards Pacific slton
endure s the destruction of their natural .
vironment by humans. Migration routes have
been blocked by dams, spawning grounds
filled with sl as @ result of ogging and caule
grazing, and rivers polluted by pesicides
(which

among other toxic effects, are sus

smell),

fertilizers, and animal wast. So serious is the

problem that sharp restricions have beer i
posed on the harvest of sulmon along the Py

cfic coast of the United States. Some species,

like the sockeye, king, and chum salmon.

have been declared endangered In some
0 15 million s:
spawned in the Columbia river system in the
northwestern United States. The

tivers. Around mon once

umber is

now around I million, thanks mos

unexpected increase in the number of King,
salmon in 2001. Most of these

however, were born in hatcheries. Only

or chinook

quarter o a million make It back to their nat
ural spawning grounds,

The Atantic salmon (Salmo salar) breeds
on both sides of the North Atlanic, I mi
e
before rewming to nvers from New England

mostly off Greenland.

10 Portugal. Atlantic salmon sometimes sur
vive after spawning and retum 1o the ocean.
Some females have made as many as four
round trips. Like their Pacific cousins, popu
lations of the Atlantic salmon in the wild are
in serious decline

Catadromous fishes have  migratory pat
tern opposite that of salmon, They breed at
sea und migrate nto rivers (o grow and ma
ure. Several catadromous fishes are known,
cation of any of them is

There are at

but the lon;
that of freshy

ater ecls (Anguilla
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Figure8.24 Two species of freshwater eels,the American (Anguilla rostrata) and European
(A anguila)eels, breed in the Sargasso Sea and migrate to rivers in North America and Europe.
The return tip oflrvae s not precisely known, 5o the arrows indicate only the most ikely routes.

The migration of ecls back 1o the Sar-
gusso Sea is not completely understood.
How do they navigate 10 reach such a dis
fant spot? There is experimental evidence
that they use the carth's magnetic field as 4
cue for navigation. 1t has been assumed that

ropean ecls follow favorable currents that
take them first along the const of northyest
Aftica (Fig. 8:24), much like the Portuguese
navigators of old (see “Tall Ships and Sur-

lace Currents.” p. 58).
Some biologists ance suggested that the
adulis of the European eel did not return 1o
Ac-

ihe Sargasso Sea at all but died at se
cording to this view, American and European
eels were really the same species. Larvae that
remained too long at sea simply ended up
drifuing to Europe. We now know that this s
mot true. The American and European ecls
are distinet species

Reproduction and Life History
Reproduction in fishes insolves a number of
adaptations of the reproductive system and
the behavior that brings the two sexes (o
gether and ensures successful reproduction.

Reproductive System The reproductive
system of fishes Is relatively simple. The sexes
are usually separate. Both sexes have paired
gonads located in the body cavity (Fig, 8.14),
In cartlaginous fishes, ducts lead from the
ovaries and testes into the cloaca, which

opens ta the outside (Fig. 8:14a). Jawless and
ban fishes have a separate opening for urine
and gametes, the urogenital opening, which
is located just behind the anus (Fig. 8.140).

In many marine fishes the gonads produce
gametes only at certain times. The timing of
gamete prodciion s crucial. Both sexes must
be ready to spawn 4t the same time, Spawn-
Ing, as well as larval development, must take

place during the period with the most favor-
able conditlons. The exact timing of repro-
duction is especially eritcal for fishes that
make long migrations (0 breed

The timing of reproduction is controlled
for the most part by sex hormones, Sex hor-
mones are produced in the gonads and r
leased fn small amouns into the blood. They
stimulite the maturation of gametes and may
cause changes in color, shape, and behavior
before breeding,

The release of sex hormones is triggered by
environmenal factors such as day length, tem-
perature, and the availabiliy of food. Fishes
can be artificially induced to spawn when
these environmental factors are controlled of

when homnones are njected. This technique is
wsed 1o Increase reproduction in fishes grown
for food (see *Mariculture;” p. 380)

A few marine fishes are hermaphrodites,
Though ible to fenlize their own eggs, these
fishes usually breed with one or more other
Individuals, ensuring cross-fertlization. 11
maphroditism also fs found among several
deep-water fishes, an adaptation 1o the

depths of the ocean where it may be dificult
10 find members of the opposie sex
in the Deep Sea.” p. 353)

A variation of hermapbroditism among
fishes 15 sex reversal, or sequential her-
‘maphroditism, in which Individuals begin
Iife as males but change into females, or fe-
males change into males, These changes are
controlled by sex harmones but triggered by
soctal cues such as the absence of a dominant

male. Sex reversal occurs in several groups of
marine fishes, but it (s most prevalent among
sea busses and groupers (Serranus, Epieph
elus), parrotfshes, and wrasses. Some rather
complicated repraductive strategies have
been discovered among these lishes.

in at least some species of anemone-
fishes (Amphiprion), all individuals begin as
males. Each sea anemone is inhabited by a
single large female that mates only with a
large, dominant male. All the other fishes
that live on the anemone are small non
breeding males. If the female disappears or
is experimentally removed, her mate
changes into a female and the largest of the
non-breeding males becames the ne domi-
nant male, The new female can start spawn:
ing as soon as 26 days alter her sex changel
Males of some wrasses form harems of
many females. If the male disappears, the
largest, dominant female immediately be-
gins to act like o male and within a rela-
tively short period of time changes color
and transforms Into one that is capable of

producing sperm.

Reproductive Behavior Potential mates
must gt together at the right time (o breed
Many species migrate and congregate i specilic

Indivdualsthat have.
e gonads.





