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INTROBDUCTION

@

There are, perhaps, 25,000 or more species of fish In e lstence. Species
are grouped Into progressively larger categories; genera, famiiies, orders and
classes. Theoretically, moderm classification reflects phylogew and relation-
ships. The besis for classification can be considered an inquiry into the
origin of species. The evolutionary and blological approach to cicxsification
is often referred to a: systemetics, as opposed to old fashioned tai nomy which
merely “pigeon holes' museum specinens, and may not reveal the true niwre of
relationships.

Fishes inhabit almost every concelivable iquatic habitat from tiay pocis §j,
the desert to the greatest depths «f the ocean. The array of adaptations of
various specles o specific enviroments produces diversity allowing unlimited
possibilities for systematic, ecological and physiotogical research.

Fossi) records of fishes go back approxinetely 400 million years. The
great bulk of liviag specles, however, balon( to the super order Teleoste! which
are comparatively modurn; radisting contempararily with the evolution of birds
and mammals.

Research for Term Pipers

Rath:r than assign & term paper of the usuel type that entails only likrary
work on some specific toplc, each student is axpected to do a small plece of
origiral research. Sultable meterials 2re often collected on the field trips,
thoush some students select a laborztory or fle'd problem of special Interest to
thom. The main caution here Is tiat the research problem adopted must be small,
211 rounded, clearly defined, and one that will sot require an unfair amount of
student time for its compietion over the four step: involved, le. (1) library
research to ascertain what has already been done, (i) doing the work, (3) analysis
of results, and (4) writing it up in proper scientif): style to turn in at the
last regular labsratory perlod In the term. The only resirictions imposed In the
selection of a8 subject are that it must be on some suiject desling with fisk or
fishes and your selection must be approved by your Instructors. Lastly, each
student will be expected to make & brief oral report on ils research at the last
regular laboratory meeting. Term papers will mot be returned and will Sccoms
part of the course files for raference purposes for future students.




A Soft-raved Bony Fish
Cerp {Cyprinus cerpio}

External Anatomy

Exeamine the general body shape. Most streamlined fish exhibit a teardrop or
fusiform body shope with the despest part of the body somewhat anterior to the
midpoint. Comparisons should ba made of structurai pecutiarities, such as body

hepe in different species In relation to hebits. The student shouid think of
ach structure studied in terms of adaptation to 2 spacific environment.

iHasal Apparatus: Nostrils are paired in all teleosts. Each is a sac move
or less completeiy enclosed in a cartilaginous or bony investment and divided into
anterior and posterlor portions by a fold of skin.

is there a passage from the nostril into the mouth of the carp?

Barbels in many species of fish are principally gustatory organs and, te a
lesser extent, tactile organs. The gustatory function is shown by the fact that
when tasty substances are brought in contact with the barbels, the fish will Im-
ediately snap with avidity. When the same regions are touched by tasteless
substances no snapping will occur. :

where are the barbels located in the carp?’ How many are present? >

Fins. Medlan fins In the carp include the dorsal, anal, and caudal. Pairved
fins are the pectoralpg and pelvics. Note in the carp the long dorsal fin and
the short anal fin, and the number of spines antariorly In zach. HNumerous sofi-
raved fishes have developed single dorss! and enal spines, but these fishes are not
cons idered spiny-rayed since the spines are not consecutive. Examine the fin rays
to see how they branch distally, are segmented, and are actually peired structures,
sach being made up of two halves.

Pelvic fins are described for taxonomic purposes a&s abdominal when located
between the anus and the middle of the pactoral and thoracic when located between
the Insertion and middle of the ' pectoral. The position of the pelvic fins is
jugular when these are located anterior to the insertion of thqﬁpectoral.

Notice in the trout the fleshy adipose Tin and the palvic éppendggg at the
base of each pelvic fin. :

Refer to Clemens and Wilby (1946) or Hubbs and Lagler (1947} for methols of
makddg fin ray counts. HMake such counts for the carp.

The integument consists of a thin outermost epidermis and a thicker inner
dermis., Mucuous cells scattered among the epidermal cells provide an osmotic
barrier, lubrication to fncreass strecamlining, and protection against bacteria.
The dermis s made up principally of comnective tissue plus nerves, blood vessels,
muscles, and plgment ceils. The scales lie in pockets in the dermis and are
usually covered by the epidermis. Note how the scales are arranged In diagonal
rows. The majority of esch scele is covered by other scaies.

Does the epidermis cover the szales In the carp? What portions of the body
are devold of scales?







The branchiostegat manbrane Joins the < perculum and faclal bones to the medial

flusny seplun {fsthres) thet (fes between the gitls, comnects the throat area with
@ lowar Jow, and supports the qiii arches. The posterior barder of the mem-

prase 15 unsupported.

fire the branchiostegal membranes browdly or narrpwly joined to the isthmus in the
y ‘w,‘-_“’.'

Gills and Branchis! Chauber: Lift the operculum ta observe the branchial
chamber., Count the number of gill slits and gii! arches. These are the common
nuanbers for teleosts; deviations occur by reduction in number or size or both.
Dizsact out a gill arch from the carp. The anterior and posterior gil!l filaments
{iemzllae] of each arch constituts the bolohranch. Either set of fitaments (s
raferred 1o os @ %Ihrggch, Natfca that the giii filasments preject freely Into
the branchis} er. In sharks the filaments of ecach hemibranch are joined to
& gill septum and do not projeck freely into the bramchiasl chamber.

Gbserve the gill rakars, protuberances on sach gill arch opposite the gil!
filaments. What is the function of these? Compare the gilt rakers in the carp,
anchavy, and trout. Does this tell you anything further about the nutritional
habits of these species? The gill rekers, including all rudiments, are always
co wie' on the first gill arch; those on the upper half of the arch are given
firse, followed by those on the lower half of the arch, as 8 : 13,

Study the demonstration of » pseudobranch. The pseudobranch in 2ll teleosts
Is considered & remnant of the splracular giil. It Is located on the inner side
of the opsrculum anteriorly, (It wmay or may not retain the gill-like structure.
All othar gllis except ths pseudobranch recelve blood for aeration directly from
the hoart by way of the aortic arches. MHowever, In the pseudobranch, as in the
hemibranch present ¥n the spir:cles of the sharks and sturgeons, blood s received
thet has been oxygenate! by passage through giils behind it. it s, therefore,
nased a "psauda’’ branch.

i+ & pseodobranch present in the carp, tha trout, or the anchovy?

Uraw a lateral view of the carp. labe! Fuliy the following perts: eye,
mouth, pasal openings, opercle, precpercle, subopercle, intsropercle, head,
maxiltlaory, g;;gyaxl%hrx. dentery, barbels, caudal peduncle, lateral line, branch-
lostegal membranes and rays, enus and dorsal, ansl, caudal, pectoral, snd pelvic

5 o A ot

internal Anatomy

Trunk Husculature: Midway along the length of the carp carefully remove the
noon one side betwsen the dorsal and the mid~ventrel line. Care must be taken
to. remove any of the muscle. This will expose the grest lateral muscle,
Ubserva the transverse septum Indicated by the connactive tissue band lying imme~
ltately under the lateral lime. it extends fromthe under surface of the skin
oty down to the latsrel veniral surfeces of the centre of the vertebral column.
septum completely divides the great laters! muscle into dorsal {epaxisl) and
itrat (hypaxial) portions., The extrame dorsai portion of the ejvxlal muscle on
h side has ba. e further differentiated by the separation of a definite cylin-
| bundle, the supracarinslis, Similarly, the extreme ventral portion of the
vpaxial muscle Is differentinted into the Infrecarinalis muscle. What are tha
tons of each of these muscles?
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skoivtal Structures

%'_ug_; 3 Remove and discard the digastive and associsted organs but leave
the alr b ¢ In placa. The paivic fin ts situate? In the body wall balow the

tips of the ribs. Cut around the base of the ic fin skeleton so0 as to remove

§t from the body wall. Remove os much of ths flesh as possible from the fin skeleton,
then lold the fin in boiliing water for sbout one minute. Remova remaining flesh,
but take cere to keep the fin slements together so as not to lose their

relationship. It i3 seen that the pelvic fin has no girdle, but insteed hes a

large trisngular, flat bane, the g%q__!_w. probably representing fused proxi«
mal pteryglophores. To the posterior border of the basipterygium are three partly
ospified pieces, the distal Mgg_l\g{g. it is on these that the dermel, jointe
ed, fin roys (lipl ichia) are erticulated. The dermal rays are belfeved to

have been derlv rom long rows of scafes that covered the fins of primitive fishes.
The horpy dermal ray-1iks fibers, unjointed, of the elasmobranch and chimseras are
termed chia. The tem trichis (a broad temm that includes both
lipidotr a ceratotrichia) refers to demmal fin rays of all cartilaginous

and bony fishes. Sketch the pelvic fin snd iabel parts.

Ein: Beginning on the caudal fin, Fillet of f on sach side of the body
the flesh for sheut 3" back towsrds ths end of the dorsal and anal fins. Then cut
it of f here s0 that you have the caudal fin and sbcut one Inch of caudal vertebrae.
Remove as much of tha flesh as possible, then hold the fin and vertebree in boiling
water for about 3/4 minute. Do not leave in longer because the bones will coma
loose and fell spurt. Carefully remove the cooked flesh and sceles. Holding
under » stream of cold water and using the fingers to remova the smslier particles
of flesh is » good procedure. This dissection of the caudal fin shows how modifie-
ed the postarior end of the vertebral column I3 for the support of the caudal fin,
Observe ond describe the modifications. The vod-iike extension of the last dis-
tinct vertebra is the u « Tha bromd, expandad plates attached to the uro-
style are the W ‘ﬁ‘ﬁt‘_g Yhe ventral spine on aach distingt vertebra Is »

i MM al_passas. The dorsal spime is the psural
. Hotice how the dermal fin rdys articulate on the hypural plates. Sket
abel the caudal end of the vertebral column, showing its modiflcations for

support of the caudal flin, Look up the definition of 55«0««'2! end diphycercal
cautal fins and be able to glve several examplas of each.

i o Anal Fin, and h%;%r;l ¢ To study these structures, fillet
oft t%m sach side, baginning ra the tall was cut off and Fillat up to
sbout an inch anterior to the front end of the dorsal fin. Cut thr the vertebral
column at this point, taking cere mot to remove the sir bladder from its connection
8t the posterior part of the skull. What you now have is one section with the
heed and the attached alr-bladder and & second section, the trunk with the dorsal
and anal fins end vertebral column. Remove as much of the remaining flesh as
possible. Then place this vertebral and fin section In bolling water for 3/4 minute,
no } ; then remove the rest of the Flesh. Lay the section flat and plick off the
flesh from one side, exposing the skeleton of the vertebral column. Time does not
allow a study of the musculaturs of these structurss, dut notice that there are
brosd plates for sttachment of muscles snd tendons comnecting the dorsal and anal
fins to the trunk snd vertebrel column. Study the relatfonships between vertebral
column end the median fin skeletons. ECach dorsel fin rey has its two halves separated
at the base. A small bone, the !ligal @W. fits In between the two basal
ends of each ray and erticuletes with s sma ong bone, the middie pterygie -
which is partly ossified onto the 1 i (also cailed an interneural
bone) . Sketch a front view of one dermal ray and its pterygiophores. The anal fin
structure Is siaflar to thet for the dorsal fin, consisting of dermal rays, distal










Dissection and
Weberian Apparatus of the P orinus carpio

Discussion: in the order of t,.OO““E s Tishes Ostariophysi, there is a
he anterior vertebrae called the weterian aj pparatus.
. t ¢

i@ modification of ¢t
atus, one of the dls
Qse e» oclation with

ide of the vertebr
Bntwrna% aars.

tinctive fﬁxﬁrﬁJ.LLi ¢ 1 e consists
the first four mo ertebrac They
al column that conne the terior smd o
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f the
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The internal ear
saccuius, and a m€=5c are comwnected by the endolymy c sac in the posterior

s, each of which consists af ’Zn A anals, a
ulus,
part of the cranfum. This sac meets the per?iywphd sac med ly, which extends
rior
at

a short distance poste 3y and then divides, each h;l“ Y 'm; the cranium on
both sides through a lateral foramen. Just anterior to the {irst vertebra each
branch of the paailfnph@;iu sac snlarges to form the atrium nus imparis, 7h”

h e trium is partly membrancus and is in paxt formed by the two cup-shaped

¢
the cl Ubtvum and scaphium. Conti in the anx_r‘ﬁr~was:cr’ar dip-
t
te

the intercalarium, @ thin, forked bone whose two processes rest the
ebra. An Interossi cylar ligament connects this ossicle with the next
‘lor one, the tripus, a ktyh !«auﬁr sSuaJ!ar bone with a #
uuﬂ & lang thin meﬁeLE curving posterior process, the
a yeral process that extends Into the svunwn
process acts as a fu%crum in its articulation on the second vert
formator process of each tripus is Imbedded in the ;ande,ﬁus Gy
anterior portion of the {wt"b adder. The end of
attached anteriorly to the ossa suspansoria by a
ing of unstriated fibres, the tensor tripodis muscle. Th? tripus
arium lie In & cavity, thz 5ac~us gar&weraziratis which s membranot
with a semi-gelatinouvs flu in the more 3eneralzfen members ©
sac communicates an tmr; vS it ¢ rium sinus imparis, & con
the carp but a careful dis cessary to show it.
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Development of the ya* an apparatus: The ne Jaa!
compound vertebra (the fu scond the third cemtyn}
dorsals of the second, th nd fourth vertebrae f with the first
interspinous bones and poss bi' also the neural sp»ua of the first vertebr

The ossa suspensoria are modifaea h@ﬂﬂaocgﬁ;ses.
ossification of the connective tissue forming the

The scaphium arises partly from the basidorsal of

feow an independent mesenchymatous rudiment. The
origin, derlving partly from an ossification in the
partly f-ux the second basidorsal. The tripus ari:

the thlrd basidorsal, from an independent mesenchymat
ossification In the cuter coat of the alr-bladder.
embryonic origin of the weberlan ossicles and anterior
by Watson (R.F. 8) for the goldfish. Some of these may
findings of earlier workers but these conflicts may be
observations of the earlier workers.
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Evolution In weterian structure: in the subord
'the order Ostariophysi, the apparatus is direct,
not articulate with the vertebral column and the
formator process which raverses the direction of mot
it does in the suborder Cyprinoidea where the 5ystﬂn
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issection for weberian ratus: Cerefully remove the musculature from the
anterior end of the vertebral column on one side of the carp. If you damage the
sacs on one side, you stil]l have the opposite side to dissect after you finish the
zide on which you are working. Study the structures described in the discussion
part of this exercise. Sketch the ossicles in situ. Then remove the section of
the vertebral column bearing the apparatus, ‘Place In boiling water for a minute or
two, remove all flesh from the vertebras, glue the ossicles of one side in place
on the vertebrae and keep the ossicles from the other side In & small vial. Sketch
and label the clesned vertebrae with ossicles in place. Sketch the separated .

ossicles and label.

Funct! rian atus: Experimental work definitely shows that It is
a mechanism m' transmission of vilirations to the internal eear. The attach- .
ment of the air-bladder to the tripus Is such as to make the apparatus a very sensi-
tive one for reception of rapid vlbmtlons of smal) amplitude. It has been shown

that the sacculus and lagena In the ear of the rlnldu and Siluridae aie especlal~
ly adapted to receive sound ‘vibrations cony to ‘It by the weberian spparstus.
References:
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part of
> prootic and beneath
corner of the cranium and with a
1¢ axoccipital, :
:ijtxij~g«
and frontal;

-t
el

The Membrane Bone The mesath?h§d %5 xhv me b
and is pointed and unp ad, The two
ing processes on the anterior part of the n“:a“umr’d are
large frontals follow the mesethmoid; then the small, sop'r
sphenofd Is the narrow ventral bone joining the vomer and ba:
vomer is the most anterior ventral bone. The prefrontals a
beneath the ethmold and frontals just posterior to the vomer

Hold the freshly cleaned cranium up to the light and trace out
canals. Determine how their course is continued on certaln of the f
Sketch and label.

Note the vertebral process of the basiocciplital and the horny pad fitti

on which the yharynge'i teeth work; the large optic fenestra above the pe
sphenold and below the alisphenoid; the foramen for the ir%ﬁm&sne» nerve awﬂni?g
between the posterior end of the alis ;ﬁen oid and the prootic; xhu.fgiyﬂ“?ﬂ fsr the
feclalis nerve in the anterior third of the prootic; the large oblong en in the
anterlor lateral part of the exoucipital; the palred for mina for the Eﬂm;z?Wﬁha?ic
ducts on the posterior surface of ta@exoccfba“als, the fossa for the hyomandibular
bone; the canal for the glossopharyngeal nerve at the posterior border of the prostic,
very close to the foramen for the facial nerve; the frontal process.

Using the pens emd fndia Ink In the laboratory, number each cranial bone
according to the numbers used on the Roccus plates. Sxatuh and the cranium.

Facial Bones: f{dentify and number with India ink the following Heﬂes us ing
the iilustrations and demonstrations as a ¢ the premaxilia and maxilla which
anaer Ento the gcpe anf form the upper iaz the dentary, the articular nh h artice

kel’s cartllage, and a small
“wguia s which three bﬂﬂbb toge ther *osn th lower jaw; the rostral, & sma
phiange-like bone connecting by ligaments to the xemaxllide “and mesethm
intermaxillary, a small, disk-like bone between tac dorsal! end of the maxi
the pre-ethmoid articulation; the palatine, dorsai to the Intermaxillary,
lating posteriorly with the mesoptervgold; along the anterior border of
mesopterygold and the quadrate bones Is the flat pt erxiyiu which cwcrs
broadly the guadrate. The guadrate bone articulates w:*a the mriéau
lower jaw and is connected by cartilage for most of its dorsa wsrae.
metaatarygoad and to © much smaller extent with the mesgptar;gﬁ d.
has a v-shaped cut in its dorsal edge where the symplectic fit
runs for a short distance up the posterior border of the m

o
-

o
-y

0 -

e %

%.. ¥
metaptery ﬂ
posterior end the symplectic is connected by cartilage to the ’ﬂ
large bone, which extends up to the crqn@ am where it articulat
and prootic bones; the ”irLUﬁﬁibsth bones, six In numb

Hﬂmrﬁ the first one Is known as the vmal, and
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o e
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tha terminology employed here follaws that
ick {1956) and Robins and Hiller fi,J.) avﬁﬂ
lature wore consistent with the osterclogical de
sen to éz?aﬂe the extent of the various canals in ra§ac,b
tly m@defied the sv€t 1; wﬁuid probably be more
e limits of these cana innervetion. How
1s work weill for memb&‘ tn@ Characidae. Seeo

Tb@ supraorbital canal is that portion of the laterosensory
Qw to the dorsal surface of the frontal bone. In characids
over the epiphyseal bar and a posterlor h‘amrh which ?\t@ﬂf
continuous with the parieta! canal that lies within the ps
laterosensory canal lies within the nasal bone and abova ih
nfraorbital caﬁal "es within or over the six Infraorbital b:%
The lateral canal of th
within the darmel portion of
Jnsatemﬁﬁrai canal lsas within the posterior portion of the
«s%&n@n extrascapular canal lies within or over the bone of |
taemparai canal passes through the posttemporal n-new The suprac
s within the suprac%ezthrum and the }preopercular-mandibular
the dﬁrmopteﬂotic canal across the supraprecpercular region and downw
ve suprapreopercular portion of the preoperculum. It continues into t%@
culum, across the mandibularquadrate Joint into the ventrolateral border
entary almost to the symphysis of the lower Jaw.
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vomer {(d)

i

metaethmoid {and preethmoid) {d)

prefrontals (d¢)

frontels (d)

parietal (d)
spiotic {(c)
supraoccipital {c}
pteratic (c)
opisthotic (c)
exoccipitatl (c}
bas loccipital {c)
parasphenoid (c and d)
bas isphenoid {c)
prootic {c)
alisphenold (c)
hyomandibutar {c)
cymplectic (c)
quadrate {c)
pterygoid {c)
palatine (c end d)
mesopterygold {(d)
metapterygoid {c)
preopercie (d)
opercle (d)
subopercie (d)
interopercie {d)
erticular (c}

engular (d)

L _AND

KT 0 o g S S

HEIC ORIGINS™

§ 2%

dentary (d)
maxillary (d)

premaxiilary (d)

urohyal
branchiostega! (d)
bas ibranchial (c¢)
hypobranchial {(c)
certobranchial {(c)
epibranchial (¢}
preorbital (d)}
suborbitatl (d)

nesal (d)

supratemporal {(d)
posttemporal (d)
supracleithrum (d)
cleithrum (d)
postcleithrum {d)
hypercoracoid {scapula)
hypocorecoid {corscoid)
mesocoracoid {c)
actinosts (¢)

* ¢ = dermal
¢ = cartilaginous

Numbering System from Jordan and:
modified by D.W. Seegrist.
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’:cd ’)f the fw 13 6
; ¢ small, approximately |
diemeter. L&.wa? ammocoates) posses -“ﬂiaxy eyes, an oral
single dorsal "‘, i lack teeth. Ammocoetc ury Lﬂcmse":s in mud and
small particles organic debris. After several yeers in this st
: i uﬂd f‘?e '3781 hood

amprays are anadromous. L wning migrations they can often

thousands attached to rohls and walis of :alis or d: over which
way by the aid of ihe&: torial mouths. Their only commercial
into meel and e g@ numbers are trapped for that

nd anadromous. Temperate parts

References: Parker and Haswell, Textbook o
Hydrostatics of the suctional n
of Calif., Publ. 200!., Vo 2?, No. 2.

CLASS CHONDRICHTHVES {sharks, rays, and chimaeras)
{Gr. chondros, cartilage: lchthys, fish)

B % 4 $

Characters: These primitive fishes are distinguished by a cartilaginous

}
skaleton in which the notochord is partially replaced by centra. The
derived from epidermis. W eth. which are modified scales, have
iike cuvarlng and are attached t e jew only by Tibrous connective
mouth consists of true jaws, ; from the First visceral arct
The tail, except Hiﬁasfas, is hesterocercal.
sble the class of true b' fishes in having jaws, paired
and paired fins. They ¢ from the bony fishes In
ric caecae, a true oparcu and a doublie nostril.

Ecology: The chondrichthyes are the most primitive of the fishes, remnants
vast groups which once dominated ancient seas. The spiral valve of the
Incresses absorptive area, I5 best developed in this group, although it
in lompreys, sturgeons, bowfins, gars, and lungfish. Primitively this
outgrowth of a flap of mucous membrane along the dorsa
in modern forms this flap is coiled many times upon it
highly-variable structure.
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Fertilization Tn all liviang forms Is Internal.
the myxopterygia or claspers, modifications of the Inner ma
Embryo dewiopment Is oviparous, ovoviviparous, or VEUiparousv
for example the skates and ratfish, the 8ggs develop externally eftks being
0rwy cases. These cases are spindlie-shaped or rectangular and often bear ¢
at the corners which attach them to weeds or stones. {n ovoviviparous forms th
eggs develop within the body of thw mother, but the embryos are not ,oana:ucd
with the body of the mother. The large egg yolk provides food.

young are connected to tha mother by & placenta~like struct
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ﬁur?me cosmopolitan. A few species occasionally en
] Ly @

ci
’kn@ﬂﬁ landlocked in a freshwater lake, Lake
ical and subtropical waters.

mon California Families: Heterodontidae fﬁu‘EhPad sharks),
*ks), Triakidae {smooth! U:ﬂﬂs} Carcharhinidae (blue sharks
kd

mmerhead sharks), Squalidae {d gfisaqw), and %quaLtnldae {angel

ORDER RAJIFORMES (ravs)

Characters: Rays have five glll openings on the under surfz
body. The anterior margin of the enlarged pectoral fin Is joined &
the body or head to provide a continuous flat surface and the anal fin
The spiracles, throughwhich water Is taken In for respiration, are loc

Emo{wgw; Rays are bottom dwellers of shallow and mo
protected from potential enemies. Poison glands are asso
stingrays w&i,h can inflict severe wounds on unwary weaa;s”
from musclie tissue and located on each side of the head of ¢ ;
of voluntarily emitting shocks up to 220 volts. Many forms are eq pped with pave-
 ment teeth (hexagonal plates) which are adapted for feeding on shellifish. ”ﬁnv
a general term which refers to members of the order; the term "skate" is restri

$

to members of the family Rajidae.

I Dist tion: Marine, cosmopolitan.

Common California Families: Rajidae (s?a?es), Dasyatidae (stingrays), Mylichatidae
{eagle rays), and To.pﬂdlnzdac (e‘ectric rays) .
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This order is Intermediate between the elasmobranchs and the

the former In lacking an alr bladder, and possessing a zpira

uua skeleton. (It resembles the latter in the single externa
ck of spiraclie and cloaca.

Ecology: The local Hydrolagus colliel is a selatave!y shallow water form com-
pared to other members of the family and is taken in night beach seine hauls In Puget
‘mnd. The uniting of the teeth Into bony plates is responsible for the common name
atfish''. The eggs are laid in elongate, rigid, brown cases. This fish is littie
utilized although the liver oil is rich In vitamins and the flesh is sald to be
palatabie.

Distribution: Marine, cosmopolitan, principally in deep water. A single
family, Chimeeridae.

CLASS OSTESCHTHYES (bony fishes)
(Gr. osteon, be.e, ichthyes, fish)

shes. The bony
lamprey

Characters: In this class are Included the vast majority of f
fishes have many structural features which distinguish them from th s
sharks, and rays. The endoskeleton and vertebral column are wholly or partly
ossified. Neural and haemal arches are present. Hembrane bones are present. The

:
]
e s

Jaw is well developed with premaxillary, maxillary, and dentuyry eleme
operculum covers the gill clefts and either gular plates or branchlost
1
3

or

Pu rr:"

present. There Is an air bladder present, except in certain special
The well-developed secondary pectoral girdle is connected dorsally w
part of the skull (except in many eel-iike fishes). The external opein
nasal sac usually is divided Into two external openings and is not connected ints
ally with the mouth cavity. The exoskeleton is of rhomboid pilates, cycloid or
scales, bony plates, or naked skin. There are typically four gill arches and
filaments project beyond the greatly reduced interbranchial s

SUBCL&S
& ORDER DIPTER
(Gr. dipnoos, with two
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Charactérs* in the lungfishes the paired fins are
axis. The scales are overlapping and cycloid in shape, b




a cloaca, and a spiral va re present. fue r bladd p@saefbcs
ng to the ventral side of the ¢,;22:“:f and is I celluiar.
T)*nJ must secure alr at ¢ e of “i, water aven during periods when
is i ES:r q.!nufng tee p . 11 all living forﬂs
fuent LJ form a continuous s ax,ﬁ“ cal thibﬂ} tail. An
ures w&lch resembie those of amphibians include the gar1a3 nares as!
br g and the fleshy, lobed fins which are su * deve lopment
Living lungfishes are survivors of a f Gre -; which was
in the late Paleozoic aﬁd Triassic. » are three genera 11
South America, and Af :

FAMILY CERATODONTIDAE (Australian lungfish) (Gr. keras, horn; odous, tooth)

Lh?‘h ters !n ﬁ°o eratodus the a ir aiaddc

I |

is an unpaired sac, divided into
i ?‘3“ ue.
Ecology: The Australl tungfi bi he lungfishes of Afri d South
Ecology: he Australian lungfish, unlike the lungfishes of Africa and Sout
America, does not bulld a cocoon in the mud. If the pool In which it is living dries

4
.
4

up, it cannot survive. Howaver, the air~%rnathing habit enables it to live in the
mud during periods of drought in shallow ponds polluted by decaying organic matter
and deficient in Qnygan. it is 2 sluggish fish, feeding on aquatic vegetation and

small invertebrates. Eyesight is poor and food Is located principally by means of

the sensa of smell. Spaw ing occurs In the spring months {Aug-Oct.) Each egg,
placed among aquatic vegetation, is surrounded by a heavy gelaiinous coat. The
embryological development has many amphibian charactcrist?csa in swimming all lung~
£ ishes undulate thelr whole body in a salamander-like ! 7ashion. These fish are the

‘,ﬂy true freshwater fishes in Australia. All the others present reinvaded fresh-
water from the sea.

Distribution: Northern Queensland, Australia. Freshwater.

FAMILY LEPIDOSIRENIDAE (South American and African lung®lishes)
{(6r. lepis, scale; seiren, siren, a group of
gel-shaped amphiblans)

v

Characters: @n Leplidosiren the endocranium is largely membranou
fins are reduced. The alr bladder is paired. The pelvic fins are f

.
rs

Ecology: This fish lives in swamps along rivers but never in the rive
selves. The nest burvow is In the muddy bottom and the male guards the egg

burrows for aestivation are constructed in impervious clay. These burrow

lined and are closed at the surface with a loose clay plug. it is a carn
and feeds mainly on snails.

Distribution: Amazon basin, South America. Freshwater.

GENUS PROTOPTERUS (African lungfishes) (Gr. protos, first; pteron, wing)

Characters: The African lungfis! are ar to the %o,t% ﬁmertca form with
the exception that the pelvic fin is

. Ecology: Protopterus builds an aestlivation chamber which Is lined with mucous.
he entrance of the whember is not closed as in Lepidosiren. Special nest burrows

P

are bullt which are lined with leaves and sticks. The mele guards the egga, The
larvae have four palrs of plume~-like external gills and are equiwped with ventral

suckers In order to attach to rootlets In the burrow.




entral West Africa. Froshwater.

SUBCLASS ACTINOPTERYGH
SUPERORDER CHONDROST)
ORDER ACHIPENSERIFORMES

Lharacters: The primitive chondrosteans possess characters which closely resemble
those of sharks and rays. The caudal is heterocercal. The endocrenium is cargila-
ginous, never ossifying 2= a complete bax. S$piracles are present In most forms. The
opercular apparatus is only partially developed, with the subopercle, Interopercia,
and preopercle absent. The notochord is not replaced by vertebral centra and the
otoliths are not calcified. The fins have numberous close-set rays, and these rays
ocutnumber the radials. This group alsc has certain unique characters, such as an
elongate snout and a body naked or covered with 5 rows of bony scutes.

FARILY ACIPENSERIDAE (sturgeons) {L. acipenser, sturgeon)

Characters: The body is covered with five rows of bony scutes which form a
partial armor. The mouth is ventral and protractile. Teeth are present only in
very young Flah. There are four gilis. The gill membsizes are joined to the isthmus
end thers are no branchiostegal rays. The dorsal and anal fins are inserted far
back on the body.

Ecology: Sturgeons are sluggish fishes which feed on aquatic insects, crusta-
ceans, and molluscs. In the Columbia River part of the diet consists of salmon, smelt,
and lamprey carcasses. Theyare long~livad; ages up to 50 years have been determined

.«::w study of cross-sect’ons of the first pectoral fin rays. Growth of the fish is

extremely slow. Females reach maturity at an age of betwsen 15 and 20 years. Males
become ripe somavhat earlier. (Individuals up to 20 feat In length and 1800 pounds

in waight have been taken in the Columbia River basin. Sturgeon spawn In fresh water
in the spring an d early summer. Fecundity Is high with up to four miliion eggs
belng produced by a 50 year old female. Only a few species of sturgeon remaln as
degetarate representatives of a large group of primitive bony fishes. The flesh is
esteemed as food and caviar is prepared from the eggs. A high quality Isinglass is
prepared from the al¢ bladders.

Distribution: Anadromous and freshwater. Temperate parts of North America and
Eurasfia.

FAMILY POLYDONTIDAE (paddlefishes) (Gr. poly, many; odontos, teeth)

Characters: in paddiefishes the snout is prolonged into a thin, flexible pro-
jection whose length may be one-third of the body length. The inner portion of the
paddie Is formed by produced nasal bones and It is surrounded by a reticulate bony
framework. The jaws have small teeth, The body is naked except for 2 few smal!l scales
at the base of the upper lobe of the caudal fin. The caudai fin Is heterocercal,
aithough the lower lobe is wall developed so that the fin is nearly equally forked.
There is one palr of broad branchiostegal rays. The air bladder Is cellular and is
connected by a duct with the esophagus. The gills are covered by a large soft opercu-
lum which extends far posteriorly to a point above the base of the ventral fins.

Ecology: Paddlefishes feed by stirring up the mud with their snouts and by
‘awaining plankton from the water through the sleve-like glll rakers. They have been
cailed “animated plankton nets". Adults spawn in the spring when they are found
assoclated in schools along sandy lake shores. As in the sturgeons, eggs are small
and numerous. The newly-hatched young do not possess the paddle~shaped snout.




besn greatly reduced by overtfishing in Borth America., The palstable
as “boneless «at'',

Distribution: Freshwater, Pblydon, eastern Noth America; Psephurus, China,

‘)Epr‘thﬁ*? ’ﬂt.”..(;‘.i"'
CRDER LEPE

FAMILY LEPISOSTEIDAE {gars) L. lepidus,

Characters: Gars are cha 2cterized by the thick,
that cover the body, The jaws wre extremely elongatie
nostrils are located at the rad of the uppsr ja
palatinas and the paired voer bones, Three bs‘=rh>,
caudal fin s abbreviate riteraocercal, although it may appear ¢u5brf'
symmetrical. The dorsal and anal fins are Ea: 2d a\{osute each G;nbr
posterior end of the by.y. The air bladder is
and may be used as s vring. The gill rakers are wa'~
present. There are *> spiracles or gular plate,

Ecology: €a:v are & remnant of an ancient and nw“b@*eu% g"ﬁiéy. Fossil gars
are known from ¢: fOPea Gars and the bowfin, discuss are probgbav the most
Rredatory fislvs in freshwater, consuming large quanti g:‘ﬁga and forage fishes,
They often be X lazily at the water surface but are cap: m‘a: of swift movements to

capture prar. Vhey are warm-water fishes and inhablit sloughs and quiet baclwaters.
Their arre protects them from the attacks of most other animals, The tough skin
."5&3 usey Y ﬁarly settlers to cover wooden zj!(fz-’:.:‘”:ia &5,

pstribution: Fresh waters of eastern Norih America, Central America, and Cuba
CRDER AMIIFORMES
FAHILY AMIEDAE (bowfins)

Lharacters: In the bowfin the head is coverad with smooth p’aﬁ&se The jaws
have an outer series of conlcai teeth and an Inner band of rasp-like teeth. There
are also teeth on the vomer, palatines, and pterygoids. The tali, as In the gars,
is abbreviate heterccercal. There Is a gular plate and {10~12 brenchliostegal rays.
The dorsal fin Is long and low., The medien fins have equal numbers of dermal rays
and endoskeletal supports in contrast to the sturgeons and paddliefishes where the
number of dermal rays Is greater than the number of ﬂndo'bageta! supports. The
scales are cycloid, The gill raekers are short and stout, There are no pseudobranchiae,

Ecology: There is only one living species, Amia calva,in this order which has

many fossil representatives, This is a predacious Tish which feeds on usuyfesh and
small fish, The males are smaller then the females and can be d; fingai shed from

the latter by the cocellus rimmed with Jrenﬂ&wgb‘iow located at ase of the

caudal fin, Bowfins can live @& long tims ocut of waaw., bchih,u a sicq thelr
lung=like alr bladders. Spawning occurs the &t r shaliow bays,
The eggs are laid in a shallow depression prepared by thu paren tsa n hatrh ng the
young adhere to roots on the bottom of the nest by an adhesive organ on the snsut,
The young are guarded for a time after hatching by the male,

Distribution: Freshwater. North Amsrica., Hississippi River and Great
sotith to Florida,

Lakes,




SUPER
SUPERORDER TELEOSTE?
. ORDER CLUPEIFORMES (fsospondyli)

Lheracters: Isospondyllids are herring-like and salmon-like fishes, in this
group”bath the premexiliary and mexillary bones form the margin of the upper jaw.
in contrast to the order Ostaricphysi, the snterior vertebrae are unmodified and
without auditory ossicles. Opercular bones are well developed, The caudal fin
is homocercal and the tall is usually forked. Physestomous. The pelvic fins are
abdominal. The fins have soft rays only and there are no barbels. This order
comprises most of the merine soft-rayed fishes, excepting those found In the deep
sea (infoml), It represents en artificial assemblage since the separate members
differ greatly from one encther. In time the Isospondyli will doubtliess be divided
into several orders., Members of the order probably spreng from a Genoid stock,
since the tarpons (Elopidae) and the lady-fishes (Albulidae) show relationships to
the boufins (Anildae). The qular plates of the tarpons and bowfins may be of
similar homology.

FAMILY CLUPEADAE (herrings, sardines, shad)

Lharacters: These are silvery, compressed fishes with the lateral lins trav-
ersing only the anterior 2-5 scales, The scales are large, deciduous, and of the
striated cyclold type. The head is not covered by scales. The mouth is large
but the teeth are small or absent. The gll! rekers are long and fine, Gil}
membranes are free from the Isthmus, Pseudobranchize are present. The single
dorsal fin is situated at about the middle of the body; there Is no adipose fin,
The caudal fin Is usually forked, The pelvic fins are abdominal in position,
There is a pelvic appendage and frequently keeled ventral scutes.

. Ecol ¢ Most members of this family sre schooling fishes, Herring, sardlnes,
wenhaden, and similar species are the most importent In volume of all the varisties
of fish making up the world’s commercial production, They are also of Inestimable
lmportance as food for larger fish, birds, and mammals., Clupeids faed on phyto=
plankton and zooplankton and thus serve as primary converters in the food chain,
Northern and freshwater species, as in many other families, differ from tropical
forms In having a larger number of vertebrae. The eggs are generally pelagic,
although those of the herring are demersal and adhesive, j

Distribution: Cosmopolitan. Principally marine; some anadromous and freshe
water forms. Wo deep ses forms. The group is best developed in tropical waters,
but some approsch Polar seas.

FAMILY ENGRAULIDAE (snchovies) (6r. engraulis, a smell fish)

Lharacters: Anchovies have a subterminal mouth and theextremely Yong mexililary
‘extends posterior to the large eye, There is no lateral line. Otherwise the
characters are similar to those of the Clupeidae,

Ecology: Anchovies are carnivorous shore fishes, usually swimming in large
schools. The wide gape of the mouth mekes these fish very efficient plankton
feeders, Eggs are oval in shape and pelagic.

Distribution: Marine. Tropicsl and subtropical, partly temperate seas, Most
‘undent in tropics. Some forms in brackish water.

FAMILY SALMOMIDAE
Subfamlly Salmoninae

SE Ptk Y

Characters: Body fairly stout covered with cycloid scales of the circulus




type. Adipose prominent and the pelvic appendage is large. Fresh, returning, sea-

run forms silvery below, and bright, steely blua to green above, Juvenlie stages
.5'.:&?3‘; with strong, dark vertical parr marks. Mouth strong with many tecth on

Bremaxilliaries and mexillarlies in contrast to the weak mouths and lack of teeth in
the herrings, smelts, and white fishes.

Economic Value: This group of fishes Is the most valuable of inland species from
a monetary standpoint. WMillions of dollars are spent annually in search of them by
anglers, For this reason, the great bulk of funds avallable for hatchery operations
are expended on rearing and planting sa2lmon and trout. For the same reason much of
the money avallable for fisher cs research is expended on solving problems dealing
with the members of this group.

Taxonomy of the salmonids, except for the five specles of Pacific Salmon com-
prising the Genus Onchorynchus, is in a badly confused state, Over forty species of
trout alone have been described, meny of which are poorly defined and of doubtful
status, Further complications have been added by fish culturists who have crossed
many strains or races and stocked both streams or lakes with the resultent hybrids.
The transfer of fishes from one drainage to anuther plus the planting of non-native
forms of the same or closely allied species, has likewise caused a considerabie
amount of genetlic masking of original stocks, The trout series apparently is in
an Incipient stage of speciation and enormously plastic which, in turn, has resuited
in considerable taxonomic confusion, 1t will be less confusing to the student if
he considers the ralnbow trout as a single species, Salmo gairdneri,but having many
subspecies which have developed through geagraphic or climatic isolation in numenous
separated drainages. This viewpoint can well be aspplied to the age-old controversy
as to whether or not steelhead and rainbow are the same or different species. Each
+f the above serles has both sea-run and rosident forms and in each the same contro-

‘ersy exists as to whether they are the same or defferent species or subspecies.
Trewavas (1953) cencluded that the sea-trout of Europe (sea-run brown trout) and
the "burn® trout (resident brown trout) were all one species and gives excellent
arguments in support of this view.

Ecology: Most of the members of this sub family are carnivorous, boreal fishes and
are the principal predators In the cold waters of the Northern Hemisphere. In warm
waters they are replaced by such fishas as the basses, pikes, perch, bowfins; and
gars as the main predatas., All spawn in fresh water but many are snadromous, msking
cyclic migrations between the sea for “eeding and freshwater streams for breeding.
Two types of cycles ase illustrated in this family, (1) mixed age group cycle and
(2)ycur class cycles. The mixed age group type of cycle is illustrated by most
mammals, birds, and fishes. In this case the offspring of several different brood
years may be present in the population at the same time because (1) individuals may
live for several years, (2) they may produce more than one brood per year, or (3)
interbreeding may occur among individuals of the different age groups present, In
contrast, In the year class type of life cycle, only a single age-group is present
at any given time because of tha short period In maturing and dying. Pink salmon,
0. gorbuscha, are a good example of this type of life cycle since they slways mature
at two year of age and only a single age group is present in any given run. In
this type of cycle there is no Interaction, competition or predation between cycles.
Other salmonids such as the chum, silver, king, and sockeye salmon, Atlantic saimen,
steelhead, and trout generally do not have such a rigid life span and, hence vary-
ing age groups are present in their feeding and bresding grounds. Age at maturity
varfes with all other species of salmon and trout but with pink salmon it is aiways

wo years. Other organisms that display the year class type of cycle are various
crustaceans such as waterfleas end shrimp and Insects such as the 17 year cicada.

Sea=run salmenids spend from a few months to eight years in salt water before
returning to freshwater to spawn. All go through en elaborate courtship procedure,
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may be easily distinguished by the eniraged Tlag~like dorsal fin with more
15 soft rays (fewer in salmon and trout). The dorsal fin has red or or
blue spots, The mouth is small and the tecth are sparse, The gill rake
short and stiff, Pseudobranchiae ara present,

fcology: Grayling are highly rojarded us sport fish, They are found only
in éTEar, cold, unpolluted streams ind most often in deep pools of gravel-bottom
streams, They feed chlefly on ingects. Greyling spawn in the spring end dig
redds similar to those made by szimon » They have bean reducaed to extinction
in much of their native habitat due structive logging operations, over-fishing,

bi
pollution, and other factors.
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Distribution: Freshwat.r. Cold sorthern streams of Eurape, North America,
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and faohus

FAMILY OSHERIDAE (s.:1ts) ( meres, emltting an odor)
Characters: Osme. ids are small fishes which resemble salmonids in body shape
and in the pfssence 17 @n adipose fin but differ in having fewer than
along the lateral li.e. They also lack pelvic tppendages., The head i long
pointed, Gil) rake s are elongated and slender, The teeth and the latoral
are well developed.

Ecology: Sr:lts are carnivorous and even cinnibalistic. Their role in
freshwater eco’sgy is not as yet completely understood, The flesh is deliclows
and many arc -aught on their spawning migrations, The flesh is so oily that tho
eulachon wy used for candles in early days. Pacific Coast marine and anadromou.
species spwn on sendy ocean beaches, over eelgriss beds, or over silt bottoms in
freshwate Streams, The Eulechon or Pacific smait, Thalelchthys pacificus (also
called (»lumbia River smelt) migrates intermitteatly into the Sandy River near
Portlari, Oregon from the Columbia River in encrmous numbesrs at times. The senior
author hes seen solld schools of these fish moving upstream, containing lliterally
milj'ons of fish that filled the stream from bzirk to bank, Dip~netting is permitted
at .uch times and a daily limit of 25 pounds per person is allowed on a special
17.ense selling for fifty cents per person. There is a regularity in the timing
i the runs, Good runs may occur for three years In succession but more often
hiank years will occur when no fish will be seer, The rumns usually arrive in
liarch or April. n years of heavy runs, many tons will be taken commercially
as well as by sport fishermen, They are best {7 eaten fresh though they are
zimost as palatable if frozen In water., The 'wnalth of the sea is nowhere better
reflected than in the enormous abundance of ihese small fishes in years of
heavy runs,

Distribution: Arctic and horth Temgr.te regions. Circumpolar. Marine,
anadromous, and freshwater.

SUBORDER ESOCQIDE} (bleckficf:, mud minnows, and plkes)

Characters: Softerayed fishes with cycloid scales end the mesocoracold misse
ing. Mouth with teeth, Physostomous, Ventral fins abdominal. No adlpose fin,
Chiefly freshwater species. An order intermediate between the Isospondyli and
Percomorph®. (Includes some of :he most predacious of freshwater forms in the
pickerels, pikes and muskellurge.




FAMILY ESOCITAE (pikes) (L. esox, plke)
Churactezgf The f" are chctm“ae"=
dorsal and anal fins '
is depressed and ducl amnd wh&n *;ewed from ahove.
with sharp canine teELh Tbeac are a:50 testh on the vomer “"‘atit@b an
tongue, The maxilleries ase toothless, The scales are cﬁsSa and there are
on the cheek and opercle. Gill membranes are free from the isthuus. The
fins are inserted very !&w on the body., The caudal fin Is forked. Pikes
distinguishad from gars, which they superficially resembele, by the rounde
and the homocercal, forked caudal fin,

Ecology: Plkes are prpdacious, feeding on fish and to a smaller exte
other equatic vertebrate forms. They are strongly piscivorous and noted
greediness and voracity and have been called ‘mare machines for the assimi
other organisms.” These fish prefer the cooler waters of lakes, ponds and

arger streams., Al ere spring spawners, casting their eggs over weeds in
water or marshy areas.

in the Great Lakes Region these fishes are of great importance both commere
cially and for sports fishing., The northern plke, Esox lucius, is taken ”iszy
by commercial fishermen while *muskie® (E. masquinongy) fishing provides anglers
with fish up to over 60 pounds In weight and famous for their fighting an§39,yb
Baits most commonly used are flashy spoons or live minvows., To all the member 5 of
this group, shelte Is an important factor. Submerged stumps or logs, cutmvunﬂ3@
and root mats form the most sultabie shelters and anglers usually catech them near

‘uch types of cover, Pikes depend on large minnow populations for forage.

Distribution: Freshwater., Europe, Asia, and Morth Am:rica. There is a
$i ngie genus, Csoxo Jordan and Evermenn (1220) lit seven species, cne of them,
E. lucius, cosmopoiitan and the rest confined to North America. Three species
have been introduced into Callfornia.

ORDER CYPRINIFORMES (OSTARIOPHYSI) (minnows, suckers, cat®ishes, and allied forms)

Characters: This order consists of the largest group of chiefly freshwater
fishes. it Is second only to the order Percomorphi In number of species. %t'
members have in common a Weberian apparatus and an air bladder which is usual %y
divided into two parts. They are physostomous and the fins are usually without

spines.

T

suBoRoER cyprinotpEr Y FT
(Gr. kyprinos, a kind of carp)

Characters: This suborder contains the minnows and their allles.
no duct between the two compartments of the air bladder, The subopercle
parietal bones are present, There Is no adipose fin., The body generally
covered with cyclold scales and is never naked or covered by bony plates as
the catfishes,

FAMILY CATOSTOMIDAE (suckers) (Gr. kata, downward; stoma, mouth)

Characters: Suckers are characterized by a subterminal mouth which can
“ratru@e@ “for fe aﬂing on the bottom, The lips are usually fleshy and sucking.
There are no teeth in the jazgg but pharyngeal testh are present. ?ha ﬁﬁ
teeth are in a single serles and often numerous., There are three bra




rays, Pscudobranchiae are present and the gi!l mambranes are more or less united
o the isthmus. The alimentary canal is long and the stomach is simple with no
ppendages., The dorsal fin contains 10 - 30 soft rays.

Serll suckers are sore times difficult to distinguish from minnows., iIn
minnows the distance from the front of the anal fin to the base of the tail fin is
contained less than two and cne-half times in the distance from the front of the
anal fin to the tip of the snout, In the suckers this proportion is containad
more than two and one-half times, This is also true for the carp but this fish
can always be recognized from all other native minnows and suckers by the stout,
spinous flirst dorsal and first onal rays.

Ecology: Suckers are siuggish fishes, feeding on bottom plants asd animals.
Their ability to find food by the senses of touch and taste enables them to survive
where fishes that feed by sight could not exist. Host specles prefer relatively
quiet waters over sand and gravel bottoms, The young are eaten by predatory fish,

Distribution: Freshwater. Widely distributed in North America; at least
two species In China and Siberia, Nearly 100 species occur in North America, a few
of which such as the common white suckeg, redhorse and buffalo, are taken commer=
cially in gill nets, trap nets and by dipping on spawning migrations,
21 :
FAMILY CYPRINIDAE (minnows)

Characters: Minnows are characterized by well-developed pharyngeal teeth,
which are Iin | = 3 rows. MNorth American minvows have these teeth In one or two
rows but with never more than seven in the main row., The Introduced carp and

oldfish have three rows., The mouth is terminal and Is without teath., The mar~
gin of the upper jaw is formed by the premaxiliaries slone. There are three
branchiostegals. The dorsal fln is short in all the American speclies with less
than ten soft rays, but iz is elongate in many Old World forms, The stomach is
a simple enlargement of the aslimentary canal,

Due to tlxe uniformity In slze, form, and celoration, this is a difficult tax-
onomic group. The genera are best distinguished by the pharyngeal teeth patterns,

Ecology: This Is the largest family of all fishes, including about 200 genera.
There are over two thousand species distrlibuted throughout the entire north temp-
erate zone alone, The family is most diverse in Asia. Hubbs and Cooper (1936)
attribute this abundance to three faciors: minnows as 8 group cccupy a great variety
of habitats and est many types of foods; most species of minnows require a relavive~
ly short time to reach sexusl maturity; and a large number of minnows Can occupy &
small space and find sufficient food and shelter because they are usually small

fishes,

Although most minnows are small fishes, a few grow to a large size and ara
marketed in considerable quantities, especially in Europe. Hinnows are of great
ecologlcal Importence as food for predacious fishes. During the spring spawning
season, males develop epidermal outgrowths or tubercles on varicus parts of the
body, which are similar to those of the suckers, and red markings on the first and
lower body parts. Some specles bulld nests., Minnows feed on insects, crustaceans,
vegetation, and organic mud,

' The term "“minnow' often is applied Incornectly to any small fish superficially
resembl ing members of this famliy.

Distribution: Fresh waters of Eurcpe, Africa, Asia, North and Central America.
Absent from South Americe, HMadagascar, end Austraila.




SUBORDER SELUROEDEA (ca he
(L. silurus, a kin fis

f-v-

Char ag:f* Catfishes are scaleless except for some forms
p!atas“ ! eads awé mouths are broad. The two compartments of
bladder are 5onn&c?ed by a duct, The maxilliary is rudimentary,

a ,upsa" for the barbel, The subopercle is absent., There is
i e first ray in the dorsal and pectoral fins is spinous,

*

{ Is composed chiefly of freshwater fishe
cosmopolitaniy. | T ac ulty common in warm rivers in Af rfcu
Amazcn region of . ‘ica; However, the families Ariidae
chiefly marine., is a habit which has been derived secc

habit has enabled both these families to reach the r*varﬂ of.

ical Australis and to give rise in them to a number of

FAMILY SCTALURIDAE (North American freshwater catfis

Characters: The dorsal and pectoral fins each have a sharp :rr»%ﬁv spine.,
The body is naked and there are four pairs of barbels, The
breoad bands on the premaxillaries and dentaries.

Ecology: i inhabit ' n¢ cre &:, an
sloughs although cevera! mid~uest farma accupy thﬂ cc! s T1¢ vaters of large
rivers. Catfishes are omnivorous and feed pY:ncsp&iiy on invertebrates. ?hﬁy are
nocturnal In habits. Mot specles utilize holes In the banks of streams for nests
and guard the eggs and young, The channe! catfishes (lctalurus) are large active
fishes of rivers, with 2 forked caudal fin. Other ameiurids are stouter in form
and have a rounded or truncate caudal fin, The mad-toms (Schilbeodses) have poi-
son glands at the base of the pectoral fin spinasq When the pectoral spine is
folded agalnst the body, it Is in contact with a polson pore. Thus the spine is
bathed with polson when it makes & puncture, Catfishes are littie eaten by other
species, presumably because of this defensive apparatus, These fish are imporiant
both commercially and for sport fishing. Introduced Into California, these forms
provida much anglingin the upper bay sloughs, in Clear Lake, and the lower courses
of the Sacramento and San Joaquin rivers, The white catfish, fctalurus catus, is
the dominant species taken, «

Distribution: Canada into Guatemela. Fewer than 50 specles. Soisth American
and Aslatic groups contain many more species and show much greater diversity than
the North American forms.

ORDER ANGUILLIFORMES (eels) (APgpA)
{ér. a, without; pous, foot)
Characters: Eels are soft-ryaed physostomous fishes, w.“ ne pelvic fins.,
The pectoral fens, if present, are small. The body Is elongs and the long dor-
sal and anal fins are usually confluent. The hgaieJ; If preser t; are am:sdn d.
The gill openings are narrow and placed well behind the head. The vertebra

very numerous, up to 260, The true jaws distinguish them from the Eamgrﬁy $%

Ecology: Most eels are merine, carnivorous, and prefer rocky reef habitats.
The leptocephalid larvae are transparent and pelagic, The smooth, elongate body
with reduced fins represents an adaptation to their mode of existence of living In
crevices., Moray eels can inflict serious wounds. Many eels are saten as food,

Distribution: Mostly marine; tropic and temperate 2ones,
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From the standpoint of freshwater angling, this group ls of great Ilmportance,
Yellow perch are caught In enormous numbers by smsil boys with rods as well as
‘commercially in the Great Lakes, Yellow pikeperch {"walleyes® of anglers) are
likewise taken widely for sport snd commercially in the Great Lakes Region. B8oth
yellow perch and yellow plkeparch may be easily taken through the ice in winter,
Two closely related forms, the saugers and blue plkeparch, are of little angling
importance but contribute materially to the commercial fish production of the
Great Lakes area,

introduced into western waters, the yeliow perch, Perca flavescens, often
reproduces so rapidiy and successfully as to produce stunted populations of little
angling value, thus crowding out other more desirable populations of gamefishes,
Much money has been expended by conservation groups to destroy such populations in
lakds by using rotenone or other chemicals and then restocking later with more
desirable forms, VYellow perch should never be introduced into trout waters for
there they usually crowd out the trout and soon become completely dominant, Many
of Oregon’s excellent coastal lakes have been badiy hurt by the stocking of yellow
perch,

Distribution: Freshwater fishes of the northern hemisphere. Darters are
restricted to castern North America. Perches are indigenous to eastern North
America but have been introduced widely to other areas.

FAMILY EMBIOTOCIDAE (surfperches) (Gr. emblos, live; toketos, bearing)

Characters: Surfperches are recognized by the sheath of scales along the
base of the single dorsal fin, separated by a furrow from the body scales. The
scales are cyclold and there are scales on the cheek and opercle as well as onthe
compressed body. The lateral line is well developed. The anal fin has three
spines, There are no teeth on the vomer or palatines. Those on thejaw are
conical, moderate in size, and in one or two series., The short maxillary slips
under the preorbital for most of its length., Pseudobranchiae are present. The
gill membranes are free from the isthmus. The caudal fin is forked., The air
baldder is well developed, The oviduct opening is distinctly separated from the
anterior vent opening,

Ecology: These fishes are viviparous, and the young develop to adult appear-
ance in a sac-like enlargement of the oviduit. Copulation is apparently accomp-
lished by & modification of the anterior portion of the anal fin of the male.
Breeding occurs in the spring, but fertilizationmay be delayed until autumn of the
following spring. The young, while in the oviducts, have very large median fins
with fringed margins which serve as respiratory structures, Males may be distin-
guished by the glandular-like structure on the anal fin. Most specles Inhabit
shore areas, often in the surf itself., They are often found in schools around
wharves, sandy areas, and kelp beds,

Distribution: Marine, Pacific coast of North America, Japan, and Kogea.
One freshwater species, Hysterocarpus traski, is found in Clear Lake and in the
streams of northern and central California. The center of distribution of the
marine species is southern and central Californie. Temperature apparently limits
both northward and southward distribution. There are 15 genera and 21 species
in California waters,

9 e (gobles) L. goblus, @ fish of small value)
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