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« ?

Jô,{gû
1 'i ^ N CM

---  *w¿fc r Ä-re--^
J L * j

CP
----------------------- -Âa■ \ /? J%¿<\l ...>0o\ ' 1\ fv I\ *\ \ jf ■ $o __¿JL «I .'<4r

_______l l i k J Sk—
S ^Æ ..
\ S Û

£* T,a i\ |j ir~ ~ v y>

3 r?<¿¿»4 -



<̂/VW J-

|p ¡yO Î_feyi—(y\*È-&Êt!s_

x-trvv

S ÁA^CJL/^Ji (J/XyzJkjL^

£ f^ A j*p JljL<yv̂ kJ\¿

o JU h Jd ìy

Jtysj-̂ S\ 'J 'S --

Ùs k À jU)

gt/f.--  Àà̂  —
/YKJ&jexyJl—S  4P t/V\Aa ----ClcAj¡ŷ £$-&J -—"Vĵ * / *—
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pĵ qgs¿í»VN V  tL

.  ■ ÿ8$
-^s.----

— / ^ v _______ _ ____ ____ „.____.... . . . i.........  * . . . J ' <, t VÀy j  ?A

>(y. *-..»A ^  <ry j^ - a A  ■>
s^ J: -■*■> >. . X

■ 4f - 2) , '
p | g ¡

^  A

lf e f

■N.





(yTjdc¿A>-

____--C i . 2

' ^ ^ o j lu v D X íJ L  — 1

—( yvwoo 2 —

V i

_ -̂  _ |̂ ) *~ *<y

’■ ‘ I ,k¡
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T / " z / ¿ >  ^ ) ^ywCücâ fO/iu ~ 5 1 >  ¿ P  h t f * f p

f  t r
- ■ ■ ■ V  ------ '





<5Vv M d k J ,

S '<*> y . r -
v X S Z£c S J l

CT
- 5 Æ Vvv

C , V

•S<J -  £  c
£  a  
5 , 4  - 

- 'j 5 .1  
, S Z L

3 . g I

Nf •" i y

2. * 'S 4

6 A 7 I 4  0 f “ 
B _____X j_

_CrVy__ —̂X«3—̂

irr
£^-

c r
- O l

44 S . £ aa-+-

a s ^ m -
-4-0  r  
_ Ä 3 _
\T ^ ~  f c L ¿ r  

4 H 7

M - I T

C  >Vi i l
4CTT

-C 4L

!Â
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__jß^y _ _______



p a r t s  O H  ejfS  u l i j  » K  k L

-iln -

c i 61 6V 7 i 76» §6 f*i gf9 a. 94 le>0 lo1-» >0̂  W*̂  vU '*~6
Sea. Ur* \ \* laf| line

h i”tci» , s .6.« -»-xri*
I H

As
so

cia
te

d 
St

ud
en

ts'
 S

to
re

 
Un

ive
rsi

ty
 o

f C
al

ifo
rn

ia



Ra'inboc*-> Trout I^^-vh'vvO

m
é i

7.1

? |  

9 1

t’0 j
111
12.1

JC

r ~ k ~ i

: - O r i 

r z i ~~i______

3É:

n n

»niy W $ 3j c ci*w\ ew I

^àsz

‘L

xzatA

r  4 l ~

A c

I M l  
i tA ~i

\ Z l O o ' ^ V o l .  t t ' T o f c  J O Ì  I I O i t i -  I IH t u  I l f  1X 0  13UÌ.  1 1 «  x 6Seal C-s

As
so

cia
te

d 
St

ud
en

t 
Un

ive
rsi

ty
 o

f C
ali



y ü -1(JL^ ,VJ ¿ M.. Â.

© -»

©

©
U ____________S___: . ^ ^ 3 8 L . .____ ______ -.....- - ■ ___ . . V / _________ ' s V _____________________

©

........... .......... ... ....... ... .. m

■3- i  y.- i'-v.

---

©

%

i___________,______ __ . . .... _ __.. _..._ . . ..... © 3

... _ ... ... ...
©



---«3Q¿V- -̂CYV̂<î&æJ@Z ft ¿O AJUIjM

2 7 7 7

/u&PCj

l̂ Mr-

CSKJt
JjVL

¿ßyuo

--—AjBe%---------- ĵ¿Q_é5L/Vy—
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—̂ ĝMX̂ r-yuk̂ e—¿u'WlÉ, ¿CO__
" ~AxiAsJLps***-<3— _̂̂ -ê̂ U4Â LL„̂ 4i?k—jfy-ç. ^gyvJÍ 
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Ĵ¿7/lA/iÛ
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INTRODUCTION

There are, perhaps, 25,000 or more species of fish In existence. Species 
are grouped Into progressively larger categories; genera, families, orders and 
classes. Theoretically, modern classification reflects phytogeny and relation­
ships. The basis for classification can be considered an inquiry *nto the 
origin of species. The evolutionary and biological approach to deification 
is often referred to ai systematic*, as opposed to old fashioned tax nomy which 
merely "pigeon holes" museum specimens, and may not reveal the true rx--jyra 0f 
relationships.

Fishes Inhabit almost every conceivable rquatic habitat from tiny pools ;n 
the desert to the greatest depths of the ocean. The array of adaptations of 
various spades to specific environments produces diversity allowing unlimited 
possibilities for systematic, ecological and physiological research.

Fossil records of fishes go back approximately h00 million years. Ths 
great bulk of living species, however, belong to the super order Teleostei which 
are comparatively modern; radiating contemporarily with the evolution of birds 
and mammals.

Research for Term P/pers

Ratbjr than assign a term paper of the usual type that entails only library 
work on some specific topic, each student is expected to do a small piece of 
original research. Suitable materials are oftsn collected on the field trips, 
though some students select a laboratory or fie'd problem of special interest to 
tbvn. The main caution hare fs that the research problem adopted must be small, 
vail rounded, clearly defined, end one that will not require an unfair amount of 
student time for its completion over the four steps involved, le. (1) library 
research to ascertain ««hat has already been done, (i.) doing the work, (3) analysis 
of results, and (1») writing it up in proper scientific style to turn in at the 
last regular laboratory period In the term. The only restrictions imposed In the 
selection of a subject,ara that it must be on some subject dealIng with fish or 
fishes and your selection must be approved by your Instructors. Lastly, each 
student will be expected to make a brief oral report on iits research at the last 
regular laboratory meeting. Torn papers will not be returned and w i n  become 
part of the course flies for reference purposes for future students.



A Soft-rayed Bony Fish 
Carp (Cvprfmis carpto)

Externa) Anatomy

2.

Examine the general body shape. Most streamlined fish exhibit a teardrop or 
fusiform body shape with the deepest part of the body somewhat anterior to the 
midpoint. Comparisons should be made of structural peculiarities, such as body 
shape In different species In relation to habits. The student should think of 
each structure studied in terms of adaptation to a specific environment.

Masai Apparatus: Nostrils are paired in all teleosts. Each Is a sac mare 
or less completely enclosed In a cortiiaginous or bony Investment and divided into 
anterior and posterior portions by a fold of skin.

y 'j
Is there a passage from the nostril Into the mouth of the carp? r

Barbels In many species of fish are principally gustatory organs and, to 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
mediately snap with avidity. When the same regions are touched by tasteless 
substances no snapping will occur.

Where are the barbels located In the carpT^Hcw many are present? a*

fins. Median fins In the carp include the dorsal, anal, and caudal. Paired 
fins are the pectorals and pel vies. Note fa» the carp the long dorsal fin and 
the short anal fin* and the number of spines anteriorly In each. Numerous soft- 
rayed fishes have developed single dorsal and anal spines, but these fishes are not 
considered spiny-rayed since the spines are not consecutive. Examine the fin rays
to see how they branch distally, are segmented, and are actually weired.structures,
each baing made up of two halves.

Pelvic fins era described for taxonomic purposes as abdominal when located 
between the anus and the middle of the pectoral and thoracic when located between 
the insertion end middle of the pectoral. The position of the pelvic fins is 
jugular when these are located anterior to the insertion of the pectoral.

Notice In the trout the fleshy adipose fin and the pelvic appendage at the 
base of each pelvic fin.

Refer to Clemens and Wllby (1946) or Hubbs and Lagler (194?) for method s of 
makddg fin ray counts. Make 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 increase streamlining, and protection against bacteria.
The dermis Is made up principally of connective tissue plus nerves, blood vessels, 
muscles» and pigment ceils. The scales lie in pockets In the dermis and are 
usually covered by the epidermis. Note how the scales ere arranged In diagonal 
rows. The majority of each scale Is covered by other scales.

Poes the epidermis cover the scales in the carp? What portions of the body 
are devoid of scales?



R em o ve  a  s c a l e  f r o m  t h e  r e g io n  b e tw e e n  t h e  a n t e r i o r  e n d  o f  t h e  d o r s a l  f i n  
e n d  t h e  l a t e r a l  l i n e ,  p l a c e  In  w a t e r  u n d e r  t h e  d i s s e c t i n g  M ic r o s c o p e  a n d  l o c a t e  
t h e  f o l l o w i n g  s t r u c t u r e s :  | )  f o c u s ,  2 )  r a d i  1 ,  3 }  c l r c u l  i ,  a n d  k) e x p o s e d  an d  
un-ex p o s e d  p o r t i o n s .

S k e t c h  a n d  l a b e l  t h e  c a r p  s c a l e  a s  an  e x a m p le  o f  t h e  c y c l o i d  t y p e .  O b s e r v e  
e n d  s k e t c h  t h e  g a n o id ,  p l a c o i d ,  a n d  c t e n o id  s c a l e s  o n  d e m o n s t r a t io n .  W h at a r e  
t l» e  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  o f  e a c h  t y p e ?  W h a t i s  t h e  s p e c i a l  c h a r a c t e r ­
i s t i c  o f  t h e  s c a l e s  In  t h e  l a t e r a l  l i n e  s e r ?  H a k e  s c a l e  c o u n t s  f o r  t h e  c a r p .

C o lo r  i n  f i s h  i s  d u e  t o  c h r o m a to p h o r e s  p r e s e n t  In  t h e  d e r m i s . P r i n c i p a l  
t y p o s  a r e  r a e la n o p h o re s  a n d  1 ip o p h o r c s  w h ic h  c o n t a i n  m e la n in  an d  c a r o t e n o id  p ig m e n ts  
r e s p e c t i v e l y  a n d  n u a n o p h o re s  vrft 1c h  s e c r e t e  g u a n in e  c r y s t a l s .  T h e s e  t h r e e  t y p e s  
o f  c e i l s  a r e  d i s t r i b u t e d  In  tw o  l a y e r s  o f  s k i n ,  tw o  o u t s i d e  t h e  s c a l e s  in  t h e  
e p id e r m i s  a n d  o n e ,  t h e  g u a n o p h o r e s ,  o n  t h e  i n n e r  s u r f a c e  o f  t h e  s c a l e s  b e tw e e n  
t h e  l a t t e r  e n d  t h e  u n d e r l y i n g  m u s c l e s .

D e t a c h  a  c a r p  s c a l e  a n d  o b s e r v e . t h e . d i s t r i b u t i o n  .o f  t h e  d i f f e r e n t  t y p e s  o f  
c h  r o m a t o p h o r e s .

H o u t h :  E x a m in e  t h e  j a w s  «of* t h e  c a r p  b y  e x t e n d in g  th e m  f o r w a r d .  C o r r e l a t e  
t h e  s u b tg ? rm in a | m o u t h .w i t h  I h f o  f  H h f s  <«mde o f»  N f e .  C o m p are  t h e  j a w s  o f  t h e  
tr 'd u t §nd -th e '"C a rp . - **»! - ir.. U ' - ¿ ¿ i

id © r » t ) f y  t h e  p fe t e a x i  11a r y ,  m a x i l l a r y ,  a n d  d a n t a r y  bon a s  ,5n t h e  c a r p .  E x a m in e  
t h e  m a x i l l a r y  m e m b ra n e ,  ’V T  I d s h y ^ o l d  " o f  t i s s u e ^ J u s t i n s i d s  t h e  m o u th .

I s  t h e r e  a  • 1 i  k e  m em b ran e  o n , t h e  d e n t a r y ?  How m i g h t . s u c h  a  m em b ran e  f u n c t i o n  
i n  r e s p i r a t i o n ?  ' 0 U ^ ~  ^

t e e t h :  i n  t e l e o s t s  t h e  t e e t h  a r e  b o th  e p id e r m a l  a n d  d e rm a l i n  o r i g i n .  T h e r e  
j  r e  f o u r  g r o u p s  o f  t o o t h - b e a r in g  .b o n e s  In  f i s h .  ; T h e s e  a r e :  I )  m a x i 1 t e r y  a n d p r e -  
m ax? 1 l a r y ,  2 )  v o m e r ,  p a l a t i n e ,  a n d  p t e r y g o i d .  3 )  p a r a s p b e n o id ,  a n d ^ y ~ d e n t a r y .  
in  a d d i t i o n  t h e r e  a r e  p h a r y n g e a l  t e e t h  fo u n d  o n  t h e  i n n e r  m a r g in  o f  t h e  l a s t  g i l l  
a r c h  in  t h e  p h a r y n x  i n  c e r t a i n  g r o u p s  o f f i s h  s u c h  a s  c a t f i s h ,  m in n o w s  a n d  s u c k e r s .  
I t  i s  a  g e n e r a l  r u l e  t h a t  t h e  d e v e lo p m e n t  o f  t h e  p h a r y n g e a l  d e n t i t i o n  i s  in  i n ­
v e r s e  p r o p o r t io n  t o ,  t h e  d « » jre e  o f  d e v e lo p m e n t  o f  th e '..l a w * t e e t i T i

T o o t h  d e v e lo p m e n t  i n d i c a t e s  f e e d in g  h a b i t s  a n d  t h e  e n v i r o n m e n t  in  w h ic h  t h e  
f i s h  l i v e s .  T h e  u s u a l  t o o t h  s h a p e  i n  b o n y  f i s h  i s  c o n i c a l  { c a n i n e ] ,  b u t  s p e c ­
i a l i z a t i o n s  t o  a n  i n c i s o r  fo r m  in  h e r b l f / o r e s  a n d  a  m o la r  fo rm  I n  h e r b i v o r e s  a n d  
s h e l l f i s h - f e e d e r s  a r e  p r e s e n t . . ' 5 ; ' ' " "  .

L O p e r c u l a r  A p p a r a t u s :  B e tw e e n  £ h e  h e a d  a n d  s h o u ld e r s  o f  t h e  f i s h  i s  a  s e r i e s  
o f  o p e r c u l a r  b o n e s  l y i n g  In  t h e f j a p  o f  ^ sk in  c o v e r in g  t h e  g i l l  r e g io n .  L o c a t e  
t h e  l a r g e  p o s t e r i o r p l a t e ,  t h e ?o p e r c b i^ m ] o n  e i t h e r  s i d e  b e h in d  t h e  c h e e k  r e g io n  
o f  t h e - s k u l l .  V e n t r a l  to  t h i s  I s  t h e - s u b o p e r c ie .  V e n t r a l  a n d  a n t e r i o r  t o  t h i s  
i s  t h e  s m a l l  i n t e r o p e r c i a .  A n t e r i o r  t o  t h e  O p e r c le  i s  t h e  p r e o p e r c l e .

I s  t h e  p r e o p e r c l e  a  s u p p o r t  o f  t h e  o p e r c u lu m  o r  I s  i t  a  m em ber o f  t h e  c h e e k  
b o n e  s e r i e s ?

T h e  v e n t r a l  p o r t io n  o f  t h e  o p e r c u l a r  r e g io n  i s  p ro d u c e d  i n t o  a  t h i n  m em b ran o u s 
e x t e n s  i o n ,  t h e  b r a n c h i o s t e g a l  m e m b ra n e ,  s u p p o r t e d  b y  t h e  b r a c h io s t e g a l  r a y s .



Ibm branchialtegs 1 membraneJoins the *perculum end faciei bones to the medial
ieptM { th*t Uns totMMA the gtHt, connects tt»« throat area with 

thv tower Jew, end supports the -jill arches. Th*. poetarlo? border of the me»- 
bran« la  .»supported,

Are the branch tos tefial membranes broadly or narrow! y Joined to the isthmus in the 
c a r p ?

Si.ll.» and branchial Chamber*. Lift the operculum to observe the branchial 
chamber. Count the number of gill silts end gilt arches. These are the common 
numbers for teleosts; deviations occur by redact ton In number or site or both. 
Dissect out a gill arch from the carp. The anterior and posterior gilt filaments 
(lamellae) of each arch constitute the holobrawch. Other set of filaments Is 
referred to as a hemlbranch, notice that the gill filaments project freely Into 
the branchial chamber. In sharks the filaments of each hem!branch are joined to 
e g i l l  septum and do not project freely Into the branchial chamber.

Observe the clll rakers. protuberances on each gill arch opposite the gill 
ft laments. Whet Is the function of these? Compare the gill rakers In the carp, 
anchovy, and trout. Does this tall you anything further about the nutritional 
habits of these species? The gill rakers, Including ell rudiments, are always 
co on the first gill arch} those on the upper half of the arch are given 
first, followed by those on the lower half of the arch, as 8 f 13.

Study the demonstration Of a pseudobranch. The pseudobranch in all teleosts 
Is considered « remnant of the splracular gill. It is located on the Inner side 
of the operculum anteriorly. It may or may not retain the gill-!Ike structure.
A il other gills except the pseudobranch receive blood for aeration directly from 
the heart by way of the aortic arches. However, In the pseudobranch, as in the 
hwaIbranch present In the spiracles of the sharks and Sturgeons, blood Is received 
th«t has been oxygenated by passage through gills behind It. It Is, therefore, 
nam ed a  ’‘pseudo*' branch,

1» a pseodobranch present In the carp, the trout, or the anchovy?

Drawn lateral, view of the carp, label fully the following parts: age, 
*«!*£» BBSs!3BM*t9Hk. S E S C S lS »  Pfeoporcla, lubopercle, Interopercle. h e a d .  
«Hillary, ivpmexfllery, dentpry, barbels, caudal peduncle, lateral U n a , branch» 
h m e g a  1 membranes and rays, anus and dorsal. analTceadal. pectoral, and pel vie

i s .

Internal Anatomy

Trunk Husculature; Midway along the length of the carp carefully remove the 
skin on one side between the dorsal and the mid-ventral line. Care must be taken 
n o t  t o .remove any of the muscle. This will expose the great lateral muscle.
O b s e r v e  the transverse septum Indicated by the connective tissue band lying Imme­
d i a t e l y  under the lateral line. It extends frost ho under surface of the skin 
directly do**» to the laterel ventral surfaces of the centre of the vertebral column. 
This septum complately divides Hie greet lateral muscle Into dorsal (epaxial) and 
ventral (hyps* la I) portions. The extreme dorsal portion of the op*.x tal muscle on 
e a c h  side has be .»a further differentiated by the separation of a definite cylin­
drical bundle, the supracarlnalis, Similarly, the extreme ventral portion of the 
h y p a x l a t  muscle is differentiated Into the Infrecerlnells muscle, whet are the 
f u n c t i o n s  of each of these muscles?



5 .

n$» lefer#1- cfc*«cie &¡w*s la sufctítvideíl fot» verilea» sepsents farom rm) whlch 
: i¿ sepayated fey S#ftWtJvjs ktffge #eptai íf̂ Ô QMwa-t») , Tphe f#m of the niyomere 

?«4 »f «be *f#tu» w rft»  MwgiitflH lo 4Íff«««Nt ?é#lo«s «# the body but Is aiways 
chaplea; p»4 i « tríca te . H» lt»  f$eester«$ •»! ib» en? Iré « 14* of the carp, the sur- 
*«ee w rk iís^  haya the feaofal o u tslaea f ib® }©tter 'V * with the pottom oí the 
! « fia r tu raed tonards .the t* H .

? ia k a  i¡:. v e n t r a l  ln < J s f « %  f t e j  i M h j f )  m e d í £ !  f y  b e  tw eon  t h e  p e e  t o r a ! f l u s  t>ack 
b«twcen the paiylc f in$ taé aUaost to the anua. Se as itot to dsM^s the urogeit- 
>tnl and Intestina« opeiri*gs, ccyitinne the loeisJop to the sid© «f the anus and 
challe« ewattfh not to damaga ttnlerlylap stracto res.

Systjati; In the male note the white* enlarged testae.
Trace oat tSa yes deferens to the jw lto -w lse ry  pore. In the feu*!« note the 
.ectwmbus egg «**»$ which f*wHcat** the fish  was approaching the spawning period 
irhtp? captofed. ideate the ®v I duct. Observe both male and f esse la structures. 
Wni)4 yea judge that th is species has a high reproductive potential?

Hote file  peritoneum. .ho not damaga the urinary sod genital ducts. Locate 
the axtetnal opening for these ducts and for (he rectum. Which Is the most anter­
ior* the urogenital pap illa or the ana! opening?

Ca,iaI : in order to study the digestive organs and structures 
dorsal to them, ca re fu lly  cut the intestine &M stomach free from ths mesenteries 
and else the d iffuse ye I itmr.aft structure, taking cere not to break this la tte r 
structure. The in testina l tract can ¡now be pulled put of the body cavity for 
inspect. Ion, but 4® not cut any of Its  connect ice s . lecets the oesophagus. stomach
f  F*»A*dt lab«*' n.*A % a4o*. I i i , a e  « . I I  JL. T .. ... ____ nr,# .... ■Can y.w locate th e *  

I i  ke outpocketings
(StSfiiiSSf ^ ,J3X lS£ i5  «»«I*)* the I?ver, gall b’ adder, spleen.

Mow wmav P,y>^r|c if«  thert (these ere finger- _ __ P _____Pp
o f  t h e  a t c u s a s h  in  the p y l o r i c  region)f  Kcte t h e  ! « r g e  £ l r  bladder. Its  constrie- 

end Its  p « e u i r i» t ic  du ct. Trace the co r? :.actions o f *  th is d u c t ?  The term 
d a i i i s r ( b lo g  the c o n d i t i o n  r«h®n 'th e  pneematlc duct i s  not present o r  does not. connect 
with the «Ilmen tery canal Is pfoy&ec I l e t  S c .  t h a t  f  when the pneumatic d u c t  does 
c o n n e c t  i s  n l^ e o e tomoû ,  t h e  prim itive « » e d i t i o n .  The teieosts are the only g r w ( )  
a f  f i s h e s  m  t h e  class O s t e i d i f b y e s  w h ic h  have the «{r-biadder, though not aV? o f  
¿ h i* }  p o s s e s s  I f  a s  adults A l l  t#lao»,ts a m  p h y s ta m o u e  i n  t h e  embryonic stage.
• its. air-bladder may- be quite alveolar interne {y f jjg .l iw taus) or very smooth, or 
i t  may act «s a functional lung ay In the hlenol. Also’ it  may have other differ- 
oncus such as caeca! outgrs»rths, be adapted foF~sound production CSalaenldae) or 
have a connectIon with the auditory organ as occurs ft the carp, which conditim  
Ul l i  be taken up la te r. It  may even ««tend info the ta il region In some groups of 
fH bm  by penetrating fo r a short distance feta the expanded s>em«i canal of t.»«. 
anterior caudal vertebrae (order $aditf«»rraesj o r  bifurcate Into two lobes, one on 
aiidt side of the haemal spine ( fasti 1 y Embiotocidael. The moat important funditsn 
of the a Irb I adder for to ieos t§ Is as a mechanism for detecting changes in water 
pressures encountered by changes of depths.

¿ i i L S i l S S S O f  S .r y a n » «  9 b lo w  tn*$ b d t im i  b r a n c h i a l  a r c i s e s ,  l o c a t e  t h e  h e a r t .
Locate the ¿lau* ^ g S M , M lisM J> r m h® * Ml^us arteriosus, ano
W l t r s l  M M T u  a

treats tha %htt M^MDL ¿USS» .y  »wary ami th  ̂ a rocen I ta l sim js,
«í ff$hf$ §.bovc ^y^lostwe? c^í$tiífitviplir^ In IS« iiiultT

S-totch th« o r s t i o 4 f i ^ d t sliowt^ ti^ ir Í t. ami 'r«latio«$h!pi«



6.
s u m « !  Structuras

N M «  ritti Sanava and discard thl digestive and associated organs but leave 
tba «Ir b l M m r  In placa. Hia patiate flu ta situate* la the body watt below the 
tip« of the riba. Cut arou*d the bate of the »alale fin steleton so as to ranove 
It fron tba body wall. Mattavo a« much of the fleah as possible fro» the fin skeleton, 
than told the fit» in boiling tutor for about one »¡nute. Remove remitting flash, 
but tate cara to k a m  the fin eloaants together so as not to lose their 
rolatlonshtp. It is seen that tte iwWIe fin tes no girdle* but Instead has a 
large triangular, flat bona, tba tesfotarvalua. probably representing fused projet­
ant pterygiopheres* To tba pesteSrior border of the beslpteryglun era three partly 
aaatffad places, tte distal ntentglophores. It Is on those that tte darmi, joint­
ed, Ito rays fllaldotrlchlal are articulated. Tte darmi rays are believed to 
have bean derived fro» long ram of scales that cover ad the fins of primitive fishes. 
Tte horny darmi ray-1 Ike fibers, unjointed, of the elasoobrandb and chimeras art 
tamed ceretotrlchia. Tte t e m  darnotrfchla (a broad tans tiiat includes both 
lipidotricatc and caratotrlchla) refers to aerasi fin rays of all cartilaginous 
and bony fishes. Sketch the pelvic fin and label parts.

Caudal Pin; taginning on tte mudai fin, fillet off on each side of the body 
tba finali for about 3" back towards the end of the dorsal and anal fins. Then cut 
it off boro so that you bava the caudal fin and about ana Inch of caudal vertebra#. 
Usuerà as ttuch of the flesh aa possible, then hold the fin and vertebrae In boiling 
voter for about 3 A  minuta. On not leave in longer because the bones will coas 
loose and fall apart. Careful ly reaove the sooted flash and scales. Holding 
under a stream of cold water and using the fingers to ramo vs the smaller particles 
of flesh Is a goad procedura. This dissection of the caudal fin shows how sodi fl­
ed the posterior end of tte vertebral column la ter ite support of the caudal fin. 
Obeerve end dos criba the modifications. The rod-1 Ike estons Ion of tte lest dis­
tinct vertebra is tte unastvle. Tte broad, expended plates attached to the ure­
style are tteJwpuralj>|ates^  The ventral spina an each distinct vertebra is a

e l Isas. The dorsal spina Is tho neuralbeami seine____ P ________________  ___  ______ ■ ■ ________ .___I_____  .
seine . Notice bow tte darmi fto rays articulate on tte hypural plates. Sketch 
and label tte caudal and of tte vertebral column, showing Its modifications for 
support of tte caudal f la, took up tte definition of hotaroearcal and dlohvoarcal 
caudal fins and be able to give several examples of each.

boreal Pin. Anal Fin, and Tprtebral Colma» To study these structures, fillet 
off tte floshfron each aide, beginning where tte tall was cut off and fillet up ta 
about am inch anterior to tte front end of tte dorsal fin. Cut through tte vertebral 
column at this point, taking care not to remove the air bladder from Its connection 
at the posterior part of the ahull. What you now have Is one section with tte 
tend and tte attacked air-bladder and a second section, the trunk with the dorsal 
and ami fins and vertebral column. Remove as much of tte remaining flash as 
possible. Then place this vertebral and f tn section In telling water for 3 A  minute, 
no longer; than «mova ite rant of tte flash, lay tte section flat and pick off tte 
flesh from oro side, imposing tte skeleton of tte vertebral column. Time does not 
allow a study of tte musculature of teso structures, but notice that there era 
broad plates for ettechaant of ouscles and tandem connacting tte dorsal and anal 
firn to the trunk and vertebral column. Study the relationships batman vertebral 
celimi and the median fin skeletons. Each dorsal fin ray has Its two halvas separated 
at tte bate« A «mil bom, the distal oftervetochore. fits In between the two basal 
ends al m a h  ray and articolata* with a small Oblong bom, the middle starve ioahore. 
which Is partly ossified onto the o r m i m i overvalophora (also celiaci an internaute! 

Sketch a frate view of c m  dermal ray imo I ttpterygIophores. Tba anal fin
structure la stellar to that for tte dorsal fin, consisting of dermi rays, distal



a n d  m id d le  p t e r y g io p h o r a s  a n d  p r o x im a l  p í e r y g lo p h o r e s  { i n t e r h a s m a l  b o n e s ) .

V e r t e b r a l  C o lu m n ;  T h e  v e r t e b r a l  c o lu m n  In  t h e  t e l e o s t s ,  u n l i k e  Ulus v e r t e b r a l  
c o lu m n  o f  t h e  c y c lo s t o m e s ,  s h a r k s ,  r a y s  a n d  c h im a e r a s ,  I s  d i f f e r e n t i a t e d  I n t o  d i s ­
t i n c t ,  c o m p le te  b o n y  v e r t e b r a e  { e x c e p t  in  t h e  e h o n d r o s t e a n s  -  s t u r g e o n s ,  p a d d le -  
f i s h )  .  B o i l  t h e  c a r p ' s  v e r t e b r a l  c o lu m n  In  w a t e r  f o r  t e n  m i n u t e s .  R em o ve t h e  
f l e s h .  N o te  t h a t  t h e  c o lu m n  I s  d i v i s i b l e  I n t o  tw o  d i s t i n c t  p o r t i o n s ,  t h e  t r u n k  
a n d  c a u d a l  r e g i o n s ,  i t  i s  s o m e t im e s  n e c e s s a r y  t o  c o u n t  t h e  n u m b e r o f  v e r t e b r a e  
in  e a c h  o f  t h e s e  r e g io n s  in  t h e  c l a s s i f i c a t i o n  a n d  i d e n t i f i c a t i o n  o f  f i s h .

A b d o m in a l a n d  H aem a l V e r t e b r a e ;  T h e  a b d o m in a l v e r t e b r a e  a r e  i d e n t i f i e d  b y  
t h e  f a c t  t h a t  t h e y  h a v e  a  n e r u a l  c a n a l  o n l y  a n d  n o  h a e m a l o r  v e n t r a l  c a n a l .
N o t i c e  t h e  r e m a in s  o f  t h e  n o t o c h o r d  in  t h e  b ic o n v e x  s p a c e  b e tw e e n  t h e  s p o o l- s h a p e d  
c e n t r a  o f  tw o  v e r t e b r a e .  On t h e  a n t e r i o r  d o r s a l  s u r f a c e  o f  t h e  c e n t r u m  a r e  tw o  
p r o c e s s e s ,  t h e  n e u r o p o p h y s e s ,  w h ic h  j o i n  a b o v e  t o  g i v e  t h e  n e u r a l  s p i n e ,  a n d  t h e  
n e u r a l  c a n a l .  In  c o n t a c t  w i t h  t h e  a n t e r i o r  e n d  o f  e a c h  n e u r o p o p h y s is  a r e  t h e  
p a i r e d  p r e - z y g a p o p h y s e s  w h ic h  a r t i c u l a t e s  w i t h  t h e  p a i r e d  p o s t - z y g a p o p h y s e s  o f  t h e  
p r e c e d in g  c e n t r u m .  F ro m  t h e  v e n t r a l  s i d e s  o f  t h e  c e n t r u m  t h e r e  a r e  p a i r e d  p r o ­
c e s s e s ,  t h e  p a r a p o p h y s a s ,  o n  w h ic h  t h e  r i b s  l o o s e l y  a r t i c u l a t e .  T h e  p a r a p o p h y s e s  
r e m a in  u n jo in e d  b e lo w  in  t h e  a b d o m in a l r e g i o n .  I n  t h e  c a u d a l  r e g io n  t h e s e  p r o ­
c e s s e s  u n i t e  t o  e n c lo s e  a  c a n a l ,  t h e  h a e m a l c a n a l ,  a n d  a r e  c a l l e d  h a e m a p o p h y s e s  
a n d  e x t e n d  v e n t r a l ! y  a s  t h e  h a e m a l s p i n e .  V e r t e b r a e  w i t h  b o th  a  n e u r a l  a n d  a  
h a e m a l s p i n e  a r e  h a e m a l o r  c a u d a 1 v e r t e b r a e .  B o t h  e n d s  o f  t h e  c e n t r u m  a r e  c o n c a v e  
a  c o n d i t i o n  c a l l e d  a m p h ic o e lo u s .  T h e  v e r t e b r a e  o f  a l l  t e l e o s t s  a r e  a m p h ic o e lo u s  
e x c e p t  t h o s e  o f  t h e  g a r p i k e t L e p I d o s t e u s )  w h ic h  h a s  v e r t e b r a e  w i t h  a  c o n v e x  a n t e r  
l o r  a n d  a  c o n c a v e  p o s t e r i o r  s u r f a c e ,  a  c o n d i t i o n  know n a s  o p I s t h o c o e lo u s  a  b a t  I 
a n d  s o c k e t  t y p e  a r t i c u l a t i o n .

R i b s ;  D o r s a l  a n d  v e n t r a l  { P l e u r a l )  r i b s  a r e  p r e s e n t  In  f i s h e s .  T h e  d o r s a l  
r i b s  o r  I n t e r m u s c u la r  b o n e s  l i e  b e tw e e n  t h e  s e p t a  s e p a r a t i n g  t h e  e p a x i a l  a n d  
h y p a x i a l  m u s c l e s .  T h e s e  r i b s  in  t h e  c a r p  w e r e  re m o ve d  w hen  t h e  e p a x i a l  m u s c le s  
w e r e  f i l l e t e d  o f f .  T h e  v e n t r a l  o r  p l e u r a l  r i b s  a r e  lo c a t e d  I n t e r n a l l y  t o  t h e  
m u s c l e s ,  f i r s t  o u t s i d e  t h e  p e r i t o n e u m . In  som e s p e c ie s  o f  f i s h  t h e  v e n t r a l  r i b s  
m ay h a v e  o n e  o r  m o re  s e c o n d a r y  b r a n c h e s ,  t h e  e p i p l e u r a i s .

F o r  t h e  n e x t  p e r i o d :  W rap  up  t h e  c a r p  h e a d  w i t h  a t t a c h e d  a i r  b l a d d e r .  P u t  
y o u r  nam e o n  t h e  o u t s i d e  an d  r e t u r n  i t  t o  y o u r  i n s t r u c t o r .

P e c t o r a l  G i r d l e ;  In  e x i s t i n g  s h a r k s ,  r a y s ,  a n d  c h im a e r a s ,  t h e  p e c t o r a l  g l r d l  
i s  In  t h e  fo rm  o f  a  c a r t i l a g i n o u s  U - s h a p e d  b a r  in c o m p le t e  d o r s a l ? y .  5 t  i s  Im­
b e d d e d  in  t h e  m u s c le s  o f  t h e  b o d y  w a l l  c l o s e  b e h in d  t h e  l a s t  g i l l  a r c h .  T h e  u p p e r  
o r  d o r s a i  p o r t io n  I s  c a l l e d  t h e  h y p e r c o r a c o id  { s c a p u l a )  a n d  t h e  v e n t r a l  t h e  h y p o -  
c o r a c o id  C c o r a c o id ) .  B e tw e e n  th e s e  tw© p o r t io n s  i s  a n  a r e a  w i t h  a r t i c u l a r  s u r ­
f a c e s  f o r  t h e  b a s a l  c a r t i l a g e s  o f  t h e  p e c t o r a l  f i n .

T h e r e  a r e  n o t a b le  d i f f e r e n c e s  in  t h e  p e c t o r a l  g i r d l e  o f  t h e  t e l e o s t s  o v e r  t h e  
c o n d i t i o n  I n  t h e  c a r t i l a g i n o u s  f i s h e s .  T h e  t e l e o s t s  r e t a i n  t h e  *'p r im a r y 1' g i r d l e  
o f  t h e  e la s m o b r a n c h s ,  t h a t  i s ,  t h e  h y p o c o r a c o id  ( c o r a c o i d )  a n d  h y p e r c o r a c o id  
( s c a p u l a ) ,  w h ic h  a r e  b o th  r e p la c e m e n t  b o n e s ,  b u t  ad d  a  n u m b e r o f  d e rm a l b o n e s  t o  
t h e s e .  T h e  s c a p u la  a n d  c o r a c o id  o f  T e le o s t o m f  m ay o r  m ay n o t  b e  h o m o lo g o u s  w i t h  
s i m i l a r l y  nam es b o n e s  in  o t h e r  v e r t e b r a t e s .  T h e s e  l a t t e r  b o n e s  e v o lv e d  f ro m  m o d i­
f i e d  s c a l e s ,  d e v e lo p  o n  t h e  o u t e r  s u r f a c e  o f  t h e  p r im a r y  g i r d l e  a n d  a r e  c a l l e d  t h e  
s e c o n d a r y  g i r d l e . B e g in n in g  d o r s a l l y  a n d  p a s s in g  v e n t r a l l y  t h e  f o l l o w i n g  b o n e s  
fo rm  e a c h  h a l f  o f  t h e  s e c o n d a r y  p e c t o r a l  g i r d l e :  ( 1 )  T h e  p o s t - t e m p o r a l  u s u a l l y  
p r e s e n t ,  b e in g  a  f o r k e d  b o n e  a r t i c u l a t i n g  w i t h  t h e  e p i o t i c  a n d  • ✓ p i s t h o t i c  o r  
e x o c c i p i t a l  b o n e s  o f  t h e  s k u l l ; ( 2 )  t h e  s u p r a c l e i t h r u m ,  a  b o n e  d o r s a l l y  in  c o n t a c t  
w i t h  t h e  p o s t - t e m p o r a l  an d  v e n t e r a l l y  in  c o n t a c t  w i t h  t h e  ( 3 )  c l e l t h r u m ,  a  b o n e  
l a t e r a l l y  a n d  a n t e r i o r l y  In  c o n t a c t  w i t h  t h e  h y p e r c o r a c o id  a n d  h y p o c o r a c o id ;  In



8.
cyprinolds and ganoids the supraclefthra (post-tampyrei and supraclel thrum) may

•  also connect by Iigaments, which are sometimes ossified, with the first vertebral 
centrum; (h) one or two post-delthre may articulate on the posterior side of the 
cleithrum.

Other bones may also be present In addition to those bones in the pectoral 
girdle of other groups of fishes. A l l  c bond rest ear. s (sturgeons, paddlef Ishes) 
and all known crossopteryglans and lungfIshes have a clavicle which extends from 
the cleithrum to the mid-ventral region where it has a union by a symphysis with 
the clavicle of the opposite side, tn some species the coracoids may expand 
ventrally end unite medially. In sane groups of fishes (salmon, trout) there is 
present a third bone of the primary shoulder girdle, the mesocorasoid. In tele- 
osts the scapula and coracoid are small bones which lie on the Inner side of the 
cleithrum with the scapula dorsal to the coracoid. This primary girdle (cartil­
aginous in origin) In teleosts Is much reduced In most species compered with the 
extent and size of the bones of the secondary girdle.

Notice that the pectoral girdle forms the posterior wall of the gill chamber; 
the anterior face of the cleithrum Is the most prominent bone here.

Sketch and label the bones of the pectoral girdle and fin of the carp and 
trout.

Pectoral fin; Most teleosts have only a few redials (actloosfcs). four is the 
common number but sometimes only 2 or 3, rarely more than 5. 1« t h e  pectoral fin. 
They articulate or even unite with the pectoral girdle near the junction of the 
hypocoracotd (coracoid) and hypercoracoid (scapula). Distally they articulate 
with the dermal fin rays. Usually the first dermal ray articulates directly with 
the hypercoracoid.

Two Cephalic Muscles; A series of bones, t h e  Infraorbitals or clrcumorbltais, 
forms a ring around the anterior ventral and posterior part of the eye. Immediately 
ventral to these Is a large muscle, the adductor msndlbularls, covered by skin. 
Carefully remove this skin and expose the muscle. It is long and large, the largest 
muscle In the head. Its main origin is In the angle of the preopercle. Anteriorly 
ft narrows to a tendon which is inserted on the dorsal arc of the mandible. Care­
fully loosen the circumorbltal bones by cutting some of the skin connecting them.
A muscle that is seen to spread out from the postorbltal region of the skull con­
tinues under these bones, ft Is the levator arcus palatini. Its origin is from 
the external surface of the sphenotlc bone of the cranium (to be studied later) 
and It fills the space Just posterior to the eye. It radiates to Its insertion 
on the autero-lateral face of the hyomandibular.

The Skull, Facial, and Branchial Skeleton; Before proceeding to a dissection 
of the cepKaTTc skeleton, study the plates available In the laboratory on the 
cranium, facial bones and branchial arches of Roccus saxatfI Is. Study also tha 
assembled skulls of Roccus saxatiUs. Except for a few differences, these bones 
In Roccus will be readily recognizable In the carp, in the class Ificatlon and 
study of fishes It Is necessary to transfer what one has learned about one fish to 
a new species that Is taken up for examination. The student should be able to 
transfer his knowledge of the skull, facial, branchial, girdle and all bones 
studied In Roccus to these bones in the carp. Also, the student may be required to

« Identify these bones on other species of fish that may be presented to them. To 
acquaint yourselves with the appearance of fish bones in other groups and species 
of fish, the student should spend some time looking at the places In Gregory, W. K., 
Evolution Emerging, and Gregory, V#. K., Fish Skulls.



Dissection end Study of the 
Weberian Apparatus of the Carp, Cvprlnus carpio

9.

Discussion: In the order of te'.eosteous fishes Ostarlophysi, there is a 
unique modification of the anterior vertebrae called the weberlan apparatus. This 
apparatus, one of the distinctive characters for the order, consists of k ossicles 
in close association with the first four modified vertebrae. They form a series 
on each side of the vertebral column that connect the anterior end of the air-bladder 
and the Internal ears.

The internal ears, each of which consists of three semi-clcular canals, a 
saccuius, and a utrículos, are connected by the endolymphatic sac in the posterior 
part of the cranium. This sac meets the perilymphatic sac medially, which extends 
a short distance posteriorly and then divides, each half leaving the cranium on 
both sides through a lateral foramen. Just anterior to the first vertebra each 
branch of the perilymphatic sac enlarges to form the atrium sinus Imparls, The 
wall of each atrium is partly membranous and Is in part formed by the two cup-shaped 
ossicles, the claustrum and scaphjum. Continuing In the anterior-posterior dir­
ection is the intercalarturn, a thin, forked bone whose two processes rest on the 
second vertebra. An Interosslcular ligament connects this ossicle with the next 
posterior one, the tripus, a much larger trianular bone with a long anterior 
process and a long thin medially curving posterior process, the transformator.
The tripus has a central process that extends Into the second vertebra. This 
process acts as a fulcrum in its articulation on the second vertebra. The trans­
forma tor process of each tripus is imbedded in the tendonous outer layer of the 
anterior portion of the air-bladder. The end of each transformator process is

• attached anteriorly to the ossa suspensoria by a small triangular muscle consist­
ing of unstriated fibres, the tensor trfpodis muscle. The trlpus and Intercal­
ar iura lie in a cavity, the saccus paravertebral Is which is membranous and filled 
with a serai-gelatinous fluid. In the more generalized members of the order this 
sac communicates anteriorly with the atrium sinus imparls, a condition present In 
the carp but a careful dissection Is necessary to show it.

Development of the weberlan apparatus; The neural arches and spines of the 
compound vertebra"""!the fused second the third centra) are formed from the basi- 
dorsais of the second, third, and fourth vertebrae fused with the first three 
Interspinous bones and possibly also the neural spine of the first vertebra.

The transverse processes of the first and second vertebrae are dorsal ribs.
The ossa suspensoria are modified haemapophyses. The claustrum arises as an 
ossification of the connective tissue forming the wail of the atrium sinus imparts. 
The scaphiura arises partly from the basldorsal of the first vertebra and partly 
fitxa an independent mesenchyraatous rudiment. The Intercalar iura is also dual In 
origin, deriving partly from an ossification in the interosslcular ligament and 
partly fro«.the second bas¡dorsal. The tripus arises from three sources, from 
the third bas1dorsal, from an independent mesenchyraatous rudiment and from s small 
ossification In the outer coat of the air-bladder. These conclusions on the 
embryonic origin of the weberlan ossicles and anterior vertebrae are those given 
by Watson (Ruf. 8) for the goldfish. Some of these may be In conflict with the 
findings of earlier workers but these conflicts may be due to the less complete 
observations of the earlier workers.

# Evolution tn weberlan structure: In the suborder SiluroIdea (ratfishes) of 
the order Ostarlophysi. the apparatus is direct, that Is, the Intercalariuni does 
not articulate with the vertebral column and the tripus does not possess a trans­
formator process which reverses the direction of motion of the ossicular chain as 
It does In the suborder Cyprlnoidea where the system Is termed indirect. Since 
the embryonic condition of the weberian chain In the goldfish (Carasslus auratus) 
is so similar to the adult condition in the catfishes, it Is assumed that most 
likely the Indirect cyprirtoid system has evolved from the d i r e c t  s i l u r o i d e a n  s y s t e m .



10.
OUwctt«; for webarlan apparatus: Carefully remove the musculature from the 

anterior and of tKe varteEral column on on* side of the carp. If you damage the 
tecs on one tide, you stttl have the opposite side to dissect after you finish the 
side on «ditch 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 vertebrpf column hoering the apparatus, place In boiling water for a minute or 
twp» remove all flesh from the Vertebrae» glue the ossicles of one side In place 
Oil the vertebrae OOd keep the ossicles from the other side In a small vial. Skatch 
and lfhal tha claanad vertebrae with ossicles In place. Sketch the separated 
OfficlfS fhd label.

Function of webarlan apparatusy Experimental work definitely shows that It Is 
a mechanism ?or tne transmission of vibrations to tha Internal ear. The attach* , 
ment of tho air-bladder to the trfpus Is such ss to make the apparatus a vary sensi­
tive pipi for recaption of rapid v i c t i m s  of small amplitude. It has been shown 
that top secculus end lfgepe In the per of tho Cvprlnldae and jSIluridae a m  especial­
ly adapted to receive soondylbretlons conveyed to It by the weborlan apparatus.
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Cephalic Skeleton

Cephalic Sensory Canal System: The lateral line continues onto the head in 
the fjrra of sensory canals. It passes by means of the posttemporal from the trunk 
onto the head where it becomes a tube enclosed in the dermal bones and gives off 
s"eral branches. This branching takes on 0 rather constant pattern throughout 
.*>st of the groups of the Ostelchthyes. The Chondrichthyes and Osteichthyes agree 
In the patterns these canals take. The canals open by means of pores into the 
surface of the head. The first branch given off upon reaching the head is the 
occipital ur supratemporel canal which runs transversely across the occipital 
region. The next Is the hyomandibular branch which runs down onto the lower Jaw 
as the mandibular ctnal. The main canal continues forward to just behind the eye 
where tt forks to give the suborbital canal which passes below the eye and forward 
to the nasal area, and a dorsal/ branch, the supraorbftel canal which runs forward 
to the nasal region also. Observe what you can of this canal system and sketch. 
Later, after the flesh has been removed, you wilt trace the canals and pores on 
the skull and facial bones.

Tie the carp head in a cloth and place it in boiling water for a few min­
utes. Than remove all the flesh, taking great care not to lose any of the bones. 
Some bones will be quite small and are easily missed, so go slowly. Note v-ftat 
muscles fill what spaces as you dissect, even though we are not studying all the 
muscles* Pay special attention to the removal of the flesh around the pharyngeal 
teeth area. Frequently an extra set of loose pharyngeal teeth are found. Note 
under what circumstances this extra set is present. Note also how oily the flesh 
and bones are. Oil wttl come out of apparently cleaned bones for some time.
Perhaps fish have played a role tn the formation of petroleum deposits.

Bones of the Cranium: The cranium is composed of two types of bones, invest­
ing (or membrane or dermal) bones and cartilage (or replacement) bones. The form­
er type composes the secondary cranium and the latter type the primary cranium (or 
neurocranium or chondrocrantum). The mnnbrane bones of the cranium are the par- 
ietals, frentals, nasals, parasphenoSd, and vomer.

The cartilage bones, formed as ossifications In the chondrocranium, are as 
follows: the basl-occfpital, forming most of the occipital condyle and the poster­
ior region of the basis cranll or skull-floor; the ex-occipltais. which form the 
sides of the foramen magnum and meet above and below It; the supraocclpital forming 
the occipital crest; the bones of the auditory capsule, which may number as many as 
five, but usually only three, which are the prootic the anterior region of the



capsule, quite a large bone, which meets with the prootic from the opposite side 
in the floor of the bralncase, just In front of the basi-occipital; the oplsthetlc 
Is a tiny bone In the posterior part of the capsule external to the ex-cccipital; 
the sphenotlc. above the prootic and beneath the frontal and pterotic; the pterotlc. 
at the postlateral corner of the cranium and with a pointed pterotic process; the 
epiotlc, above the exoccipltal, medial to the pterotic, lateral to the supraoccipftal 
with a small, sharp epiotlc,process; the al»sphenoid, in front of the prootic, be­
neath the sphenotlc and frontal; the orbltosphenoid. bordered by the frontal dorsally 
the al{sphenoid posteriorly, the prefrontal anteriorly, the parasphenoid ventrally.

The Membrane Bores: The mesethmoid is the most anterior of the dorsal bones 
and is pointed and unpaired. The two separate ossifications that form articulat­
ing processes on the anterior part of the mesethmold are the preethmolds. The 
large frentals follow the mesethmold; then the small, *r.t>fradPfo.t ;,.i The para­
sphenoid Is the narrow ventral bone joining the vomer and basl-occlpftal. The 
vomer Is the most anterior ventral bone. The prefrentals are lateral bones placed 
beneath the ethmoid and frentals just posterior to the vomer.

Hold the freshly cleaned cranium up to the light and trace out the sensory 
canals. Determine how their course Is continued on certain of the facial bones. 
Sketch and label.

In the Ostarfophys! the unpaired bas(sphenoid bone is missing. It forms the 
interorbital septum found in other orders of fishes. Is the bas(sphenoid present 
In the Roccus? List which bones Cyprinus and Roccus do not have In common.

Note the vertebral process of the basloccipital and the homy pad fitting onto 
it on which the pharyngeal teeth work; the large optic fenestra above the para­
sphenoid and below the at(sphenoid; the foramen for the trlgemlnls nerve opening 
between the posterior end of the allsphenold and the prootic; the foramina for the 
faalails nerve in the anterior third of the prootic; the large oblong foramen In the 
anterior lateral part of the exoccipltal; the paired for mlna for the perilymphatic 
ducts on the posterior surface of theecocclpltals; the fossa for the hyomandibular 
bone; the canal for the glossopharyngeal nerve at the posterior border of the prootic 
very close to the foramen for the facia! nerve; the frontal process.

Using the pens <«md India Ink in the laboratory, number each cranial bone 
according to the numbers used on the Roccus plates. Sketch and tale! the cranium.

Facial Bones: Identify and number with India Ink the following bones, using 
the Illustrations and demonstrations as aids: the premaxl1 la and maxilla which 
enter Into the gape anf form the upper Jaw; the dentary, the articular which artic­
ulates with the quadrate, the remains of Heckel9s cartilage, and a small bone, the 
angular, which three bones together form the lower jaw; the rostral, a small 
phiange-like bone connecting by ligaments to the premaxlllae and mesethmold; the 
Intermax11lary. a small, disk-iIke bone between the dorsal end of the maxi 1 la and 
the pre-ethmold articulation; the palatine, dorsal to the Intermaxillary, articu­
lating posteriorly with the mesopterygold; along the anterior border of the 
mesopterygoid and the quadrate bones Is the flat pterygoid which overlaps rather 
broadly the quadrate. The quadrate bone articulates with the articular of the 
lower jaw and Is connected by cartilage for most of Its dorsal border with the 
metapterygoid and to u much smaller extent with the mesopterygold. The quadrate 
has a v-shaped cut In Its dorsal edge where the symplectic fits. The symplectic 
runs for a short distance up the posterior border of the metapterygofd. At its 
posterior end the symplectic is connected by cartilage to the hyomandibular, a 
large bone, which extends up to the cranium where It articulates on the sphenotlc 
and prootic bones; the c1rcumorbftaI bones, six In number, beginning anteriorly 
where the first one is known as the lacrymal, and the second one sometimes a s  the



j u g a l .  T h e  d e rm o s p h e n o t  i c  i s  t h e  s i x t h  c i r c u m o r b i t a l . A  s m a l l  b o n e , th e  s u p r a -  
o r b t t a l  a r t i c u l a t e s  o n  t h e  l a t e r a l  b o r d e r  o f  t h e  f r o n t a l .

The operculum consists of the preopercie which articulates on the dorsal sur- 
face of the hyomandlbular, the Interopercie located ventral and r«edial to the 
p r e o p e r c i e ,. the opercie which articulates on the hyomandlbular dorsally, and the 
subopercie ventral and medial to the opercie.iwurr— nn —rfc ii i ■nim— airTiii— trim

Mouth Parts: The protruslble, edentulous mouth of the carp Is similar in its 
s t r u c t u r e  and mechanical operation to that of the sucker but is considerably dif­
f e r e n t  f r o m  that of the trout, $unfish, or of a fish like the striped bass. Each 
o f  the pair.** premaxillary bones has in most tel posts a backward projecting spine 
o n  i t s  anterior, inner surface which works on the mesethmoid. In the carp and 
som e other cyprtnlds and in the suckers the premax11lary spine does not come In 
d i r e c t  contact with the mesethmoid. Instead a ligament connects from the premax­
i l l a r y  spine posteriorly to a median, unpaired bone, the rostral. The rostral 
bone moves from a horizontal position to a vertical position at the head of the 
mesethmoid as the mouth moves from the protruded |k>s itIon to a closed one. The 
base of the rostral is connected by a short ligament to the mesethmoid. The paired 
maxillary bone follows behind the premaxillary and has three processes. The med­
ian dorsal one has a small cartilage piece between it and the underside of the 
iacrymal. The ventral process, articulates laterally to and on the premaxillary. 
The dorsal process of the dentary is connected by a ligament to t e ventral process 
of the maxillary.

Ventral to the anterior end of the palatine and the post-dorsal end of the 
maxillary lies the Intermaxi 1lary bone, ossified in the carp. It is also known 
as the cartilaginous rod. It is locate’-- between the post-dorsal end of the max­
illary and the antero-dorsal surface of the pre-ethmoid on which it articulates.
From the anterior end of the palatine there is a ligament connecting to the dorsal 
end of the maxillary. The palatine has an articulating surface about midway along 
Its length* This articulating surface works on the posterior articulating surface 
with the pre-ethmoid. The palatine also has a process dorsal to Its articulation 
with the pre-ethraold. This process is connected by a short ligament to the edge 
of the mesethmoid. The palatine articulates posteriorly with the mesopterygold. 
This bone has a ligament connecting it to the prefrontal.

The mouth of the carp Is protruded by having the lower jaw depressed by the 
setIon of several muscles. The premaxillae are then protruded because the lower­
ing of the dentary Increases the tension of the ligaments and membranes connecting 
the upper and lower jaws at the angle of the mouth.

The upper jaw of the shark, the palato-quadrate (or palato-pterygo-quadrate)
Is carried over into the bony fishes but In these it is much modified in tha adult. 
It has lost most or ail of its cartilage and has fees tv broken up Into five cartilage 
bones none of which enter into the gape of the mouth though some may bear teeth.
The bones of the primary upper jaw In bony fish are the palatine, pterygoid, meso- 
terygold, quadrate, and metapterygoid. These bones, however, are not referred to 
as forming the upper jaw. Two derma! bones have appeared In bony fish ancestry 
to fora the upper jaw proper, the premax111a and maxilla, in the lower Jaw a 
similar modification has taken place. The primary Jaw consisting of Meckel*s 
cartilage in the embryo practically disappears except for e small rod of cartilage 
end an ossified cartilage, the articular. The angular end dentary are dermal 
bones.



Jaw Suspension: In most modern fishes the upper jaw has no direct connection 
with the brain case except by the hyoraandibuiar. in this type of suspension the 
thrust of the jaws is transmitted from the quadrate to the brain case by way of 
the sympiectic and raetapterygold to the hyomandibutar which relays it to the brain 
case. Such a type of jew suspension is called hyostyiic or holostylic. Elasmo- 
branch fishes have support for the jaws in two ways; in one the hyoraandibuiar arti­
culates with the brain case and in the other the upper jaw also articulates with 
the brain case. This type where the hyomandlbular takes only part of the jaw sup­
port is called amp?» i sty lie. A third type of jaw suspension is that In which the 
hyoraandibuiar takas no part in the support of the jaw. The upper jaw functions 
as the sole support for both jaws. This type is called autostylic and is found in 
the living chhaaeras and lung fishes. Land vertebrates all have an autostylic jaw 
suspension. There are a number of modifications of these three types almost each 
modification being given the name of a new byps but only the three preceding terms 
wli1 be rsed here.

identify end reassemble the bones of the hyoid arch and branchial apparatus.

The hyoid or second arch consists of the hyoraandibuiar. the interhyai. a 
email bone located at Its articulation point in the cartilage between the sympiec­
tic and hyoraandibuiar. andepihyal. a ceratohyal below, and then a small hypohyal. 
The right and left hyoid arches are connected by an unpaired median bone, the 
double baslhyai which supports the base of the tongue. Running forward from on 
top of the baslhyals is the glossohyal which supports the tongue.

Along the posterior border of the epl-and carato-hyals are the attached 
branchlostegal rays. Below the baslhyai Is an unpaired bone, the urohyal.

Next come the four branchial arches decreasing in size posteriorly. The 
dorsal most segment of each arch Is the pharyngobranchlai. then the eplbranchia). 
next the ceratobranchial. and most ventrally the hypobranchial. The hypobranch 
ials from each side are joined by an unpaired bas1branchia1. All bones of the 
hyoid and branchial arches are cartilage bones.

Sketch and label the facial bones, hyoid and branchial arches.

SELECTED ANNOTATED SYNOkVMY OF TELEOST 
SKULL BONES

Angular. A, (e.t. of de Beer, 1937; Deviliers, 19^7; Lekander, 19^9; dermartf- 
cular of Goodrich, 1930), the ectosteal (membranous) component of the compound bone 
known conventionaliy as "articular". Histology (Haines, 1937) and embryology 
(Lekander, 19^9:83) confirm the Invasion of Meckel's cartilage by the angular to the 
partial or total suppression of the true articular, although Berg (19^0: A16) pre­
ferred to retain the old name, "articular."

Articular. AR, ("true articular" of Haines. 1937)» the endochondral and/or 
perichondral (l.e. endosteal) ossification of the penultimate, posterior segment of 
Meckel's cartilage. The angular replaces the articular in the more differentiated 
fishes, but h: is often hard to determine whether one, the other, or both angular 
and articular are present In the compound "articular" (Lekander, 19**9: 83).
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Autopalatine, P,  (e .g . of Goodrich, 1930: 284; Gregory, 1933» Ramaswam1,
® I948: 52^|, the anteriormost bone of the pterygoquadrate arch, as d istinct from 

the sometimes associated dentigerous,membranous component (dermopalatlne).
Autopterotic. PTO, (e .g . of O evillers, 194?: 29; pterotic of Gregory, 1933» 

and of der Beer, 1937)» the cartilage bone component of the "p tero tlc ," In contact 
with the lateral semicircular canal. The autopterotic is called opisthotlc by 
Holmgren and Stensio (1936: 482, 486, 490) and Lekander (1949), who considered it  
to be the homologue of the dorsal haif of the opisthotlc of Polypterus.

Autosphenotlc, SPH, (e .g . of Holmgren and Stensio, 1936: 490, 494; Lekander, 
1949; sphenotic of Gregory, 1933; der Beer, 1937* Remaswawl, 1948), the cartilage 
bone occupying the postorbital (sphenotlc) process, as d istinct from the dermo- 
sphenotic (see below). Without this distinction much confusion has arisen from 
the difference.

Bas 1sphenoid, (e .g . of Gregory, 1933: 89; suprasphenoid of Kindred, 1919:
37 , 73), phylogenetÎ ca1ly a cartilage bone but ossifying ontogenetlcalty without 
cartilage preformation fde Beer, 1937: 129, 140). Lacking In Cyprin{formes 
(Ostariophysi) according to Sagemeh! (1891: 496) and Berg (1940: 442); but accord­
ing to Holmgren and Stensio (1936: 489) present in eyprinolds, the pedicel only 
developing, and often fused to the parasphenold, e .g . in Abram I s . According to 
Kindred (1919) and de Beer (1937), present)also In Aroelurus. Absent in Carassius 
(Koh, 1931» "basiocclp ital") and in hdmalopterlds (Ramaswarn!, 1948: 522).

Coronomeckellan. SA, (e .g . of de Beer, 1937; Lekander, 1949: 80; sesamoid 
a rticu la r of Rfdewood, 1904a; Starks, 1916; Haines, 1937; sesamoid angular of 
Rama swam 1, 1948: 528; 0s He eke 1 i of Berg, 1940: 427 and f ig . 129). Although 
c lassified  by de Beer and Berg as a cartilage bone, Haines (1937) found It  to 
be a detached portion of the teleost angular (as named here), invariably concerning 
the insertion of the fibers of the adductor mandíbulas, but having no necessary 
connection with the perichondrium. Coronomeckelian is preferred here to avoid 
further use of the names a rticu la r and angular, although Ramaswarn!*s name is 
perhaps more apt.

Pentnry, 0, (dental), the largest dermal bone of the mandible, a part of the 
bone complex, dental-splenial-mentomandibular, according to Holmgren and Stensio 
(1936), Pehrson (1944), Lekander (1949). The objection of de Beer (1937: 125) to 
the name dentalo-splenla! is overcome with the demonstration by Lekander (1949: 125) 
that splenlals in cyprinids may arise separately, either fusing later with the dental 
or remaining free. The anterior third of the dentary is typically fused with the 
ossified tip of Heckel's cartilage, known as the mentomeckelian (de Beer, 1937) 
or mentomandibular ossification (Holmgren and Stensio, 1936; Lekander, 1949).

Oermosphenotlc, DSPH, (e .g . of Gregory, 1933: 88; Hoimgren and Stensio, 1936: 
494; O evillers, 1947: 47» TretIakov, 1946; Bar, 1940, f ig s . 58, 72, 92, 98, 111, 
122, e tc .; the trirad iate  "post orbital 2" of Ramaswarni, 1948), the dermal repre­
sentative of the autosphenotlc, bearing part of the suborbital latero-sensory 
canal (sometimes the conjunction of temporal, supra- and suborbital canals), con­
tributing by its  anteroventral corner to the margin of the o rb it , and in its  max­
imum development roofing the lateral temporal fossa. In more active cyprinids, 
dermosphenotIc and adjacent suborbitals tend toward regression and disappearance 
in connection with the protraction of the lateral temporal fossa to accommodate 
a more robust adductor mandlbulae (TretIakov, 1946). The name sphenotfc has been 
used for either or both the demo- and autosphenotlc. The names postfrontal and



intertemporal are wrongly synonymous with dermosphenottc. D a Beer ( 1 9 3 7 :  4 9 8 )  
correctly asserted that the postfrontal never was the dermal representative of the 
sphenotic, since the tetrapod postfrontal was mistakenly horaologlzed with the fish  
'sphenotic' before the distinction between membrane and cartilage bones, so that 
with the d istinction , the membrane bone became wrongly named postfrontal. However, 
he erroneously identified the intertemporal as "the representative of the sphenotic" 
and the postfrontal as "the uppermost bone in the postorbital se rie s ,"  His inter­
temporal can be accepted as an intertemporal, but is not the equivalent of the 
dermosphenotIc! It  is the dermosphenotic which is the uppermost bone of the post­
orbital se ries , whereas the tetrapod postfrontals are represented In fishes by the 
supraorbltals (Gregory, 1933; 88). In Tarpon (Gregory, 1933, f ig . 31), the post­
frontal is contiguous snterodorsally with the dermosphenotic. In the figure of 
Osteolepfs (Goodrich, 1930: 286) alluded to by de Beer (1937: 498), i f  dermosphsno- 
t ic  is read for postfrontal the discrepancy vanishes. In cyprinids (T re tiak iv , 1 9 4 6 ) ,  
the apparent uppermost bone in the suborbital series may be either dermosphenotic 
(SOg), suborbItaI 5 , or suborbital 4 ; In Saimo, a dermosphenotic Is figured by 
Gregory (1951: 201, f ig . 9.330), although Berg (1940: 425) denied its  occurrence 
in the Salmonint. Tret Iakov's dermosphenotic is the same as Gregory's and the 
penultimate bone In TretIakov's series (our SOg) seems to be de Beer's postfrontal, 
the presumption being that the dermosphenotIc was lacking In de Beer's as In Berg's 
specimens of Salmo. That a bone in th is position may upon occasion represent at 
least in part thieposfcfronta1 is shown by the paleoniscold, Coccocephalus (Gregory, 
1951: 179, f ig . 9 . 6 c ) ,  in which the penultimate suborbital and hindmost supraorbi­
ta l se rie s , l .e .  through suppression of the dermosphenotic. In Leptolepis bronni 
(Berg, 1940: 418, and f ig s . H I and 113, after Rryner), two supraorbltals, a 
dermosphenotic, and a supratemporal-intertemporal are present, so that dermospheno- 
t ic  and intertemporal can not be regarded as valid synonyms e ither.

Dermosupraoccipital, DS0C?, the dermocranial covering of the endocranial supra** 
occipital (tectum synotfcum) according to Gregory (1933: 89), who does not equate it 
with the extrascapulars. Goodrich (1930: 283) is less explicit, as to its use: 
"postparietal (dermosupraoccipital) which with (sic) the tabulars may form a trans­
verse row of bones sometimes called supratemporalsBerg (1940, figs. 66 and 68) 
used the names postparietal and dermosupraoccipital Interchangeably for superficial 
bones of the occiplto-parletal region apart from the extraxcapulars (tabulars) and 
not enclosing the transverse occipital lateral line canal.

E, the bone ossifying In and around the nasal septum. The name mese- 
thmoId should be rejected because of Implications of homology with the mammalian 
mesethmold (Gregory, 1933: 88; de Beer, 1937: 442), and because of its application 
to a dorsally contiguous dermal element (e.g. by Starks, 1926).

Extrascapular, PP, one of a series of fro«» two to eight bones of the teleost 
s k u ll, known variously as ce rv ica ls , extrascapulars, nuchal la , postparlatals, 
scale bones, supratemporals, or tabulars (c f . review by Tret Iakov, 1945:52). Their 
relations to adjacent bones are diverse and their homologies are not well established. 
The logical name (supratempora!) of each element of the series Is preempted by its  
application to the dermal (tube bone) representative of the autopterot1c , as Tretyakov 
notes In perferring the name tabular. He Identifies them by their connection with 
the supratempore 1 commissure {transverse o&clpita! tatero-sensory canal)» and fnrers 
from their frequently reduced number mutual fusion or growth to subjacent bones. 
According to him the lateral extrascapular (tabular) retains Sts independence more 
often than the others, and may be recognized t>y the conjunction within I t  of temporal 
(postorbttal),  supratemporal, and posttemporal canals. In cyprinids, the lateral 
extrascapular has often been called the postparietal, but de Beer (1937) applied the 
name postparietal In a less restricted sense to the several members of the se ries ,



and postpsrletal seems also to be the synonym of dermosupraoccI p l ta I (see above).
The names most frequently and unequivocally employed are extrascapular and tabular. 
Host commonly, there are two such bones on either side of the skut1, a mesial (or 
median) extrascapular (middle tabular«, and s lateral extrascapular (la te ra l tab­
u la r) , such a condition occurring widely, e. g. In Accntrophorus. CNanos and Cyprinus. 
Among cyprinids, Tret Iakov found tube bones free and separate, mutually fused, or 
fused with parlets Is or adjacent bones. Ontogenetic studies (Devi H ers , 19%7: 311 
Lekander, 19%9: 87) show, froreover, that the extrascapulars often arise ab in it io  
as discrete e n tit ie s , only later fusing with other bones. Thus the old dilemma” "
(c ? . A l l i s ,  198%: %37; de Beer, 1937: %95, 506, 513) concerning the homologies of 
the components of the "parieto-extra-seapular" is resolved.

Intertemporal. (see suprateraporal-Intertemporal).
Jugal. may be represented by suborbital 2 (SO2) according to Gregory (1933: 88) 

and de Beer (1937: 12%). An anatomical criterion is the attachment to the mesial 
surface of the bone, in conjunction with a ligament from the hyomandibular, of the 
H. adductor maxi H a r is , a division of the M. adductor mandibulae (Chabanaud,
19%5: 570).

Lachrymal (lachrim al, lacrim al, iacrymai, preorbital, SO}), L , usually the 
foremost bone in the suborbital series in te leosts, and the homologue of the lach­
rymal of Chelrolepls and of tetrapods, but not of the antorbital of Amia (Gregory, 
1933: 89, 93). The” foremost bone In this series in Salmo Is called lachrymal- 
antorbital by Holmgren and Stenslo (1936: %9%), but Deviliers (19%7: 11) objected 
to th is , asserting that I t  has none of the characteristics of the latter element.
On the other hand, Lekander (19%9) used the name antorbital for the bone In cyprinids 
called lachrymal here and by Devlllers. Among homalopterids, Ramaswarol (;S%8) 
^described a lachrymal-jugsI present simultaneously with an antorbital.

Lateral ethmoid, LE, (parethmold, ectethmoid, erroneously called prefrontal), 
the bone arising on each side in relation to the cartilage of the lamina orbitona­
sal is ,  according to de Beer (1937: M /).» who reserved the name extethmold for the 
ossification at the same locus independently evolved In birds. Berg (I9%0: %%6) 
mistakenly equated the prefrontal (membrane bone) and lateral ethmoid (cartilage 
bone).

MembranopterotIc. (see under supratemporaI-Intertemporal). 
MentomcckelIan (mentomandibular), M, (see under dentary).
Opisthotic (In te rca la ry ), OPtS, phytogenet I calty a cartilage bone, often a ll 

that remains of ft being an ossified ligamentous extension completely excluded from 
the auditory capsule according to de Beer (1937: 130), who accepted the Interpreta­
tion of Sagemehi (1891: 558), who described th is condition among cyprinoids, 
Holmgren, Stensto, and Lekander applied to it  the name intercalary, but reserved the 
name opisthotic for the autopterotlc as named here (see under autopterot1c ) . ®erg 
(19%0 ) used the names opisthotic and intercalary both as synonyms (pp. 4159 %3%) and 
not as synonyms (pp. %12, %1%).

Parasphenold, PS, homologue of the mammalian vomer (Gregory, 1933: 89)» 

Postfrontal, (see under dermosphenotlc).
PTT, the bon© articu lating with the ep iotlc , suspending the 

pectoral g ird le , and traversed by the posttemporal lateral line canal. De Bear 
(1937: 125) called such a bone "suprascapular (supraclel thrum in Salmo,"post- 
temporal11 in Amelurus (p. 139), and "posttemporal (supracleithrum)" In Amfa



¡8,
( p .  1 0 5 ) .  T h i s  c o n f u s io n  s t e m s  p e r h a p s  f r o m  t h e  n o m e n c la t u r e  o f  H a !  l e r  C 1 9 0 5 )*  In  
w h ic h  t h e  u p p e r  o f  t h e  tw o  b o n e s  t r a v e r s e d  b y  t h e  p o s t t e m p o r a l  c a n a l  w a s  called t h e  
s e c o n d  s u p r a c l e f t h r u m ,  a n d  t h e  l o w e r ,  t h e  f i r s t  s u p r a c l e i  t h r u m . H a l l e r ' s  f i r s t  
s u p r a c l e i  th ru m  a r t i c u l a t e s  w i t h  t h e  d e l  th ru m  a n d  s h o u ld  b e  c a l l e d  s im p ly  t h e  s u p ra -*  
c l e i t h r u m ;  h i s  s e c o n d  s u p r a c l e i t h r u m  I s  know n t o  m o s t  a u t h o r s  a s  t h e  p o s t t e m p o r a l , 
a s  nam ed h e r e .

P r e e t h m o ld ,  P E ,  ( ® .g .  o f  S t a r k s ,  1 9 2 6 ; a n d  c f .  R a m a sw a ra f,  1 9 4 8 : 5 1 6 ) ,  the bone 
c a l l e d  s e p t o m a x l l l a r y  b y  S a g e m e h l ( 1 8 9 1 )  b u t  re n a m e d  b y  S w in n e r t o n  ( 1 9 0 2 :  5 3 0 )  in 
v ie w  o f  t h e  d u b io u s  h o m o lo g y  o f  t h e s e  b o n e s  w i t h  t h e  t e t r a p o d  s e p t o m a x i l l a r i e s .

P r e f r o n t a l ,  PF, t h e  m em b ran e  b o n e  e x t e n d in g  l a t e r a d  f r o m  t h e  la m in a  o r b :tons*- 
c a r t i l a g i n o u s  p r e c u r s o r  o f  t h e  l a t e r a l  e t h m o id )  o f  e a c h  s i d e ,  a n d  which I n  

t e l e o s t s  m ay b e  a b s e n t ,  s e p a r a t e ,  f u s e d  f ro m  t h e  b e g in n in g  w i t h ,  o r  d e v e lo p e d  as 
a n  e x t e n s i o n  o f ,  t h e  l a t e r a l  e th m o id  (d e  B e r r ,  1 9 3 7 : 5 0 0 ) .

P re v o m e r ,  PV, t h e  h o m o lo g u e  o f  t h e  p a r a s p h e n o id  r a t h e r  b e in g  t h e  t e le e s f c e a n  
h o m o io g u e  o f  t h e  mammal t a n  v o t » a r .

F t e r o s p h e n o id  ( p l e u r o s p h e n o i d ) ,  P T S ,  f o r  t h e  s o - c a l l e d  " a l I s p h e n o i d "  o f  teleosts 
( c f .  G r e g o r y ,  1933: 9 8 ) .  W it h  t h e  r e c o g n i t i o n  o f  t h e  n o n - h o m o lo g y  o f  t h e  m a m m a lia n  
a l « s p h e n o id  w i t h  t h e  6' a l l s p h e n o i d s "  o f  e i t h e r  t e l e o s t s  o r  b i r d s  a n d  r e p t i l e s ,  t h e  
r e p t i l i a n  " a l i s p h e n o i d "  b e cam e  know n a s  t h e  p le u r o s p h e n o id .  De B e e r  a t  f i r s t  ( 1 9 2 6 , :  
366)  u s e d  t h e  nam e p t e r o s p h e n o id  f o r  t h e  t e i e o s t  " a l i s p h e n o i d "  p r e s u m a b ly  a g r e e in g  
w i t h  G o o d r ic h  ( I f 3 .0 : 3 8 0 )  t h a t  t h e  f i s h  t o n e  w a s  n o t  t h e  e x a c t  h o m o lo g u e  o f  t h a t  o f  
b i r d s  a n d  r e p t i l e s ,  h a t e r  ( 1 9 3 7 :  4 3 9 )  h e  r e v e r t e d  i n e x p l i c a b l y  t o  t h e  u s e  o f  p la u r o »  
s p h e n o id  f o r  t h e  f i s h  b o n e  m e r e l y  w i t h  t h e  s t a t e m e n t  t h a t  " t h e  b o n e  I n  q u e s t io n  In  
t h e s e  fo r m s  h a s  o c c a s i o n a l l y  b e e n  know n a s  t h e  p t e r o s p h e n o id  p e n d in g  t h e  d e m o n s t r a ­
t i o n  o f  i t s  h o m o lo g y  w i t h  t h e  p l e u r o s p h e n o i d . "  U n f o r t u n a t e l y  t h e  nam e a l i s p h e n o i d  
i s  s t i l l  o f t e n  a p p l i e d  t o  t h i s  b o n e  i n  f i s h e s .

R e t r o a r t i c u l a r ,  R A , ( e . g .  o f  B o k e r ,  1 9 ? 3 :  3 8 7 ;  H a i n e s ,  1 9 3 7 »  d e  B e e r ,  1 9 3 ? :
1 2 8 ;  R am asw am i I f M ;  d e r m a r t i c u l a r  o f  H o lm g re n  a n d  S t e n s f o ,  1 9 3 6 : 43© a n d  f i g ,  3 7 3 ;  
d e r m a r t i c u l a r  p l u s  r e t r o a r t i c u l a r ?  o f  L e k a n d e r ,  1 9 4 9 ) ,  t h e  t o n e  c o n v e n t i o n a l l y  
know n a s  t h e  a n g u l a r .  T h e  r e t r o a r t l c u l a r  I s  a  m ix e d  o s s i f i c a t i o n ,  w i t h  a  core of 
e n d o c h o n d r a l  b o n e  fo rm e d  In  t h e  u l t i m a t e ,  p o s t e r i o r  s e g m e n t  ( r e t r o a r t i c u l a r  process) 
o f  M e c k e l ' s  c a r t i l a g e  o v e r l a i n  b y  d e rm a l b o n e  ( t h e  l a t t e r  p r o b a b ly  t h e  equivalent 
o f  L e k a n d e r *$  d e r m a r t i c u l a r ) .

" R o s t r a l , "  R0, ( e . g .  o f  S a g e m e h l ,  1 8 8 4 ; S t a r k s ,  1 9 2 6 ; s u p r a e t h m o ld  of Koh, 1931; 
p r e e th m o ld  o f  E d w a r d s ,  1 9 2 6 ) ,  t h e  s e s a m o id  b o n e  t y p i c a l  o f  c y p r t n o id s  a n d  in v o lv e d  
in  t h e  m e c h a n is m  f o r  t h e  p r o t r u s i o n  o f  t h e  p r e m a x i  1 l a r t e s  ( c f .  G r e g o r y ,  1 9 3 3 : ? S 5 ;  
E a s t o n ,  1 9 3 5 ) .  A l l  name» s o  f a r  u s e d  f o r  t h i s  b o n e  a r e  p re e m p te d  b y  t h e i r  app!ica- 
t I o n s  t o  o t h e r  b o n e s .  T h e  nam e " k in e t h m o ld "  ( G r .  k f n e i n ,  t o  m o v e , p l u s  e t h m o id )  I s  
t h e r e f o r e  p ro p o s e d  h e r e  f o r  t h e  c y p r l r t o t d  " r o s t r a l ” "  a  m o v a b le  b o n e  o f  t h e  ethmoid 
r e g i o n .

S q u a m o s a1 ,  t h e  nam e u s e d  b y  S a g e m e h l ( 1 8 9 1 :  5 0 6 )  f o r  t h e  " p t e r o t i c "  complex of 
c y p r t n o i d s ,  a n d  u n f o r t u n a t e l y  s t i l l  a p p l i e d  o c c a s i o n a l l y  t o  t h e  t e i e o s t  skull . a l t h 2  
a l t h o u g h  W e s t o i l  ( 1 9 3 7 )  a n d  o t h e r s  h a v e  sh o w n  t h a t  t h e  t r u e  s q u a m o s a !  I s  absent 
f r o m  t h e  A c t l n o p t e r y g la n  s k u l l ,  h a v in g  d is a p p e a r e d  w i t h  t h e  r e t i r e m e n t  of the jugal 
c a n a l  f r o m  t h e  s t a t u s  o f  l a t e r a l - l i n e  c a n a l  t o  t h a t  o f  p i t  l i n e .

S u b o r b f t a l » S 0 ,  ( e . g .  o f  G r e g o r y ,  1 9 3 3 ; d e  B e e r ,  1 9 3 7 ; R a ra a sw a m i,  1 9 4 3 ; infra­
o r b i t a l  o f  H o lm g re n  a n d  S t e n s l o ,  1 9 3 6 ; M o y -T h o m a s ,  1 9 3 8 : 3 0 ? ;  L e k a n d e r ,  1 9 4 9 ;

D e v i l l e r s ,  1 9 4 7 ) ,  a n y  o n e  o f  t h e  s e r i e s  o f  b o n e s  ( l a c h r y m a l ,  j u g a l ,  p o s t o r b ! t e l ,



dermosphertotlc, etc.) associated w i t h  t h e  s u b o r b  I t a l  ( I n f r a o r b i t a l )  l a t e r a l - !  m e  
canal, Among teleosts, the most usual number in  t h i s  s e r i e s  I s  six bones, although 
departures from this number, e v e n  w i t h i n  t h e  sam e  f i s h ,  r e n d e r  h o m o lo g iz a tion of 
Individual bones uncertain.

S u p r a c l e lthrum, 3CL, ( s e e  u n d e r  p o s t t e m p o r a l ) .

S u p r a e t h s t o f d ,  SE, ( e . g .  o f  d e  B e e r ,  1937»  R a ra a sw a m f, 1 9 4 8 ; d e rm a l e t h m o id ,  
d e m e t h m o f d ,  d e rm a ! m e s e th m o id , m e s e th m o id  o f  v a r i o u s  a u t h o r s ) .  B e r g  ( 1 9 4 0 ,  f i g .  
127) r e t a i n e d  t h e  nam e m e s e th m o id  f o r  t h e  d e r m a l e t h m o id ,  a n d  u s e d  h y p e th m o ld  for 
t h e  ‘ ' u n p a i r e d  b o n e  b e lo w  th e  d e rm a l ro e s e th m o fd "  ( p .  4 2 5 ) ,  b u t  t h e  m e s e th m o id  
s h o u ld  only b a  a p p l i e d  t o  t h e  m a m m a lia n  s k u l l  ( s e e  u n d e r  e t h m o id ) ,  a n d  h y p e t t e o id  
appears to b e  a  synonym f o r  e th m o id  a s  d e f in e d  a b o v e .

Supraorbital, S P O , one o f  t h e  o n e  o r  m o re  b o n e s  a lo n g  t h e  u p p e r  m a r g in  of the 
te l eost’'orbtt7™no t  t r a v e r s e d  b y  a  l a t e r o s e n s o r y  c a n a l ,  a n d  a c c o r d in g  t o  Gregory 
( 1 9 3 3 :  88) including the p o s t f r o n t a l .  T h e  c o n f u s io n  o f  p o s t f r o n t a l  a n d  defmespha-* 
notic becomes understandable f r o m  a n  e x a m in a t io n  o f  s u c h  s k u l l s  a s  t h o s e  of 
She!rotepIs and Coscocephalus (Berg, 1 9 4 0 , f i g .  5 2 ;  G r e g o r y ,  1 9 5 1 , f i g .  9-6), In 
which t h e h l h d m o s t  s u p r a o r b i t a l  ( p o s t f r o n t a l )  se e m s  t o  b e  c o n f l u e n t  in  th®  one 
case with the uppermost b o n e  o f  t h e  s u b o r b i t a l  s e r i e s  ( d e r m o s p h e n o t ic )  a n d  in  
the other, with the b o n e  j u s t  b e n e a t h  t h e  d e r m o s p h e n o t Ic .  S u p r e o r b l t a l s  apparently 
only thus come to acquire r e l a t i o n s h i p s  w i t h  t h e  l a t e r o s e n s o r y  s y s t e m .

Stterapraopsrcu1ar, (e.g. of Allis, 1910: 152; Holmgren and Stenslo, 1936: 495; 
Ber, TfioTTlJ, '413,^23, 428, fig. 146, "s. pr. op.'*; Tretiakov, 1945; Devillers, 
1947; IS, 36, 38; Lekander, 1943: 69» 102; supreopercular of Bruch, 1861: 12; supra- 
temporal of Parker, 1873: 99» "subtemporal or supraopercular" of Rldewood,, 1904b:. 
subtemporal of Kindred, 1319: 94; and of de Beer, 1937: 125; "subtemporal" of 
Gregory, 1933: 186, supratemporal, p. 165, "sbtm," fig. 59)• The name suprapreo- 
percuter Is applied to any of from one to several «j«ally small tube bones conduct­
ing the dorsal extension of the preopercular laterosensory canal across the gap 
between the preopercular bone and th© supratemporal canal above. These bones are 
considered to represent vestiges of the upper half of the bipartite preopercular 
• (suprapreopercular plus Infrapr©opercular) of, e.g., Paleoalscolds, BobasatranlIdas 
Pycs^SdontTforces, Phracto1aemoIdeS and €Hanoida5 (Stenslo, 1932, 1947: 184; 
Tretiakov, 1945: 49), the infrapreopercular being represented by the preopercular 
as usually understood. Among salmon©ids and cyprinolds, suprapreopercular©i@me?»is 
tend to be absent or vestigial, and when present In cyprlnlds, exist as free.tuba 
bones or (say fuse with the anterodorsai corner of the opwreulum the latter conditle 
being,peculiar to cyprlnlds, according to Tretiakov. The skull of Hot em1goriw&i c.■ 
crfsoteUcas has such an opercular, and the same condition Is recorded for a few 
other cyprlnlds (Allis, 1904: 437, fig. 17; Devtilers, 1344; Tretiakov, 1945).

Supra tmpora 1«-1 n t e r  tempera 1B S T ,  ( e . g .  o f  H o lm g re n  a n d  S t e n s l o ,  1936 : 490,. 
Berg, - IsPsO: 'figs. 92, 97» 111. B a m f o r d ,  1 9 4 1 ; Devi t i e r s ,  1 9 4 ? ;  2 9 ;  L e k a n d e r ,  1949; 
69, 71, 85, 103; suprateftiporai a n d / o r  i n t e r t e m p o r a l  o f  d e  B e e r ,  1 9 3 7 : 1 3 2 ,  139; 
"pterotlc" or supratemporal of G r e g o r y ,  1 9 3 3 : 9 2 ;  s q u a m o s a l In  p a r t  o f  Kindred, 
1919; In part, the demosquamosat o f  o t h e r  a u t h o r s ) ,  in  c y p r l n l d s ,  t h e  pterotlc 
complex or pterotlcum (squanossl of o l d e r  a u t h o r s ) ,  i n  a d d i t i o n  t o  t h e  cartilage« 
preforawad autosphenotlc (as nssaed h e r e ) ,  c o n s i s t s  a c c o r d in g  t o  D e v i  t i e r s  and 
tekander of (!) a flat membranous b o n e  (m e m b r a n o p t e r o t lc  o r  d e r m o p t e r o t i c ), which 
may be fused from the beo I n n in g  w i t h  t h e  a u t o p t e r o t l c  o r  may fuse to I t  later; and 
(2) several tubular etna! bones ( o n e  o r  tw o  I n t e r t e m p o r a l s  a n d  o n e  supratemporal), 
which either remain free or f u s e  w i t h  t h e  m e m b r a n o p t e r o t I c .  T h e  exto s teal complex 
might thus be called a s u p r a t e m p o r a l« In t e r t e m p o r a l - m e m b r a n o p t e r o t ? c  b u t  is
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advantage such a name Was In pointing out developmental origins and possible phylo* 
genetic descent Is more than nullified by the loss of brevity. Some writers forget 
that a name Is merely a not a description.

There are several systems and variations of terminology in current use for 
the various parts of the laterosensory system of the head In fishes. Many of these 
systems were derived irrespective of the associated bony of nervous structures, and 
often the limits of the various named portions of the continuous canals of the head 
have been treated very subjectively. For exarople, the Infraorbital canal In the 
Cyprlnidae was described by Illicit (1956. p. 209) as extending posteriorly along the 
side of the head to the supratampers! canal. Robins and Hiller (1957. PP- 216*217) 
more correctly described this canal as the lateral canal of the head. They defined 
this as that portion of the laterosensory canal between the attachment of the gill 
membrane forward to the orbit.

It« general, the terminology employed here follows that utilized by Allis (I8i5 
and 1904), IIlick (1956) and Robins and Hiller (1957). However, in order to main­
tain a nomenclature more consistent with the osterologicai description, I have 
chosen to define the extent of the various canals in relation to the bones and thus 
have slightly modified the system. It would probably be more logical to attempt to 
define the limits of these canals by their Innervation. However, the following 
designations work well for members of the Characidae. See Figure 9 for diagram of 
head canals.

The supraorbital canal Is that portion of the laterosensory canal within or In 
relation to the dorsal surface of the frontal bone. In charactds it has an epiphyseal 
branch over the epiphyseal bar and a posterior branch which extends posteriorly 
end Is continuous with the par'eta1 canat that lies within the parietal bone. A 
nasal laterosensory canal lies within the nasal bone and above the nasal capsule.
The infraorbital canal lies within or over the six Infraorbital bones and rarely 
over or partially within the adnasai bone. The lateral canal of the head, here 
called the dermopterotlc canal, lies within the dermal portion of the pterotic bone. 
The supratamporal canal ties within the posterior portion of the parietal bone.
The Y-shaped extrascapular canal lies within or over the bone of the seme name and 
the posttempora! canal passes through the posttemporal bone. The supracle? thra5 
canal lies within the supracle!thrum and the Jpreopercular-roandlbular canal extends 
from the dermopterotlc canal across the suprapreopercular region and downward into 
the suprapreopercular portion of the preopercuium. It continues Into the preoper­
culum, across the mandibularguadrete Joint into the ventrolateral border of the 
dentary almost to the symphysis of the lower jaw.

It should be pointed out that the branches of the main laterosensory canals 
on the headoof Brycon meekl are far more extensive than the bony distribution here 
given. I Also, as the size of the specimen increases, the branches of the canals 
that overlie ;the bones of the head become more complex and extensive.

(From: We!tzm$&, $• 1962. Stanford Ichthyol ♦ Bull. 8 (1)).
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•
2.

vomer (d) 30. dentary (d)

metaathmold (end preethmoid) (d) 31. maxillary (d)

3. prefrontal« (d) 32. premaxillary (d)

4. frontal« (d) 33. interhye! (c)

5. «phenotlc (c) 31». eplhyal (c)

6. parietal (d) 35. ceratohyai (c)

7. aptotic (c) 36. baslhyal (c)

8. supraoccfpltal (c) 37. gloesohyet (c)

9. pterotlc (c) 38. urohyal (c)

to. opisthotlc (c) 39. branchiostegal (d)

i n exoeclpital (e) 40. bas(branchial (c)

12. b®sfoccipital (c) 41. hypobranchial (e)

13. parasphenoid (c and d) 42. certobranchlal (c)

0 4 . bestsphenoid (c) 43. epibranchial (c)

15. prootic (e) 49. preorbltal (d)

16. allfphenotd (c) 50. suborbital (d)

17. hyomandlbular (e) 51. nasal (d)

18. cyflsplectlc (c) 52. supratemporal (d)

19. quadrate (c) 53. posttemporal Cd)

20. pterygoid (c) 54. supraelei thrum (d)

21. palatine (e and d) 55. clei thrum (d)

22. mesopterygoid (d) 56. postclelthrum (d)

23. metapterygoid (c) 57. hypercoracoid (scapula) (c)

24. preopcrcla (d) 58. hypocorecoid (coracoid) (c)

25. Opercle (d) 59. mesocoracoid (c)

26. subopercle (d) 60. actInosts (c)

# 7 - Interopercle (d) *  d ■ dermal

28.

29.

articular (c) 

angular <d)

c «* cart i lag 1 n«is '

Numbering System from Jordan and 
modified by D.N. Seegrtst.
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SECriOM ti
SYSTEMATIC ARRAMGEHENT OF FISHES

Systematic» performs two major tasks: The definition, description and naming 
of animals and plants and organisation of the various kinds into a logical system of 
classification, it Is constructed on the fundamental fields of ecology, genetics, 
morphology, and physiology. Systematic» as practicad today is far different from 
that of the !9th century whan almost the entire emphasis was on the description of 
new species of plant# and animals as a static or fixed concept. The “new systemstics" 
of Huxley (1940) abandons completely the Idea of fixity of species and instead of a 
morphological basis, a broad biological definition Is used to cover all Internal and 
external factors which may account for differences. The "population" or a "series" 
are the units with Which modern systematist deal».For a better understanding of 
modem systematica, students era referred to Hurley (1949), Mayr (1963), Dobzhansky 
(1951)» Mayr, tinsley, and Uslnger (1953) and Simpson (1961).

It should be stated here that the taxonomy of fishes Is still in a primitive 
state as apparently no two Ichthyologists can agree on a single system of classi­
fication. While upwards of 40,000 species of fishes have been described, many of 
these are but poorly known and often the descriptions have been based on single 
specimens. Often, too, many of them have been described two or more times by dif­
ferent workers under different names. This has caused endless confusion by erect­
ing an enormous number of synonyms.

PHYLUM CHORDATA

Characters: Animals with an internal skeleton, including at some point in 
their life history a dorsal supporting notochord, gill clefts, and dorsal, tubular 
nerve cord. These features are all formed in the early embryo and they may per­
sist or be altered or disappear In the adult stage.

CLASS ASHATHA

Characters: The Agnafha includes both armored fossil form which were widely 
distributed In Europe and America In the Silurian. There Is only one living subclass, 
the Cyclestorn?. In this group the body is eel-shaped and lacks scales. The notochord 
is persistent and the skeleton is cartilaginous and ribless. Paired fins and limb 
girdles are absent. There are no jaws and the mouth is surrounded by a sucking disk. 
The absence of jaws and fins is regarded as a primitive feature of Cyclostomes. How­
ever, the absence of a bony skeleton Is a degenerate character since the ostracederas 
were covered by a bony armor and some had a welI-developed interna) bony skeleton.

ORDER PETR0MVZQMT t FORMES

FAMILY PETRGMY20NIDAE (lampreys) (Gr. petra, rock; myzo, to suck)

Characters: Lampreys have a single median nostril which does not communicate 
with the pharynx. There are seven pairs of spherical gill pouches. Each pouch is 
connected by a narrow opening to the exterior and opens internally to a common bran­
chial basket. The circular mouth is surrounded by horny teeth, the number and 
arrangement of which Is characteristic for the species. The tongue Is also fitted 
;lth horny teeth. Usually two dorsal fins are present. The vertebral column is 
bpresented by a notochord and rudimentary cartilag{nous neural arches.

Ecology: Adults of some lampreys, such as the local Pacific lamprey, E n t o s p h e n u s  
fcrlrfentatus. are parasitic on fish. They attach to the sides or ventral s u r f a c e s  6 ?  
f i s h  by means of the sucking disk, rasp on o p e n in g  In t h e  f l e s h  w i t h  t h e  t o n g u e ,  e n d
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suck the body fluids. A well-developed musculature which constricts and expands the 
ill! pouches serves to circulate water over the gills when the mouth Is attached to 
rhe prey. Recovery of living fish bearing lamprey scars shows that such attacks are 
not always fatal. The lamprey, Patromyzon roarInus. has become a serious economic pest 
In the Great Lakes because of its attacks on lake trout. Other species, such as the 
brook lamprey, tamper.ra planer!, possess a degenerate alimentary tract and do not feed 
after becoming adults. Adult 'lampreys spawn In streams where they excavate stones to 
fora a shallow nest. During the spawning act the female attaches by means of the 
mouth to a stone and the mate attaches to the head of the female. All lampreys die 
shortly after spawning. Tho eggs are numerous and small, approximately 1 mm in 
diameter. Larval lampreys (amraocoetes) possess rudimentary eyes, an ora) hood, a 
single dorsal fin, and tack teeth. Ammocoetes bury themselves in mud and feed on 
small particles of organic debris. After several years In this stage, metamorphosis 
occurs. Theeyes become functional. teeth appear, and the oral hood Is lost.

Pacific lampreys are anadromous. On their spavining migrations they can often 
be seen by the thousands attached to rocks and waifs of falls or dams over which 
they work their way by the aid of their sucktorial mouths. Their only commercial 
value is for reduction fntB meal and each year large numbers are trapped'for that 
purpose.

Distribution: freshwater and anadromous. Temperate parts of both hemispheres.

Ü

References: Parker and Haswel1, Textbook of zoology, Vol. Il, pp. 119-139.
Hydrostatics of the suctions! mouth of the lamprey. University 

of Calif., Publ. Zoo!., tot. 37, No. 2.

CLASS CHONDRICHTKYES (sharks, rays, and ehimaeras) 
fir, chondros, cartilage: Ichthys, fish)

Characters: These primitive fishes are distinguished by a cartilaginous 
skeleton In which the notochord Is partially replaced by centra. The placoid scales 
are derived from epidermis. The teeth, which are modified scales, have an enamel- 
tike covering and are attached to the jaw only by fibrous connective tissue. The 
mouth consists of true jaws, modified from the first visceral arch, and is ventral 
in position. The tail, except In the ehimaeras, is heterocercal. Cartilaginous 
fishes resemble the class of true bony fishes In having jaws, paired nasal organs, 
gill arches, and paired fins. They differ from the bony fishes In lacking an air 
bladder, pyloric caecae, a true operculum and a double nostril.

Ecology: The chondrfchthyes are the most primitive of the fishes, remnants of 
vast groups which once dominated ancient seas. The spiral valve of the intestine, which 
Increases absorptive area, is best developed in this group, although it is also present 
in lampreys, sturgeons, bowflns, gars, and lungftsh. Primitively this consists of an 
outgrowth of a flap of mucous membrane along the dorsal margin of the alimentary canal. 
In modern forms this flap is coiled many times upon itself to produce a complicated, 
highly-veriabie structure.

Fertilization in at) living forms is internal. Adult males can be recognized by 
the myxopterygla or ciaspers, modifications of the Inner margins of the pelvic fins. 
Embryo development is oviparous, ovovivlparous, or viviparous. In oviparous forms, 
for example the skates and ratfish, the eggs develop externally after being laid in 

rny cases. These cases are spindle-shaped or rectangular end often bear tendrils 
at the comers which attach them to weeds or stones, in ovovivlparous forms the 
eggs develop within the body of the mother, but the embryos are not connected directly 
with the body of the mother. The large egg yolk provides food. In viviparous forms, 
the young are connected to the mother by a placenta-like structure through which they 
draw nourishment. Due to the Increased protection afforded by internal development,
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fecundities In this group are low and If a population is reduced by fishing or for 
any other reason, a long timo Is required for them to build back to former levels.

SUBCLASS EIASMQ8RAHCHII 
ORDER SQUAUFORHES (sharks)

Characters; Sharks have a body which Is elongate and round In cross-section and 
5-7 sfít-líke lateral gill openings. The margin of the eyeball Is free from the skin 
for some distance ell the way around (on the rays the upper margin Is adnate to the 
skin). The caudal is heterocereel. A cloaca Is present. A spiracle (vestfgal gill 
slit) is usually present. The pectoral fins have ?wrow bases and ere not attached 
to the head enteriorally or to the pelvic fins posterioraIly, as In the rays. In 
sharks, as wall as rays and most bony fish, the jaw suspension Is hyostyllc. The jaw 
structure here has no direct connection with the bralncase and the jaw joint Is braced 
entirely by the hyoraandibular. Sharks are a difficult taxonomic group due to the 
relatively few external features on which distinction may be based.

Ecology; Host sharks live along coasts In relatively shallow water, although 
some forms are found at very great depths and in the open ocean. They ere primarily 
scavengers, the sense of smell being especially well developed. Vision Is not e - 
pedal ly keen, except In the pelagic forms. Tita largest fish is found among this 
group. It Is the «díale shark, Rhlneodon typus, «ditch reaches a length of 70 feet.
Shark fins are used by the Chinese In cooking. Shagreen, used for polishing, is 
the skin of those species with small, close-set denticles. The vitamin-rich liver 
oil previously supported a commercial fishery for two Pacific Coast species, the 
soupffn shark (Caleorhlnus zyopterus) end the dogfish (Sguaius suckleyQbut the manu­
facture of synthetic vitamins has largely replaced marine sources.

Distribution: Marine, cosmopolitan. A few species occasionally enter fresh 
water and Carcharhlmis has become landlocked in a freshwater lake, Lake nicaragua.
The greatest number of species occur In tropical and subtropical waters.

Common California Families: Heterodontldae (bullhead sharks), Scyllorhinldae 
(cat sharks), Trlakldae (smoothhounds), Carcharhlnidae (blue sharks), Sphyrinldae 
(hammerhead sharks), Squalldae (dogfishes), and Squatlnldae (angel sharks).

ORDER RAJIFORMES (rays)

Characters: Rays have five gill openings on the under surface of a depressed 
body. The anterior margin of the enlarged pectoral fin Is joined to the side of 
the body or head to provide a continuous flat surface and the anal fin is absent.
The spiracles, through which water ts taken In for respiration, are located dorsally.

geology: Rays are bottom dwellers of shallow and moderate depths. They are well 
protected from potential enemies. Poison glands are associated with the spines of 
stingrays whlch can Inflict severe «founds on unwary waders. The large organs derived 
from muscle tissue end located on each side of the head of electric rays are capable 
of voluntarily emitting shocks up to 220 volts. Many forms are equipped with pave­
ment teeth (hexagonal plates) which are adapted for feeding on shellfish. "Ray11 is 
a general term which refers to members of the order; the term "skate" Is restricted 
to members of the family Raj Idae.

Distribution: Marine, cosmopolitan.

Common California Families: Raj5dae (skates), Oasyatldae (stingrays), Myliobatidae 
(eagle rays), and Torpedlnldae (electric rays).
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Procedure; Observe other adaptations of this group for a bottom*!Iving existence. 
R t e  the special characters of the angel sharks which are Intermediate between the 
Karks and the rays.

Characters: Chimaeras have five gill arches and four gill openings protected by 
a gill cover which Is a flap of skin without membrane bones. Thus there Is only one 
external gill opening on each sida, In contrast to multiple gill openings of the pre* 
ceding groups. The teeth, at least parti«)ly, are In the form of grinding plates and 
there may also be prominent Incisor-like teeth. The teeth lack enamel, which is pre­
sent In the other orders. The tall Is diphycercal. The jaw suspension, In common 
with the lungfish, Is autostyllc, since the upper jaw Is fused to the bralncase.
There are no cloaca, ribs, or spiracle. On mates there is a cephalic holder or frontal 
hook, possibly useful in copulation.

This order Is intermediate between the eiasmobranchs and the teleasts. It is 
like the former In lacking an air bladder, and possessing a spiral valve and carti­
laginous skeleton. It resembles the latter In the single external gill opening, 
and lack of spiracle and cloaca.

Ecology: The local Hydrolagus collie! Is a relatively shallow water form com­
pared to other members of the family and is taken in night beach seine hauls In Puget 
Bound. The uniting of the teeth Into bony plates is responsible for the common name 
Ratfish” . The eggs are laid In elongate, rigid, brown cases. This fish is little 
utilized although the liver oil Is rich In Vitamins and the flesh is seid to be 
palatable.

Distribution: Marine, cosmopolitan, principally In deep water. A single 
family, Chtmaertdae.

Characters; In this class are included the vast majority of fishes. The bony 
fishes have many structural features which distinguish them from the lampreys, 
sharks, and rays. The endosketeton and vertebral column are wholly or partly 
ossified. Neural and haemal arches are present. Membrane bones are present. The 
jaw is wall developed with premaxillary, maxillary, and denary elements. A bony 
operculum covers the gill clefts and either gular plates or branchlostegal rays are 
present. There is an air bladder present, except in certain specialized groups.
The well-developed secondary pectoral girdle Is connected dorsally with the posterior 
part of the skull (except In many eel-1 Ike fishes). The external opelnfng of each 
nasal sac usually Is divided Into two external openings and Is not connected intern­
ally with the mouth cavity. Tha exoskeleton is of rhomboid plates, cycloid or otenoid 
scales, bony plates, or naked skin. There are typically four gill arches and the gill 
filaments project beyond the greatly reduced Interbranchlal septa.

Characters; In tha lungfishes the paired fins are lobate with a jointed median 
axis.The scales are overlapping and cycloid in shape, but not tiue cycloid. An

SUBCLASS HOLOCEPHALI 
ORDER CHtMAER(FORMES (chimaeras)

(Or. ehimaira, the fabulous monster with the head of 
a lion, the body of a goat, and the tail of a serpent)

CLASS OSTEICHTHYES (bony fishes) 
(Or. osteon, bone; tchthyes, fish)

SUBCLASS SARCOPTERYGit 
ORDER DIPTERiFORMES (lungfishes) 

(Or. dipnoos, with two breathing apertures)
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operculum Is present but the opercular elements are not differentiated. Internal

■ ires, a cloaca, and a spiral valve are present, the air bladder possesses a duct 
.penlng to the ventral side of the esophagus and Is lung-llke and cellular. All of 
these forms must secure air at the surface of the water even during periods when the 

water Is not stagnant. Peculiar grinding teeth are present. In all living forms the 
median fins are confluent to form e continuous symmetrical dlphycercal tall. Anato­
mical features which resemble those of amphibians include the internal nares associated 
with lung breathing and tha fleshy, lobed fins which are suitable for development into 
terrestrial limbs. Living lungflshes are survivors of a fossil group which was 
moderately abundant in the late Paleozoic and Trfassic. There are three genera living, 
one each In tropical regions of Australia, South America, and Africa.

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

Characters; In Meoceratodus the air bladder Is an unpaired sac, divided Into 
right and left lobes by a band of connective tissue.

geology: The Australian lungfish, unlike the lungflshes of Africa and South 
America, does not build a cocoon in the mud. If the pool In which it Is living tfrles 
up, it cannot survive. However, the air-breathing habit enables It to live in the 
mud during periods of drought in shallow ponds polluted by decaying organic matter 
and deficient in oxygen. It is a sluggish fish, feeding on aquatic vegetation and 
small invertebrates. Eyesight is poor and food is located principally by means of 
the sense of smell. Spew Ing occurs in the spring months (Aug-Oct.) Each egg, 
placed among aquatic vegetation, is surrounded by a heavy gelatinous coat. The 
embryologIcal development has many amphibian characteristics. In swimming all lung- 
dishes undulate their whole body in a salamander-like!fashion. These fish are the 
Inly true freshwater fishes In Australia. Ail the others present reinvaded fresh­
water from the sea.

Distribution; Northern Queensland, Australia. Freshwater.

FAMILY LEPIDOSIRENIDAE (South American and African lungflshes)
(Gr. lepls, scale; seiren, siren, a group of 

eel-shaped amphibians)

Characters: In LepIdosiren the endocranium is largely membranous. The paired 
fins are reduced. The elr bladder Is paired. The pelvic fins are fringed.

Ecology; This fish lives in swamps along rivers but never in the rivers them­
selves. The nest burrow is In the muddy bottom and the male guards the eggs. Separate 
burrows for aestivation are constructed in impervious clay. These burrows are mucous- 
lined and are closed at the surface with a loose clay plug, it Is a carnivorous fish 
and feeds mainly on snails.

Distribution: Amazon basin, South America. Freshwater.

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

Characters: The African lungflshes are similar to the South American form with 
the exception that the pelvic fin is elongated into a barbel-like structure.

Ecology: Protopterus builds an aestivation chamber which is lined with mucous.
¡be entrance of the chamber is not closed as in Lepldostran. Special nest burrows 
are built which are lined with leaves and sticks. The male guards the eggs. The 
larvae have four pairs of plume-like external gills and are equipped with ventral 
suckers in order to attach to rootlets In the burrow.
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g IstritotIcs? Centra! West Africo. Freshwater.

SUBCLASS ACTiNOPTERVGtf 
SOPEROR0ER CHONOROSTuI 
ORDER AC»PENSERIFORKES

Characters; The primitive ehondrosteans possess characters which closely resemble 
those of sharks and reys. The caudal Is heterocerce!. The ondocrentum Is eargila- 
9Snows, never ossifying a® a complete box. Spiracles are present In most fora». The 
opercular apparatus Is only partially developed, with the subopercls» Interoperate, 
and preopercle absent. The notochord Is not replaced by vertebral centra and the 
otoliths are not calcified. The fins lave numberous close-set reys, and these reys 
outnumber the radials. This group also has certain unique characters, such as an 
elongate snout and a body naked or covered with 5 rows of bony scutes.

FAMILY ACIPENSERIQAE (sturgeons) (L. sc«pensef, 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 flat*. There are four gills. The gill «embraces are Joined to the Isthmus 
and there are no branchlostegal rays. The dorsal and anal fins are Inserted far 
back on the body.

geology: 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. They r e  long-lived; ages up to 50 years have been determined 
by study of cross-secttons of the first pectoral fin rays. Growth of the fish Is 
extremely slow. Females reach maturity at an age of between 15 and 20 years. Males 
become ripe som- chat earlier. Individuals up to 20 feet In length and 1800 pounds 
In weight 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 million eggs 
being produced by a 50 year old female* Only a few species of sturgeon remain as 
degenerate representatives of e 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 air bladders.

Distribution: 
Eurasia. "L

Anadromous and freshwater. Temperate parts of North America and

FAMILY POLYOONTIOAE (paddleffshes) (Gr. poly, many; odontos, teeth)

Characters: In paddlefIshas 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 
paddle 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 a few small scales 
at the base of the upper lobe of the caudal fin. The caudal fin Is heterocerca1, 
although the lower lobe Is well developed so that the fin Is nearly equally forked. 
There Is one pair of broad branchlostegal rays. The air bladder 1$ 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
straining plankton from the water through the steve-1Ike gill rakers* They have been 
called "animated plankton nets". Adults spawn In the spring when they are found 
associated 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.
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J»addlefishss have been greatly reduced by overfishing in North America. The palatable 
‘i®sh is marketed as -'boneless cat**.

Distribution: Freshwater, f¥»lydon, eastern Neath America; Psephurus. China.

3UPER0RDER H0L0STE1 
ORDER LEPISOSTEtFORMES

FAMILY LEPISOSTEIDAE (gars) L. lepidus, graceful; Qr. osteon, bone)
Characters: Gars are cha octerlzed by the thick, diamond-shaped qartoid scales 

that cover the body. The Jaws ¿reextremely elongate with sharp teeth and the 
nostrils are located at the rnd of the upper jaw. There are also teeth on the 
palatines and the paired ver-er bones. Three branch!ostegal rays are present. The 
caudal fin is abbreviate f-terocercal, although it may appear superficialiy 
symmetrica). The dorsal and anal fins are located opposite each other towards the 
posterior end of the b?-y. The air bladder is cellular, connected with the esophagus, 
and m y  be used as a *¿«3» The gill rakers are very short. Pseudobranchia are 
present. There are »0 spiracles or gular plate.

Ecology: G ar' are a remnant of an ancient and nuraberous family. Fossil gars 
are known from / rope. Gars and the bowfln, discussed below, are probably the most 
predatory ?f$V-> In freshwater, consuming large quantities of game and forage fishes. 
They often fe# * lazily at the water surface but are capable of swift movements to 
capture pro*. They are warm-water fishes and inhabit sloughs and quiet backwaters. 
Their a n y  protects them from the attacks of most other animals. The tough skin 
was used early settlers to cover wooden plowshares.

retribution: Fresh waters of eastern North America, Central America, and Cuba.

ORDER AMI1FORMES

FAMILY AMI1DAE (bewfins)

Characters: In the bowfln the head is covered with smooth plates. The jaws 
have an outer series of conical teeth and an inner band of rasp-like teeth. There 
are also teeth on the vomer, palatines, and pterygoids. The tail, as In the gars, 
is abbreviate heterocercal• There is a guiar plate and 10-12 branchiostega! rays.
The dorsal fin is long and low. The median fins have equal numbers of dermal rays 
and endoskeleta) supports In contrast to the sturgeons and paddlefishes where the 
number of dermal rays Is greater than the number of endoskeleta! supports. The 
scales are cycloid. The gill rakers are short and stout. There are no pseudobranchtae,

Ecology: There Is only one living species. Am!a calva.in this order which has 
many fossil representatives. This is a predacious fish which feeds on crayfish and 
small fish. The males are smaller than the females and can be distinguished from 
the latter by the ocellus rimmed with orange-ye!low located at the base of the 
caudal fin. Bqwflns can live a long time out of water, breathing air with their 
lung-like air bladders. Spawning occurs in the tee spring in streams or shallow bays. 
The eggs are laid In a shallow depression prepared by the parents. On hatching £38'« 
young adhere to roots on the bottom of the nest by an adhesive organ on the snout.
The young are guarded for a time after hatching by the male.

Distribution: Freshwater. North America, 
soith to Florida.

Mississippi River and Great Lakes.
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SUPER
SUPERORDER TELEOSTEt 

ORDER CLUPEIFORMES (tsospondyll)

r ’

w m .

b.r s; IsospondyiIds arc herring-!Ike and salmon-like fishes, in this
group both the premaxillary and maxillary bones form the margin of the upper jaw.
In contrast to the order Ostarlophysl, the anterior vertebrae are unmodified and 
without auditory ossicles. Opercular bones are wall developed. The caudal fin 
Is hcmocercal and the tall is usually forked. Physostomous. The pelvic fins are 
abdominal. The fins have soft rays only and there ere no barbels. This order 
comprises most of the marine soft—rayed fishes* excepting those found in the deep 
sea (iniomt). It represents an artificial assemblage since the separate members 
differ greatly from one another. In time the isospondyli will doubtless be divided 
into several orders. Members of the order probably sprang from a Ganoid stock* 
since the tarpons (Elopidae) and the lady-fishes (A! bull das) show relationships to 
tha bouflns (Amiidee). The gular plates of the tarpons and bowfins may be of 
similar homology.

FAMILY CLUPEIDAE (herrings, sardines* shad)

Characters! These are 5l1very, compressed fishes with the lateral iine trav­
ersing only the anterior 2—5 scales. The scales are large* deciduous* and of the 
striated cycloid type. Hie head is not covered by scales. Tha mouth is large 
but the teeth are small or absent. The gill rakers are long and fine. Gill 
membranes are free from the Isthmus. Pseudobranchiae 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, 

jjhare is a pelvic appendage and frequently keeled ventral scutes.

Ecology; Most members of this family are schooling fishes. Herring* sardines, 
menhaden* and simitar species are the most important In volume of all the varieties 
of fish making up the world«s commercial production. They are also of Inestimable 
Importance as food for larger fish, birds, and mammals. Clupeids feed 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.

Distribution; Cosmopolitan. Principally marine; some anadromous and fresh- 
^oTer forms. No deep sea forms. The group Is best developed in tropical waters* 
but some approach Polar seas.

FAMILY ENGRAULIDAE (anchovies) (Gr. engraulis* a small fish)

Characters; Anchovies have a sub^rmina! mouth and the extremely long maxillary 
extends poster!or 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 makes these fish very efficient plankton 
feeders. Eggs are oval In shape and pelagic.

D!.stf{btttl<^; Marine. Tropical and subtropical* partly temperate seas. Most

FAMILY SALMON I DAE
Subfamily Salmoninae

JtiUESSilii: Body felrly stout covered with cycloid scales of the circulus
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type* Adipose prominent and the pelvic appendage Is large. Fresh, returning, sea- 
run forms silvery below, and bright, steely blue to green above. Juvenile stages 
isuaily with strong, dark vertical parr marks. Mouth strong with many teeth on 
iremaxftlories end maxlllarles 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• Hi 11 Ions of dollars are spent annually In search of them by 
anglers. For this reeson. the great bulk of funds available for hatchery operations 
are expended on rearing and planting salmon and trout. For the same reason much of 
the money available for fisher¿0s research is expended on solving problems dealing 
with the members of this group.

Taxonomy of the salmon!ds. except for the five species of Pacific Salmon com­
prising the Genus Onchorvnchus. is In a badly confused state. Over forty species of 
trout alone have been described, many 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 resultant hybrids.
The transfer of fishes from one drainage to another plus the planting of non-native 
forms of the same or closely allied species, has likewise caused a considerable 
amount of genetic masking of original stocks. The trout series apparently Is In 
an Incipient stage of specIatIon and enormously plastic which, in turn, has resulted 
In considerable taxonomic confusion. It will be less confusing to the student if 
he considers the rainbow trout as a single species. Salmo geirdnerl.but having many 
subspecies which have developed through geographic or climatic Isolation in numerous 
separated drainages. This viewpoint can well be applied to the age-old controversy 
as to whether or not steelhead and rainbow aro the same or different species. Each 
of the above series has both sea-run and resident forms and in each the same contro­
versy exists as to whether they are the same or defferent species or subspecies. 
Trewavas (1953) excluded that the sea-trout of Europe (sea-run brown trout) and 
the ‘•burn" trout (resident brown trout) were alt 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 fishes as the basses, pikes, perch, bowfins, and 
gars as the main predates. All spawn in fresh water but many are anadromous. making 
cyclic migrations between the sea for deeding and freshwater streams for breeding.
Two types of cycles aee illustrated in this family. (I) mixed age group cycle and 
(2)ye«r class cycles. The mixed ege 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 (i) 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 the short period In maturing and dying. Pink salmon,
0. qorbuscha. are a good example of this type of life cycle since they always mature 
at two year of age and only e 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 salmon, 
steeihead, and trout generally do not have such a rigid life span and, hence vary­
ing age groups are present in their feeding and breeding grounds. Age at maturity 
varies with all other species of salmon and trout but with pink salmon it is always 
J m o  years. Other organisms that display the year class type of cycle are various 
Crustaceans such as waterfleas and shrimp and insects such as the 17 year cicada.

Sea-run salmonids spend from a few months to eight years in salt water before 
returning to freshwater to spawn. Ail go through an elaborate courtship procedure.



O n ce  t h e  f i s h  « r e  f u J l y  m a tu re »  b r e e d in g  o c c u r s  o v e r  g r a v e l  bed  a r e a s  I n  s h a l lo w  
* a t e r ,  u s u a l l y  a t  t h e  lo w e r  e n d s  o f  p o o ls *  H e re  t h e  f e m a le s  d ig  t h e i r  • 'r e d d s * 1 o r  
e s t s  a n d  d e p o s i t  t h e  e g g s ,  F e r t i I i z a t i o n  o f  t h e  e g g s  I s  e x t e r n a l  b y  d ie  m a le s  an d  

* s  t h e  e g g s  f a l l  t o  t h e  b o tto m  o f  t h e  n e s t s .  A f t e r  e a c h  s p a w n in g  t h e  f e m a le s  c o v e r  
t h e  e g g s  w i t h  g r a v e )  b y  v ig o r o u s  d ig g in g  m o v e m e n ts , u s in g  t h e i r  c a u d a l  f i n s .  A 
c o m p le te d  re d d  c a n  b e  e a s i l y  r e c o g n iz e d  f o l l o w i n g  s p a w n in g  f o r  i t  w i l l  a p p e a r  a s  
a  m ound o f  c l e a n  g r a v e l ,  ¡* e l l  r o u n d e d , a n d  w i l l  l a c k  a n y  s i l t  c o v e r in g  i t s  s u r f a c e .  
I n  o b s e r v a t i o n s  o f  s p a w n in g  b e d s  f r o m  a i r p l a n e s ,  i t  I s  e a s y  t o  c o u n t  o r  t o  p h o t o ­
g r a p h  t h e  c o m p le t e d  r e d d s  a s  t h e y  a r e  c l e a r l y  v i s i b l e  w hen  t h e  w a t e r  i s  c l e a r .

M o n - s e a - r u n  t r o u t  .nd  la n d lo c k e d  s a lm o n  u s u a l l y  m ig r a t e  o n l y  s h o r t  d j s t a s i e e s  
t o  s u i t a b l e  s p a w n in g  e r e a s .  H o s t  s a lm o n  i d s  a r e  s t r e a m  s p a w n e r s   ̂ t h e "  r
e a s t e r n  b o o k  t r o u t  ( ‘ a l v e i i n u s  f o n t l n a i I s )  a n d  t h e  L a n d lo c k e d  s e e k e y ®  s a lm o n  
(O n c o r h y n c h u s  n e r k a  x S w e r T v T T sp a w n  t o  a n y  e x t e n t  i n  g r a v e i I y  l a k e  s h o r e s .  E v e n  
t h e s e  tw o  s p e c ie s  *eem  t o  p r e f e r  s t r e a m s  in  w h ic h  t o  sp a w n  i f  t h e y  © re  a v a i i a b i e .

o c c u r s

BUSH

■

E x c e p t  i n  h a ' s h e r y  s t o c k s ,  m o st t r o u t  f e m a le s  m a tu r e  a t  e i t h e r  t h r e e  o r  f o u r  
y e a r s  o f  a g e ,  T n e  m a l e s ,  h o w e v e r ,  u s u a l l y  m a tu r e  a t  t h e  e n d  o f  t h e i r  s e c o n d  y e a r  
a l t h o u g h  i t  i s  *©c uncommon t o  f i n d  m a le  f i s h  m a tu r e  a t  t h e  e n d  o f  t h e i r  f i r s t  
y e a r » G r i l s e  .»a lw o n  a r e  u s u a l l y  m a le s  t h a t  m a tu r e  a f t e r  o n l y  o n e  y e a r  in  t h e  
o c e a n .  Trout m ay s u r v i v e  s e v e r a l  a n n u a l  s p a w n in g  p e r io d s  b u t  a l l  P a c i f i c  s a lm o n  
d i e  a f t e r  $ a w n in g  o n c e .  9V\"Ns

O ne c- t h e  m o st u n u s u a l  a n d  Im p o r t a n t  h a b i t s  o f  m o s t  s a lm o n id s  i s  t h a t  t h e y  w - ’ 
w i l l  **h m e "  t o  t h e i r  p a r -  n t  s t r e a m s .  A l l  P a c i f i c  s a lm o n  d i s p l a y  t h i s  I n s t i n c t  ^ ^  
a s  w e ’ < a s  t h e  s t e e l  h e a d  an d  in  t  e r  t r o u t s  s i m i l a r  t e n d e n c ie s  h a v e  b e e n  n o t e d /

A l l  P a c i f i c  s a lm o n ,  b ro w n  t r o u t  (S a im o  t r u t t a ) .  c h a r s ,  a n d  t h e  A t l a n t i c  s a lm o n  
( ‘" j lr n o  s a _ l_ a r )  a r e  f a l l  s p a w n e r s .  S p r in g  s p a w n e r s  I n c l u d e  a l l  m em bers o f  t h e  
a in b o w  an d  c u t t h r o a t  s e r i e s .

D i s t r i b u t i o n ;  C i r c u m p o la r  i n  t h e  n o r l e r n  h e m is p h e r e  i n  c o ld  w a t e r s .  S o u t h  
t o  t h e  v i c i n i t y  o f  D u r a n g o , M e x ic o ,  i n  P a c i f i c  d r a in a g e  s t r e a m s .  On t h e  e a s t  
c o a s t  t h e y  a r e  fo u n d  s o u t h  i n t o  G e o r g i a ,  in  E u r o p e  t h e y  o c c u r  in  S p a in  a n d  in  /  
c o ld  m o u n ta in  s t r e a m s  g e n e r a l l y ,  i n t r o d u c e d  w i d e l y  I n t o  S o u t h  A m e r i c a ,  I n d i a ,  . v  
A u s t r a l i a ,  a n d  New Z e a la n d .

■  i
S U B F A M IL Y  CO REGO NiN AE ( w b I t e f s h e s )  |  B

, ^  y  <- . ^  ' .
C h a r a c t e r s ; T h e  w h l t e f i s h  g ro u p  I s  d i s t i n g u i s h e d  f r o m  t h e  S a lm o n in a e  b y  t h e  

l a r g e r  s c a l e s  ( f e w e r  t h a n  10 0  i n  t h e  l a t e r a l  l i n e ) .  W h i t e f i s h e s  a r e  s i l v e r y  in  
c o l o r  w i t h  b lu e - g r e e n  b a c k s .  T h e y  h a v e  s m a l i  m o u th s  w i t h  fe w  o r  n o  t e e t h .  M o st 
s p e c i e s  h a v e  lo n g ,  s l e n d e r  g i l l - r a k e r s .  T h e r e  i s  a  s i n g l e  d o r s a l  f i n  w i t h  s o f t  
r a y s  a n d  a n  a d io p o s e  f i n .  A  p e l v i c  a p p e n d a g e  i s  p r e s e n t .  C h a r a c t e r s  o f  I n d i v i ­
d u a l  s p e c i e s  a r e  e x t r e m e I y  v a r i a b l e .

E c o lo g y ;  W h i t e f l s h e s  a r e  c o ld - w a t e r  f i s h e s .  I n  l a k e s  t h e y  a r e  fo u n d  t o  
d e p t h s  o f  7 0 0  f e e t .  L a k e  s p e c ie s  sp a w n  in  t h e  au tu m n  a b o v e  t h e  b o tto m  in  s h a l lo w  
a r e a s .  S t r e a m  s p e c i e s  m ay m ake  s p a w n in g  m i g r a t i o n s  i n t o  t h e  s m a l l e r  t r i b u t a r i e s .  
T h e  e g g s  a r e  g e n e r a l l y  s m a l l e r  t h a n  t h o s e  o f  s a l m o n i d s .  W h i t e f l s h e s  a r e  o n e  o f  
t h e  m o st v a l u a b l e  fo o d  f i s h e s  i n  t h e  G r e a t  L a k e s .

D i s t r i b u t i o n s F r e s h w a t e r  l a k e s  a n d  s t r e a m s  o f  N o rtfe  A m e r ic a  a n d  E u r a s i a .

S U B F A M IL Y  T K Y M A LL IN A E  ( g r a y l i n g )  , -yK ^

C h a r a c t e r s s G r a y l i n g  d i f f e r  f r o m  s a lm o n  an d  t r o u t  fn  h e ‘ p a r i e t a l  b o n e s
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may be easily distinguished by the enlraged flag-like dorsal fin with more than 
15 soft ray* (fewer in salmon and trout). The dorsal fin has red or organge and 
blue spots. The mouth is small and the teeth are sparse. The gill rakers are 
short and stiff* Pseudobranchiae are present.

Ecology; Grayling are highly regarded us sport fish. They are found only 
In clear, cold, unpolluted streams -2nd most often in deep pools of gravel-bottom 
streams. They feed chiefly on insects. Grayling spawn in the spring and dig 
redds similar to those made by srimonids. They have been reduced to extinction 
In much of their native habitat due to destructive logging operations, over-fishing, 
pollution, and other factors. ¡0

. I  - ' I B S  \  \  U S  •

Distribution: Freshwater. Cold northern streams of Europe, North America, 
and Asla.S'iV«̂  \ v

FAMILY OSMERIDAE (sv-ilts) (Gr. Osmeres, emitting an odor)

Characters; Osme.ids are small fishes which resemble salmonids in body shape 
and tn the presence nr an adipose fin but differ in having fewer than 100 scales 
along the lateral l|.e. They also lack pelvic appendages. The head i.% long and 
pointed. Gill rake s are elongated and slender. The teeth and the lateral line 
are well developed.

Ecology; Sr^lts are carnivorous and even cannibalistic. Their role in 
freshwater eco’jgy is not as yet completely understood. The flesh is delicious 
and many are »aught on their spawning migrations. The flesh is $0 oily that tfv 
eulachon w<r used for candles in early days. Pacific Coast marine and anadromou^ 
species sp**> on sandy ocean beaches, over eelgrnss beds, or over silt bottoms in 
freshwate streams. The Eulachon or Pacific smelt, Thalelchthys pact ficus (also 
called Columbia River smelt) migrates intermittently into the Sandy River near 
PortleaM» Oregon from the Columbia River in enormous numbers at times. The senior 
author has seen solid schools of these fish moving upstream, containing literally 
mili'ons of fish that fIliad the stream from back to bank. Dip-netting is permitted 
at .uch times and a dally limit of 25 pounds per person is allowed on a special 
ir;ense selling for fifty cents per person. There is a regularity in the timing 
ri the runs. Good runs may occur for three years In succession but more often 
blank years will occur when no fish will be seer. The runs usually arrive In 
March or April. In years of heavy runs, many tons will be taken commercially 
as well as by sport fishermen. They are best if eaten fresh though they are 
eimost as palatable If frozen In water. The "wealth of the sea" is nowhere better 
reflected than In the enormous abundance of these small fishes In years of 
heavy runs.

Distribution; Arctic and North Temprjte regions. Circumpolar. Marine, 
anadromous, and freshwater.

SUBORDER ES0C0IDEI (bleckfifh, mud minnows, a n d  pikes)

Characters: Soft-rayed fishes with cycloid scales end the mesocoracoid miss­
ing. Mouth with teeth. Physostomotr.2. Ventral fins abdominal. No adipose fin. 
Chiefly freshwater species. An order intermediate between the Isospondyli and 
Percomorph’ . includes some of the most predacious of freshwater forms in the 
Iptckerels, pikes and muskellunge.



FAMILY ES0G1©AE (pikes) (L. «sox, pike)

^ Characters; These fish are characterized by a long, slender body with the 
dorsal and anal fins located near the tall and opposite each other. The snout 
Is depressed and duck-bill shaped when viewed from above. The long jaws are armed 
with sharp canine teeth. There are also teeth on the vomer, palatines, and 
tongue. The maxitlerles are toothless. The scales are small and there are scales 
on the cheek and opercle. Gill membranes are free from the isthraus. The pectoral 
fins are inserted very low on the body. The caudal fin Is forked. Pikes may be 
distinguished from gars, which they superficially resembele, by the rounded snout 
and the homocercal, forked caudal fin.

Ecology; Pikes are predacious, feeding on fish and to a smaller extent on 
other aquatic vertebrate forms. They are strongly piscivorous» and noted for their 
greediness and voracity and have been called ‘toiere machines for the assimilation of 
other organisms." These fish prefer the cooler waters of lakes, ponds and the 
larger streams. Ail are spring spawners, casting their eggs over weeds in shallow 
water or marshy areas.

In the Great Lakes Region these fishes are of great importance both commer­
cially and for sports fishing. The northern pike, Esox iuclus. is taken widely 
by commercial fishermen while *%iuskle" (E. roasgulnongy) fishing provides anglers 
with fish up to over 60 pounds In weight and famous for their fighting ability. 
Baits most commonly used are flashy spoons or live mia ows. To ail the members of 
this group, shelter is an important factor. Submerged stumps or logs, cut-banks, 
and root mats form the most suitable shelters and anglers usually catch them near 
uch types of cover. Pikes depend on large minnow populations for forage.

Distribution; Freshwater. Europe, Asia, and North America. There is a 
single genus, Esox. Jordan and Evemenn (1920) list seven species, one of them, 
is* lucius. cosmopolitan and the rest confined to North America. Three species 
have been introduced into California.

ORDER CYPRINIFORMES (QSTARIOPHYSi) (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 Percemorphi in number of species. Its 
members have in common a Weberian apparatus and an air bladder which Is usually 
divided Into two parts. They are physostomous and the fins are usually without 
spines. ___________

,—''S 7  ̂ —IC  vt^nii i-' B  • (
SUBORDER CYPRINOIDEt V T  A 

( (Gr. kyprinos, a kind of carp/

Characters; This suborder contains the minnows end their allies. There I s  
no duct between the two compartments of the air bladder. The subopercie and 
parietal bones are present. There Is no adipose fin. The body generally I s  
covered with cycloid scales and is never naked or covered by bony pistes a s  In 
the catfishes.

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

| Characters; Suckers are characterized by a subterminal mouth which c a n  b e  
protruded for feeding on the bottom. The lips are usually fleshy and sucking. 
There are no teeth in the jaws, but pharyngeal teeth are present. The p h a r y n g e a l  
teeth are in a  single series and often numerous. There are three branch!ost e g a i
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rays» Pseudobranchia« are present and the glH membranes are more or less united 
to the isthmus. The alimentary canal is long and the stomach is simple with no 
Appendages. The dorsal fin contains 10 * 30 soft rays.

Sf t II suckers are sore times difficult to distinguish from minnows. In 
minnows the distance from the front of the anal fin to the base of the tail fin is 
contained less than two and one-half times in the distance from the front of the 
anal fin to the tip of the snout, in the suckers this proportion is contained 
more than two and one-ha1f times. This is also true for the carp but this fish 
can always be recognized from ail other native minnows and suckers by the stout, 
spinous first dorsal and first Mai rays.

Ecology; Suckers are sluggish fishes» feeding on bottom plants a@d 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 species 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 suckef, redhorse and buffalo, are taken commer­
cially In gill nets, trap nets and by dipping on spawning migrations.

5^' " ■
FAMILY CYPRINIDAE (minnows)

Characters; Minnows are characterized by weiI-developed pharyngeal teeth, 
which are in 1 - 3 rows. North American minnows have these teeth in one or two 
rows but with never more than seven In the main row. The introduced carp and 
||oIdflsh have three rows. The mouth is terminal and is without teath. The mar­
gin of the upper Jaw Is formed by the premaxi Maries alone. There are three 
branch!ostegals. The dorsal fin is short In all the American species with less 
than ten soft rays, but tt is elongate In many Old World forms. The stomach is 
a simple enlargement of the alimentary canal.

Due to the uniformity in size, form» and coloration, 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 ere over two thousand species distributed throughout the entire north temp­
erate zone alone. The family is most diverse in Asia. Hubbs and Cooper (1936) 
attribute this abundance to three facers: minnows as a group occupy a great variety 
of habitats and eat many types of foods; most species of minnows require a relative­
ly short time to reach sexual maturity; and a large number of minnows can occupy a 
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 are 
marketed In considerable quantities, especially in Europe. Minnows are of great 
ecological importance as food for predacious fishes. During the spring spawning 
season, males develop epidermal outgrowths or tubercles on various parts of the 
body, which ere similar to those of tie suckers, and red markings on the first and 
lower body parts. Some species build nests. Minnows feed on insects, crustaceans, 
vegetation, and organic mud.

^ The term •%»innawM often is epplied incorrectly to any small fish superficially 
resembling members of this family.

Distribution; Fresh waters of Europe, Africa, Asia, North and Central America. 
Absent from South America, Madagascar, and Australia.
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SUBORDER SILUROtOEA (catfishes)
(U sflurus, a kind of river fish)

Characters: Catfishes are scaieless except for some forms covered with bony 
plates* Their heads and mouths are broad. The two compartments of the air 
bladder are connected by a duct. The maxillary is rudimentary, serving only as 
a support for the barbel. The subopercle is absent* There is usually an adipose 
fin end the first ray in the dorsal and pectoral fins is spinous*

Ecology; This large group Is composed chiefly of freshwater fishes distributed 
cosmopolitanly. They are especially common in warm rivers in Africa and the 
Amazon region of South America.* However, the families ArSidae and Plotosldae are 
chiefly marine. This is a habit which has been derived secondarily. The marine 
habit has enabled both these families to reach the rivers of Hew Guinea and trop­
ical Australia and to give rise in them to a number of freshwater genera and species

FAMILY ICTALURIDAE (North American freshwater catfishes)

Characters: The dorsal and pectoral fins each have a sharp serrated spina.
The body is naked and there are four pairs of barbels. The small teeth are In 
broad bands on the premaxi 11arles and dentaries*

Ecology; Most catfishes inhabit the shallow silty water of ponds, creeks, and 
sloughs although several mid-west forms occupy the colder, flowing waters of large 
r1vers• Catfishes are omnivorous and feed principally on Invertebrates. They are 
nocturnal In habits. Mot species utilize holes In the banks of streams for nests 
and guard the eggs and young. The channel catfishes Octalurus) are large active 
fishes of rivers, with a forked caudal fin. Other ameiurIds are stouter in form 
and hava a rounded or truncate caudal fin. The med-toms (Schtlbeodoes) have poi­
son glands at the base of the pectoral fin spines. When the pectoral spine is 
folded against the body, it is in contact with a poison pore. Thus the spine is 
bathed with poison when it makes a puncture. Catfishes are little eaten by other 
species, presumably because of this defensive apparatus. These fish are Important 
both commercially and for sport fishing, introduced into California, these forms 
provide much angling in the upper bay sloughs, in Clear Lake, and the lower courses 
of the Sacramento and San Joaquin rivers. The white catfish, Ictalurus catus. is 
the dominant species taken.

Distribution: Canada Into Guatemala. Fewer than 50 species. South American 
and Asiatic groups contain many more species and show much greater diversity than 
the North American forms.

ORDER AN6UILLIFORMES (eeis) (APODA)
(Sr. a, without; pous, foot)

Characters: Eels are soft-ryaed physostomous fishes, with no pelvic fins.
The pectoral fins, If present, are small. The body is elongate and the Song dor­
sal and anal fins are usually confluent. The scales, if present, are embedded.
The gill openings are narrow and placed well behind the head. The vertebrae are 
very numerous, up to 260. The true jaws distinguish them from the lamprey “eels,11

Ecology: Most eels are marine, carnivorous, and prefer rocky reef habitats. 
The ieptocepha1Sd 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 eeis are eaten as food.

Distribution: Mostly marine; tropic and temperate zones.
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F A M IL Y  A N 6 U IL L ID A E  ( f r e s h w a t e r  e e l c ) ( L .  a n g u i s ,  s n a k e )

C h a r a c t e r s ;  P e c t o r a l  f i n s  a r e  p r e s e n t .  T h e  r u d im e n t a r y  s c a l e s  a r e  a r r a n g e d  
I n  s m a l l  g ro u p s «  w h ic h  a r e  p la c e d  o b l i q u e l y  a t  r i g h t  a n g le s  t o  o n e  a n o t h e r «  fo r m in g  
a  d i s t i n c t  p a t t e r n «  M a x i l l a r y  b o n e s  a r e  a b s e n t «  T h e  t e e t h  a r e  s m a l l  a n d  In  
b a n d s  o n  e a c h  j a w  a n d  o n  t h e  v o m e r .  T h e  h e a d  I s  s m a l l  a n d  c o n i c a l .  T h e  l a t e r a l  
l i n e  i s  w e l l  d e v e lo p e d .

E c o lo g y ;  F r e s h w a t e r  e e l s  a r e  c a t a d r o n s o u s ,  r e t u r n i n g  t o  t h e  s e a  t o  sp a w n  a f t e r  
f i v e  o r  ‘m o re  y e a r s  I n  f r e s h w a t e r .  B o th  t h e  a d u l t s  a n d  t h e  e l v e r s  (y o u n g  e e l s )  a r e  
h a r d y  a n d  w i l l  e v e n  t r a v e l  o v e r  w e t  g ro u n d  o n  t h e i r  m i g r a t i o n s .  A d u l t s  a r e  v o r a ­
c i o u s  a n d  c a r n i v o r o u s ,  a l t h o u g h  t h e y  d o  n o t  f e e d  e f t « r  b e g in n in g  t h e  s p a w n in g  m ig r a ­
t i o n .  E ra Is  a r e  e x t r e m e ly  p r o l i f i c ;  a  f e m a le  m ay p r o d u c e  up  t o  t e n  m i l l i o n  e g g s .
B o th  t h e  m a le s  a n d  t h e  f e m a le s  d i e  a f t e r  s p a w n in g .  T h e  e g g s  a n d  l a r v a e  d r i f t  w it»  
t h e  o c e a n  c u r r e n t s • T h e y  m e ta m o rp h o s e  I n t o  s a i l  e l v e r s  w h ic h  m ig r a t e  u p s t r e a m  
i n t o  f r e s h w a t e r «  H e re  t h e y  s p e n d  s e v e r a l  y e a r s  b e f o r e  r e t u r n i n g  t o  t h e  s e a  t o  
sp a w n «  F e m a le s  g ro w  t o  a  l a r g e r  s i z e  t h a n  t h e  m a le s «

D i s t r i b u t i o n :  T r o p i c a l  a n d  t e m p e r a t e  s e a s .  A b s e n t  f r o m  t h e  S o u t h  A t l a n t i c  
a n d  t h e  P a c i f i c  c o a s t s  o f  A m e r i c a .  I n t r o d u c e d  u n s u c c e s s f u l l y  i n t o  C a l i f o r n i a .

ORDER CYPR IN O D O N TIFO RM ES ( t o o t h c a r p s  o r  to p m ln n o w s )

C h a r a c t e r s :  T o o th  c a r p s  h a v e  a  s i n g l e  d p r s a l  a n d  a  s i n g l e  a n a !  f i n ,  u s u a l l y  
p l a c e d  f a r  b a c k  o n  t h e  b o d y , o p p o s i t e  a n d  e p u a l  t o  e a c h  o t h e r ,  a n d  r o u n d e d . T h e y

• m ay b e  d i s t i n g u i s h e d  f r o m  c y p r i n i d s  b y  t h e  p r o j e c t i n g  lo w e r  j a w  a n d  t h e  p r e s e n c e  o f  
t e e t h  o n  t h e  j a w s .  T h e  g i l l  m em b ran e s  a r e  f r e e  f r o m t h e  I s t h m u s  a n d  t h e  g i l l  
r a k e r s  a r e  s h o r t .  T h e  p e l v i c  f i n s  a r e  a b d o m in a l I n  p o s i t i o n .  T h e  c a u d a l  f i n  i s  
n o t  f o r k e d .  T h e r e  a r e  s c a l e s  o n  t h e  h e a d ,  P h y s o c l i s t i c .  T h e  s e x e s  a r e  u s u a l l y  
u n l i k e ,  w i t h  t h e  m a le s  h a v in g  l a r g e r  f i n s  o r  t h e  f e m a le s  b e in g  l a r g e r  i n  s i z e .

F A M IL Y  C YPR IN O D O N TID A E ( k i l l ¡ f i s h e s )  ( S r .  k y p r i n o s ,  c a r p ;  o d o n t o s ,  t o o t h )

C h a r c t e r s :  T h e s e  a r e  e g g - l a y in g  t o o t h c a r p s .  M a le s  l a c k  a n  i n t r e m i t t e n t  a n a l  
fin<> I n  ro o st s p e c i e s ,  a s  I n  t h e  f o i l o w i n g  f a m i l y ,  t h e  h e a d  i s  f l a t t e n e d  o n  to p  
a n d  t h e  m o u th  i s  d o r s a l - o b i i q u e .

E c o lo g y ;  T h e s e  f i s h e s  o f £ « s  s w im  am ong v e g e t a t i o n  n e a r  t h e  w a t e r  s u r f a c e «
T h e y  a r e  p o p u la r  a q u a r iu m  f i s h e s «

D i s t r i b u t i o n :  F r e s h w a t e r ,  T e m p e r a te  a n d  t r o p i c a l  M o n lb  a n d  S o u t h  A m e r i c a ,
A f r l e a ,  S p a i n ,  s o u t h e r n  A s i a ,  a n d  t h e  E a s t  I n d i e s .  T h e  g ro u p  i s  b e s t  d e v e lo p e d  
i n  A f r i c a  a n d  i n  S o u t h  A m e r i c a .

F A M IL Y  P O E C t L I ID A E  ( 1 i v e b e a r e r s )  ( G r .  p o i k i l o s ,  v a r i e g a t e d )

C h a r a c t e r s :  T h e s e  a r e  l i v e - b e a r i n g  t o o t h c a r p s «  M a le s  h a v e  a n  I n t r o m i t t e n t  
o r g a n ,  t h e  g o n o p o d iu m  w h ic h  i s  fo rm e d  f r o m  t h e  f i r s t  t h r e e  r a y s  o f  t h e  a n a l  f i n .

E c o lo g y :  T h e s e  f i s h e s ,  e s p e c i a l l y  G am b u sia .»  a r e  im p o r t a n t  i n  t h e  c o n t r o l  o f  
m o s q u i t o e s .  T r o p i c a l  s p e c i e s  a r e  p o p u la r  a q u a r iu m  f i s h e s ,

D i s t r i b u t i o n :
C a l i f o r n i a ,

F r e s h w a t e r « M o rth  a n d  S o u t h  A m e r i c a .  I n t r o d u c e d  I n t o
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FAMILY GAOIDAE (cods) (Sr. gados, a kind of fish)

Characters: Cods have an elongate body which Is deep anteriorly. The long 
dorsal fini aay be divided Into two or three separate fins. The pelvic fins are 
jugular in position. There is often a barbel at the tip of the dower jaw. The 
mouth is terminal or subterminai. There are no pseudobranchiae. The air bladder 
generally Is well developed. This order shows both the primitive features of 
cycloid scales end soft-rayed fins without spines in addition to the specialized 
characters of jugular pelvics and physociIstic condition. Several fishes which do 
not belong to this family are commonly misnamed *^cod," such as the rock-fishes 
(rock cods) Scorpaenidae, the green!ings (Tommy cod) and iingcod (cutius cod) 
Hsxagrammidae., and the sable-fish (black cod) Anoplopomidae. Ail these fishes 
belong to the Order Scieroparei, not to the Order Anacanthlni.

Ecology: Cods are fishes of colder waters. Some species are found in the 
abyssal zone of the ocean. They are gregarious and often occur in large schools 
of equal sized individuals. Eggs and larvae are pelagic. They feed on bottom 
invertebrates and such fishes as herring and smelt. They are-fishes of great 
economic importance and include such forms as the cod, whiting, tomcod, and long- 
finned cod in the Pacific as well as the haddock and pollack of the N&rth Atlantic.

Distribution: Chefly marine In the northern hemisphere. One genus, Lota 
(ling, burbot, lawyer or ioche) Is confined to fresh water in North America, Asia, 
and Europe.

ORDER PERCIFORMES

Characters: The percomorphs are a vast and diverse order of chiefly marine 
f1shes• There are usually two dorsal fins, the first spinous, the second soft- 
rayed. These may be separate or confluent but not widely separate. The pievics 
are usually thoracic with one spine and not more than five rays. The caudal has 
no more than 17 principal rays with the outer ones unbranchsd. Percomorphs are 
physociistic and the premaxi Maries are protractile. Many specialized groups lack 
some or all of these general characters but are connected to the order by transi­
tional forms. This order has been the “dumping” ground for many diverse families 
of fishes. Taxonomists not knowing precisely the proper order In which to place 
any given family, often have placed them here. The order encompasses some fifteen 
or more suborders and doubtless future work will eventually separate this group 
into several separate and distinct orders.

FAMILY SERRAHIDAE (sea-basses) (L. serra, saw, referring to the
preopercuiar margin)

Characters: Serranids have a large mouth with small teeth in bands on the 
jaws, vomer, and palatines. Often there are enlarged online teeth present In 
front. Scales are small and ctenoid. The preopercle margin is normally serrate.
The opercle usually ends in one or two flat opines. The air bladder is smali and 
adherent to the walls of the abdomen. Pseudobranchiae are large. The dorsal fin 
is MSualiy deeply notched between the spines and the rays, and in some species it 
is divided into two ;e!1-separated fins. The caudal fin is rounded, truncate, 
or rarely emarginate* The anal fin has three spines. There Is no pelvic appen­
dage. The single lateral line does not have tubules in all the scales.

Eeolorv: Serranids are unspecialized forms, perhaps the most fish-like of ail 
fishes. TOe family is large and serranids and their allies probably make up the 
dominant group of marine fishes today. They are carnivorous and of much importance
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t o  s p o r t  a n d  c o m m e r c ia l  f i s h e r m e n .  S u c h  fo rm s  a s  t h a  s t r i p e d  b a s s  ( R o c c u s ) .
A  w h i t e  b a s s  (M o ro n © )»  j e w f i s h ,  a n d  g r o u p e r s  b e lo n g  in  t h i s  g r o u p .  T h e /

l i v e  a t  t h e  b o tto m  o f  t h e  s e a  n e a r  c o a s t s .  T h e  j e w f i s h  ( S t e r e o l e p i s  q l g a s )  a t t a i n s  
a  w e ig h t  o f  close t o  I ,0 0 0  p o u n d s .

D i s t r i b u t i o n :  W id e ly  d i s t r i b u t e d  In  t e m p e r a t e  a n d  t r o p i c a !  s e a s ,  som e in  
f r e s h  w a t e r » S e r r a n i d s  p r o b a b ly  h a d  t h e i r  o r i g i n  I n  t h e  r e e f s  o f  t r o p i c a !  w a t e r s ,  
w h e r e  m o s t  s t i I i  a b o u n d .

F A M IL Y  CEN TRARO N ID A E  ( s u n f I s h e s ,  f r e s h w a t e r  b a s s e s )  ( 6 r .  k e n t r o n ,  s p i n e ;
a r c h ,  f i r s t )

C h a r a c t e r s :  T h e  b o d y  i s  d e e p  a n d  c o m p r e s s e d .  T h e  d o r s a l  f i n  i s  i n c o m p le t e l y  
d i v i d e d  i n t o  tw o  p a rts  w i t h  t h e  a n t e r i o r  p o r t io n  s u p p o r t e d  b y  6 - 1 3  s p i n e s .  T h e r e  
a r e  3 - 9  a n a l  s p i n e s .  T h e  scales a r e  w e a k  t o  m o d e r a t e ly  c t e n o i d ,  r a r e l y  c y c l o i d .  
T h e r e  a r e  s c a l e s  o n  t h e  c h e e k s  a n d  o p é r e l e s .  P s e u d o b r a n c h ia e  a r e  p o o r l y  d e v e lo p e d  
I n  c o n t r a s t  t o  th e  w h i t e  a n d  y e l l o w  b a s s e s  ( S e r r a n i d a e ) .  T h e  t e e t h  o n  t h a  j a w s  
a n d  p a l a t e  e r e  v l i n f o r m ;  t h e r e  a r e  n o  c a n i n e s .

E c o lo g y ;  S u n f l s h e s  m ay b e  d i v id e d  i n t o  t h r e e  g r o u p s :  t h e  b l a c k  b a s s e s ,  t h e  
t r u e  s u n f i s h e s ,  a n d  t h e  c r a p p i e s .  C o l o r a t io n  i s  u s u a l l y  b r i l l i a n t ,  c h i e f l y  g r e e n ­
i s h .  T h e  s e x e s  a r e  s i m i l a r  i n  a p p e a r a n c e .  M o st s p e c i e s  r e p r o d u c e  I n  t i e  s p r in g  
m o n th s  a n d  b u i l d  n e s t s  w h ic h  t h e y  d e fe n d  w i t h  m uch c o u r a g e .  P a r e n t a l  c a r e  i s  w e l l  
d e v e lo p e d .  T h e y  a r e  u s u a l l y  c a r n i v o r o u s  a n d  v o r a c i o u s  a n d  f e e d  p a r t l y  o n  y o u n g  o f  
t h e i r  own s p e c i e s .  C o l l e c t i v e l y  t h e y  m ake  up  a  s u b s t a n t i a l  p o r t io n  o f  t h e  game 
a n d  p a n  f i s h  p o p u la t io n  I n  m an y l a k e s  a n d  s t r e a m s .  T h e y  a r e  o f  e n o rm o u s  im p o r t -  

i a n c e  t o  a n g l e r s  a n d  f i l l  p a r a l l e l  n i c h e s  I n  w arm  w a t e r s  t h a t  s a im o n id s  do  In  c o ld  
w a t e r s .

D i s t r i b u t i o n :  F r e s h w a t e r .  N o r th  A m e r ic a *  I n t r o d u c e d  w i d e l y  t o  m o s t  p a r t s  
o f  t h e  w o r l d .  T h e  o n V  c e n t r a r e h l d  n a t i v e  t o  C a l i f o r n i a  i s  t h e  S a c r a m e n t o  p e r c h ,  
A r c h o p I 1 t e s  i n t e r r u p t u s ,  fo u n d  in  C l e a r  L a k e  a n d  t h e  lo w e r  S a c r a m e n t o  R i v e r  a n d  
t r i b u t a r i e s .

F A M IL Y  P E R C ID A E  ( p e r c h e s ,  d a r t e r s )

C h a r a c t e r s :  I n  t h i s  f a m i l y  t h e  b o d y  i s  e lo n g a t e  a n d  t h e  o p e r c u lu m  e n d s  i n  a  
f i a t  s p i n e .  T h e r e  a r e  tw o  d i s t i n c t  d o r s a l  f i n s ,  w i t h  t h e  s p in o u s  o n e  h a v in g  6 - 1 5  
s p i n e s .  T h e  a n a l  f i n  h a s  o n e  o r  tw o  s p i n e s .  T h e  s c a l e s  a r e  m o d e r a t e ly  t o  s t r o n g ­
l y  c t e n o i d .  T h e  g i l l  m e m b ran e s  a r e  n o t  c o n n e c t e d  t o  t h e  i s t h m u s .  T h e  t e e t h  o n  
t h e  j a w s ,  v o m e r  a n d  p a l a t i n e s  a r e  v i l l i f o r m  a n d  s o m e t im e s  c a n i n e .  T h e  d a r t e r s  
( E t h i o s t o m i n a e )  a r e  s m a l l  i n  s i z e ,  b r i g h t l y  c o l o r e d ,  a n d  tw e  l a r g e  f i n s .  P s e u d o ­
b r a n c h ia e  a n d  a i r  b la d d e r  a r e  a b s e n t .  T h e  d a r t e r s  a l s o  l e e  s i x  b r a n c h ! o s t e g a i  
r a y s  w h i l e  t h e  l a r g e r  p e r c h e s  h a v e  s e v e n .

E c o lo g y :  P e r c i d s  a r e  common I n h a b i t a n t s  o f  l a k e s  ( p e r c h e s )  a n d  s t r e a m s  
( d a r t e r s ) .  A l l  a r e  c a r n i v o r o u s .  D a r t e r s  h id e  am ong r o c k s  a n d  c r e v i c e s  o n  t h e  
b o t to m s  o f  s t r e a m s .  T h e i r  s m a l l  s i z e ,  b ro a d  f i n s ,  a n d  p o in t e d  h e a d s  e n a b le  th e m  
t o  m a in t a in  t h e m s e lv e s  I n  s w i f t ,  s h a l lo w  w a t e r s .  Som e d a r t e r s  a r e  c a p a b le  o f  
b u r y in g  t h e m s e lv e s  I n  s a n d  w i t h  o n l y  t h e  s n o u t  a n d  e y e s  p r o t r u d i n g .  T h e y  f e e d  o n  
i n s e c t  l a r v a e .  S p a w n in g  h a b i t s  o f  t h e  g ro u p  a r e  v a r i e d .  E g g s  o f  t h e  y e l l o w  
p e r c h ,  P e r e a  f l a v e s c e n s .  a r e  c o n n e c t e d  b y  a  m em b ran e  a n d  fo rm  lo n g  f l o a t i n g  b a n d s  

j a t t a c h e d  a t  o n e  e n d  t o  w e e d s .  O t h e r  p e r c h e s ,  s u c h  a s  t h e  s a u g e r  a n d  t h e  w a l l e y e  
sp a w n  t h e i r  e g g s  a t  ra n d o m  o v e r  g r a v e l  a r e a s .  D , . r t e r s  m ay b u r y  t h e i r  e g g s  I n  t h e  
s a n d ,  l e a v e  th e m  u n a t t e n d e d ,  o r  d e p o s i t  t h e  e g g s  i n  a  n e s t  g u a rd e d  b y  t h e  p a r e n t



From the standpoint of freshwater angling, this group Is of great Importance, 
Yellow perch are caught In enormous numbers by small boys with rods as well as 
commercially in the Great Lakes, Yellow pikeperch (’talleyes" of anglers) are 
likewise taken widely for sport and commercially in the Great Lakes Region. Both 
yellow perch and yellow pikeperch may be easily taken through the ice In winter. 
Two closely related forms, the saugers and blue pikeperch, are of little engltng 
Importance but contribute materially to the commercial fish production of the 
Great Lakes area.

Introduced Into western waters, the yellow perch, farce fIavescens. often 
reproduces so rapidly 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 end then restocking later with more 
desirable forms. Yellow 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 badly hurt by the stocking of yellow 
perch.

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

FAMILY EMBIOTOCIDAE (surfperches) (Gr. embios, 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 cycloid mid there are scales on the cheek and opercle as well as on the 
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, end In one or two series. The short maxillary slips 
under the preorbital for most of Its length. PseudobranchIae are present. The 
gill membranes ere free from the isthmus. The caudal fin is forked. The air 
batdder 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 oviduct. Copulation is apparently accomp­
lished by e modification of the anterior portion of the anal fin of the male. 
Breeding occurs In the spring, but fertilizationnay 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 glendular-1Ike structure on the anal fin. Most species 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 Ko@ea.
One freshwater species, Hvsterocarpus traskl. Is found In Clear Lake and in the 
streams of northern and central California. The center of distribution of the 
marine species is southern end central California. Temperature apparently limits 
both northward end southward distribution. There are 15 genera and 21 species 
In California waters.

FAMILY GOBIIDAE (gobies) L. gobtus, e fish of small value)



Characters; Gobies are recognized by the sucking disc* which Is free from the 
body and formed by the united pelvic fins« The skull is depressed and the smalI 
eyes are close together on top of the head. The mouth is large with small canine 
teeth. The anal and soft dorsal firs are opposite end similar In shape; the spin­
ous dorsal has no more than eight spines. The lateral line is absent. There is 
usually no air bladder. The scales are either cycloid or ctenoid. The gill 
membranes are united to the isthmus.

Ecology; Gobies are small, carnivorous, hottcm-dwel1ing fishes. Many burrow 
in the mud of estuaries, lining the burrows with hard clay asd industriously re­
pairing any damage which may occur. Yyphiogobius. the blind goby of California, 
lives In hole/, in the tide-swept rocks, generally in company with the Ghost Shrimp. 
CaiIianassa. The tropical mudskipper: have muscular pectoral fins which are"used 
to skip about on the mud at low tide. The smallest vertebrates known are in this 
family, the adults of Pandaka pygmea biing 7»!2 mm. In length.

The Hawaiian climbing goby, Awous guamansis. is noted for its ability to 
climb high falls. In the Walmea Canyon on the Island of Kauai these fishes have 
been found above falls 60 to 70 feet Ugh and could have gotten there only by 
climbing over tfeem since they are cateiromous, making regular migrations to the sea 
for spawning. In climbing, this goby ises both its ventral mouth and the sucking 
disc fo.'med by the fused ventrais. Lite lampreys, in climbing they usual iy move 
up tbs smooth surfaces of rocks at the edge of the main flow of water and can often 
be seen in rows slowly and laborioush working their way upward in short, jerking 
mrvements. The Hawaiian goby which gr<vs to a length of ten inches, is highly 
prized as food but most gobies are too small to be of much value as food.

Distribution: Shore fishes of trc>ical, subtropical, and temperate seas. 
Principally marine, some in fresh and brackish waters.

In the suborder Biennloidea, whic.i includes the families Sienniidae, Anarhich- 
adidae, Cllnldae, and Pholidae, the antral fins, if present, are jugular, with one 
spine and fewer than five rays, Th/ body Is elongate or eel-shaped and the dorsal 
and anal fins are elongate. The cyjdal fin is usually rounded. Physoclistic.
E eh radial of the dorsal end anal fins is attached to the corresponding neural or 
haemal spine. PseudobranchIee ar< present.

FAMILY BLENNIIDAE (blernias) i3r. blennos, slime)

Characters; In bien.ties the Jody is usually scaleless. The dorsal fin ex­
tends along most of th«s back and the spines are flexible. The mouth Is small and 
the teeth are slender and close-;et in a single series. The pelvic fins are well 
developed, usually I, 3» The iiceral line is incomplete and is usually high 
anteriorly.

i£2l2SXi T'ese are small fishes which are usually abundant in shallow, inter­
tidal, reef ar*as. In many cas4s the parents guard the eggs until they hatch.
Some tropica’ species have two extremely long canines in the tower jaw with which 
they impair their prey.

PisrJbution; Principally tropical and temperate seas. Marine and euryhsline. 
Son® »acies are found In freshwater lakes of re*thern ftdy. No members of this 
fam;7  occur In Northern California.

FAMILY ANARHICHADIDAE (sriolf-fishes or wolf ••eels*’)
(Gr. anarrhichaomai, to clamber up)



Characters: In wolf»fishes the body is moderately elongate» Pelvic fins are 
absent. The dorsal fin is composed of flexible spines only. There is no lateral 
line. The gill membranes are broadly attached to the isthmus. The scales are 
rudimentary. The mouth is wide and oblique. The jaws have strong canine teeth 
anteriorly and molar teeth laterally. The vomer and palatines are equipped with 
molar teeth.

Ecology: Wolf-fishes are large fishes of northern seas. Their unusual den­
tition enables them to feed both on other large fish and on Invertebrates, such as 
sea-urchins and sand-doilars.

Distribution: North Atlantic and North Pacific. Marine.

FAMILY CL1NI0AE (klipflshes) (Gr. Kllno, to recline)

Characters: The klipflshes are somewhat perch-like in appearance. They have 
minute scales on the body and a protractile mouth with conical teeth.^ The dorsal 
fin is elevated at the anterior and posterior regions and has both spinous and soft- 
rayed portions. The vertical fins are not confluent with the caudal. The pelvic 
fins are well developed, usually 1*3» The lateral line Is arched high over the 
pectoral fins. The gill membranes are united and free from the Isthmus. These 
small fishes are characterized by an upturned hook-like projection on the inner 
margin of the pectoral girdle, visible when the operculum is lifted.

Ecology: These fishes are found s» ln ly  in shallow water. Many are inter­
tidal forms, liv ing  among seaweed and under stones. They are viviparous and the 
males have an intromittent organ. The llmb-tlke pelvic fins may be used to crawl 
over the rocks. One of the commonest forms in local tide-pools is  the weed klip- 
f is h , Gibbonsla metzi.

D istribution; Tropical and temperate seas. Marine.
FAMILY PHOLIOAE (gunnels) (Gr. pholas, lurking in a hole)
Characters: The body is  eel-shaped and usually covered by sca les. The low 

dorsal f in  !s~composed of spines only. The pelvic fins are rudimentary or wanting. 
If present, they consist of one spine and one or four rays. The vertical^fins are 
confluent with the caudal. The g il l  membranes are united and free from the isth­
mus. Ther lateral line is short or absent.

Ecology: These are most abundant in rocky Intertidal areas. They assume the 
color of the environment, the same species being bright green when found In eel 
grass and brownish when found beneath stones or on reefs.

D istribution: North A tlan tic , North P a c if ic . Marine.
FAMILY ATHERINIDAE ( s i !versides) (Gr. atherine, a smelt)
Characters: Sllversides have two separate dorsal fins, the first composed of 

weak spines and the second of soft rays. The anai fin has a single spine In con­
trast to the mullets (Mug111dee) which have 2-3 anal spines. There is a silvery 
lateral band on the side of the elongate body but no lateral line. The scales are 
usually cycloid. The gill membranes are free from the isthmus. The opercular 
bones do not have spines or serrations. Pseudobranchiae and an air bladder are 
present. The pelvic fins are abdominal. The pectoral fins are inserted high on 
the body. The anal fin is usually larger than the soft dorsal.



Ecology: These are small, carnivorous fishes, living in schools, and often 
mistakenly called “smelt.“ They are preyed on by fishes and birds. Ail are 
valued as food. The spawning season of the various species may be either in win­
ter or summer, with individual fish spawning more than once. The grunion,
Leuresthes tenuis, is noted for depositing its eggs in the sand of the beach. 
Spawning occurs on those nights immediately after the highest tide of the series 
(tbs full of the moon). The eggs remain covered by sand for two weeks until the 
succeeding series of high tides exposes them, at which time they are ready to hatch.

Distribution;; Tropical and temperate coast fishes. Principally marine, some 
entering bays and rivers. Some freshwater forms,

SUBORDER COTTOIDEI

Characters : In this suborder the second suborbitai is united with the preoperci 
forming a bony suborbital stay. The head usually is armored with bony plates with 
spiny projections. The slit behind the fourth gii! is reduced or absent. Other­
wise the fishes in this group closely resemble the percomorphs.

FAMILY SCORPAENIDAE (rockfishes) (Gr. skorpios, scorpion)

Characters; Rockfishes have a large head with characteristically placed 
spines and ridges. The fin spines are well developed and the scales are large 
and ctenoid. There are three ana) spines and 13“I5 dorsal spires. The dorsai 
fin is continuous or sometimes deeply notched. The gii! openings are wide and the 
gill membranes are not united with the isthmus. The mouth has viIMform teeth on 
the jaws and vomer. Pseudobranchiae and an air bladder are present.

Ecology; The mucous which coats the body and spines, especially of tropical 
forms, is toxic and wounds may be intensely painful. Rockfishes live from shallow 

to depths of more than 800 fathoms. Color varies with the depth. Deep—water 
forms are generally red while shailow-water ones are black or green. Some species 
are erroneously called rock “c o d s L o c a l  forms are ovoviviperous. The taxonomy 
of local species is difficult and has been incompletely worked out. At least 54 
species of the genus Sebastodes have been described from the North Pacific. Several 
species support important commercial fisheries on both the Atlantic and Pacific 
coasts of North America.

Distribution; Ail tropical and temperate seas. Center of abundance in 
North Pacific. Harine.

FAMILY HEXAGRAMMIOAE (green)Ings) (Gr. hex, six: gramme, line)

Characters; In green!ings the head lacks the spines and ridges of the rock­
fishes but instead possesses cirri. They frequently have multiple lateral lines.
The posterior nostril on each side is reduced In size. Scales small, either 
cycloid or ctenoid, and are present on the head. Pseudobranch1ae are present.
The anal fin is long. The anterior part of the dasaI fin consists of slender 
spines and the fin may be continuous or divided.

Ecology; Greeniings live among rocks or seaweed. They are carnivorous fishes 
and often are called “sea-trout” by sportsmen. The ling ‘tod“, Qphiodon elongatus. 
which enters the commercial catch, spawns adhesive eggs which are guarded by 
one parent.

Distribution: North Pacific. Marine.

FAMILY AN0PL0P0MIDAE (sabiefishes) (Gr. anoplos, unarmed; porno, operculum)



C h a r a c t e r s ;  T h e  h e a d  S a c k s  r i d g e s ,  s p i n e s ,  o r  c i r r i .  T h e  l a t e r a l  S in e  i s  
s i n g l e .  T h e r e  a r e  tw o  w e l I - d e v e lo p e d  n o s t r i l s  o n  e a c h  s i d e .  T h e  s e c o n d  d o r s a l  
f i n  h a s  o n e  o r  tw o  a n t e r i o r  s p i n e s .  T h e  p e i v i c s  a r e  I ,  5 ,

E c o lo g y ;  F i s h e s  o f  d e e p  w a t e r s .  T h e  s a b i e f i s h ,  A n o p lo p o m a  f i m b r i a ,  i s  im ­
p o r t a n t  c o m m e r c i a l l y  I n  t h e  n o r t h  f r o m  O re g o n  t o  A l a s k a  w h e re  t h e  f l e s h  i s  m o re  
o i l y  t h a n  i n  t h e  s o u t h e r n  p a r t s  o f  i t s  r a n g e .

D i s t r i b u t i o n ;  N o r t h  P a c i f i c .  M a r in e .

- 'A M IL Y  C O T T ID A E  ( s c u l p i n s )  ( G r .  k o t t o s ,  b u l l h e a d )

C h a r a c t e r s ;  S c u l p i n s  h a v e  a  l a r g e  h e a d  w i t h  t h e  e y e s  p la c e d  h ig h  o n  t h e  h e a d .  
T h e  d o r s a l  s p i n e s  a r e  f l e x i b l e .  T h e  p e c t o r a l  f i n s  a r e  b ro a d  an d  f a n - 1  I k e .  T h e  
p e i v i c s  a r e  I ,  5  o r  l e s s .  T h e  s p in o u s  d o r s a l  f i n  h a s  8 - 1 6  s l e n d e r  s p i n e s  a n d  t h e  
s o f t  d o r s a l  i s  e lo n g a t e .  T i e  a n a l  f i n  h a s  n o  s p i n e s  a n d  i s  s i m i l a r  I n  s h a p e  t o  
t h e  s o f t  d o r s a l .  P s e u d o b r ¿ r ic h Ia e  a r e  p r e s e n t «  T h e  a i r  b la d d e r  co m m o n ly  i s  a b ­
s e n t .  T h e  b o d y  n e v e r  i s  m i f o r m ! l y  s c a l e d .  T e e t h  a r e  i n  v i l l i  fo rm  b a n d s  o n  t h e  
j a w s  a n d  o f t e n  o n  t h e  v o e r  a n d  p a l a t i n e s .  T h e  g i 1 1 r a k e r s  a r e  s h o r t  o r  o b s o l e t e .

E c o lo g y ;  S c u l p i n s  a r e  b o t t o m - d w e l l in g  f i s h e s ,  s l u g g i s h  i n  m o vem en t e x c e p t  
w h e n  c a p t u r i n g  p r e y .  T h i s  i s  a  h i g h l y  s u c c e s s f u l  g ro u p  of  f i s h e s .  I n  C a l i f o r n i a ,  
C e n s u s  b e id in q i  i s  e n o r m o u s ly  a b u n d a n t  i n  t h e  T r u c k e e  R i v e r  d r a in a g e  i n c l u d in g  
L a k e  T a h o e  a n d  f u r n s h e s  l a r g e  a m o u n ts  o f  fo o d  f o r  t r o u t  i n  t h i s  b a s i n .  On a  
p a r a l l e l  b a s i s  C ,. a s  p e r  a n d  JC . g u lp s  u s  o c c u r  a b u n d a n t ly  i n  c o a s t a l  s t r e a m s .  T h e  
s t a !gh© r% s c u l p i o ,  L e p t o c o t t u s  a r m a t u s ,  i s  o n e  o f  t h e  m o s t  n u m e ro u s  fo rm s  I n  S a y  
A r e a  w a t e r s  a n /  I s  f r e q u e n t l y  c a u g h t  b y  b a i t  f i s h e r m e n  a n g l i n g  f o r  s t r i p e d  b a s s .
I n  b o th  g e n e v- i a n d  s p e c i e s ,  t h i s  g ro u p  r e a c h e s  i t s  m axim um  d e v e lo p m e n t  i n  r o c k y  
t i d e  p o o ls  ' a  s h a l lo w  m a r in e  a r e a s  w h e re  a  l a r g e  n u m b e r o f  v e r y  b e a u t i f u l ,  h i g h l y  
c o l o r e d ,  ? * d  g e n e r a l l y  s m a l l  fo rm s  o c c u r .  W h i le  m o s t  a r e  m a r in e ,  t h e y  a l s o  o c c u r  
I n  e n o m r o *  n u m b e rs  i n  f r e s h w a t e r  s t r e a m s  a n d  l a k e s  s u c h  a s  L a k e  T a h o e  m e n t io n e d  
a b o v e .-  I n  s u c h  w a t e r s  t h e y  a r e  o f t e n  v e r y  a b u n d a n t ,  m a k in g  up  in  n u m b e rs  o f  i n ­
d i v i d u a l s  o f  a  s i n g l e  k in d  f o r  t h e  d i v e r s i t y  o f  g e n e r a  a n d  s p e c i e s  o c c u r r i n g  in  
s a l .  w a t e r .  A  fe w  d e s c e n d  t o  g r e a t  d e p t h s  i n  t h e  o c e a n .  T h e s e  a r e  m o s t ly  s m a l l  
f i s h e s  e x c e p t  f o r  t i e  l o c a l  c a b e z o n e ,  S c o r p a e n 1c h t h y s  m a r m o r a t u s .  w h ic h  r e a c h e s  
Id  in c h e s  i n  l e n g t h .  T h e  f a m i l y  I s  e x t r e m e l y  v a r i e d  w i t h  a lm o s t  e v e r y  s p e c i e s  
n a v ln g  a n  I n d i v i d u a l i t y  o f  i t s  o w n . C o n s e q u e n t l y ,  t h e r e  a r e  a lm o s t  a s  m any g e n e r a  
a s  s p e c i e s ,  i n  t h e  f r e s h w a t e r  s c u l p i n  C o t t u s  b a i r d l .  t h e  e g g s  a r e  d e p o s i t e d  u n d e r  
s t o n e s  i n  s w i f t  w a t e r  a n d  a r e  g u a r d e d  b y  t h e  m a l e .  T h e s e  s c u l p i n s  h a v e  b e e n  
a c c u s e d  o f  e a t i n g  t r o u t  e g g s ,  b u t  i t  i s  p r o b a b le  t h a t  a n y  e g g s  e a t e n  a r e  io o s e  
o n e s  t h a t  h a v e  n o  c h a n c e  o f  h a t c h i n g .  F r e s h w a t e r  s c u l p i n s  a r e  g e n e r a l l y  c o n f in e d  
t o  c o l d e r  w a t e r s .

D i s t r i b u t i o n ;  N o r t h e r n  h e m is p h e r e ;  c i r c u m p o l a r .  M o s t ly  m a r i n e ,  som e 
e u r y h a l l n e  a n d  f r e s h w a t e r .

ORDER G A S T ER O S T E IFO R M ES

F A M IL Y  SYN G N A TH ID A E ( P i p e f i s h e s  an d  s e a h o r s e s )  ( G r .  s y n ,  t o g e t h e r ;
g n a t h o s ,  j a w )

C h a r a c t e r s ;  i n  t h i s  f a m i l y  t h e  m o u th  i s  a t  t h e  e n d  o f  a  t u b e - l i k e  s n o u t .  T h e  
e lo n g a t e  b o d y  i s  e n c lo s e d  i n  a  s e r i e s  o f  b o n y  r i n g s .  P e l v i c  f i n s  a r e  a b s e n t .  T h e r e  1 
a  s i n g l e  d o r s a l  f i n  w i t h o u t  s p i n e s .  P h y s o c : ! i s t i c .  T h e r e  a r e  n o  t e e t h .  I n  t h e  
s e a h o r s e s  t h e  t a i l  i s  p r e h e n s i l e  a n d  t h e  c a u d a l  f i n  i s  l a c k i n g .



E c o lo g y ;  P r o t e c t i v e  c o l o r a t i o n  i s  w e l l  d e v e lo p e d  in  a l l  f o r m s .  T h e y  s w im  in  
a n  u p r i g h t  o r  p a r t i a l i y  u p r i g h t  p o s i t i o n  a n d  p r o p e l  t h e m s e lv e s  b y  m ean s o f  t h e  
p e c t o r a l  a n d  c a u d a l  f i n s  a s  w e l l  a s  b y  w r i g g l i n g  m o ve m e n ts  o f  t h e  t o d y .  T h e y  a r e  
c o m m o n ly  fo u n d  i n  e e l g r a s s  b e d s  o r  o n  o t h e r  m a r in e  v e g e t a t i o n .  I n  t h e  s e a h o r s e s  t h e  
p r e h e n s i l e  t a i l  i s  u s e d  t o  a t t a c h  t o  s e a w e e d s .  O ne s y n g n a t h i d ,  P h y l l o p t e r y x .  f r o m  
A u s t r a l i a  h a s  d e rm a l a p p e n d a g e s  o n  t h e  h e a d  a n d  b o d y  w h ic h  c l o s e l y  r e s e m b le  t h e  
s e a w e e d  am ong w h ic h  i t  l i v e s .  T h e s e  f i s h e s  f e e d  o n  s m a l l  c r u s t a c e a n s ,  u s in g  t h e
t u b e  s n o u t  a s  a  s y r i n g e  w i t h  w h ic h  t o  d ra w  i n  t h e i r  p r e y .  T h e  f e m a le s  p l a c e  t h e
f e r t i l i z e d  e g g s  I n  t h e  b ro o d  p o u c h  o f  t h e  m a le s  w h e re  t h e y  d e v e lo p .  T h e  l i n i n g  o f  
t h e  p o u c h  i s  v a s c u l a r  a n d  s u p p l i e s  o x y g e n  t o  t h e  d e v e lo p in g  e m b r y o s ,  i n  t h e  p ip e ­
f i s h e s  t h e  n e w ly - h a t c h e d  y o u n g  a r e  r e l e a s e d  w h e n  t h e  f l a p s  o f  t h e  p o u c h  s e p a r a t e ,  
b u t  I n  t h e  s e a h o r s e s  th e y e m e r g e  t h r o u g h  t h e  d i l a t e d  o p e n in g  o f  t h e  p & w sh .

D i s t r i b u t i o n ;  C o s m o p o l1 t a n .  P r i n c i p a l l y  m a r in e ,  som e i n  b r a c k i s h  w a t e r .

F A M IL Y  G A S T E R O S T E ID A E  ( S t i c k l e b a c k s )  ( G r .  g a s t r o s ,  b e l l y ;  o s t e o n ,  b o n e )

C h a r a c t e r s :  S t i c k l e b a c k s  h a v e  d e rm a l p l a t e s  o n  t h e  b o d y  a n d  tw o  o r  m o re  f r e e
s p i n e s  i n  f r o n t  o f  t h e  d o r s a l  f i n .  T h e  p e l v i c  f i n s  e a c h  h a v e  a  s t o u t  s p i n e .
T h e r e  a r e  t h r e e  b r a n c h ! o s t e g a l  r a y s .  T h e  c a u d a l  p e d u n c le  i s  s l e n d e r .  T h e  p r e -  
o p e r e l e  I s  u n a rm e d . T h e  m o u th  i s  b o r d e r e d  b y  t h e  p r e m a x i i l a r i e s  o n l y .  T h e  p a i r  
o f  v e n t r a l  b o n y  p l a t e s  a n t e r i o r  t o  t h e  p e l v i c  f i n s  I s  r e s p o n s i b l e  f o r  t h e  f a m i l y  
n a m e .

E c o lo g y ;  S t i c k l e b a c k s  a r e  common i n h a b i t a n t s  o f  f r e s h w a t e r ,  b r a c k i s h ,  a n d  
m a r in e  a r e a s .  T h e  p e l v i c  a n d  d o r s a l  s p i n e s  c a n  b e  lo c k e d  in  t h e  e x t e n d e d  p o s i t i o n  
t o  fo r m  a  f o r m id a b le  d e f e n s e  a g a i n s t  a  p o t e n t i a l  e n e m y . T h e  d e rm a l p l a t e s  a r e  
b e t t e r  d e v e lo p e d  i n  t h e  m a r in e  fo rm s  t h a n  i n  t h e  f r e s h w a t e r  fo r m s , ,

D i s t r i b u t i o n ;  N o r t h e r n  h e m is p h e r e ;  c i r c u m p o l a r .  M a r in e ,  e u r y h a l i n e ,  an d  
f r e s h w a t e r .

O RDER P LEU R O N EC T!FO R M ES ( f l a t f i s h e s )

C h a r a c t e r s ;  F l a t f i s h e s  h a v e  a  c o m p re s s e d  b o d y  m o d i f ie d  f o r  a  b o tto m  e x i s t e n c e .  
T h e  s k u l l  I s  a s y m m e t r i c a l  w i t h  b o th  e y e s  o n  o n e  s i d e  o f  t h e  h e a d .  T h e  e y a d  s i d e  
o f  t h e  f i s h  i s  c o lo r e d  a n d  t h e  b l i n d  s i d e  i s  w h i t e .  T h e  d o r s a l  a n d  a n a l  f i n s  a r e  
l o n g .  T h e  n e w ly - h a t c h e d  l a r v a e  a r e  s y m m e t r i c a l  a n d  p h y s o c l I s t i c .  T h e y  le a d  a  
p l a n k t o n i c  e x i s t e n c e .  L a r v a l  m e t a m o rp h o s is  i n c l u d e s  m i g r a t i o n  o f  o n e  e y e  t o  t h e  
o p p o s i t e  s i d e  o f  t h e  h e a d ,  a n t e r i o r  p r o lo n g a t io n  o f  t h e  d o r s a l  f i n  a n d  l o s s  o f  t h e  
a i r  b l a d d e r .  T h e  y o u n g  th e n  b ecom e b o t t o m - d w e l le r s  f o r  t h e  r e m a in d e r  o f  t h « - r  l i v e s .  
T h e y  s w im  w i t h  t h e  e y e d  s i d e  u p p e rm o s t  a n d  t h e  b l i n d  s i d e  lo w e r m o s t .  T h e  m o u th  
c a n  be  e i t h e r  l a r g e  o r  s m a l l  a n d  i s  o f t e n  a s y m m e t r i c .  T e e t h  a r e  a lw a y s  p r e s e n t .
T h e  p r e m a x i I i a r f e s  a r e  p r o t r a c t i l e .  P s e u d o b r a n c h ia e  a r e  p r e s e n t .  T h e  p r e o p e r c u i a r  
m a r g in  i s  m o re  o r  l e s s  d i s t i n c t  a n d  n o t  h id d e n  b y  s k i n  o r  s c a l e s ,  i n  c o n t r a s t  t o  
t h e  t r u e  s o l e s  ( C y n o g lo s s id a e )  o f  w h ic h  t h e r e  i s  o n l y  a  s i n g l e  r e p r e s e n t a t i v e  o n  
t h e  w e s t  c o a s t  o f  N o r t h  A m e r i c a .

E c o lo g y ;  F l a t f i s h e s  a r e  p r e d a c io u s  a n d  c a r n i v o r o u s ,  f e e d in g  o n  o t h e r  f i s h e s  a n d  
b o t to m  i n v e r t e b r a t e s .  T h e y  o f t e n  b u r y  t h e m s e lv e s  i n  t h e  s a n d  w i t h  o n l y  t h e  e y e s  
p r o t r u d i n g .  E g g s  a r e  s m a l l ,  p e l a g i c ,  a n d  p r o d u c e d  i n  g r e a t  n u m b e r s .  T h e  l o c a l  
s t a r r y  f l o u n d e r ,  P l a t l c h t h v s  s t e l l a t u s .  i s  o f t e n  t a k e n  in  f r e s h w a t e r  c o n n e c t e d  w i t h  
t h e  o c e a n  a n d  a  h e a v y  s p o r t s  f i s h e r y  t a k e s  p l a c e  f o r  t h i s  s p e c i e s  i n  t h e  B a y  A r e a .  
O t h e r  s p e c i e s  fo rm  im p o r t a n t  c o m m e r c ia l  f i s h e r i e s  l o c a l l y  a n d  i n  m any o t h e r  p a r t s  
o f  t h e  w o r l d .

F A M IL Y  BO TH !D A E ( d a b s )



© Characters: The body is sinistra! {eyes and colored surface on the left side), 
a pelvic fin of the eyed side is exactly on the edge of the abdominal ridge. 
v»thar1chthys sordldus forms a tenth of the commercial flatfish catch In California.

Distribution: Tropical and temperate seas. Narine.

FAMILY PLEUROMECTIOAE (flounders) (Gr. pleura, rib; nektos; swimming)

Characters: The body is d m r a l  (eyes and colored surface on the right side). 
The pelvic fins are symmetrically arranged, one on each side of the abdominal ridge. 
The Pacific Halibut (Hippogloisus stenolepis) forms the second most valuable fish­
ery in the North Pacific, second only to salmon. It is caught principally on long 
lines although some are taken In otter trawls. The fishery isstrictly regulated 
by an international treat' between the United States and Canada. Other flounders 
form the majority of tho flatfish catch in California, Oregon, and Washington.

Distribution: Po'ar and temperate seas. Narine.

ORDER ECHENJ t-'GRMES

FAMILY Iti'JIE I DAE (remoras) (Gr. echeneis, remora)

Characters; Remoras have the spinous dorsal fin transformed into an adhesive 
disk. ThJ flat disk extends forward on the upper surface of the head. The spines 
of the 'in have become divided and flattened to form transverse lamellae. The 
pelvi - fins are thoracic and the pectorals are inserted high on the body. The 

Is broad and depressed. There is no air bladder. The second dorsal and 
W * j  fins have no spines. The body is fusiform, elongate, and covered with small 
cycloid scales. The opjrcles are unarmed. The pseudobranchiae are obsolete and 
the gill rakers are short.

Ecology; Remoras attach to the skin of predacious sharks and lar®« serranids 
and are transported by these larger fish* SiBall spines on the posterior margins 
of the lamellae prevent the remora from sliding backwards on their swift-moving 
transports. They are facultative commensals since they feed on fragments from 
the hosts* meals, but in no way do they harm the host.

Pistfibut Ion: Ail warm seas. Marine.

ORDER TETRAODONTIFORMES

Characters: These fishes are distinguished from the percomorphs by certain 
skeletal peculiarities. The pelvic fins are usually absent* The gill opening 
is reduced in size so that it does not extend below the base of the pectoral fin 
and the opercular bones are reduced. The body Is covered with osseous scales, 
scutes, or spines; often the body is naked. The few teeth are strong and may be 
beak-1 ike. This group is found principally In tropical and subtropical seas.
Many are poisonous.

FAMILY BAUSTIDAE (trlggerf Ishes) (L. ballsta, a catapult)

__ Characters: The dorsal fin has one to three spines which can be locked In the 
■ b e t  position. Thera are eight strong, Incisor-like teeth in each jaw. The 
pilvlc fins are represented by a single short spine at the end of a long, movable 
pelvic bone which helps to expand the abdominal air sac. The scales are enlarged 
and bony. The lateral line is obscure or absent.



**7.
geology; Triggerfishes live  mainly In shallow viator, coral roof areas. The 

strong teeth are used to crush sh e lls of molluscs on which they feed; They may 
ftbuse damage to pearl fish eries by eating the pearl oysters. The f ir s t  dorsal 
spine can be locked in the erect position by a bony knob at the base of the second 
and Is Immovably fixed  unless the second is  depressed. This second spine has been 
compared to a trig g er. The flesh  of some species Is  poisonous.

D istribution: A tlan tic , Indian, and P a c ific  oceans. Marine.
PAMI i f  TETRAQQOMTIOAE (puffers) (6 r. te tra , four; odontos, teeth)
Characters: The teeth are fused Into two large pletes In each jaw . In contrast 

to the trigger?Ishes, the pelvis is  fixed . The fin *  are composed of soft rays only.
These are heavy-bodied fish e s . The body Is  naked except fo r small spines which may 
be present.

Ecology: Puffers have the capacity of blowing themselves Into a spherical shape 
by distending a large sac, connected with the g u lle t, e ither with a ir  or water.
When f ille d  with a ir , they w ill flo at upside down at the water surface. The flesh  
generally Is poisonous.

D istribution: A tlan tic , Indian, and P a c ific  oceans. Tropica! and subtropical. 
P rin c ip a lly  marfne, some in freshwater.

FAMILY DIOBGMTIDAE (porcupine fishes) (6 r. d l, two; odontos, teeth)
Characters: The teeth are fused into a single plate In each jaw. These teeth 

fere sharp at the edge but have broad crushing surfaces inside. The body, which is 
*h o rt, broad, and depressed above, is in flatab le  and covered with spines. These 
spines may be short and stout, in which case they are three-rooted or long and 
movable, In which case they are two-rooted* The dorsal and anal fin s  are short, 
s im ila r In shape, and posterior in position. The n o strils  on each side form a small 
tentacle.

Ecology: Porcupine fishes feed on coral and m olluscs. Their capacity fo r 
In fla tio n  is  less than that of the puffers.

D istribution: A tla n tic , Indian, and P a c ific  oceans. Tropical and subtropical. 
Karine.

ORDER GOBfESOC(FORMES
FAMILY 60BIES0CIDAE (cllng fIshes) (L . goblo, a fish  of small value;

G r. esox, pike)
Characters: CllngfIshes are smalt fishes with a thoracic sucking d isc . This 

d isc is  modified from the pelvic fin s  and is  also supported by the c le ith ra  and 
postcle ithra. The four rays of each pelvic fin  form the latera l edges of the disc 
with the la st ray having a membranous attachment to the lower portion of the pectoral 
base.

The body Is tadpole-shaped, with the anterior part of the head broad and depressed. 
Jh fs is  correlated with the loss of some of the sku ll bones, such as the entopterygoid, 
Bbtapterygold, and suborbitals. Scales are absent; however, there Is a heavy coat of 
mucous. The latera l line Is present with the pores well developed on the heed but 
sw ill and d if f ic u lt  to locate posterio rly . There is  one dorsal and one anal f in , 
opposite In position. A ll f in  rays are unbranched.



® Tbe urogenital p ap illa , ju st behind the anus. Is larger in the males of many 
Ifngfishes than In the females and Is genericsIly ch aracte ristic . The s ire , shape, 

and position of the teeth in the jews form useful systematic characters at the 
generic and sp ecific  leve ls.

geology: Nearly a il species of clingfishes occur in shallow coastal waters, 
often in the in tertida l zone, where the adhesive disc and flattened form enables 
them to maintain th e ir position In a strong su rf. They are weak swimmers and use 
the sucker to attach to stones and weeds. Their incisor and canine teeth are 
useful In feeding on small crustaceans and worms. Some forms hide among sea urchins.

In tropical America, species of Gobiesox occur rather widely in sm all, sw ift, 
freshwater coastal streams to which true freshwater fishes cannot gain access, in 
th is respect they are equally as e ffic ie n t as the Hawaiian climbing goby described above.

Clingfishes may be differentiated from gobies by the ir single dorsal fin  and 
the widely separated bases of the ir pelvic f in s . In gobies the peivics are usually 
united to form a fla rin g  cone free from the body whereas in the clingfishes the 
disc Is formed from a fold of skin which Is adhesive to the body.

D istribution : Marine. At no point is  the number of species large. A widely 
distributed group occurring on the warm temperate and tropical coasts of the 
A tla n tic , Indian, and P a c ific  oceans.

ORDER BATRACMOI D IFORMES
®  FAMILY BATRACKOIDIOAE (toadffshes) (G r. batrachos, frog)

Characters: The spinous dorsal fin  Is reduced, with only two to four spines.
The thoracic pelvic fin s  have one spine and only two or three rays. The soft 
dorsal and anal fin s  are long. Scales are usually ^tesnt• There are spines on the 
opercle. These fish  have a generally repulsive appearance with a large head with 
curved canine teeth on the jaws and palate.

Ecology: Some toadffshes have hollow spines which are connected with poison 
glands. The fle sh  fs tasty but these fish  are seldom consumed. The eggs have 
adhesive disks and the young fry  also have an adhesive disk which disappears with 
growth. The parents guard the eggs and young. The common local species In the 
Ray Area Is the midshipman, Porlchthys notatus, which has prominent rows of photo- phores on the body.

D istribution : A tlan tic , Indian, and P a c ific  oceans. Marine,
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An Annotated L is t of Living Fish Groups, C lassified  to the Family Level.
The two most widely used systems of fish  c la ss ifica tio n  are those of the 

late C« Tate Regan, and the late Leo S . Berg. Berg's system, with uniform endings 
for ordinal names« Is  now more frequently used, especially in non-ichthyological 
lite ra tu re . Some of Regan's ordinal names such as Isospondyli, Ostariophysi and 
P rcomorphl are so commonly used that they should be learned along with equivalents 
in Berg's c la ss ific a tio n .

The ordinal nemes are derived from Berg's system. The names in parenthesis 
are the corresponding names given by Regan. The c la ss ifica tio n  as presented here 
may be considered as a tentative arrangement based on present knowledge. For 
several fam ilie s, suborders and even orders, detailed studies are lacking and 
the re a lity  of the c la ss ifica tio n  is a matter of speculation. This is  not a 
complete l is t  of a ll the generally recognized fam ilies, but on iy an indication 
of the re la tive  number of forms contained in the various orders.



P h y lu m  CHOR0ATA 
S u b p h y lu m  V E R T E B R A T A

Class Agnatha (Marsipobranchil) Berg considered Agnatha as a superclass» separating 
th is group from the jawed vertebrates (superclass Gnathostomata).

Order Petromyzont i formes (Hyperoart i a)
Family Petromyzontidae - lampreys 

Order Myxlniformes (Hyperotreta)
Family Myxlnidae - hagfishes

Class CHOMDRICHTHYES (cartilaginous fishes)
Subclass ELASM0BRANCH!I (sharks, skates, rays)

Borg arranged the cartilaginous fishes into two classes (Elasmobranchli and 
Holocephali) with two superorders of E1asmobranchlI,

Order Squai iformes (Pleurotremata) the sharks 
Suborder HEYER00GNT01DEA

HETEOOONTIDAE - bull-head sharks 
Suborder NOTIOANOIDEA

KEXANCHIOAE (NOT!DANIDAE) - cow sharks 
Suborder CHLAMYB0SELACH01DEA

CHLAMYDOSELACHiDAE - fr ille d  sharks 
Suborder GALEOIDEA

CARCHARIIDAE - sand sharks 
SCAPANORHYNCHIDAE - goblin sharks 
1SUR1DAE (LAMNIDAE) - mackerel and man-eater sharks 
CETORHINiDAE (HALSYDRIDAE) - basking sharks 
ALOPliDAE - thresher sharks 
QRECTGLOSIDAE - carpet and nurse sharks 
RHINCODONTIDAE - whale sharks 
PSEUDOTRIAKIOAE - fa lse  cat sharks 
SCYUORHINIDAE (SCYLLI IDAE) - cat sharks 
TRIAKIDAE - smooth dogfishes 
fARCHARHINIDAE - blue sharks, gray sharks 
SPHYRNIDAE « hammer-head sharks 

Suborder SQUALOIDEA
SQUALIDAE - spiny sharks or dog-fishes 
DALATIIDAE (SCYMNQRHIWIDAE) - slimesharks 
ECHIN0RHIN1DAE - brambiesharks 

Suborder PRISTIOPHOROIDEA
PRISTOPHORIDAE - saw sharks 

Suborder SQUAT!NOIDEA
SQUATSNIDAE (RHIN1DAE) - anfel sharks 

Order RAJSFORMES (HYPOTREMATA or BAT01DEI) - skates and rays
RH1N0BATIDAE - sandsharks, shovel nose sharks, guitarfishes 
PRISTIDAE - sawfishes 
RAJIDAE - rays or skates 
PLATYRHINIDAE (DISC08AT10AE) - thornbacks 
DASYATIDAE (TRYGONIDAE) - stingrays 
POTAMOTRYGONIDAE - flu v ia l in hab it, S , America



rtfilOSATIOAF ■ C®*AiTp8ATiPAE) eagle rays„ etc»
MQBC'U0A£ r devi I f ish» avvi I rays » mantas 
T0RPÉ9IHIQAÌ * e lectric  rays

Subclass BQCOCgPJIALT
Order CHI HAEftl FORTIES (CHIMAERAE)

CHMAERSOA6 Chtmaeras, yet f Mites.
Class Ostcichthyca

Subclass S w.vpta;y*,i I
Or dar Coe S acajuhf forutê  {Croaaopterygl i )

Pam 11 y Coe i acanto Mae - ctef «scant hs 
Order Dipteri formas (D|pneuatt; Cippo))

Fiimi i/ Caraiadoptè dee * Austral Ian I dogfish 
Fami If  wtpldoalrpnMae ** ¡»outn American and African lyngf Mhea 

Subclass grechi opr erygH 
Ord&r Polyptari formas

Family folypterMad. •» blipfF#
Saoclas» net \(H*iueryy)}

Superordmr Chpndrwstel 
Order Ac ipausar I formes

falsify Api porter Mae * scorgenti
^  Fafeljy PulysjdontIdae pagStsfi'ijp a - j ____.s^ y rv -é rA rr  H©\®

OMer Aral |Bìi^m^.fjipspgn5yÌ I m Halaeomorphl) '
Family Àmild^ poòwfln 

Order Caplspiitdi'fpfinps {Si ngl ymodi )
» f|,wp!sòsta(d§® ** oars 

Supeforder ‘I ¡„ 1 èoy f.e |
Order CI u p « i f ( Mospopdy!1)

Suborder CiujftSQfdpi
Fapl |y P-ppi4.ee « tarpons
Farti* jy ftiOuMde® * itomi I shey
Fami jy PtaròttifissMàd * d#e|>*ea wnefishes
1 ifq ! r pupa*daw * jiaf r|ny'»
: -.iti I ly ffngppyi * d*<e ?■ gnehoy I as
fill j§ h » npucapha» I dae * deepsea s 11ckheads*

¿ubiiif dtìr rpcQbt F||i.|j0 i
f A H y î hi rprositnuaa *• herrings 

Swhafaaf £hanpld®l
haul das - D e f e r i i * 4'

i $$1 $ y § f  i mt\ i 4&® * 1 # % fiwits 9 v$s I t$f i $(>*» » and- nr ay ! I ng$
f  JifffÌ I |f ||| I I « f$$i #ffI $&
f | p | :|  gf f§f|f Ì § tlf ||pf;| f
F ;p i | f   ̂ mt:fùpi(mm| s # 1 a n f 1 4 ^

PI I 3 Ap 1 conti
fyte§fd,tif 4fiI ■i>-

f ip j lì# Pio^! * pitici ' 
f I   ̂ p if i if fé   ̂ py4n|RR^s 
ffifi}|r m i ? ■* ^1 nsfif 1 th ■

 ̂s 4 ^ 0 | ^ |  BvM rl(^ *><.'* f
f.«m; |y doofi t̂P'-fldda •- deepsaa brlsslemauthi 
f  if<tly &licrooptydhfdf® r dc^psea hdtchdt fish»
Family fiomidlluf« *■ daop»«a sc«ly> dragoni!shea 

t I'tif 1 y Ch îyIiddphfld<ie 4 uacpsaa viperf Isnes 
f Vif»v ft® 1 i«wasihldad " d^fpaa# anagy||»^ppthi 
1 *>:.! i f  Ma I as»:f*r t s ! da» « ue^piiaa I op&oj aws 
< i ly H Mwstoi|MtM#d • «tappi««1 s# d |f lis i dragoni ishes



S u b o r d e r  N o t o p t e r o id e i
F m l l y  H f o d o n i Id a e  -  m o o n e ye s  
F a m i l y  N o t o p t e r Id s ©  -  f e a t h e r b a c k s  

S u b o r d e r  O s t e o g lo s s o id e i
F a m i l y  Q s t e o g lo s s  Ida®  -  b o n y to n g u e s  
F a m i l y  H e t e r o t 1d a e  *  A f r i c a n  b o n y to n g u e s  

S u b o r d e r  P a n to d o n to S d e I
F a  r a l l y  P a n t o d o n t id a e  -  A f r i c a n  m u d s k ip p e r  

O rd e r  S a t h y c 1u p e i fo rm e s
F a m i l y  S a t h y c 1u p e Id a e  '■» d e e p s e a  h e r r i n g s  

O rd e r  M y c to p h I  fo rm e s  ( i n i o m i )
F sal|y Synodont id a e  -  1 i z a r d f i s h e s  
Fami ly S c o p e I  arch id a e  -  p e a r l e y e s  
Family A l e p l s a u r l d a e  -  l a n c e t f i s h e s  
Family H a r p a d o n t id a e  *  Bom bay d u c k s  
Family M y c to p h id a e  -  l a n t e r n f i s h e s  

O r d e r  A t e lo o p ¡ f o r m e s
F  r a l l y  Mel sop! d a e  -  d e e p s  e a  a t e i e o p i d s  

O rd e r  GSganturi fo rm e s
F a m ly  l i i g a n t u r i d a e  «? d e e p s e a  g i g a n t u r i d s  

O rd e r  S a e c o p h a r y n g l f o r m e s  ( L y o r a e r ? )
F a m i l y  S a c e o p h a ry n g Y d a e  -  swallowers 
F a m i l y  Eurypharyng!dae - guipers 

O r d e r  M o rm yr i fo rm e s  (Scyphophori)
F a m l1y  G y m n a r c h Id a e  -  g y m n a rc h  S d s  
F a m i l y  M o r m y r id a e  -  m o rm y r id s  

O r d e r  C y p s ' in i  fo rm e s  ( O s t a r i o p h y s i )
S u b o r d e r  C h a r a c o ld e l  ( H e t e r o g n a t h i )

F a m i l y  C h a r a c id a e  *» c h a r a c i n s  ( o r  c h a r a c i d s )
F a m i l y  S a s t e r o p e l e c ld a e  -  g a s t e r o p e le c l  d s  

S u b o r d e r  G y m n o to id e i
F a m i l y  R h a m p h lc h t h f Id a s  - k n i f e f I s h e s  
F a m i l y  G y m n o t id a e  *» g y m n o t i d e e l s  
F a m i l y  E ! e c t r o p h o r id a e  -  e l e c t r i c  e e l s  

S u b o r d e r  C y p r in o t d e i  ( E v e n t o g n a t h  i )
F a m i l y  C y p r in I d a e  -  m in n o w s  a n d  c a r p s  
F a m i l y  C a t o s t o r n !d a e  -  s u c k e r s  
F a m i l y  H m a lo p t e r I d a e  -  h i  1 1 s t re a m  lo a c h e s  
F a m i l y  G a s t r o m y z o n t id a e  -  s u c k e r b e I S y  lo a c h e s  
F a m i l y  Cobitid a e  -  lo a c h e s  

S u b o r d e r  S 1 1u r o i d e l  (N e m a t o g n a t h i )
F a m i l y  O lp lo m y s t id a e  -  d lp l o r a y s t l d  c a t f l s h e s
F a m l l y  A r i  id a e  -  s e a  c a t f i s h e s
F a m i l y  D o r a d id a e  -  d o r a d id  a rm o re d  c a t f l s h e s
F a m i l y  C a l  1 i c h t h y i d a e  -  c a l  I I c h t h y l d  a rm o re d  c a t f l s h e s
F a m i l y  Lor feariI d a e  -  l o r i c a r ! I d a e  — l o r i c a r i I d  a rm o re d  catflshes
F i i m i l y  A s p r e d in id a e  -  b a n jo  o r  o b s t e t r i c a l  c a t f l s h e s
F a m i l y  P lo t o s  Id a e  ~ p l o t o s I d  s e a  c a t f l s h e s
F a m i l y  S i l u r l d a e  -  E u r a s i a n  c a t f l s h e s
Fam ily P im e lo d id a e  »  p im e lo d id  c a t f l s h e s
F a m i l y  B a g r Id a e  -  b a g r id  c a t f l s h e s
F a m i l y  I c t a l u r i d a e  -  N o r t h  A m e r ic a n  f r e s h w a t e r  c a t f l s h e s
F a m i l y  S a c c o b r a n c h Id a e  -  a l r s a c  c a t f l s h e s
F a m i l y  € l a r i i d a e  -  l a b y r l n t h i c  c a t f l s h e s
F a m i l y  M o c h o k ld a e  -  u p s id e  down c a t f l s h e s
F a m i l y  S c h i l b e i d a e  ** s c h ! i b e S d  c a t f l s h e s
F a m i l y  M a ia p t e r u r id a e  -  e l e c t r i c  c a t f l s h e s



ÌSTWiWkS'l % Ir ©!«#** » ]1 S1 meni¿helyîdaç « snubnoi e aalSri Í
Fami li Muras» i dèe * tasways
Fami J) Mur'ae¡ì^&p-daè, - /piSte; eels
F mi li t ii| dc-e « duckbi ¡Ui?s! s
fami 11 'Conor5 ̂ ¿ înger eels

Oph I c;bthîdae « snake eels
rami !; iJysosam dae '«• w>ustard -5?Is

^ y ?mr clal* Mei i ehthy<pi de i
F mi -fr Mera? ohthyl dae. ~snipe-eels

Order Halosaur! ■fonnes (Lyofefnl
Fami 5'y Halossur dee «-'iiaiosaur'id *aels

Order Notacanti i, formes ^feiereml y
Fami 1 ■: ..Notáis.anthidòe- m .spiny eels

Order• Belonlfoi ■¡tea (Synentcgníif h I)
forasi*y Be ! ou idee ~ m jed sflshes
Famii1 iceWberèsoci diie ■* sauries
fai«! 1 •? Heal ramfo i daé- - half beaks.
Fami ì/y ExocoetIdae ~ f1yfn§-fI sheS:;: 1

Orderr 6acì\ i forni 1. . (Anacantili hlj
Fa»! 1-Y Sedi Jeè' ■-■. «OË-r fs"'.end ha■ í¿ €%&t <3
Fami 1 V■uridae «*'grenadiers {or ̂rat-taiIs)

Order Gd'S.ftìfOS ■al forni . /. .•!SS V l|10'pa&ostei) v , ( ;
Subordter Ga terost '¡dei, .

Fami 1Y . ßastyfiros ta 1 da<jT* i t  ickfebacks
fami 1 Autor‘hynchldao - tube-sno«.ts

-, SaborcterSy gnatboT de i lanlehthtesi
farai 1w. áulcrrtornidae •« t r vjip&t fis h.es’
farai! Cent r■| sdld-'-ui -sh.r/ni ̂ f;isîi#s
Fami i Mac r crhöiisphos:í¿ e - snîpef‘ 1 siids'
Fami Ì: feisteilari ida® cornet? 5shms '
fami ! ‘.’Syngr:lathida® ■« seahorses and ■pip'éf 1 sh

Order Lan-pridiformes 'f Aï iotri'vfpthi)
Fami !y larapt opahs
Fasti!y Sty!«¿phor i dae
Paini Jy• wphcfi l dae - itrestf l'shas
Faun 1 ■ Regal ôcMâé *‘oarfSshes
■ Fatui f: 1 Traci? ! eteri úñ'B « 11 ùhoiì f I %■■hes., :

Order' 'Cyi,o- l nod :£lt Î for•mes/ (Mierocypl|n! or cyŝ rldodon&ï;es
SiiboHJes* Oy ri nockmtoldei

F rail ■ Cyprl nodont i riae -'Jsi î 1 î f is,hes
raro! 1 p ifOÔÍL’í « dae - gìùodetd tdp«il.nno«ríS
F rai 1 ; Jenÿrjsîidae - j~:nyns 11 d tOfHirI nnows'
rami I ■ Anabî¡■epldae • four-ayad fs: sh‘»s
Furo! i i Folcif l i I dae « iivebéarers

iboríi ,M* gs ft p«- ^ w f e sì#!
Ifamr’l’¿j? AmbhfOpS * (ifip f -::cavef isbas -

Order aj tost ithl foi’isel^Kj
Fami i ' Ite osi;¿,th 1 dae - most# .’hid f i >apiumfIs!
Family Phallostethldee - phaììoste.thid prI api um



Fami ly
>rr«es i Bioper ^
Pa rc0p5I it ** pèrohes1

tenes

Fé1:.! • /
rr yc 1 forme# Jffcnobiff yc<*5|.. 
Stepha^ob^ryciiias - d-Mpsc«■j prick

Famii y Rande! et ! i dae' - ronde ! et 1 jgis
ycifòri»** C^r/ccKwphi)
Family Ànoma5 »pidee * 1ènternéye fishès 
Fàtot i y Ppi ymyx! Id®@ > boardf 5 sheŝ  CbSPSucloS)

yeldtao » bef' is la I roim im s l ;
fj fl̂rioceri¡t i* ! d<sMir **' fXi-fi isliès 1

ly Hoi 36 -■• Sqilì rreifJj»lies ahil so
■Féml iy 0j | hber 2 yl,da gJV rfS&hes

l y amplii i dae’ - èeeps►ea » *$<sale fishes
Order Ze ? fa es ' amor'phi )

‘fi fy da^ Ì* OQIr i es
fa:iiH* - 8 |* .l«CSprol :lae - .boa!p'&i fi?il©S

Order Optile;ep I ■rme?i (UJbyr «nthi’..•*#■ * f # P, ;!part)
tc&i>hal fhdae **• ffflake head:

Order Synbr£?l1C*if "i me s (Synibranchlli}
f M uni Érmich I d.te ** SWiilàb f *■ 1 H

inflly Amphi pii^rdt¡%0 V cu<;h|fa
’.'Order' p rei■'T'OT06$  CFe rii;arv:;vsphi)

tardar, p*£?€;oN
£ * ,T:MISIS |ìy Can •; rapami ctsin ■ **■ S TsC». , 'rè?„v famu 1 y The in Na-e.: *■.'¿¿.v# , j£ >*c • ì» t
miliy Ser ,dae iw? %?a b«ISS ('3 5*

BBPamlTy Kuh.M!i<lae’ ■«■ aha sholea-
&m!1 ¥ i 1 «1 id© «fi tripietài'is ■.

i: .;?« Iv Leiagrr;nth 1 dae *** si itjsmouths
lini luf|f^Sch - Si!■ap^ r̂S;

': Fimliy ■ 1anjBHSHH)tniO ■>i:;je/es ■
.':■:.•:■ £?- ¡r &uni 3 v ? !~«*fcer« J - a13?f1 she
Fami 1 y • Centrarchi dae - .sunfish'̂ ;:S and black-b
Family 'fereid.ae ¥ parches^ 9ai1aym? and dar'
#àn,rty'’ Brooch’ i§staglda'a .«■ tile!*. rshes
fami? ly PorrotO’Tsf dae «* b! oef i s hes
fH| ly FachycantrSdae * cobias
Fami ly Car ana I dae - jacks 9 %catSsj* mid pm)pan
Family Cofypheen I cla a - do I ph I tu
fami 1 y Braml clae * po?iifrats
fari-V Serrldaf. - niajarFas

i*y,PoraadfepFiae - grunts,;’’
Sciaenfdi;. - 'drums

Fami J y Mull Idae - goatfishes ( --m a lia ts)
Funal|;y Monadacty! Hae * finger!1Tfhesb'
Family Sparlda-e -■ porgies (sea
P .raS'l.y’:Taxot fdae ^ . arcfierffshas
Family P e m p h e r - sleepers
F.'-rn! iy Sc0fpld.se - ha'l friioons
Family Eph I apl 4aa «* s&adef Isbes
F. rai iy .Kyphosi •* !••: - ch ubs-: r̂oddarf.i shei )
F,.mi iy ®frol lldiie ̂  ft 5 bbiers " •
fami 1 v EphippIdae - spaderishes
Family■Scatophagldae  ̂scats
F al i y ¿haetodpmfcfciae ■* batterfi 
FàmI!y Mandidae * ieafwishes

fishes



Family Cichlidae - ciehlids
Family Embiotocidae - surfperches
Family Pomacentridae » damselfishes
Family tabrldae - wrasses
Family ScarIda© - parrotfishes
Family Cirrhitidae - hawfcfishes
Family Trfchodontidae - sandfishes
Family Sadopsidae - river blackfishes
Family Latridae - trumpeters
Family .OpisthognathIdae - jawfishes
Family BathymasterIdae - ronqui is
Family HugS1oldidae - sandperches
ramiiy "Irachtnidae ** weevers
Family TrSchonotidae sand divers
Family Percophididae - ffatheads
Family UranoscopIdae — stargazers
Family ftactyloscopidae » sand stargsirsers
Family £h 1 asmodontidae - despsea swa!lowers
Family Notothenlidae » Antarctic blenniss '
Family Chaenfchfchyidae « Icefishes 

’ Family Bathydraconfdae - dragenffshes 
Suborder Siganoidai (Amphacanihini)

Family SIganidae - rabbitfishes 
Suborder/Acartthuroidef (Teuthidoldea)

Family Zanc 11 dm« Moorish idols 
Family Acanthuridae - surgaonfIs has 

Suborder TrIchiuroidel
Family Gempylidae - snake mackerels 
Family Trfchiurida© «* cutlassfIshes 

Suborder Scombroid©I
Family Scombridae » mackerels and tunas 

S ©border Luvaro sdeI
Fami1y Luvsr i das - Iouvars
Family IstlophorIdae - bill fishes (sailfishes, mar 
famiIy XIphi Idas « sv#ordf!shoe 

Suborder Qobioidai
Family Eleoiridae - sleepers 
Family Gobi Idas • gobies 
Family PeriophthaImidae *• mudskippers 

Suborder C#Stoi del (Cataphract 1 j Sc i eropar® i; Lori cat I)
Family Scorpaenidae- scorpionfishes and rockfishes
Fami ly Trig! Idae ** searobfns
Famijy Anoplopomatidae - sablefishes
Family Hexagrammidae — green!fngs
FamSly ZanioIepIdae » combf ishes
Fami ly Cot 11 dae «• scuipins
Fami1y Agonidae - poachers and a!1igatorf1shes 

„ , .Family CycIopter!dae - lumpfishes and snail fishes 
Suborder Dactyl ©¡sterol dal

Family Dactylopteridae - flying gurnards 
Suborder Cal 1ionymoides

Family Callionymidae - dragonets



Suborder Blew»I©Idel (Jugulares, In part)
Family BtennHdae - combtooth biennies 
Family Ci inidae - cilnids (klipfIshes)
Family Anarhichadidae » wolffishes 
Family Pholidae - gunnels 
Family Stichaeidae - prickl©backs 
Family Pti1Ichthyidae - quill fishes 
Family Microdesmidae - wormfishes 
Family Zoarcidae - eel pouts 
Family Scytalinidae - graveldivers 
Family Zaproridae - prowfishes 

Suborder Ophidioldei
Family Brotulidae - brotuias 
Family Ophidlidae - cusk-eels 
F mily CarapIdae - pear!fishes 

Suborder Ammodytoidei
Family Ammodytidae - sand lances 

Suborder Stromatoidel
Family Stromateidae - butterfishes 
Family Nomeidae - shepherd?i shes 

Suborder Anabentoidei (Uabyrinthici, in part)
Family Anabantidae - climbing perches (labyrinthfishes) 

Suborder Kurtoidei
Family Kurt idee - forehead brooders 

Suborder Luciocephaioidei (Uabyrinthici, in part)
Family Uuciocephalidae - pfkeheads 

Suborder Tetragonuroidei
Family Tctragonuridae -squaretails 
Family Icosteidae - ragfIshes 

Suborder Sphyraenoidet
Family Sphyraenidae - barracudas 

Suborder Muglloidei
Family Hugilidae - mullets 
Family Atherinidae - silversides 

Suborder Pol/nemo!del
Family Poiynemidae - thre>;dfins 

Order Pieuronectlformes (Heterosomata)
Family Bothidae - iefteye flounders 
Family Pleuronectldae - rlghteye flounders 
Family Soleidae - soles 
Family Cynog loss idae * toagwef ishes 

Order Mastacembel1 formes (Opisthomi)
Family MastacerabelIdae - mastacemS^lid eels 

Order Cchene1 formes (D!scocepha1i)
Family Echeneidse • remoras (sharksuckers)

Order Tetraodont1 formes (Plectognathi)
Family Trlacanthodldae - spi kefishes
Family Balistidae - triggerfishes and filefishes
Family OstraciIdae - trunkfishes
Family Tetraodontidae - puffers
Family Diodontidae - porcuplnefishes
Family Mo)idae - molas (ocean sunfishes)

Order Goblesoc1 formes (Xenopteri)
Family Gobiesocidae - ciingfishes



Order Batrachoidt formes (Haplodoci)
Family Batracholdidae - toadfishes 

Order LophiI formes (Pedlculatl)
Family Lophiidae - goosefishes (anglerfishes) 
Family Antennar11dae - frogfishes 
Family Ogcocephalidae - batfishes 
Family Geratiidae - deepsea anglerfishes 

Order PegasI formes (Hypos tomi des)
Family Pegasidae - sea moths



FISH MORPHOLOGY

feth..position-indicates where a fish feeds surface, adcMtfater, or bottom.

Fish represented here1 
is the sosquitofishj 
a surface feeder on 
mosquito larvae»

Oral appencls^esv^’“̂ '

This type, is .the 
most flexible in 
use — - primarily aid*»

Subtersinsil 
Adapted for bottom 
feedingj includes the 
sucker and eucksr-like

AP Maxillary barbel 
of til® ea**&#

Bo Maxillary aid. chin 
barbels of a 1 cat™ 
fish.

C.o Fleshy lips of a 
sucker; fear sen so ry  
papillae0

A« ¿i~axyngsal archesof 
.a minnow* tooth - 

formula2,p*»~li,2} 
teeth may-bo highly 
variable ia shape«

B.o ■Pharyngeal taeth. 
of a slicker | note 
only 1 row, with 
teeth of a uniform 
shape? ■

Go Unfused, lower - Bo Fused lower
pharyngeal arches pharynge&ls
of a predatoxy of a
fish(parch) perch; note

molariform
taeth <1

Dentsxy teeth are absent in minnows and. suckers!’ in 'these two groups* the pharyngeal 
ussth ars the functional teeth? Molariform taeth crush th® carapaces of crustaceans 
aai various invertebrates. In' the vast majority of -fishes* the lower® pharyngeal» 
a re unfused* narrow and-elongate* and'covered with vlliiformihair-like) teeth«

Gill g’&kers«
Qiil rakers sro> too'th-liks projections- oiy*l^sa»t®rior surfaces o f  th e gill -arches, 
in fish tii&u feect oh pxytoplsnlcton, the ̂ ¿©th sro ,is®d„6H3h»ped-and possess a  
brash-like surface. In fish th&fc: feed on sooplankfconf the raisers are many in 
number, closely spaced, and extremely, long. Prodatosy fish Ji&ve .small reduced 
rakers which sometime© are transforms. into tooth-fearing' plates. Differences in 
gill raker number between two- species or subspecies often reflect differences 
in/feeding habits and general eco lo g y* JDH —  XIi6 s62
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