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INTRODUCTIONFishes are unique among the chordates# Numbers o f species to ta l around 1*0,000 in  some TOO fam ilies and lilt  orders of both e x tin ct and modern forms*They contain far more kinds than are found altogether in  r e p tile , bird and mammal  groups. This is  not surprising when i t  is  considered that water covers over three-fourths o f the earth and the opportunity fo r the evolution and development of many diverse forms was thus enhanced by the greater range of availab le niches presented by s a lt , euryhaline, and freshwater habitats in  both cold and warm water*
F is h e s  as a group are o f  v a s t  importance to  the human r a c e , f i r s t  as food and 

game f is h e s  and, second, because o f  t h e ir  valu e in  s tu d ie s  o f  e v o lu tio n , taxonomy, 
and ecology# A good g e o lo g ic a l  record was l e f t  by f o s s i l  f is h e s  and some 81* 
e x tin c t  orders co n ta in  f o s s i l  form s. In  t h is  course f o s s i l  forms w i l l  be covered  
by the assigned read in g* Elan o f CourseZoology 138 (Ichthyology) was f ir s t  offered on the U niversity o f C a lifo rn ia  Berkeley Campus in  19 U9. The experience gained over the six  years covered nowmakes i t  possible to  place in  one syllabus a l l  pertinent m aterial that has proven useful to date* Formerly laboratory and fie ld  tr ip  o u tlin e s, keys to  fis h e s , and other items were given out separately fo r each laboratory period. Concentrating these in  a syllabus w ill save much tim e, both of the in stru ctor and the student. Changes w ill , o f course, be necessary from time to time in  lig h t o f new findings and such m aterial w ill be given out fo r in sertion  at the proper p laces.The course is  divided into four sections as follow s*I* How a fis h  is  b u ilt  * * * .  6 laboratory periodsII*  Taxonomy of fish e s .  • * * 10 n nI I I .  Ecology of fish e s 9 M wIV . F ie ld  Trips « • • • • • • •  2 weekend fie ld  trip s plus severalafternoon trip s  to lo c a l watersLaboratory ou tlines are given below fo r each o f the sections lis te d  above. These are designed to emphasize the anatomy, c la s s ific a t io n , d istrib u tio n , evolutio n , and ecology o f fis h e s . The characters o f orders and fam ilies to be studied are given in  the laboratory ou tlin es and w ill not be presented in  the lectures*The student w ill be expected to learn the characters o f the major groups o f fish e s studied in  the laboratory. The emphasis w ill be placed on the lo c a l forms dwelling in  the waters o f Central C a lifo rn ia .La order to id e n tify  fis h  through the use o f keys, i t  is  necessary to know now fish es are b u ilt , both in tern ally  and extern ally , and th is  is  the reason the f ir s t  laboratory periods are devoted to anatomy*Laboratory exercises dealing with c la s s ific a tio n  are arranged according to accepted evolutionary and phylogenetic sequence startin g  with the lower forms and proceeding to the most sp ecialized  groups*
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EquipmentStudents should equip themselves with standard dissecting k its  containing needles, sc isso rs, sca lp e l, m illim eter r u le , forcep s, etc* A 10X or lijX magnifying hand lense is  also u se fu l. In  addition , a 3H drawing p e n cil, 8| "  x  11" drawing paper, and notebook to hold the completed laboratory m aterial should be secured* Dividers fo r making measurements o f fis h  w ill be supplied* Hip length rubber boots are essen tia l fo r use on f ie ld  tr ip s . N ets, sein es, b o ttles and preservatives as w ell as thermometers and pH and oxygen determination equipment w ill be provided* A f ie ld  notebook is  e s s e n tia l.Many of the fis h  used in  the laboratory w ill be preserved in  a 5 to 10 per cent solution of formaldehyde* Others w ill be preserved in  70 per cent a lco h o l.Those from formaldehyde should be handled with care as th is  flu id  is  ir r ita tin g  to the n o strils  and eyes and to any sores or breaks in  the skin o f the hands. The fis h  w ill be soaked in  water before being given out in  c la ss  b u t, even so, considerable amounts usually remain in  the specimens* I f  the formaldehyde is  found ir r ita tin g  to the hands, a p air o f lig h t rubber gloves should be purchased* Specimens preserved in  alcohol w ill be much le ss  ir r ita tin g  and students are cautioned to keep a l l  ja rs  covered that contain either flu id * Specimens can be washed in  the sink in  each desk, which w ill also reduce d iff ic u lt ie s  in  handling them* Specimens under examination should never be permitted to diy cut in  the white enamel pans* Keep water in  the pans and a damp cloth  over them when not actu ally  usingthem. Do not cut in to  ary specimen unless you are directed by your instru ctor todo so.Binocular microscopes w ill be assigned to each student who w ill be responsible for th eir use. These w ill be kept in  microscope lockers in  the laboratory under lock and key assigned each student* Another locker w ill be assigned each student so that a place w ill be had fo r storage o f notebooks, d issectin g k it s , etc* The two keys fo r the two lockers assigned each student must be returned a t the end of the course* Laboratory NotebooksLaboratory notebooks w ill be ca lle d  in  occasionally fo r marking and grading* Fasten them in  a su itable notebook cover as recommended above. Keep them in  order* Accuracy in  lab elin g is  more important than beauty of lin e . See th at each drawing is  properly t i t le d . F ie ld  TripsTwo weekend fie ld  tr ip s  w ill be taken, one to c o lle c t fish e s  in  various marine habitats a t Duxbury Reef and Tomales Bay, and one to Clear Lake fo r s tr ic t ly  freshwater forms* At le a s t three other half-day f ie ld  trip s  w ill be made to waters close to Berkeley during the regular laboratory periods* On these trip s the emphasis w ill, be placed on seeing fish e s  a liv e  in  th eir natural co lo rs , making observations and measurements o f eco lo gical fa c to r s , and in  gaining a proper appreciation of the great variety  o f aquatic habitats in  which they dw ell. The timing o f each fie ld  tr ip  w ill depend upon weather and other conditions and w ill be decided each year through c la ss  discussion*
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Two textbooks w ill, be used» These are W. A« Clemens and G* V . W ilby, FISHES OF THE PACIFIC COAST OF CANADA, and J*  R . N orm als, A HISTORY OF FISHES. The former is  excellen t in  i t s  keys, fig u r e s , and discussions o f forms that extend th e ir range into C a lifo rn ia  waters« The la tte r  is  prim arily u sefu l as a text fo r general reading, prepared with a view toward function interpreted in  terms o f stru ctu res, d istrib u tio n  and m igrations, breeding h a b its, fo s s il fish es and kindred subjects» Research fo r Term PapersRather than assign a term paper o f t  he usual type th at e n ta ils  only lib ra ry  work on some sp e cific  to p ic ,  each student is  expected to do a small piece of o rig in a l research« Suitable m aterials are often collected  on the fie ld  tr ip s , though some students se le ct a laboratory or fie ld  problem o f sp ecial in terest to them. We prefer to have the student se le ct h is own area o f research» The main caution here is  that the research problem adopted must be sm all, w ell rounded, clearly  defined, and one th at w ill  not require an unfair amount of student time for i t s  completion over the four steps involved, i*  e« (1 ) lib ra ry  research to ascertain what has already been done, (2) doing the work, (3) analysis o f r e s u lts , and (U) w riting i t  up in  proper s c ie n tific  sty le  to turn in  at the la s t  regular laboratory period in  the term* The only re strictio n s imposed in  the selectio n  o f a subject are that i t  must be on some subject dealing with fis h  or fish e s and your selection must be approved by your instructors» L a s tly , each student w ill be expected to make a b r ie f o ral report on h is research at the la s t  regular laboratory meeting» Term papers w ill not be returned and w ill become part o f the course f i le s  fo r reference purposes fo r future students*
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A Soft-rayed Bony Fish Carp (Cyprinus carpio)External AnatomyExamine the general body shape. Most streamlined fis h  exh ib it a teardrop or fusiform  body shape with the deepest part of the body somewhat anterior to the midpoint. Comparisons should be made of structu ral p e c u lia r itie s , such as body shape in  d iffe re n t species in  re la tio n  to  habits*; The student should think of each structure studied in  terms o f adaptation to a sp e cific  environment*Nasal Apparatus: N o strils  are paired in  a l l  teleosts* Each is  a sac more or le ss  completely enclosed in  a cartilagin ou s or bony investment and divided in to  anterior and posterior portions by a fo ld  of skin*
I s  th ere a passage from the n o s t r i l  in to  the mouth o f  the carp?Barbels in  many species o f fis h  are p rin cip a lly  gustatory organs and, to a lesser extent, ta c t ile  organs* The gustatory function is  shown by the fa c t  that when tasty substances are brought in  contact with the barbels, the fis h  w ill immediately snap with avid ity* When the same regions are touched by ta ste le ss substances no snapping w ill occur.
Yihere are the b a rb e ls  lo c a te d  i n  th e  carp? How mary are p resen t?F in s . Median fin s  in  the carp include the d o rsal, a n al, and caudal* P aired fin s  are the pectorals and p e lv ics* Note in  the carp the long dorsal f in  andthe short anal f in , and the number o f spines an teriorly in  each* Numerous s o ft-  rayed fish es have developed single dorsal and anal spines, but these fish e s are not considered spiny-rayed since the spines are not consecutive* Examine the f in  rays to see how they branch d is ta lly , are segmented, and are actu ally  paired structu res, each being made up o f two halves*P elvic fin s  are described fo r taxonomic purposes as abdominal when located between the anus and the middle o f the p ectoral and thoracic when located between the insertion  and middle o f the p e cto ra l. The position  o f the p elvic fin s  is  jugular when these are located anterior to the in sertion  o f the pectoral®. Notice in  the tro u t the fle sh y  adipose f in  and the p e lv ic  appendage at the base of each p elvic f in . ---- ------ c-----------“ ----- —Refer to Clemens and Wilby (191*6) or Hubbs and Lagler (191*7) fo r methods o f making f in  ray counts* Make such counts for the carp.The integument consists o f a th in  outermost epidermis and a thicker inner ermis,  Mucous p e lls  scattered among the epidermal c e lls  provide an osmoticfPhrr^e r ,4^Û r^Ca^ on to f ncrease stream lining, and protection against bacteria* e dermis is  made up p rin cip a lly  o f connective tissu e plus nerves, blood v essels , usci.es, and pigment c e lls *  The scales l ie  in  pockets in  the dermis and are usually  covered by the epidermis* Note how the scales are arranged in  diagonal ws. The m ajority of each scale is  covered by other scales*„ ^oes the epidermis cover the scales in  the carp? What portions o f the body are devoid of scales?
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Remove a scale from the region between the anterior end of the dorsal f in  and the la te r a l lin e , place in  water under the dissecting microscope and locate the follow ing structures: l )  fo cu s, 2) r a d ii, 3 ) c ir c u ii, and U) exposed and unexposed portions*Sketch and la b e l the carp scale as an example of the cycloid type* Observe and sketch the ganoid, p laco id , and ctenoid scales on demonstration. lh a t are the distinguishing ch aracteristics o f each type? lh a t is  the sp ecial characteris t ic  of the scales in  the la te r a l lin e  series? Make scale counts fo r the carp.Color in  fis h  is  due to chromatophores present in  the derm is. P rin cip al types are melanophores and lipophores which contain melanin and carotenoid pigments respectively and guanophores idiich secrete guanine c r y s ta ls . These three types of c e lls  are distribu ted in  two layers of sk in , two outside the scales in  the epidermis and one, the guanophores, on the inner surface of the scales between the la tte r  and the underlying m uscles.Detach a carp scale and observe the d istrib u tio n  of the d iffe re n t types of chrornatophore s•Mouth: Examine the jaws o f the carp by extending them forward. Correlate the subterminal mouth with th is  f is h 's  mode of l i f e .  Compare the jaws of the trout and the carp.Id en tify  the prem axillary, m axillary , and dentary bones in  the carp . Examine "the m axillary membrane, a flesh y fo ld  o f tissu e ju st inside the mouth.Is  there a lik e  membrane on the dentary? How might such a membrane function in  respiration?Teeth: In te le o sts  the teeth are both epidermal and dermal in  o r ig in . There are^four groups o f tooth-bearing bones in  f is h . These are: 1) m axillary and prem axillary, 2) vomer, p a la tin e , and pterygoid,  3 ) parasphenoid, and U) dentaryT In addition there are pharyngeal teeth found on the inner margin o f the la s t  g i l l  arch in  the pharynx in  certain  groups o f fis h  such as c a tfis h , minnows and suckers. I t  is  a general rule th at the development of the pharyngeal dentition  is  in  in vèrse proportion to the degree of development of the jaw te e th .Tooth development in d icates feeding habits and the environment in  which the fish  liv e s . The usual tooth shape in  bony fis h  is  con ical (canine), but spec— ializafeions to an in ciso r form in herbivores and a molar form in  herbivores and sh ellfish -feed ers are present#Opercular Apparatus » Between the head and shoulders o f ihe fis h  is  a series o opercular bones ly in g  in  the fla p  o f skin covering the g i l l  reg io n . Locate _e ar ®̂ posterior p la te , the operculum, on eith er side behind the cheek region * .. e skurr* Ventral to th is  is  the subopercle.  Ventral and anterior to th is“  e smaT-l interop ercle ,  Anterior to tjie ope role is  the preopercle,v Ts the preopercle a support o f the operculum or is  i t  a member of the cheek Done series?mi« Qv+e v®n*’ra^^portion o f the opercular region is  produced in to  a th in  membran- ension, the branchio ste g a l membrane, supported by the brachiostegal rays.
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The branchiostegal membrane jo in s the operculum and fa c ia l bones to the medial fleshy septum (isthmus) that l ie s  between the g i l l s , connects the throat area with the lower jaw, and supports the g i l l  arches. The posterior border of the membrane is  unsupported.Are the branchiostegal membranes broadly or narrowly joined to the isthmus in  the carp? G ills  and Branchial Chamber: L if t  the operculum to observe the branchial chamber.  Count the number of g i l l  s l i t s  and g i l l  arches.  These are the common numbers fo r te le o stsj deviations occur by reduction in  number or size or both# D issect out a g i l l  arch from the carp. The anterior and posterior g i l l  filam ents (lam ellae) o f each arch constitute the holobranch. Either set of fxlam entsTs referred to as a hemibranch. Notice that the g i l l  filam ents p roject fre e ly  into the branchial chamber* In sharks the filam ents of each hemibranch are joined to a g i l l  septum and do not p roject fre e ly  into the branchial chamber.Observe the g i l l  rakers, protuberances on each g i l l  arch opposite the g i l l  filam ents* lh a t is  the function o f these? Compare the g i l l  rakers in  the carp, anchovy, and trout*  ̂ Does th is  t e l l  you ary thing further about the n u tritio n a l habits of these species? The g i l l  rakers., including a l l  rudiments, are always counted on the f ir s t  g i l l  archj those on the upper h a lf o f the arch are given f i r s t , followed by those on the lower h a lf o f the arch, as 8 + 13 .Study the demonstration o f a pseudobranch. The pseudobranch in  a l l  te le o sts except the sturgeons and paddle fish e s ( Chondrostei) is  considered a remnant ofspiracular g i l l*  I t  is  located on the inner side of the operculum a n te rio rly . I t  may or may not retain  the g i l l —lik e  structu re. A ll other g i l l s  except the pseudobranch receive blood for aeration d ire ctly  from the heart by way o f the aortic arches* However, in  the pseudobranch, as in  the hemibranch present in  the spiracles of the sharks and sturgeons, blood is  received that has been oxygenated by passage through g i l ls  behind it *  I t  i s ,  therefore, named a "pseudo*1 branch.Is  a pseudobranch present in  the carp, the tro u t, or the anchovy?Draw a la te r a l view of the carp* Label fu lly  the follow ing p a rts , eye,£Pu “-£> openings, opercle, preopercle, subopercle, in terop ercle.  head,m gxillary, premaxilla r y ,  dentary, b arbels, caudal peduncle, la te r a l lin e , branch- H syggai membranes and rays, anus and d orsal,  an al, caudal, pectoralTand p elvic
Assignments?
(1) Read in  Clemens and Viiilby, pages 8 -1 8 , Norman, pp* 363- 380*(2) Describe b r ie fly  in  a short essay the mechanics o f how a fis h  breathes*anH +v, 40n“ 't tbfr description o f the gaseous exchanges* Describe the movementsJ H P W5 structures involved. Do not consult reading references. Use your eyes. j j  _  y'tlese w h iten  descriptions are incorrect because they are not based on liv-in o servation o f the fish *  Derive your answer from observation o f thevat-inf K1Sh ^  0n ®xamination of dead ones* Try to make th is  an o rig in a l obser- vatxon by not consulting books. Be b r ie f.
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Internal AnatomyTrunk Musculature: Midway along the length of the carp carefu lly  remove the skin on one side between the dorsal and the m id-ventral lin e . Care must be taken not to remove any of the muscles* This w ill expose the great la te r a l muscle* Observe the transverse septum indicated by the connective tissue band lying immed iately  under the la te r a l lin e . I t  extends from the under surface o f the skin d irectly  down to the la te r a l ventral surfaces of the centra of the vertebral column. This septum completely divides the great la te r a l muscle into dorsal (epaxial) and ventral (hypaxial) portions. The extreme dorsal portion of the epaxial muscle on each side has become further d iffere n tia ted  by the separation of a d e fin ite  cy lin d rica l bundle, the supracarinalis.  S im ila rly , the extreme ventral portion of the hypaxial muscle is  d iffe re n tia te d  into the in fra ca rin a lis  muscle* What are the functions of each of these muscles?The la te r a l muscle mass is  subdivided into v e r tic a l segments (myomeres) which are separated by connective tissu e septa (myocommata) . The form o f the myomere and of the septum varies somewhat in  d iffe re n t regions o f the body but is  always complex and in trica te *  In  the myomeres o f the entire side o f the carp, the surface markings have the general outline o f the le tte r  »»W« with the bottom of the le tte r  turned towards the t a i l .Make a ventral in cisio n  beginning m edially between the pectoral fin s  back between the p elvic fin s  and almost to the anus* So as not to damage the urogeni t a l  and in te s tin a l openings, continue the in cisio n  to the side of the anus and shallow enough not to damage underlying structures*Reproductive System: In  the male note the long, w hite, enlarged testes* Trace out the vas deferens to the genito-urinary pore* In  the female note the enormous egg mass which indicates the fis h  was approaching the spawning period nvhen captured® Locate the oviduct* Observe both male and female structures* Would you judge- that th is  species has a high reproductive potential?Note the peritoneum. Do not damage the urinary and g e n ita l ducts* Locate the external opening fo r these ducts and fo r the rectum. Which is  th e  most anterio r , the urogenital p a p illa  or the anal opening?Alimentary Canal.  In  order to study the digestive organs and structures dorsal to them, ca re fu lly  cut the in testin e  and stomach free from the mesenteries and also the d iffu se  yellow ish stru ctu re, taking care not to break th is  la tte r  structure* The in te s tin a l tra ct can now be pulled out o f the body cavity  fo r inspection, but do not cut any of i t s  connections* Locate the oesophagus, stomach (.cardiac and pyloric ends), the liv e r . g a ll  bladder, spleen* Can you locate the joancreas? How many p yloric caeca are there (these are fin g e r-lik e  outpocketingsstomach in  the pyloric region)? Note the large a ir  bladder, i t s  con strictio n , and i t s  pneumatic duct* Trace the connections o f th is  duct* The term escribing the condition th e n  the pneumatic duct is  not present or does not connect wi the alim entary canal is  p h y so clistic ,  that fo r when the pneumatic duct does connect is  physostomous, the prim itive condition. The te le o sts are the only group oi fish es of the c la ss Osteichthyes which have the air-b lad d er, though not a l l  of 
em possess i t  as adults* A ll te le o sts  are phvstomous in  the embryniri^ B+.ago. e air-bladder may be quite alveolar in tern ally  (Lepidosteus) or very smooth, or may act as a fun ction al lung as in  the Dipnoi* Also i t  may have other d iffe r ences such as caecal outgrowths, be adapted fo r sound production (Sciaenidae) or wiTi k c°nn®ction with the auditory organ as occurs in  the carp, which conditione taken up la te r* I t  may even extend into the t a i l  region in  some groups of s es y penetrating fo r a (short distance into the expanded haemal canal of the7



;^ 2 t  C & sa & te ,anterior caudal vertebrae (Babiotocid ac)« The most important function o f the a ir -  bladder fo r te le o sts is  as a mechanism fo r detecting changes in  water pressures encountered by changes of depths.Circulatory Organs: Below and behind branchial arches, locate the h eart. Locate the sinus venous, a u ricle or atrium , v e n tric le , bulbus arterio su s, and ventral aorta.  'Locate the kidneys, the urinary duct, urinary bladder and the urogenital sinus.  The kidney of a l l  fish e s above cyclostomes is  an opisthonephros in  the ad u lt.Sketch and la b e l the organs studied, showing th eir positions and relatio n sh ip s.Sk e le ta l StructuresP elvic F in : Remove and discard the d igestive and associated organs but leave the a ir  bladder in  p lace . The p elv ic f in  is  situated in  the body w all below the tip s of the r ib s . Cut around the base o f the p elvic f in  skeleton so as to remove i t  from tiie body w a ll. Remove as much of the fle sh  as possible from the f in  skeleton, then hold the fin  in  b o ilin g  water fo r about one m inute. Remove remaining fle s h , but take care to keep the f in  elements together so as not to lose th eir relatio n sh ip . I t  is  seen that t-ha hag no g ir d le , but instead has alarge trian g u lar, f la t  bone, th^~basipterygium  ̂ probably representing fused proximal pterygiophores. To the posier-Lor border o f the basipterygium are three p artly  o ssifie d  piece s, the dista3^eiygT ophores> I t  is  on these that the dermal, jo in ted, f in  rays C L ip id o trich iila r e  a rticu la te d . The dermal rays are believed to have been derived from long rows of scales th at covered the fin s  of prim itive fis h e s . The horry dermal ra y -lik e  fib e r s , unjointed, of the elasmobranch and chimaeras are termed cerato trich ia .  The term derm otrichia (a broad term th at includes both lip id o trich ia  and cerato trich ia) refers to  dermal f in  rays o f a l l  cartilagin ou s and bony fis h e s . Sketch the p elvic fin  and la b e l p a rts .Caudal F in : Beginning on the caudal f in , f i l l e t  o ff  on each side of the body the fle sh  fo r about 3n back towards the end of the dorsal and anal f in s . Then cut i t  o ff here so that you have the caudal fin  and about one inch of caudal vertebrae. Remove as much o f the fle sh  as p o ssib le , then hold the f in  and vertebrae in  b o ilin g  water fo r about 3/U minute. Do not leave in  longer because the bones w ill come loose and f a l l  ap art. C arefu lly  remove the cooked fle sh  and sca le s . Holding under a stream of cold water and using the fin gers to remove the sm aller p a rtic le s  flssh  is  a good procedure. This d issectio n  o f the caudal f in  shows how m odified the posterior end o f the vertebral column is  fo r the support of the caudal f in . Observe and describe the m odifica tio n s. The ro d -like extension o f the la s t  d istin c t vertebra is  the^urostylei The broad, expanded p lates attached to the uro- style are th e('Rypurai. plaoeg^ The ven tral spine on each d is tin c t vertebra is  a paemal spine through -which the haemal canal p asses. The dorsal spine is  the neural sgine. Notice how the dermal fin  rays a rticu la te  on the hypural p la te s . Sketch and lab el the caudal end o f the vertebral column, showing i t s  m odifications for support o f the caudal f in . Look up the d e fin itio n  o f heterocercal andCdiphycer ca!bs caudal fin s  and be able to give several examples o f each.. Dorsal F in ,  Anal F in , and Vertebral Column: To study these structures, f n i  + £ le sh from each sid e , beginning where the t a i l  was cut o ff andi i l l e t  up to about an inch anterior to the front end of the dorsal f in . Cut
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through the vertebral column at th is  p o in t, taking care not to remove the a ir  bladder from it s  connection at the posterior part of the s k u ll. What you now have is  one section with the head and the attached air-bladder and a second sectio n , the trunk with the dorsal and anal fin s  and vertebral column. Remove as much of the remaining fle sh  as p o ssib le . Then place th is  vertebral and f in  section in  b oiling water fo r 3/U minute, no longerj then remove the rest o f the fle s h . Lay the section f la t  and pick o ff the fle sh  from one sid e, exposing the skeleton, o f the vertebral column. Time does not allow  a study of the musculature o f these structures, but notice that there are broad p lates fo r attachment of muscles and tendons connecting the dorsal and anal fin s  to the trunk and vertebral column.Study the relationships between vertebral column and the median fin  skeletons.Each dorsal fin  ray has i t s  two halves separated at the base. A small bone, the distaT^'teiygiopKcS^, f i t s  in  between the two basal ends of each ray and articu la te s  with a small,oblon g bone, the middle pterygiopKoP^, which is  p artly  o ssifie d  onto the proximal/pterygtopK'or^ (also ca lled  an xnterneural bone). Sketch a fro n t view of one dermal ray and it s  pterygiophores. The anal f in  structure is  si mi 1 to that for the dorsal f in , consisting of dermal rays, d is ta l and middle pterygio— phores and proximal pterygiophores (interhaemal bones).Vertebral Column: The vertebral column in  the te le o sts , unlike the vertebral column of the cyclostom es, sharks, rays and chimaeras, is  d iffere n tia ted  into d is— t in c t , complete bony vertebrae (except in  the chondrosteans — sturgeons, paddle- f is h ) . B o il the carp*s vertebral column in  water fo r ten minutes. Remove the fle s h . Note that the column is  d iv is ib le  in to  two d is tin c t p o rtion s, the trunk and caudal region s. I t  is  sometimes necessary to count the number o f vertebrae in  each o f these regions in  the c la s s ific a tio n  and id e n tific a tio n  o f f i d i •Abdominal and Haemal Vertebrae: The abdominal vertebrae are id e n tifie d  by the fa c t that they have a neural canal only and no haemal or ventral can al.Notice the remains of the notochord in  the biconvex space between the spool—shaped centra of two v e rte b ra e .. On the anterior dorsal surface of  the centrum are two processes, theQieurgpopKyse_§̂  which lo in  above to give thet'^ianial^jSEirie^ and the neural can al. I n contac t with the anterior find nf neuropophys ls  are thepaired■prer^yg.ftpaphyseg"which a rticu la te s  with the pA-i-raH thepreceding centrum» From th e ven tral sides of- the centrum there are paired processes, the/garapophysaa. on which the r ib s  loosely a rtic u la te . The parapophyses remain unjoined below in  the abdomin al regio n . In  the caudal region these pro— cesses unite to enclose a can al, thetl^ e iaal^caaSt?, and are called  haemapophyses and extend ven trally  as the haemal spine.  Vertebrae with both a neural and a aemal spine are haemal  or caudal vertebrae.  Both ends o f the centrum are concave, a condition c a lle ^am pnicoelous^ The vertebrae of a l l  te le o sts  sire amphicoelous except those of the gar pike QigE^dpsteus^ which has vertebrae with a convex anterio r and a concave posterior su rface, a condition known a s(® sIK o 5oe'Tou3T\a b a ll and socket type a rtic u la tio n . ■,IJl
St . s ' * .  XR ibs: Dorsal and ventral (Pleural) rib s are present in  fis h e s . The dorsal r i  s or intermuscular bones l ie  .between the septa separating the epaxial and ypaxial m uscles. These rib s in  the carp were removed when the epaxial muscles were fx lie te d  o f f .  ̂ The ventral or p leu ral rib s are located in te rn a lly  to the G, e s* i i r s t  outside the peritoneum. In  some species o f fis h  the ventral rib s may nave one or more secondary branches, thf"ep ip leu ralg^ xmn„ ! or the ^ext Period: Wrap up the carp head with attached a ir  bladder. Put y ur name on the outside and return i t  to your in stru cto r.
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Reading^llsignment: Norman, HISTORY OF FISHES, Ch* 17, pp* 3I4O-363.Pectoral Girdle s In  existin g  sharks, rays, and chimaeras, the pectoral gird le is  in  the form of a cartilagin ou s U-shaped bar innomnlcrte dorsally . I t  is  imbedded in  the muscles of the body w all close behind th e la st g i l l  arch* The upper 
T ^ P 9Tt±QnÁ S ca lled  the Ü ^ ¿£ cp ra cp i^ (G s ^ u la )  and the ventral, tha hyp̂ Q- fggrac^^  ^ o ra c o id j*"B etw een  these two portions is  an area with a rticu la r sur- T S c e sfo r  the Basal cartila g es of the pectoral fin#There are notable d ifferences in  the pectoral gird le o f the te le o sts over the condition in  the cartilaginou s fish es* The tele o sts retain  the ftp-HmaryH girdle of the elasmobranchs, that i s ,  the hypocoracoid (coracoid) and hypercoracoid (scapula)j Tflhich jure both replacement bones# but add a number of dermal bones to these* The scapula and coracoid of Teleostomi may or may not be homologous with sim ilarly  named bones in  other vertebrates* These la tte r  bones evolved from modi- develop on the outer surface of the primary gird le  and are called  the i^coftdary g ir d le  Beginning dorsally^ffid passing ven trally  the f o l lowing bones rorm each naxr of the secondary pectoral g ir d le t (1) The |Toit--temporal3usually present, being a forked bone a rtic u la tin g with the e p io tica n d  opxs {iio t i  c or exoc c ip r ta l J>one s of th e sk u ll j (2) the ^upracle i$Wum} a bone dor sa lly  in  contact with the post-tempor a l and venterally in  c o B W I E t h 1 the (3 ) c^eTEKglIgr  ̂ a bone la te r a lly  an aan feb io rly  in  contact with the hypercoracoid and hypocoracoid 5 in  cyprinoids and ganoids the supracleithra (post—temporal and supracleithrum) may also connect by ligam ents, w h^Tare^om etim es o s s ifie d , with the f ir s t  vertebral centrum; (h) one or two post-c le ith ra  may a rticu la te  on the posterior side of the cleithrum*Other bones may also be present in  addition to those bones in  the p ectoral girdle of other groups o f fisheso A ll chondrosteans (sturgeons, paddlefishes) and all^  known crossopterygians and lungfishes have aF ctaviclg?which extends from the c le \thrnm to the mid—ventral region where i t  has a union by a symphysis with the c la v ic le  o f JjliLPpPpsite side* In  some species the coracoids may expand ven trally  and unite m edially* In  some groups of f ishes (salmon« trou t) there is  present a th ird  bone of  the primary shoulder ̂ girdle » the me sonor ano-id.  In  te le osts the scapula and coracoid are small bones which l ie  on the inner side of the cleithrum , with the scapula dorsal to tj^ x& cacoid * This primary gird le  ( c a r t ilaginous in  origin ) in  teleo sts is  muc^..^ediic^yuin  moat species compared with the extent and size of the bones of thet^secoxSaiy gp r3Ele^Notice th at the pecto ra l gird le f orms the posterior w all of the g i l l  chamberj the anterior f  aceK o f the cleithrum  £s the most prdfflufieni'^Bo^^’B^re*Sketch and la b e l the bones of the pectoral g ird le  and f in  o f the carp and trout*Pectoral F in í Most te le o sts  have only a few ra d iá is (factin ost s \  four is  the common number but sometimes only 2 or 3 rarely  more than 3 ,  in  the pectoral f in .ey a rticu la te  or even unite with the pectoral girdle near the junction o f the ypocoracoid Icoracoid) and hypercoracoid (scapula)* D is ta lly  they a rticu la te  the h e * U sually the f ir s t  oeYmal ray a rticu la te s d ire ctly  with
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Two Cephalic M uscles; A series of bones, the infraorbit a ls  or circum orbitals, forms a ring around the anterior ventral and posterior* part of the eyeu Frequent- ly  they are only a t the ventral pajFE™of the eye dy"'S^'™ehtxrely missing» Immed iate ly  ventral to these is  a large muscle, thefadcfuctor mandibuleCTis^ covered by s^Jn* C arefu lly remove th is  skin and expose the muscle. I t  is  IS fag and la rg e , the largest, muscle in  the head. I t s  main orig in  is  in  the angla nf thq prpnpp-roi - A?terioi,1y ^ - ^-arrows a tendon 'which i s  inserted on the dorsal arc of  tfieHman^ dible» C arefu lly  loosen the circum orbital bones by cuttin g soma o f t h ^ skTn*con— necting them,  ̂ A muscle that is  seen to spread out from the p o sto rb ital region o f the "sku ll continues under these bones. I t  is  the O ^va^r" arcus paTatints I ts  origin  is  from the external surface of jthg spheniotic"bone o f the cranium (to be studied la te r) and i t  f i l l s  the space ju s t posterior to the eye. I t  radiates to i t s  insertion  on^the au tero -lateral face o f the hyomandibular.The S k u ll,  F a c ia l,  and Branchial Skeleton: Before proceeding to a d issection  of the cephalic skeleton, study the p lates available in  the laboratory on the cranium, fa c ia l bones and branchial arches of Roccus s a x a tilis .  Study also the assembled sku lls of Roccus s a x a tilis .  Except fo r a few d iffe re n ce s, these bones in  Roccus w ill be readily recognizable in  the carp. In  the c la s s ific a tio n  and study of fish es i t  is  necessary to tran sfer what one has learned about one fis h  to a new species that is  taken up for examination. The student should be able to transfer h is knowledge of the s k u ll, fa c ia l , b ranchial, g ird le and a l l  bones studied in  Roccus to these bones in  the carp. A lso , the student may be required to id en tify  these bones on other species of fis h  that may be presented to them. To acquaint yourselves with the appearance o f fis h  bones in  other groups and species of f is h , the student should spend some time looking at the p lates in  Gregory, W. K«, Evolution Emerging, and Gregory, W. K ., Fish S k u lls .The cephalic skeleton o f the carp w ill be dissected in  the next laboratory period.Cephalic Sensory Canal System; The la te ra l  lin e  continues onto the head in  the form of sensory can als. I t  passes by means of the P2gJ^teTOfiral_£3̂ om the trunk onto the head where i t  becomes a tube enclosed in  the derfflaTTTones and gives o ff several branches. This branching takes on a rather~cohstant pattern throughout most of the groups o f the Osteichthyes.  The Chondrichthyes and Osteichthyes agree m  the patterns these canals tak e . The canals oneri bv means of nnyss onto the surface q|_, the head. The f ir s t  branch given o ff  upon reaching the head is  the o ccip xtal or(^si^atempQral~^ahSl which runs transversely across the o c c ip ita l region. _ _The next i s  the EyoiBaodibulaEIforanch which runs down onto the lower jaw thq^ anaibH^ax^cgnal» ’i'We m ai^canal continues forward to ju s t behind the eyewhere i t  forks to give the suborbital Canal which passes below the eye and forward o the nasal area, and a dorsSTTSl'ffiCfr^SRS’ supraorbital canal which runs forward to the nasal region a ls o . Observe what you can of th is  canal system and sketch, hater, a fte r  the fle sh  has been removed, you w ill trace the canals and pores on the sk u ll and fa c ia l bones.
, ca rP kead in  a c lo th  and p la c e  i t  i n  b o il in g  w ater fo r  about ten  min

u t e s . Then remove a l l  th e f l e s h ,  ta k in g  g re a t care not to  lo s e  any o f  the bones.ome bones w ill be quite sm all and are easi3y missed, so go slow ly. Note what muscles f i l l  what spaces as you d isse ct, even though we are not studying a ll the muscles. Pay sp ecial attention to the removal of the fle sh  around the pharyngeal ee area. Frequently an extra set o f loose pharyngeal teeth are found. Note





under what circumstances th is extra set is  present. Note also how o ily  the fle sh  and bones are* O il w ill come out of apparently cleaned bones fo r some tim e. Perhaps fis h  have played a role in  the formation of petroleum dep osits.Bones o f the Cranium: The cranium is  composed o f two types of bones, investing (or membrane or dermal) bones and ca rtila g e  (or replacement) bones. The former type composes the secondary cranium and the la tte r  type the primary cranium (or neurocranium or chondrocranium), The membrane bones o f the cranium are the parie  t a ls , fro n ta ls ,  n asals, parasphenoid, "and vomer.The cart i l age Jannes, formed as o ssifica tio n s in  the chondrocranium, are as follow s: the basi-tcrdcipital< forming most of the o c c ip ita l condyle and the posterio r region o f the basis cra n ii or sk u ll-flo o p ; the ex^ o ccip itals, which form the sides o f the foramen magnum and meet above and below iij~ th e (^ p rao ccip ital forming the o c c ip ita l cre stj "the bones of the auditory capsule, which may number as^many as f iv e , but usually only th ree, which are the prootic in  the anterior region o f the capsule, quite a large bone, which meets with the prootic from the opposite side in  the flo o r of the braincase, ju s t in  fron t of the basi—o ccip ita l} the o p isth o tic , in  the posterior part of the capsule and external to the e x -o c c ip ita l, not present in  the carp; the sphenotic, above the prootic and beneath the fro n ta l and p te ro tic ; the p te ro tic ,  at the p o stla teral corner of the cranium and with a pointed p terotic process; ^the e p io tic , above the e x o ccip ita l, medial to the p te r o tic , laterajl tb.,j^he “̂ su p raoccip ital, with a sm all, sharp ep io tic process; the ̂ ¿¿xspnehSidar*^n fro n t the p ro o tic, beneath the sphenotic and fro n ta l; the ^rBitospiienoE^vtordSreci by the ' *" fro n tal d o rsa lly , the alisphenoid p o ste rio rly , the p refrontal an te rio rly , the parasphenoid v e n tra lly .The Membrane Bones: The mesethmoid is  the most anterior of the dorsal bones and is  pointed and unpaired. The tw oseparate o ssifica tio n s  that form a rtic u la ting processes on the anterior part o f the mesethmoid are the preethmoids. The large fro n ta ls follow  the mesethmoid; then the sm all, paired p a rie n ta ls . The parasphenoid is  the narrow ventral bone jo in in g the vomer and b a s i-o c c ip ita l. The vomer is  the most anterior ventral bone. The p refro n tals, la te r a l bones placed beneath the ethmoid and fro n ta ls ju s t posterior to the vomer.Hold the fresh ly  cleaned cranium up to the lig h t and trace out the sensory can als. Determine how th e ir course is  continued on certain  of the fa c ia l bones. Sketch and la b e l.I In  the Ostariophysi the unpaired basisphenoid bone is  m issing. I t  forms the I in te ro rb ita l septum found in  other orders o f fis h e s . Is  the basisphenoid present I Boccus? L is t  which bones Cyprinus and Roccus do not have in  common.
I Note the v e r te b r a l p ro cess o f  the b a s i o c c i p i t a l  and tha hn-rny pad f i t t i n g  onto 

i t  on iflhich the pharyngeal te e th  work; the l a r g et f l S ^ n e n e s S g V b o v e  the p a r a -  
lvP+en0"1'^ an<̂  helow the a lisp h e n o id ; theTforamer^ fo r  the npeM ng
| etween th e  pgste-r-i n-n end o f th e alisphenoid" and the p r o o t ic ; the foram ina f o r  the  
E ^ p ^ li s ^ M r v e ^ i n  the a n te rio r  t h i rd. q £ the p r p o t ic ;  th e  la r g e  oblong foramen in  the  
i a n te r io r ^ ta te r a l p a r t , o f  the.. e x Q Q s ip ita l; the p aired  foram ina fo r  t i e  cle rily m p h a tlc)  
I t~ —2 p o s te r io r  s u r f ace., o f  the e xo p o ip |t,Al the f ossa fo r  the hvomandt bnl ar
Iv o S !5 n fo r  thej^glSIsopharynge a l  n e r v e l t  the p o s te r io r  border o f  the p r o o t ic ,
¡very c lo s e  to T E e 'fo r a m e n ^ fe f i h e  f a c i a l  n erve; t h e C l r o r ^ r p r o c e j ^
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Using the pens and India ink in  the laboratory, number each cran ia l bone according to the numbers used on the Roccus p la te s . Sketch and lab el the cranium.Assigned reading:Romer, Vertebrate Paleontology. 1 9h5, pp. 7-37. On general reserve in, the Biology Lib rary,Optional reading:Goodrich, E* S . ,  1930, Studies on the Structure and Development o f the Vertebrates, pp. 396-U23.F a cia l Bones: Id en tify  and number with India ink the follow ing bones, using the illu s tra tio n s  and demonstrations as a id s: the prem axilla and m axilla which enter into the gape and form the upper jaw; the dentary, theraPtocilllr.w hich a r tic u lates with the quadrate, the remains of Meckel*s c a r tila g e , anti^a'small bone, the angular,  which three bones together form the lower jaw; the r o s tr a l, a sn a il phlange—lik e  bone connecting by ligaments to the prem axillae and mesethmoid; the interm axillary,  a sm all, d isk -lik e  bone between the dorsal end o f the mayi11 a and the pre—ethmoid a rticu la tio n ; the p a la tin e , dorsal to  the in term axillary , articu la tin g  p o sterio rly with the me sopterygoid; along the anterior border o f the mesopterygoid and the quadrate bones is  the f la t  pterygoid which overlaps rather broadly the quadrate.  Ihe quadrate bone a rticu la te s  with the a rticu la r of the lower jaw and is  connected by ca rtila g e  fo r most of i t s  dorsal border with the metapterygoid and to a much smaller extent with the mesopterygoid. The quadrate has a v-shaped cut in  i t s  dorsal edge inhere the symplectic f i t s .  The symplectic runs fo r a short distance up the posterior border o f th e metapterygoid* A t it s  posterior end the symplectic Is  connected by ca rtila g e  to the hyomandibulaT»,  a large bone, which extends up to the cranium where i t  a rticu la te s  on the sphenotic and prootic bones; the circum orbital bones, s ix  in  number, beginning an terio rly  where the f ir s t  one is  known as the lacrym al, and the second one sometimes as the dermosphenotic is  the^sS^eth circum orbital. A sm all bone, the suprao rb ita l a rticu la te s  on the la te r a l border of the fr o n ta l.The operculum con sists of the preopercle which a rticu la te s  on the dorsal surface of the hyomandibular, the interopercle located ven tral and medial to the preopercle, the opercle which a rticu la te s on the hyomandibular d o rsa lly , and the subopercle ventral and medial to the op ercle.Mouth P a rts: The p ro tru sib le , edentulous mouth o f the carp is  sim ilar in  i t s  structure and mechanical operation to that o f the sucker but is  considerably d if-  xerent from th at o f the tro u t, su n fish , or o f a fis h  lik e  the striped bass. Each o e paired prem axillary bones has in  most te le o sts  a backward projecting sp ine on i t s  an terio r, inner surface which works on the mesethmoid . In  the carp and some other cyprinids and ih  the suckers the prem axillary spine does not come in  xrect contact with the mesethmoid. Instead a l i gament nnnnerts from the premax— w ar?  spin® P o steriorly tq a mcrting, nnpa-f f.ho r o s tr a l. The ro stra lDone moves from a horizontal p o sition  to a v e r tic a l p o s itio n lit  the head of the esethmoxd as the mouth moves from the protruded position to a closed one. The ase o the ro stra l is  connected by a short ligament to the mesethmoid . The paired a^M laiy bone follow s behind the prem axillary and'has~ three^rocesses.  The med-n orsal one has a sm all ca rtila g e  piece between i t  and the underside of the ryma .  The ventral process, a rticu la te s  la te r a lly  to and on the prem axillary.
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The dorsal process of the dentary is  connected by a ligament to the ventral process o f the m axillary«Ventral to the anterior end of the palatine and the post-dorsal end of the m axillary lie s  the interm axillary bone, o ssifie d  in  the carp« I t  i s  also known as the cartilagin ou s rod» I t  is  located between the post-dorsal end of the maxilla r y  and the antero-dorsal surface of the pre-ethmoid on which i t  articu lates* From the anterior end of the palatine there is  a ligament connecting to the dorsal end of the m axillary. The palatine has an a r t iculating surface about midway along i t s  length. This a rticu la tin g  surface works on the posterior a rticu la tin g  surface of the pre-ethmoid» The palatine also has a process- dorsal to it s  a rticu la tio n  with the pre-ethmoid» This process is  connected by a short ligament to the edge of the mesethmoid. The pala tin e  ..a rticu la te  s p o sterio rly with the mesopterygoid» This bone has a ligament connecting i t  to the prefrontal*The mouth o f the carp is  protruded by having the lower jaw depressed by the action of several muscles* The prem axillae are then protruded because the lowering 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 in to 'th e bony fish es trnt ill lllUSdi i t  is  much modified in  the ad u lt. I t  has lo s t most or a l l  o f i t s  ca rtila g e  and has been broken up into fiv e  ca rtila g e  bones none of which enter into the gape o f the mouth though some may bear teeth .The bones o f the primary upper jaw in  bony fis h  are the p a la tin e , pterygoid , meso- teiygo id , quadrate,  and metapterygoid» These bones, however, are not referred to asTOrming the upper jaw* 'Tvro~dermal bone s have appeared in  bony fis h  ancestry to form the upper jaw proper, the premaxi l l a  and m axilla* In  the lower jaw a sim ilar m odification has taken place* The primary jaw consisting o f Meckel*s cartila ge  in  the embryo p ra ctica lly  disappears except fo r a small rod of ca rtila g e  and an o ssifie d  c a r tila g e , the articu lar* The angular and dentary are dermal bones*Jaw Suspension': In most modem fish e s the upper .jaw has no d ire ct connectio n  with the bra in ’ case except by the hyomandibula r « In th is  type of suspension'thethrust of tKe~ jaw's is  transm itted from the quadrate to the brain case by way of the symplectic and metapterygoid to the hyomandibular which' r'eiSys l t  to the brain case ....Such a type o f jaw suspension is  callecfly n s ty ljg  or("holostylic«) A few liv in g  sharks (Notidanus) however have support !1 or ih e jaws £h two ways j in  one the hyomandibular a rticu la te s  with the brain case and in  the other the upper-jaw also a rticu la te s With the brain case* bypn whnrrf'The hynmanHihuIar t.Akftfionly part o f the jaw- support is  cailedCSn p h istylic^  A th ird  type of jaw suspension is  that in  which the hyomandibular takes no part in  the support o f the jaw*The upper ja w .functions as the sole support for^boiK This type is  ca lle d^ tb s r y llb fp nd is  found in  the liVung~~chimaeras and lung fis h e s . Land vertebrates ai_L have -an auto sty lie  jaw suspension* ' xnerer are a hQmbgr of modif id 3t±orrs~^T' these three fyp§& almost eacn m odification being given the name of a new type but only the three preceding terms w ill be used hero*Id e n tify  and reassemble the bones o f the hyoid arch and branchial apparatus*



The hyoid or second arch consists of the hyomandibular, the in terh yal, a small, bone located at i t s  a rticu la tio n  point in  the ca rtila g e  between t he symplec- t ic  and hyomandibular, an ep ih yal, a ceratohyaT below, and then a small Hypohyal* The rig h t and le f t  hyoid arches are connected by an unpaired median bone. the double basihyal which supports the base of the tongue* Running forward from on top of the basihyals is  the glossohyal which supports the tongue*Along the posterior border of the epi-and cerato-hyals are the attached branchiostegal rays* Below the basihyal is  an unpaired bone, the urohyal*Next come the four branchial arches decreasing in  s ize p o steriorly* The dorsal most segment of each arch is  the then Q£^p1next the geratobrarrchlal^ and most ventral-ly theCl^bferahcHIa^ The hypobranch— ia ls  from each side are joined by an unpaired baifej^ h ch iaX*- A ll  bones of the hyoid and branchial arches are ca rtila g e  bones*Sketch and la b e l the fa c ia l bones, hyoid and branchial arches*



Taxonomy of PishesTaxonomy performs two major ta sk s: The d e fin itio n , description and naming o f animals and plants and organization of the various kinds into a lo g ic a l system of c la ssifica tio n *  I t  is  constructed on the fundamental fie ld s  of ecology, gen etics, morphology, and physiology* Taxonomy as practiced today is  fa r  d iffe re n t froin that of the la te  19th century when almost the entire emphasis'Tlf5S^E3TrtiI5~description of new species o f plants and animals as a s ta tic  or fixed  concept. The "new system atics" o f Huxley (191*0) abandons completely the idea o f f ix it y  of species and instead of a morphological b a sis , a broad b io lo g ica l d e fin itio n  is  used to cover a l l  in tern al and external facto rs which may account fo r d ifferences* The "population " or a "se r ie s" are the units with which modern taxonomists deal and these mostly at the subspecific  le v e l.The mad race to describe species is  over and nomenclatura!  problems are subordinate to bio lo g ic a l problems* For a. b etter understanding o f modern taxonomy, students are re f erred'to Huxley (191*077 Mavr (19U2), Dobzhansky (1951), and Mayr, L in sley , and Usinger (1953)*I t  should be stated here that the taxonomy o f fish e s is  s t i l l  in  a prim itive state as apparently no two ich th yo logists can agree on a single system o f c la s s ificatio n * While upwards o f 1*0,000 species o f fish es have been described, many of these are but poorly known and often the descriptions have been based on sin gle specimens* O ften, to o , many o f them have been described two or more times by d iffe re n t workers under d iffe re n t names. This has caused endless confusion by erecting an enormous number o f synonyms.A committee of the American Society of Ich th yolo gists and H erpetologists is  now (1955) attempting to work out a su itable system fo r the c la s s ific a tio n  of fish e s but progress is  slow because of lack o f agreement as to p recisely  what should be done*In  th is  course we w ill larg e ly  follow  the c la s s ific a tio n  system developed by the la te  Dr* C. Tate Regan (1929) or the 'B ritish  Museum, and the complete c la s s ific a tio n  giv^ir  in  the appendix is  based on th is  system.J ohannes M uller (181*1*.). the great comparative anatom ist, was the f ir s t  person to develop a tru ly  scien ti f i c  c la s s if ica tio n  o f fis h e s . A ll  but one o f the subclasses set up • by' him' have retained •their sign ifican ce to the^re^n^^ayT™~£mong the more important cbnl^ibutors'lsho^o33^TO3’’,Kffi”rWéJ3cr'e Louis Agassiz (1857),Boulenger (1901*), Goodrich (1909). David Starr J ordan ( 1 9 2 T h S ^ U  S . Berg (19l*7). B erJls "u la ssifica tio n  of fis h e s , Both Recent and F o ssil" (19U7) was trin fla te d  from the Russian into English and has done more than any other contribution to bring or<ier out of chaos in  the c la s s ific a tio n  o f fish es* While we prefer Regan’ s pystem to Berg’ s , the work referred to is  o f enormous value to students of fish e s everywhere* A copy w ill be kept in  the laboratory fo r  reference purposes though stude^&-a»d^r3̂ g,r,in  .fish e rie s work w ill doubtless prefer to own th e ir owncopies* ™* w ‘" PagesQU6-35lu'cciver Berg’ s views on c la s s ific a tio n  and nomenclatural problems.The arrangement o f m aterials in  th is  section is  designed to fam iliarize  students with the d iffe re n t kinds o f fish e s and the emphasis is  not on c la s s ific a tio n  as such hut rather on ecology, d istrib u tio n , and habits* Students should not be awed ty  the imposing array of subclass, ordinal and fam ily names. You w ill work over some 75 to 80 species in  the laboratory that f a l l  into approximately 20 orders*
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On the f ie ld  tr ip s  you w ill c o lle c t many of these a liv e  and see them in  th e ir natural colors and habitats* Unfortunately preserved fis h  always fade a fter preservation in  formaldehyde or alcohol so that i t  is  necessary to take complete color notes on liv in g  or fresh ly  collected  m aterials to secure valid  color data. With modern color film , photographs of liv in g  specimens are usually taken to supplement color notes secured at the time o f c o lle ctio n .The follow ing keys are provided in  the Appendix to aid in  id e n tifica tio n  o f fish es* 1 . B olin ,  R o lf L . -  Key to in te rtid a l fish es2. Murphy, Garth -  A r t if ic ia l  key to the fish e s o f the Sacramento-San Joaquin Basin3 . Tarp, Fred H. -  A revision o f the Family Embiotocidae U. Roedel, P h il M. -  Key to some adult marine fish e s o f C alifo rn iaProbably the best key to the fam ilies of fish e s is  that provided in  Clemens’ and W ilby’ s , FISHES OF THE PACIFIC COAST OF CANADA. While th is  book deals so le ly  with fish es that are found in  Canadian w aters, i t s  key to fam ilies is  excellen t and many of the species covered are also found in  C alifo rn ia  waters.Only ten laboratory periods w ill be devoted to the taxonomy of fis h e s . This means that time is  fa r  too lim ited in  which to cover the p rin cip a l fish e s found in  ® San Francif °  Bay Area or even the mazy highly in terestin g and important forms that are absent from lo ca l w aters. I t  is  hoped, however, that students w ill see the main phylogenetic d ifferences as successively higher groups are studied. They S°  ga*n ^  aPPreci ation of the vast range o f adaptations to sp e cific  hab- ita ts  that are exhibited in  manifold ways and reg io n s. Fishes reveal the impress oi th eir environment in  many obvious ways, esp ecia lly  w ith respect to form o f body.| ness obvious are th e ir highly specialized adaptations fo r movement (over both and w ater;, feeding, breeding, and avoidance o f enemies.I | | . the k®ys to fis h e s  provided in  the appendix and in  Clemens and W ilby,| la e n tliy  to  ̂species each specimen availab le in  the laboratory. While th is  means* L ™ nt f ^shes may seem somewhat dreary, i t  is  most important that studentsH S ®  P ro ficien t in  the use o f keys fo r they are a basic taxonomic to o l. lour ~ ° ^  ad d ition , w ill point out quick and easy means by which certaina c te r is tic s6 ld e n tifie d  1x1 the f ie ld  b7 means o f certain  color or behavior char-
ZEnÇeTtEe above information for each species sO T ied in  Æ  'ïabora- ?* V 1?  c?mmon 311(1 s c ie n tific  names reference to “Manuscript L is t of thefu l n L ? a l l f ?rj^  by Carl L* Hubbs 311(1 w* F o lle t t ,  w ill be esp ecially  helpf u l . Copies o f th is  w ill be provided in  the laboratory.Reading Assignments1 . Berg, L . S . . C la ss ifica tio n  o f fis h e s , both recent and f o s s i l , 19Lo " "PP* 3L6-35U2. Römer, A . S . ,  Vertebrate paleontology, pp. 38-59. This w ill  provide ___"background” reading.
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PHYLUM CHORDATA 1

Characters: Animals with an in tern al skeleton. In clu d ing at  some point in  th eir l i f e  history a dorsa l supporting notochord , g il l  c le f t s , and dorsaT,“’tubular nerve cord» These features” a ^ ™ a lI Fônnëd In  the early  embryo and tK^y màÿ per-" 'S ïs V ^ ’̂ be altered or disappear in  the adult stage»CLASS OSTRACODERMI (Gr* ostrakon, s h e llj derma, skin)Characters: The ostracoderms include both armored fo s s il  forms which were widely distributed in  Europe and America in  the S ilu ria n . There is  only one liv in g  subclass, the C.vc lo  stomi» In  th is  group the body is  eel-shaped and lacksscales» The notochord is  p ersisten t and t  he skeleton is  cartilagin ou s and rib le ss* Paired fin s  and limb gird les are absent* There are no .jaws and the mouth is  surrounded by a sucking disk* The absence o f .iaws and fin s  is  regarded as a p rimi-feature of Cyclostomes. However, the absence of a bony skeleton is  a degen-tiveerate char.a~cLei' blacfcTLTle ostracoderms were ‘cohered bv'X Tiorw'“armor some h~a wellr-developed xnternaX boriy skeleton# Y
ORDER HYPEROARTIA(Gr* hyper, abovej a r t ia s , e n tire , referrin g to the phaggnx)FAMILY PETROMYZONIDAE (lampreys) (Gr» p etra, rockj nyzo, to suck)%Characters: Lampreys^have a single median n o s tr il which does not communicate with the pharynx* There are seven p airs o f spherical g i l l  pouches* Each pouch is  connected by a narrow opening to the exterio r and opens in tern ally  to a common branchial basket» The circu la r mouth i s  surrounded by homy teeth , the number and arrangement of which is  ch aracteristic  fo r the species» The tongue is  also fitte d  w ith horny teeth* Usually two dorsal fin s  are present» The vertebral column is  represented by a notochord and rudimentary cartilagin ou s neural arches*Ecology: Adults of some lampreys, such as the lo ca l P a c ific  lamprey, Entosphenus trid en tatu s. are p a rasitic  on f is h . They attach to the sides or vdntral surfaces of fis h  by means of the sucking d isk , rasp an opening in  the fle sh  with the tongue, and suck the body flu id s . A well-developed musculature which con stricts and expands the g i l l  pouches serves to circu late  water over the g i l ls  when the mouth is  attached to the prey. Recovery o f liv in g  fis h  bearing lamprey scars shows that such attacks are not always fa ta l*  The lamprey, Petromyzon has become a serious economic pest in  the Great Lakes because o f i t s  attacks on lake tro u t. Other species, such as the brook lamprey, Lampetra p la n e ri, possess a degenerate alimentary tra ct and do not feed afte r becoming a d u lts.Adult lampreys spawn in  streams where they excavate stones to form a shallow nest* During the spawning act the female attaches by means of the mouth to a stone and he male attaches to the head of the female» A ll. lampreys die shortly a fte r spawning. The eggs are numerous and sm all, approximately 1 mm. in  diameter^Larval lampreys (ammocoetes) possess rudimentary eyes, an o ral hood, a single orsal f in , and lack  teeth . Ammocoetes bury themselves in  mud and feed on small p a rticles of organic d eb ris. A fter several years in  th is  stage , metamorphosis occurs. The eyes become fu n ctio n al, teeth appear, and the o ral hood is  lo st*P a c ific  lampreys are anadromous. On th e ir spavining m igrations they can often e seen by the thousands attached to rocks and w alls of f a l ls  or dams over which ™ ey work th e ir way by the aid o f th eir su ck to rial mouths. Their only commercial
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value is  fo r reduction into meal and each year large numbers are trapped fo r that purpose»D istrib u tio n : Freshwater and anadromous. Temperate parts o f both hemispheres.Procedure: Examine whole specimens and dissections o f the lamprey, giving sp ecial attention to the oral and phryngeal regions* In  your laboratory notes state your conclusions with respect to th e  position  o f the lamprey in  the verte- brate se rie s , esp ecia lly  with respect to the p rim itive, degenerate, and sp ecialized characters exhibited by th is  animal.References: Parker and Haswell, Textbook o f zoology, V o l. I I ,  pp. 119-139.Hydrostatics o f the suctional mouth o f the lamprey, U niversity I o f C a l i f ., Publ, Z o o l., Vol* 37, No. 2. J

CLASS CHONDRICHTHYES (sharks, rays, and chimaeras)(Gr. chondros, ca rtila g e  } ich th ys, fis h )Characters: These prim itive fish e s are distinguished by a cartilagin ou s skeleton in  which the notochord is  p a r tia lly  replaced by centra* The. placoid scales are derived from~epldermIs. Tftg~lSeetK7 ~whlcli are mod ifie d  sca le s , have an enamel-like coverT3lg--̂ aadr̂ alte^attacE§d to t  he jaw only by fibrous connective tissu e* * The mouth consists o f true jaw s, modified from the f ir s t  v isce ra l arch, and is  ventral in  position* The t a i l ,  except in  the chimaeras, is  heterocercal* Cartilaginous fish e s resemble the c la ss of true bony fish e s in  having jaw s, paired nasal organs,  g i l l  arches, and paired fin s*  They d iffe r  from the bony -f is he&• in O  la ck itig. bladder, py lo ric  caecae, a tr ue operculum* an^La^do uble n o stril*Ecology: The chondrichthyes are the most prim itive of^the~lTshfis, remnants o f vast groups which once dominated ancient seasT— nrs-cn ir a ! v a lve  faf  the in testin e , which increases absorptive area, is  best developed in  th is  group, although i t  is  also present in  lampreys, sturgeons, bowfins, g a rs ,a n d  lungfish* Prim iti^53y th is  c o n s is ts o f an outgrowth'of a^lUj^ofHmucous'Tfiembrane "along- the dorsal margin of the alim entary canal* In  modern forms th is fla p  is  co iled  many times upon it s e lf  to produce a com plicated, highly-variab le structure*F e r tiliz a tio n in  a l l _3.iY .jng forms is  in ternal* Adult males can be recognized by the n^ro^^^giartS'^clasp ers, m odifications o f the inner margins o f the p elv ic f in s . EmbTyc^development is  oviparous, ovoviviparous, or viviparous* In oviparous forms, fo r example the skates and r a tfis h , the eggs develop extern ally  a fte r being la id  in  horiy cases* These cases are spindle-shaped or rectangular and often bear ten d rils a t the corners which attach them to weeds or stones* In  ovovivip— arous forms the eggs develop within the body o f the mother, but the embryos are not connected d ire ctly  with the body o f the mother. The large egg yolk provide« fond.In  viviparous forms, t  he young are_ connected to the mother by a p lacen ta-like structure through which they .draw nourishmen ts —■Bus^"tKe"'"increased^roEection afforded by in tern al development, fecu n d ities in  th is  group are low and i f  a populatio n  is  reduced by fish in g  or fo r any other reason, a long time is  required fo r them to build  back to former levels*Procedure: Observe the demonstrations o f various types o f egg cases ofcartilaginous f is h . These are occasionally washed up on the beach or may be dredged from the bottom*
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In  addition to the usual inform ation, record fo r each cartilagin ou s fis h  id en tified  the type of development. You w ill not be held responsible fo r fam ily names or fam ily ch aracteristics in  the chondrichthyes*ORDER SELACHII (sharks)(Gr. selachos, a cartilagin ou s fish )Characters: Sharks have a body which is  elongate and round in  cross-section and 5-7 s l i t - l ik e  la te r a l g i l l  openings* The margin o f the eyeball is  free front the skin fo r some distance a l l  the way around (on the rays the upper margin is  adnate to the skin)» The caudal is  heterocercal* A cloaca is  present. A sp iracle (v e stig a l g i l l  s l i t )  is  usually present. The pectoral fin s  have narrow bases and are not attached to the head an terio rally  or to the p elvic fin s  post- e r io r a lly , as in  the rays* In  sharks, as w ell as rays and most bony f is h , the jaw suspension is  hyostylic* The jaw structure here has no d ire ct connection with the braincase and the jaw jo in t is  braced e n tire ly  by the hyomandibular* Sharks are a d iff ic u lt  taxonomic group due to the re la tiv e ly  few external features on Wiich d istin ctio n  may be based*Ecology: Most sharks liv e  along coasts in  re la tiv e ly  shallow w ater, although some forms are found at very great depths and in  the open ocean* They are primari ly  scavengers, the sense o f sm ell being esp ecially  w ell developed. V ision is  not esp ecially  keen, except in  the pelagic forms. The largest fis h  is  found among th is group. I t  is  the whale shark, Rhineodon typus, which reaches a length o f 70 fe e t . Shark fin s  are used by the Chinese in' cooking* Shagreen, used fo r polishin g , is  the skin of those species with sm all, c lo se -se t denticles* The vitam in- rich  liv e r  o i l  previously supported a commercial fish ery fo r two P a c ific  Coast sp ecies, the soupfin shark (Galeorhinus zyopterus) and the dogfish (Squalus suck- le y i) but the manufacture o f synthetic vitam ins has largely  replaced marine sources.D istrib u tio n : M arine, cosmopolitan* A few species occasionally enter fresh water and Carcharhinus has become landlocked in  a freshwater la k e , Lake Nicaragua* The greatest number of species occur in  tro p ica l and subtropical waters*Common C alifo rn ia  Fam ilies: Heterodontidae (bullhead sharks), Scyliorhinidae (cat sharks), Triakidae (smoothhounds) , Carcharhinidae (blue sharks), Sphyrinidae (hammerhead sharks), Squalidae (d ogfish es), and Squatinidae (angel sharks)*ORDER BATOJDEA (rays)(Gr. b a tis , ray)Characters: Rays have fiv e  g i l l  openings on the under surface o f a depressed body. The anterior margin of the enlarged pectoral f in  is  joined to the side of the body or head to provide a continuous f la t  surface and the anal f in  is  absent.The sp ira cle s , through which water is  t  aken in  fo r resp iratio n , are located dor- s a lly . * ■-------Ecology: Rays are bottom dwellers o f shallow and moderate depths* They are weU. protected from p o ten tial enemies* Poison glands are associated with the spines of stingrays which can in f l ic t  severe wounds on unwary waders* The large organs derived from muscle tissu e and located on each side o f the head of e le c tr ic  rays are capable o f vo lu n tarily  em itting shocks up to 220 v o lts . Many forms are equipped with pavement teeth (hexagonal p lates) which are adapted fo r feeding on s h e llfis h . HRaytt is  a general term which refers to members o f the order;, the term,; ’skate” is  re stricte d  to members of the fam ily Rajidae*
20





D istrib u tio n ; Marine,  cosmopolitan*Common C a lifo rn ia  Fam ilies; Rajidae (skates) ,Da syatidae (stin grays), Myliobatidae (eagle ra y s), andlorpedinidae (e le c tr ic  rays).Procedure; Observe other adaptations of th is  group fo r a bottom -living existence. Note the sp ecial characters of the angel sharks which are intermediate between the sharks and the rays»ORDER CHIMERA (chimaeras)(Gr. chim aira, the fabulous monster with the head of a lio n , the body o f a goat, and the t a i l  of a serpent)Characters; Chimaeras have fiv e  g i l l  arches and four g i l l  openings p rotected * by a g i l l  cover which is  a flap  o f skin without membrane bones. Thus there ter only one external g i l l  opening on each s id e , in  contrast to m ultiple g i l l  openings of the preceding groups. The teeth , at le a s t p a r tia lly , are in  the fo rj^ o f grinding p lates and there may also be prominent in c iso r-lik e  lackenamel, which is  present in  the other orders. The ta jlflis d ip h y ce rca lJ The jaw suspension, in  common with the lu n g fish , is  a u to sty lic , slrtJb tfli "upper jaw is  fused to the braincase. There are no clo aca , r ib s , or sp ira cle . On males there is  a cephalic holder or fro n ta l hook, possibly u sefu l in  copulation.This order is  intermediate between the elasmobranchs and the te le o s ts . I t  is  lik e  the former in  lacking an a ir  bladder, and possessing a sp ira l valve and c a r tilaginous skeleton. I t  resembles the la tte r  in  the single external g i l l  opening, and lack o f sp iracle and clo a ca .Ecology; The lo ca l Hydrolagus c o ll ie i  is  a re la tiv e ly  shallow water form compared to  other members o f the fam ily and is  taken in  night beach seine hauls in  Puget Sound. , The uniting of the teeth into bony p lates is  responsible for the common name ',rr a tfis h M.  The eggs are la id  in  elongate, r ig id , brown cases. This fis h  is  l i t t l e  u tiliz e d  although the liv e r  o i l  is  rich  in  vitamins and the fle sh  i s  said to be palatable*D istrib u tio n ; M arine, cosmopolitan, p rin cip a lly  in deep w ater. A single fam ily , Chimaeridae. CLASS OSTEICHTHYES (bony fish e s)(Gr. osteon$ bone; ichth yes, fis h )Characters; In  th is  c la ss are included the vast m ajority of fis h e s . The bony fish es have many stru ctu ral features which d istin gu ish  them from the lampreys, and rays. The endoskeleton and verteb ral column are wholly or p artly  o s s ifie d .—  Neural and ^aemal arnhes ars present. presen t.The jaw i s  w e ll  developedTw ith p rem axiilary7  "ma x i l l a r y ,  and den tary elem en ts.A bony operculum covers the~~gi3^r-rrisTT^T7nT7i~J5ith er_galaiL ^ a t e 3 or b ra^ h jfistega l rays are present. There is  an a ir  bladder present^ except~3n^~certain sp ecialized groups; 'The w ell—developed secondary pecto ra l g ird le  is  connected d o rsally  with the posterior part o f the sk u ll (except in  inar̂ F eel-XtES^fiShesJT ThlT external opening of each nasal sac u sually is  divided into two external openings and is  not connected in tern ally  with the mouth c a v ity . The axoskeleto n  i s  o f  rhomboid p lates,, cycloid-nr ct enoid sc a les, bony p la te s , or naked skin . There are ty p ic a lly 'fo u r  gill]i-arches- and the g i l l  filam ents pro.iecfbeyona the' greatly  reduced interbranch- ia l  sep ta. ~ "
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ORDER DIPNOI (lungfishes)(Gr* dipnoos, with two breathing apertures)' CM :

•g-

Characters: In  the lungfishes the paired fin s  are lo b atew ith  a jo in te d ■median axis* The scales are overlapping and cysJaid  in  "'shape , but not_true ¡c y c lo id . An operculum is  present but the opercular elements are not d iffe re n - I tia te d , In tern al_aareB ,'a  cloaca,  and a gpiraI~VaIve aré préseht. "The a ir  | bladder possesses a duct openin g ^ o  the ventral side of" the gsobhagus and i s lu r ■ like^ajid-'-eellulay• A ll of these forms must secure a ir  a t the surface of theI water even during periods when the water is  not stagnant. Pamii-jar grind ing I teeth_are..prfijsent* In  a l l  liv in g  forms the median fin s  are confluent t o form a I continuous symmet r ic a l diphycercal t a i l* Anatomical features which resemble .those I of amphibians include the in tern al hares associated with lung"Breathing and the I fle sh y , lofaed, fin s  which are suitable fo r development into te r r e s tr ia l limbs*¡Livin g lungfishes are survivors of a fo s s il group which-was moderately abundant in  ¡ the la te  Paleozoic and T riassic* There are three genera liv in g , one each in¡tro p ic a l regiom Tof A ustrali a , South Americ a , and A frica^FAMILY CERATODONT3DAE (A ustralian lungfish) (Gr* keras, hornj odous, tooth)Characters: In(?feoceratodus^he a ir  bladder is  an unpaired sac, divided in to  ■right and le f t  lobes cyaTaan^Hof connective tissu e ,I Êcology: The A u stralian \lungfish ,  unlik e  the lungfishes o f A frica  and South¡America, does^not build a cocobjh in  th e mud* I f  the pool in  which i t  is  liv in g  [dries up, i t ^ n ñ o t~ ^ rv iv é  ̂ howeveri~the air-breathing' hab it  enables~it~To liv e  ¡in  the mud during periods o f drought in  shallow ponds jpolluted by rienayi ng organic ¡matter and d e fic ie n t in  tSSygen* ’ \ I t  ÍS  a sluggish f is h , feeding on aquatic vege ta tio n  and sm all invertebrates* ijyesight is  poor and food is  located p rin cip a lly  |by means of̂ jfche sense of  smell*  Spawning occurs in  the spring months fAug-Oct 7) [£ach Qgg f p laced among aquatic vegetatio n , is  surrounded by'á heavy gelatirHHIg^qoat* [The embryological developmeni-haslñarffir'amphibian ch a ra cte ristics* a l llungfishes undulate th e lr jjghole_body i n a salamander-like fashion* These fisBTare¡■thejaniv  true~Treshwater fishes~jnAus^ ¡freshwater from ralla* A ll the others present reinvaded
D is tr ibution♦ Northern Queensland, A ustralia* Freshwater*FAMILY^lSpiDOSIRENroAE*)((South American lungfishes)}(Gr* le p is , scale j se ire n ,"s ire n , a group o f eel-shaped amphibians)[ Characters: In Lepidosiren the endocranium is  l argely membranous . The paired ¡fin s  are__reduced*. The a ir  bladder is  pAifed* The p elvic fin s  are fringed*I Ecology* This fis h  liv e s  in  swamps along rivars bui-caw r -in the H voT-g I i h! mSelvfcs‘ The nesQ u rro w  i s  in  the muddy bottom and the male guards the eggs, ¡separate burrows fo r aestivatio n  are constructed in  impervious clay* These bur- irows ^ar_e_mucous-lined and are closed at the surface with a loose clay  p lu g. I t  is  la carnivorous- -f ich  -and. "feeds mainly nn i <stD istrib u tio n : Amazon b asin , South America* Freshwater*
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FAJÆEIjC^^TQPTERIDAÆ^ A frican lungfishes) (Gr. protos, f ir s t ;  p ter on, wing)Characters: The A frican lungfishes are sim ilar to the South American form with the exception that the p elvic f in _ is  elongated into a barb el-like structure.Ecology: Protopterus builds an aestivatio n  chamber which is  lined with mucous, The entrance o fjb fre chamber i s not closed as in  Lepidosiren, Sp ecialnest burrow sjire^built which are lined"w ith leaves and s tic k s .---- TEemale guardsthe eggs. The larvae have four pairo o f plUiffe—itke^external g i l l s  and are~equip— ped with ventral suckers in  order to attach to rootlet^xrrtheH jurrow ,D istrib u tio n : Central  West A frica .  Freshwater.
” ”

t_ J\  ORDER CHONDROSTEX (sturgeons and paddlefishes) (Gr. chondros, ca rtila g e ; osteon, bone)Characters: The prim itive chondrosteans possess characters which clo se lyresemble those o f sharks and rays. The cauda l is  heterocerc a l. The endocranium never oagi^ring as a complete box. Sp iracles are present- in  most forms. The opercular appgyafairTr o n ^ r S S F tia llv  sub_opercle, xnteropercle, and preopercle absent.  The notochord is  not replaced by vertebral centra and the o to lith s  are not c a lc ifie d . The fin s  have numerous clo se-set rays, and these ra y r  ouEnm nber^thrraalals, This group also has certainunique characters, such as an elongate snout and a body naked or covered with 5 rows of Jaary—scu tes. _ ■ ----- ----FAMILY ACIPENSER3DAE (sturgeons) (L* acipenser, sturgeon)Characters: The body is  covered with fiv e  rows o f bony scutes which form a p a rtia l armor. The mouth is  ven tral and^prgtracSile^ TeetlTarT p resent only in  very young f is h . There are four T h e 'g ill membrane s^ a rO H n e d  to theisthmus a g d ^ h e r ^ r e n o brarip iq stggal rays. Theodor s a l aiid -^ n aT riim are inserted fa r  back on the bociy^Ecology: Sturgeons are sluggish fish e s which feed on aqu atic-insec ts ,  crustaceans, and m olluscs. In  the Columbia River part o f the d iet con sists of f ™ * * s m e l t ,  and lamprey carcasses. They are lo n g-lived ; ages up to $0 years have been determxn^TBy-sludy "df-cross-sections of the f ir s t  pectoral f in  ra y s , rowth o f the fis h  is  extremely slow. Females reach maturity a t an age o f be— tween 15 and 20 y ears. Males become ripe somewhat e a r lie r . Individuals up to 
¿0 fe e t in  length and 1800 pounds in  weight have been taken in  the Columbia River asin . Sturgeon spawn in  fresh water in  the spring and early  summer. Fecundity is  high with up to four m illio n  eggs being produced by a 50 year old fem ale. Only a few species of  ̂sturgeon remain as degenerate representatives o f a large group of prim itive bony fish es,^  The fle sh  is  esteemed as food and caviar is  prepared from uie eggs. A high q u ality  is in g la s s is ^prepared^frem-4hs_ a ir  bladders .D istrib u tio n : Anadromous and freshw ater. Temperate parts o f North America and Eurasia,FAMILY POLYDONTIDAE (paddlefishes) (G r. p o ly , many; odontos, teeth)Characters: In paddlefishes the snout is  prolonged in to  a th in , fle x ib le  projection whose length may be one-third of the body len gth . The inner portion
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of the paddle is  fo rmed by produced nasal bones and i t  is  surrounded by a reticu late  bony framework« The jaws have small teeth« The except- afew sm all scales at th e  base o f the upper lobe o f the caudal fin« The caudal fin  is  heterocercal, although the lower lobe is  w ell developed so that the fin  is  nearly  equally forked* There is  _gp&j? a ir  of broad branchiosteg a l rays« The a ir  bladder is  c e llu la r  and is  connected" by^a duct with the esophagus* The g i l ls  are covered by a large so ft operculum which extends fa r  p o sterio rly to a point above the base o f the ventral fin s* ■Ecology? Paddlefishes feed by stirr in g  up the mud with th e ir  snouts and by- straining plankton from the water through the siev e-lik e  g i l l  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* Paddlefishes have been greatly reduced by overfishing in  North America«The palatable fle sh  is  marketed as "boneless cat"«D istrib u tio n ? Freshwater« Polydon, eastern North America} Psephurus,  China«
FAMILY LEPIDOSTEIDAE (gars) (L* lep id u s, graceful} Gr« osteon, bone)Characters? Gars are characterized b y th e  th ick , diamond-shaped ganoid scales that cover t he body« The jaws are extremely elongate with-sharp- teeth and “ the- ' n o strils are located a t the end of the upper ja w« There'-are al§o „teeth  on thepalatines "and thg~baire(£ vomer' bones« TKree~branchiostega l j rayg. are present«The caudal f in  ls"abftrgTt5/Eeteterocer?a ly -3 lt!fR ^ ^  su p e rfic ia llysymmetrical* -The dorsal and anal fin s  are located' opposite each other towards the posterior end o f the body. The a ir  bladder is  c e llu la r , connected with the esophagus, and may be used as a short« Pseudo-
Ecology? Gars are a remnant of an ancient and numerous fam ily* -F o s s il ggrs are knpwn from Europe* Gars and the bowfin « dlspussed below, are prghafely the most p re d a to ry fishes in  frsshwater7~bdns^ing large quant i t i e s o f  game and forage fishes« ^hejT’ often bask la z ily  at t  he water surface but are capable of  sw ift movements to capturejorey, ~They are warm-water fish e  s an i' IhRSblt sloughs and quiet backwaters* Their armor protects them from the attacks o f most other animals« The tough skin was used by early s e ttle rs  to cover wooden plowshares»D istrib u tio n ? Fresh waters o f eastern North America, Central America, andCuba«
FAMILY AMUDAE (bowfins)Characters? In  the bowfin the head is  covered with smooth plates« The jaws have an outer series of conical teeth and an inner band o f rasp -lik e  teeth«

branchia are present« There

(L . h a le c , herring} u r. morpne, shape)
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,  and pterygoids. The t a i l ,  as in  the__  7a~guiar plate and 10-12 branchiostegal[ rays* The dorsal fin  is  long and low. Thè median fin s  have equal numbers o f dermal rays and endoskalataL-^upports in  contrast t o jthe sturgeòrìs^àfìd paddle- fish es where the number of dermal rays is  greater than the number of'endoskeletal ; supports. The scale-s-aye- cy c lo id . The g i l l  rakers are short and sto u t. There 
uar^ftadobranchìai7Ecology: There is  only one liv in g  sp ecies, Amia calva,  in  th is  order whichhas many fo s s il representatives. This is  a predacious fis h  which feeds on crayfish  and small f is h . The males are sm aller than the females and can be d is tin r  | guished from the la tte r  by the oce llu s  rimmed with-nrange-yellow located a t~the I base of the caudal f in . Bowfins can liv e  a long time out o f w ater, breathing a ir  with th eir lu n g-like a ir  bladders. Spawning occurs in  the la t fi «p'Hpg or shallow bays. The eggs are la id  in  a shallow depression prepared by the paren ts. On hatching the young adhere to roots on the bottom of the ne;st by an adhesive organ on the snout. The young are guarded fo r a time a fte r hatching by the male.D istrib u tio n : Freshwater. North America. M ississip p i River and Great Lakes, south to F lo rid a .

^ ’  '  ■ ""DCORDER ISOSPONDYLU(Gr. is o s , sim ilar; spondylos, vertebra)I >Characters: Isospondylids are h errin g-like and salm on-like fis h e s . In th is  | group both the prem axillary and m axillary bones form the margin o f the upper .iaw.I In contrast to the order Ostariophys i . the an terior vertebrae are unmodified and I without auditory o s s ic le s . Opercu lar bones are w ell developed. The caudal f in  [ is  homocercal and the t a i l - i s  usually forked* Physostomous* The p elvic fin s  are I abdominal.  The fin s  have s o ft rays only and there are no b arbels* This order I comprises most of the marine soift-rayea rish e s . excepting those found in  tije deep I sea < ( T n ió m i) .I t  represents an a r t i f ic ia l  assemblage since the sèparate members I d iffe r  greatly  from one another^ IiTHme the Isospondyli w ill doubtless be d iv id - I ed into several orders. Members of the order probably sprang from a Ganoid stock,I since the tarpons (Elopidae) and the lad y -fish es (Albulidae) show relationship s to I the bowfins (Amiidae). The gular p lates o f the tarpons and bowfins may be~o£I sim ilar homology. “  ------------- -------- —FAMILY CLUPEIDAE (herrings, sardines, shad)Characters: These are^ silvery , compressed fish e s  with the la te r a l lin e  tra  I ersing only the anterio r 2-£ sca le s . The scales are la rg e , deciduous,  ana "of the I striated cycloid type. The hea^JLs not coverèd' by sca le s . The mouth is  large I but the teeth are sm all or absentT Tl'l5~g l l l  -rakerg-sre' long and f in e . G i l lI membranes~~are~?ree from the is t hmus. Pseudobranchiae are present*---- The singleI dorsal f i n _is  situated at about the middle o f €Ke body; there is  no adipose fin *I The caudal  f in  is  usually f orked^ The p e lv ic fin s  are abdominal in  posi Llun.I There is  ¿rp elvic^agEacdage and frequently keeled ventral scutes*! Ecology: Most members o f th is  fam ily are schooling fish es* H erring, sar- I dines, menhaden, and sim ilar species are the most important in  volume of a l l  the I  varieties of fis h  making up the worldf s commercial production. They are also  of

There are also teeth on the vpmaz^__palatine£ gars, is  abbreyiatejiateropercal» There
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inestimable importance as food for larger f is h , b ird s, and mammals* Clupeids feed on phytoplankton and zooplankton and thus serve as primary converters in  the food chain* . Northern and freshwater sp ecies, as in  many other fa m ilie s , d iffe r  from tro p ica l forms in  having a larger number of vertebrae* The eggs are gener- a lly  p e la g ic , although those af-the herring are demersal  and adhesive*D istrib u tio n ; Cosmopolitan« P rin cip a lly  marinej some anadromous and freshwater forms* No deep sea forms* The'"group is  best developed in  tro p ica l w aters,but some approach Polar seas*FAMILY ENGRAULIDAE (anchovies) (Gr* en grau lis, a sn a il fish )Characters: Anchovies have a subterm inal mouth and the extremely long max-illa r y  extends posterior to _±faa ev e.  There is  no la te r a l lin e . Otherwise L-/the characters are sim ilar to those o f the ClupbidaeiT”"Ecology: Anchovies are carnivorous shore fish e s« usually swimming in  large schools« The wide gape o f the mouth malces these fis h  very e ffic ie n t  planktonfeeders* Eggs are oval in  shape and pelagic«D istrib u tio n ? Marine* Tropical and su btropical, p a rtly  temnerate seas. Most
FAMILY SALM0N3DAE (salmon and trout) (L* salmo, salmon)Characters: Body fa ir ly  stout covered with cycloid  scales o f the circu lu s type. Adipose prominent and the pelv ic  appendage is  l arge. Fresh, returning, sea-run forms silv ery  below, and b rig h t, steely  blue to green above* Juvenile stages usually with strong, dark v e rtic a l parr marks. Mouth strong with maiy teeth on prem axillaries and. m axillaries in  contrast to the weak mouths and lack of teeth in  the herrings, sm elts, and w hitefishes*Economic Value: This group of fish e s  i s  the most valuable o f inland species from a monetary standpoint* M illion s o f d o llars are spent annually in  search of them by anglers* * For th is  reason, the great bulk of funds availab le fo r hatchery operations are expended on rearing and planting salmon and tro u t. For the same reason much o f the money availab le  for fis h e rie s  research is  expended on solving problems dealing with Hie members of th is  group*Taxonomy o f the salmonids, except fo r  the fiv e  species o f P a c ific  Salmon comprising the Genus Onchorynchus,  is  in  a badly confused state* Over fo rty  species o f trout alone have been described, many of which are poorly defined and o f doubtful sta tu s . Further com plications have been added by fis h  c u ltu r ists  who have crossed many strain s or races and stocked both streams or lakes with the resultant hybrids* The tran sfer of fish e s from one drainage to another plus the planting o f non-native forms o f the same or clo se ly  a llie d  sp ecies, has likew ise caused a considerable amount of genetic masking o f o rig in a l stocks* The trout series apparently is  in  an in cip ien t stage o f speciation and enormously p la stic  which, in  tu rn , has resulted in  considerable taxonomic confusion. U n til further taxonomic studies reveal the true status o f each sp ecies, i t  w ill be easier fo r  the student i f  he looks upon the trout group (including the chars) as containing four  [natural groups or series* These are the (1) rainbow tro u t, (2) brown or Loch-Laren trou^^-fT) cu tthroat nr black-spotted  tro u t, and (U),chars* The rainbows, browns, ;and cutthroat series a l l  f a l l  in  the Genus Salmo, while most o f the chars are

abundant in  tropics* Some forms in  brackish water

26



placed in  the Genus Salvelin u s. I t  w ill be le ss confusing to the student to o , i f  he considers the rainbow trout as a single sp ecies, Salmo gairdneri,  but having many subspecies which have developed through geographic or clim atic iso la tio n  in  numerous separated drainages. This viewpoint can w e ll be applied to the age-old controversy as to whether or not steelhead and rainbow are the same or d iffe re n t species. Each of the above series has both sea-run and resident forms and in  each the same controversy e x ists  as to whether they are the same or d iffe re n t species or subspecies. Trewavas (1953) concluded that the sea-trout of Europe (sea- run brown trout) and the “burn” trout (resident brown trout) were a l l  one species and gives excellen t arguments in  support of th is  view.Ecology* A ll  the members o f th is fam ily are carnivorous, boreal fish e s  and are the p rin cip a l predators in  the cold waters o f the Northern Hemisphere. In  warm waters they are replaced by such fish es as the basses, p ik es, perch, bowfins, and gars as the main predators. A ll spawn in  fresh water but maty are anadromous, making c y c lic  m igrations between the sea fo r feeding and freshwater streams fo r breeding. Two types of cycles are illu stra te d  in  th is  fam ily , (1) mixed age group cycle  and (2) year c la ss cy c le s . The mixed age group type o f cycTe is  Illu stra te d  by most mammals, b ird s,'an d  fish e s• In  th is  case /the offsp rin g o f several- d if fe r -  ent brood years may be present in  the population at the same time because (1 ) individuals mgy~ T ivefo r several yea rs . (2) they may produce more than one brood per year, or (3) interbreeding may occur among individuals o f the d iffe re n t age groups present.~ In  co n trast, in  the year class- type of l i f e  c y c le , only a single age- group is  present a t any given tirnfi because o f the short period in  maturing and dyin g . Pink salmon,Ct>7 gorbuscha*^ are a good example of th is  type of l i f e  cycle since th§y always mature a l two years o f age and only a sin gle age group~isjpresent in  ary given run* In tn is  type Of cycle there is  noninteraction,, p.ompe-fvi±i nn or predation between c y c le s . Other salmonids such as the chum, s i l ver , ki ng—and sockeye s a l m o n a n t i c  salmon, steelhead, and trout generally do not have such a r ig id  l i f e  span and, hence, varying age groups are present in  th eir feeding and ¡breeding grounds* Age at m aturity varies with a l l  other species o f salmon and trout but with pink salmon i t  is  always two y ears. Other organisms th at display |the year c la ss  type of cycle are various crustaceans such as waterfle a s  and shrimp land in sects such as jthe 17 year cicad a.Sea-run salmonids spend from a few months to eight years in  s a lt water before [returning to freshwater to spawn. A ll go through an elaborate courtship procedure. [Once the fis h  are fu lly  mature, breeding occurs over gravel bed areas in  shallow water, usually at the lower ends o f p o ols. Here the females dig th e ir "redds11 or nests and deposit the eggs. F e rtiliz a tio n  o f the eggs is  external by the males and occurs as the eggs f a l l  to the bottom o f the n ests. A fter each spawning the females cover the eggs with gravel by vigorous digging movements, using th eir caudal f in s . A completed redd can be e a sily  recognized follow ing spawning fo r i t  w ill appear as a mound o f clean g rav el, w ell rounded, and w ill lack any s i l t  covering it s  su rface. In observations o f spawning beds from airplanes^ i t  is  easy to count or to photograph the completed redds as they are c le a rly  v is ib le  when the water is  c le a r .Non-sea-run trout and landlocked salmon usually migrate only short distances to suitable spawning areas. Most salmonids are stream spawners and only two, the eastern brook trout (Salvelinus fo n tin a lis ) and the landlocked sockeye salmon (Oncorhynchus nerka kerm erlyi) spawn to any extent in  gravelly  lake shores. Even these two species seem to prefer streams in  which to spawn i f  they are a v a ila b le .I afU,27



Except in  hatchery stocks, most trou t females mature a t either three or four I years of age. The m ales, however, usually mature at the end of their second year [ although i t  i s  not uncommon to find  male fis h  mature at the end o f th eir f ir s t  I year. G rilse  salmon are usually males that mature a fte r only one year in  the I ocean, a fte r which they return to spawn and die in  freshwater. Trout may survive I several annual spawning periods but a l l  P a c ific  salmon die a fte r spawning once.One o f the most unusual and important habits of most salmonids is  that they I w ill nhomen to th e ir parent streams. A ll P a c ific  salmon display th is  in s tin ct [ as w ell as.th e  steelhead and in  the trouts sim ilar tendencies have been noted*[ Numerous explanations have been given to account for the homing theory but today I the actu al mechanisms underlying th is  phenomenonremain larg ely  unsolved*' A ll P a c ific  salmon, the brown trout (Salmo tr u tta ),th e  chars, and the A tla n tic  I salmon (Salmo sa la r) are f a l l  p̂awn ers. Spring spawners in c lude a l l  members of I the rainbow and cutthroat series*7 ~~ Y\ i —D istrib u tio n : Circumpolar in  the northern hemisphere^in cold waters* South I to^the v ic in ity  o f Durango, Mexico, in  P a c ific  drainage streams* On the east I ’coast they are found south into Georgia. In  Europe they occur in  Spain and in  I cold mountain streams gen erally . Introduced widely into South America, In d ia ,I A u stralia , and New Zealand. 5\* FAMILY COREGONIDAE (w hitefishes) (Gr. coregonus, a name used byA rtedi fo r the European w h itefish ).Characters: The w hitefish fam ily is  distinguished from the salmon fam ily by I the larger scales (fewer than 100 in  the la te r a l lin e ) . W hitefishes are silvery  I in color with blue-green backs. They have small  mouths with few or no teeth .I  Most species have long, slender g ill-r a k e r s . There is  a single dorsal f in  with I so ft rays and ah adipose f in . A pelvicappendage is  present* Characters o f I  individual species are extremely variab le* —Ecology: W hitefishes are cold-water fish es*. In  lakes they are found to I  depths of 700 feet* Lake species spawn in  the autumn above the bottom in_shallow  ■’"'areas. Stream species may make spawning migrafrioftg'Turbo the smaller trib u taries* I  The eggs are generally sm aller than tno se“ o f  salmo rads r  ER itefishes are one of I  the most valuable food fish e s in  the Great Lakes*D is t r ib u t io n Freshwater lakes and streams o f North America and Eurasia.FAMILY THYMALLIDAE (grayling)' (Gr. thym allos, name o f some fis h  having'< , the order o f thyme)Characters: Grayling, d iffe r  from salmon and trout j.n  that the pariet a l bones I  of the, sku ll  meet in  the middle and thus theTEfonta ls are not touched^hy the sup- I  ra o ccip ita l, Thfty al sn Jjavp» fth ip le u ra l sp ines_on the anterio r r ib s . “ Grayling■ may be e a sily  distinguished by the enlarged f la g - lik e  dorsaTTin, w ith more,. than 11-5 so ft rays (fewer in  salmon and trout) “ The dorsal f i n  hasTred or orange and■ blue spots. The mouth is  sm all and the teeth  are—sparse.  The g i l l  rakers areI  s ôr  ̂ and s t i f f * Pseudobranchiae are pre sen t.Ecology: Grayling are highly regarded as sport f is h . They arefound only in cle a r , co ld , unpolluted streams and most often in  deep pools o f gravel-bottom. 
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streams» They feed ch ie fly  on insects» Grayling spawn in .t,h s spring and dig redds sim ilar to those made by salmonid s. They hâve been reduced to extin ction  in much o f th eir native h ab itatd u e to destructive logging operations, over-fishing p o llu tio n , and other factors#D istribu tion  i Freshwater» Cold northern streams o f Europe, North America,and Asia»FAMILY OSMERIDAE (smelts) (Gr» osmeres, em itting an odor)Characters» Osmerids are small fish e s which resemble salmonids in  body shape and in the presence o f an adipose f in  but d iffe r  in  having fewsr than 100 s c a les along the la te r a l line« They also lack p elv ic appendages. The head is  long and pointed. G i l l  rakers are elongated^reC slende r . The teeth and the la te r a l lin eare w ell developed. ~----- -Ecology : Smelts are carnivorous and even c a n n ib a listic . Their role in  freshwater ecology is  not as y et completely understood. " The fle sh  is  d elicio u s and many are caught on th eir spawning migrations# The fle sh  is  so o ily  that the eulachon was used for candles in  early days# P a c ific  Coast marine and anadromous species spawn on sandy ocean beaches, over eelgrass beds, or over s i l t  bottoms in  freshwater streams. The Eulachon or P a c ific  sm elt, Thaleichthys p a cificu s (also called Columbia River smelt) m igrates interm ittently into the bandy River near Portland, Oregon from the Columbia River in  enormous numbers at tim es. The senior author has seen so lid  schools of these fis h  moving upstream, containing lit e r a lly  m illions o f fis h  that f il le d  the stream from bank to bank. Dip—netting is  permitted at such times and a d a ily  lim it o f 25 pounds per person is  allowed on a special licen se se llin g  fo r f i f t y  cents per person. There is  a regu larity  in  the timing o f the runs# .Good runs may occur fo r three years in  succession but more often blank years w ill  occur -when no fis h  w ill be seen. The runs usually arrive in March or A p r il. In  years of heavy runs, mary tons w ill be taken commercially as w ell as by sport fishermen. They are best i f  eaten fresh though they are almost as palatable i f  frozen in  water# The ’’wealth o f the sean is  nowhere better reflected  than in  the enormous abundance o f these small fish e s in  years o f heavy runs.D istrib u tio n « A rctic and North Temperate regions. Circumpolar# Marine, anadromous, and freshwater*ORDER HAPLOMI (b la ck fish , mud minnows, and pikes)(Gr. haploos, simple)Characters: Soft-rayed fis h es with cycloid  sca les and the mesocoracoid m iss- ing. Mouth wit h  teettnT Ffjysostomùu s. Central fin s  abdominal# Tlo adxpbSr-fin. tn ie fly  freshwater“ species.  An order i ntermediate bétWeen the Isospondyli andr̂.g°gpjtphl. Includes some of the most predacious of freshwater forms in  the P ickerels, pikes and muskellunge*FAMILY ESOCIDAE (pikes) (L . esox, pike), Characters} These fis h  are characterized by a long, slender body with the orsal and anal fin s  located near the t a i l  and opposite each other. The snout depressed and d u ck -b ill shaped when viewed from above# The long jaws are
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I  armed with sharp canine teeth . There are also teeth on the vomer, p a la tin e s, and ■tongue. The m axillaries are to o th less. The scales are sm all and there are I  scales on the cheek and opercle# G i l l  membranes are free from the isthmus. The I  pectoral fin s  are inserted very low on the body. The caudal f in  is  forked. Pikes I may be distinguished from gars, which they su p e rfic ia lly  resemble, by the rounded I snout and the homocercal, forked caudal f in .Ecology: Pikes are predacious, feeding on fis h  and to a smaller extent on I  other aquatic vertebrate forms# They are strongly piscivorous and noted for th e ir  I  greediness and voracity and have been ca lled  "mere machines fo r the assim ilation of I  other organism s,” These fis h  prefer the cooler waters of la k e s, ponds and the I  larger streams# A ll are spring spawners, casting th eir eggs over weeds in  shallow I  water or marshy areas#In  the Great Lakes Region these fish e s are o f great importance both commer- I c ia lly  and fo r sports fishing# The northern p ik e , Esox lu c iu s ,  i s  taken widely ■by commercial fishermen while "muskie” (E , masquinongy) fish in g  provides anglers ■with fis h  up to over 60 pounds in  weight“ and famous for th e ir  fig h tin g  a b ilit y , ■Baits most commonly used are flash y spoons or liv e  minnows* To a l l  the members o f ■this group, shelter is  an important fa c to r . Submerged stumps or lo g s , cut-banks,I and root mats form the most su itable sh elters and anglers usually catch them near I such types of cover. Pikes depend on large minnow populations fo r forage# TheirI unsuccessful introduction to C a lifo rn ia  may be due to the general lack  o f such
II populations and to the re la tiv e ly  sw ift stream gradients o f the west#D istrib u tion  : Freshwater# Europe, A sia , and North America, There i s  a I  single genus, Esox.̂  Jordan and Evermarm (1920) l i s t  seven sp ecies, one o f them,■£* j-ucius, cosmopolitan and the rest confined to North America. Three species ■have been introduced into California#ORDER OSTARIOPHYSI (minnows, suckers, ca tfish e s , and a llie d  forms)(Gr. ostarion , a l i t t l e  bonej physa, a ir  bladder)I _ Characters» This order consists o f the la rg e st group o f c h ie fly  freshwater ■ fishes. I t  is  second only to the order Percomorphi in  number o f species# I t s  ■members have in  common a Weberian apparatus and an a ir  bladder which is"u su a lly■ divided into two parts# They are physostomous and the f ih s _ar"e""Ltsually without I  spines# ------------------- -—-__________________ ZTSUBORDER CYPRINOIDEI (Gr, kyprinos, a kind o f carp)Characters: This suborder contains the minnows and th e ir a llie s#  There is

WF9 4UGt-baijgeen the two compartments_o f the a ir  bladder. The subopercle and BparietaJL_bones are present# There iiTno adipose"Tin# The body generally is  ■covered with cycloid  scales and is  never naked or covered by bony p lates as in  the ■catfishes# T ~ ------ -------------FAMILY CATOSTOMIDAE (suckers) (Gr# k ata , downwardj stoma, mouth)I Characters: Suckers are characterized by a subterminal mouth which can be ■protruded fo r feeding on the bottom. The lip s  are usually flesh y  and sucking.■ inere are no teeth in  the jaws, but pharyngeal teeth are present. The pharyngeal peeth are in  a single se rie m n d  often numerous. There are three branchiostegal
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I rays# Pseudobranchiae are present and the g i l l  membranes are more or le ss  nrrit&ci I to the isthmus# The alimentary canal is  long and the stomach is  simple with no I  appendages# The dorsal f in  contains 10 -  30 so ft rays#Small suckers are some times d iff ic u lt  to distin gu ish  from minnows« In  I  minnows the distance from the fron t of the anal fin  to the base of the t a i l  f in  is  I  contained le ss  than two and one-half times in  the distance from the fro n t o f the I anal fin  to the tip  o f the snout# In  the suckers th is  proportion is  contained I  more than two and one-half times# This is  also true for the carp but th is  fis h  I  can always be recognized from a l l  other native minnows and suckers by the stout*I spinous f ir s t  dorsal and f ir s t  anal rays#Ecology: Suckers are sluggish fish es* feeding on bottom plants and animals#I Their a b ility  to find food by the senses of touch and taste enables them to survive I  where fish e s that feed by sight could not exist# Most species prefer re la tiv e ly  I quiet waters over sand and gravel bottoms# The young are eaten by predatory fish#I  Most species ascend streams to spawn in  the spring# At th is  time the males dev—I elop tubercles or pearl organs on the anal* caudal* and pelvic fin s  and on the top I of the head# They are very p r o lific  fish e s and often the dominant forms at theI expense o f game fish# Suckers are extremely bory and l i t t l e  valued as sport fish#D istrib u tio n : Freshwater# Widely distributed in  North Americaj a t le a s t I two species in  China and Siberia* Nearly 100 species occur in  North America* a few I of which such as the common 'white sucker* redhorse and buffalo* are taken commer—I c ia lly  in  g i l l  nets* trap nets and by dipping on spawming migrations#FAMILY CYPRINIDAE (minnows)Characters: Minnows are characterized by well-developed pharyngeal teeth*I which are i n 1 -  3 rows* North American minnows have these teeth in  one or two I rows but willi^never more than seven in  the main ~rOw# The introduced"“carp and j goldfishJa v e ^ h r e e  rows# The*liou^ and i s without teeth# The margin of ̂ the upper jaw is  formed by the p r e m a x i l l a - a l one# There are three br anchios te gals * The dorsal f in  is  short in  a l l  the American species with le ssj than ten so ft rays* but i t  is  elongate in  many Old World forms# The stomach is  a simple enlargement o f the alimentary canal#Due to  the uniform ity in  size* form* and coloration* th is  is  a d if f ic u lt  taxonomic group# The genera are best distinguished by the pharyngeal teeth patterns#Ecology: This is  the larg est fam ily of a l l  fish es* including about 200 genera* j There are over two thousand species d istribu ted  throughout the entire north temperate zone alone# The fam ily is  most diverse in  Asia# Hubbs and Cooper (1936) attribute th is  abundance to three fa cto rs: minnows as a group occupy a great varieiy  of h ab itats and eat mary “types o f foods* most species o f minnows require a re la tiv e ly  short time to reach sexual maturity* and a large number of minnows can occupy a small space and fin d  s u ffic ie n t food and sh elter because they are usually small fishes#Although most minnows are small fish es* a few grow to a large size and are marketed in  considerable quantities* esp ecially  in  Europe# Minnows are o f great ecological importance as food fo r predacious fishes# During the spring spawning season* males develop epidermal outgrowths or tubercles on various parts o f the °dy* which are sim ilar to those of the suckers* and red markings on the fin s  and
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I lower body parts* Some species build nests* Minnows feed on in se cts , crustaceans,I vegetation, and organic mud.The term «minnow” often is  applied in co rrectly  to any small f is h  su p e rfic ia lly  I resembling members o f th is  fam ily .D istrib u tio n : Fresh waters o f Europe, A fr ic a , A sia , North and Central America.I Absent from South America, Madagascar, and A u stra lia . One Japanese species is  
I reported to be marine. f'\yU«.W’»UsSUBORDER SILUROIDIjIA (catfish es)(L. s ilu ru s , a kind of river fis h )Characters: Catfishes are sca le less except fo r some forms covered with bony I p lates. Their heads and mouths are broad. The two coim^ar ĵnSnys o f the .at r I bladder are connected by a duct* The m axillaiy”Ts~rudimentary, serving only as I a support 'fo r the l)tu.Lel* The suboperde-is-'abSSiTt. "There is  usually an adipose I fin  and the fir s t-r a y  in  the dorsal and pectoral fin s  is  spinous.Ecology: This large group is  composed c h ie fly  o f freshwater fish e s d istrib u t- I ed cosm opolitanly. They are esp ecially  common in  warm rivers in  A frica and the I Amazon region o f South America. However, the fam ilies A riidae and Plotosidae are I ch iefly  marine. This is  a habit which has been derived secondarily. The marine 
I habit has enabled both these fam ilies to reach the rivers o f New Guinea anH trop- 
I ic a l A u stralia  and to give r is e  in  them to a number o f freshwater genera and sp ecies.FAMILY AMEIURIDAE (North American freshwater ca tfish e s)(L . not cu rta ile d , referrin g to the unnotched t a i l  fin )I Characters: The dorsal and pectoral f in s  each have a sharp serrated spine*I The body is  naked and there are four p airs o f barb els. The sm all teeth are in  I broad bands on the prem axillaries and d en taries.Ecology: Most, ca tfish e s inhabit the shallow s ilt y  water o f ponds, creeks, and I sloughs although several mid-west forms occupy the cold er, flow ing waters o f large I rivers* C atfish es are omnivorous and feed p rin cip a lly  on invertebrates. They are I nocturnal jLn h a b its. Most species u t iliz e  holes in  the banks of streams fo r  nests land guard the eggs and young. The channel ca tfish e s (Icta lu ru s) are large activeI fish es o f r iv e r s , with a forked caudal f in . Other ameiurids are stouter in  form land have a rounded or truncate caudal f in . The mad-toms (SchilbeodtM T^ave p o i- Ison glands at the base o f the pectoral f in  spines* When the pectoral spine is  ■folded against the body, i t  is  in  contact with a poison pore* Thus the spine is  I bathed with poison when i t  makes a puncture. C atfishes are l i t t l e  eaten by other ■species, presumably because o f th is  defensive apparatus. These fis h  are important I both commercially and for sport fis h in g . Introduced into C a lifo rn ia , these forms ■provide much angling in  the upper bay sloughs^ in  Clear Lake¿ and the lower courses Sacramento and San Joaquin rivers* The white c a tfis h * Ictalu ru s catus5 is  ■the dominant species taken*I D j.strib u tio n » Canada into Guatemala* Fewer than 5>0 species* South American ■an A sia tic  groups contain many more species and show much greater d iv e rsity  than ■the North American forms*

i
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ORDER APODES (eels)(Gr* a , w ithoutj pous, foot)Characters: Eels are ^oft-rayed physostomous fis h e s , with no p elvic fin s*The p e cto ra l-fin s j i f  present» are small* The body is  elongate and the long dorsal and anal fin s  are usually confluent* The scales* i f  present» are embedded*The g i l l  openings are narrow and placed w ell behind the head* The vertebrae are very numerous, up to 260* The true jaws distingu ish them from the lamprey ne e ls ,MEcology: Most eels are marine, carnivorous, and prefer rocky reef habitats*The leptocephalid larvae are transparent and p e la g ic . The smooth, elongate body with reduced fin s  represents an adaptation to th e ir  mode o f existence o f liv in g  in  crevices* Moray eels can in f l ic t  serious wounds. Many eels are eaten as food*D istrib u tio n : Mostly marinej tropic and temperate zones*FAMILY ANGUILLIDAE (freshwater eels) (L. anguis, snake)Characters: Pectoral fin s  are present* The rudimentary scales are arranged in small groups, which are placed obliquely at rig h t angles to one another, forming a d istin ct pattern* M axillary bgPj^ajue. •aLdeSfe* The teeth are small and in  bands on each jaw and on the vomer* The head is  small and conical* The la te r a l lin e is  w ell developed*Ecology: Freshwater eels are catadromous, returning to the sea to spawn a fte r  five or more years in  freshwater* Both the adults and the elvers (young eels) are hardy and w ill even tra v e l over wet ground on th eir migrations* Adults are voracious and carnivorous, although they do not feed afte r beginning the spawning migration* E els are extremely p r o lific j a female may produce up to ten m illio n  eggs. Both the males and the females die a fte r spawning* The eggs and larvae d r ift  with the water currents* They metamorphose into sm all elvers which migrate upstream into freshwater* Here they spend several years before returning to the sea to spawn* Females grow to a larger size than the males*D istrib u tio n : T ropical and temperate seas* Absent from the South A tla n tic  and the P a c ific  coasts of America* Introduced unsuccessfully into C aliforn ia*ORDER MICROCYPRINI (ftoothp^rps or topminnows)(Gr* mikros, sm allfkyp rin o s,  carp)Characters: Tooth carps have a single dorsal and a single anal f in , usually placed fa r back on the body, opposite and equal to each other, and rounded* They may be distinguished from cyprinids by the projecting lower jaw and the presence o f te&th-QQ, the j j tws* The gi±Ji membranes are Tree fP5m the isthmus and thegil^L rakers are short* The p e lv ic fin s  are abdomxrjal-iii-px^ition* The cauda l f in  is  not .fo r kecir There axe—scales on the head* (^Physoclistic^i The sexes "are" usually unlike, with the males having larger fin s  or the I«males "being larger in  s iz e ,FAMILY CYPRINODONTIDAE ( k illifis h e s )  (Gr* kyprinos, carpj. odontos, tooth) >Characters: These are egg-layinp tnnt.hnaypfi. Males lack an introroitten-h anal f in . In  most species^ as in  the follow ing fam ily , the head is  flatten ed  on top and the mouth is  dorsal-oblique*
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Ecology» These fish es often swim among vegetation near the water surface*I They are popular aquarium fishes*D istrib u tio n : Freshwater. Temperate and tro p ical North and South America,I A frica , Spain, southern A sia , and the East In d ie s. The group is  best developed I in A frica  and in  South America*FAMILY POECILIIDAE (livebearers) (Gr* p o ik ilo s , variegated)Characters: These are liv e —bearing toothcarps* Males have an introm ittent I organ, the gonopodium,  which is  formed from the f ir s t  th reerav s of the anal f in .Ecology: These fis h e s , esp ecially  Gambusia* are important in  the control of 
I mosquitoes* Tropical species are popular aquarium fish es*D istrib u tio n : Freshwater* North and South America* Introduced into < (J\

Characters: In  th is  fam ily the^mouth is  at the end o f a tube—lik e  snout*The elongate body is  enclosed in  a s e r i e s  o f bony rin g s . P elvic fin s  are absent* There is  a single dorsal f in  without spines* Physoclistic#  There are no te e th .In the seahorses the t a il  is  prehensile  and the caudal f in  is  lacking^ "Ecology« Protective coloration is  w ell developed in  a l l  forms* They swim in  an upright or p a r tia lly  npright position and propel themselves by means of the pectaral_nnd caudal fin é  as w ell as by w riggling movements of the body* They are commonly found in  eelgrass beds or on other marine vegetation* In  the seahorses the prehensile t a i l  is  used to attach to seaweeds* One gyngnathid, Phyllopteryx, from A ustralia has dermal appendages on the head and body which clo se ly  resemble the seaweed among which i t  liv e s*  These fish e s  feed on small crustaceans, using the tube snout as a syringe with which to draw in  th eir prey. The females place the fe r tiliz e d  eggs in  the brood pouch o f the males where they develop* The lin in g  of the pouch is  vascular and supplies oxygen to the developing embryos. In  the pipefish es the newly—hatched young are released when the fla p s o f the pouch separate, but in  the seahorses they emerge through the d ilated  opening of the pouch*D istrib u tio n : Cosmopolitan* P rin cip a lly  marine, some in  brackish water*
FAMILY GADIDAE (cods) (Gr* gados, a kind o f fish )

dorsal f in  may be divided into two or three separate f in s . The p elvic fin s  arejugular In  p o sition»' There is  often a barbel at the tip  o f the lower jaw* * The mouth is  term inal or subterminal* Thej.ie~iax,g~'iio ussnflobranchiaei, "The a ir  bladder generally is  w ell developed* This order shows both tKe" prim itive featu res'!)!—

C alifo rn ia . ORDER SOLENICHTHYS (tube fish e s) -w—y w* (Gr, solen , pipej ich th ys, fis h )  '
gnathos, jaw)

ORDER ANACANTHINI (Gr* an, w ithoutj akantha, spine)
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cycloisL^cslss and so ft-rased fin s  ndthout-spines in  addition to the sp ecialized characters__of jugu lar-p glvics and phy j j corr}-j+j^n. Several fis h e s  which do not belong to th is  fam ily are commonly misnamed Hcod,M such as the rock-fish es (rock cods) Scorpaenidae, the greerOings (Tomtry cod) and lingcod (cultus cod) Hexagrammidae, and the sab le-fish  (black cod) Anoplopomidae# A ll these fish e s belong to the Order Scleroparei, not to  the Order Anacanthini. ------—Ecology: Cods are fish e s of colder waters# Some species are found in  the I abyssal zone of th e ocean# They are gregarious and often occur in  large schools I of equal sized individuals# Eggs and larvae are pelagic# They feed on bottom I invertebrates and such fish e s as herring and sm elt. They are fish e s of great I  economic importance and include such forms as the cod* w hiting, tomcod, and long- I finned cod in  the P a cific  as w ell as the haddock and pollack o f the North A tlantic#I D istrib u tio n i Chiefly* marine in  the northern hemisphere• One genus* LotaI (ling* burbot* lawyer or loche) is  confined to fresh water in  North Americ a * Asia *I and Europe* ORDER IE RCOMORPHI (Or. perke, perchj morphe, shape)Characters: The percomorphs are a vast and diverse order o f ch ie fly  marine | fish os. There are usually two dorsal f in s , the f i r st spinous. th eseco n d ^ o ft,- I rayed# These may be separate or confluent but~noTl»idgljr ' separate # The p elv ics■ are usually thoracic with one spine and not more than fiv s ^ a y s . The caudal has■ no more than 17 p rin cip al rays with the outer one's uribrancKed* Percomorphs areI phy s o c lis tic  and the premaxilla r ie s  are p ro tra ctile# Many specialized groups lack I some or a l l  "of these general characters but are connected to the order by tran si—I tional forms# This order has been the ^dumping" ground fo r many diverse fam ilies I of fishes# Taxonomists not knowing p recisely  the proper order in  which to place I any given fam ily , often have placed them here# The order encompasses some fifte e n  I or more suborders and doubtless future work w ill eventually separate th is  group I into several separate and d is tin c t orders#FAMILY SERRANIDAE (sea-basses) (L# serra, saw, re fe rr in g  tn thepreopercular margin )Characters: Serranids have a la rge mouth with small teeth in  bands on the■ jaws, vomery- and, palatines# Often there” are enlarged canine teeth present in■ front# Scales are small aid ctenoid# The preopercle margin is  normally serrate# ■The opercle usually ends in  one or two f la t  spines# The a ir  bladder is  sm all andI adherent to the w alls of the abdomen# Pseudobranchiae are large# The dorsal f in■ is  usually deeply notched between the spines and the rays, and in  some species i t  
I is  divided into two w ell—separated fins# The caudal f in  is  rounded, truncate,I or rarely emarginate# The anal fin  has three spines# There is  no pelvic appen—Idage# The single la te ra l lin e  does not have tubules in  a l l  the scales#I . geology? Serranids are unspecialized form s, perhaps the most fis h -lik e  of a l l  ■fishes# The fam ily is  large and serranids and th eir a llie s  probably make up the ■dominant group o f marine fish e s today. They are carnivorous and of much import- lance to sport and commercial fishermen# Such forms as the striped bass (Roccus), ■white bass (Morone), jew fish , and groupers belong in  th is  group. They generally I live a t the bottom o f the sea near coasts# The jew fish (Stereolepis gigas) a t-  I tains a weight of close to 1,000 pounds.
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D istrib u tio n : Widely distributed in  temperate and tro p ica l seas, some in  fresh water* Serranids probably had th eir origin  in  the reefs o f tro p ical w aters,I where most s t i l l  abound*FAMILY CENTRARCHIDAE (sunfishes, freshwater basses) (Gr* kentron, spinejarch, f ir s t )Characters; The body is  deep and compressed* The dorsal f in  is  incom pletely divided into two parts with the anterior portion supported by 6-13 spines* There I are 3-9 anal spines* The scales are weak to moderately ctenoid« rarely cycloid*I There are scales on the cheeks and opercles** PseucLobranchiae are poorly developed in contrast to the whitr'and yellow Ibasses (SerranidaeTT The teeth on the jaws and palate are v illifo rm j there are no canines*Ecology: Sunfishes may be divided into three groups; the black basses, the true sunfishes, and the crappies* Coloration is  usually b rillia n t ,  ch ie fly  greenish* The sexes are sim ilar in  appearance. Most species reproduce in  the springI months and bu ild  nests which they defend with much courage* Parental care is  w ell I developed. They are usually carnivorous and voracious and feed p artly  on young o f their own species. C o lle ctiv e ly  they make up a substantial portion of the game I and pan fis h  population in  many lakes and streams* They are of enormous importance to anglers and f i l l  p a ra lle l niches in  warm waters th at salmonids do in  cold I waters*D istrib u tio n ; Freshwater* North America* Introduced widely to most parts I of the world. The only centrarehid native to C a lifo rn ia  is  the Sacramento perch,I Archoplites interruptus,  found in  Clear Lake and the lower Sacramento River and trib u ta rie s ,
■ . ■FAMILY PERCIDAE (perches, darters)Characters; In  th is  fam ily the body is  elongate and the operculum ends in  a I f la t  snine* There are two d istin ct dorsal f in s , with the spindliS Ohe~haviri^~6-l5 I spines, "iThe a n a l-fin  has one or two sp ines. The scales are moderately tp^siirong— ly -Ctenoid . The g i l l  membranes are not connected to the isthmus* The teeth on I the jaws, vomer and palatines are v illifo r m and sometimes canine* The darters I (Ethiostominae) are sm all in  s iz e , ~b^ghtlv~colored.~andrj'have large f in s . Pseudobranchiae an^Tair bladder are abseng> The darters also have six  branchiostegal I rays while the larger perches hav^seven.Ecology; Percids are common inhabitants o f lakes (perches) and streams I (darters). A ll  are carnivorous. Darters hide among rocks and crevices on the I bottoms o f streams. Their small s iz e , broad f in s , and pointed heads enable them to maintain themselves in  sw ift, shallow w aters. Some darters are capable o f burying themselves in  sand with only the snout and eyes protruding. They feed on insect larvae. Spavining habits of the group are varied . Eggs o f the yellow perch, Perea flavesee ns,  are connected by a membrane and form long flo a tin g  bands attached at one end to weeds. Other perches, such as the sauger and the w alleye, spawn th eir eggs at random over gravel areas* Darters may bury th e ir  eggs in  the sand, leave them unattended, or deposit the eggs in  a nest guarded by the parents*From the standpoint o f freshwater an glin g, th is  group is  o f great importance. Yellow perch are caught in  enormous numbers by small boys with rods as w ell as commercially in  the Great Lakes, Yellow pikeperch (•'walleyes** of anglers) are | likew ise taken widely for sport and commercially in  the Great Lakes Region* Both I yellow perch and yellow  pikeperch may be e a sily  taken through the ice  in  w inter,36



Two closely  related  form s, the saugers and blue pikeperch, are o f l i t t l e  angling importance but contribute m aterially to the commercial fis h  production o f the Great Lakes area*Introduced into western w aters, the yellow  perch, Perea flavescen s, often reproduces so rapidly and su ccessfu lly  as to produce stunted populations o f l i t t l e  angling value, thus crowding out other more desirable populations o f gamefishes* Much money has bean expended by conservation groups to destroy such populations in  lakes by using rotenone or other chemicals and then restocking la te r  with more desirable forms* Yellow perch should never be introduced into trout waters fo r there they usually crowd out the trout and soon become completely dominant* Many of Oregon*s excellent cutthroat coastal lakes have been badly hurt by the stocking of yellow perch*P istrib u tio n » Freshwater fish e s 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, liv e ; tn^ i f ^ ^ ^ ^ rin g )Characters: Surfperches are recognized by the sheath o f scales alone the base of the a-ingjp Hrvrgai  f in , separated by a furrow^ from the body scales* The scales a r e l ' e y e a n d  there are scales on the cheek and opercle as w ell as on the compressed bOdyT" The la te r a l lin e  is  w ell developed^ "The anal n n  Has three spines* There are nô  teeth on the vomer or palatines* Those on the Jaw "are con ical, moderate in  s iz e , and in  one or two series* The short m axillary s lip s  under the p reorb ital fo r most o f i t s  length* Pseudobranchiae are prp. .qan-t-.. The g i l l  membranes are free from the isthm us. The caudal f in  i s  forked* The a ir  bladder is _ w ell "developed* The oviduct opening is  d is tin c tly  separated from the anterior vent opening.Ecology; These fish es are viviparous» and the young develop to adult appearance in  a sac-lik e  enlargement of the oviduct* Copulation is  apparently accomplished- hy a m odification o f the anterior portion of the anal f in  o f the male. Breeding occurs in  the spring, but fe r tiliz a tio n  may be delayed u n til Autumn of the follow ing spring. The young, while in  the oviducts, have^ h  fringed marginnJEbich serve as respiratory stru ctu res. Males may be d istin guished by the glan d u lar-like structure on the anal f in . Most species inhabit shore areas, often In  the surf its e lf*  They are often found in  schools around wharves, sandy areas, and kelp beds*D istrib u tio n : Marina* P a c ific  coast o f North America, Japan, and Korea,One freshwater sp ecies, (liysterocarpus traski1> is found in  Clear Lake "anrl TrTTha streams o f northern and cen tral Califui'ulsu The cenEerlT f d is tr ibution of themarine species is  southern and central C a lifo rn ia . Temperature apparently lim its  both northward and southward d istrib u tio n . There are 1$ genera and 21 species m C alifo rn ia  waters*
FAMILY GOBIIDAE (gobies) (L* gobius, a fis h  o f sm all value)Characters:^ Gobies are recognized by the sucking d is c , which is  free from the o y and formed by the united p elvic fin s* The sku ll is  depressed and the small+ ê+v,are m^°Se QQJfoP M  ffle J tead* The mouth is  large with small canineeeth* The anal and so ft dorsal fin s  are opposite aM sim ilar in  shape!; the spin-
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ous dorsal has no more than eigh t spines» The lateral. 1 ins -i g abspnt,t There is  usually  ...no a ir  bladder» The* scales are either cycloid or ctenoid.  The g i l l  membranes are united to the Isthmus .Ecology; Gobies are sm all, carnivorous, bottomr-dwelling fish e s . Many burrow in  the mud of estu aries, lin in g  the burrows with hard clay and industriously repairing any damage which may occur. Typhlogobius. the blind goby of C a lifo rn ia , liv e s  in  holes in  the tide-swept rocks, generally in  company with the Ghost Shrimp, Cal l i anassa.  The tro p ica l mudskippers have muscular pectoral fin s  which are used to skip about on the mud at low tide* The sm allest vertebrates known are in  th is  fam ily, the adults of Pandaka pygmea being 7-12 mm. in  length .The Hawaiian climbing goby, Awous guamensis, is  noted fo r i t s  a b ility  to ¡climb high f a l l s . In  the Tfilaimea Canyon on the islan d  of Kauai these fish e s have been found above f a l ls  60 to 70 fe e t high and could have gotten there only by climbing over them since they, ace ca.tadr.nmons, making regular m igrations to the sea for spawning. In  c l i mbin g , th is  goby uses both i t s  ventral mouth and the sucking disc foimed by the fused v en tra ls . Like lampreys, in  climbing they usually move up the smooth surfaces o f rocks at the edge of the main flow  o f water and can often be seen in  rows slowly and laboriously working th e ir way upward in  sh ort, jerking movements. The Hawaiian goby which grows to a length of ten inches, is  highly prized as food but most gobies are too sm all to be o f much value as food .d is tr ibution : Shore fish e s o f tr o p ic a l, subtropical, and temperate seas* P rin cip ally  marine, some in  fresh and brackish w aters.In the .suborder Blennxoideat which includes the fa m ilie s  B lenniidae, Anarhich— adidae, C lin id ae , and Pholidae, the ventral f i n s, i f  present, are» jugn~lqj»j with one spine and fewer than fiv e  .rays. The body is  elongate or e e l—shaped and the dorsal and a n il fin s  are elongate. The caudal f in  is  usually rounded. P h y so c lis tic . Each ra d ia l of the dorsal and anal fin s  is  attached to the corresponding neural or haemal spine. Pseudobranchiae are presen t.FAMILY BLENNIIDAE (blennies) (G r. blennos, slime)Characters; In  blennies the body i s  u su a lly  sc a le le ss .  The dorsal f in  expends along most of the back and the spines are f le x ib le . The mouth is  sm all and I the teeth are slender and close-sen m  a single series* The p elvic fin s  are w ell [developed, usually I ,  3» The la te r a l lin e  is  incomplete and HIT an terio rly .I Ecology l These are small fish e s which are usually abundant in  shallow , in te r- |t id a l, reef areas. In  many cases the parents guard the eggs u n til they hatch.Some tro p ica l species have twd~SxEreme!yT.ong canines in  the lower jaw with which I they impale th e ir prey.I „ D istrib u tio n : P rin cip ally  trq g ica l and temperate s e a s , M a r i n e  and euryhaline. Some species are found in  freshwaterT^Oces o f northern Ita 3 y . No members o f th is  
[fam ily occur in  Northern C a lifo rn ia . —»FAMILY ANAEHICHADIDAE (w olf-fishes or w olf «»eels«)*'■ —------(G r. anarrhichaomai, to  clamber up)



Characters: In  w o lf-fish es the body is  moderately elongate* P elvic fin s  ars [absent* The dorsal f in  is  composed of fle x ib le  spines only* There la te ra l[lin e* The g i l l  membranes are broadly attached to t he isthmus. The scales are [rudimentary* The mouthis wide and oblique* TBErjaws have strong canine teeth [an teriorly and molar teeth laterally *  The vomer and p alatin es are equipped with [molar teeth* — i ‘ i fEcology: W olf-fishes are large fish es o f northern seas* Their unusual den- [t it io n  enables them to feed both on other large fis h  and on invertebrates, such as [sea-urchins and sand-dollars* — —D istrib u tio n : North A tla n tic  and North P a cific*  Marine.FAMILY CLINIDAE (k lip fish es) (Gr* K lin o , to recline)Characters: The k lip fish e s sire somewhat perch-like in  appearance* They have [minute scales on the body and a p ro tractile  mouth with conical te e th . The dorsal [ fin  is  elevated at the anterior and posterior regions and has both spinous and s o ft-  [ rayed portions* The v e rtic a l fin s  are not confluent with the caudal# The pelvic [fin s  are w ell developed, usually I ,  3* The la te r a l lin e is  arched high over the [pectoral fin s* The pi I) mflmirpanap; are united and fi'ee Irom^the isthgiusr These [ small fish es are characterized by an upturned hook—lik e  projection on the inner [margin of the pectoral g ir d le , v is ib le  vhen the operculum is  lifte d *Ecology: These fish e s are found mainly in  shallow water* Mary are in te r- |t id a l forms, liv in g  among seaweed and under stones* They are viviparous and the [males have an introm ittent organ. The lim b-like aelvlcr~fiiTs~may be usecTto crawl [over the rocks* One of the commonest forms in. lo c a l tide-pools is  the weed k lip — [ fis h , Gibbonsia m etzi*D istrib u tio n : Tropical and temperate seas* Marine,FAMILY PH0L3DAE (gunnels) (Gr* pholas, lurking in  a hole)Characters: The body is  eel-shaped and usually covered by scale s* The low [dorsal f in  is  composed o f spines only. The p elvic fin s  are rudimentary or wanting* [ I f  present, they consist o f one spine and one or four rays* The v e rtic a l fin s  are' [confluent with the caudal# The g i l l  membranes are united and free from the is th - [mus* The la te r a l lin e  is  short or absent*Ecology: These are most abundant in  rocky in te rtid a l areas* They assume the [color of the environment, the same species being bright green when found in  e e l [grass and brownish when found beneath stones or on reefs*D istrib u tio n : North A tla n tic , North P a cific*  Marine.FAMILY ATHERIN3DAE (silversid es) (Gr* atherine, a smelt)Characters: S ilv ersid es have two separate dorsal f in s , the f i r s t  composed of I ŵ ak_ spines and the second of so ftT a y s* The'~ahai~~fto~h5's _a sin gle spine in  con- I t r a s t t o  the m ullets (Mugilida^) 'which have P-3  anal~~spinesl There is  a silv e ry  »lateral band on the side of the elongate body but no la te r a l lin e . The sca les are cy clo id* The g i l l  membranes are free from the isthmus* The opercUlaF- ” bone^do nol have spines or serrations* Pseudobranchiae and an a ir  bladder are
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Ipresent* The p elv ic fin s  are abdominal* The pectora l fin s  are inserted high on■the body* The anal f in  is  usually larger than the so ft dorsal*Ecology : These are sm all, carnivorous fis h e s , liv in g  in  schools, and often■ mistakenly called  »'smelt*” They are preyed on by fish e s and birds* A ll are ■valued as food# The spawning season of the various species may be eith er in  win- l t e r  or summer, with individu al fis h  spawning more than once# The grunion,I Leuresthes tenuis * is  noted for depositing i t s  eggs in  the sand of the beach#I Spawning occurs on those nights immediately a fte r the highest tid e o f the series I (the f u l l  of the moon)* The eggs remain covered by sand fo r  two weeks u n til the I succeeding series o f high tid e s exposes them, at which time they are ready to hatch#D istrib u tio n : Tropical and temperate coast fish es* P rin cip ally  marine, some ■entering bays and rivers# Some freshwater forms*ORDER SCLEROPAREI(Gr* sk lero s, hard; p areia , cheek) /Characters: In  th is  order the V e k i  suborbital is  united with thef TI forming a bory suborbital stay* The K e M ^ sM lly  is*~ai^1?M ' w itET ho^-plates with I spiny projections^ The s l i t  +he fourth e i l iC ig  reduced or absents Other-Iw ise the fish e s in  th is  group closelyresem ble the percomorphs#~I. FAMILY SCORPAENIDAE (rockfishes) (Gr* skorpics, scorpion)Characters: Rockfishes have a large head with ch a ra cte ristica lly  placed I spines and ridges# The f in  spines are w ell developed and the scales are large land ctenoid. There are three anal spines and 13-1$ dorsal spines* The dorsal -■ fin  is  continuous or sometimes deeply notched* The g i l l  openings are wide and the■ g i l l  membranes are not united with the isthmus# The mouth has v illifo rm  teeth on■ the jaws and vomer# Pseudobranchiae and an a ir  bladder are present#Ecology: The mucous which coats the body and spines, esp ecia lly  o f tro p ical■ forms, is  toxic and wounds may be intensely painful# Rockfishes liv e  from sh al- Jlow  water to depths o f more than 800 fathoms# Color varies with the depth# ■Deep-water forms are generally red while shallow-water ones are black or green# ■Some species are erroneously called  rock "cods." Local forms are ovoviviparous.I  The taxonomy of lo ca l species is  d iffic u lt  and has been incompletely worked out*■At le a st $U species of the genus Sebastodes have been described from the NorthI P a c ific . Several species support important commercial fish e rie s  on both the ■Atlantic and P a c ific  coasts of North America#D istrib u tio n : A ll  tro p ica l and temperate seas# Center o f abundance in  I North P a cific*  Marine#FAMILY HEXAGRAMM3DAE (greenlings) (G r, hex, six} gramme, lin e )Characters: In  greenlings the head lacks the spines and ridges of the rock- - I fishes but instead possesses c ir r i . They frequently have m ultiple la te r a l lines#■ The posterior n o stril on each side is  reduced in  size* Scales are sm all, either [ cY.c -̂°Td or ctenoid ,  and are present on the head* Pseudobranchiae are present*I an al.fin  is  long* The anterior part o f the dorsal f in  consists o f slenderI spines and the f in  may be continuous or divided#



Ecology? Greenlings liv e  among rocks or seaweed* They are carnivorous fish es and often are called  '’sea-trout11 by sportsmen* The lin g  "cod", Qphiodon elongatus* which enters the commercial catch , spawns adhesive eggs which are guarded fey one parent*D istrib u tio n : North P a cific*  Marine*FAMILY ANOPLOPOMIDAE (sablefishes) (Gr* anoplos, unarmedj poma, operculum)Characters: The head lacks rid g e s, spines, or c ir r i*  The la te r a l lin e  is  single* There are two well-developed n o strils  on each side* The second dorsal fin  has one or two anterior spines* The p elvics are I ,  5»Ecology: Fishes o f deep waters. The sa b le fish , Anoplopoma fim bria* is  important commercially in  the north from Oregon to Alaska where the fle s h  is  more o ily  than in  the southern parts of i t s  range*D istrib u tio n : North P a cific*  Marine.FAMILY COTTIDAE (sculpins) (Gr* k o tto s, bullhead)Characters: Sculpins have a large head with the eyes placed high on the head* The dorsal spines are fle x ib le *  The pectoral fin s  are broad and fa n -lik e . Thepelvics are I ,  i> or less* The spinous dorsal f in  has 8-16 slender spines and the soft dorsal is  elongate* The anal fin  has no spines and is  sim ilar in  shape to the so ft dorsal* Pseudobranchiae are present* The a ir  bladder commonly is  absent* The body never is  uniform ily scaled* Teeth are in  v illifo rm  bands on the jaws and often on title vomer and palatines* The g i l l  rakers are short or obsolete*Ecology: Sculpins are bottom-dwelling fis h e s , sluggish in  movement except when capturing prey* This is  a highly successful group o f fish es* In  C a lifo rn ia , Cottus beldingi is  enormously abundant in  the Truckee River drainage including Lake Tahoe and furnishes large amounts o f food fo r trout in  th is  basin* On a p a ralle l basis _C. asper and C* gulosus occur abundantly in  coastal streams. The staghorn sculp in , Leptocottus armatus, is  one o f the most numerous forms in  Bay Area waters and is  frequently caught by b a it fishermen angling fo r striped bass*In both genera and sp ecies, th is  group reaches i t s  maximum development in  rocky tide pools in  shallow marine areas where a large number of very b e a u tifu l, highly colored, and generally small forms occur* While most are marine, they also occur in enormous numbers in  freshwater streams and lakes such as Lake Tahoe mentioned above. In  such waters they are often very abundant, making up in  numbers o f in dividuals of a single kind fo r the d iv ersity  o f genera and species occurring in  sa lt water* A few descend to great depths in  the ocean* These are mostly sm all fish es except fo r the lo c a l cabezone, Scorpaenichthys marmoratus* which reaches 30 inches in  length* The fam ily is  extremely varied with almost every species having an in d iv id u ality  o f I t s  own* Consequently, there are almost as many genera as species. In the freshwater sculpin Cottus b a ird i* the eggs are deposited under stones in  sw ift water and are guarded by the male* These sculpins have been accused o f eating trout eggs, but i t  is  probable that any eggs eaten are loose ones that have no chance of hatching* Freshwater sculpins are generally confined to ' colder waters*D istrib u tio n : Northern hemispherej circumpolar* Mostly marine, someeuryhaline and freshwater*



FAMILY GASTER0STE3DAE (Sticklebacks) (Gr. gastro s, b e lly ; osteon, bone)Characters; Sticklebacks have dermal p lates on the body and two or more free spines in  front of the dorsal f in . The p elvic fin s  each have a stout spine.There are three branchiostegal ra y s . The caudal peduncle is  slender* The pre- opercle is  unarmed. The mouth is  bordered by the prem axillaries only* The p air of ventral bony p lates anterior to the p elvic fin s  is  responsible for the fam ily name.Ecology; Sticklebacks are common inhabitants o f freshw ater, brackish, and marine areas. The p elvic and dorsal spines, can be locked in  the extended position to form a formidable defense against a p o ten tial enemy. The dermal p lates are better developed in  the marine forms than in  the freshwater form s.D istrib u tio n : Northern hemisphere; circum polar. Marine, euryhaline, and freshwater. ORDER HETEROSOMATA (fla tfis h e s )(Gr. heteros, d iffe re n t; soma, body)Characters: F la tfish e s have a compressed body modified fo r  a bottom existence. The sk u ll is  asymmetrical with both eyes on one side of the head. The eyed side of the fis h  is  colored and the blind "side is  white* The dorsal and anal fin s  are long. The newly-hatched larvae are symmetrical and p h y so c lis tic . They lead aplanktonic existen ce. Larval metamorphosis includes m igration o f one eye to the opposite side o f the head, anterior prolongation o f the dorsal f i n and l oss o f_the air bladder* The ycung then become bottom-dwellers fo r the remainder o f th eir l i v e T h e y  swim, with the eyed side uppermost and the b lin d  side lowermost. The mouth can be eith er large or small and is  often asymmetric. Teeth are always present. The prem axillaries are p ro tra c tile . Pseudobranchiae are present. The preopercular margin is  more or le ss  d istin c t and not hidden by skin or scales* in  contrast to the true soles (Cynoglossidae) of which there is  only a sin gle representative on the west coast of North America.Ecology; F la tfish e s  are predacious and carnivorous, feeding on other fish e s and bottom invertebrates. They often bury themselves in  the sand with only the eyes protruding. Eggs are sm all, p e la g ic , and produced in  great numbers. The lo ca l starry flounder, P latich thys S te lla tu s ,  is  often taken in  freshwater connected with the ocean and a heavy sports fish ery  takes place fo r th is  species in  the Bay Area. Other species form important commercial fish e rie s  lo c a lly  and in  many other parts of the w orld.FAMILY BOTHIDAE (dabs)Characters; The body is  s in is tr a l (eyes and colored surface on the le f t  sid e ). The p elv ic f in  o f the eyed side is  exactly on the edge of the abdominal rid g e . Citharichthys sordidus forms a tenth of the commercial f la t f is h  catch in  C a lifo rn ia .D istrib u tio n : Tropical and temperate seas. Marine.FAMILY PLEURONECTIDAE (flounders) (Gr. p leu ra, rib ;, nektos; swimming)Characters: The body is  dextral (eyes and colored surface on the rig h t sid e ). The p elvic fin s  are symmetrically arranged, one on each side o f the abdominal rid g e . The P a c ific  Halibut (Hippoglossus stenolepis) forms t  he second most valuable fis h ery in  the North P a c ific , second only to salmon. I t  i s  caught p rin cip a lly  on long lin es although some are taken in  otter traw ls. The fish ery  is  s tr ic t ly  regulated
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by an intern ation al treaty between the United States and Canada* Other flounders form the m ajority o f the f la t f is h  catch in  C a lifo rn ia , Oregon, and Washington,D istrib u tio n : Polar and temperate seas. Marine.ORDER DISCOCEPHALI (Gr, diskos, d is c ; kephale, head)FAMILY ECHENEIDAE (remoras) (Gr, echeneis, remora)Characters: Remoras have the spinous dorsal f in  transformed in to  an adhesive disk# The f la t  disk extends 1 orward bn t-he upper surface of the head# The spines of the fin  have become divided .and flatten ed  to form transverse lam ellae* The pelvic f ins are thoracic and the pectorals are inserted high on the body. The skull is  broad and depressed* Thereof s no air^BTadder*” The second dorsal andanal f ins have no spines* The body is  fusiform , elongate,  and covered with sm all cycloid scales* The opercles are unarmed* The pseudobranchiae are obsolete and the g i l l  rakers are short* 'Ecology: Remoras attach to the skin o f predacious sharks and large serranids and are transported by these larger fish * Small spines on the posterior margins of the lam ellae prevent the remora from slid in g  backwards on th eir swift-moving transports* They are fa cu lta tiv e  commensals since they feed on fragments from, the hosts* meals.,.-but in  no way do they harm the host*D istrib u tio n : A ll  warnu seas* M arine.ORDER PLECTOGNATHI (Gr* p lek to s, tw isted; gnathos, jaw)Characters: These fish es are distinguished from the percomorphs by certa in  skeletal p e cu lia ritie s*  The p elvic fin s  are usually absent* The g i l l  opening is  reduced in size so th at i t  goes not extend below the base of the pectoral f in  and the* opercular bones' are reduced* The body is  covered with osseous sca le s, scutes, or spines; often the body is  naked# The few teeth are strong and may be beak-like* This group is  found p rin cip a lly  in  tro p ica l and subtropical seas*Many are poisonous*FAMILY BALISTIDAE (trigg erfish es) (L . b a lis ta , a catapult)Characters: The dorsal f in  has one to three spines which can be locked in  the erect position* There are eight strong, in c lso r-lik e  teeth in  each jaw. The pelvic fin s  are represented by a single short spine at the end of a long, movable pelvic bone which helps to expand the abdominal a ir  sac. The scales are enlarged and bony* The la te r a l lin e  is  obscure or absent*Ecology: Triggerfishes liv e  mainly in  shallow water, coral reef areas* The strong teeth are used to crush sh ells o f m olluscs on which they feed* They may cause damage to pearl fish e rie s  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 trigger* The fle sh  of some species is  poisonous.
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D istrib u tio n ; A tla n tic , Indian, and P a c ific  oceans* Marine.FAMILY TETRAODONT3DAE (puffers) (Gr, te tr a , four; odontos, teeth)Characters; The teeth are fused into two large p lates in  each jaw* In  contrast to the tr ig g e rfish e s , the p e lv is  is  fix e d * The fin s  are composed o f so ft rays only* These are heavy-bodied fish es* 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-Rati*, n.nrmp.o-had with the g u lle t , e ith e r ^ ith ^ a ir  or wat&r. When f i l le d  with a ir , they w ill flo a t upside down at tfiew H ei'^surf ace *The fle sh  generally is  poisonous.D istrib u tio n ; A tla n tic , Indian, and P a c ific  oceans* Tropical and. subtropical* P rin cip ally  marine, some in  freshwater*FAMILY DIODONTIDAE (porcupine fish es) (Gr* d i , twoj odontos, teeth)Characters; The teeth are fused into a single plate in  each jaw* These teeth are sharp at the edge but...have broad crushing surfaces inside* The body, which is  short, broad, and depressed above, is  in fla ta b le  and covered with spines* These spines may be short and sto u t, 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, sim ilar in  shape, and posterior in  position* The no s t r ils on each side form a sm all ten tacle»Ecology; Porcupine fish e s feed on coral and molluscs* Their capacity fo r in fla tio n  is  le ss than that of the puffers*D istrib u tio n ; A tla n tic , Indian, and P a c ific  oceans* Tropical and subtropical* Marine* ORDER XENOPTERYGII(Gr* xenos, foreignj opter, explorer)FAMILY GOBIESOCIDAE (clin g fish e s) (L . gobio, a fis h  o f sm all value jGr* esox, pike)Characters: C lin gfish es are sm all fis h e s  with a thoracic sucking disc* This disc is  modified from the p e lv ic fin s  and is  also supported by the c le ith ra  and postc le ith ra* The four rays of each pelv ic  f in  f orm the la te r a l edges~of th e disc with the la s t  ray having a membranous attachment to tne lower portion oiT the pecto ral base*The body is  tadpole-shaped, with the anterior part o f th e head broad and depressed* This is  correlated with the lo ss o f some .nf-l.he ..skull  bone s , such as the entopteiygoid, metapterygoid, and suborbitals* Scales are absentj however, there is  a heavy coat o f mucous* The la te r a l lin e  is  present with the pores w ell developed on the head but small and d iff ic u lt  to  locate posteriorly* There is  one dorsal and one anal f in , opposite in  position* A ll f in  rays are unbranched*The urogenital p a p illa , ju s t behind the anus, is  larger in  the males o f many clin gfish es than in  the females and is  gen erically  ch aracteristic* The s iz e , shape,
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and position of the teeth in  the jaws form u sefu l system atic characters at the generic and sp e cific  levels»Ecology« Nearly a l l  species of c lin g fish e s occur in  shallow coastal w aters, often in  th e in te rtid a l zone, where the adhesive disc and flatten ed  form enables them to maintain th e ir position in  a strong surf# They are weak swimmers and use the sucker to  attach to stones and weeds* Their in ciso r and canine teeth are useful in  feeding on small crustaceans and worms* Some forms hide among sea urchins*In  tro p ic a l America, species o f Gobiesox occur rather widely  in  sm all, sw ift, frftfihwataaa^noastal streams .to which true freshwater fish es cannot~ga±n access»In th is  respect they are equally as e ffic ie n t  as the Hawaiian climbing goby described above# v
.... .......• •(C lin gfish es nay be d iffere n tia ted  from gobies b yJjaeir-W ingle dorsal^ fiV  and the widely separated bases nf th e ir  palvjq fin  a . In gobies xfetê e l ^ c s l^ re  usually  united to form a fla r in g  cone free from the body whereas in  the c lin g fish e s the disc is  formed from a fo ld  of skin which is  adhesive to the body.D istrib u tio n : Marine» At no point is  the number of species large* A widely distributed group occurring on the warm temperate and tro p ica l coasts of the A tla n tic , Indian, and P a c ific  oceans#-ORDER HAPLODOCI(Gr# haploos, sin gle j dolcos, spear)FAMILY BATRACHOIDIDAE (toadfishes) (Gr. batrachos, frog)Characters: The spinous dorsal f in  is  reduced, with only two to four spines#The thoracic pelvic fin s  have one spine and only two or three rays» The so ft dorsal and anal fin s  are long# Scales are usually absent» There are spines on the opercle# These fis h  have a generally repulsive appearance with a large head with curved canine teeth on the jaws and palate#Ecology: Some toadfishes have hollow spines which are connected with poison glands# The fle sh  is  ta s ty  but these fis h  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 lo c a l species in  the Bay Area is  t  he midshipman, Porichthys notatus» which has prominent rows o f photo- phores on the body»D istrib u tio n : A tla n tic , Indian, and P a c ific  oceans# Marine.



F ie ld  Trip OutlinesIn the follow ing pages ou tlin es fo r six  separate f ie ld  trip s are given. Some of these trip s  may be omitted or others may be substituted, depending upon fie ld  conditions and opportunities that appear for good co lle ctin g  and study from time to time.As stated in  the Introduction, two weekend fie ld  trip s w ill be h eld , one to Duxbuiy Reef and Tomales Bay and one to Clear Lake. Students w ill be expected to  attend at le a s t one of these trips# A H  students w ill be expected to attend each of the half-day lo c a l tr ip s  held during the regular laboratory periods#The fie ld  tr ip s  o ffe r one of the best ways fo r students to become acquainted with fish es in  th e ir natural h a b ita ts, to see them a liv e  in  th eir natural co lo rs, and to observe th e ir behavior. Students may select problems encountered in  the fie ld  for th e ir research fo r the term paper. In  past years most students have selected their problems in  th is  manner though any sm all, c le a rly  defined problem may be chosen with the consent of your instructors#On a l l  fie ld  tr ip s  old clothes or clothes suitable fo r such tr ip s  should be worn. As was noted e a r lie r , a p air of hip-length rubber boots w ill prove highly u sefu l for netting in  cold water. A p air o f bathing trunks greatly  sim p lifies netting or seining in  warn water such as Clear Lake# Bedrolls should be taken by those wishing to camp out. On the Tomales Bay trip  we usually camp on the beach at Young1s Landing and carry s u ffic ie n t food, cooking u te n s ils , etc# fo r the entire tr ip . This m aterially reduces costs per person and saves much time fo r intensive collecting#Blank fis h  co lle ctio n  f ie ld  note sheets w ill be provided each student and, in  addition, each should have a small fie ld  note book. Time w ill be allowed fo r taking nctes# Accurate color notes are esp ecially  important o f liv e  fish e s since they fade rapidly after preservation#



F ie ld  Trip to Lake Temeseal
Work Program:Lake Temescal was chem ically treated to remove a stunted black crappie population on January U, 1951* Over 2,100 pounds o f fis h  were removed, including some nine species« On May 16, 1951, the lake was restocked with 3,000 largemouth bass fry  and 300 adult b lu e g ill sunfish* Each year in  the f a l l  and spring we sample the fis h  populations with Zoology 116 and 138 students to determine trends in  the fis h  populations and to note changes in  the ecology o f the lake© We w ill sample the populations again by seining with a beach seine* Bottom samples w ill be taken with an Ekman dredge and plankton hauls with the Birge Closing net«For the Record:1« Keep carefu l f ie ld  notes on the h a b ita t, recording depths, types o f bottom, color o f w ater, character o f shorelin es, aquatic p la n ts , temperatures, food, sh e lte r, and asso ciated animals«2« As shown by the co lle ctio n s in  1955, b lu e g ills  were beginning to form stunted populations in  th is  lake* I f  s u ffic ie n t b lu e g ills  are obtained scales should be scraped from the body fo r age a n a ly sis , using a microscope. The instru ctor w ill combine the data from each student on the blackboard fo r p lo ttin g  agd-length curves, which should c le a rly  illu s tr a te  the degree o f stunting by comparison with p a ra lle l studies from e a rlie r  years» Keep accurate notes on each species of fis h  collected *3« Prepare an annotated l i s t  of species co lle cte d , in d icatin g s c ie n tific  name, s iz e s , numbers, co lo rs, where found, depth o f w ater, and any other pertinent items«U* A fter seeing the lake today, what would you do now to improve the angling? Be b rie f*This f ie ld  tr ip  w ill be lim ited to h a lf a day from 1:00 to 5«00 P«M«



F ie ld  Trip to Redwood Creek near M ill. V alley To net fis h  and to  observe conditons in  a ty p ica l co astal stream
1* Seining to c o lle c t species o f fis h  present.2. Examination of the physical features o f the stream to locate spawning beds o f anadromous sp ecies, shelter areas, food producing areas, e ffe c ts  o f erosion and aggrading o f bed, and other eco lo gical conditions*3* Seining in  brackish water areas near mouth of stream and observations of conditions there*For the Record:1* Determination o f each species of fis h  collected* This w ill be shown la te r  in  the laboratory*2. Prepare a l i s t  o f species found with notes on where found and re la tiv e  abundance o f each*3» Give a condensed account of the major differences between fresh and brackish water areas o f the stream as to food, sh e lte r , flow-' o f w ater, co lo r, tu rb id ity , types o f bottom, predators, e ffe c ts  o f floods and erosion, character of banks, vegetation, shade, and other facto rs*Using the fie ld  record sheet supplied you as a guide, complete your co lle ctio n  notes covering the f ir s t  co lle ctin g  station* Give adequate color notes on the fis h  co lle cte d .This is  an afternoon f ie ld  tr ip  and the lecture w ill be postponed in  order to  be able to leave at 1:00 P.M.Returning time to the Berkeley Campus w ill be approximately 5 *30- 6:00 p,M* Transportation w ill be provided*



Field  Trip to Duxbury Reef and Tomales BayNote: This f ie ld  tr ip  w ill be preceded by a laboratory study of most o f thefish es lik e ly  to be encountered on the tr ip .Work Program:1* Chemical treatment o f the tid e  pools#2. C ollectin g of fish e s3# Observations of tide pools, lo ca tio n , depths, temperatures, and associated animals and plants#lw Seining o f fish es at Young’ s Landing (Spenger’ s)S>. Mi sc ellane ous c o lle c  tio n s:(a) # In  an iso la ted  beach pool at Francis Beach.(b) # In  the stream that enters the bay at Francis Beach*(c )  * In  the bay it s e lf  at Francis Beach#(d) # Isolated  pool two m iles south of Inverness below dam#For the Record:1# Prepare an annotated l i s t  of the species of fish es co llected  at each sta tio n , giving pertinent eco lo gical inform ation from your own observations# Explain i f  possible why certain  fish e s were present in  some h ab itats and not in  others# Note any sp ecial adaptations fo r sp e cific  habitats#2# Prepare a combined taxonomic l i s t  fo r each area where c o lle c tions were made, in dicatin g orders and fa m ilie s , genera, and species represented# L is t the distin gu ishin g characters of each common sp ecies, te llin g  how i t  may be recognized in  the f ie ld .3# Give adequate colo r notes on at le a s t four o f the species collected#This is  a two day fie ld  t r ip , leaving at 8:00 A*M# on Friday and returning at approximately 6:00 P#M# on Saturday • Transportation w ill be provided# Those wishing to camp out should bring bedrolls#
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Clear Lake F ield  Trip
Work Program.1 . Inspection o f the M irabel Trout hatchery near Middletown enroute to Lakeport*2. C o llectio n  of fish e s by seining and g i l l  netting in  various parts o f the lake*3* Seining and chemical co lle ctio n  o f fish e s from Kelsey Creek, a trib utary o f Clear Lake*
For the Record:1» Prepare a combined l i s t  of fish e s collected  in  each area, in d icatin g species, abundance, s iz e s , spawning condition, and areas, giving a b r ie f description o f each type o f h a b ita t, noting such facto rs as temperature,  depth, color of w ater, type o f bottom, and speed of current (in  streams)*Indicate food sources as w ell as forms which might be predatory*2* Describe b r ie fly  the conditions under which tro u t are reared at Mirabel*3* I f  we are lucky and fin d  the Sacramento H itch , Lavinia exilicau d a,  spawning in  any o f the tr ib u ta r ie s , describe b r ie fly  your observations of th is  process*

This is  a three day fie ld  tr ip , leaving at 8:00 A*M*Friday and returning around U:00 P*M* Sunday.
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F ie ld  Trip to San Pablo and Other Streams in  East Bay AreaThe purpose of th is  fie ld  tr ip  is  to acquaint students with the fis h  faunas of lo cal streams# At another time we w ill c o lle c t in  the East Bay Reservoirs -  San Pablo and San Leandro# San Leandro Creek is  the type lo c a lity  fo r Salmo ir id ia  (irideus) described in  1855 by Dr# W. P* Gibbons in  V o l, I ,  o f the Proceedings o f the C alifo rn ia  Academy o f Sciences. To date we have been able to c o lle c t only three specimens of trout from th is stream but more are badly needed# Lower San Pablo Creek has a fin e  population o f suckers, trout and a few other forms#fork Program1# Seining in  suitable areas and co lle ctio n  o f fis h  a liv e  fo r observation of species, co lo rs, form, s iz e , etc#2« Observations of the natural spawning of suckers i f  possible or other forms? general ecolo gical picture of the stream habitats from which co llectio n s are made#For the Record:1# Prepare a separate fie ld  sheet fo r each lo c a lity  in  which co llectio n s are made#2# Prepare an annotated l i s t  of fish e s co lle cte d , in d icating sp ecies, age groups, s iz e , abundance, date and place of cap tiare, and presenting an accurate descrip tio n  o f the stream habitats o f each#
This f ie ld  trip  w ill ore quire only h a lf a day from 1:00 to 5:00 P#M#
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F ie ld  Trip to San Pablo Reservoir
This fie ld  tr ip , in  contrast to the one to Lake Temescal, w ill acquaint students with lim nological and other conditions in  a large lake*. Yihile San Pablo is  an a r t if ic ia l impoundment, fa ir ly  ty p ica l le n tic  conditions p revail*fork Program:1* Fish co llectio n s to be made with a beach seine*2. Water temperatures at various depths w ill be taken with a Kemmerer water b o ttle .3* Plankton tows, v e rtic a l and h orizon tal.U. Observations of types of bottom, food organisms, color of w ater, plant beds, e ffe c ts  of wave actio n , and flu ctu atin g  forebay levels*For the Record:1* Prepare a l i s t  o f fish es co lle cte d , giving notes on sp ecies, abundance, s iz e s , and evidence of parasitism  observed externally on the f is h .2« P lo t a temperature curve from the surface to the bottom o f the lake using temperatures taken every fiv e  fe e t*Indicate whether or not a thermocline is  present*3 . Name the dominant foods dwelling (a) in  the bottom and (b) in  the plankton.U* Discuss b r ie fly  the e ffe c ts  of flu ctu atin g  forebay le v e ls  on productivity o f the lit t o r a l areas in  San Pablo Reservoir*

This is  a half-day trip  from Is 00 to 5*00 P.M.
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Management Studies
Ten exercises are presented below which deal with some o f the more important methods used in  the analysis of fis h  populations as w ell as of the environments in which they dwell# These methods have been developed over many years by various workers and presently form the s c ie n tific  basis fo r management of both marine and freshwater fish ery  resources# Studies are u sually directed along the following four main lin e s o f effo rt*1# On the fish e s -  l i f e  h isto ry , age, growth, fecundity, m ortality and recruitment ra te s , population estim ates, p arasites and diseases#2. On environmental facto rs -  the influence o f water temperatures, foods, l ig h t , s a lin ity , m inerals, pH, water currents, types o f bottom, oxygen, carbon d io xid e , etc*3# On the e ffe c ts  o f d iffe re n t types of gear or tackle#U# On le g is la tio n  and socio-economic problems*More s p e c ific a lly , the proper adm inistration of any fish ery  requires knowledge of the abundance of ary species from year to year# In  sm all, d rainab le, freshwater ponds or lakes d irect counts may often be made but in  the larger freshwater lakes and in  the ocean only estim ates are possible o f the actu al numbers o f fis h  present at any given time o r, more o ften , one can only trace changes in  re la tiv e  abundance# Some o f the methods used to determine abundance are as follow s*A* Total Populations1# D irect counts -  of migratory species a t counting weirs>fen ces, or tra p s, diversion o f w ater, pumping, poisons, or drainage#2# Marking experiments#B# Changes in  Abundance1# S ta tis t ic s  of to ta l catch#2# Catch p e r-u n it-o f-e ffo rt3# Changes in  size  and age composition*
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Laboratory ExerciseQ uantitative Determinations ofFish Food Supplies in  Streams and Lakes
M aterials Needed;1« Various types of lake and stream bottom samplers including Ekman and Peterson dredges, Surber, Needham, and Hess square foot stream samplers, and handscreen fo r general q u alitativ e  co llectio n s*2» Ih ite  enamel pans for sorting organisms from bottom tra sh , v ia ls ,

70 percent alco h o l, la b e ls , forceps, b lo ttin g  paper and tea strainers fo r  weighing and pr eserving samples»3» Torsion balance scales fo r determining the wet weights o f bottonu fauna samples*Work Program;Your instructor w ill f i r s t  demonstrate the various types of samplers and the proper manner of use* Then from the lake and stream bottom samples provided, sort out the organisms from the trash in  two samples, keeping the animals separate for each sample* A fter so rtin g , weigh the organisms on a torsion balance scale as follow s; pour the organisms through a tea strainer and remove excess moisture by holding the tea strain er on b lo ttin g  paper fo r a standard time of one minute* Flip  the organisms on to one pan o f the scales and determine the "wet" weight in  grams*A fter weighing, use a binocular microscope to sort the organisms into the various orders, fa m ilie s , genera or species represented*For the Record;1» Count the number o f organisms present in  each group and record th is  inform ation, including the wet weight o f each sample on the data sheet provided*Do the qu antities found represent Food Grades of I ,  I I ,  or I I I  as defined by Rounsefell. and Everhart on p* 3U8 o f FISHERY SCIENCE?How are foods data such as you obtained today applied in  stocking programs?
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Stream Bottom Sample Lake Bottom SampleName o f Stream Sample No.Width: __________Depth: __________Type o f Bottom:
___________ DateStation  No« __ ~Flow/sec ________m A ir: Temp* Water:Time:Wet irt. o f food! --------- gms. Eecordei ly I

Sample No. ____ ___ Station NP. ____________ DateName o f Lake ________________ __ R .__ T. S .County____________________ Type o f Bottom "A ir : ________________  DepthTemp: Water: ____________ VegetationTime: _ _ _ _ _ _ _ _ _  Distance from shore:Wet wt* o f food: _ _ _ _ _  Recorded fcy:gms.
Order T otalNo. Stage Percent Remarks Order TotalNo« Stage Percent Remarks

Trichopteri 1 Molluscs
Ephemerida Ephemerida
Diptera Diptera
Plecoptera Oligochaetes
Coleóptera Coleóptera
Neuroptera Neuroptera
Crustacea Crustácea
M ise. Mise«
T o t a ls ______________ 1 T o ta ls



Laboratory Exercise Fish Stomach Analyses
M aterials Needed*1« Stomachs or whole, preserved fis h  from which the stomachs can be removed for study of their contents*2# Microscopes, wide f ie ld  binocular.3# Ih ite  d issectin g pans, needles, forcep s, razor blades, watch glasses or p e tri dishes, and centrifuge tubes.it* Stomach analysis data sh eets.Work Program*C arefu lly  remove the stomach contents from a single fish# Place in  a p e tri dish or watch glass* Sort out the organisms, placing each major order represent ed in  separate watch glasses# Be carefu l in  s lit t in g  the w all o f the stomach ldth a razor blade so th a t organisms inside i t  are not cut at the same time*For the Record:1# Examine three stomachs and record the data on the stomach analysis sheet included here#2# Take volumes o f each order or item in  cc unless too small or too scarce to measure q u an titativ ely .3* Count each individu al item and calcu late both per cent by number and by volume*U. Under •'Miscellaneous” l i s t  items found or items not named*Name kinds as fa r  as possible#Assigned Reading*Paragraph 21*16, p 355 through p* 358, Rounsefell and Everhart,FISHERY SCIENCE.
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U niversity o f C alifo rn ia  FISH STOMACH ANALYSES RECORD
Data RecordedVrar Species Sex T*L# in  Date mm# Species Sex T .L . in  Date mm. Species Sex T .L . in  Date mm.Stream Lake Stream Lake Stream _ LakeSection SectionCounty SectionDate County CountyR . T . S . R . T . S . R* T# St

Order No.In d ivid . V o i. in  cc % ofTotal Voi Percent by No. No#Individ V o i. in  co % o fTotal Voi Percent by No No.In d iv id . V o i. in  cc % ofTotal Vol Percent bv No
Sh piioilit? JLXU.dTrichonteraDipteraColeópteraPlecopteraHomoptera *
HemipteraArachnidaHymenopteraM iscellaneous
T otaX i1



Laboratory Exercise Fish ParasitesM aterials Needed:1# Living stick leb acks, minnows, tro u t, c a tfis h , or other forms*2* Compound microscopes, white enamel pans, d issectin g k it s , s lid e s , cover glasses and. other normal types of equipment*fork Program;1» Make microscopic examinations of skin scrapings from a t le a s t two species«2. Cut o ff  fin s  and segments of the gilds and examine for external p a ra site s , placing these m aterials on a glass slid e  and covering with water*3* Cut open the body c a v ity , stomach, and in testin e and inspect fo r nematodes and tapeworms* C arefu lly  scrape the lin in g s o f the body cavity and organs*Mount on slid e s under cover glasses and examine.ll* Make slid e smears o f such other in tern al organs (spleen, liv e r , g a llb la d d e r , kidney, ovaries, te ste s , etc*) as time permits and examine m icroscopically*For the Record:1* Sketch four of the parasites encountered*2« Prepare a tab le and f i l l  out so fa r  as possible fo r each parasite observed:
Common I S c ie n tific Host LocationName ¡Name Species on Host Symptoms Importance

■ r
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Laboratory Exercise Fecundity DeterminationsM aterials Needed;1* Preserved female fis h  with ripe or nearly ripe ovaries or preserved ovaries with adequate data relatin g  to sp ecies, lengths* dates* stream* lake or other place of collectio n * and collectors»2* Egg measuring troughs ruled in  tenths of an inch*3« Centrifuge tubes for counting eggs volum etrically.1;* Scales fo r weighing eggs*Work Program:I t  is  often both desirable and important to know the number of eggs* f iy  or young produced in  a fish e rie s  management program* I f  survival is  to be estimated* the number of eggs must be known* The number o f eggs produced by species such as salmon and trout must be known since culture o f these forms in  hatcheries depends to a considerable degree upon such types o f inform ation.Another use o f fecundity inform ation is  as an aid in  estim ating the to ta l populations* In  some fish e rie s  the flo a tin g  eggs may be co llected  at regular intervals a t stations covering the to ta l spawning area* By interp olation  and recalculation* combined with a knowledge of th e rate of incubation o f the eggs* i t  is  then possible to estim ate the to ta l number o f eggs la id * I f  the to ta l egg numbers can be estimated* and i f  the fecundity and percentage o f female fis h  in  the population are known* i t  is  possible to estim ate to ta l populations*The to ta l number of eggs in  the ovaries may be counted in d ivid u ally  i f  th isnumber is  not too large* This is  the most accurate method and i f  the egg countdoes not exceed approximately 200, i t  is  not unduly laborious* Where egg counts are higher* i t  is  necessary to use volumetric or gravim etric sampling procedures*The volumetric method is  based on determination of the number o f eggs in  a sample o f known volume and the volume o f the to ta l number of eggs* This method is  often used with large eggs* such as those o f salmonids* The von Bayer methodis  a m odification of the volumetric method* Here the number o f eggs which w illf i t  into a s ix  inch trough is  determined and from a table* th is  figure is  converted to number of eggs per flu id  ounce*The gravim etric method is  based on determination o f the number of eggs in  a sample o f known weight and the weightof the to ta l number o f eggs* Weights used may be eith er wet weights or dry weights*In  th is  exercise you w ill gain practice in  making estim ates o f egg numbers by four methods: (1) gravim etric* (2) volumetric* (3) von Bayer *s method* and (U) by actual counts*
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Gravimetric method using wet w eights: From the ovary of a mature or a Hgreennfis h  select a sample of between 300 and E>00 eggs* Before breaking o ff  your sample, remove excess moisture by ro llin g  and turning the entire ovary on b lo ttin g  paper for a standard time o f one minute* N ext, determine the •’wet1* weight o f the sample by weighing on a torsion balance scale and then count the eggs in  i t .Then weigh the to ta l mass o f eggs remaining in  the ovary* Estimate the to ta l number of eggs in  the ovary using simple proportions*Volumetric method: Count the eggs in  a sample of known volume (v) taken from an unknown lo t*  Use water displacement method. Then measure the to ta l volume (V) of a l l  eggs in  the unknown lo t*  Total number is  estimated by xin  » Viv wherex a to ta l number in  unknown lo t n s  number in  sample (v)V a to ta l volume of eggs in  unknown lo tvon Bayer method? Find the average diameter o f the eggs using the sm all, metal troughs graduated in  tenths o f an inch* Remove excess moisture on the eggs* Make at le a s t three estim ates o f egg diameter and average* Consult von Bayerl s table which w ill give the number of eggs per quart in  re la tio n  to diameter* This number can be converted to number per cc by dividing the number per quart by 9U6*U (number of cc in  a quart)*Find the number o f cc in  an unknown lo t  by displacement and calcu late  the number*Actual counti Using a hand t a l ly , count a l l  the eggs to  determine the actual number for comparison with the above estim ates*
For the Records A fter working out the above, f i l l  in  the follow ing:Species o f fis h  ■Average diameter o f eggs in  sample __________________Approximate number per quart (von Bayer*s tab le)Method Number o f Eggs Percentage o f ErrorVolumetric Gravimetric von Bayer A ctual Count

P lo t a graph o f numbers of eggs produced against size o f f is h . Combine the results obtained by each student into a single curve for the class as a whole•
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Laboratory ExerciseDetermination o f Age and Growth Rates in  Fishes
Materials Needed1* A series o f scales o f a single species of fis h  mounted on glass slides*2. Cross sections of pectoral spines of ca tfish e s , o to lith s of flounders and other bones.3* Camera lucida fo r making measurements and determining age from small scales such as those from eastern brook tro u t, S* fo n tin a lis .

h• Compound microscopes with ocular micrometers*5* Reproductions of Carlander (1950) Chart E nomograph fo r calcu latin g  growth from scale measurements*6* Scale micro projector for study of enlarged images o f scales*7» Graph paper, p e n cils , and ca lcu latin g  machine i f  available*Work Program:Scale-age-growth studies are basic to the management of any fish e ry . To set proper regulations one must know the rate o f exp lo itatio n  and to know th is , rates of growth and ages of fis h  being harvested must be known* Studies of growth h istory from sca le s , spines, or such bones as the o to lith s  or vertebral centra w ill reveal the (1) age (2) length at the end of each year o f l i f e  and (3) the annual rate of growth as pointed out by Van Oosten (1929)*Methods o f co lle ctin g  and mounting scales fo r examination are described in  Rounsefell and Everhart (pp* 297-309) and w ill not be repeated here*Age1* Study the series of scale slid es provided you. Determine the age of each fis h  represented*2« Determine the average length fo r each age group*3« Using age fo r the abscissa and length fo r the ordinate, p lo t there su lts on graph paper fo r at le a st 30 specimens*GrowthUsing the scales you have aged, determine the growth rate indicated by calcu lation  o f lengths a t previous annuli as follow s:1* Measure the distance from the center o f t  he focus of the scale tothe outer edge o f each annulus with a ru ler or mark the distance o ff  on a strip  of paper* Measure these distances to scale margin on the anterior radius of the scale*
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2» Using Carlander* s , 1950 nomograph, compute the lengths of thefish e s fo r each year of l i f e  and write the data in  a ta b le .3. By subtraction determine the amount o f growth each year#iu Graph the ( l)  average calculated length fo r each age group(2) scale length (ordinate) against body length (abscissa) and (3) growth increments#5# Determine from graph No# 2 o f Item U above, whether scale and body length increase a t the same rate (stra ig h t-lin e  relationship)#
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Laboratory Exercise Length-ïïeight-Condition Factor Study
The length-weight relationship in  fish e s can be expressed a s . W *  aLn , whereW -  weight o f fis h  (grams)L -  length of fish  (m illim eters), and a and n are constants determined for the species or populationThe follow ing length-weight data are taken from brown trout collected  at the U. S* Fish and W ild life  Experiment S ta tio n , Convict Creek, C a lifo rn ia  from 1939 to 19U2s

L J L L J L L w
60 2.376 100 n.oo lho 30.18
70 3.773 no m.6i* 150 37.13
80 5.632 120 19.01 160 U5.06
90 8.019 130 2U.17 170 5U.0US L -  k$00 S log L S log W

s (log l rS (log L log

L J L L J L L W
180 6U.15 220 117 .1 260 193.3
190 75.U5 230 133.8 270 216.5200 88.00 2U0 152.1 280 2U1.5210 101.9 250 171c 9 290 268.3

300 297.0
s w = 2376.03= 55.3UU 

« U2.068 
= 123*519 

W) » 96.125Calculate the length-w eight re la tio n sh ip , by the method of le a st squares, using the following formulas and the summed data:1* log W 3 log a *  *n log L2. log a a S log W • S (log L )2 -  S log L « S (log L log W )N S (log L )2 -  (S log L )23. n a S log W -  (N log a )1  log LPlot these data on graph paper. P lo t the calculated length-weight curve, using at le a st s ix  points w ithin the range of len gth s. How clo se ly  does the curve f i t  these data? What can you in fer about the sample size  or the v a r ia b ility  in  length-weight relatio n sh ip s, or both in  th is  group o f trout?
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Calculate the condition co e ffic ie n ts  fo r fis h  o f d iffe re n t sizes as directed by your instructor* Compare resu lts with other members o f the c la ss to note any variation of condition co e ffic ie n t with size of f is h .Use the formulai K r  100,000 W L3How does sex of fis h  a ffe c t th is  factor? Explain*
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Laboratory ExercisePopulation Estimates from Fish Marking ExperimentsM aterials Needed?1« Fish tags of various types, marking clippers and other to o ls used in  marking fishes»2» One pound of white beans in  a strong paper bag fo r each student.3» Samples of preserved or tagged marked fish«Work Program:Various types o f tags and tagging or marking methods w ill be demonstrated by the instructor at the sta rt o f the period followed by population calcu latio n s based on marking or tagging experiments«A. Total populations in  re la tiv e ly  small bodies of water may be estimated by planting known numbers of marked fish  (marked by removal o f single fin s  or combinations of fin s  or by the use o f tags)* Later co llectio n s or anglers* catches o f the same species w ill  produce both marked and unmarked f is h . Use o f the follow ing simple proportions applied to the catch for a given u nit of time or e ffo r t, w ill give fa ir  population estim ates:Number of marked fis h  recaptured Total number of marked fis h  in  lake
Total number of fis h  daptured Total population in  lake

A}— LY*rl~iili> . .V  J J I  III?  ■An example of th is  type is  availab le from a plant of 2,0lU rainbow trout made in Convict Lake near Bishop, C a lifo rn ia  Ju ly  1935*Formula: a _  x whereb “  c ;a a number o f fis h  planted b a number o f marked fis h  reported caught
*.....  c mnumber of. unmarked fis h  reported caught ^x st number o f unmarked fis h  present at time plant of marked fis h  was made t^ aly  20) -r a *  x  a y (to ta l fis h  population Ju ly  20) ^  y a (IF *c) ( a ) b

¿id* ^Population Reported RemainingJu ly  20 Caught at end o f SeasonPlanted (Marked) Population 201U (a) 3h9(b) 1665 ------m

Calculated (unmarked) Pop« 1639 (x)vj 28h (c) 1355TotalPopulation 3653 (y) 633 3020S I



B* In  order to simulate a fis h  marking experiment, determine the number of beans in  the bag given you*( l)  Set up a data sheet with the follow ing column headings«
T ria l Number Per CentNumber (and date) A Marked & Returned B AB SAB C SC p Error of Estimate

The abovesymbols refer to Schnabel’ s (1938) method o f making d a ily  or running population estim ates and weights the d aily  averages as i t  proceeds from the formula«P -  S (A B)S Cwhere P is  the estimated population on ary date A is  the number of fis h  caught on any date B is  the number of marked fis h  present in  the lake on any dateC is  the number of returns on any date(2) Reach in  the bag and withdraw a small sample, record the number, hark them, return to bag and mix thoroughly* Take a second handful, record the number o f marked and unmarked beans, mark the unmarked ones, return them a l l  to the bag and mix* Repeat u n til most o f the beans are marked, entering the data in the proper columns as you proceed*(3) When the P estim ates become more or le s s  constant, v e rify  the la s t  estimate obtained by actu ally  counting a l l  beans in  the bag* In  counting separate the marked and unmarked beans in  order to v e rify  your previous counts o f marked ones*For the Record?1* Calculate the "population” from your in d ivid u al samples and from the combined samples according to Schnabel’ s form ula.2* Calculate the sampling error (percent) at the time when the"proportion" o f marked beans is  small (Poisson d istrib u tio n ) and la te r  when the number is  re la tiv e ly  large (Binomial d istrib u tio n )•3 . State b r ie fly  the main sources of error in  the in  actu al practice in  both of the methods assumptions and outlined above*
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Laboratory ExerciseMethods o f Determining M ortality Rates o f Fishes M aterials Needed»1 , Graph paper.2. Calcu lating machine, i f  a v a ila b le .3# Selected data for calcu latio n  o f instantaneous, n atu ral, and a r t if ic ia l  (fish in g ) m ortality rates from the lite ra tu re *Work Program:Much recent lite ra tu re  is  availab le on the calcu lation  o f m ortality rates in  fishes* The theories developed form the foundation of sound management fo r many fish eries »»hen a llie d  with studies of growth ra te s , rates o f reproduction, and estimations o f abundance* The ideas have been formulated gradually over a period of years. Much o f the work has been based upon the w ritings o f Baranov (1918, 1925). Peterson (1922), R u ssell (1931* 191:2)* H jort et a l (1933)* Thompson e t a l (193U)* and Graham (1935)*Recent papers have contributed mary new ideas and improved former methods* (Ricker, 19U0, 19liL* 191:8, 195k, Schaefer, 191:3> Sillim an , 19U3> DeLury, 195lj and Neave, 1953)* Of these authors probably Dr. W illiam E* R icker's 19U8 paper, «Methods o f Estim ating V ita l S ta t is t ic s  of Fish Populations"(Indiana Univ. Pub* Science Series No* 15) has done more to shape our ideas on problems dealing with m ortality rates than ary other* According3y, th is  exercise is  larg ely  based on the methods proposed by Ricker along with criticism s of some of the assumptions that must o f necessity be made in  developing s ta t is t ic a l theories*According to R icker, m ortality may be expressed in  three d iffe re n t ways, v iz*(1) Annual expectation of death o f an individual  fis h  from a given cause express-ed as a fractio n  or percentage is  the' fractio n  o f the fis h  present at the sta rt o f a year which actu ally  Ole from that causeduring th at year.(2) Annual m ortality r-at.p aggnp-i with each cause o f death which is  thefra ctio n  of the fis h  present at the sta rt o f the year which would die during -the year i f  no other cause s~gf~~death existed *(Assumption underscored}"*(3) The instantaneous m ortality rate applied to each cause o f death is  equalto the negative natural logarithm of the complement o f the annual m ortality rate* This represents the number o f fis h  (including new recruits) which would die from a given cause during 'the year i f  recruitment were to exactly balance to ta l m ortality from day to day* (Assumption underscored)*
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Ricker*s definitions and formulae follow herewith:Symbol RelationshipsÍ* Instantaneous m ortality rates -1* Total ('’c o e ffic ie n t of decreases” ) i2* From fish in g  ("rate of fish in g ” ) . P p 4 q s  i (1)3 . From natural causes • • • • •  • * qI I . Annual m ortality rates - a 5 1 -  e“1 (2)1 . Total a-i jiú2. From fish in g  • • • • • • « • • « m \ a o m s  1 -  e"*P (3)3 . From natural causes • • 0 « « .  • < n l 1 n «  1 -  e- ^ (U)/'a b  m ♦ n “  mn (5)I l l Annual expectations of death -1* Total a i  a P a £ (6)a u v2. From fish in g  ("rate of exp loitatio n ” ) . * . • • • * • • • • • u3. From natural causes # • « . . .  .* • V u *  v s  a (7)For the Record?1 . Using the follow ing data taken from Sillim an (I9h3), determine theannual m ortality rate fo r the two d iffe re n t periods. P lot the logarithms ofnumbers o f fish  in  each age group and fin d  the slope or regression c o e ffic ie n t of the lin e  to determine the instantaneous seasonal m ortality rate# Compute the corresponding annual m ortality rate (R icker, 19U8).Numbers o f Sardines in  Each Age C lass (S illim an , 19h3)Age Class 1 2 3 h 5 6 7 8 9 10 11 12 13Period 1925 -  33 1?7 186 558 338 202 120 72 h3 25 13 10 5 31937 -  h2 58 527 310 56 13 2 1 0 0 0 0
?

0 0
2« I f  there are U times as many units of gear operated in  1925-3 3 , determine the instantaneous natural m ortality rate (q) and seasonal m ortality rate (n) for I these fish *[ 3« Suppose you have a pond with it,000 fis h  and you have an annual income of1,000 f is h , lh a t happens i f  the fish in g  In b rtality  is  25 per cent per annum? What is  the long-term e ffe c t o f changing the m ortality to  50 per cent? Show your results graphically p lo ttin g  stock and catch on the same graph.
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\j U. Assume you have two ponds each containing 1«000 f is h and that the fis h  average 2 pounds apiece in  w eight. From one pond you remove them at a rate of 20 per cent of the number there per year: from the other at a rate o f 80 per cent per year. Prepare a tab le showing your yearly and to ta l returns in  numbers of fis h . I f  the growth rate is  20 per cent per year, record your yearly and to ta l returns in  pounds o f f is h . Assume that tile fis h  liv e  10 years*
\f v 5. Again assume you have a pond containing 1,000 fis h  and 1,000 fis h  are added to i t  each year* Prepare a tab le to show the numbers o f fis h  removed and the to ta l stock each year when (a) 2$ per cent of the fis h  are removed annually (b) $0 per cent annually, and (c) 75 per cent annually. Ih ich  fish in g  in ten sity  yields the greatest number of fis h ?  I f  the fis h  in jure in  eigh t years, which fishing in ten sity  w ill |rield the greatest weight of fish ?

k
\ % . H f L7 > *

(j K J
1:1

67



Laboratory ExerciseStudy of R acial C h aracteristics of Rainbow Trout, Salmo gairdneri
Materials Needed;1« S ta t is t ic a l data on important characters o f rainbow trout»2» D ivid ers, graph paper, and other usual laboratory supplies*3» Fish specimens fo r study of m eristic and lin ear characters, color d escrip tion s, sp ottin g, teeth arrangements, etc*Work Program:In  th is  exercise you w ill gain experience in  studying both lin e a r and m eristic characters used in  the diagnosis o f speciation problems in  f is h . The f ir s t  part of the laboratory w ill e n ta il making both measurements and counts of various characters from a series o f fish es of the same or d iffe re n t genera and species* In the second portion of th is  laboratory you w ill be concerned with an analysis of in trasp ecific  variatio n  as exem plified by a series of twelve d iffe re n t co lle ctio n s of rainbow trout co llected  from Northern C a lifo rn ia  south to Durango, Mexico» The accomparying table carries the s ta t is t ic a l data for three m eristic characters, v iz :( l)  number o f scales in  la te r a l l in e , (2) branchiostegals and (3) vertebrae* The number of f is h  in  the sample (N), range, mean, standard deviation (S«D .) and standard error o f the mean (S*E*M*) are indicated for each group. While i t  would be more desirable to have each student work out these s ta t is t ic s  in d iv id u ally ,  lack of time makes i t  necessary to supply these data* Your instructor w ill provide information covering geographical d istrib u tio n , character of w aters, and other ecological data necessary fo r your analyses*For the Record;1 , Using the fresh fis h  supplied in  the laboratory, determine the range and means fo r the follow ing characters: (1) number of rows of scales in  la te r a l lin e *(2) number o f g i l l  rakers, number o f branchiostegals and two other characters o f your own selection* P lo t the variation  found on graph paper and in d ica te , without detailed s ta t is t ic a l a n a ly s is , "whether you think the forms you have worked over are the same or d iffe re n t genera, sp ecies, or subspecies*2» On two separate sheets o f graph paper d ra ft the data covering two of the .. three characters fo r which data is  provided in  the attached tables* For each co llectio n  o f trout indicate the range in  variatio n  by use of a heavy horizontal line and the mean by a v e rtic a l lin e . Indicate two standard errors o f the mean by a black bar on either side of the mean* Show one standard deviation as a white bar plus th at part of each black bar each side o f the mean thus:

------ ii — f
When only 9 or fewer specimens are represented in  ary sin gle  sample, indicate only the range and mean*



3. Obviously the twelve samples fo r which s ta t is t ic a l data is  submitted here were a l l  drawn from d iffe re n t populations and a l l  to a greater or lesser degree are geographically and reproductively iso lated  from each other. From, your comparison o f characters* do you consider them conspecific? I f  you do consider them to be o f the same sp ecies, are the differences between them s u ffic ie n tly  great to merit subspecific separation and eventual naming? In order to fa c ilita te  your comparisons with respect to the 7$ percent le v e l o f subspecific d iffe re n ce s, calculate the C .D . (co e ffic ie n t of d ifference) from the data supplied, comparing the number o f vertebrae of the San Pablo sample with each o f the other eleven samples. Hie formula C .D . -  Mb -  Ma may be used where Mb -  Ma is  the d if -S .D .a  4 S.D .bference between the means and S»Da «* S.Db is  the sum o f the standard d eviation s. Assigned Reading;Mayr, L in sley , and U singer, METHODS AND PRINCIPLES OF SYSTEMATIC ZOOLOGY,pp 12$ -  1$1.
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Summary of Counts of Scales in  Lateral L in e, Branchiostegal Rays, G i l l  Rakers, and Vertebrae in  Twelve Races of Rainbow Trout, Salmo gairdneri.(These are arranged below in  geographic sequence from north to south)
A -  Scales in  Lateral Line B — Branchiostegal Rays

O rigin N Range Mean S .D . 1S*E*M# N Range Mean S .D . S .E  .M. Remarks
Eagle Lake 8 119-125 122 2.03 0.72 8 11-12 11.6 0.519 0.183

Most northerly of series
» San Pablo Creek 30 . 116-125 121 2.5U 0,1+6 30 9-12 10.9 0. 71+6 0.136

Near Berkeley, C alifo rn ia> Diamond Creek 17 112-118 116 1.61+ 0.1+0 25 10-11 10.6 0.1+92 0.10 New Mexico
1 Santo Domingo R 25 llL-121 118 1.91 0.382 25 11-12 11.2 0.377 0.075

OB aja , C alifo rn ia\---------------------*—------Rio Casas Grandes 30 112-125 117 3.U1 0.62 30 9-13+ 10.0 0.615 0.112
E . slopej east o f Black Canyon

9 Black Canyon li+ 110-125 117 1+.39 1.17 11+ 10-11 10.5 0.519 0.139
W, slope -  Rio TaquiRio Verde *52 12 106-111+ 109 2.00 0.58 1 2 8-9 8.92 C.289 0.08 P a c ific  Drainage| Rio Sinaloa 23 103-110 107 1.79 0.37 23 9-10 9.8 0,39 0.083 P a c ific  Drainage

1 Rio Culiacan 27 105-113 m 2.08 0. 1+0 27 9-11 9.3 0.1+1 0.078 P a c ific  Drainage
\“ Rio Truchas 17 115-121+ 119 2.35 0.57 18 10-12 11.3 0.67 0.16 P .D . t r ib . of Rio San Lorenzoi|Rio Tabacatiado 23 111-126 119 3.83 0.80 23 10-12 11.0 0.1+7 0.10 P .D . tr ib . o f Rio del Presidio
\ jR io  Hondo ^ 0 J 101-126i | 118 6 .0 9 1 .1 1 30 10—12 10.9 0.51 0 .0 9

P .D . t r i b *  o f  
R io  d e l  P r e s id io



Summary of Counts of Scales in  Lateral Line,Branchiostegal Rays, G i l l  Rakers, and Vertebrae in  Twelve Races o f Rainbow Trout, Salmo gairdneri.(These are arranged below in  geographic sequence from north to south)
c -  G il l  Rakers ____________ D -  Vertebrae from X-Rays

O rigin N Range Mean S«D • 1S.E.M N t Range Mean S.D . S.E.M Remarks
Eagle Lake 8 19-21 20.1 0#6Ij.l 0.227 8 62-65 63.9 0.991 0.350 Most northerly of series
San Pablo Creek 30 16-20 18.0 1#06 0.193 29 61-65 63.2 0.898 0.167 Near Berkeley, C alifo rn ia
Diamond Creek 25 18-21 19.1 0.972 0.190 25 59-63 60.7 0.989 0.20 New Mexico
Santo Domingo R 25 16-20 18.2 0.852 0.17 25 61-63 61.9 0.703 0.11* HB aja , C alifo rn iaRio Casas Grandes 30 16-19 17.2 0.859 0.157 30 58-61 59.6 0,669 0.122 E . slope? east o f Black CanyonBlack Caryon ll* 16-19 17.1* 0.930 0.2U9 11* 59-61 59.9 0.616 0.165 W* slope -  Rio YaauiRio Verde *52 12 17-19 17.U 0.668 0.190 12 56-58 56.9 0.668 0.19 P a c ific  Drainage
Rio Sinaloa 23 16-19 18.0 0.603 0.126 23 56-58\ 57.0 0.769 O .I6O P a c ific  Drainage
Rio Culiacan 2? 15-20 17.6 1.02 0,196 26 ! 57-61 =* 58.1* O.813 0.159 P a c ific  Drainage
Rio Truchas 16 18-21 Î19.6 0.893 0.22 17 ! ” 58-63 61.1 1.20 0.29 P .D . T rib . of Rio San Lorenzo
Rio Tabacatiado 23 17-19 1--------! 18.2 0.717 0,15 23 63-66 6U.1* 0.729 0.15

P .D . T rib . o f Rio del Presidio
Rio Hondo 30 17-20 18.U 0.913 0.17 27 63-66 6^.3 ©.811* 0.157

f 1

P .D . T rib . of Rio d el Presidio



Laboratory ExerciseMigratory C h aracteristics of P a c ific  Salmon, Steelhead Trout, and Cutthroat Trout
M aterials Weeded:1* Counts of salmon and steelhead passing over the Bonneville Dam and fis h  ladders in  other dams.2. Graph paper ruled fo r months and days.Work Program:At the sta rt o f th is  period your instru ctor w ill review the fa cto rs that seem to influence spawning migrations and discuss various features exhibited by the species concerned* This w ill  be illu s tra te d  from counts made at dams in  the Rogue, Umpqua, Klamath, T rin ity , E e l, Tuolumne, and Sacramento rivers* He w ill also review tagging returns as they indicate rates o f m igration in  d iffe re n t stream systems#For the Record:Make the follow ing histograms of fis h  counted over Bonneville Dam:

1 * 17 year average (1938- 5U) number of steelhead per month.
2* 17 year average number of Chinook salmon per month*3« On the same sheet of graph paper p lo t both the 17 yearmonthly average o f blueback and the 17 year monthly average o f chum salmon.I4* On another sheet p lo t the d a ily  counts fo r steelhead f or themonth of September, 195U* Explain the peaks arid valleys in  your graph*5 . P lo t on the same graph the 195k d a ily  counts of s ilv e r  salSBft. passing over the fis h  ladders in  both Bonneville and McNary dams on -the "Columbia River in  the months of September and October . How do you account fo r the much lowered numbers passing McNary Dam?
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BONNEVILLE DAM COUNTS 17-Year Average 1938 -  1 95*+
Jan Feb Mar Apr May June Ju ly  Aug Aug Sept Oct Nov Dec Total1-15 16-31 &vg.Chinook 3 3 285 Salmon 33,659 1+2,781 23,106 18,612 6,0 9k 32,613 19U,913 3,531 326 32 355,957

.Blueback ** 1+ Salmon
Aug26 233 32,71+9 65,925/ 1,531 h3 1 100,513

Steelhead 92 li+6 1,236 Trout U,700 2,1+57 2,81+2 1+1,992 1+6,1+1+1 1+1,01+9 2,391+ 551 13l+ H+l+,035
C h i mSalmon 1 1+07 1,213 60 1,681



SALMONID FISH COUNT
Date Chi- S te e l- nook he^d

1 3,lt26 3,19iA2 It, 300 3,it5U3 2,629 l,5 lit
k 5,6iO. 3,3065 8,312 3,2036 7,0it6 2,611\7 7,213 2,9668 7,U25 2,060 19 7,153 2,209 !10 6,535 1,52511 6,3it3 1,558 112 3,969 l,2 2 il I13 2,75it 755lit 1,521 57615 752 UU516 99it 736 117 951 35718 572 29719 14t3 30520 322 29721 282 37222 329 33723 187 2552lt 181 20925 216 13926 273 19627 2it5 23U28 168 20929 112 17830 132 22031

80,U26 3U,9U1

r 195U s/Blue- S i i -  Humpback ver back
2253182 3091 6071 5271 3355 HO.3 113 
108 125 
106981 63 31 25 272 33

22 1111 79 23 9 '58 13
206 ' 11 it

17 3,319 3

DAM
Chum Total

6,8it58,072it,U5it9,555I2,0it39,99310,325
9,6019,U70
8,1858,0075,2913,573
2,128
1,2221,757l,3it3892759627663

1 6901 U52395 36U 3 lt75
1 50038U 291 356
6 118,712

C hi- S te e l- nook head
122 UU9 
100 1067*t lU t

80 1565U 1U9
36 54itit 70U6 7551 73U3 107itO 7759 12562 6it36 10839 733031 51

3k 63
22 66
28 52
18 h627 9923 7617 bh

k 137 815 78 it19 1812 398 19
,189 2,209

tober 19 5k" V ----------S ilv er Chum Total
it 2758 1 2157 1 2267 1 2i|it2 1 206it 11 io53 1 1182 1232 1265 2 1572 2 1215 1895 1 132l 2 lit7it it 1202 1063 it 891 it 102.6 9lt2 823 672 5 1331 n 1111 12 7k6 237 22it 2611 2310 it71 29 815it 81

7U 193 3,665

7k



SALMONS) PISH COUNT MoNARY DAM
September 195k October 1951*Date Chinook Steel- head Blue-back S ilv e r Total Chinook S te e l- head Blue-back S ilv e r Chum Total

1 173 811* 66 1 1,051* 91* 1,163 9 30 1,2962 170 1,202 102 1 1,1*75 50 750 5 23 8283 238 778 11*0 6 1,162 1*6 1*90 1* 20 5601 226 781* 155 9 1,17U 33 1*07 1 16 1*571 161 911 157 10 1,239 38 51*3 9 5906 157 1,092 123 12 1,381* 21* 278 1* 6 3127 218 1,181 122 7 1,528 30 363 7 1*008 191* 81*3 87 6 1,130 35 1*1*1* 12 1*91
9 306 976 151 9 1,1*1*2 15 290 30510 U28 1,285 101* 55 1,872 18 728 71*611 71*6 1,158 160 79 2,11*3 12 183 1 19612 906 1,011 187 1*8 2,152 11 336 1 2 35033 5UO 962 115 22 1,639 9 236 2 21*7m 1*62 893 88 11 l,l*5U 7 178 2. 187

19 1*18 1,175 50 23 1,666 17 275 10 30216 219 731* 51* 56 1,063 16 397 6 1*1917 387 1,102 1*3 63 1,595 21 1*77 8 1 50?18 312 71*2 53 32 1,139 8 175 6 18919 311* 81*6 37 27 1,221* 17 1*80 1 6 501*20 237 607 30 23 897 11* 271 1 28621 201 659 11*' 21 895 9 11*6 3 15822 268 851 31 27 1,177 5 291* 29923 152 556 10 28 71*6 3 1*20 1*2321* 169 556 26 .21* 775 3 361 2 3662$ 21*8 915 18 25 1,206 1* 255 25926 206 1,095 25 32 1,358 8 221 22927 157 690 21 22 890 6 1*22 7 1*3528 179 835 27 26 1,067 7 31*6 1 351*29 115 859 10 19 1,003 7 1*09 1*1630 119 832 8 27 986 128 12831 1 161 162
8,626 26,91*1* 2,231* 751 38,535 568 11,627 25 180 1 12,1*01
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A CLASSIFICATION OF FISHES
Kingdom ANIMALIA Phylum CHORDATASubphylum TUNICATA (UROCHOEDATA)Subphylum ENTEROPNEUSTA (HEMICHORDATA)Subphylum LEPTOCARDII (CEPHALOCHORDATA, ACRANIA)C lass AMPHIOXISubphylum VERTEBRATA (CRANIATA)Superclass AGNATHAC lass OSTRACODERMI (MONORHINAi MARSIPOBRANCHIAs CYCLOSTOMATA) Subclass CEPHALASPIDOMORPHI*Order OSTEOSTRACITREMATASP3DAECEPHALASPIDAEp lu s two other fo s s i l  fa m ilie s  Order ANASP3DABIRKENIIDAEENDIOLEPIDAEp lu s two other fo s s i l  f ami l i e s Subclass PTERASPIDOMORPHI Order HETEROSTRACI PTERASPIDAEp lu s fiv e  other f o s s il  fa m ilies Order COELOLEPIDATHELODONTIDAE Subclass CYCLOSTOMI

------------- Order HYPEROARTIA *— ^PETROMYZONTIDAE (lampreys) —______ - — Order HYPEROTRETA2 - BDELLOSTOMIDAEMYXINIDAE (h agfish es) _Superclass GNATHOSTOMATAC la ss PLACODERMI (APHETOHYOIDEA)Order ACANTHODIIACANTHODIDAEp lu s four other f o s s i l  f is h  fa m ilie s  Order ARTHRODIRASuborder EÜARTHRODIRA ACANTHASPIDAE COCCOSTEIDAEplus about f ifte e n  other f o s s i l  fa mi l i e s  Suborder PTYCHODONT3DA PTYCHODONTIDAE Suborder PHYLLOLEPIDA PHYLLOLEPIDAE Order MACROPETALICHTHYIDA MACROPETALICHTHIDAE Order ANTIARCHIthree f o s s i l  fa m ilie s
Underscored groups in d icate  e x tin c tio n . 1



Order STEGOSELACHII (armored "sharks")Suborder STENSIOELLIDA STENSIOELLIDAE one other f o s s i l  fam ily Suborder RHENAN3DA GEMUENDINIDAEOrder PALAE0SPQNDYLQ3DEA -  in certae sed is PALAEOSPONDYLIDAEG lass CHONDRICHTHYES (ca rtila g in o u s fish e s )Subclass ELASMOBRANCHII (sh arks, sk a tes, rays)Order CIADOSELACHIICLADOSELACHIDAE CTENACANTHIDAE-Order SELACK I I  (modern sharks) 
i Suborder HYBQDONTOIDEAHYBODONTIDAEplus three other fo s s i l  fa m ilie s  Subofder HETERODONTOIDEAHETERODONT3DAE (bull-head sharks)Suborder N0T3DAN03DEAHEXANCH3DAE (NOTIDANIDAE) (cow sharks)Suborder CHLAMYDOSELACHOIDEACHIAMYDOSELACHIDAE ( fr il le d  sharks)Suborder GALEOIDEACARCHARIIDAE (sand sharks)SCAPANORHYNCHIDAE (go blin  sharks)ISURIDAE (LAMNIDAE) (mackerel and man-eater sharks) CET0RHIN1DAE (HALSYDRIDAE) (basking sharks)ALOPIIDAE (thresher sharks)ORECTOLOB3DAE (carpet and nurse sharks)RHINCODONTIDAE (whale sharks)PSEUDOTRIAKIDAE (fa ls e  ca t sharks)SCYLIORHINIDAE (SCYLLIIDAE) (ca t sharks)TRIAKIDAE (smooth d ogfish es)CARCHARHINIDAE (blue sharks)SPHYRNIDAE (hammer-head sharks)Suborder SQUALOIDEASQUALIDAE (spiny sharks or d o g-fish es)DALATIIDAE (SCYMNORHINIDAE) (slim esharks)ECHINORHINIDAE (bramblesharks)PROTOSPINACJPAE Suborder PRISTIOPHOROIDEAPRISTIOPHORIDAE (saw sharks)Suborder SQUATINOIDEA

Li SQUATINIDAE (RHINIDAE) angel sharks)v *  “ Order BATOIDEA (HYPOTREMATAs RAJIFORMES) (skates and rays)-RHINOBATIDAE (sandsharks, shovel nose sharks, g u ita rfish e s) PRISTIDAE (saw fishes)RAJIDAE (rays or skates)PLATYRHINIDAE (DISCOBATIDAE) (thornbacks) •DASYATIDAE (TRYGONIDAE) (stin grays)POTAMOTRYGONIDAE ( flu v ia l in  h a b it, S* America)



OrderSubclassOrder
4 --s.____ Erder

MYLIOBATIDAE (=AETOBATIDAE) (eagle ra y s , e t c .)  MOBULIDAE ( d e v ilfis h , or d e v il ra y s, mantas)TORPEDINIDAE (e le c tr ic  rays) one f o s s i l  fam ily PLEURACANTHODII P1EURACANTHIDAE HOLOCEPHALI l / 'BRADYODONTICOCHLIODONTIDAE CHONDKENCHELYDIDAE three f o s s i l  fa m ilie s  CHIMAERAE (chimaeras or ghost sharks). CHIMAERIDAEp lu s two f o s s i l  fa m ilie sC lass OSTEICHTHYES -  bony fish e sSubclass CHOANICHTHYES (Lobe-finned fish e s )
r la r d e r  CROSSOPTER I - — ----------------- -------------
& RHIPIDISTIA (a OSTEOLEPIDOTl)O  POROLEPIDAE-T OSTEOLEPIDAE

1  - HOLOPIYCHIIDAE
borderACTINISTIA (a COELANCANTHINI)-------- -“ DlPLOdERCIDIDAE COELACANTHIDAE LATJGIIDAE LATIMERIIDAEU T TWBRTA CHAI13MAE, UO fathom s, o f f  E . London, S . A fr ic a-i s^Order DIPNOI (lu n g fis h e s j -----

1 DIPTERIDAE^  CERATODONTIDAE (NEOCERATODUS, A u stra lia )
-  IEPIDOSIRENIDAE TlEPSlOSiREN, S . America)“ PROTOPTERUJAE (PROTOPTERUS,“ A fr ic a ) p lu s nine f o s s i l  fa m ilie s“Subclass TELEOSTOMI («ACTINOPTERYGII) (ray-fin n ed  fish e s)Order LYSOPTERI (»PALAEONISCOIDEI o f Goodrich} ARCHISTIA o f Regan)CHE IR0LEP3DAE PALAEONISCIDAE PLATYSOMIDAE AMPHICENTRIDAEp lu s about th ir ty -s ix  other f o s s i l  fa m ilie s  in clu d in g

Order

1
— Order —» Order

CATOPTERIDAE andSAURICHTHYIDAE (Belonorhynchii o f Regan)CHONDROSTEI ——CHONDROSTEIDAEACIPENSERIDAE (sturgeons; anadromous and freshw ater, N. Hem i.) PQLYODONTIDAE (p ad d lefish esj N . America and China)CLADISTIA («POLYTERINI)POT■YT’ERIB^E (lob e-fin n ed  Ganoids} P olyteru s,  freshw ater, A fr ic a )  GlNGLYMODIiLEPIDOSTEIDAE (garsj freshw ater, E . No* Amer* and Cen* America) SEMIONOT3DAE
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— Order HA.LECOMORPHI (=AMIOIDEIs PROTOSPONDYLII) ^EUGNATHIDAEMACROSEMIIDAEPACHYCORM3DAE (m ackerel-like fish e s)PXGNODONTJDAEASPIDORHYNCHIDAEplus several other f o s s i l  fa mi l i e s  —-  AMIIDAE (bow^finsj freshw ater, N. America) •-^ D rd er ISOSPONDYLISuborder CLUPEOIDEA LEPTOLEP3DAEELOPIDAE (ten-pounders, tarponsj tro p ic a l and su b trop ical seas) ALBUL3DAE (la d y -fis h e s ; bonefishes; tro p ic a l seas)PTER0THRISS3DAE (deep-sea, P a c ., E . A tla n tic )CHIROCENTRIDAE (w olf herrings)CLUPE3DAE (h errin gs; temperate and tro p ic a l se a s, some in  fresh  water)DUSSUMIERIDAE (round herrings)^  ENGRAULIDAE (anchovies; in  a l l  but co ld est oceans)ALEPOCEPHALIDAE (slick h ead ; deep-sea fish e s )MAORISTIIDAE (found o f f  the Azores)DOLICHOPTERYGIDAE (deep-sea fish e s)BATHYCHJPEIDAE (Indian ocean, W. P a c if ic , G u lf o f Mexico) plus several f o s s i l  fa m ilie s  Suborder CHANOIDEICHANIDAE (m ilk fish e s; one sp e cie s , In d o -P a c ific )KNERIIDAE (sm all lo ach lik e  South A frica n  freshw ater fish e s)CROMERIIDAE (sm all South A frica n  freshw ater fish e s )Suborder PHRACTOLAEMOIDEIPHRACTOLAEMIDAE (sm all South A frica n  freshw ater fish e s)Suborder ST0MIAT03DEIGONOSTOMIDAE (anglemouthsi sm a ll, snakelike deep-sea fish e s )  ST0MIAT3DAE (dragonfishes o f deep seas)CHAULIODONT3DAE (v ip e rfish e s; deep-sea fish e s )ASTRONESTHIDAE (sm all deep-sea fis h e s )MELANOSTOMIATIDAE (deep-sea fish e s )IDIACANTHIDAE (blackdragons, snakelike fish e s  o f great depths in  a l l  oceans)A few f o s s i l  fa m ilie s  Suborder STERNOPTYCHOIDEASTERNOPTYCHIDAE (h atch etfish e s)Suborder 0PISTH0PR0CT03DEIMACR0PINN3DAE (barreleyes)WINTERI3DAEOPISTHOPROCTIDAE (deep-sea fish e s )Suborder SALMONOIDEA-------- — SAIMONIDAE (salmon and tro u t; freshw ater and anadromous N. Hem i.)------------ -  COREGONIDAE (w h itefish es; northern p arts o f Eurasia and N. Amer*)PLECOGLOSSIDAE (AYU: Jap an , China, Korea)--------  THYMALLIDAE (g ra y lin g ; Europe, N , A s ia , N . America),—-------- OSMERIDAE (sm elts; N* A t la n t ic , N* P a c if ic , A rc tic  coastN* E . S ib e ria )ARGENTINIDAE (deep-seasm elts; N* A tla n tic , N* & S« P a c ific )  BATHYLAGIDAE (blacksm elts; deep-sea fish e s )



MICROSTOMIDAE (sm all deep-sea fish e s)XENOPHTHAIMICHTHYIDAE (deep-sea fis h e s , Caribbean Sea)SALANGIDAE (Chinese w h iteb ait; shore fis h e s  in  E . A sia) RETROPINNIDAE (New Zealand w hiteb ait; New Zealand, A u stra lia ) APLOCHITONIDAE (HAPLOCHITONIDAE) (ocean ic, S . Am erica, A u stra la sia ) GALAXIIDAE (catadromous, Southern Hemisphere)Suborder OSTEOGLOSSOIDEA0STE0GL0SS3DAE (ARAPAHAs bony-tongued fis h e s ; S . Am erica,A fr ic a , A u stralasia)HETEROTIDAE (tropical African, freshwater)-  PANTODONTIDAE (sm all A frica n  freshw ater " fly in g "  fish e s )  one f o s s i l  fam ily Suborder NOTOPTEROIDEANOTOPTERIDAE (fresh-w ater, tr o p ic a l A fr ic a , S . E . A sia)HIODONTIDAE (mooneyes; freshw ater, eastern N* America)Suborder SCYPHOPHORIMORMYRIDAE (elep h an tfish es; A fr ic a , freshw ater)GYMNARCHIDAE (A fr ic a , freshw ater)Suborder GONORHYNCHOIDEAGONORHYNCHIDAE (In d o -P a cific)Order HAPLOMIn-EJSOCIDAE (p ikes; Europe, N. A s ia , N* America)P&IAESOCIDAE^/OMBRIDAE (mudmimows; W. & E* North Am erica, Europe) v^OALLI ’ aska b la c k -fis h ; N. E . S ib e r ia , A laska)one f o s s i l  fam ily — AULOPIDAE (deep-sea fish e s )SYNODONTIDAE (liz a r d  fis h e s ; A t la n t ic , In d ia n , P a c ific  Oceans) CET0MIM3DAE (deep-sea fish e s )SCOPELARCHIDAE (deep-sea fish e s )SUDIDAE (deep-sea fis h e s )MYCTOPHIDAE (SC0PEL3DAE) (lan tern  fis h e s ; ocean, deep sea to su rface)OMOSUDIDAE. (sm all deep-sea fish e s )ALEPISAURIDAE (hand-saw fis h e s ; deep-sea, A t la n tic , P a c ific )  Order CHONDROBRACHIIATELEOP3DAE (deep-sea fish e s )Order GIGANTURIFORMESGIGANTURIDAE (deep-sea fis h e s )Order LYOMERISACCOPHARYNGIDAE (deep-sea fis h e s )EURYPHARYNGIDAE (deep-sea fish e s )Order OSTARIOPHYSI (c h ie fly  freshw ater fis h e s )Suborder CYPRINOIDEI (PLECTOSPONDYLI; includes EVENTOGNATHI and HETEROGNATHI)— CHARACINIDAE (characin s; A fr ic a  and C en tral & S* America) GASTROPELECIDAE (S# Am erica; true fly in g  fish e s) XIPHOSTOMATIDAE (S . America)ANOSTOMIDAE (S . America)HEMIODONTIDAE (S . America)GYMNOTIDAE (carapos; C en tral and S . America)ELECTROPHORIDAE ( e le c tr ic -e e ls ; Orinoca & Amazon R ivers)

Order INIOMI

$



RHAMPHICHTHYIDAE (kn ife fis h e s j anus below eye, anal f in  in  fro n t o f g i l l  opening)STERNARCHIDAE (with long snouts)CITHARINIDAE (A frica)CATOSTOMIDAE (suckersj C en tral & N , Am erica, N, E* S ib e ria ) COBITEDAE (Europe, A sia)HOMALOPTERIDAE (loachesj to rre n tia l stream s, A sia)— • CYPRINIDAE (carp s, minnows5 freshw aters Europe, A s ia ,No* and Cen* America)Suborder SILUROIDEA (NEMATOGNATHI) (ca tfish e s)DIPLOMYSTIDAE (Argentina and C h ile )ARIIDAE (tro p ic a l and s u b -tro p ica l, mostly marine) ^DORADIDAE (dorasj tro p ic a l S . America)'PLOTOSIDAE (In do-Pac*, m ostly marine)— AMEIURIDAE (N* Am erica, freshw ater ca tfish e s)BAGRIDAE (A sia , A fr ic a )AMBLYCIPITIDAE ( S . Jap an , Chin a, E . In d ies)SISORIDAE (S . and A sia)AMPHILIIDAE (A frica )CHACIDAE (« PANGASIIDAE) (indo-Malayan A rchip elego, In d ia ) CLARIIDAE (A fr ic a 5 S . and W. A sia)MOCHOCIDAE (SYNQDONTIDAE) ( liz a r d  f id le s  A fr ic a ) MALAPTERUR3DAE (N ile and tro p ic a l A frica )HEL0GEN3DAE (tro p ic a l S* America)HYPOPHTHALMIDAE (tro p ic a l S* America PIMELODIDAE (C en tral and S* America)TRICH0MYCTER3DAE (S . America)BUNOCEPHALIDAE (tro p ic a l S* America)L0RICARI1DAE ( S . Am erica, p a rtly  in  Cen. America) CALLICHTHYIDAE (S . Am erica, Coxydoras)—- —Order APODES (true .e e ls)two f o s s i l  fa m ilie sDERICHTHYIDAE (lon g-necked -eelj deep seas)^  ANGUILLIDAE (freshw ater e e ls)SIMENCHELYIDAE (deep o cean ic, p a r a s itic )SYNAPHOBRANCHIDAE (deep o cean ic, p a r a s itic )ILYOPHIDAE (Pac. Ocean, deep-sea)DYSOMMJDAE (In d o -P a cific j deep-sea)XENOCONGRIDAE (In dian Ocean)MYR0C0NGR1DAE (A tla n tic  Ocean)MURAENES0C1DAE (A tla n tic , P a c if ic , Indian Oceans)---- - CONGRIDAE (LEPTOCEPHALIDAE 4. HETEROCONGRIDAE) (Con ger-eelsjA t la n t ic , P a c if ic , Indian Oceans)NETTASTOHDAE (d u c k b ill-e e ls , deep w ater, tro p ic a l)NESSORHAJSffHIDAEECHEL3DAE (MYRIDAE) (tro p ic a l)SERRIVOMERIDAENEMICHTHY1DAE (A tla n tic , P a c if ic , Indian Oceans, snipe e e ls) CYEWDAE (deep w ater, w idely d istrib u ted )OPHICHTHYIDAE (c h ie fly  tro p ic a l)NEENCHELYIDAE MORINGUIDAE (In d o -P a cific)HETERENCHELYIDAE (A tla n tic) r — • MURAENIDAE (moray eels$ tr o p ic a l & su b trop ical)
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Order HETEROMI (Lyopomi)HAJjOSAURIDAE (A tla n tic , P a c if ic , Indian Oceans, 500-lUOO fathoms) LIP0GENY3DAE (N* A tla n tic , 865 fathoms)NOTACANTHIDAE (M ed., P a c if ic , A t la n tic , UOO to 1875 fathoms) one f o s s i l  fa rn ^ r^Order SYNENTOGNATHISuborder SCOMBRESOCOIDEA — " "■BELONJDAE (needlefishes* a l l . warm seas)^SCOMBERESOCIDAE (sauries* a l l  warm seas)Suborder EXOCOETOIDEA ----------*’ EXOCOETIDAE (fly in g  fis h e s j a l l  warm seas)HEMIRHAMPHIDAE one fo s s i l  fam ilyOrder MICROCYPRINI (eCYPRINGDONTES) (toothcarps or topminnows)---- - CYPRINODONT3DAE ( k il li f is h e s j N , & S . Am erica, S . Europe,A fr ic a , A sia'POEGILIIDAE (liv e b e a re rs , N. and S . America)GOODEIDAE (Mexico and S . Am erica, viviparous) AMBLYOPSIDAE (cave b lin d fis h e s , N0 America)JENYNSIIDAE (La P la ta , Argentina)PHALLOSTETHIDAE (silv e rsid e s*  viviparous) ANDRIANICHTHYIDAE (la k es o f Celebes) SANABLEPIDAECfotlr-eyed fis h e s , Cen. & So# America)Order SALMOPERCAEAPHREDODERIDAE (p irate-p erch es, N* America)PERCOPSIDAE (trpafc-perches, N# America)Order SOLENICHTHYES ^— 'AULOSTOMIDAE (trumpet f is h e s , tro p ic a l)FISTULARIIDAE (flu te  mouths, In d o-P ac.) MACRORHAMPHOS3DAE (snipe fis h e s j tr o p ic a l, su b tro p io al, p a rtly  temperate)CENTRISCIDAE (shrimp fis h e s , Indo-Pac#)SOLENOSTOMIDAE- SYNGNATHIDAE^(t5ipefishesj w idely d istrib u te d ) Order ANACANTHINI ‘CMÜRAENOLEPIDAE (A n tarctic and su b arctic)BREGMACEROTIDAE (tro p ic a l and su b trop ical seas GAD3DAE (cod s, m ainly N# Hemisphere)MACRURIDAE (gren ad iers, deep-sea fish e s) MACROUROIDIDAE (in certae sed is)
)

Order ALLOTRIOGNATHILAMPR3DAE (opahsj w idely d istrib u te d  in  a l l  oceans) VELIFERIDAE (P a c ific  and Indian Oceans)LOPHOT3DAE (rib b o n -lik e , wide d istrib u tio n ) EEGALECIDAE (k in g -fis h e s j New Zealand) TRACHYPTERIDAE (rib b o n -fish e sj wide d istrib u tio n ) STYLOPHORIDA£>tdeep-sea, P a c ific )Order BERYCOMORPHISTEPHANOBERYCIDAE (deep-seas, 2950 fathoms) RONDELETIIDAE (deep-sea)POLYMIXIIDAE ( tr o p ic a l, A t la n t ic , P a c if ic , Indian) BERYCIDAE (tro p ic a l seas)DIRETMIDAE (deep body, deep water o f most oceans)CARISTIIDAE
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TRACHICHTHYIDAE (slime heads# deep waters of most oceans) OSTRACOBERYCIDAE (o ff Mindanao)CAULOLEPIDAE (fangtooths)MONOCENTRIDAE (pine cone fis h e s , deepest w aters, Indo-Pac.) ANOMALOPIDAE (luminous organ beneath eye, deep water or among coral)'''■— HOLOCENTREDAE (sold ier or sq u irrel fish e sj A tla n tic , P a c ific , Indian)MEIAMPHAIDAE (deep-sea)Order ZEOMORPHIZEIDAE (John D ories, widely distribu ted)GRAMMICOLEPIDAE (scales v e r tic a lly  elongated) S . A fr ic a ,E . P a c ific , Caribbean Sea)CAPROIDAE (boar fish e sj widely distributed) one fo s s il  fam ilyOrder PERCOMORPHI (= ACANTHOPTERYGII Suborder PERCOIDEICENTROPOMEDAE (robalos, mostly marine)SERRANIDAE (sea-bassesj groupers) widely distribu ted  in  tro p ica l & warm seas)GLAUCOSOMIDAE (P a cific  Ocean)THERAPONIDAE (Indo-Pac*, mostly marine)BANJOSIDAE (coasts o f Formosa, S . Japan, Korea) PSEUDOPLESIOPEDAE (Indo-Malayan Archipelago)PLESIOPIDAE (Indo-Pac.)ACANTHOCLINIDAE (minute fish e s o f tro p ica l Indo-Pac.)KUHLIIDAE (Mt. Bass) In d o -P ac., many in  freshwater) CENTRARCHEDAE (sunfishes) freshwater basses)PRIACANTHIDAE (scads) big-eyes) catalu fas) tro p ica l & subtropical marine)APOGONIDAE (CHILODIPTERIDAE) cardinal fis h e s , mostly marine) ACROPOMIDAE. (In d o -P acific)PERCIDAE (perches) darters) freshwaters o f N* Hemisphere) SILLAGINEDAE (Australian w hiting, A u stralia  and Japan)LATILIDAE ( tile -fis h e s j tro p ica l and temperate seas) MALACANTHIDAE (In d o-P ac., A tla n tic)LABRACOGLOSSEDAE (P a c ific  Ocean)LACTARIIDAE (In d o-P acific)
POMATOMIDAE (blue-fishes) widely distributed)SCOMBROPIDAE (tro p ica l w aters, In d o-P ac., A tla n tic) RACHYCENTRIDAE (sergeant fish es) In d o -P ac., A tla n tic)CARANGIDAE (jacks) widely d istrib u ted )NEMATISTI3DAE (peacock fish e sj G ulf of C a lif*  to Panama)MENIDAE (In d o -P acific)BRAMIDAE (APTERACLIDAE) (sea-breams, Pomfrets) A tla n tic , In d o -P acific)CORYPHAENIDAE (dolphins) pelagic)ARRIPIDAE (S . P a c ific )EMMELICHTHYIDAE (ERYTHRICHTHYEDAE) (pelagic snappers) Indo-Pac.) INERMIEDAE (Caribbean Sea)LUTIANIDAE (snappers) tro p ica l and warm seas)NEUPTEREDAE (Indo-Pac i f  ic )  tro p ica l)LOBOT3DAE (one genus and sp ecies, in  a l l  warm seas)LEIOGNATHIDAE (*GERREDAE) (slim ys) soapysj tro p ical)8



^  POMADASYIDAE (gruntersj shallow waters of warm seas)SCIAENIDAE (croakersj mostly of shallow waters and warm seas) LETHRINIDAE (scavengers} In d o -P a cific , E* A tla n tic)SPARIDAE («DENTICIDAE) (porgies, hotten tots, etc»}, in  a l l  seas but the coldest* in  shallow waters)MAENIDAE (Mediterranean, E . A tla n tic , Indian Ocean)MULLIDAE (goatfishes} tro p ica l and warm seas, shallow water) PSETTIDAE (MONODACTYLIDAE) (A tla n tic , Indo-Pac*} mostly marine) PEMPHERIDAE (sweepers} shallow w ater, A tla n tic , P a c ific ,Indian Oceans)^  TOXOTIDAE (coasts and fresh waters o f In d o -P a cific)SCORPIDAE (o f tro p ica l surf of Indian and P a c ific  Oceans, esp ecially  about A ustralasia)DICHISTIIDAE (co astal of S , A frica)CYPHOSIDAE (KYPHOSIDAE) (b lu efish , rudderfishes} Indian,P a c ific , A tla n tic  Oceans)GIRELLIDAE (nibblers} tro p ica l and subtropical)EPHIPPIDAE (+PIATACIDAE) (deep-bodied, sm all mouth, tro p ics , two genera, 2 species)DREPANIDAE (Indo-Pac*, E . A tla n tic , 1 genus, 1 species) SCATOPHAGIDAE (sm all fis h e s , warmer Indo-Pac», enters riv ers) tIHAETODONTIDAE (b u tterfly  or coral fishes} b r ill ia n t , tro p ical) ENOPLOSIDAE (S . P a c ific )HISTIOPTERIDAE (boarfishes} In d o -P a cific , mostly deep w ater, rare) PRISTOLEPIDAE (freshw ater, E* Indies & Malayan Archipelgo)NANDIDAE (freshwaters of S» E . A sia , In d ia , ¥• A frica)POLYCENTRIDAE (freshwaters tro p ical S . America a llie d  to NANDIDAE)HOFLEGNAfHIDAE (OPLEGNATHIDAE) (p arro t-fish es, jaw teeth \  fused to form p arro t-lik e  beak} S» Hemisphere and Japan) XICHLIDAE (mojarras} freshwater} Texas, C . & S* America,A fr ic a , India)CEPOLIDAE (bandfishes, snakefishes} E» A tla n tic , Indo-Pac») “EMBI0T0C1DAE (surf and sea-perches} viviparous} N» P a c ific )  POMACENTRIDAE (damselfishes} mainly tro p ical)LABRIDAE (wrasses} a l l  oceans, mainly tro p ica l and subtropical) ODACIDAE (•{•SIPHONOGNATHIDAE) (coasts o f A u stralia and New Zealand) SGARIDAE (=€ALLY0D0NTIDAE) (p a rro t-fish e s, teeth in  form of beak} tro p ica l reefs)GADOPSIDAE (freshw aters o f S . A u stra lia  and Tasmania)CIRRHITIDAE (shallow rocky areas, In d o -P acific)CHIRONEMIDAE (Australian seas, New Zealand)HAPLODACTYLIDAE (S. Hemisphere and Japan)CHILODACTYLIDAE (cooler oceans o f S* Hemisphere)IATR3DAE (coasts of A u stralia  & New Zealand}; 1 genus, li species) TRICHODONTIDAE (sandfishes} N. P a c ific )OPISTHOGNATHIDAE (tro p ica l)OWSTONIIDAE (rare , sm all deep-sea fis h e s , Indo-Pac») BATHYMASTERIDAE (ronquils}. N» P a c if ic , bottom dwellers) MUGILOIDIDAE (-PINGUIPEDIDAE 4 PARAPERCIDAE) (sand perches!Indo-Pac# & E . Coast S . America)CHIMARRHICHTHYIDAE (freshw ater, New Zealand)TRACHINIDAE (+CALLIPTERYGIDAE) (Mediterranean, E . A tla n tic) PERCOPHIDAE (E* Coast S» America)
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BEMBROPIDAE (= PTEROPSARIDAE) ( P a c ific , A tla n tic , Indian Oceans) HEMEROCOETIDAE (New Zealand)TRICHONOTIDAE (In d o -P acific; sm all, burrow in  sand, 2 genera) CREEDIIDAE (sm all, l i t t l e  known; In d o -P acific)LIMICHTHYIDAE (coasts o f A ustralia)OXURDERCIDAE (incertae sedis) (China)LEPT0SC0P3DAE (contains the most southerly recorded species) DACTYLOSCOPIDAE (sand stargazers; marine, tro p ica l America) URANOSCOPIDAE (puffer fis h ; A tla n tic , P a c ific , Indian Oceans;fun ction al in tern al nares)CHAMPSODONTIDAE (In d o-P acific)CHIASMODONTIDAE (most oceansj b e lly  d isten sib le)BOVICHTHYIDAE (Subarctic and S . temperate seas)NOTOTHENIIDAE (Antarctic blennies)BATHYDRACONIDAE (dragon-fishes; southern seas)CHAENICHTHYIDAE (southern seas)Suborder TEUTHIODOIDEAZANCLIDAE (moorish id o l, 1 genus, 2 sp ecies, Indo-Pac.) ACANTHURIDAE (TEUTH3DAE) (surgeon-fishes; a l l  warm seas) Suborder SIGANOIDEASIGANIDAE (rab b itfish es; herbivorous, In d o -P acific)Suborder KURTOIDEAKURTIDAE (In d o -P acific; one species)Suborder TRICHIUROIDEAGEMPYLIDAE (snake-mackerels; p e la g ic; voracious)TRICHIURIDAE (cu tla ssfish e s , h a ir -ta ils ; A tla n tic , P a c ific , Indian Oceans, shallow waters)Suborder SCOMBROIDEASCOMBRIDAE (mackerels; wide marine d istrib u tio n )THUNNIDAE (tunas; wide marine d is t* ; Thunnus, the only "warm-blooded" fish e s)CYBIIDAE (Spanish-mackerels; wide marine d istrib u tio n ) HISTIOPHORIDAE (ISTIOPHORIDAE) ( s a ilfis h e s , a l l  oceans) XIPHI3DAE (sw ordfishes, wide marine d istrib u tio n )LUVARIDAE (p e la g ic , tro p ica l and subtropical seas, 1 genus) three fo s s il  fam ilies Suborder GOBIOIDEAELEOTRIDiiE (tro p ica l, subtropical; coasts and rivers)GOBIID/>E (gobies; a l l  warm seas, some in  riv ers)VITREOLIDAE (PSAMMICHTHYIDAE) (In d o-P acific)Suborder OALLIONYMOIDEACALLIONYjyDDAE (shallow w ater, hide in  sand; A tla n tic ,P a c if ic , Indian)DRACONETTIDAE (N. P a c ific , N, A tla n tic)Suborder BLENNIOIDEA (JUGUL/HES, IN PART)- — BLENNIIDAE(blennies; bo real, tro p ic a l, subtropical in te rtid a l zones)ANARHICHAPIDAE (4ANARRHICHTHYIDAE) w olffishes^ N, A tla n tic ,N. P a c ific )XEN0CEPHAL3DAE (New Ireland)CONGROGADIDAE (In d o-P acific)NOTOGRAPTIDAE (A ustralia)PERONEDYSIDAE (S . A ustralia)NCLINIDAE (k lip fish e s; temperate & tro p ica l in te rtid a l zone) XIPHISTERIDAE (XIPHIDIONTIDAE) (belted blennies; in te r tid a l,N. P a c ific )
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STICHAEIDAE (pricklebacksj in te r tid a lj A r c tic , N. P a c ific ,N. A tla n tic)PHOLIDAE (gunnelsj in te r tid a lj N. P a c ific , N. A tlan tic)LUMPENIDAE (eel-blenniesj N* A tla n tic , N. P a c ific , to 6$ fathoms) MICRODESMIDAE (tro p ica l P a c ific  and A tla n tic)PTILICHTHHDAE (q u ill-fis h e s j N, P a c ific )ZOARCIDAE (e11-poutsj N. P a c if ic , N*. A tla n tic , A r c tic , A ntarctic) LXCODAPODJDAE (P a c ific , S tr a its  o f Magellan)DEREPODICHTHYIDAE (cusk-pouts; Caost B ritish  Columbia) SCYTALINIDAE (burrowing blenniesj N. P a c ific , in te rtid a l)  ZAPRORIDAE (Prow-fishesj N. P a c ific )SCHINDLERIIDAE (incertae sedisj, P a c ific )Suborder OPHIDIOIDEI (marine fish es)BROTULIDAE (brotulidsj widely distributed)OPHIDIIDAE (cusk-eelsj temperate & tro p ica l seas)FIERASFERIDAE (CARAPIDAE) (pearl fish e sj temperate & tro p ica l seas)Suborder AMMODYTOIDEIAMMODYTIDAE (sand-lances, A tla n tic , Med», Indian, P a c ific )  Suborder STROMATEOIDEANOMEIDAE (warm and tro p ica l seas)STROMATEIDAE ( a l l  seas, esp» warm & tro p ica l seas)TETRAGONURIDAE (Mediterranean, A tla n tic , P a c ific )Suborder ANABANTOIDEAANABANTIDAE (freshwater & estuarinej S . A sia , S . A frica ) LUCIOCEPHALIDAE (Indo-Malayan Archipelago)Suborder MUGILOIDEASPHYRAENIDAE (barracudasj a l l  warm seas)N— MUGILIDAE (m ulletsj warm and temperate seas)'— ATHERINIDAE (silv e rsid e sj co a sta l, tr o p ic a l, subtropical) Suborder POLYNEMOIDEAPOLYNEMIDAE (threadfinsj A tla n tic , P a c ific , Indian Oceans)Order SCLEROPAREISuborder SCORPAENOIDEAv— i SCORPAENIDAE (rockfishesj a l l  temperate & warm seas)TRIGLIDAE (gurnards j a l l  warm & temperate seas)CARACANTHIDAE (coral re e fs j P a c ific )APLOACTINIDAE (P a cific)SYNANCEIDAE (stin gfish esj. poisonous tide pool fis h e s , Indo-Pac») PATAECIDAE (* GNATHACANTHIDAE) (Australian seas)*----- - HEXAGRAMMIDAE (greenlingsj N» P a c ific )ANOPLOPOMIDAE (sab lefish esj N« P a c ific )PIATYCEPHALIDAE (-vBEMBRIDAE) (In d o -P a cific , E . A tla n tic) HOPLICHTHYIDAE (In d o-P acific)C0NGI0P0D2DAE (S* Hemisphere, esp* o ff  S» Amer» & A u stralia) ICELIDAE (N* P a c ific , N* Polar Sea, N, A tla n tic)v___ .—'COTTIDAE (sculp ins j A n ta rctic , Northern seas, esp» N» P a c ific )COMEPHORIDAE (depths of Lake B aikalj viviporous) N0RMANICHTHY3DAE (C h ile , Valparaiso Bay)COTTUNCULIDAE (deep waters o f A tla n tic)PSYCHROLUTIDAE (P a cific)AGONIDAE (a llig a to r-fis h e s j N* A tla n tic , N* P a c ific , both coasts Southern S* America)CYCLOPTERIDAE (N. P a c ific , N» A tla n tic , A r c tic , A ntarctic)
n



LIPARIDIDAE (« LIPARIDAE) (sn ail-fish es? cold seas, A r c tic , A n tarctic)Suborder GASTEROSTEOIDEAGASTEROSTEIDAE (sticklebacks? N, Hemisphere)AULORHYNCHIDAE (tube-noses? N, Vi. P a c ific )  one fo s s il fam ily Suborder DACTYLOPTEROIDEADACTYLOPTERIDAE (CEPHALACANTHIDAE) (fly in g  gurnardsj tro p ica l & subtropical seas)Order HYPOSTOM1DES PEGASIDAEOrder HETEROSOMATA(pea-moths? In d o -P a cific , rare)PSETTODIDAE (2 sp ecies, one o ff tro p ical W. A fr ic a , one in  In d o-P acific)'— ' BOTHIDAE (left-han ded  flounders? widely spread in  tr o p ic a l & temperate seas)
1— PIEUî ONECTIDAE (right-handed flounders? A rctic & Northern seas) SOLEIDAE (soles? in a l l  but coldest seas)CYNOGLQSSIDAE (tongue soles? warm waters of a l l  oceans) one fo s s il  fa ja ily  -Order DISCOCEPHALI ^ECHENEIDAE (remoras? a l l  warm seas) one fo s s il fam ily Order PLECTOGNATHI Suborder BALIST01DEATRIACANTHIDAE (trop ics o f A tla n tic , W* P a c ific  & Indian Oceans) TRIOBONTIDAE (Indian Ocean & Archipelago)BALISTIDAE (triggerfish es? tro p ica l and warm seas)OSTRAOIONIDAE (boxfishes? shallow  w ater, a l l  warm seas) one f o s s i l  fam ilySuborder TETRODONTOIDEA (almost a ll . species poisonous)TETRAODONTIDAE (puffers? mostly marine, tro p ica l & warm seas)^ ___DIODONTIDAE ’ (porcupine fish es? shallow water, a ll . warm seas)^  - MOLIDAE (molas? oceanic, widely distribu ted)Order MALACICHTHYES (» ICOSTEIFORMES)ICOSTEIDAE (ray-fishes? P a c ific  coast of N. America)Order XENOPTERYGII^------GOBIESOCIDAE (clin gfish es? shallow water of temperate seas)Order HAPIDDOCI ^■> BATRACH03D3DAE (toadfishes? ch ie fly  tr o p ic a l, A tla n tic , Pacific*^3Ehdian Oceans)Order PEDICULATISuborder LOPHIOIDEALOPHIIDAE (anglerfishes? tr o p ic a l, warm & temperate seas) Suborder ANTENNARIODEI•— ANTENNARIIDAE (frogfishes? reefs o f tro p ica l & warm, seas) BRACHIONICHTHYTDAE (Australian seas)CHAUNAOIDAE (deep w ater, A tla n tic , Indian, P a c ific )^  ONOCEPHALIDAE («OGCOCEPHALIDAE* « MALTHIDAE) (batfishes? bottom fis h e s , deep w ater, A tla n tic , P a c ific , Indian)
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Suborder CERATIOIDEI (Oceanic fish e s inhabiting middle depths) MELAN 0CET3DAE DICERATI3DAE HBiANTOLOPHIDAE ONEIRODIDAE (dreamers)LAEVOCERATIIDAE GIGAN1ACTINIDAE NEOCERATIIDAE CERATIIDAE )CAULOPHRYHIDAE ) a l l  have dwarfed malesPHOTOCORYNIDAE ) p arasitio  on the femalesLINOPHRYNIDAE )Order OPISTHOMIMASTACEMBELIDAE (e e l-lik e  fresh and brackish water* S . Asia* tro p ica l A frica)Suborder ALABETOIDEAALABETIDAE (Australia} Tasmania)Suborder SYMBRANCHOIDEA (eel-shaped fish es)SYMBRANCHIDAE (tropics o f a l l  continents)AMPHIPNOIDAE (S . E . A s ia , Queensland)



KEY TO THE FISHES OF THE FAMILY EMBIOTOCIDAE
The clear-cu t characters which d iffe re n tia te  species in  many fam ilies o f fish e s are not markedly evident in  the Embiotocidae• This is  apparent when one reads the descriptions o f the species o f the fam ily which follow * Because o f th is  d iffic u lty  many of the key characters have been based on structures influenced by varying re la tiv e  growth rates* To overcome the overlap o f extremes which thereby occurs, graphs have been introduced into the dichotomous key in  an attempt to separate these fish es* The v a r ia b ility  o f the forms is  further acknowledged by lis t in g  the same species under both branches o f certain  dichotomies so that wherever a question may arise in  the mind o f the in vestigator as to the proper path to take, he may achieve the correct id e n tifica tio n  by follow ing either one.1« Dorsal spines XV or more; base o f so ft dorsal f in  2*6 to U*2 in  base o f entire dorsal fin )  the single fresh-w ater representative of the fam ily) rivers and lakes of C alifo rn ia  • • • • • • • • • • *  Hysterocarpus tra s^Dorsal spines X II or le s s ; base of so ft dorsal f in  1*2 to 2*1 in  baseo f entire dorsal fin )  a l l  marine • • • • » • • • • • • • • • • • * .  22* The sum o f the dorsal and anal rays equalling ill; or le ss  (Specimenswith iUi-2 rays may be keyed by way of either 3 or 13) .............................. ....  3The sum o f the dorsal and anal rays equalling hS or more . * • • • *  133 . Lower lip  d e fin ite ly  without a fr e n u m .................... ..... 1;Lower lip  with a frenum 7U# Length of m axillary 2«U to 2*8 in  head) scale sheath shorter than the base of so ft dorsal fin ) 23 to 27 pectoral rays) an inky blotch on the spinous dorsal) San Francisco to Pt# Conception- * . Hyperprosopon anale Length o f m axillary 3*0 to U*3 in  head) scale sheath longer than the base o f so ft dorsal fin ) 19 to 21 pectoral rays) without a d istin ctiv e+ „ ~ * --  ̂ V ✓  •  T"   w   "T w ——— — ^blotch on the spinous dorsal • • * * * * * * « .  * * * .  * .  ,  » 55* L ateral lin e  with 1$ or fewer scales) length of dorsal base 1*8 to  

2*2 in  standard length) distance from la s t  dorsal ray to hypural U*7 to 6*8 in  standard length . • • • * * • • • • • • • • • • • •  * 6L ateral lin e  with 65, or more, scales) length o f dorsal base 2*2to 2*li. in  standard length) distance from la s t  dorsal ray to hypural 3*7 to 1**U in  standard length) Japan and surrounding seasNeoditrema ransonneti6* Least depth of caudal peduncle 7*90 (7•2—8*6) in  standard length) distance from upper end o f pectoral base to f ir s t  dorsal spine 3 . 7I4. (3*3-3*9) in  standard length) Port W rangell, A laska, to Todos Santos Bay, Baja C a lifo rn ia  * • .  « * » • • * • • *  • .  • Cymatogaster aggregata Least depth o f caudal peduncle 9.15 (8*U-9.9) in  standard length) distance from upper end o f pectoral base to f ir s t  dorsal spine U*24 (3.9-U .7) in  standard length) Santa Rosa, Santa Cruz, and Santa C atalina Islands • . • • » • • • * * • • •  Qymatogaster g r a c ilis  sp* nov*
H i



7• Anal f in  with a d e fin ite  row of small scales extending along i t s  base to the la s t ray , the posterior elements prominent; a series o f enlarged scales between the pectoral and pelvic fin s ; color olivaceous green or reddish brown; Bodega Lagoon, C a lifo rn ia , to Abreojos P o in t, Baja C alifo rn ia  • • « • • • • < » • •  Embiotoca jacksoni Anal f in  without a d e fin ite  row of small scales along the posterio r h a lf o f i t s  base; no series o f enlarged scales between pectoral and p elvic fin s  • » • • • • • • » • • • •  • • • • • • * • • • 88* Lateral lin e  with 60 to 71 scales; abdomen extremely elongated and straig h t (except in  very young); 8 or 9 scales from the f ir s t  dorsal spine to la te r a l lin e ; Cape Mendocino, C a lifo rn ia , to Todos Santos Isla n d , Baja C a lifo rn ia  • . » . . • • • . . • • • • • • •  Hypsurus caryiLateral lin e  with 56, or fewer, sca les; abdomen normal, not elongated; 5 to 7 scales from the f ir s t  dorsal spine to la te r a l lin e  • • • 99» Color silv ery  white overlain with rose; two la rg e , d istin ctiv e  chocola te  spots on the body, the one ventral to the junction o f the spinous with the so ft d o rsal, the other at the end o f the dorsal f in ; normally taken from fa ir ly  deep Water; Drakes Bay, C a lifo rn ia , to San Diego, C alifo rn ia  , . » . . * .................... ....  Zalembius rosaceusColor rarely silv ery  w hite; no large chocolate spots on the bodynear base of dorsal f in  • • - • • • • • • • * • • • •  • ♦ • • • • • •  1010» Mouth term inal; jaws equal; body w ith a la rg e , conspicuous black trian gle  in  the a x illa ; males with a la rg e , deep, lunar-shaped depression at the base o f anal f in  • » « • • • • * • • • • • • • • • •  11Mouth superior, oblique; upper jaw s lig h tly  shorter than lower; the heavy pigmentation of the a x illa , which is  so conspicuous in  M* minimus and M, aurora,  is  represented, at most, by a sm all, semic ir c le  o f black; males occasionally with a very sm all, inconspicuous depression at base o f anal f in  1211» Body depth, from f ir s t  dorsal spine to p e lv ic , 2»20 (2*0-2»U) in  standard length; distance from upper end o f pectoral base to f ir s t  dorsal spine 1»28 (l» l-l» lj.)  in  base of dorsal f in ; dorsal f in  IX (V III-X I) , Hi. (12-16); Bodega Lagoon, C a lifo rn ia , to ju s t south o f Rio San Is id ro , Baja C a lifo rn ia  • • « • • • • • • » •  Micrometrus minimusBody depth, from f ir s t  dorsal spine to p e lv ic , 2*67 (2»U-2»8) in  standard lergth ; distance from upper end of pectoral base to  f ir s t  dorsal spine 1*63 (1*U-1*8) in  base o f dorsal f in ; dorsal f in  V III  (V II-IX ), 17 (16-19); Tomales Bay, C a lifo rn ia , to ju s t south of Rio San Is id ro , Baja C a l i f o r n i a .............................................. • Micrometrus aurora12. A x illa  with a small amount of peppery black pigm entation, or lacking th is  e n tire ly ; eye fa ir ly  sm all; Vancouver Isla n d , B ritish  Columbia, to Turtle Bay, Baja C a lifo rn ia  • • • • o • Micrometrus frenatus A x illa  with a sem icircle of black pigmentation; eye rather large;Guadalupe Isla n d , Baja C alifo rn ia  .  • • » • ■ Micrometrus a letes sp. nov*13* Anal f in  with a d e fin ite  row o f sm all scales extending along it sbase to the la s t  ray lUAnal f in  without a row of sm all scales along the posterior h a lfof i t s  base • • • • • • « • • • • • • • • • • • • • • * • • • • • < >  18
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1U. Color olivaceous or reddish brown; m axillary short, 3 .0  to h»5 in  head} snout bluntly con ic, i t s  p ro file  on a straigh t lin e  with the dorsal contour of the head3 Dorsal rays 20 (19-22)3 pectoral rays 
22 (20- 22)3 dorsal sheath 1*0 to 1*1  in  dorsal base3 a row o f enlarged scales between pectoral and p elv ic f in 3 Bodega Lagoon,C a lifo rn ia , to Abreojos P o in t, Baja C a lifo rn ia  . . . .  * Embiotoca jacksoni Color s ilv e ry , overlain with rosy or brassy tones, usually with a brassy pattern; m axillary fa ir ly  la rg e , 2*2 to 3*0 in  heads snout abrupt, giving an aquiline p ro file  to anterior contour o f heads dorsalrays 2k to 283 pectoral rays 2$ to 29s dorsal sheath 1*3 to 1*9 indorsal bases scales o f body w all normal . . • * • • • . • . . « . « . .  1515, Posterior groove o f lower lip  interrupted by a broad frenum • • • • • 16Posterior groove of lower lip  not interrupted by a broad frenum • • .  1716« Lower jaw somewhat included; snout fa ir ly  la rg e , 1*27 (1*15—1*U2) in  depth of caudal peduncles caudal peduncle fa ir ly  narrows body w alls usually with a series o f brassy-olive v e rtic a l bars alternating with a v e r tic a l series o f spots of the same color (aberrant in d ivid uals have been reported lacking the b ars, or both bars and strip e s);Bodega Bay, C a lifo rn ia , to ju s t south of Arroyo Descanso, Baja Califo rn ia  .  . .  *c . . . . . . . . .  Amphistichus argenteusLower jaw s lig h tly  p rojectin g; snout sm aller, 1*75 (1*U9-1*92) in  depth o f caudal peduncle; caudal peduncle rather deep; body w alls with a series of bronze speckles which may roughly approximate narrow v e rtic a l bars; Trinidad, C a lifo rn ia , to Santa Tomas, Baja C alifo rn iaAmphistichus k o elzi17* Length o f m axillary 1*39 (1*1-1*6) in  depth o f caudal peduncle, 1.3U (1 *1- 1 «6) in  distance from la s t  dorsal ray to hypural, and 5.li±( U .l-6. 0) in  base o f dorsal; 18 (17- 20) scales from anterior end of anus to la te r a l lin e ; Trinidad, C a lifo rn ia , to Santa Tomas, BajaC a lifo rn ia  ..................... .....................................................................  • » Amphistichus ko elziLength of m axillary 1*17 (1*1-1.2) in  depth of caudal peduncle,
1*20 (1 *0- 1 *3 ) in  distance from la s t dorsal ray to hypural, and U*66 (U.3-U.9) in  base o f dorsal; 22 (20- 22) scales from anterior end of anus to la te r a l lin e ; Cape F la tte ry , Washington to Monterey, C a lifornia Amphistichus rhodoterus18. Lower lip  without a frenum, i t s  posterior groove continuous acrosschin 19Lower lip  with a frenum • •  . .  .  .  • 219* Lower lip  th ick , lobed or incised behind; Bodega Harbor, Sonomacounty, to San Diego • . • • • • • * « • • • • • . * .  Rhacochilus toxotes Lower lip  th in  or moderate, entire behind • • • • • • • • • * • « •  2020* Lateral lin e  with fewer than i*6 scales 21Lateral lin e  with more than f>5> scales • • . . .  . .  .  .  .  .  • .  • • 2221. Least depth of caudal peduncle 7*90 ( 7 .2- 8. 6) in  standard length; distance from upper end* of pectoral base to f ir s t  dorsal spine 3.7U (3*3—3*9) in  standard length; Port W rangell, A laska, to Todos Santos Bay, Baja C alifo rn ia  . * • • • • • • •  Cymatogaster aggregata
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Least depth of caudal peduncle 9*1$ (8.1+-9.9) in  standard length; distance from upper end o f pectoral base to f ir s t  dorsal spine 
k»2h (3*9-1+.7) in  standard length; Santa Rosa, Santa Cruz, and Santa Catalin a Islands Cymatogaster g r a c ilis  sp. nov.22. Dorsal rays 19 to 22; length of dorsal 2.2 to 2*1+ in  standard length; peduncular length ( la s t anal ray to hypural) 1.3 to 1.7 in  head; length o f scale sheath 2.3 to 2*8 in  standard length;Japan and surrounding seas • • • . • • • • * • • • «  Neoditrema ransonneti Dorsal rays 22 to 28; length of dorsal base 1*8 to 2*2 in  standard length; peduncular length ( la s t anal ray to hypural) 1*9 to 2*6 in  head; length of scale sheath 3*0 to 5*6 in  standard length 2323* Distance from f ir s t  anal spine to la s t  dorsal ray rather sh ort,2*7 to 3*2 in  standard length; in te ro rb ita l rather narrow, i t s  width 3*U to 1+*1 in  head; anal base sh ort, i t s  length 3*6 to l+*5 in  standard length; dorsal f in  V II-IX ,  22-25; anal f in  I I I ,  23-26;San Franciso to P t . Conception • • • • • . • • • . * .  Hyperprosopon anale Distance from f ir s t  anal spine to la s t  dorsal ray rather long,2*1 to 2*5 in  standard length; in te ro rb ita l rather broad, i t swidth 2*7 to 3*1+ in  head; anal base rather long, i t s  length 2*6 to 3*2in  standard length; dorsal f in  V III-X , 25-28; anal f in  I I I ,  29-37* • 2l+2l+* P elvic fin s  with black t ip s ; Vancouver Islan d , B ritish  Columbia,to Baja C a lifo rn ia  ............................................................  . »  Hyperprosopon argenteumP elvic fin s  p la in ; Clallam  County, Viashington, to SouthernC a lifo rn ia  * • • . * . . . . • . • • . . • • • * •  Hyperprosopon ellip ticu m25. Length o f anal i+.8 to 6*8 in  standard length; distance from f ir s t  anal ray to la s t  dorsal ray 1*6 to 2*5 in  distance from f ir s t  dorsal ray to f ir s t  anal ray; abdomen extremely elongated and straigh t (except in  very young); Cape Mendocino, C a lifo rn ia , to Todos Santos Isla n d , Baja C a lifo rn ia  • • . • • • • » » • *  Hypsurus caryi Length o f anal 2*9 to i+*6 in  standard length; distance from f ir s t  anal ray to la s t  dorsal ray le ss  than 1*5 in  distance from f ir s t  dorsal ray to f ir s t  anal ray; abdomen normal, not elongated • 2626* Four or fiv e  rows of large scales between lower edge o f scale sheath at junction o f spinous and so ft dorsal fin s  and la te r a l lin e  (one sm all scale may be present above the fiv e  larger ones) • • 27S ix  or more scales between lower edge of scale sheath a t junction o f spinous and so ft dorsal fin s  and la te r a l lin e  » • • • • • * * « *  2827. P elvics tipped with black; sides of body with reddish streaks;Monterey to  San Diego, C a lifo rn ia  * • • * . . « • . • •  Phanerodon atrip esP elvics p la in ; sides o f body p la in ; Vancouver Isla n d , B ritishColumbia, to San D iego, C a lifo rn ia  • • • • • • • • » •  Phanerodon furcatus28« Lateral lin e  with 66, or fewer, scales » • • . • • . • • • • * • « *  29L ateral lin e  with 67,  or more, scales • • * • * * . « • . • • * « •  30
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29• Color pattern , when obvious, consisting of a v e rtic a l dusky bar (sometimes a second one showing fa in t ly ) , otherwise p la in ; color silv e r overlain with brown or sooty tones) Port W rangell, A laska, to northern Baja C a lifo rn ia  « • • • • » • » « • • * • •  Rhacochilus vacca Color pattern consisting o f horizontal strip es; color reddish with blue horizontal streaks; Port W rangell, A laska, to northern Baja C a lifo rn ia  • • • • • • • • • • • • * • • « • • •  Embiotoca la te r a lis30. Color pattern , when obvious, consisting o f a v e rtic a l dusky bar (sometimes a second one showing fa in t ly ) , otherwise p la in ; color s ilv e r overlain  with brown or sooty tones; dorsal rays 21 to 2$m, anal rays 27 to 30; 8 or 9 scales between f ir s t  dorsal spine and la te r a l lin e ; 6 or 7 scales between lower edge of scale sheath at junction of spinous and so ft dorsal fin s  and la te r a l lin e ; posterio r rays o f anal f in  normal in  both sexes; Port Wrangel, Alaska to northern Baja C a lifo rn ia  • • • • • • • • • • » • •  Rhacochilus vaccaNo obvious color pattern; color silv e ry  with ste e l blue on dorsum or o verall coppery red; dorsal rays 19 to 22; anal rays to 28;10 to 12 scales from f ir s t  dorsal spine to la te r a l lin e ; 8 or 9 scales between lower edge o f scale sheath at junction of spinous and so ft dorsal fin s  and la te r a l lin e ; posterior rays o f anal fin  greatly elongated in  male; Japan and surrounding seas and KoreaDitrema temmincki

From "A Revision of the Family Em biotocidae,” by Fred Harald Tarp, C alifo rn ia  Department of Fish and Game, Bureau o f Marine F ish e rie s, Fish B u lletin  No* 88, October, 19!?2, pp. 2l*~20*
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A KEY TO SOME ADULT MARINE FISHES OF CALIFORNIA
This key is  designed as an aid in  id en tify in g  only the more common marine fish es found in  the sport and commercial catch of C a lifo rn ia . I t  is  by no means comp le te .The characters used are those o f adult f is h , and co lo rs, when mentioned, refer to those evident in  freshly-caught specimens.Section A12 (1) G il l  openings 10 or more on each sid e . H agfish, fam ily Eptatretidae3 CD G il l  openings 7 on each sid e . Lamprey, fam ily Petromyzontid^e. External g i l l  openings 5> to 7» Shark or ray . Section B

h (3)5 (U) Both eyes on same side o f head. Section F
6 ($)

P elvic fin s  absent. Section EP elvic fin s  attached back of middle o f pectoral fin s  (abdominal). Section CP elvic fin s  attached in  front o f middle of pectorals (th o racic). Section D Section B1 G ill  openings wholly or at le a st p artly  on sides o f bodyj pectoral fin s  not attached to sides of head • 2\

2 (1) G il l  openings en tire ly  on under surface o f bodyj pectoral t in s  IfcdOk-ijU attached to sides of head 30J External g i l l  openings $ on each side 3 External g i l l  openings 6 or 7 on each side • • • . . » • • • • • «  283 (2) Anal f in  p resent •
h (3) A spine at front o f each dorsal f in , Horn shark, Heterodontus ----------------------fr a n c is c i.5 (U) Dorsal fin s  without spines . • • . . . » • • • • • • • •  • • • « •  5>F ir s t dorsal fin  above or behind p elvics . . . . . . . . . . . . .  6F ir s t dorsal fin  in  fron t of p e lv ics • . • • « • • • • • • • • 9 .  86 Labial fo ld s w ell, defined » . • • • • . • • • • • • • • • • • • .  77 (6) No such la b ia l fo ld s* Swell shark, CephaloscyIlium u te r. Fold on lower jaw about twice as long as that on upper. F ile t a il  catshark, Parmaturus xaniurus.Fold on lower jaw s lig h tly  shorter than th at on upper. Brown catshark. Apristurus brunneus.8 ($) Caudal f in  crescent-shapedj a keel on each side o f caudal peduncle 9 Caudal f in  not crescent-shaped, the upper lobe considerably largerj no keel dn—caudal peduncle except as nbtecTuMer 2 l . . . . . . .  129 (8) G il l  openings extremely lo n g, nearly meeting under th roatj teeth sm all, numerous. Basking shark, Cetorhinus maximus.G i l l  openings not as abovej teeth la rg e , re la tiv e ly  few • • • • • 10
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10 (9)
11 ( 10)

12 ( 8) 13 (12) 1h (13)
15 (1U)
16 ( 13)17 (16)
18 (17)
19 (18)
20 (19)
21 (18)

22 ( 16)

23 ( 22) 

214 (23)
25 IS !
26 ( 25)

Teeth, p a rticu la rly  in  upper jaw , triangular with sawtooth edges. M an-eater, Carcharodon carcharias.Teeth without sawtooth edges • 11O rigin o f f i r s t  dorsal above hind edge o f pectoral basej teeth with basal cusps. Salmon shark, Lanina d itro p is .O rigin o f f i r s t  dorsal behind pectoral basej teeth without basal cusps. Bonito shark, Isurus glaucus. —•*T a il about as long as rest o f body. Thresher, Alopias vulpinus.T a il not more than l/3 o f to ta l length • • • • • . . . . • • • • «  13Head greatly  expanded la te r a lly  • • • • • • . • • • • • • • • • «  lUHead normally formed • 16Head shaped lik e  a hammer or m alletj lobe o f second dorsal about twice as long as the f in  is  high • • • . • • • • « « • • • • • • •  15Head shaped lik e  a broad spade; lobe o f second dorsal l i t t l e  longer than height of f in . Bonnethead, Sphyma tiburo.  "Front margin o f head rounded ce n tra lly . Common hammerhead,Sphyrna zygaena.Front margin of head notched c e n tra lly . Scalloped hammerhead,Sphyrna lew ini.Sp iracle  present (may be small and d iff ic u lt  to see) • « • • • • •  17Spiracle absent  . . . . . . . . .  . . . . . . . . o . • . • • • •  22Sides with blackish crossbars and spots. Leopard shark, T riakis <<sem ifasciata.  *-------------------- ------—■--------------------------------------------- -— — *Sides not so marked • 18Teeth in  bands or pavement, sometimes b lu n t, sometimes with small cusps • 19Teeth not in  bands or pavement, bladelike • • • • * •  » . • • • . .  21Teeth f l a t ,  b lu n t, pavementlike, without points • » • • • « • « •  20Teeth sm all, pavementlike but each with several sm all sharp p o in ts.Brown smoothhound, R hin otriacis henlei.Lower lobe of t a i l  sm all, gently rounded. Gray smoothhound,Mustelus ca lifo rn icu s .Lower lobe o f t a i l  expanded as a pointed lobe. S ic k le fin  smoothhound, Mustelus lunulatus.A low fle s h y  k eel np e?ch side of caudal pedunc le ; te eth with sawtooth edges and notched on outer margin . Tiger shark. Galeocerdo cu v ie ri.No kee l on caudal peduncle: teeth sharp bulf'wIChout^sawtooth edges.Soupfin, Galeorhinus ^ p p te r usr'IS*' ^  .............Teeth smooth-edgedj prominent la b ia l fo ld  on both jaws. Sharpnoseshark, Scoliodon longurio.Teeth serrated at le a st in  upper jawj la b ia l fo ld  absent orgreatly  reduced on lower jaw • • • • • • • • « • • • • • « • • • •  23F ir s t dorsal f in  nearer p elvics than p ecto rals. Blue shark,Prionace glauca.F ir s t dorsal f in  nearer pectorals than p elvics • . • • • » • * « •  2hWidth o f mouth much greater than length of snout in  fron t of mouth. Roundnose shark, Carcharhinus azureus.Width of mouth about equal to length of shout in  fron t of mouth. Bay shark, Carcharhinus lam iella .Body fla tte n e d , ray lik ej g i l l  openings crowded in  a deep notch behind head. Angel shark, Squatina c a lifo rn ica .  ----- .-------------Body and g i l l  openings not as abovej appearance ty p ica l sh arklike. 26 A strong spine a t the front o f each dorsal f in . D ogfish ,Squalus acanthias. —----------------------------------—------------------- ----- --------------Dorsal fin s  without spines » • • » • • • • • • • . • • • • • • • •  27
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27 ( 26)

28 ( 2)

2 9 ( 2 8 )

30 (1)31 (30)32 (31)33 (32)
3h (31)35 (3U)
36 (30)
37 (36)38 (37)
39 (38) 
U0 (37) 
hi CUO) 
U2 (UD 
U3 (UO)

Dorsal fin s  widely separated, the f ir s t  w ell ahead of the p eIvies. Sleeper shark, Somniosus p a cificu s«Dorsal fin s  close together, the f ir s t  over the pelvics# Bramble shark, Echinorhinus brucus.External g i l l  openings 6 on each side • • • « • •  • • • • • • * • •  29External g i l l  openings 7 on each sid e . Seven gill cowshark,Notorynchus maculatum.F ir s t g i l l  opening continuous across throat; mouth terminal*F r i l l  shark, Chlanydo selachus anguineum.F ir s t g i l l  openings not meeting on throatj mouth in fe rio r with snout projecting# S ix g ill  cowshark, Hexanchus griseum.Dorsal fin  one or absent • • •  • • •  • •  • • # •  * • »  • • * ♦ •Two d o rsal f in s  • •  * • • •  • • • • • « . .  • • • • • •  • ■*■••• 365“No dorsal f in  • • • • • • . « * • • • • •  • • • * • * » * • • • •  32One dorsal f i n , « * « • * •  • • • • • » • «  • « • • • • ► • * * •T a il f in  present* Round stin gray , Urobatis h a lle r i*No t a i l  f in  • • • • • • • • • • • •  • T  • » • • • • • • * • • • •  33T a il longer than d isk , whiplike* Sting strong, w ell back onta il#  Diamond stin gray, Dasyatis dipterurus.T a il very sh ort, le ss  than one-third length of d isk . Sting sm all, occasionally absent. B u tterfly  ray , Qymnura marmorata.Hornlike forward projections on head • • • • • • • • • • • • • •  35Head without p rojection s. Bat ray , Holorhinus ca lifo rn ic u s . — -----—..Mouth on under surface; both jaWŜ  with te e th . Mobula, Mobula lucasana.Mouth at front o f head; no teeth in  upper jaw* Manta, Manta ham iltoni.Skin e n tire ly  smooth, without spines or p rickles* E le c tr ic  ray,Torpedo c a lifo m ic a * ------* ---- — ——-----------Skin more or le s s  rough, with scattered spines • • • • • • • * •  37T a il f in  w ell deyeloped • • • •  * • • • • • • • • * • * * • • « •  38T a il f in  absent or reduced to a a lig h t fo ld  o f skin • • • • • • *  i*0Front of disk trian gu larj only one row o f spines down middle o f back . .  * • * • • • • • • • • * .  * .  • .  • • • • •  o * * • • 39Front of disk broadly roundedj 3 rows o f strong spines down middle o f backT Xbornback, P latyrh in oid is tr is e r ia ta .Disk about tw o-thirds as long as re st o f body; color plain* Shovelnose g u ita rfis h , Rhinobatos productus.Disk about as long as rest o f bodyj dark markings conspicuous. Mottled g u ita r fis h , Zapteryx exasperate.
A lin e  from tip  o f snout to outer angle of pectoral passes a tle a s t p a rtly  outside the body edge • • • * • • • • • • » • • * •  hXA lin e  from ~txp o f snout to outer angle o f pectoral passese n tire ly  inside the body edge * • • • • •  • • • • • * • • • • • •  h3Outer margin o f p elvic f in s deeply concavewhen held a t rig h t angles to  1die tai3r'__C^T^r'. *~• • *~*~ • > * • * * • * • • • • * •  h2Outer margins o f p elvic fin s  shallowly concave, nearly straigh t when held at righ t angles to t a il*  Big skate, Raja binoculata.Front margin of disk deeply concave; snout sharply pointed*Longnose skate, Raja rhina.Front margin o f disk not deeply concave; tip  o f snout projects s lig h tly . C alifo rn ia  skate, Raja inornata.Shoulders with 2 or more prominent spines * * * « . « • « * • • •  UU Shoulders without prominent spines. Roughtail skate, Raja trachura.
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kl* (U3) Spines around inner edges o f eyesj about 6 spines on shoulders. Starry skate,  Raja s te llu la ta .No spines around inner edges of eyesj 2-U spines on shoulders. Sandpaper skate, Raja k in ca id i.
Section CFish With Abdominal P elvic Fins (Pelvic g ird le not connected with th e shoulder g ir d le , the p elvic fin s  not attached to breast or throat)1 G il l  cover fle sh y , no hard bones. R a tfish , Hydrolagus c o ll ie i .G i l l  cover and body with hard bones « . . * • • • • • • » • • » •  22 ( l)  Adipose f in  present ....................  . . . • • • * • •  3No adipose fin  ^73 (2) Body sca le le ss , dorsal fin  very long and high. L an cetfish ,Alepisaurus b o re a lis .Body with scales • h1; (3) Cheeks with sca le s . L iz a rd fish , Synodus lucioceps.Cheeks without scales 55 (U) Scaly appendage above p elvic f in  base. Trout fam ily , Salmonidae 6No scaly appendage above p elvic f in  base, la te r a l lin e  present.Smelt fam ily , Osmeridae 12

6 ($) Anal f in  with 9 to 12, rarely 13, rays ( la s t ray may be branchedat base but is  counted as one)j lin in g  of mouth never dark . . .  7Anal f in  with 13 or more (rarely 12) raysj lin in g  o f mouth dark a t le a s t in  patches in  adults 87 (6) Teeth at tip  of tongue but none on i t s  backj no red dash undereach side of lower jaw* Steelhead rainbow tro u t, Salmo gairdneri.  Teeth on back as, w ell as tip  o f tonguej usually a red dash under each side o f lower jaw . Cutthroat tro u t, Salmo c la r k i.
8 (6) More than 170 oblique rows of scales across la te r a l lin e ; large black blotches on back and t a i l .  Pink salmon, Oncorhynchus gorbuscha.Less than 170 rows of scales across the la te r a l lin e ; variableblack spotting ♦
9 (8) Fewer than 100 pyloric caeca 10More than 100 pyloric caeca . • • • • • • . » • . « « » • » . » •  H10 (9) Under 30 gi l l  rakers on the f ir s t  archj black spots on back andupper lobe o f t a i l .  S ilv e r salmon, Oncorhynchus kisutch .More than 30 g i l l  rakers on the f ir s t  archj fin e ly  speckled with black on back and t a i l .  Sockeye salmon, Oncorhynchus nerka.11 (9) Anal f in  with 15 to 19 raysj d e fin ite  black spots on back andboth lobes o f t a i l .  King salmon, Oncorhynchus tshawytscha.Anal f in  with 13 to llj. (rarely 12, 15-17) raysj no defined spots on back and t a i l .  Chum salmon, Oncorhynchus keta.12 (5) Teeth on vomer can in elike , few in  number, not covering whole headof bone 3.3Teeth on vomer not can in elik e , rather numerous, forming a convex series along entire head of bone • « • • • . » • . . • » . • « •  lU 13 (12) G i l l  rakers on f ir s t  arch re la tiv e ly  lo ng, 10-11 * 22-26j anal rays 15-17» W hitebait sm elt, Allosmerus elongatus.G i l l  rakers on f ir s t  arch, U-6 4 13-16j anal rays 17-22.Eulachon, Thaleichthys p a cificu s .
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lU (12) Mouth re la tiv e ly  la rg e , m axillary extending beyond midpoint ofpupil 15Mouth re la tiv e ly  sm all, m axillary not extending beyond midpoint o f pu pil • ^
1$ (1U) Pectoral f in  shorter than head, not reaching p elv ic in sertio n .Night sm elt, Spirinchus sta rk si.Pectoral f in  longer than head, reaching beyond p elvic in sertio n , Sacramento sm elt, Spirinchus thaleichthys,16 (lU) 5U-62 scales along la te r a l line# Freshwater sm elt, Hypomesuso lid u s.

66-76 s c a le s  along l a t e r a l  l i n e .  S u r f  sm elt, Hypomesus p r e tio s u s ,17 (2) Dorsal f in  single (may be followed by fin le ts )  loTwo dorsal fin s  ( fin le ts  never present) , . . , » • * » » « • « *  3318 (17) Dorsal and anal fin s  followed by f in le t s . Saury, Cololabis sa ira .Dorsal and anal fin s  not followed by fin le ts  » * * • « • • • • *  1919 (18) Upper lobe of caudal f in  much longer than lower3 large bony p latescover body. Sturgeon, fam ily Acipenseridae*Caudal f in  not as above; body without plates « » • • * • ♦ • • •  2020 (19) Pectoral f in  enlarged to form an organ of f l ig h t , F ly in g fis h ,fam ily Exocoetidae,Pectoral fin  not so enlarged , • • * , , * » * • • • • • • • • *  2121 (20) Both jaws greatly  prolonged to form a snipelike beak, C alifo rn ian eed lefish , Strongylura e x i l is .Either neither jaw prolonged or only the lower , * • • • , , « *  2222 (21) Lower jaw only greatly  prolonged,- Halfbeak, fam ily HemiramphidaeNeither jaw greatly  prolonged 2323 (22) Lateral lin e  present (do not confuse with a s ilv e ry  or coloreds tr ip ) , Bonefish, Albula vulpes.No la te r a l lin e  21;?] 1 (23) Mouth very large; m axillary extends almost to edge of f i l l  cover.Anchovy fam ily , Engraulidae . • • « « « , *  « » # * , , » * • * ♦  2J>Mouth not unusually large; m axillary does not extend beyond eye ,  2825 (2U) G i l l  covers broadly united across throat by a membrane under thehead ( d iffic u lt  to .see and e a sily  to rn ), Anchoveta, Cetengraulis m ysticetus.G i l l  covers separate, not united by a membrane across throat .  ,  2626 (25) Head length greater than depth o f body. Northern anchovy,Engraulis mordax.Head length l i t t l e  i f  any greater than depth o f body 2727 (26) Length o f anal base scarcely greater than head len gth , Sloughanchovy, Anchoa d elicatissim a.Length of anal base considerably greater than head length.Deepbody anchovy, Anchoa compressa,28 (2U) Head more or le ss  sca ly . Sm all minow—lik e  fish e s of inshorebrackish and fresh w aters, C a lifo rn ia  k i l l i f i s h , Fundulus parvipinnis.Head without scales 2929 (28) P elvics attached en tirely  behind d o rsal. Round herring,Etrumeus acuminatus.P elvics attached p a rtly  or e n tire ly  under d o rsal. Herringfam ily , Clupeidae 3030 (29) Last dorsal ray greatly  prolonged. Thread herring Opisthonema
l ib e r t a t eLast dorsal ray not prolonged 31
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35 (34)

36 (35)

Head length much le ss than depth of body. Shad, Alosa sapidissim a.Head length not notably le ss than depth of body » « . • « • • • *  32G il l  cover with low oblique rid g es, P a c ific  sardine, Sardinops caerulea.No such rid ges. P a c ific  herring, Clupea p a lla s i.L a te ra l lin e  present (do not confuse w ith a s ilv e ry  or colored stre a k ). Barracuda, Sphyraena argentea.No la te r a l lin e  * • • * • * . * * » • • • • « * • • * * * • • • *  34Anal f in  with 2 or 3 spines and 8 or 9 rays. M u llet, M ugil cephalus.A,na.l f in  with 1 spine and 22 or 23 rays* S ilver side fam ily ,Atherinidae . ♦ * • • • • * , * • » » » • • * • • • • • • * • • •  35Jaws with teeth • • * . , • • • • • . . * • • • • • • • • • • • •  36No teeth in  jaw s. Grunion, Leuresthes tenuis.Jaw teeth in  bands, not forked* Jacksm elt, Atherinopsis c a li f  o m ien sis»One row of forked teeth in  jaws; must be examined with a magn ify in g  glass)* Topsmelt, Atherinops a ff in is .
Section DFishes with Thoracic P elvic Fins(The p elvics placed under or s lig h tly  behind the pectoral base, with the p elv ic gird le attached to the breast or th ro at, or placed in  fron t of the pectoral base)1 P elvic fin s  completely joined* Family Gobiidae* M axillary greatly  extended. Mudsucker, G illich th y s m ira b ilis .

P e lv ic  f i n s  separate « * . . . . * • • • • • * • • • * • • • • •  22 (1) No anal f in ; body s ilv e ry , s c a le le ss , ribbonlike; dorsal fin  red.Ribbonfish, Trachipterus rexsalmonorum*
A n al f i n  p resen t .  * ...................... . . . * . . * . . . • • * * • • •  3

3 (2) A narrow bone extends ju st under the skin from below the eye back
a cro ss the cheek (may be hard to f in d  w ithout d is s e c tio n  b u t can  
u s u a lly  be lo c a te d  by running f in g e r n a il  or a needle a cro ss cheek) 4 
There i s  no such bone • • • . . . • • * • * . « . * • • • * • * •  3.24 (3) Five la te r a l lin e s . . * • * • • • • • • » • • « » • • • • • * •One la te r a l lin e  , * . • * . • » • • * • • . * * • • * • • • * •  .75 (4) Fourth la te r a l lin e  ends above posterior end of anal f in  **••■*' 6Fourth la te r a l lin e  short, ending above p elv ic f in , 1/ihitespottedgreenling, Hexagrammos s t e lle r i*

6 (5) A sin gle p air o f large fringed fla p s  above eyes* Rock greenling,Hexagrammos su perciliosus.A pair o f sm all unfringed fla p s above eyes; a very sm all p air ju s t back of head, each about on a lin e  between eye and dorsal o rig in  (th is p air may occasionally be absent)* Greenling seatrout, Hexagrammos decagrammus.7 (4) Dorsal fin s 2, w ell separated. S a b le fish , Anoplopoma fim bria.Dorsal continuous, notched, or 2, narrowly separated . « * • • •  8
8 (7) Dorsal spines 20 or more; jaws with strong canine teeth .Lingcod, Ophiodon elongatus.Less than 20 dorsal spines; jaws without strong canine teeth . *9 (8) Anal spines th ree, Rockfish fam ily , Scorpaenidae * ....................  * 10No anal spines. Sculpin fam ily , Cottidae . . « . *  . . . . . .  1110 (9) Dorsal spines 12, Sculpin, Scorpaena gu ttata.

D o rsa l spines 13 ( r a r e ly  1 4 ). R o c k fis h , genus S eb asto d es.
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Dorsal spines 15-17» Channel ro ck fish , Sebastolobus alascanus«11 (9) Antler lik e  spine on preopercle ; p elvic rays 1̂» Staghornscu lp in , Leptocottus armatus»No an tlerlik e  spine; p elvic rays 5» body sca le le ss . Cabezon, Scorpaenichthys marmoratus»12 (3) P elvic fin s  with fewer than 5 rays * • • • • • • ♦ • • • * • .  • • 13P elvic fin s  with more than 5 rays • « • • • • « . . . * • « • •  * 15P elvic fin s  d e fin ite ly  with 5 rays and 1 spine • • • • • • • • • 1813 (12) Upper jaw prolonged into a sword* Striped m arlin, Makairam itsukurii«Upper jaw not prolonged • • « • • • • • • • • • • • • * * • • • «  l U111 (13) T a il rounded; body with many luminous organs, not scaled* Midshipman, genus Porichthys.T a il forked; body w ithout luminous organs, sca le d . K e lp fis h , H eterostichus rostratu s*15 (12) Barbel on lower jaw 16No barbel on lower jaw • • • . . • « • • * . • • • • • • • • • *  1?16 (15) Vent below f ir s t  dorsal; barbel short, about 1/2 diameter of eye.Tomcod, Microgadus proximus*Vent below second dorsal; barbel long, at le a st equal to diameter o f eye* P a c ific  cod, Gadus macrocephalus*17 (15) Dorsal fin  s in g le , body deep, compressed, spotted with s ilv e r ,fin s  red; no teeth in  jaws* Opah, Lampris regius*Dorsal fin s  2, second deeply notched; body rounded in  cross- section; sharp teeth in  jaw s. Hake, M erluccius productus.18 (12) S o ft dorsal and anal fin s  followed by or more fin le ts  • * • * . «  19Either no fin le ts  or only one • • • • • • • . . • • • • *  .  . • • 3019 (18) Spiny and so ft dorsals widely separated • • • • . . * ' . . • . * •  20Spiny and so ft dorsals joined or nearly joined 2120 (19) Body covered with scales; 2 sm all keels on caudal peduncle; dorsalfin le ts  U-6* P a c ific  mackerel, Pneumatophorus diego.Scales only on fore part of body and along la te r a l lin e ; one prominent keel on caudal peduncle; dorsal fin le ts  8* Frigate mackerel, genus Auxjs.21 (19) Lower part o f sides with U or 5 dark horizontal stripes* Skipja ck , Katsuwonus pelamis.Lower p art o f sides not striped * * « • .  .  • • * . • • • .  * * ♦ 2222 (21) Scales only on fore part of body and along la te r a l lin e ; roundblack spots above and s lig h tly  behind p elvics* Black skip jack ,Euthynnus l i neatus*Body covered with scales; no such spots • • • • • • • . • • * « •  2323 (22) Upper part o f sides with several dark strip es • • • • «  • . * •  • 2hUpper part o f sides not striped • • * * .  .  * * * .  • » • * . * ; « -  252U (23) G ill  rakers on lower limb of f ir s t  arch 15 or more* C a lifo rn ia  bon ito , Sarda lin e o la ta .G il l  rakers on lower limb of f ir s t  arch 10 or less* Mexican bonito , Sarda velox.25 (23) Spiny dorsal much longer than head; strong teeth in  jaws • • • • 26Spiny dorsal much shorter than head; no teeth in  jaws * .  * • • • 2726 (25) G i l l  rakers on lower limb of f ir s t  arch 10-12. S ie rra ,Scomberomorus sie rra *G i l l  rakers on lower limb of f ir s t  arch 15-20. Monterey Spanish mackerel, Scomberomorus concolor.
27 (25) P e c to r a l lo n g , exten d in g beyond a n a l in s e r tio n  28Pectoral short, rarely  reaching to anal in sertion  .  • • * .  .  • * 29



28 (2?) Vent roundj ventral surface of liv e r  stria te d . Albacore,Thunnus germo.Vent oval; fa in t marginal stria tio n s on ventral surface of liv e r .Bigeye tuna, Parathunnus s ib i.29 (27) Vent round, pectoral not reaching beyond the 11th or 12th dorsalspine; ventral surface o f liv e r  stria te d . B luefin  tuna, Thunnus saliensVent o v a l, pectoral reaching past the insertion  of so ft d o rsal, ventral surface of liv e r  p la in . Yellow fin tuna, Neothunnus macropterus.30 (18) Bony shields along a l l  or part of la te r a l lin e ; single f in le t  mayfollow  dorsal and anal fin s  • . . .  .  .  * . .  .  . . . . . .  •--# • 31Lateral lin e  without bory sh ield sj no fin le ts  • • • . . * • . . «  3231 (30) Shields along entire la te r a l lin e j accessory la te r a l lin e  runsclose to base of f ir s t  dorsal f in , usually ending at fron t of second d o rsal. Jack m ackerel, Trachurus symmetricus.Shields along la s t  h a lf only; no accessory la te r a l lin e . Mexican scad, Decapterus hypodus.32 (30) A low rid g e -lik e  keel runs along side o f caudal peduncle; f ir s th a lf of la te r a l lin e  very wavy. Y e llo w ta il, Seriola d o rsa lis .No keel on caudal peduncle; f ir s t  h a lf o f la te r a l lin e  without notable undulations • » > * • . * . • • • • « « • « . « . » • * • • •  3333 (32) No anal spines; single extremely long dorsal consisting en tire lyo f rays. D olp hinfish , Coryphaena hippurus.Anal f in  with 1 or 2 spines at the fro n t (may be d iff ic u lt  to see; scrape the fro n t o f the f in  i f  in  doubt) . « » . . . « • • < • •  3U Anal f in  with 3 spines in  front (may be d if f ic u lt  to see; scrapethe fro n t o f the f in  i f  in  doubt) • • • • • » « . « » * » * • * •  UU3U (33) Lateral lin e  ends under the so ft part o f the dorsal f in  . . . . .  35L ateral lin e  ends, at or on the caudal fin  3635 (3U) Color c h ie fly  bluish grey or b lack . Blacksm ith, Ghromispunctipinnis.Color ch ie fly  bright orange. G arib ald i, Hypsypops rubicunda.36 (3U) Dorcal f in  continuous; no notch between rays and spines. Oceanw h itefish , C au lo latilu s princeps.Either a notch between spiny and so ft portions of dorsal f in  ortwo separate dorsal f in s . Croaker fa m ily , Sciaenidae . . . . .  3737 (36) Lower jaw extends to or beyond tip  of snout • • • • • • « • « . .  38Snout extends beyond tip  of lower jaw • • • • • • • • . .  . . .  UO
38 (37) Dorsal fin s  2 , w ell separated; anal f in  with 18 or more rays.Queenfish, Seriphus p o litu s .Spiny and so ft portions of dorsal at le a st in  contact; anal f in  with 11 or le ss  rays •
39 (38) A d is tin c t raised ridge on midline o f b e lly . No prominent caninelike teeth in  middle o f upper jaw . Yfhite seabgss,Cynoscion n o b ilis .No d is tin c t raised ridge on m idline of b e lly . Middle of upper jaw with 1 or 2 prominent caninelike te eth . Mexican corvinas, species o f Cynoscion.UO (37) One short barbel a t tip  of lower jaw * * . . « . • • . • • • • «  UlE ither no barbel or several minute ones at tip  of lower jaw .. * .  U.2Ul (UO) Anal f in  with 1 (rarely  2) weak spine at fro n t. C alifo rn ia  corbina, M enticirrhus undulatus.Anal f in  with 2 strong spines a t front* Yellow fin croaker,Umbrina roncador. 26



42 (Uo)

43 (42)

44 (33)

45 (44)

46 (45)

47 (46)

48 (U7)

49 (48) $0 (h9)

51 (50)

52 (49)
53 (46)

54 (53)

55 (54)

56 (54)

F ir s t dorsal with 11 or fewer spines . « « • • * • • • • • • • •F ir s t dorsal with 12 or more spines« f/hite croaker, Genyonemus lin eatu s«Large black spot at base of pectoral f in ; dorsal so ft rays 21 to 24« Spotfin croaker, Roncador stearn si«No such spot at base of pectoral; dorsal so ft rays 25 to 28«Black croaker, Cheilotrema saturnum«S o ft parts o f dorsal and anal fin s  densely scaled» Halfmoon, Medialuna ca lifo rn ie n sis«S o ft parts o f dorsal and anal fin s  not scaled « « » • • • • • • •Anal s o ft rays 14 or le ss (Surfperch, genus Micrometrus may occasionally have 13 or 14 anal so ft rays) . « • • • « • • • • •Anal so ft rays 15 or more (18 to 35 for a l l  species except under item 74)« Surfperch fam ily , Embiotocidae • • » « • • * • • » • •  M axillary fu lly  exposed when mouth is  closed* Bass fam ily , Serranidae . . . . . , • . . » . . » . « » , • « * » » • » • •  •Large part o f m axillary slid in g  under bone above i t  when mouth is  closed • • • • • • » • • • • « • • • • • • • • • • • • • • * • Sides with 6-8 d e fin ite  horizontal strip e s. Striped bass,Roccus s a x a tilis .Sides not so striped « • . . • • « » • • •  • « . . * » * » • • •  More spines (usually 11) than so ft rays (usually 10) in  dorsal fin« Black sea bass, Stereolepis g ig as.More rays than spines in  dorsal f in  • . • • • • • • • • • « • • •Anal so ft rays 7 or 8 . «  * • • • •  • •  • • * .  • • • •  • • • •  •Anal so ft rays 11 or 12 * • « « « •  • • • •  • • • • • • « •  • • «Third, 4th and 5th dorsal spines about the same length; head andbody without golden or brownish spots« Kelp gass, Paralabrax clath ratu s«Third dorsal spine the longest; spots as described below • • • « Cheek and region behind eye spotted; about 70 scales along la te r a l line» Sand bass, Paralabrax n eb u lifer.Head and body (except b elly ) h ea v ily sp o tted ; about 90 scales along la te r a l l i n e .... Spotted bass, Paralabrax m aculatofasciatus» End of t a i l  jagged; g i l l  rakers on lower limb of f ir s t  arch about 18«Broomtail grouper, Mycteroperca xenarchus.End o f t a i l  smooth; g i l l  rakers on lower limb usually 10 or 11*G ulf grouper, Mycteroperca jordani«Spiny and so ft portions o f dorsal separate; sides with 6-8 horizontal stripes« Salema, X enistius ca lifo rn ie n sis .Spiny and so ft portions o f dorsal broadly joined; sides not so striped » ,  » • • • .  • • • .  • • • • • » • • • • • » • • •D efin ite  s l i t  behind la s t  g i l l ;  teeth not projecting forward or caninelike • • . * « . • • • • • • •  • • « . .  • • * • • • • • •S l i t  absent or reduced to a pore; caninelike teeth project fo rward from both jaws • « « • » .  • • • • • * • • • • • • • • • • • D istin ct black band across the body; teeth immovable,  sin g le - pointed. Sargo, Anisotremus davidsoni.No black band across body; teeth fre e ly  movable, each with 3 points Opaleye, G ire lla  n igrican s«Dorsal with 9 (rarely 1 0 ) spines, body slender; la te r a l lin e  dropping abruptly under back portion of dorsal f in  • • • .  • » • Dorsal with 12 spines; body not slender; la te r a l lin e  gently curved« Sheep-head, Pimelometopon pulchrunu
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Black blotch at base o f caudal; dorsal spines very weak, not sharp, 13 dorsal so ft ray s. Señorita, O xyjulis c a lifo rn ic a .No such blotch; males with a blue bar behind p ectoral; dorsal spines sharp, 11 or 12 dorsal so ft rays» Rock wrasse,Halichoeres sem icinctus.P elvic fin s  tipped with black ,  • • ♦ « « * • • • * • • • • • • •P elvic fin s  not tipped with black « • .  • .  • • • • • » ♦ • • • •Lower lip  with a frenum, longest dorsal spine about as long as longest so ft ray» Sharpnose seaperch, Phanerodon atrip es»Lower lip  without a frenum; longest spine longer than longest so ft ray . Walleye surfperch, Hyperprosopon argenteum«Anal fin  w ith a d e fin ite  row of small scales extending along it s  base to the la s t  ray • • * » » • • • • « • • • • • • • • • • • •Anal f in  without a row o f sm all scales along the posterior h a lf of i t s  base .  • • » • « • • • * • • • *  • » • • • • • • • *A row of enlarged scales between pectoral and p elvic f in s , dorsalso ft rays 19-22, Black perch, Embiotoca jackson i»No such row o f enlarged sca le s , dorsal so ft rays 23-28 • • • • ,Posterior groove of lower lip  interrupted by a frenum • • » , « ,  Posterior groove o f lower lip  not interrupted by a frenum .  ,  • ,  Lower jaw somewhat shorter than upper; longest dorsal spines generally lower than contour o f the so ft rays; body w alls usually with a series of brassy o live  v e rtic a l bars alternating with v e rtic a l series o f spots; frenum broad. Barred surfperch, Amphistichus argenteus.Lower jaw s lig h tly  p ro jectin g; longest dorsal so ft rays and spines about tile same h eigh t, body w alls with a series o f bronze speckles which may approximate narrow v e rtic a l bars; frenum narrow. C alico surfperch, Amphistichus k o e lz i«Longest dorsal spine about the same height as general contour of so ft dorsal; 18 (17-20) scales from anterior end o f vent to la te r a l lin e . Calico surfperch, Amphistichus k o e lz i.Dorsal spines higher than general contour o f so ft rays; 22 (20-22) scales from anterior end o f vent to la te r a l lin e , R ed tail surfperch, Amphistichus rhodoterus.Lower lip  without a frenum, i t s  posterior groove continuous across chin "mmLower lip  with a frenum.Lower lip  th ick , lobed or incised behind. Rubberlip perch, Rhacochilus toxotes.Lower lip  th in  or moderate, en tire behind .  • • • • • » • .  • .  •An inky blotch in  spiry d o rsal. Spotfin  surfperch, Hyperprosopon anale.No such blotch • . . .  • « • • » • ,  • » • • . « • • • « : » • *  .Lateral lin e  with 50 or fewer scales • •Lateral lin e  w ith more than 55 s c a le s . S ilv e r surfperch, Hyperprosopon ellip ticu m .Least depth o f caudal peduncle 7*90 (7 .2 -8 ,6 ) in  standard length; distance from upper end of pectoral base to f ir s t  dorsal spine 3#7U (3«3-3*9) in  standard len gth . Shiner perch, Cymatogaster aggregata,Least depth of caudal peduncle 9.15 (8.U -9.9) in  standard length; distance from upper end o f pectoral base to f ir s t  dorsal spine U»2U (3.9-U .7) in  standard len gth . Island perch, Cymatogaster g r a c ilis .
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70 (6$) Abdomen extremely elongate and straight? body striped horizonta lly  with red , orange and blue» Rainbow seaperch, Hypsuruscary i.Abdomen normal, not elongate * • • * • » • • * • * » • • • • • •  7171 (70) Anal so ft rays 15-24 * •  .  . .  • * .  • • . • • * • • • • ♦ * • 72Anal so ft rays 27-34 • ♦ • • * * * * • • » .*  * » • • • - • • » * •  7572 (71) Two large chocolate spots on body near base o f dorsal» Pinkseaperch, Zalembius rosaceus.No such spots * • • * « • • • • « • • • •  ». • • • • * • • • • # •  7373 (72) Large conspicuous black trian g le  in  the a x illa  • • • • • • * • •  74A x illa  with small amount o f peppery black pigmentation, or lacking th is  en tirely* Kelp perch, Brachyistius frenatus*74 (73) Dorsal f in  w ith 9 (8-11) spines and l4  (12-X6) so ft rays? bodydepth from f ir s t  dorsal spine to p elvic 2»2 (2*0-2.4) in  standard len gth . . Dwarf perch, Micrometrus minimus*Dorsal fin  with 8 (7-9) spines and 17 (16-19) so ft rays? body depth 2*7 (2»4-2»8) in  standard length* Reef perch, Micrometrus aurora*75 (71) Four or fiv e  rows of large scales between la te r a l lin e  and loweredge of scale sheath a t junction o f spiny and so ft portions of dorsal f in  (one small scale may be found above the larger ones)»'White seaperch, Phanerodon furcatus»S ix  or more scales between la te r a l lin e  and lower edge of scale sheath at junction o f spiry and so ft portions o f dorsal f in  • * * 7676 (75) Color plain? f ir s t  dorsal so ft rays sharply elevated above spinesand follow ing rays* P ile  perch, Rhacochilus vacca.Body reddish, striped horizontally  with blue? dorsal so ft rays longer than spines but the f ir s t  rays not sharply elevated above those follow ing» Striped seaperch, Embiotoca la te r a lis »
Section EFish Without P elvic Fins1 Upper jaw prolonged .into a sword* Sw ordfish, Xiphias gladius*Upper jaw not prolonged into a sword • • • * • • • • • • • • • •  22 (1) Pectoral fin s  absent? body e e l- lik e . Moray, Gymnothorax mordax*Pectoral fin s  present (may be minute) • • • • «  .  • • • * •  • • • 33 (2) Snout long, tubular? body encased in  bony p la te s . P ip e fish ,fam ily Syngnathidae*Snout and body not as above . • • • *  • • « •  * • • • • •  •4 (3) Body elongate, e e l-lik e  . • • * * • • * » • • •  • • * » » • •  # •Body not elongate • • • • .* • • • • » .  • • • • • • • • * • • »5> (4) Body tapers to a point • • • • • • • • ». » • • • * , -#,»» * • • •Body not tapering to a p o in t, caudal fin  evident, rounded • • • •6 (5) Jaws and vomer with coarse molar teeth? g i l l  membranes attachedto isthmus? jaws about even? color gray or green, mottled or spotted* W o lf-eel, Anarrhichthys o ce lla tu s.No m olarlike teeth? g i l l  membranes free from isthmus? lower jaw p rojects beyond upper? color bright silver» P a c ific  cu tla ss- f is h , Trichiurus nitens*7 (5) Anal spines present, dorsal with spines and so ft rays, one la te r a llin e? pectoral large* M onkeyface-eel, Cebidichthys violaceu s.No anal spines? dorsal with spines only? L la te r a l lin es? pectoral very small» R ock-eel, X ip h ister mucosus*29
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8 (U) Caudal f in  widely forked* Pompano, Palometa sim illim a«No apparent caudal f in j body short, deep, square-cut behind; dorsal and anal fin s  high, set fa r back on body. Mola mola.

13.(12)
1U (13)

Section PFish With Both Eyes on Same Side o f Head (includes a l l  fla tfis h e s  known from C alifo rn ia)Dorsal and anal fin s  joined to caudal* Tonguefish, Symphurus atricauda.Dorsal and anal fin s  separate from caudal • • • . • • . « . . . *  2P elvic fin  o f eyed side on b e lly  ridgej p elvics thus not symmetrical • • • « * • • • • • . • • • •  . . . • « • • • • • « •  3P elvic fin s  symmetrical, one on eith er side of b e lly  ridge « • • 5Pectoral f in  o f eyed side longer than head. Longfin sanddab, Citharichthys xanthostigma.Pectoral f in  o f eyed side shorter than head • • • • • • . . « * •  k G i l l  rakers on lower limb of f i r s t  arch 13 or more. Lower eye longer than snout. P a c ific  sanddab, Citharichthys sordidus.G i l l  rakers on lower limb of f ir s t  arch 10 or le s s . Lower eye no longer than snout* Speckled sanddab, Citharichthys stigmaeus. Lateral lin e  with a high arch over the pectoral f in  . . » • • • •  6Lateral lin e  s lig h tly  curved or nearly straigh t over pectoral f in  10Pectoral f in  o f eyed side almost as long as or longer than head.F a n ta il so le , Xystreurys lio le p is .Pectoral f in  on eyed side l i t t l e  more than h a lf the head length 7Lateral lin e  with a dorsal branch. Rock s o le , Lepidopsetta b ilin e a ta .L ateral lin e  without a dorsal branch . • • . • • • • « * * • • •  8M axillary reaches below or past hind border o f lower eye • • .  * M axillary does not reach past middle of lower eye* P a c ific  h a lib u t, Hippoglossus stenolepis*High bony ridge between eyes. Bigmouth s o le , Hippoglossina stomata*Space between eyes fla t*  C alifo rn ia  h a lib u t, Paralichthys ca lifo rn icu s*Lateral lin e  with a dorsal branch (examine both sides o f body;i t  is  sometimes d if f ic u lt  to see) . • • • • • • • • • • * • • • •  11Lateral lin e  without dorsal branch • • • • • • • • « • • • * • •  18F ir s t dorsal rays elongated, not connected by membrane fo r about h a lf th eir len gth . Sand so le , Psettichthys m elanostictus.F ir s t dorsal rays not as described above . « • • • « • • * * • •  12O rigin o f 5 or more dorsal rays on blind side; high bony ridge between eyes • • • • • • • • . • . • • . « • • * * • * • • • * •  13Dorsal rays originate on body m idline or with 1 or 2 s lig h tly  onone side; ridge between eyes moderate or absent • • • • • • • * •  16O rigin o f dorsal as low as corner o f mouth; 9 or more rays on blind side* C urIfin  tu rb o t, Pleuronichthys decurrens.The 5 or 6 rays on blind side do not extend down as fa r  as corner of mouth • • • * • * • « •  * * • * • • • • • ♦ * * . . • * • • •  111Ridge between eyes high, very sharp-edged; sharp, prominent spines at each end; mouth overhung by blunt spine. Hornyhead tu rbot, Pleuronichthys v e r tic a lis .Ridge not as described above • . . • . • . . • * • * • • * * «  j* * 1$30



15> (lU) Front o f ridge with 2 short blunt spines; a d istin c t dark spot on middle of la te r a l lin e  and one on each edge of body by hind portions o f dorsal and anal f in s . Spotted turbot, Pleuronichthys r i t t e r i .Spines at front of ridge l i t t l e  i f  a t a l l  developed; not d is tin c tly  spotted as described above* C-0 tu rb o t, Pleuronichthys coenosus*16 (12) Body depth excluding fin s  about h a lf the en tire length includingta il*  Diamond turbot, Hypsopsetta gu ttu lata.Depth le ss  than h a lf entire length • • • * • • • • * • • • • • •17 (16) Body and fin s  with scales* S c a ly -fin  so le , Isopsetta is o lip is *No scales on f in s ; those on body c h ie fly  smooth to the touch* English so le , Parophrys vetulus*18 (10) Dorsal and anal fin s  with alternate black and orange to w hitishstripes* Starry flounder, P latich thys s te lla tu s .Fins not so marked • • • . • • * • • • • • • • • • • • , • • • •19 (18) Pectoral f in  oh eyed side much longer than head. Rex so le ,Glyptoeephalus zachirus.Pectoral f in  on eyed side shorter than head • • » . * • • * • • •20 (19) G il l  opening extends w ell above pectoral base . * . . • • . . * •G i l l  opening barely extends above pectoral base . . * • • • • * «21 (20) Mouth very la r g e , m axillary extending to or beyond hind border oflower eye. Arrowtooth h a lib u t, Atheresthes stomias.Mouth moderate, m axillary extending about to middle of lower eye22 (21) Scales sm all, about 30 rows above la te r a l lin e* Petrale so le ,Eopsetta jordani*Scales la rg e , about 20 rows above la te r a l lin e * Slender 'Sole, Lyopsetta e x ilis *23 (20) Teeth on b lin d  side on ly. Dover so le , Microstomus p a cificu s .Teeth equally developed on both sides* Deepsea so le , Embassichthys bathybius«
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From ’‘Common Ocean Fishes of the C a lifo rn ia  C o a st,” by P h il M. Roedel, C alifo rn ia  Department of Fish and Game, Marine Fish eries Branch, Fish B u lle tin  No, 91, 1953# PP* 155-168.
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KEY TO INTERTIDAL FISHES 
by R o lf L , Bolin

Hopkins Marine Station  of Stanford U niversity, P a c ific  Grove

1. Eyes unqymmetrical, both on same side o f head . • « ,  21 . Eyes symmetrical, one on each side o f head . . .  .  • U2. Dorsal and anal fin s  marked by conspicuous blackish bars; dorsalwith fewer than 63 rays, anal with fewer than U7 • • ♦ »• . . . .  . . . .  * . P latichthys ste lla tu s2. No conspicuous blackish cross bars on fin s ; dorsal with more than73 rays, anal w ith more than 5 3 . • . . .  . . .  33» Eyes on rig h t side o f head (except in  rare reversed in d ivid u als); anterior dorsal rays elongated and connected by membrane only at th eir bases . • . • . .  Pbettichthys melanosticus3. Eyes on l e f t  side o f head (except in  rare reversed individu als j ;  anterior dorsal rays not elongated, connected by membrane to th e ir tip s  . . . . .  . .  .  .  Citharichthys stigmaeusU. Adipose fin  present behind f ir s t  rayed dorsal . . . • E>U. No adipose fin  . » • • • . . . .  .  . • 65. Mouth la rg e , m axillary reaching v e rtic a l o f hind margin o f o rb it , ,  ,  ,  ,  • .  .  .  .  .  , .  Spirinchus stark si5. Mouth sm all, m axillary scarcely reaching v e rtic a l o f anterior margino f pupil . . • • • . .  .  .  Hypomesus pretiosus
6» A sucking d isc on b e lly  . .  .  • • . . . .  76. No sucking disc on b e lly  . .  • . . . .  • . 127. P elvic fin s  alone forming sucking d isc . • • • » 87. Basal parts o f pectoral fin s together with p elvies forming thesucking d isc . . * .  .  .  • . .  .  . * 1 18. Sucking disc clo se ly  applied to b e lly , the p elvic rays appearingas short, heavy, quadrangular pads . . .  L ip aris florae8. Sucking d isc in  form o f a conical cup attached to b e lly  only atit s  base; p elv ic rays normal . . .  . • .  . .  99* Eyes obsolescent, under skin . * • . Lethops connectens9. Eyes w ell developed, fu lly  functional .  • • * • . 1 010, Scales rather la rg e , about 25 along la te r a l lin e  . • » .r • .  • • • • . . .  * Coryphopterus n ich o lsi10, Scales too small to count .  . . .  .  .  Clevelandia ios11. Body broad, tadpole shaped; dorsal rays about 13 . . .  .* ,  .  ,  .  .  .  .  .  .  » Sicyogaster meandrica

1 1 ,  Body slender, elongate; dorsal rays I4.-6 ,  . Rim icola eigenmanni12. Body encased in  a series o f bony rin gs; mouth at end o f longtubular snout » . . .  .  .  Syngnathus ca lifo rn ie n sis12» Body not encased in  bony rings; mouth not as above ,  .  • 13
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13« Pelvic fin s  present • « • • » • * » • •13« P elvic fin s  absent . . • . • • t. • •lit , F ir s t dorsal composed o f very short spines en tire ly  unconnected by membrane .  • .  .  .  .  .  Aulorhynchus flavid u sliu  No separate f ir s t  dorsal composed o f isolated  spines • .  1$1 «̂ Suborbital stay present (th is  bony bridge may be fe lt  by running a needle down across cheek between eye and preopercular margin), lo  15« No suborbital stay developed . « . • • • • . .  U2l6* Sides o f body c le a rly  marked by several longitudinal la te r a llin e s  .  . . • . • * • « • • • • I?16. None or only a single longitudinal la te r a l lin e  (transversebranches present in  one species) • « • • • • • 1817« Scales covering suborbital stay; 2 p airs o f c ir r i  on head, the 2d pair on nape fa r behind the conspicuous supraorbital fla p s , minute and d iff ic u lt  to see • * Hexagrammos decagrammus^17« Area over suborbital stay naked; only supraorbital p a ir o f c ir r i  present .  • • .  . » . . Hexagrammos superciliosus18* P elvics with h ov $ so ft rays . « • • • . . .  1918. P elv ics with 3 so ft rays . * • • . • » • • 2819« Anal with 3 spines a t i t s  anterior end . • • • • 2019« Anal composed en tire ly  o f so ft rays « • • « • •20. Dorsal X V I,1^; anal 111,13; mouth sm all, m axillary reaching about to v e rtic a l from anterior edge or o rb it • • Oxylebius p ictu s20. Dorsal X I I I ,13-16; anal 111,6-9; mouth la r g e , m axillary reachingto or beyond v e rtic a l from hind margin o f pupil . • .  2121. Anal I I I , 6; color black and yellow , tending toward v e rtic a l bars . .  » • « • • ♦ • • • Seba sto.de s chrysomelas21. Anal 111,8-9; color uniforn, no bars developed . . .  2222. Lower jaw much p ro jectin g , i t s  tip  continuing dorsal p ro file  o fhead when mouth is  closed; m axillary extending beyond posterior margin o f o rb it . • ♦ • • • Sebastodes paucispinus22. Lower jaw rot markedly projectin g; m axillary not reaching beyondv e rtic a l o f posterior margin o f o rb it . • • • • • 2323» Peritoneum white • .  » • « * * Sebastodes melanops23. Peritoneum black « . . . .  . .  Sebastodes mystinus2ii. Body with strongly ctenoid scales • • • • • • .  2$2U* Body en tirely  naked • • .  . . .  .  . .  .  27
2$, F ir s t dorsal X V II-X V III, separate from second dorsal; anal 22-2U,  # ,  , .  ,  ,  ,  . ,  ,  ,  Jordania zonope2$. F ir s t  dorsal X -X I, strongly joined to second dorsal; anal 18-20 . 2626. Dorsal scale band o f 7-8 rows . . Hemilepidotus spinosus26. Dorsal scale band of k-5 rows . .  Hemilepidotus hemilepidotus
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27« G ill  membranes free from isthmus? p elvics 1 ,5 • • • ♦.  .  .  ,  .  • • . .  Scorpaenichthys marmoratus27. G i l l  membranes joined to isthmus? p elv ics I ,It  • • «. « i, • *. .  .  • .  .  • Leptocottus armatus28. Area between dorsal fin s  and la te r a l lin e  with well-developed scales in  oblique or longitudinal bands or covering entire area ; • 2928. Area between dorsal fin s  and la te r a l lin e  naked or with minute p rick ly  scales not arranged in  d e fin ite  bands . . . .29» Anus much nearer p elv ic base than anal o rig in  Orthonopias tr ia c is29. Anus not notably advanced in  position • * . . .  .3 030. Conspicuous ctenoid scales on top o f head .  • * .*  «3130. No scales on top o f head • • * . . .  .  • * 3331. No cirru s on upper anterior margin o f orbit? dorsal scale bandorigin atin g about under base o f th ird  dorsal spine, separated from scales o f head by a naked area or by scales so minute and scattered that they do not obscure the d efin ite  o rig in  of the band .  .  • .  .  • . .  • Artedius fe n e stra lis31. A well-developed cirru s on upper anterior margin o f orbit? dorsalscale band more or le ss  merging with squamation o f head • . 3 232. Second dorsal 12-lit? anal 10? scales extending under entireo rb it and present even on snout • . » Artedius creaseri32. Second dorsal 16-18? anal 12-llt? scales extending only under posterio r part o f o r b it , i f  at a ll?  no scales on snout . . .. . .  .  .  .  . . . • • Artedius harringtoni33, Dorsal scale band with 2lt-29 oblique scale rows, 6-11 scales in^ longest row? no scales behind opercular fla p  • Artedius la te r a lis33. Dorsal scale band with .39-U9 oblique scale rows, 10-18 scales in  longest row? a few small scales ju s t behind opercular flap  between pectoral base and la te r a l lin e  .  .  Artedius co rallin u s3U* Pectoral f  ins united v e n tra lly , o f 21-2U rays • 3l*. Pectoral fin s  e n tire ly  separate, o f 12-17 rays . Synchirus g i l l i» .  • 3i?35» Anus immediately in  advance o f anal o rigin  . • • » * 363£. Anus in  middle l/3 o f the distance between p elvic base and analo rig in  • .  ,  » » • • » » * I • • 3936. Body covered with minute p rick ly  scales? preopercular spinesimple . .  .  « • * • * • O ligocottus rimensis36. Body without v is ib le  scales? preopercular spine b ifid  to quad-r if id  except in  very young .  .................................................. .........  3737. No c ir r i  on nasal spines and none on body above la te r a l lin e  •• • ♦ • , . • • • . • O ligocottus maculosus37. A well-developed cirru s on nasal spine and tu fts  of c ir r i  along base o f dorsal fin  . . * • • * • • ?  . . 3 8
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38. No c ir r i  on m axillary and none on suborbital stay) preopercular spine usually b ifid  in adults .  .  • O ligocottus snyderi
38.  One to 1* c ir r i  on end o f m axillary and a small tu ft  o f c ir r i  on suborbital stay) preopercular spine usually t r if id  in  adults •.  • . . . .  .  .  .  .  O ligocottus ru b ellio39. C ir r i and minute p rick ly  scales present between dorsal fin s  and la te r a l lin e) preopercular spines b ifid  or t r i f id  • » •

Clinocottus analis39. Neither c ir r i  nor scales between dorsal fin s  and la te r a l lin e) preopercular spines simple • * . . .  • • 1*0]*0. Head moderately pointed and angular, not hemispherical) upper lip  s tr ic t ly  terminal) a small flesh y  tubercle in  median lin e  o f groove which lim its  upper lip  dorsally) no c ir r i  behind opercular flap  between pectoralbase and la te ra l lin e  • • Clinocottus embryumi*0. Head very bluntly rounded, hemispherical) upper lip  in fe rio r  except in  juveniles) no fleshy tubercle in  groove bordering upper lip ) a patch o f c ir r i  behind opercular fla p  between pectoral base and la te ra l lin e  1*11*1. No c ir r i  in  anterior h a lf o f in te ro rb ita l space . . . .• •  • * ,  .  • » • • • Clinocottus recalvus1*1» C ir r i in  anterior h a lf o f in te ro rb ita l space in  specimens more than 35 nm. in  standard length (juveniles impossible to d iffe r entiate from C.recalvus by means o f a key) Clinocottus globiceps1*2. P elvics with $ s o ft rays .  • . • ♦ • • * »1*31*2. P elvics with fewer than !? so ft rays • . . • • »1*51*3. Dorsal and anal fin s  evenly rounded, without ary s t i f f  and cle a rly  d iffe re n tia te d  spines anteriorly • . Icich thys lockington i1*3. Dorsal c le a rly  d iffe re n tia te d  into 2 parts) both dorsal and anal with s t i f f  spines an teriorly . . .  • .  • • 1*1*!*!** Dorsal V III- IX , 12-16) distance from dorsal o rig in  to p elv ic base l*2-5>0 per cent o f standard length) distance from upper end o f pectoral base to dorsal o rigin  7»2-9.1 per cent o f length o f dorsal base .  .  .  * . • . . Micrometrus minimus1*1*. Dorsal V II-IX , 16-19) distance from dorsal o rig in  to p elvic base 36-1*1 per cent o f standard length) distance from upper end of pectoral base to dorsal o rig in  f>.5—7*1 per cent of length of dorsal base . . . .  .  .  • • Micrometrus aurora1*5. Head and body with several rows o f conspicuous photophores . •
.......................................... Po rich thy s notatus1*5. No photophores developed .  . .  . . .  • .  T oo1*6. Pectoral g ird le  with a small upturned hook on anterior margin (readily seen by l i f t in g  operculum). .  • .  .  • .1*71*6. No upturned hook on pectoral g ird le  . . . . . .  1*9
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1*7. Caudal fin  forkedj anal 11,31-35 • * Heterostichus rostratusU7* Caudal truncate or rounded; anal II, 2l*-28 . • • • • U81*8. S o ft dorsal with rounded p r o file , with 7-10 rays a l l  evenly . spaced • • « » * » • • * * Gibbonsia metzi1*8. S o ft dorsal with angular p r o file , with 5-8 rays o f which 2 or 3 in  posterior h a lf o f the fin  are separated by markedly enlarged interspaces . . . . . . .  Gibbonsia montereyensis1*9. W ell-defined transverse rows of pores a t right angles to main longitudinal la te r a l lin e ; no dense h a irlik e  growth o f c ir r i  on head .  • • • * • « * • • •  Plagiogrammus hopkinsi1*9. No transverse lin e s o f pores as abovej a dense h a irlik e  growth o f c ir r i covering entire top o f head • • Chirolophis nugator50. Body disc-shaped; dorsal and anal fin s  higher than long .  Mola mola50. Body long and slender; dorsal and anal much longer than high . 5151. G il l  membranes fre e , g i l l  openings extending forward ven trally ;a prominent longitu d in al fold  of skin extending ju st below pecto ral base and s lig h tly  above base of anal . . *  » • •.  ,  .  ,  ,  # .  . . .  .  Ammodytes personatus51. G il l  membranes joined to each other or to isthmus; no longitud in al fold  of skin as above . . .  « . . * >  5252. G il l  membranes attached to isthmus, g i l l  openings restricted  to sides o f head; body in  front o f anal o rig in  naked, behind anal o rig in  scaled . . . . . .  Anoplarchus purpurescens52. G il l  membranes connected to each other, forming a fo ld  acrossisthmus; body either completely naked or scaled . . .  5353. A well-developed naked spine at anterior end o f anal f in  (th isspine, although f it t in g  into a sheath formed in  anterior end o f f in , is  c le a rly  v is ib le  without dissection  by forcing the membrane back with a needle and p u llin g  spine forward). .  • . 5 1 +53* No naked spine at anterior end o f an al, a l l  sk eletal elements completely covered by membrane • • .  * • • * 5551+. Anterior surface o f anal spine channeled • Apodichthys flavid u s51*. Anterior surface o f anal spine convex • « • Xererpes fucorum55* Posterior part o f dorsal fin  composed o f needlelike spines which may be detected by drawing a fin ger forward across th e ir tip s  ( fa ir ly  hard pressure may be required in  some cases) • .  • 5655* Posterior part o f dorsal composed o f so ft rays . • * • 5856* Dorsal o rig in  over pectoral fin ; pectoral fin  s lig h tly  larger than eye . .  .  .  * . * * • Phytichthys chlrus56. Dorsal origin  behind pectoral f in ;  pectoral f in  s lig h tly  smaller than eye • '* • • * • « « • * • « • • 57
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57. Dorsal o rig in  about 1 o rb ita l diameter or le s s  behind tip  ofpectoral and about twice as close to tip  o f snout as to anal o rig in  , .  ,  * . « « « .  X iph ister mucosus57* Dorsal o rigin  2 or more o rb ita l diameters behind tip  o f pectoral and about midway between tip  o f snout and anal o rig in  . ♦Epigeichthys atro-purpureus58. Body covered by re a d ily  v is ib le  scales .  Cebidichthys violaceu s58. Body naked . . .  .  * « . . Scytalin a cerdale
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AN ARTIFICIAL KEY TO THE SPECIESOF MARINE COTTID FISHES OF CALIFORNIA (MODIFIED FROM BOLIN,
! P elvic fin s  present». .0 . 0 9 0 0

2

! Pelvic fin e  en tirely  lacking» . » . . > . » .  . Aaeelichthya rhodorue.
j !  P elvics I ,  it or I ,  $  (the spine often so closely-applied to f ir s t  ray that i t  is  Indistinguishable without d i s s e c t i o n ) » o . . . . . . . . . . . . . . . . . . a » « . , » 3P elvics 1 , 2 or 1 , 3 (spine often d if f ic u lt  to die«t angul  St . . . .  .  ♦ » • ® ®.  .  .  .  ® o • * . OStrongly ctenoid sca le s , in  four to eigh t longitudinal rows, forming a wide squamous band immediately below the base of dorsal fin s} th is  3 band bordered ven trally  by a broad, smooth, nakedarea which extends to or almost to the la te ra l lin e  19S ca le s, i f  present, not as a b o v e . . . . . . . . . . . . . . . . . . . . . . » . . . „ i*| G ill  membranes free 'from isthmus; p elvic s I ,  5»«............. ........................0£I G ill  membranes joined to isthmus} p elvic s I ,  lu . .7Body without any v isib le  scales} anal rays l l |  to13|ï a large broad-based, fla p -lik e  cirru s extending lo n gitu d in ally  along median lin e  of snout.

$ Scales conspicuous} analxays median lin e  of sn ou t...* 221 Scorpaenichthys marooratus. 3 to 2u|} no cirru s on
> e c ■* ■© o © » i

6 F ir s t dorsal XVII or X V III; dorsal part of body covered by small sp in e-lik s scales arranged in  ereacentric groups and appearing lik e  la rg e , strongly ctenoid scales; ventral part o f body with oblique spinous fo ld s; no enlarged spinous p lates extending along base o f dorsal f i n e . Jordania zonopsmi i'hwmhww m  wm! F ir s t dorsal XII or XIII; most o f body hispid with regularly arranged, minute, spinous scales; a series o f enlarged scales extending ju s t below base of dorsal f in s , each scale bearing a strong curved s p i n s » P a r i e e l i n u s  hqplitieua
38



Upper preopercle spine antler~ like (long, with recurved barbs along i t s  upper margin; body naked) « » « «. Leptocottus armatusA ll preopercle spines sm all, sim ple, inconspicuous;body often with some minute p rick ly  scales® % » » Cottus (a fresh-w ater genus not treated with members of the marine fauna, however, members o f th is  genus do stray into s a lt  water near the mouths o f rivers«Second dorsal 21 to 29; anal 18 to 2 $ « ................................... . . « « « 9Second dorsal 9 to 20; anal 7 to 18« « » „ c , ® ,  „11Anal 18 to 21; body markedly compressed, deep, the distance from second dorsal to anal «229 to <>31k o f standard length; minute spinous scales embedded in  small p ap illae covering most o f body «10Anal 22 to 25; body subcircular in  cross sectio n , long attenuated, the distance from second dorsal to anal «085 to «110 o f standard length; scales o f body w ell developed, restricted  to the la te r a l lin e  and a row above i t  o ®<i ® o « q o o o o o o o o « o o  20G ill  membranes attached to the isthmus; p elv ic fin s  extending about to anal o rig in ; sides o f body with exception, o f a x illa , completely scaled « <> «Nautichthys o eu lo -fasclatu s,G il l  membranes free from isthmus; p elv ic fin s  extending le ss  than h a lf way to anal o rig in ; a series o f naked patches on the body, the la rg e st one involving a long streak along posterior h a lf o f la te r a l lin e  and a l l  of caudal peduncle « « . «Blepsias cirrhosusG il l  membranes completely joined to isthmus; la te r a l lin e  scales developed into a series o f very bony p lates o o o o « o 0 « « o o o o ® * « o o « o « « o «  21G il l  membranes free from isthmus, or a t le a s t forming a broad fo ld  across i t ;  scales not developed as bony plates« o • © » » « « o « « •  « » « > « » © « « «  «12F ir s t dorsal VI or V II; second dorsal 10 to 13;pectoral 19 to 21; fewer than 20 pores in  la te r a l lin e  o o » '  s o « «  Z esticelu s profundorumF ir s t dorsal V II to X I; second dorsal 13 to 20;pectoral 13 to 19; more than 30 pores or scalesin  la te r a l lin e  « * « « « « «  e « « « « «  « « » « « « « « « 1 3



13 » » O lUArea between d o r sa l f i n s  and la t e r a l  lin e  w ith  w e ll“  
developed s c a le s  in  o b liq u e or lo n g itu d in a l  
bandss o r co verin g  e n tir e  area<> « . « • « •  o « « »

Area between d o r sa l f i n s  and la t e r a l  lin e  e n tir e ly
naked or w ith  m inute p r ic k ly  s c a le s  « . e « » » » » » »

XU

D o rsa l s c a le  band o n ly  two s c a le s  w id e , exten d in g  
alo n g back a l i t t l e  below  d o rsa l f i n s  and w e ll 
above la t e r a l lin e ?  p e lv ic s  I )  2« « > « • • •  •

D o rsa l s c a le  band w id e r, sometimes exten d in g to  la t e r a l  
lin e  ; p e lv ic  s I } 3 ° o s o > ^ 9 * i ' 9 o ° * e A <

»17

»22
»15

15

Upper p reo p ercu lar spine a n tle r -lik e  (lo n g w ith
recurved barbs alo n g i t s  upper m argin ); f i r s t
d o r sa l sp in e produced, much lo n ge r than second;
f i r s t  d o r sa l f i n  d e ep ly notched between th ir d
and fo u rth  sp in e s • » « • • • • »  «C h ito n o tu s p u g e te n sis

Upper p reo p ercu lar spin e sim ple to  m o d ifie d , b u t n o t 
e lo n ga te  and a n t le r -lik e ; f i r s t  d o rsa l sp in e n ot 
produced; f i r s t  d o rsa l f i n  w ith o u t a  pronounced
n o tch o .16

16
Anus much nearer p e lv ic  base th an  an al o rig in »  .  .  .

O rthonopias t r i a d s

Anus n o t n o ta b ly  advanced in  p o sitio n »  » » .  » » » « . « . * .  » »28

17
Anus im m ediately in  advance o f a n a l o r ig in  .  .  . .

Anus lo c a te d  in  m iddle th ir d  o f  d is ta n c e  between 
p e lv ic  base and an a l o r ig in  . . .  ...........................

» »3U. »18
A n te rio r end o f  d o r sa l n ot e le v a te d , f i r s t  spin e about 

eq u al to  o r sh o rte r than th ir d  sp in e ; a la r g e  p o s t-  
18 o r b ita l c ir r u s , and one or more c i r r i  on o p ercu lar

O O Q 9  4> 9 « ft ft ft ft ft ft C O ft ft ft « ft O ft ft 9 » »37

A n te rio r end o f f i r s t  d o rsa l s tro n g ly  e le v a te d , f i r s t  
sp in e about tw ice  as lo n g  as th ir d  sp in e ; no 
p o s to r b ita l c ir r u s  and none on base o f  o p ercu lar  
fla p »  ................................................................................L e io c o ttu s  hirundo

19

Dorsal scale band o f seven or eigh t rows; g i l l
membranes a tta ch e d  to  isthm us a t  or near th e ir  
p o s te r io r  m argin s, so th a t i f  a fr e e  fo ld  exten d s  
a cro ss m id lin e i t  i s  much narrower than a p u p il 
d iam eter; p o s te r io r  m argin o f a n te r io r  n o s t r il  much 
produced» » » » » » .  . . « » » »  H em ilepidotus sp in osu s

D o rsal s c a le  band o f fo u r or f iv e  row s; g i l l  membranes 
a tta ch e d  to  isthm us somewhat in  advance o f th e ir  
p o s te r io r  m argin s, so th a t a fr e e  f o ld , about a 
p u p il in  w id th , extends a cro ss m id lin e ; p o s te r io r  
m argin o f a n te r io r  n o s t r il  n o t produced , » .  »w. HssiilGpidotiiB hemilepidotus

mum * miiwMi'» iwnnwi""»» mmtnum mi ■■ bi » mm  iéihi  win é M iitmm*»



20

Snout lo n ger than e y e , I t s  le n g th  l .U  (1 .2  -  1 .5 )
tim es diam eter o f o r b it j n a sa l sp in es ra th e r s h o r t, 
tr ia n g u la r ?  p e lv ic  f in s  s h o r t, th e ir  le n g th  1 .1  
( 1 .0  -  1 .2 )  tim es w idth o f  p e c to r a l b a s e . . .  .  .

R ad ulinu s b o le o id e s

Snou t equ al to  or sh o rter th an  e y e , i t s  le n g th  1 .2  
( 1 .0  -  l .U )  in  o rb it?  n a sa l sp in es v e ry  lo n g , 
n e e d le -lik e ; p e lv ic  f in s  lo n g , th e ir  le n g th  
1 .9  (lo 7  -  2 .6 )  tim es w idth o f p e c to r a l b a s e . .  0

R ad u lin u s a s p r e llu s

21

F i r s t  d o r sa l w ith  7 to  9 sp in e s; second d o r sa l w ith  
11 o r 12 rays? an al w ith  8 o r 9 rays? o r b it  l .U  
to  2oh in  le n g th  o f m a x illa r y , 2 d  to  3«U in  base  
o f second d o r s a l, 1 .5  to  2 .7  in  base o f  a n a l, the  
low er v a lu e s approached o n ly  in  sm all specim ens.

Enophrys b iso n

F i r s t  d o r sa l w ith  7 sp in es? second d o rsa l w ith  9 r a y s ; 
an a l w ith  7 rays? o r b it  1 .1  to  1 .3  in  le n g th  o f  
m a x illa r y , 1 .3  to  2 .0  in  base o f second d o r s a l,
1 .1  to  1 .6  in  base o f a n a l, th e h igh er v a lu e s  
c h a r a c te r is tic  o f a d u lt f i s h . . . . .  . Enophrys ta u rin u s

22
D o rsal band o f s c a le s  n ot exten d in g beyond end o f  

second d o rsa l f i n O <f> © e * a 9 « 0  O O O

D o rsa l band o f s c a le s  contin ued on d o rsa l su rfa ce  o f  
cau d al peduncle .  . o c a * a o & e © » « e

A few  sm all s c a le s  behind a x illa ?  a n a l o r ig in  under 
f i r s t  or second d o rsa l ray? p e lv ic s  m oderate,

23 exten d in g more than 0 .2 5  o f  th e  d is ta n c e  to  a n a l
o r i g i n . o . .  . . . . . . . .  o . . a

No s c a le s  behind a x illa ?  an a l o r ig in  under th ir d  o r  
fo u rth  d o r sa l ray? p e lv ic s  s m a ll, exten d in g le s s  
than 0 .2 5  o f  th e  d is ta n c e  to  an a l o r ig in . . ® .

.2 3

.26
.2U

Ic e lin u a  burcham l.

2k

No d is t in c t  sp in es a t  upper p o s te r io r  an gle o f o r b it?
d o r sa l s c a le  band exten d in g to  end o f  second d o rsa l?  
a lo n g  c ir r u s  a t  base o f  n a sa l s p in e . . . .  .  .  . .  .

Ic e lin u s  fila m e n to su s .

Two d is t i n c t  sp in es a t  upper p o s te r io r  an gle  o f
o r b it?  d o r sa l s c a le  band n o t exten d in g to  base
o f l a s t  d o rsa l ray? no c ir r u s  on n a sa l s p in e . . . . . . .  . 25

ill



25 Top o f head ve ry  g e n tly  concave? body s le n d e r, d ista n c e  
from d o r sa l o r ig in  to  p e lv ic  base le s s  than  0o21 
o f standard le n gth ? second d o r sa l w ith  16-19 r a y s ; 
a n a l wxuh ll^w17 rayso .I c e lin u s  t  e n u ts

Top o f head marked by an abrupt d e p re ssio n ; body r o b u s t, 
d is ta n c e  from  d o r sa l o r ig in  to  p e lv ic  base more 
than  Os 21 o f standard le n g th ; second d o rsa l w ith
1 3  to  15 r a y s ; an al w ith  11 to  13 rays® . ......................

Ic e lin u s  c a v ifr o n s

26

D o rsa l s c a le  band co n tin u o u s th rou gh ou t; p e lv ic  f in s  
«mall ,  exten d in g le s s  than Oc33 o f d is ta n c e  to  
auisl o r ig in  0 0 0 * ® ® * * ® ® * * * ° * * ® * *27

D o rsa l s c a le  band in te rru p te d  fo r  a  sh o rt space
under end o f second d o r s a l; p e lv ic  f i n s  m oderate,
exten d in g more than  0<33 o f  d ista n c e  to  a n a l
origin®  . ® . . . . . .  .  ® .  • . Ic e lin u s  q u a d rise ria tu s

27 A fr in g e  o f  c i r r i  a lo n g p o s te r io r  end o f m a x illa r y ; 
c ir r u s  a t  base o f n a s a l spine w ith  expanded and 
fr in g e d  t ip  . . . . . . . . . . . .  . Ic e lin u s  fim b ria tu s

A s in g le  c ir r u s  near p o s te r io r  end o f  m a x illa r y ; 
c ir r u s  a t  base o f  n a sa l spine lo n g , slend er  
s i m p l e I c e l i n u s  o c u la tu s

28
Conspicuous c te n o id  s c a le s  on top o f  head* 
No s c a le s  on head® a . « ® ® » « ® . . . .

.29O O 32
29 A w e ll-d e v e lo p e d  c ir r u s  on upper a n te r io r  m argin o f  

o r b it ; d o rsa l s c a le  band more o r le s s  m erging 
w ith  aquamation o f head . . . ® . . . . . . . . . .

No p r e o r b ita l c ir r u s ; d o r sa l s c a le  band o r ig in a tin g
about under base o f th ir d  d o rsa l s p in e , separated  
from  s c a le s  o f head by a naked area o r preceded by 
s c a le s  so m inute and s c a tte r e d  th a t th e y do n o t 
obscure th e d e fin it e  o r ig in  o f  th e  band . . » . » *

. 30

.31
30

Second d o r sa l w ith  12 to  1U r a y s ; a n a l w ith  10 r a y s ; 
s c a le s  exten d in g under e n tir e  o r b it , and p resen t 
even on snout 0 . . . . . .  .  . . .  . . A rte d iu s c r e a s e r i

Second d o r sa l w ith  16-18 r a y s ; a n a l w ith  12-111 ra y s ; 
s c a le s  exten d in g o n ly  under p o s te r io r  p a r t o f  
o r b it ; i f  a t a l l ;  no s c a le s  on sn o u t. . . . . . . .

A rte d iu s h a r rin g to n l

4 2 °



31
Dorsal scale band continued on dorsal surface ofcaudal peduncle where they form a dense patch o f scales; scales extending under entire o rb it; second dorsal with 16-18 rays; anal with 12-1U rays; pectoral with II4.-I6 rays» . « . . » Artedius fene3tr a ilsDorsal scale band extending to end of second d o rsal, sometimes continued on dorsal surface o f caudal peduncle by a few widely scattered sca le s , but these never forming a dense patch; scales extending only under posterior part of o r b it, i f  a t a l l ;  second dorsal with 15-16  rays; anal with 11-12 rays; pectoral with 16-17 rays-. » . » » . . .  »Artedius notospilotus

32 Dorsal scale band with 3 9~k9oblique rows o f scales and 
10-18 scales in  the longest row; a few small scales ju s t behind opercular fla p  between pectoral base and la te r a l lin e . . » . .  < > » • • . .  »Artedius co rallin u sDorsal scale band with 18-29 oblique rows o f scales and 3-’H  scales in  longest row; no scalesbehind opercular fla p  O O » O O 0 » a » « » » » 0 3 » 9 0 C 33

33 Dorsal scale band with 2U-29 rows o f scales and 6-11 scales in  longest row; preopercular spine usually b if id , rarely simple or tr ifid »  . . » Artedius la te r a lisDorsal scale band with 18-22 rows o f scales and 3-U scales in  longest row; preopercular spine m u ltifid » »Artedius hankinsoni'n«r»n— i— ■ unwygm

3U Body with minute p rick ly  scales; preopercular spinesimple» O ligocottus rim ensisBody without v is ib le  scales; preopercular spine b ifid  toq u ad rifid , except in  very young O O 0 » » » » »  « O O » O  »35

35 No c ir r i  on nasal spines and none on body abovela te r a l lin e» »O ligocottus maculosusA well-developed cirru s on nasal spine and tu fts  ofc ir r i  along base of dorsal fin s  » » . »  » . » . « » . .  . »36

36
No c ir r i  on m axillary and one on suborbital stay; pre- opercular spine usually b ifid  in  adults » » » ♦ . »O ligocottus snyderiOne to four c ir r i  on end of m axillary and a small tu ft  o f c ir r i  on suborbital stay; preopercular spine usually t r i f id  in  adults» « » . » » O ligocottus ru b ellio

48



37 Preopercular spine b ifid  or t r i f id ;  c ir r i  and minute scales present between dorsal fin s  and la te r a l lin e  a it*  o e o  o ¿ a  e o o c o  a «  c Clinocottus an alisPreopercular spine simple; neither c ir r i  nor scalespresent between dorsal fin s  and la te r a l lin e* . < > . » » »  »38
38

No c ir r i  on m axillary; inner p elvic ray not attachedto b e lly  hy m e m b r a n e « « e « « « « « « « « « . « « « o © » »39One or two c ir r i  on end o f m axillary; inner p elvic ray strongly attached to b e lly  by membrane« « « « • * «Clinocottus acuticeps
39

Head moderately pointed and angular, d e fin ite ly  nothem ispherical; upper lip  s tr ic t ly  term inal; a small flesh y tubercle in  median lin e  o f groove which lim its  the upper lip  d o rsally ; no c ir r i  behind opercular fla p  between pectoral base and la te r a l line« 0 6 0 . . . 6 0 6 6 0 0 6 6 . . Clinocottus embryumHead very b lu n tly  rounded, hem ispherical; upper lip  in fe rio r except in  young specimens; no flesh y  tubercle in  the groove which lim its  the upper lip  d o rsally ; a patch of c ir r i  behind opercular fla p  between pectoral base and la te r a l lin e« «UO
UO C ir r i in  anterior h a lf o f in te ro rb ita l space in  specimens over 35 mm. in  standard lengthClinocottus globicepsNo c ir r i  in  anterior h a lf o f in te ro rb ita l space« « « « .C linocottus recalvus
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KEY FOR THE IDENTIFICATION OF YOUNG SALMON
On the basis o f observations which have been recorded and from p ra ctica l experience gained in  handling P a cific  salmon young over a period of years, the follow ing key has been constructed by which the young of the P a c ific  ' salmon can be readily id e n tifie d . The key is  fo r use only in  rapid separation o f the species, and where doubt arises as to the d istin ctio n  between certain  species, reference to the more d etailed  descriptions contained in  the piper should be made,1 -  ANAL RAYS, 9 to 12, DORSAL FIN 'WITH LARGE BLACK SPOTS.
2 * No parr marks present. Scale-count approximately 175(168 to 185)* Fry deep blue to greenish on back inl i f e ,  B elly  s ilv e ry ,Parr marks present as v e rtic a l bars or oval blotches.Scale^count 150 or le s s , , . . . . .  . . . 33 -  Parr marks short, e llip t ic a l or o val, extending l i t t l e ,i f  any, below la te r a l lin e  • . V . . . .  . U-  Parr marks large v e rtic a l bars, almost bisected v e rtic a llyby la te ra l lin e , . . . . . . . .  . . . . . 5-  GiuTrakers about^Ci^ll. Scales 125 to 135* Row *W  • o f d e fin ite  black spots' on back. Colour, b luishor greenish tinge on back, no green iridescence on sides below la te r a l lin e . B elly  silv ery  Sockeye, B'.

2 « ? or RedG ill-ra k e rs  about lh + 10. Scales 13U to lUU.Black spots on back may be present but not as’ large and position irre g u la r. Colour, b rig h t, m ottled, green on back. Sides below la te ra l lin e  silv ery  with faint-green irid escen ce,B elly  silvery  Chum <5 >  F ir s t rays of anal f in  not elongated. Colour, darkly stippled with black on back, Some brownish on back and upper h a lf of sid es. No brassy iridescence. S ilvery  b e lly . Fins not usually coloured. Parr marks

Trout and CharrsANAL RAYS MORE THAN 13. DORSAL FIN TOTH NO LARGE BLACK SPOTS, ....................................................................................  2 P a c ific  salmon

wider than interspaces. Spring, Chinook, tyee or QuinnatF ir s t rays o f anal f in  elongated, producing a concave outer margin to fin *  Colour, brown, to
45-



brownish-orange,  Sides awl b e lly  s ilv e ry , tinged with brassy iridescence* Lower fin s  tinged with dränge and tipped with white* f ir s t  ray o f anal w hitish in  colour.Parr marks narrower than intersp aces. Coho, S ilv e r
From R. 1 . Foerster and ki L . Pritchard (193$) "The Id e n tifica tio n  o f the Young o f the Five Species o f P a c ific  Salmon, with Notes on the Fresh- Water Phase o f Their Life-U istoi*yi " Ins Report of the B ritish  Columbia Comm, o f F ish eries, I93h, pp. IO6- I I 6.
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1

The fis h e s  of th is  group include the species "which are of greatest importance to the commercial fisherman and to the sport fisherman» They are characterized by an unspecialized body shape, re la tiv e ly  small cycloid scales, and an adipose f in . The fin s  lack spiny rays.The salmonids are cold-water fish e s of the Northern Hemisphere. Mary are anadromous, spending thè greater portions of th eir liv e s  in  the sea and entering fresh water only to spawn.The descriptions of the adult P a c ific  salmon refer to in d ivid u als in  fresh water. KEY TO THE SPECIES1 d o )2 (7)3 CU)

k (3)
5 (6)
6 (5)

7 (2)8 (9)
9 (8)

10 (1)11 (26)
12 (17)
13 (16)
ih (15)

Rays in  anal f in , 12 to 19.D istin ct black spots on back and caudal f in .Spots on back and caudal fin  large? scales sm all, in  f ir s t  row above la te r a l lin e , 170 or more.Pink s almon—One orhynchus gorbuschaSpots on back and caudal f in  sm all, irregular? scales moderate to la rg e , in  f ir s t  row above la te r a l lin e  fewer than 155.Black spots when present on caudal f in , usually on upper lobe only? pyloric caeca, U5 to 80.Coho salrhon—One orhynchus kieutchBlack gjots on both lobes of caudal fin ? pyloric caeca, ll¿0 to i8 5 . ' ■ ;
■ Spring salmon—-Oncorhynchus tshawytscha.No d istin c t spots on back or caudal f in , fin e  hpLack speckling frequent*Rakers on f ir s t  g i l l  arch, 19 to 26? short, sto u t, smooth, widely spaced. - , ,Chum salmon—Oncorhynchus keta.Rakers on f ir s t  g i l l  arch, 30 to 39? lo ng, slender, rough, clo sely  s e t. ■ ■ ■Sbckeye salmon—Oncorhynchus nerka.Kokanee—Oncorhynchus nerka kennerlyi.Rays in  anal f in , 8 to 12.Teeth on head and sh aft of vomer (see F ig . 3)? spots black (sparse in  Salmo sa la r) . (Spots may be fa in t i f  fis h  has been in  s a lt water fo r some time)Teeth usually present on back of tongue? red dash on under-side o f lower jaw (conspicuous in  fresh-water specimens, fa in t or absent in  marine in d ivid u als).Scales in  f ir s t  row above la te ra l lin e  le ss than 200.Body more or le ss terete? profuse black spots on head, body and f in s . /Coastal cut-throat—Salmo c la r k ii c la r k ii .
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15 (Ik)

16 (13)1? (12)18 (19)19 (18)20 (25)
21 (22)
22 (21)23 (2k

2k (23)
25 (20)
26 (11)2? (28)
28 (27)29 (30)
30 (29)

Body moderately deep, compressed; black spots, few, scattered , more numerous toward caudal fin *Yellowstone cut-throat-—Salmo c la r k ii lè ttis i Scales in  f ir s t  row above la te r a l l in e , 200 or more«Mountain cut-throat—Salmo c la r k ii a lp e stris .No teeth on back of tongue; no red dash on under-side o f lower j  aw .  _Black spots on body la rg e , many surrounded by h alos.Brown trout-—Salmo tru tta .Black spots on body sm all, without h alo s.Caudal peduncle rays in  anal f in , 10 or 11 u su ally , 9or 12 occasionally; continuous red band, varying in  width along side of body, always present in  mature fis h ; usually spots on caudal f in .Fish o f the coastal waters and coastal streams and lakes; scales in  f ir s t  row above la te r a l lin e  usually 130 to 135*Steelhead—Salmo gaird n erii gairdnerii»Fish o f the in terio r streams and la k e s.Fish of intermediate a ltitu d e s , frequently reaching large size ; scales in  f ir s t  row above la te ra l lin e  usually 135 to l5 0 . Kamloops trout—Salmo gaird n erii kamlocps.Fish of high a ltitu d e s , seldom reaching 12 inches in  length; scales in  f ir s t  row above la te r a l lin e  usually l£0 to 155* Mountain Kamloops—Salmo, gaird n erii whitehousei.Caudal peduncle slender; rays in  anal f in , 9 U sually*'■ 8 or 10 occasionally; never continuous red band along side of body, seldom spots on caudal f in ,A tla n tic  salmon—Salmo sala r. ¿¿ì ì  ? -«>•*1 ; | . , ,v  Teeth on head of vomer only (see F ig . 3); spots grey, yellow , orange, or red, never b lack .Prominent dark-green vermicul ations on back and dorsal f in ; reddish spots on sides of body surrounded by b lu e .Speckled char—Salvelinu s fo n tin a lis .No verm iculations on back and dorsal f in . ■„Body olivaceous with yellow , orange, or red spots on body nearly size  of pupil of eye.D olly Varden char—Salvallnus alpinus malma.Body green, grey, or brown, with white to groy spots on bedy. Great Lake s eh ar—Cr i stivarne r namaycush*
*C a rl, G. C liffo rd  and W. A , .Clemens* September, 191*8. The Fresh-water Fishes of B ritish  Columbia* B ritish  Colum bia.Provincial Museum, Dept*- of Education, Handbook No, 5, pp. 1*1—
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v'-/—Jr UAJL srxARTIFICIAL KEY TO THE/FISHES OF THE SACRAMENTO- SAN JOAQUIN BASIN

la#, G il l  openings 7 in  number on each side o f the head.2a. Supra**oral lamina with 3 teeth , the middle one 1/3 to § the height of the other two} size la rg e . P a c ific  Lanprey, Entosphenus tridentatus 2b. Supra-oral lamina with a tooth at each end; none or a very small one in  the middle} size sm all, not over 9 inches*Western Brook Lamprey, Lampetra planer!lb . Single g i l l  opening} g il ls  covered by a bony covering.3a# Body with 5 rows o f large bony p la te s , each with a large keel or spine,
k a . D o rsa l ra y s  kk to  k8; an al ra y s 28 to  30*White Sturgeon, Acipenser transmontanuskb. Dorsal rays 33 to 35} anal rays 22 to 28.Green Sturgeon, Acipenser m edirostris3b, Body without rows of p lates as in  3a.
5 a. V e n tra l f i n s  abdom inal} th e p e lv ic  g ir d le  n o t connected w ith  the  

p e c to r a l or shoulder g ir d le «3 
6 a . D o rsa l f i n  preceded by 3 fr e e  s p in e s .Three-spined Stickleb ack ,Gasterosteus aculeatus6b# Dorsal fin  not preceded by free spines} a l l  spines present connected by membranes to the dorsal f in .7a. Pectoral f in  with one large bony spine; body sc a le le ss .8a. Caudal fin  forked or deeply rounded inward.Fork-tailed  C a tfish , Ictalu ru s catus#8b. Caudal f in  square or s lig h tly  rounded inward.Square-tailed C a tfis h , Ameiurusnebulosus*7b. Pectoral fin  wiLth- no spine whatsoever; body with scales# 9a. Adipose f in  present*10a. Dorsal f in  with 20 to 2k fin  rays.American Grayling,  JChymallus sign ifer»  10b. Dorsal f in  with le ss  than 15 rays.11a. Anal fin  elongate, 12 to 19 rays (rarely 12, 18, or 19;} g i l l  rakers 19 to  kO (rarely 19 or kO) on f ir s t  arch; branchiostegals 12 to 19} adults with dorsa l fin  p lain  or with dark blotches^ but without d e fin ite  spots; mouth blackish in  adults; P a c ific  salmon.

2 A ll species which have been introduced in to  C alifo rn ia  waters are denoted by an asterisk  (•*) and those probably introduced from the east side of the Sierra into the Sacramento Basin are indicated by double asterisks (**)3 5b on page 168, From paper by Garth Murphy, "A key to the fish es of the Sacramento-San Joaquin Basin"o In  C a lif . Fish and Game, V o l. 27, No. 3, Ju ly  19U1.
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12a, Seales very sm all, about 170 to 232 oblique rows crossing the la te ra l lin e* Pink Salmon* Oncorhynchus gorbuscha12b* Fewer than 160 oblique rows crossing the la te r a l lin e , usually 120 to l£>3e13a, Scales usually 19 to 26 (range 19 to 31) above, and usually 1$ to 2k (range 1$ to 27) below the la te ra l lin e . Chum Salmon, Oncorhynchus keta 13b, Scales usually 2$ to 31 (range 23 to 3U) above,  and usually 23 to 3U (range 19 to 39) below the la te r a l lin e ,lU a. Anal rays usually 15> to 17; p yloric caeca about II4.O to li>0; young with parr marks wider than interspaces; the most abundant salmon in  the basin by fa r .King Salmon, Oncorhynchus tshawytschalU b, Anal rays usually 12 to 1$ (rarely 12or 16); pyloric caeca $0 to 83; young with parr marks usually narrower than interspaces.S ilv e r Salmon, Oncorhynchus kisutch l i b . Anal fin  short, 9 to 13 rays (rarely 12); g i l l  rakers 20 or fewer on the 1s t  arch; branchiostegals 10 to 12; dorsal fin  with black spots; mouth w hitish in  adults; trout and charrs. l£a„ Fewer than 190 scale rows crossing la te r a l lin e ; species with darkish spots on a lig h te r  background; trout»16a* Body often profusely spotted; a rosy la te r a l band usually present; no red or brown spots on sides; the back often a bluish gray; abdomen a silv ery  w hite. Steelhead or Rainbow Trout, Salmo gairdn erii16b, Body usually covered with black spots; no red orbrown spots on side; red dash usually in  c le ft  under each side of lower jaw in  adult s ; body slenderer than the rainbow tro u t.Black Spotted or Cutthroat Trout,Salmo c la r k ii henshawi*»16c, Body not so profusely spotted; a few red to brownspots on sides; back covered with brown spots; ground color o f back and sides a yellow ish or greenish brown; abdomen silv ery  w hite.Brown Trout, Salmo tru tta »l 6d . Body with d is tin c t parr marks throughout l i f e  in  stream forms (lake forms lose parr marks at end of f ir s t  year); a yellow ish orgnge band on la te ra l lin e  grading into yellow  farther down and fin a lly  orange on the abdomen; young lake forms (under 10 in .)  not
€ 0 “



possessi ng parr marks have instead of ty p ica l golden trout color a rather d iffu se rosy tinge on a silv ery  background.Golden Trout ,  Salmo aqua-bonita l$ b . Over 1?0 scale rows crossing la te r a l line,} species with lig h t spots on a darker background} usually with red spots on sides} charrs.17a. Back unspotted but strongly mottled with o live and black (the spots run together causing a mottled appearance).Eastern Brook Trout, Salvelinus fo n tin a lis»17b. Back not mottled but with lig h t spots lik e  those on sides of body only p a le r.D olly Varden Trout, Salvelinus malma sp ectab ilis9b. Adipose f in  absento18a. Ventral scutes present. Shad, Alosa sapidissim a*18b* Ventral scutes absent.19a. Mouth directed downward, excessively p r o tr a c tile , sucker-like with p apillose l ip s .20a. A notch at corner of the mouth between upper and lower lip s} restricted  to North Fork of Feather R iver.Lahontan Sucker, Pantosteus lahontan»» 20b. No notch at corner of mouth.21a. Dorsal with 12 to 1U rays,Sacramento Large-scaled Sucker,Catostomus occidentalis 21b. Dorsal with 10 or 11 rays*22a. Fontanelle almost obliterated in  specimens 6 in . long, at most represented by a narrow s l i t  restricted  to P it River Drainage} not common. Sacramento Sm all-scaled Sucker,Catostomus mioiops22b. Fontanelle present throughout l i fe }  restricted  to the upper Feather River} not common.Tahoe Sucker, Catostomus tahoensis*»19b. Mputh "norm al,” not esp ecially  directed downward, without p apillose l ip s .23a. Ajhal insertion  in  advance of dorsal in se rtio n .Mosquito F ish , Gambusia a ffin is  a ffin is »23b. Dorsal insertion much in  advance o f anal in sertio n .2Ua< Dorsal fin  with serrated spine,»Carp, Cyprinus carpio»2Ub. Dorsal without spine.



25a. Over 90 scale rows crossing the la te r a l lin e .Sacramento B la c k fish , Orthodon m icrolepidotus25b. Fewer than 85 scale rows crossing la te r a l lin e .26a9 Upper lip  with frenum.Hardhead, Mylopharodon conocephalus26b. Upper lip  without frenum*27a. Upper lobe of caudal f in  considerably longer than lower.S p l i t - t a i l , Pogonichthys m acrolepidotus27b. Caudal f in  "norm al",,the 2 lobes the same len gth .28a. Mouth large; m axillary extending to ju s t below anterior edge of the eye.Sacramento Squaw fish, Ptychocheilus grandis28b. Mouth sm all; m axillary not extending to eye.29a. Pharyngeal teeth in  one row.30a. Anal r a y s 'll to 13; body much compressed.H itch , Lavinia exilicauda 30b* Anal rays 8 or 9; body l i t t l e  compressed.31a* G il l  rakers short and b lu n t, 8 to 10 on f ir s t  arch.32a. Scales in  la te r a l series U7 to 53» C a lifo rn ia  Roach, Hesperoleucus gymmetricus32b. Scales in  la te ra l series 50 to 61, generally 5U to 60. Venus Roach, Hesperoleucus S . venustus 31b. G ill  rakers 13 to 20 o n "first arch. Sacramento ChannelMinnow,Siphateles Obesus formosus 29b. Pharyngeal teeth in  2 rows.33a. Barbels often present on posterior angle of the m axillaries; anal rays usually 7 (rarely 8).C a lifo rn ia  Dace, Rhinichthys oscula 33b* No barbels present; anal rays 8 to 11* G ila  crassicauda5b* Ventral fin s  thoracic «>35a. Body scaleless and smooth or covered with patches of prickles*36a. Caudal vertebrae 25 to 29 (usually 25 or 26); la te ra l lin e  complete.37a. Posterior n o stril tubular; no black spot in  the membrane at the posterior th ird  of the f ir s t  dorsal; so ft dorsal with 18 (16 to 20)rays. Coast Sculp in , Cottus aleuticus



3?b* Posterior n o s tril not tubular, normal; a black spot in  the posterior th ird  of the f ir s t  dorsal fin ; so ft dorsal with 21(19 to 23) rays; body variously prickly«Prickly Sculpin* Coitus asper36b. Caudal vertebrae 21 to 23 (usually 22 or 23); la te ra l lin e  various,either compbte or incomplete.R iffle  Sculpin , Cottus gulosus35b. Body with sca le s.38a. Dorsal fin s  separate, the f ir s t  spinous and the second composed, except fo r the f ir s t  ray , en tire ly  of so ft rays; body with verynarrow longitu dinal str ip e s .Striped Bass, Roccus s a x a tilis *38b0 Dorsal fin s  united, the spinous dorsal being attached by a membrane to the so ft dorsal; body not marked as in  38a .39a. Anal f in  with one or two slender spines.Yellow Perch, Perea flavescens*39b. Anal spines 6 or 7*UOa. Dorsal spines 6 (rarely 5 or 7)«White Crappie, Pomoxis annularis*UOb. Dorsal spines 7 or 8 (rarely 6 <$r 9 ).Black Crappie, Pomoxis nigro-maculatus*UOc. Dorsal spines 12 or 13.Sacramento Perch, Archoplites interruptus39c. Anal spines 3eU la . Dorsal spines 17 (rarely 16 or 18)Fresh-water Viviparous Perch, Hysterocarpus trask iU lb. Dorsal spines 9 to 11.U2a. Body sunfish-shaped, the depth about 2 to 2/5 the standard length; la te r a l lin e  scales 35 to
55.U3a. Tongue.with teeth .Warmouth Bass, Chaenobryttus coronariusU3b. Tongue toothless#Uita. M axillary extending nearly to (rarely a l i t t le  beyond) the middle of the eye; pectoral fin s  short and rounded.Green Su nfish , Lepomis cyanellus*[¿lb. M axillary not nearly reaching to the middle of the eye; pectoral fin s  elongate and forming an angle of about 30 degrees at the posterior end. ^- B lu e g ill, Lepomis macro ch iru s*?5 Hybridgcof the b lu e g ill and green sunfish sometimes occur. These are intermediate in  character between these two species.



U2b® Body bass-shaped, the depth about l/3 the length la te ra l lin e  scales $8 to 85»U5a. Anal and so ft dorsals with no scales on membrane near base»Large-mouthed Black Bass,Micropterus salmoides#U5b. Anal and so ft dorsals with scales on membrane near base.U3a» Scales above la te r a l lin e  11 to 1U; below 19 to25. Small-mouthed Black Bass,Micropterus dolomieu dolomieu-ft 
14.6b® Scales above la te r a l lin e  8 to lO j below 15 to 19. Spotted Black Bass, Micropterus punctulatus punctulatus#



KEY TO FIVE MAJOR GROUPS OF INSECT LARVAE AND NYMPHS FOUND IN TROUT STREAMS
1—  Larvae n o t w o rm -lik e, w ith  w ings d evelop in g e x te r n a lly  and p la in ly  

v is ib le  as sm all f l a t  pads on th e back o f  th e thorax»©©••©©•««.©«©«©•©g©2
— Larvae w orm -like w ith w ings d evelo p in g in s id e  body and in v is ib le

from the OUt Side oo©©oooo©©©o©oo©©©*®©*©.©©©©©©®©©©©©•©•©*..©»®®.©.°®.®®.3

2—  G i l l s  m ainly under thorax in  w hite c lu s t e r s , t a i l s  two; fe e t  2-claw ed
©.©c#9ooo®8©i6®#*oo®oGo#***oSfcoiwfly (Ploooptera>)

—  G i l l s  in  two rows on upper s id e s  o f  abdomenj fe e t  l-claw edo© ® .© .® .
88000©a090800808888888898»a08888888888888«© ®Mciyf l y  ttUBDphS ( EphefflSrOptSra /i000« 0« »» 0»4963— Larvae q u ite  w o rm -lik e, e n tir e ly  la c k in g  le g s  on th e thorax«9 ( « Q 8 9 « 9 « 9 8 9 « 8 « « « 9 « 8 « 9 « e « « « « 8 8 8 « * « « « 8 8 8 B 8 l 8 « 8 B 9 8  » T r U S fly  IfiTVfiO (D ip tfG rS J

— Larvae w ith  th ree p a ir s  o f le g s  on thorax® © © ® ® ® © • • ® • © • ® ® ® ® ®«® ® • * • ® ® * ® • « oU-

U— Abdominal segm ents each w ith  a p a ir  o f  lo n g  la t e r a l  fila m e n t s ...................... ©
.................© ..© H ellgram ites or D o b s o n flie s , A ld e r flie s , F i s h f l i e s  (N europtera)

— Long la t e r a l  fila m e n ts  la c k in g  on abdomen© Larvae g e n e r a lly  l i v i n g  in  
p o rta b le  c a s e s  made o f  sand g r a in s , b a rk , wood o r le a v e s , etc©,  or in  
s ilk e n  bags©©•©•©©©•©©.©©•©©•©©©©©©•©©•©©•©®©©Caddic s f l i e s  (T rich op tera^
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K E C O m iT iO H  GHARACT&BSOF THE FIV E  LAJOR GROUPS OF TROUT STREAM INSECT LARVAE AED HTKPH5Most D istin ctiv e  Character Underscored in  Each GroupsCOMi'ON NAME Caddicefly larvae Mayfly rympha [ Stonefly numphs tr u e -fly  larvae ilellgram itea, dobson, a ld er, or f is h - f ly  larvaeORDER Trichoptera Ephemeroptera Plecoptera Diptera NeuropteraFORM C y lin d ric , elongate» Body arcuate in  side view
Flattened in  sw ift water forms, elongate variable

Flattened,elongate. Quite worm- lik e , slender "maggots." Long, slender, flattened»
TAILS Lacking, having instead 1 p air o f flesh y prolegs— each armed with movable hook or claw .

3-long (rarely 2) many jointed 2-long many jointed lacking or short and flesh y 1 median t a i l  long and tapering, or else  with a pair o f double hooked prolegs»GILLS In  tu fts , variable or wanting» Always on abdomen* when present
hto 7 p airs on back o f abdomen In minute tu fts  at bases o f leg s or lacking Minute clu ster on posterior end as a rule« T u fts at bases of la te r a l filam ents or lacking»

jbKGS 3 p a irs , long and dark in  color 3 pairs,moderate in  length« 3 pairs,moderate length« Legs lack in g . 3 pairs»HABITAT In  r i f f le s  mostly In  r i f f le s j  few burrow in  so ft stream or lake bottoms«
In  r i f f le s  mostly A ll waters In r i f f le s  and pools, often in  gravel beds and s x lt oOTHERPECULIARITIES l iv in g  in  cases o f sand grain s, wood, e tc» , or in  fixed  sh elters on stones«.

Very d e lic a te , fr a g ile , m a ll forms as a ru le Often b r illia n t  black and yellow color pattern on back and head.*~
liead sm all, apparently lacking in  many larvae•

1 pair of long la te r a l filam ents on each segment o f abdomen»*  Hind-body, the body o f an in sect being in  three main divisions head, thorax, and abdomen» i  From Needham, P„ Rc,  "Trout Streams", 1939»



BibliographyThe selected series of publications lis te d  below are esp ecially  useful to students interested in  fish e s and in  fish ery problems* A number of these w ill be placed on the reserve sh e lf in  the Biology Library for reading assignments*AGASSIZ, LOUIS1857 De l ’ espece et de la  c la s s ific a tio n  en zoologie. P a ris , 186?, p . 308.ALLEN, K . RADWAY1951 The Horokiwi stream, a study of a trout population.New Zealand Marine Dept«, F is h . B u ll. No. 10, W ellington, 231 pp.
1952 A New Zealand trout stream, some fa cts  and fig u re s .New Zealand Marine D ep t., F ish , B u ll. 10A. (A shortened and sim plified account of the studies described in  Fisheries B u lletin  No. 10 lis te d  above), 70 pp*BARNOV, T . I .
1918 On the question of the b io lo g ica l basis o f fis h e r ie s . U .S .S .R , Bur. o f F is h .,B u ll* , V o l. 1 (1) j pp, 81-128.1925 On the question of the dynamics of the fish in g  industry* U .S .S .R . Bur. of F is h ., B u ll* , V o l. 8j pp. 7 -U .BARNHART, PERCY SPENCER1936 Marine fish es of Southern C a lifo rn ia . Univ, of C a li f . Press, 209 ppBERG, LEO S . 19U7 C la ss ifica tio n  of fis h e s , both recent and f o s s i l . J .  W. Edwards, Ann'Arbor, M ich ., 517 PP*BIGELOW, HENRY B ., I D  ÏIM. C . SCHROEDER19U8 Fishes o f the western North A tla n tic , Part I ,  la n ce le ts , cyclostomes and sharks. Memoir No. I ,  Sears Foundation Marine Research, 576 pp.
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INTRODUCTIONRapid in d u stria l growth coupled w ith exploding populations in  the United States since WorHWar I I ,  have created vast problems fo r conservationists» Much arable land i s  disappearing under housing developments and concrete and asphalt are replacing the natural ground cover a t a fa s t  pace* Over 90 percent of the spawning grounds used by salmon and steelhead in  the Sacramento-San Joaquin have been blocked by dams in  the race to secure more water fo r  continuous growth* These and other self-renew able resources are indeed threatened with extinction* Unless the oft-repeated p rin cip le  of m ultiple use o f water is  applied with equal consideration fo r the benefit of aquatic resources as i t  is  fo r the improvement o f te r r e s tr ia l a c t iv it ie s , C alifo rn ia  i s  bound to  su ffe r grave losses* P o llu tio n , dams, diversio n s, poor logging p ra ctice s, and overegrazing by livesto ck  have wrought serious destruction to the waters of Ca l i f ornia.- Research has produced the fa c ts  th at point the way toward b etter resource management and given tim e, many o f these errors may be p a r tia lly  or wholly re ctifie d *  A r t if ic ia l salmon spawning channels, check dams, new devices fo r erosion control and reforestation  and more e ffic ie n t  methods o f land management, a l l  give hope th at our self-renew able resources w ill survive fo r  the b en efit of future generations*Before the a rriv a l o f the white man, th is  country possessed v a s t, u nu tilized  fis h eries resources* I t s  streams and lakes contained numerous fish es of many fam ilies* Some were new species th at combined gaminess and e d ib ility  quite unique from the old world fis h  fauna such as the P a c ific  salmon, black basses, sunfish and other forms* The early  se ttle rs  and th eir follow ers up to  the present day were not slow to  recognize these q u a litie s  and to  ex p lo it them with the use o f n e ts , rods, and lu res o f ever improved design and effectiven ess* Fishing pressure has increased enormously in  the past few decades* How are we to  maintain and improve these renewable resources o f fin e  native game fish es? One of the aims o f th is  h a lf o f the course is  to  present the fa cts  from the researches o f aquatic b io lo g ists  and fis h  eu ltu rists th at in dicate what must be done i f  we are to  manage these resources w isely and on a sustained y ie ld  basis* I t  is  hoped that the student, aside from learning to recognize fis h  in  the laboratory, w ill a lso  gain knowledge th at w ill increase his enjoyment of h is environment. The course should also  provide him with fa c ts  esse n tia l to  the cause of conservation o f fish e rie s  in  future years*Lectures and LaboratoryThis h a lf o f the course i s  concerned prim arily with the p rin cip les o f fish e iy  management* A fte r a b r ie f introduction on the general lim nological features o f aquatic environments, the lectu res w ill be devoted to  the dynamics and ecology of fis h  populations, idle management o f game sp ecies, and fis h  cu ltu ral practices* Students should re ly  on -the laboratory syllabus fo r  d istrib u tio n  and l i f e  h istory m aterials on the fish e s studied since l i t t l e  inform ation of th is  nature w ill be given in  the le c tu re s . Important food and game fish es from various fam ilies o f fish es found in  the United States w ill be availab le  in  the la boratory. The student should study the preserved specimens w ith the purpose of being able to  id e n tify  them in  the future* This syllabus w ill a id  in  the study o f the recogn itio n  characters in  the laboratory, but emphasis is  placed on the study o f the fis h  themselves. The laboratory examinations w ill te st the student’ s knowledge o f the d istrib u tio n , natural h istory and importance o f the fish e s studied in  the laboratory as w ell as h is a b ility  to id e n tify  them. They may also  include questions on m aterial given in  the le ctu re s . The necessary inform ation about these topics is  contained in  th is  sy llab u s. The student w ill not be held responsible5



fo r a l l  the fis h  in  the syllabus but only those taken up in  the laboratory or designated by the in stru cto r. Reading assignments w ill be given out in  the le ctu re s .Term PaperThe fish e rie s  management h a lf of th is  course requires the student to  w rite a second term paper which w ill be on a lake management problem. Basic data w ill^ be supplied to each student. The aim o f the paper w ill be to present a sp e cific  stocking said fis h  management program fo r a lake selected* Adequate reasons must be given fo r a l l  recommendations th at are made.Laboratory notebooksLaboratory notebooks w ill be called  in  fo r  checking at -the time o f each laboratory examination and at the end of the course. The notebooks should contain a l l  drawin g s , ch arts, graphs, e tc . that are required in  the exercises. Sim ple, neat and accurate drawings are a l l  that are ca lle d  fo r . Flossy drawings w ill bring no more c re d it.Use o f MicroscopesStudents w ill be held responsible fo r microscopes assigned fo r use in  the laboratory. Treat -them ca re fu lly  and keep the p la s tic  covers over them when not in  use. I f  you are not fa m ilia r with th e ir  proper u se, seek the advice o f your in stru cto r.EquipmentEach student should bring to the laboratory a d issecting k it  containing a sc a lp e l, forceps, dissecting needles, s c isso rs , and a m illim eter ru le . Cloths or rags fo r general clean-up in  the laboratory w ill be u se fu l. A p a ir o f dividers w ill be loaned to each student.Handling of specimensI t  i s  very important that the student handles the fis h  without damaging i t  in  any way. The fin s  break o ff  or shred very e a s ily . Take unusual care when counting spines or rays so as not to in ju re the f in s . Count the spines and rays under the dissecting microscope, unless they can be counted e a sily  with the naked eye.Do not cut in to  any specimen unless to ld  s p e c ific a lly  to do so by your in stru cto r.Keep each specimen covered with water or a damp cloth  in  a tray  when i t  is  not in  use to avoid excessive drying.Clean-upEach student is  expected to clean up h is work space at the end of ary given laboratory period, Wipe a l l  water away and dry the table su rface. Replace fis h  specimens in  th e ir  proper jars unless otherwise directed by your in stru cto r.F ie ld  TripsWear old clothes and be prepared to  get your fe e t wet.6
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A ccordin g to  D r, C a r l L , Hubbs and M r. W. I .  F o l le t t 1,  th e  m arin e, b ra ck ish  and 
fr e s h  w aters o f C a lifo r n ia  c o n ta in  r e p re s e n ta tiv e s  o f  a t  le a s t  169 fa m ilie s  o f  
n a tiv e  f i s h e s . Some I4.O6 genera and 63U sep arate  sp e c ie s  are reco gn ize d  by th e se  
w orkers. O n ly some 17 genera and bZ sp e c ie s  were n a tiv e  to  th e fr e s h  w aters o f  
th e  s ta te  w h ile  in  c o n tr a s t , m arine w aters co n ta in  over 3 5 l n a tiv e  genera and 556 
s p e c ie s . In  a d d itio n , many e x o tic  form s have been in tro d u ce d  in to  C a lifo r n ia  
so th a t to d ay we have ro u gh ly 19 genera and 30 s p e c ie s  th a t  have been s u c c e s s fu lly  
e s ta b lis h e d . O b v io u sly , P a rt I I  o f  t h is  course cannot do more th an  in tro d u ce  th e  
stu d en t to  bu t a sm a ll fr a c t io n  o f th e se  form s and th e em phasis i s  la x d  on th o se  
in p o rt an t to  sp o rt f is h e r ie s ,. W hile th e  le c tu r e s  wi l l  em phasize th e  e co lo gy  and 
management o f th e common, a n g le r-ca u g h t fo rm s, i t  i s  a ls o  n ecessary fo r  th e  s tu 
dent to  see and know about many a l l i e d  form s such as th e  b o w fin , s a r d in e s , scu lp im  
and v a rio u s minnows th a t  p la y  a r o le  o f  v a s t im portance in  fo o d  c y c le s  and th e  
g e n eral eco lo gy o f  w a te r. Our o b je c tiv e s  are th e r e fo r e , a c tu a lly  le s s  concerned  
w ith sp o rt o r  gastronom ic ends th an  th e y  a re  w ith  th e  n a tu r a l h is to r y  and manage
ment o f f i s h e s ,

M a n u s c rip t l i s t  o f  the fis h e s  o f C a lifo r n ia , 1953 (not p u b lis h e d ).Petromyzoniclae -  Lampreys
The lam preys are re p re se n ta tiv e s  o f th e  o ld e s t l i v i n g  group o f v e r te b r a te s , th e  

c la s s  A gn ath a , They show most o f  th e  p r im itiv e  ch a ra cte rs p o ssessed  by th e  
p rim o rd ia l v e rte b ra te s  “when th e y no.de th e ir  appearance on t h is  e a rth  about U!iO 
m illio n  yea rs a g o . The lam preys la c k  tr u e  ja w s, b u t have a s u c k in g , ra sp in g d is c  
fo r  a  m outh. They la c k  p a ire d  appendages and th e  notochord p e r s is ts  as a  w e ll  
developed s tr u c tu r e . The Agnatha are d iv id e d  in to  two gro u p s, th e  b a gfish .e s  
w hich are e n tir e ly  m arin e, and th e lam preys w hich may be anadromous o r fresh w a ter  
in  tem perate p a r ts  o f  both hem ispheres.

The marine lam prey, Petrom yzon m arin us, has became e s ta b lis h e d  i n  th e  G reat Lakes 
where i t  i s  th e scourge o f th e n a tiv e  f i s h e s . In  f a c t , lam prey p re d a tio n  on th e  
la k e  tr o u t o f th e  G reat Lakes i s  one o f  th e b e st documented ca se s o f a  v e rte b ra te  
p red ato r e lim in a tin g  a v e rte b ra te  p r e y . Why do you th in k  th e lam preys w ith  a l l  
o f th e ir  p r im itiv e  ch a ra cte rs s t i l l  f lo u r is h  tod ay?P a c ific  lamprey, adult and larva (Ammocoetes)Entosphenus tridentatus
R ecogn ized by* The e e l—lik e  boc^yj th e mouth surrounded by a la r g e , hom y su ck in g  

d is k , many horny cusps on th e  d isk  m outh, and to n gu ej th e  g i l l  p o r e s , 7 on 
each s id e  o f b o d y, commencing c lo s e  behind th e  e y e j absence o f  p a ir e d  f i r e .
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D istribu tion : Northwestern Alaska to Santa Ana River in  southern C aliforn ia*Natural h isto ry: Large numbers of P a c ific  lampreys migrate in  the spring from theocean into freshwater streams, and, with the aid  o f th e ir  sucking d isk -lik e  mouths, are able to  surmount barriers such as w aterfalls and dams in  th e ir  journey up to or near the headwaters where they b u ild  nests in  the gravel r if f le s *  Death comes soon a fte r  spawning is  over* I t  is  an anadromous species*The eggs hatch in  about two weeks producing what are known as Ammocoetes larvae# These d iffe r  from the adult mainly in  the possession o f a projecting oval hood instead o f a horny sucking disk# The larva burrows into mud along the stream margin and feeds on vegetable m aterial. A fter from two to four years o f l i f e  in  freshw ater, the larva metamorphoses in to  the adult form and migrate to  the ocean fo r a period of p a ra sitic  l i f e  of unknown len gth . In  the ocean, i t  p arasitizes other fis h  by rasping an opening in to  the fle sh  and sucking blood#Importance: I t  is  not marketed commercially# European kings in  past times have considered the European lampreyts fle sh  a delicacy* The people o f our P a c ific  coast have not as yet developed a sim ilar lik in g  fo r the lamprey# Intensive control measures such as trapping both young and adults and the use of poisons have been undertaken to control the sea lamprey in  the Great Lakes#Acipenseridae -  SturgeonsThe sturgeon i s  one o f the few liv in g  r e lic t  forms o f the Chondrostei, a group of fish es which were dominant Airing Paleozoic times* The skeleton is  la rg e ly  cartilagin o u s and they retain  many other prim itive features such as an upturned (heterocereal) t a i l , White sturgeon ^Acipenser transmontanusRecognized by: The short, broad snoutj the It barbels in  a transverse row placed nearer the tip  o f the snout than the mouth j the 38-it8 bony shield s in  la te r a l series on each side o f the body#D istrib u tion : On the P a c ific  Coast from Alaska south to Monterey Bay, ascending the Sacramento, Columbia, and Fraser rivers to spawn in  the spring# I t  is  therefore anadromous in  h a b it.Natural h isto ry: Sturgeon grow to an amazing s iz e , up to  28 fe e t in  length and 
3250 lbs# in  w eight, th is  size  being a record o f a sturgeon taken in  the Volga R iver, R ussia. Sturgeon are slow growing, rather slu ggish , bottom feeders* Some species liv e  e n tire ly  in  fresh w ater. Using th e ir  snouts to  s t ir  up the mud, the sturgeon takes in  a mouthful o f d eb ris, separates out such foods as crustaceans, in se c ts , worms, e t c ., and expels the rest#Importance: I t  is  valued as a food fis h j the roe when cured in  a sp ecial way becomes cav iar. A somewhat eso teric by-product is  a high grade is in g la ss  made from -the a ir  bladder. Once when there was no market fo r white sturgeon in  North America, they were thrown away in  large numbers as worthless*As a re su lt of intensive fis h in g , the sturgeon fish e rie s  on the P a c ific  Coast are now quite depleted, and th is  species is  in  danger of e x tin ctio n . A large specimen

8



is  now rarely caught. Another sp ecies, the green sturgeon, (Acipenser m edirostris) occurs from southern C alifo rn ia  north to northwestern A laska, but i t  is  not used fo r food and the roe has no value*Polyodontidae -  PaddlefishesPaddle-fish Polyp don spathulaRecognized by; The long, somewhat fle x ib le  paddle-like snout; the heterocercalt a i l ;  the sp ira l valve of the in testin e  ; the cartilagin ou s skeleton; the nearly smooth skin; the broad, term inal mouth overhung by the snout.D istribu tion; A b izarre , prim itive fis h  with only two genera, the one (Polyodon) found in  the rivers o f the southern United States and the other (Psephurus) in  rivers in  China, an unusual d istrib u tio n . In  the United S ta te s , the paddle-fish  occurs in  the M ississip pi River system as fa r  north as Minnesota and W isconsin, I t s  presence in  the Great Lakes is  rare ,Natural h isto ry; I t  is  found esp ecially  in  the broad open waters o f large s ilt yr iv e rs , in  p a rticu la r the oxbows and in  flo o d -p lain  lakes* The story o f i t s  spawning and early  l i f e  history is  not w ell known.Importance; I t  is  no longer abundant, a condition brought about by o ver-fish in g, but i t  is  s t i l l  taken fo r  food with the roe being prepared in to  caviar and the fle sh  some times being substituted fo r  that o f sturgeon* I t  i s  of much in te re st b io lo g ica lly  because of i t s  primLtiveness*Araiidae -  BowfinBowfin or Dogfish Amia calvaRecognized by; The lo n g , nearly uniform dorsal f in  extending about 2/5 the way along the back; the body compressed p o sterio rly  but terete anterio r ly  with the head subconical.D istribu tion ; Only one species of the fam ily is  s t i l l  liv in g , the others are known only by th e ir  fo s s ils . I t  is  found in  the M ississip p i V a lle y , Great Lakes region, except in  Lake Superior, east to  Vermont and south to  F lorida and Texas,Natural h isto ry; I t  liv e s , as does the gars, in  a quiet-w ater habitat* Spawningis  in  May and early  June in  shallow w ater, usually among vegetation* The male clears a nesting area and guards and herds the young, The female is  la r g e s t, up to  3 fe e t lo ng. The males are distinguished from the females by the presence of a black spot or ocellu s at the upper corner o f the caudal peduncle where i t  jo in s the caudal f in . The ocellus may or may not be present in  the fem ale, but i t  never has the orange-gold rim around i t  th at is  present on the m ale. I t  is  a fis h  very tenacious o f l i f e ,  i t s  a ir  bladder functioning somewhat as a lu n g, thus enabling the bowfin to withstand considerable periods o f exposure out of the water. The fis h  is  a voracious predator*



Importance: The bowfin is  one of the gamiest of freshwater fis h e s , but becausei t s  flesh  is  not p alatab le , anglers do not fis h  fo r i t *  As a consequence, i t  becomes abundant in  game fis h  waters* Measures are often taken for controlling i t s  abundant numbers and it s  spread* I t  is  another fis h  o f considerable b io lo g ica l in te re st because o f i t s  many prim itive characters*Lepisosteidae -  GarsThe gars are an ancient order of fish e s with some remote a ff in it ie s  to the bowfins# They retain  many prim itive characters and have rnary sp ecialized  characters*Look a t the general morphology, the teeth and mouth o f a gar and i t  is  not d i f f i cu lt to surmise that the gar is  a predatory fish *Natural selectio n  works to  b est f i t  the species fo r i t s  environment and way of li fe *  I f  th is  concept is  understood, i t  w ill not be long before you w ill be able to accurately determine the way of l i f e  of most fis h  by examining th e ir  general body contours, in tern al and external anatomy, sensory mechanisms, te e th , mouth parts and g i l l  rakers, and then asking yourself ju st what type o f food and habitat they seem best f it te d  for* Northern longnose gar Lepisosteus osseus oxyurusRecognized by; The lo ng, narrow snout extending fo r  a l i t t l e  more than twice the length of the rest of the head; the hard, rhombic ganoid scales*D istribu tion i The gar fam ily is  exclu sively  North American, the longnose gar being found from Vermont and the Great Lakes region south to  the Rio Grande*Natural h isto ry: I t  inhabits the q u ie t, warn waters in  lakes and larger streams,being commonly found flo a tin g  motionless near the surface in  a lo g -lik e  fashion but being seen to suddenly leave th is  quiet state with dashes o f speed when feeding on other f is h . Spawning is  in  the spring in  shallow water $ length is  up to 3 fe e t . A very predacious fish *  The a llig a to r  gar o f the southeastern United States is  the largest en tirely  freshwater fis h  in  North America, reaching a length o f 10 fe e t and a weight o f 300 pounds*Importance: Their fle sh  is  generally considered poor, but i t  is  often marketeda fte r  i t  has been smoked. Often they become so abundant as to require control by g i l l  netting and spearing* The tough skins are used in  the manufacture o f various items*Elopidae -  Ten-poundersTen-pounder O  Elops a ffin isRecognized by: I t s  slenderness) the bony p late  on the throat between the branches o f the lower jawj a h igh , prominent sheath o f scales at the bases o f the dorsal and anal fin s j the scaly  appendage a t the bases of the pectoral and ventral f in s .
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D istributions C a lifo rn ia  to Ecuador* usually in  bays, estriarles, sloughs, and muddy t id a l streams# I t  is  the only member o f the tarpon fam ily native on the P a c ific  Coast and is  present in  the Saltón Sea o f California#Natural h isto ry: G i l l  net settin gs were made in  the Saltón Sea a fte r  ten ten-pounders had been caught e a r lie r  by some commercial fishermen making a t r ia l  beach seine haul fo r m ullet in  19i*2. Prom the n ettin gs, i t  i s  estimated th at th is  fis h  is  fa ir ly  w ell d istributed in  C a lifo rn ia 's  Saltón Sea*The specimens captured were 1? to 19 inches long and weighed 1-3/h to 2-1/2 lb s , apiece# They were a l l  sexually mature and in  spawning condition# They gained entrance to the Sea by way o f irrig a tio n  canals connecting i t  with the Colorado R iver. The young look somewhat lik e  the young o f eels and undergo a metamorphosis* Length of adults is  up to 3 feet#Importance : The presence of th is  fis h  in  the Saltón Sea together with the excellen t sport i t  gives on lig h t ta c k le , o ffers anglers a possibly new inland game fis h  and in  a body of water that has offered very l i t t l e  sport fish in g  in  the past* These fis h  afford  much fin e  sp ort, generally on lig h t  tack le  in  shallow, warm bays in  tro p ical seas#Clupeidae -  HerringsAmerican Shad Aiosa sapidissim aRecognized by: The deep, compressed body with the scales on the breast and b e lly  modified as keeled scutes j a row o f round, dark spots high on the sides o f the body, decreasing in  size  posteriorly* a p air o f sp ecialized  large scales on each side of the ta il#D istribu tion : Alaska to southern C a lifo rn ia , not common south of Monterey Bay#  ̂In  the A tla n tic  Ocean, from Newfoundland to Florida# The shad is  the f ir s t  exo tic fis h  to  be introduced in  California#  In  1871, 1000 fry  were f ir s t  planted in  the Sacramento River#Natural h isto ry: I t  is  an anadromous fis h  which migrates from the ocean in  thespringtime to spawn in  rivers# I t  is  a p r o lific  spawner# I t s  introduction has had no v is ib ly  bad e ffe c ts  on the native species o f the P a c ific  Coast because the niche f i l le d  by the shad was la rg e ly  vacant u n til i t s  arrival#Importance: Probably the best food fis h  in  the fam ily , i t  i s  w ell wor|h baking or b ro ilin g  in  sp ite o f the bones, the reward is  i t s  pronounced savoriness. In  19^6 approximately 1*1 m illio n  pounds valued a t only #95,000. were taken in  the P a c ific  Coast states# In  con trast, P a c ific  salmon from the same area in  1956 produced a catch of 5U#3 m illio n  pounds with a value of 16#5 m illio n  d o lla rs . Stoppage of commercial g i l l  netting in  the Delta Area has greatly  reduced the take of shad and a t the same time greatly  increased the sport catches o f these fis h  in  the spring when on th e ir spawning migrations • Outside catches o f the anadromous salmon and shad, the freshwater fish es o f C a lifo rn ia  supply l i t t l e  food fo r  comm ercial markets# Shad roe i s  sold in  markets fresh and canned and is  considered a d elicacy , esp ecia lly  when fried#
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Conservations There were once immense spring runs o f the shad on the A tla n tic  Coast, but they have stead ily  declined because they were fish ed  heavily by commercial fishermen when the fis h  were making th e ir  spawning migrationsP a c ific  sardine or pilchard Sardlnops caeruleaRecognized by: The low ridges running obliquely downward on the operculum* theseveral round, dark spots along the upper side o f the body in  the adult* the p a ir of large scales on each side o f the t a i l ;  the absence o f teeth«D istribu tion : B ritish  Columbia southward to  G u lf of Californ ia«Natural h isto ry: The eggs and larvae o f the P a c ific  or C a lifo rn ia  sardine were
f i r s t  d isco vered  i n  192? i n  th e G u lf o f  San ta  Barbara« The 

eggs are p e la g ic , f lo a t in g  fr e e ly  in  the w ater from  th e su rfa ce  down to  a t  le a s t  
50 fathom s« A regio n  o f in te n s iv e  spavining l i e s  in  the area between P o in t Con
ce p tio n  and San D ie g o , C a lifo r n ia , and exten d in g o ffs h o r e  fo r  app roxim ately 100 
m iles« The eggs are lib e r a te d  m ainly i n  M arch, A p r il , and M ay, T aggin g e x p e ri
ments have shown th a t  th e re  i s  a d e fin ite  n o rth  and sou th  m igra tio n  between 
B r itis h  Colum bia and C a lifo r n ia  w aters« There i s  a co n sid e ra b le  flu c tu a tio n  in  
th e  e x te n t o f  th e  fis h e r y  from  year to  y e a r , p ro b ab ly a s s o c ia te d  w ith  c o a s ta l  
oceanographic co n d itio n s« Sard in es fe e d  on p lan k to n  o rgan ism s, tr a v e l in  
s c h o o ls , and a tta in  a  le n g th  up to  16 in ch es«Importance: The follow ing figu res are presented to  give an idea o f the immense poundage of sardines that was formerly taken before th is  fish ery  crashed in  1952-53« In  1959» 7h millio n  pounds were taken. During the past 37 years, the catch has been lower than th is  only in  1952,  1953» 1956,  and 1957«
The la n d in g s in  1959 were most d isa p p o in tin g  and a lo n g way down from th e reco rd  
la n d in g s o f 105 b i l l i o n  pounds in  1936« C o in c id e n t w ith  th e fa ilu r e  o f the s a r
dine f is h e iy  in  C a lifo r n ia  has been th e g r e a t in cr e a s e  i n  th e ca tch e s o f  menhaden 
another c lu p e id , found on th e A tla n tic  C o ast« The l a t t e r  have re p la ce d  th e sa r
dine as producing th e  g r e a te s t annual ca tc h  o f a s in g le  s p e c ie s  ever taken  by  
dom estic fisherm en* In  1959 a reco rd  o f 2*2 b i l l io n  pounds o f menhaden were 
landed« These f i s h  accoun ted fo r  U3 p e rce n t o f  th e t o t a l  pounds o f  f i s h  and 
s h e llf is h  land ed in  th e  U« S« in  195'9« Both sa rd in e s and menhaden are used  
p r in c ip a lly  fo r  p ro d u ctio n  o f  f is h  meal and o i l .

The reasons fo r  th e crash  o f  the sard in e fis h e r y  in  th e e a r ly  f i f t i e s  has been a  
s u b je c t o f much d isc u ssio n  among fis h e r y  b io lo g is ts «  P robably more money has 
been spen t on b io lo g ic a l research  on t h is  fis h e r y  th a n  a ry  o th e r f is h e iy  in  th e  
world« The b io lo g is t s  had the fa c t s  and some o f them a t l e a s t , a n tic ip a te d  the  
crash« But p o l i t i c a l  p ressu res p reven ted th e enactm ent o f s t r i c t  re g u la to ry  
measures« The r e s u lt o f in te n s iv e  f is h in g  c o in c id e n t p ro b a b ly , w ith  y e a rs o f  
poor o ce a n ic co n d itio n s fo r  spaw ning, s u r v iv a l o f  la r v a e  and subsequent grow th, 
ap p aren tly combined to  cause the crash« H is t o r ic a l ly , com m ercial fisherm en  
ten d to  " f is h "  them selves o u t o f bu sin ess«
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P a c ific  herring v'Clupea p a lla s iiRecognized by: The absence of oblique downward pointing ridges on operculum; the absence of sp ecialized scales from sides of t a i l ;  the absence o f black spots on sides of body; the absence of teeth from jaw s, but present on vomer in  an ovate patch, and weak and small on tongue; the scales which e a sily  rub o ff*D istribu tion : On both the A sia tic  and American sides o f the P a c ific  Ocean; from Alaska to  a t le a s t the Mexican border, and to  Japan and China*Natural h isto ry: The P a c ific  herring is  c lo se ly  related  to the A tla n tic  species(Clupea harengus) and is  probably equal in  eating q u a litie s , i f  properly handled. The herring migrate from th e ir  ocean feeding grounds to  sheltered coastal bays to spawn, those entering San Francisco Bay being about 10 inches lo ng, schools o f them coming in  in  January and continuing on in to  A p ril, spreading th e ir  adhesive, amber, translucent eggs in  great numbers on e ll-g r a s s , seaweed, p ie r p ilin g s , e tc * , then disappearing again in to  the ocean, not to  be seen u n til the follow ing breeding season. The eggs hatch in  about two weeks*Out in  the open ocean, the herring congregate in to  lo c a l populations, but a certain  amount of interm ingling of individuals does take place* The extensive schools o f herring, feeding as they do on plankton organisms, play a very important role in  the economy o f the sea; they are the b asic food source upon which the non-plankton feed ers, such as sharks, other fis h e s , waterfowl, and seals feed*They atta in  an age o f 8 or more years and a size  up to 18 inches in  len gth .Importance: Both in  Europe and America the herring fish ery  is  important. In  Alaska the 1959 catch was almost 108 m illio n  pounds valued a t 
1*2 m illio n  dollars*There are reasons th at account fo r the re la tiv e ly  undeveloped herring fish ery  on th is  co ast. Size and fatness are very important features in  the smoking and saltin g  of herrings and C alifo rn ia herrings being sm all and not in  good condition when taken during the spawning process, are not rated very highly fo r these types of preservation. For canning, however, they are better* Further, the P a c ific  herring are s t i l l  looked upon by the public as in fe rio r to the European herring. This prejudice has grown up because the P a c ific  herring was not preserved with much care and i t  did not measure up to the q u a lity  o f the Scandinavian and Scotch cured European im ports.The market, both fresh and canned, fo r P a c ific  herring should grow, With th e ir  excellen t fla v o r , high food value, and very low c o s t, more herring should be used fresh in  C a lifo rn ia , Threadfin Shad Dorosoma petenense xRecognized by: An extremely elongated la s t  dorsal f in  ray , forming a long filam ent; 20-25 anal ra y s .
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D istribu tion: Streams and lakes draining in to  the G ulf o f Mexico from Florida toMexico* Introduced as a forage fis h  into C alifo rn ia  aid  other states*
N a tu ra l H is to r y : The th r e a d fin  i s  a good example o f a s c i e n t i f i c a l l y  plannedintroduction as contrasted with the e a r lie r  "h it or miss" practic e  o f introduction which was more than lik e ly  to be detrim ental to  th e  native fauna or to the introduced game fish es*The threadfin meets the requirements o f a good warm-water forage f is h . They are plankton feeders and thus act as e ffic ie n t primary consumers, d ire ctly  converting phytoplankton in to  fis h  fle s h , elim inating energy lo sin g lin k s in  the food chain* But th is  alone is  not enough to meet the requirements o f a good forage fis h ; they must also  be available to  the game fish * This means th at they must remain in  open water fo r  ready predation and not grow too large too f a s t . A lso , they should not compete with game fis h  at any stage of th e ir l i f e  cycles* The threadfin shad f i t s  these requirements admirably. Their introduction in to  C a lifo rn ia  has resulted in  a s ig n ifica n t increase in  the growth o f largemouth bass in  some large reservoirs, notably Lake Havasu on the lower Colorado River* The booming populations o f threadfins in  Ca l i f ornia is  another example of an introduction o f a species into a v irtu a lly  unexploited niche* This species is  lim ited  by water temperature, not being able to withstand fo r long periods o f time temperatures lower than & °F ,Importance: I t  holds great p o s s ib ilitie s  in  fish e rie s  management as a warm water forage fish * The e ffe c ts  of i t s  introduction into C alifo rn ia  waters should be ca re fu lly  observed*Engraulidae -  AnchoviesNorthern anchovy Engraulis mordaxRecognized by: The very large mouth, the m axillary extending fa r  behind the eye, almost back to the edge of the g i l l  cover; the head length greater than depth o f body; the eyes near the end of snout; the anal f in  base shorter than the head*D istrib u tion : This is  the only P a c ific  Coast anchovy found north o f Santa Barbara, the range extending from Vancouver Islan d  southward to Cerros Islan d  o ff the coast of Lower C alifo rn ia*Natural h isto ry: Being a plarkton feeder p rin cip a lly  and swimming in  largesch ools, the northern anchovy is  a basic food source fo r mary marine fish * Spawning occurs in  the middle summer months. I t  is  one of the largest o f the anchovies; the length is  up to 7 inches* The fle sh  is  r ic h , o ily , and comparatively dark*Importance: Approximately 7*2 m illio n  pounds were delivered to  the markets in  19!?9* Much o f th is  catch was used as both liv e  or salted  b ait*I t  has excellen t p o s s ib ilitie s  i f  preserved in  o il  and spices or i f  made in to  a paste as is  done to a large extent with European anchovies* They are good when fried* The northern anchovy is  probably one o f the undeveloped fish e ry  resources that may have some importance in  the future on the P a c ific  Coast*
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Osmeridae -  SmeltsSurf smelt Hypomesus pretiosusRecognized by: The adipose fin |  the p e lv ic  fin s  attached behind the fro n t of the
D istribution: Prom the central C alifo rn ia  coast to northwest Alaska#Natural h isto ry: I t  is  a true smelt# The spawning season la s ts  from June toSeptember and occurs on sanc$y beaches# The su rf smelt plays an important part in  the food chain o f the sea, the king salmon and other piscivorous fish es feeding upon it#  The young are ca lled  "w hitebait” along with the young o f several other species#Importance: In  the spawning season, considerable numbers are taken fo r the fresh fis h  market and i t  is  vised fo r b a it by commercial and sport fishermen# There are several other species o f fis h  that at f ir s t  glance resemble the true smelts and are commonly c a lle d  "sm elt", though they are not# The surf smelt forms about 10 -  1$ percent of the state  smelt catch# Though the to ta l P a c ific  Coast catch fcr 1956 was about 2,7 m illion  pounds valued a t $202, 000# to the fis h ermen, i t  is  o f only minor commercial importance# The su rf smelt is  supposed to be almost as fin e  to eat as the eulachon#
Recognized by: The o rigin  o f the dorsal f in  behind the o rig in  o f the p e lv ic  fin s  $
D istribu tion: Northern C a lifo rn ia  to northwestern Alaska#Natural h isto ry: I t  ascends the Fraser and other rivers to the northward in  thespring in  enormous numbers to spawn on s i l t  or sandy bottoms#The young do not remain in  fresh  water lo n g , but d r ift  with the current down to the sea where they grow to  maturity# The eulachon dies a fte r  spawning# I t  forms part o f the food o f the Chinook salmon and of the fu r-se a l and was important to the Indians# Length i s  up to 12 inches#Importance: In  the lower Columbia R iver d is tr ic t  in  both Oregon and Washington from the Lewis and Sandy Rivers some two m illio n  pounds worth about #100,000 are taken annually. In  C a lifo rn ia  the eulachon does not enter the commercial catch at all#  I t  was once used as a candle, the fis h  merely being dried and a strin g run through i t ,  so o ily  is  th is  f is h . But the o il  has a very d elicate flavor# David Starr Jordan has stated that the fla v o r and delicacy of •the fle sh  are much superior to  that of the tro u t, "the best flavored fo o d -fish  in  American waters « .  • .  with comparatively few troublesome bones#"

dorsal f in j the minute teeth on tongue, pterygoid, p a la tin e , vomer, and jaws#

EulachonThaleichthys p acificu s O
the fin e  lin e s  or ridges (striae) on the opercles follow ing the contour o f the opercular bones#
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Coregonidae -  w hitefishesThe w hitefishes are d istribu ted on a world-wide basis in  the same general range as the Salmonidae. Generally the w h itefish , as a group, are sp ecialized  as planktonic or bethic feedin g, lacu strin e species* The w hitefishes d iffe r  from the salmons and trouts (Salmonidae) in  having larger sca le s , sm aller eggs, and a d iffere n t arrangement o f the te eth . They are sim ilar to the Salmonidae in  having upturned vertebrae, an adipose f in , a p elv ic appendage, and the absence o f oviducts.There are many species o f w hitefish but ich th yo logists are in  dispute as to  ju s t how maty genera and species should be recognized. In  C alifo rn ia  the only species present is  the Rocky Mountain w h itefish , Prosopium w illiam soni.Rocky Mountain W hitefish ^Prosopium w illiam soniRecognized by: T yp ically  sh ort, w h itefish -lik e  snout and a sh ort, broad maxilla r y . I t  can be distinguished from other w hitefishes o f the genus Coregonus by i t s  fewer g i l l  rakers and shape o f the n o s tr il. Compare the g i l l  rakers o f a ty p ica l plankton feeding fis h  with Prosopium. For a more strik in g  demonstration o f the correlation  o f feeding structures with the ecology o f the sp ecies, compare the g i l l  rakers of a pike (Esox) with one o f the herring fam ily (Clupeidae).D istribu tion: Found in  certain  lakes and streams from the west slope o f the Rockies to  the P a c ific  Ocean and from Utah north to B ritish  Columbia, and in  the headwaters o f the Saskatchewan and M issouri systems. In  C aliforn ia i t  is  lim ited  to a few streams and lakes on the east slope of the Sierra Nevada (Truckee R iver, Trout Creek, F allen  le a f Creek, Lake Tahoe, Donner Lake, Lower and Upper Twin Lake, and the Walker and Carson r iv e r s ) .Natural h isto ry: I t  is  an inhabitant o f lakes and stream s. In  lakes th is  fis hremains in  the deeper waters u n til the spawning season in  la te  f a l l  or early winter when i t  then moves in  large masses in to  the lake tr ib u ta rie s . The snout o f th e male is  somewhat pronounced, esp ecially  in  the breeding season, when some anglers, thinking i t  a sucker, discard i t .Importance: Because the m ajority o f C a lifo rn ia  anglers were and s t i l l  may beunaware o f the fin e eating q u a litie s  o f th e  Rocky Mountain w h itefish , large numbers caught have been l e f t  on the banks to  r o t . This fis h  is  not bony and has an excellen t fla v o r , being another fis h  thought by some e v e r ts  to be better eating than the tro u t.W hitefish, Great Lakes w hitefish Coregonus clupeaformisRecognized by: The oblong, compressed body more or le ss  elevated; the prem axil- la r ie s  wider than lo n g , extending downward and backward, the sh ort, sm all head; the blunt snout.
16



D istribution: In  a l l  the Great Lakes, but no longer in  Lake E rie ; in  Torch Lake, M ichigan, and in  some lakes in  New England and in  southern Canada«Natural h isto ry: I t  is  a lake dweller p rin c ip a lly , an inhabitant o f the deeperwaters o f lakes during most of the year, but moving in to  shallow waters b r ie fly  in  the la te  spring and early summer and again la te r  to  spawn in  the f a l l .  Spawning occurs from la te  October on in to  December on rocky reefs and shoals in  water from It to 20 fe e t deep, 10,000 to 75,000 eggs being deposited by each fem ale, the eggs hatching in  about fiv e  months. The water-dog or salamander is  very destructive to  the eggs as are also yellow perch. The greatest recorded age from scale readings is  26 years.Importance: No other s tr ic t ly  freshwater fis h  is  as important a commercial food fis h  as th is  one in  North America. The demand is  greater than the supply. Inadequate protection and overfishing have seriously depleted th is  sp ecies. In  Lake Huron i t  was almost exterminated in  the 1930's  because fishermen were using the very e ffic ie n t  deep-trap n e t.
The U n ited  S ta te s  ca tch  fo r  191*6 was alm ost 5 m illio n  pounds, th e  Canadian about 
3*5 m illio n  pounds. Ten ye a rs la t e r  i n  1956 th e c a tc h  dropped to  o n ly  1*7  
m illio n  pounds. Approxim ately o n e -h a lf o f th e  Am erican ca tch  i s  s o ld  fr e s h , th e  
o th er h a lf  smoked* W h ite fish  roe i s  used as a s u b s titu te  fo r  stu rgeo n  roe in  
th e m anufacture o f c a v ia r . S tu d ie s  have shown th a t th e  s iz e  lim it s  are not h igh  
enough to  p r o te c t th e  f i s h  w hich have n o t spawned fo r  th e f i r s t  tim e b efo re  th e y  
are ca u g h t. The minimum s iz e  lim it s  a re  a l l  two pounds o r  l e s s . T his does n o t 
p r o te c t the Lake Huron w h ite fis h  th a t w eigh on th e  average o f  2 .U  lb s  fo r  th e  
m ales and 3*8 lb s  fo r  th e fem ales a t th e  tim e o f th e ir  f i r s t  spawning* The 
re a rin g  o f h atch ery w h ite fis h  has been stopped because i t  has n ot h elp ed  in cre a se  
th e  s e r io u s ly  d ep leted  p o p u latio n s* Smoked, th e  w h ite fis h  i s  the e p ic u r e 's  
d e lig h t .

T hym allidae -  g r a y lin g sThe graylings are clo se ly  related  to the Salmonidae and the Coregonidae. With these fam ilies i t  shares an adipose f in , a p e lv ic  appendage, upturned caudal vertebrae, and lack  o f oviducts# The grayling fam ily d iffe rs  from the trouts and w hitefishes by the extreme development o f the dorsal f in  which is  large and usually  has more than 20 ray s. A lso , the grayling has d istin c tiv e ly  shaped scales 
w hich cover some of the caudal ra y s . Thymallidae lack  the orbitosphenoid, a sm all bone located in  the sk u ll between the eyes. The orbitosphenoid is  present in  Salmonidae and Coregonidae* The genus Thyraallus ranges through Europe,Sib eria and western A rctic  America, with an iso la te d  group found in  the headwaters o f Idle Missouri River drainage in  Montana* Formerly a population was present in  northern Michigan but i t  is  now e x tin c t. This demonstrates th at at one time the grayling was much more widely distributed in  North America than i t  is  today.A rctic grayling Thymallus arcticu s /Recognized by: The prominent, s a i l- l ik e , high dorsal f in  with 21 or 22 rays? the adipose f in ; the black spots scattered along the sides anterio rly *
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The faded preserved specimens do not reveal the b r ill ia n t , purplish gray color of the body or the rose-colored diagonal lin e s  of the ventral fin s  or the bright bluish and bronze reflectio n s of the head and the b eau tifu l colors o f the large dorsal f in  which a l l  very quickly disappear at death.D istribution: The A rctic  grayling occurs on both sides o f the Bering S tra its  in  Siberia and Alaska and southward in to  western Canada. The d isjunct Montana population and the former Michigan population are often considered as separate subspecies but th e ir d istin ctio n s have yet to  be demonstrated.Natural h isto ry: They are spring spawnersj th e ir  habitat is  sim ilar to th at ofthe brook trout* Average size is  9 to 12 inch es. I t  does not stand up w ell e ith er under heavy fish in g  or competition and predation.Importance: I t  ranks high as a food fis h  among those anglers fa m ilia r with i t .I t  is  gamy, but not as much so as the trout and probably not as wary. I t  is  much too e a sily  caught by anglers to make i t s  conservation easy.Salmonidae Salmon and TroutThis group of fish es includes the most valuable o f inland sp ecies. The P a c ific  salmon are o f greatest commercial value, but o f perhaps greater in d ire ct value are the tro u ts , fo r mi l l i ons o f dollars are spent annually by fishermen in  search o f them. The songs in  praise of good tro u t-fish in g  are rapidly becoming dirges because of the appalling depletion and spoilage o f streams that has taken place in  recent years. Commercial exp loitation  o f our fish e rie s  has p aralle led  the exploitatio n  o f deer, b u ffa lo , e lk , antelope, and other game anim als. The only d iffe r ence is  that land game disappeared fa s te r , because i t  was easier to fin d . Sustained yield s were seldom considered u n til the specter of possible ultim ate extinction reared i t s  ugly head.A ll trout and salmon belong to the fam ily Salmonidae, They are , as every one knows, ty p ica l cold water fish e s of north temperate and su b-arctic d istrib u tio n . Both trout and salmon are migratory when liv in g  There clim atic or geographic barriers do not prevent^ m igration. Ocean-going salmon and steelhead trout feed in  the ocean and breed in  fresh water streams. Their m igrations are more or le ss  rhythmical movements between feeding and breeding areas. The P a c ific  salmon may liv e  anywhere from one to fiv e  years in  the ocean before making th e ir one spawning trip  into fresh w ater.The tendency of both salmon and steelhead is  to return to the same streams in  which they were hatched. This is  ca lled  th e ir homing in s tin c t . A degree o f straying from parent water does occur and must have occurred in  the p ast: otherwise i t  would be impossible to account fo r th e ir natural spread and d istrib u tio n .Aside from the larger size  of salmon at m aturity, the greatest p ra ctica l difference between trout and P a c ific  salmon is  one o f h a b its , not o f stru ctu re. A ll  the P a cific  salmon, so fa r  as is  known, die a fte r  spawning once. Trout, eharrs, graylin g, and other inland forms may spawn a number o f tim es. Steelhead th at migrate hundreds o f miles inland from the ocean may survive the hardships o f the ong journey to  spawn a second tin® . The A tla n tic  salmon may spawn more than once.
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One o f the most in terestin g  a c tiv itie s  o f salmon and trout is  th e ir  spawning. A ll are nest-building sp ecies. The nests are mere shallow depressions made in  gravel beds in  streams* The females usually dig the nests by turning on th e ir  sides and making sw ift up-aid-down movements of th e ir  bodies. They dislodge the bottom gravel and force i t  to one side u n til gradually the shallow nests are formed.Mating occurs over the p it of the n e st. M ilt from the male and eggs from the female are discharged at the same in sta n t, fe r tiliz a tio n  o f the eggs thus taking place in  the water as they f a l l  to  the bottom of the n e st. Nest building may require days or weeks, while the mating act is  very b r ie f. Immediately upon depositing a number of eggs, the female ca re fu lly  covers them with gravel to  protect them during incubation. "Redds” is  a term often used to designate the nests of trout or salmon.The spawning period may la s t  from a few days to several weeks, depending upon water conditions, sexual m aturity, and species of fis h  concerned. Once the eggs are deposited and covered, no further parental care is  given them. A fter hatching ■fee fry  may remain in  the gravel u n til the food supply of the yolk sac is  absorbed, or they may wriggle up out o f the gravel prior to  i t s  absorption. However, once out o f the g ravel, and the food supply o f the egg with which they began th e ir  earthly careers is  gone, they seek sm all prey in  the shallow backwaters of pool and r i f f l e ,  and a new generation has picked up the burden of independent existen ce.Description! A ll o f the salmon and trout have a fa tty  adipose f in  that is  located on the caudal peduncle. The p elv ic fin s  are abdominal with a flesh y  appendage above the o rigin  o f each. The body is  covered by many sm all cycloid  sca le s .  ̂ The student w ill not fin d  i t  d if f ic u lt  a fte r a l i t t l e  study to  recognize a salmonid from a l l  other fis h e s . The non-protractile salmonid jaws should be compared with the p ro tra ctile  jaws o f the sunfish and other centrarchids when the Matter are studied.D istributions The salmon and trout are boreal fish es p ecu liar to  th e northernhemisphere and cold  waters# They are circum -polar in  Europe, A sia , and North America, There is  no record of th e ir  having existed  south o f the equator before man transported than recently to such places as New Zealand, South A frica , and South America. The A rctic charr is  the most northerly o f a ll freshwater fis h e s .Natural h istory! As noted above, a l l  salmonids spawn and the eggs hatch in  fresh w ater. Many o f them liv e  th e ir entire liv e s  in  freshwater, but salmon and various migratory trouts leave th e ir freshwater environment early  in  th eir liv e s  and migrate down the coastal streams to spend several years in  the ocean where th eir growth is  rap id . A fter the period of ocean l i f e ,  they migrate back t o , the trib u tary  streams in  which they were born^ thus continuing future generations. A ll P a c ific  salmon die a fte r  spawning once.Importance: A ll the species are important as sport and commercial f is h . Thecommercial salmon catch on the P a c ific  Coast in  19$9 was 201 m illio n  pounds fo r which the fishermen received 3*6 m illio n  d o lla rs . This was the sm allest catch o f these species taken during the present century. In  Alaska the catchof a l l  species (except red or sockeye) was le ss  than in  1958,  and the canned pack was the sm allest since 1900,  The record year was 1936 when almost 791 m illio n  pounds were landed. Because of o ver-fish in g , dams blocking m igratory routes to
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spawning grounds, and other fa c to r s , serious declines have occurred in  salmon catches. Alaska while s t i l l  producing most o f the salmon taken, also shows signs o f serious depletion. Between 19lil and 1959, the to ta l annual take in  Alaskan waters declined from around $00 m illion  pounds to 11*7 m illio n  pounds. In  terns o f numbers of f is h , the la t te r  figu re (1959) represents 2$ m illion  in d ivid u al f is h . Of the fiv e  species of P a c ific  salmon taken, almost 11 m illio n  o f these were pinks or humpbacks, 8 m illio n  were red or sockeye, followed in  order by chums (keta), silv ers or cohos, and Chinooks or kings.As would n atu rally  be expected because of population growth, C a lifo rn ia ’ s runs o f Chinook and s ilv e r  salmon have shown serious declines over the past 30 years. I t  is  questionable whether or not salmon runs can continue to  survive here because of intensive u tiliz a tio n  o f waters for needs other than for f is h . In  Washington and Oregon sim ilar p a r a lle l declines have occurred and fo r the same reasons. Even so , in  1956 Washington produced 28,7 m illion  pounds, Oregon 11*«2 m illio n  pounds and Ca l i f ornia 1 1 ,U m illio n  pounds. Aside from an intensive o ff-sh o re , commercial, tr o ll-fis h e r y , an intensive sport fish ery  has developed. This fish e ry , using party-boats, private cruiser’s , and other c r a ft , accounts fo r  a take of around65,000 chinook salmon a year. I t  can be said  with assurance th at salmon s t i l l  survive in  C a lifo rn ia  waters because o f th eir own persisten ce, not because o f man but in  sp ite of man. The settin g  aside of certain  streams as salmon refuges, the construction o f a r t if ic ia l  spawning channels below dams, more e ffic ie n t  operation of salmon h atcheries, and other sim ilar measures, can do much to assure th e ir  surv iv a l in  C alifo rn ia  w aters. TroutD ifferences between trout and P a c ific  salmonsTrout: (1) anal f in  rays, 9-12 P a c ific  salmon: ( l)  anal f in  ra y s ,13-19
(2) spawn more th a n  once (2) spawn o n ly  once
(3) mouths w hite in s id e  (3 ) mouths q u ite  b la ck

in s id e

The term "ch a rr" i s  fr e q u e n tly  encountered in  w r itin g s  on t r o u t . In  th e  U n ited  
S ta te s  i t  r e fe r s  to  th e e a ste rn  brook t r o u t , the la k e  tr o u t , and th e D o lly  Varden 
tr o u t, a l l  in  th e  genus S a lv e lin u s » Charrs are d is tin g u is h e d  by th e ir  c o lo r a tio n , 
sp o ttin g  and absence o f te e th  on th e s h a ft  o f th e  vomer bon e. O ther tr o u t a l l  
have beeth on both th e  head and s h a ft o f t h is  bon e.C la ss ifica tio n  o f Trout
Ic th y o lo g is ts  have alw ays been p lagu ed  by th e  problem  o f a  c o r r e c t c la s s if ic a t io n  
o f th e  tr o u ts *  In  N orth Am erica more th an  35 s p e c ie s  and su b sp ecies o f th e  genus 
Salmo have been reco gn ize d  a t one tim e o r a n o th e r. Much o f th e problem  stems 
from the n o to rio u s v a r ia b ilit y  o f the t r o u t ’ s way o f  l i f e ,  i ,  e , o cean , r iv e r s , 
and la k e s , and the in flu e n c e  th e se  v a rio u s environm ents have on t h e ir  morphology 
and c o lo r a tio n . There i s  no good d e fin it io n  o f  a s p e c ie s  and su b sp ecies w hich  
w ill  s a t is fa c t o r i ly  c la s s i f y  th e t r o u ts . For now, we w i l l  co n sid e r a l l  o f the  
n a tiv e  w estern N orth American tr o u ts  to  c o n s is t o f two d is t in c t  s p e c ie s  j th e  
rainbow t r o u t , Salmo g a ir d n e r ii, and th e c u tth ro a t t r o u t , Salm o c la r i d i ,  and a 
number o f su b sp e cie s. In  a d d itio n  to  th e se  s p e c ie s , th e European brown or Loch
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Leven trout* Salmo tru tta  and eastern brook tro u t, Salvelinus fo n tin a lis ,  have been widely introduced. A ll four species have been transported to boreal waters a l l  over the world to provide trout fish in g*Rainbow or Steelhead Trout SeriesRainbow or steelhead trout Salmo gairdneiuiThose rainbow trout liv in g  in  a river system open to the ocean usually migrate downstream when two years old and enter the ocean for a feeding and growing pemod of about two years, a fte r  which time they w ill make a return m igration up coastal streams fo r  spawning purposes* Rainbow trout which perform th is  m igration to and from the ocean are ca lle d  11 steelhead",  or "steelhead trout" • In  other words, a steelhead trout is  merely a rainbow trout th at has liv e d  in  the ocean and returned to spawn in  freshwater*In th e ir  gradual passage from fresh to s a lt  water, the young rainbows lo se th e ir parr marks • In  the ocean they become dark blue—green dors a lly  and bright silv e ry  on the sides* Black spots are on the head, on the body d o rsa lly , and on the unpaired fin s*  Because of th e ir  "s te e l-lik e "  appearance when they return much la r ger from the oceAn, they are termed steelhead. Because o f both size  and appearance, they are often mistaken fo r fresh-run P a c ific  salmon.Recognized by: The lack  o f teeth  on the back o f the tongue; the absence o f thered colored dash on the under side o f the lower jaw; the color on fresh , sea-run specimens; back and upper sides bluish-green, a pinkish-bluish strip e along the la te r a l lin e  and on the g a ll cover, the white b e lly , the numerous small dark spots on the body mainly above the la te r a l l in e , and on the d o rsal,  ̂adipose, and caudal f in s ; the body is  compressed; the head is  short* The m axillary extends to the posterior border of the eye or s lig h tly  behind i t .D istribu tion: Native range is  from southern C a lifo rn ia  in to  A laska,A d o se re la tiv e  of the steelhead i s  the A tla n tic  salmon, (Salmo s a la r) found from Maine northward in to  Labrador and in  western Europe from Russia to  Spain, This fis h , while i t  is  ca lle d  a "salmon",  i s  not a salmon at a l l  but is  a trout and does not die a fte r spawning* The steelhead o f the P a c ific  Coast hold about the same status here as the A tla n tic  salmon holds on the A tla n tic  Coast,Natural H istory: The seaward m igration o f young steelhead or rainbow u suallyoccurs in  the spring from March through May, The yovng fis h  do not turn around and actu ally  swim downstream as might be assumed, rather they d r ift with the current facin g upstream in  a normal p o sition  feeding as they drop downstream* Usually in  th e ir  fourth year (a fte r two years o f ocean l i f e )  they head back to th e ir parent streams fo r spawning. They u sually  migrate in to  C alifo rn ia  streams in  the winter or spring a fte r heavy rain s have opened the sand bars that often block the entrances of the sm aller co astal stream s. In  the Columbia River in  Oregon, a few steelhead may be found returning each month o f the year though the peak runs occur in  the spring and summer* Not a l l  o f the prcgeny o f steelhead go back to the sea. A few may remain permanently in  freshwater as resident rainbows, never repeating the seaward m igration o f th e ir  parents* Some
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dwelling in  deep lakes or large rivers w ill annually migrate in to  the sm aller tr ib utary streams for spawning, returning la te r  to the same waters but in  ary case, never entering the sea* The great bulk o f the progeny of sea-going steelheads however, do return to the sea and only a re la tiv e ly  sm all percent remain as permanent residents in  fresh w ater. Thus, i t  can be seen th at the behavior o f rainbow trout is  h igh ly  unpredictable. As another illu s tr a t io n , one planting of
30,000 hatchery-reared, rainbows from a supposedly purely resident s tra in ,that was made in  a trib u tary o f tile Columbia River in  Oregon, produced a few large 
8 and 10 pound steelhead, fis h  from the same plant th at had gone to the ocean.Not many fish  did th is  but enough returns were had to prove that a sm all proportion went to the ocean. Since the entire lo t had been marked by removal o f two fin s  prior to p lan tin g , i t  was easy to recognize them as members of the group referred to when they were caught la t e r .Spawning takes place in  la te  winter or spring. Because the spawning behavior of steelhead is  e sse n tia lly  sim ilar to  th a t o f rainbow, cutthroat, and the various P acific  salmon, i t  is  presented as an example o f the general spawning process fo r native C alifo rn ia  salmonids* The female chooses a spot at the lower end of a r i f f le , an area where shallow water breaks rapidly over a gravelly  bottom. By turning on her side and using her t a i l ,  she is  ab le  to dig out a p it  about it to  8 inches deep and about the same len gth . The courtship of the male, which is  one common ch aracteristic  o f a l l  o f the salmonids, consists o f h is coming very close alongside the female and vibrating his entire body, a process which resembles the actual spawning a c t . A fter the eggs are deposited in  the n e st, the female moves upstream a s lig h t distance in  front of her nest and digs in  the gravel with the result th at the current washes down loose m aterial which covers the n e st. The pair repeat the process a number of tim es, moving upstream each tim e. A fte r hatching, the young fis h  remain in  the gravel u n til a ll  the nourishment stored in  th eir yolk sacs i s  gone. They then wiggle up out o f the gravel and begin feeding.importance: This trout is  propagated extensively in  fis h  hatcheries. I t s  fame as a game fis h  has spread a ll  over the world.Subspecies in  the Rainbow Trout SeriesKern River trout Salmo gaird n erii g ü b e r tilim ited to the Kern R iver, C a lifo rn ia . D istinguished by fin e r  sca la tio n . Perhaps now extin ct in  i t s  native w aters.Golden troutSalmo gaird n erii aquabonitaRecognized by: The strik in g  coloration o f irrid escen t golden-olive on the sides with a crimson ventral su rface; p e cto ral, p e lv ic , and anal fin s  pink, bordered with white; parr marks strong; round, black spots concentrated mostly on caudal peduncle and above the la te r a l lin e ; very sm all sca le s: 1 ^0-200 in  the la te r a l se rie s.D istribution: O rig in a lly  only in  the South Fork o f the Kern and Golden TroutCreek* Introduced in to  many new waters but because o f hybridization with other rainbows, the d istrib u tio n  of pure golden trou t is  at present unknown.
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Natural h isto ry: Golden trout are generally found only a t high elevations (7,000-12,000 ft# ) They must be iso la te d  from competition with brook trout and from hybridization with other rainbows to be successful and to maintain th eir purity# They spawn in  streams usually in  early summer, a t high elevatio n s. Lakes without su itable spawning in le ts  or ou tlets must be p e rio d ica lly  stocked to maintain golden trout populations# G ila  troutSaimo gaird n erii g ila eThis trout was described in  1950 from the G ila  R iver, New Mexico, a trib utary of the Colorado# I t  has some interm ediate characters between cutthroat and rainbow but is  closer to  the rainbow species#Mexican Golden troutThis, as y e t, unnamed subspecies o f rainbow inhabits a group o f coastal streams on the Mexican mainland. I t  is  sharply distinguished by i t s  low s c a le , verteb ral, and branchiostegal ray counts# Cutthroat SeriesCutthroat are a strange breed o f tro u t. In  migratory h a b its, they are intermediate between the far-ran gin g , sea-going steelhead and resident rainbows# There are two p rin cip a l forms: a co a sta l, migratory cutthroat, (Saimo c la rk i c la r k i) th at makes annual spawning runs in to  fresh water and an in te rio r  form# (Saimo c la rk i le w isi) th at dwells in  lakes aid  streams over a wide range in  in te rio r  drainages#The best recognition characters fo r cutthroat are ( l)  the red or orange mark below each side o f the lower jaw, and (2) the presence o f basibranchial teeth at the back o f the tongue# The name ‘'cutthroat” is  o f course derived from the f ir s t  character# A ll are spring spawners and a l l  prefer to seek the sm aller trib u ta rie s seldom breeding in  the larger riv er beds over ten fe e t in  w idth. In  la te  A p ril and early May, numerous spawning cutthroat can be seen in  the tin y  trib u ta rie s o f many inter-mountain streams in  Utah and Nevada, streams th at are le ss  than four feet in  average w idth. Coastal cutthroat likew ise seek out the sm aller, brush covered side streams fo r  spawning#From the standpoint o f fis h  cu ltu re, cutthroat in  streams seem unable to withstand competition with the introduced eastern brook and brown tro u t. However, in  lakes they often do very w ell in  eonpetation with other fish e s and produce much excellen t fishing# Evidently -they are much b etter adapted fo r  l i f e  in  lakes though a few in te rio r forms are holding th e ir  own in  streams* O rig in a lly , the only trout native to  the east slope o f the Rocky Mountains were cutthroat* These fis h  apparently were able to migrate from the P a c ific  drainage across the Continental Divide via "Two Ocean Pass” in to  the M issouri Basin*, From there they spread south from stream to stream clear to  the Rio Grande and possibly even in to  Mexico, The in terio r cutthroat i s  now mostly e xtin ct in  i t s  native range due to a lte ra tio n  o f the environment and hybridization with introduced rainbows.
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Coastal Cutthroat trout Salmo c la r k ii c la r k iiRecognized bys The dash o f red on each side o f the lower jaw in  fresh specimens*In preserved specimens the cutthroat mark often fades* A strongly- streamlined f is h , long-headed, and the m axillary extends w ell behind the posterior border o f the eye* The average size  is  sm all, usually Hi to 16 inches at m aturity. They are heavily spotted, with irre g u la rly  shaped black spots both above and belew the la te r a l lin e*D istribu tion : Abundant in  the coastal streams from Northern C alifo rn ia  in to  southern Alaska*Natural h isto ry: These fis h  are e sse n tia lly  dwellers in  estuarine waters seldom making long seaward migrations* They u su ally  leave s a lt  water in  the la te  f a l l  or early  w inter, moving upstream for spawning from January to  March, a fte r  which they le isu re ly  d r ift  back downstream to  the bays or estuaries where they may or may not go on out in to  the ocean* Thus, they may spend from up to 6 to  9 months a year in  fresh or brackish water* This makes them esp ecially  vulnerable to  anglers in  states which allow both summer and winter angling fo r such anadromous species* Hie young usually remain two or three years in  fresh  water before making th e ir seaward migration*Importance: I t  is  much prized as a game fis h  in  both estuary and fresh-w ater fis h in g , but i t  is  not equal in  fig h tin g  a b ility  to  the steelhead or rainbow.Lahontan or Tahoe cutthroat trout Salmo c la r k ii henshawiRecognized by: The spotted b e lly , the round blade spots rather evenly distribu ted d orsally  and ven trally  over the body and on the head; dorsal and caudal fin s  spotted; the red dashes under lower jaw; g i l l  rakes 21-28; scales 150-170.D istribu tion: O rig in al d istrib u tion  was in  the streams and lakes of the Lahontan basin in  Nevada and C a lifo rn ia . I t  was believed extin ct in  i t s  pure form u n til recently whem a few iso la te d  populations were uncovered in  Alpine and Mono counties, C a lifo rn ia , A somewhat d iffe re n tia te d  population o f Lahontan cutthroats inhab its Independence Lake, C a lifo rn ia , where the students from the U niversity's Sagehen Creek Project count the spawners every June*Natural h isto ry: One o f the saddest chapters in  the history of conservation concerns the destruction o f th is  m agnificent fis h *  The Lahontan cutthroat had evolved as a sp ecialized  lake form in  pleistocene Lake Lahontan*As the ancient lake dried up with the changing clim ate, only a few remnant waters such as Pyramid and Walker la k e s , were le f t  around the b a sin . The trout survived in  these few lakes and in  streams o f the Lahontan basin u n til a fte r  the coming o f the white man. Then ruthless exp lo itatio n , diversion o f water fo r ir r ig a tio n , lumbering, and p o llu tio n  blocked the spawning runs from the la k e s . The stream populations hybridized with the introduced rainbow and lo s t  th e ir  id e n tity , so by 1950 i t  was feared that exterm ination had been complete* Only because o f a few remote streams with b arrier f a l ls  to protect against invasion by introduced trouts
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have the Lahontan cutthroats been able to  maintain themselves in  a few areas.This was perhaps the la rg e st of a l l  our native tro u ts . Fish o f over 1*0 pounds were known from Pyramid Lake. The fis h  propagated today as S . c . henshawi by C alifo rn ia  and Nevada is  not a pure stra in  of the o rig in a l f is h . ~Yellowstone cutthroat tro u t Salmo c la r k ii lew isiRecognized by: The la r g e , round black sp o ts, few, scattered , and above the la te r a l lin e  a n te rio rly , but in  the caudal peduncle area extending to  w ell below the la te r a l lin e ; the red dash on the underside o f th e jaw; the body deeper and more compressed than in  the coastal cutthroat*D istribu tion : In the M issouri drainage basin in  Wyoming said Montana on up into the southeast com er o f B ritish  Columbia; also  in  the middle and ■upper Columbia River drainage. I t  has been introduced elsewhere. An extremely popular fis h  with fishermen in  the Yellowstone N ational Park and adjacent areas.Piute tro u tSalmo c la r k ii s e le n irisRecognized by: I t  d iffe r s  from the Lahontan cutthroat trout by the absence of spots from it s  body.D istribu tion : Found o r ig inal ly  only in  S ilv e r  Ring Creek above impassable Llewe lly n  F a lls , a trib u tary to the East Carson R iver, Alpine County, C a lifo rn ia . I t  has been introduced in to  a few other w aters.Natural h isto ry: The Carson River is  in  the Lahontan drainage and the native trouthere was the Lahontan cutthroat tro u t, Salmo c la r k ii henshawi.  Evidently in  ancient times a small population o f trou t inhabited S ilv e r Ring Creek before some natural upheaval o f the earth formed an impassable f a l ls  and iso la te d  th is trout colony above. I t  is  sim ilar in  almost every way to the Lahontan cutth roat, S . c henshawi, except th at i t  has no spots on the body. Below the f a l ls  today only rainbows or rainbow-cutthroat hybrids may be found, again demonstrating the necessity o f is o la tio n  i f  the native trout are to be preserved.Importance: These fis h  are of more zoological than angling in te re st because of th e ir  re stricte d  population*Greenback trout Salmo c la r k ii stomiasThis sm all cutthroat was native to the headwaters o f the Arkansas and P la tte  R ivers. I t  d iffe rs  from other in te rio r cutthroat in  th at i t  has the la rg e st spots and the sm allest scales o f any o f the native American tro u ts . This trout had been thouglt extin ct but in  recent years a few iso la te d  populations have been discovered in  headwater streams in  Colorado,
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Brown trout Salmo tru ttaRecognized by: The black spots below the la te r a l lin e  being surrounded by haloso f pink or red} also  the absence of teeth on the back of the tongue} the t a i l  almost v e rtic a l with l i t t l e  indentation or forking#D istribu tion : I t  was introduced in to  the United States from Europe in  18835 la te r  i t  was introduced also in to  A frica  and Mew Zealand# On the P a c ific  Coast i t  i s  found from C a lifo rn ia  in to  Vancouver Island# I t s  native range in  the Old World was from Iceland throughout Europe ,  and the A tlas Mountains of North A frica eastward to the trib u ta rie s of the A ral Sea#Natural h isto ry: The l i f e  h istory and ecology of the brown trou t in  Europe clo sely  p a ra lle ls  th at of the rainbow in  North America# There are an- adromous populations ca lle d  sea tro u t,  river populations ca lle d  brook tro u t, and lake forms called  lake trout -  but a l l  o f the same sp ecies, Salmo trutta# As with our cutthroats and rainbows, the m ultitude o f eco lo gical types and color variations caused European ich th yo logists to describe innumerable species# The Loch Leven trout is  such an example} i t  is  nothing but a brown trout th at liv e s  in  Loch Leven* Scotland#The brown trout is  a hardy fish } i t  can stand extremes o f floo d  and drought much better than the eastern brook trout# Two other features are th at i t  grows rapidly and is  quite waiy o f the fisherman1 s hook# A disadvantage of planting i t  is  th at the brown trout is  more voracious upon other trouts than are the rainbows, brook, or cutthroat# In  size they run up to 30 pounds in  sea-going individu als and even more in  some European lakes* They are f a l l  spawners#Importance: The wariness o f the brown trout enables i t  to maintain i t s  numbers in  heavily fish ed  waters where the more e a sily  caught brook and rainbow trout are soon gone# I ts  hardy con stitu tion  f i t s  i t  fo r waters th at are too extreme in  t emperature for the eastern brook trout# Although i t  is  held in  disrepute by many persons because of the d iffic u lt y  or s k i l l  required in  hooking i t  and because o f i t s  suspected predation on other species o f tro u t, i t  nevertheless is  one o f our most important sport fish#The Charr SeriesEastern Brook trout or speckled charr Salvelinus fo n tin a lisRecognized by: The dark olive-green color on the back with dark worm-like marks (verm iculations) on the back and dorsal fin }  the many small spots 
on the sid e s, greenish in  co lo r, some with red centers ringed in  blue} fin s  reddish with a white border on the leading edge} teeth on head o f vomer only# The b r illia n t white bordered fin s  make th is  fis h  e a s ily  recognizable wherever seen#D istribu tion: A native American trou t o rig in a lly  found from Maine to northern Georgia and Alabama in  the Appalachian Mountains and westward through the Great Lakes region to Minnesota} in  Canada from Labrador to the askatchewan River* I t  has been widely introduced elsewhere in  the United States#
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Natural h isto ry: I t  is  a f a l l  spawner in  cold-water brooks, streams and lakes*On the spawning m igration, the fis h  move in to  even the sm allest streams, dig out a depression in  a gravelly  area, and deposit th e  eggs in  i t *  The eggs remain buried in  the gravel u n til the follow ing spring when the fr y  emerge*The stream habitat o f brook trout must include water th at is  not too warm. The food is  p rin cip a lly  in sects and crustácea* In  the northeast com er o f the United States and in  the adjacent Canadian Coast sea-run forms occur.Importance: I t  is  one of the most widely known trouts in  the world and does very w ell in  h igh , cold streams and lakes o f the w est. The fa c t th at i t  is  e a sily  caught accounts for i t s  popu larity.Common lake trou t or Mackinaw trout or Great Lakes tro u tSalvelinus namaycushRecognized by: The long body, i t s  upper surface rather fla tte n e d ; the very largemouth, the m axillary extending much beyond the eye; the w ell-forked caudal f in ; the general ground color o f dark gray with scattered rounded pale spots often tinged with red.D istribu tion : Widespread in  northern North America, occurring in  most large lakes from New Brunswick, Canada, and from Maine westward to  th e Great Lakes area, Montana, and to Vancouver Islan d  on the P a c ific  Coast; then northward to northern A laska, Hudson Bay, and Labrador; i t  i s  also present in  the headwaters of the Columbia River and in  the Fraser River b asin , The lake trout has been widely introduced in to  western la k e s .Natural h isto ry: I t  i s  an omnivorous, ravenous feed er, with the mature fis h  ratherstrongly in clin ed  to be a fish -e a te r* The lake trou t is  a f a l l  spawner, the eggs being deposited on rocky shoals in  the shallower w aters. During the re st o f the year these tro u t liv e  in  the deeper w aters, ranging to  at le a s t a depth of 800 fe e t . They are the la rg e st of a l l  trouts or ch arrs, attain in g  weight: from 60 to  100 pounds.Importance: Valuable both as a commercial and sport fish *  Many m illion s ofpounds were annually taken from the Great Lakes but at present the sea lamprey has v ir tu a lly  exterminated these once vast lake trout populations, D olly Varden trout Salvelinus malmaRecognized by: The general ground color o f olivaceous green, the sides being lig h te r  than the back and having scattered red spots; the spots on the back, greenish or yellow ish , sm aller than those on the sid e s , but no verm iculations on the bade; the caudal and lower fin s  pinkish with a w hitish edge on the anterior edges of the p e lv ic and anal fin s ; the presence o f teeth  on the head only o f the vomer. Sea-run in dividu als are s ilv e ry  with the spots pale or lacking*D istribution: Found only west o f the R ockies, in  the streams and lakes of Montana, Idaho, Washington, Oregon, and in  C a lifo rn ia  south to the upper
27



trib u taries of the McCloud River# Northward i t s  range extends through coastal streams of Alaska over to  waters on the Kamchatka Peninsula, and southward in to  Japan#Natural history# I t  i s  a f a l l  stream spawner# In  the northern part of i t s  rangei t  is  found in  both s a lt  and fresh water with regular spring migrations to  the sea and f a l l  migrations to  the streams occurring in  seme places# Weights o f 10-12 pounds are common in  the north with some weights up to more than 
20 pounds#Importances I t  has some value as a sport f is h , but i t  is  generally held in  rather low regard by sport fishermen# I t s  d iet in  Alaska may con sist of rather large numbers of young salmon# I t  is  also  considered a predator on trout#

A rctic or Alpine charr Salvelinus alpinusRecognized bys There is  no character by which A rctic  charr can be absolutely id e n tifie d  from the D olly Varden chair* G enerally, alpinus is  a planktonic feeding lake fis h  and has from 23-30 g i l l  rakers, whereas malma is  a predator and more anadromous ty p ic a lly  with from 13-21 g i l l  rakers# In  Alaska, however, where these two species come together, they probably hybridize occasiona lly  and some populations are intermediate#D istribu tion: H o larcticj the most northerly d istrib u tio n  of any freshwater fish#Natural h isto ry: This complex species is  made up o f many subspecies and perhapsshould be divided in to  more than one sp ecies. In  eco lo gical d iversity and in  i t s  tendency to form lo c a l races, i t  overshadows even the rainbow, cutthroat, and brown trouts#The A rctic or Alpine charr is  an example o f a species rad iating out in to  a number of u n fille d  niches in  A rctic  waters where competition from other freshwater fis h  is  low or non-existent. They have developed in to  riv e r forms, lake forms, and anadromous forms with both planktonic and predatory feeding habits#Importance: In  the A rctic i t  forms a large part o f the food supply o f the natives* In  Europe i t  is  a valuable commercial f is h , prized fo r  i t s  flav o r and served in  the best restaurants#End of charr seriesA tla n tic  salmon Salmo sa la rRecognized by: The X-shaped black marks on the body; the slender caudal peduncle j ■the brownish coloration on ■the back*D istribution: On both coasts o f the north A tla n tic  Ocean and in  streams entering the ocean that are su itab le fo r  the A tla n tic  salmon*s spawning# On the North American coast i t  was found as fa r  south as Maine snd as fa r  north as the Labrador coast«
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Natural h isto ry: The adults leave the ocean and migrate up close to the headwaterso f streams in  la te  f a l l  (November) to spawn* The young hatch out early the follow ing spring, but remain in  the gravel u n til the nourishment in  th eir yolk sac is  exhausted* They then come up through the gravel to  fend fo r themselves in  the stream. With further growth and the appearance o f parr marks and red sp ots, they enter the parr stage. At the end of the th ird  w inter, they turn silv e ry  when fiv e  or s ix  inches long, and are known as sraolts* The follow ing spring or early  summer is  the time o f th e ir sea-ward m igration fo r a period of rapid growth in  the ocean. From June to la te  October while in  th e ir  f i f t h  year, the adults return to  th e  rivers to  spawn and a t th is  time may weigh from 1 to  30 pounds. European weight records go up to  100 pounds* A fter spawning, the adults return to the sea again . This species is  named a salmon because trouts were once believed confined to fresh w ater. I t  d iffe r s  very l i t t l e  anatom ically from the P a c ific  Coast steelhead. I t  has been introduced onto the P a c ific  Coast in  the Columbia and Snake Rivers as recently as 1933* but i t  has not become established here. There is  a landlocked form found in  certain  lakes in  New England. There are also several landlocked forms of S , sa la r in  European w aters.Importance: Man has greatly  reduced -this once abundant A tla n tic  Coast fish eryresource in  the United States by blocking o ff  salmon m igrations with dams. The few remaining A tla n tic  salmon runs in  America are now confined to  a few rivers in  Maine and the Maritime Provinces of Canada,The P a c ific  Coast salmon in  genus OncorhynchusGeneral remarks: There are fiv e  species of P a c ific  salmon in  North America, i .  e ,the pink, coho, king, chum, and sockeye, a l l  belonging to the genus Oncorhynchus.  These fis h  are d istribu ted  from southern C alifo rn ia  northwardto Alaska and on down the A sia tic  coast of the P a c ific  to  Japan where a six th  species i s  found (Oncorhynchus masou).  In  America the term "salmon" was o rig in a lly  given to the A tla n tic  salmon and was afterwards applied to th e P a c ific  sp ecies.Id e n tifica tio n  o f the young of P a c ific  salmon is  e sp e cia lly  d iff ic u lt  (see key at end of th is  sy lla b u s). Adults are recognized c h ie fly  by the general appearance of each species when fresh ly  caught. More exact means are g i l l  raker counts, scale counts, f in  ray counts, and esp ecia lly  by p yloric caeca counts, the caeca being fin g e rlik e  sacs attached near the junction o f the stomach and in te s tin e .The salmon are read ily  distinguished from the trouts by the presence o f from 13-19 anal rays. The trouts have 9-12 anal rays.The l i f e  h istory o f each species follow s a regu lar, c y c lic  p attern . That o f the king salmon w ill be given in  d e ta il and variations from i t  are given under the description fo r each sp ecies. A ll the species a re  anadromous, spawning in  gravelly  stream beds in  la te  summer and f a l l ,  a l l  ¿tying afterw ards. A fter hatching, the young, with egg sac s t i l l  present, remain in  the gravel a short time and are then known as "a le v in s" . A fte r absorption of the yolk sa c , they leave the gravel and emerge in  la te  winter or early  spring as " fr y " . Tilth growth the fr y ’ s colo r pattern becomes marked with a series o f v e rtic a l black b ars, the parr marks, along each sid e , and the fis h  is  then known as a "p arr". The parrs o f various species remain in  the stream fo r  varying lengths o f time and then migrate to  the ooean fo r  a period during which growth is  rap id . Upon leaving fresh fo r s a lt w ater, the parr begins a change in  color and pattern in  which the marks are lo s t  and the sides become silv e ry  through the deposition o f guanin c ry s ta ls .
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The fis h  is  then known as a "sm elt". The smolts grow rapidly th e ir  f ir s t  year in  the sea* Those th at return to spawn a fte r  only a year in  the ocean are termed "g rilse"* These are predominantly males though an occasional female g rils e  is  found. These average between fiv e  and eigh t pounds in  w eight. G rilse  are esse n tia lly  early maturing males that return to  spawn one year ahead o f th e ir normal time* Those th at remain fo r th eir f u l l  period o f two years in  the sea are ca lle d  salmon in  the proper sense, not g r ils e , and may weigh from 10 to 30 or I4.O pounds*The c y c lic  nature of salmon runs follow s a regular pattern fo r each species*King or chinook, say o f the brood year (the year the eggs were la id  by the parent run) o f 1950,  w ill return to spawn in  1955 in  some waters thus in d icatin g  a f iv e -  year c y c le . Others may have a four year c y c le . G rilse  in  the f ir s t  instance would return to spawn in  19$h and in  the second, in  1953« S ilv e r  or coho salmon on the other hand, run a three year cycle j two years in  fresh water and one year in  the ocean* Thus, s ilv e rs  produced by the brood year o f 1953 w ill return in  1956. Sockeye salmon generally have a four year cycle; runs produced by the brood year 195U w ill return to spawn in  1958*I t  should be made clear th at while king or chinook salmon may have a fiv e  year cycle in  one stream or a four year cycle in  another, th is  does not necessarily mean that a l l  the fis h  in  any given cycle w ill come in to  fresh  water a t the end o f four or fiv e  years respectively* Some may remain in  the sea u n til they are f iv e , s ix , seven or even eigh t years old before returning* I t  does mean, however, th at the greater proportion o f any given cycle w ill return fo r spawning a t the expected time*As popularly conceived, a l l  mature ocean salmon, which su ccessfu lly  escape death from natural causes and from the hooks and nets o f man, complete a long spawning migration back through trackless waters to  the very trib u tary  stream in  which they hatched* Only a few salmon are believed to  stray or to return to other than th e ir  natal stream s. Proof of the "home stream theory" or "homing in s tin c t" , as i t  is  ca lle d , is  based on extensive tagging and marking esq» riments th at have been carried out on P a c ific  salmon* The experiments referred to  are not necessarily conclusive but they do show th at w ell over 90 percent o f marked fis h  return to th e ir  natal streams* They also  in d icate th at a few salmon w ill stray to  streams other than the n atal one* The stim u li th at in it ia te  or control the homing in s tin c t is  now being studied. The most p lausib le theory is  th at the salmon navigate by the sun or moon while in  the open sea* When the parent stream system is  reached, such as the Columbia, Fraser, or Sacramento r iv e r , then o lfacto ry  senses guide the fis h  to  the precise trib u tary  where i t  was born.In 1937 the International P a c ific  Salmon Fisheries Commission was established between -the United States and Canada fo r  the conservation o f sockeye salmon o f the Fraser River system. The runs in  th is  stream had been badly depleted* Aided by a s t a ff  of fish e ry  b io lo g is ts , the Commission has been most successful in  terms of increased sockeye populations* The work o f th is  Commission is  another fin e  example o f where good in tern atio n al cooperation and research on mutual problems has resulted in  p rotectin g , preserving, and extending the salmon resources o f the Fraser River*In 1953 the International North P a c ific  F ish eries Commission was established between Canada, Japan, and the United States fo r  the purpose of determining the
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distribu tion  and continental o rig in  o f salmon on the high seas. The research is  divided among the countries concerned. Much new inform ation has been brought to  lig h t on not only salmon but also  on h a lib u t, herring, and king crab populations* Evidently th is  Commission is  going to prove as productive o f b io lo g ica l inform ation as the H alibut and Fraser River Sockeye Commissions established in  1930 and 1937*King or Chinook salmon Oncorhynchus tschawytschaRecognized by: The black spotting on the back, dorsal f in  and on both lobes o f the caudal f in ; the large number of p ylo ric caeca, lit. 0- 185; the loose, conical teeth ; the 20-28 g i l l  rakers on the f ir s t  g in  arch; the anal f in  with lit-19 rays.The young are distinguished by th eir strongly developed parr marks extending a lmost tiie entire dorsal-ventral distance o f the sid e s.D istribu tion; From the Ventura R iver, C a lifo rn ia , northward to Alaska and on over to  the A sia tic  side of the P a c ific  to Kamchatka, Xt ascends a l.l the large stream s, and many sm all ones, esp ecia lly  in  the Sacramento, Klamath, and Columbia r iv e rs . Spawning does not normally occur south of the Golden Gate* I t  is  the main species o f salmon in  the Sacramento-San Joaquin riv e r system.Natural h isto ry : With the 3?proach of sexual m aturity, which may occur from theend o f the second year o f l i f e ,  when the fis h  is  known as a g r ils e , up to the eighth year, but which usually occurs in  the f i f t h  year, the king salmon leave o ff  th e ir  ocean feeding and make th e ir  way back to  the coastal riv e rs . Those fis h  entering the streams e a r lie s t perform the longest journeys inland, some moving more than 2,000 m iles upstream in  the Yukon R iv er, Tagging experiments have shown-that many of the salmon swim fa r  away from the influence o f 1he riv e r Those mouth they l e f t .  This disproves the argument th at the salmon fin d  th e ir  way back because they never move fa r  enough away to be out o f the water« of th eir coastal r iv e r . The food in  the sea consists mainly o f f is h , such as sardines, herring, smelts and of crustaceans. They stop feeding a fte r  entering fresh w ater. At the end o f th e ir  fourth year o f l i f e ,  they average about 37 inctes in  length and 20 pounds in  w eight, A record o f 125 pounds has been recorded. Upon entering fresh  water in  the la te  spring or early  summer, the color pattern and body form begin to change. Both sexes become blackish with some red blotches, but with much le s s  red than the other species have. The jaws o f the male become prolonged and hooked, and the teeth become long and ca n in e -lik e , The body becomes humped at the shoulders and the scales become imbedded in  a growth of spongy sk in . The fle s h  in  both sexes changes from red to  pink or w hite.The eggs are deposited in  la te  summer or f a l l  on beds of fin e  gravel in  c le a r , cold mountain streams, the female excavating the nest with her t a i l .  In  2-3 months the eggs hatch. In  the spring most o f the fry  pass downstream and in to  the ocean, with 10-30 per cent remaining behind to make the seaward m igration the follow ing sp ring. Their duties o f spawning over, and exhausted, starved, and infected with fungus, the spent adults d r ift  downstream slowly and d ie .Importance: About l l . l t  mil lio n  pounds o f king salmon were taken o ff  the C alifo rn ia  coast in  1958, The entire catch of salmon th is  year on the P a c ific  Coast, including A laska, to taled  over 32U m illio n  pounds o f which almost 270
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m illion pounds were taken in  Alaska alone. As was noted elsewhere here# there is  an intensive sport fish ery  of these fis h  along a l l  the coasts o f the three P a cific  Coast states* Only Chinook and s ilv e r  salmon occur in  any abundance in  C alifornia* S ilv e r  or Coho salmon Oncorhynchus kisutchRecognized by: The black spotting which is  confined to the back and the upper lobe of the caudal f in j the n e e d le -lik e , firm ly set teeth j the 19-25 rakers on the f ir s t  g i l l  archj the sm all number of p ylo ric caeca, and the anal rays, 12-17. The young are recognized by the elongate rays o f the anal fin  and by the elongate parr marks*D istribution: The s ilv e r  salmon occurs at sea from a t le a s t the Coronado Isla n d s, Mexico, north to Alaska and south on the A sia tic  side to Japan*Rare south o f Monterey* I t  i s  not abundant in  "the Sacramento—San Joaquin system* Rockwood Creek on Mt* Tamalpais close to the Golden Gate, has a good population, and Paper M ill Creek, Marin County, has produced many prize winning fish *Natural h isto ry: M aturity is  usually reached a t the end o f th e  th ird  summer withan average weight o f from 6 to  12  pounds*Importance: In  1956 i t  formed the sm allest part o f the salmon catch fo r the United States and A laska, 29*7 m illio n  pounds, o f which 16*3 m illio n  pounds were caught in  Oregon, Washington, and C alifo rn ia* I t  and the king salmon are the only P a c ific  salmon taken in  any number by an glers. I t  takes a f ly  or lu re s , is  a strong fig h te r , and is  held in  high esteem by sportsmen*Sockeye salmon Oncorhynchus nerkaRecognized by: The 30 to 39 lo ng, slender g i l l  rakers on the f i r s t  g i l t  arch,more than fo r any other P a c ific  salmon j the sm all number o f p ylo ric caeca, 66 to  92 j the fin e  black specklings on the back*The young are recognized by the oval parr marks scarcely extending below idle la te r a l lin e .D istribution: From the coast of southern Oregon north to northern Alaska over to  Kamchatka and Japan; i t  is  not common south o f idle Columbia River* The landlocked form, ca lle d  kokanee, have been su ccessfu lly  introduced in to  many lakes in  the western United States*Natural h isto ry : The spawning migration usually occurs in  the summer. The adults enter only those rivers fed by la k e s . They pass through the lakes and spawn in  the trib u tary  stream s. The young descend to the la k e s , spend one, sometimes two or three years in  the la k e s, and then go to the ocean, usually in  March and A p r il. In  some places i t  has become "lake locked", completing i t s  l i fe  cycle in  a la k e , when i t  is  knowas the "kokanee" or l i t t l e  re d -fis h . The sockeye usually matures a t four years o f age a t a weight averaging from 5 to  7 pounds*
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Importance: I t  is  the most prized o f the P a c ific  salmon fo r canning because of i t s  deep red color and i t s  flavor* 9U.2 m illio n  pounds were taken in  1956 on the P a c ific  Coast and A laska, mostly in  A laska.Kokanee or l i t t l e  redfish Land-locked form o f 0 , nerkaRecognized by: The appearance id e n tica l to  th e sockeye salmon except fo r s iz e .The kokanee at maturity vary from 8 to 16 inches in  len gth , depending upon the environment.D istribu tion i Throughout the range fo r  the anadromous sockeye, but i t  is  confined to  la k e s .Natural h isto ry: The land-locked salmon or kokanee spawn in  the f a l l  in  streamsand also  along the shores o f la k e s. Like the sockeye, i t  dies after spawning. During most of the year the kokanee inhabit the interm ediate depths and aré not seen except when caught by anglers* The food consists mainly of plankton organisms which are strained from the water by the f in e , numerous g i l l  rakers.This fis h  has been widely introduced in to  reservoirs and high S ierra la k e s . I t  was hoped th at since the kokanee is  a plankton feeder, i t  would grow w ell in  such waters in  C alifo rn ia  and, accordingly, f i r s t  plantings o f i t  were made in  th is  state in  19U1. I t  did very w ell in  Dormer Lake but the result s so fa r  from Echo Lake have been disappointing. I t  has also been introduced in to  Lake Tahoe, and in  Pyramid and Walker Lakes in  Nevada*Chum or dog salmon Qncorhynchus ketaRecognized by: The absence o f large black spots from the body and fin s ; theslender caudal peduncle; the large number of p ylo ric caeca, llrO- 
185; the black tinge on a l l  fin s  except the dorsal; the 20-26 smooth, widely spaced rakers on the f ir s t  g i l l  arch. The young have slender parr marks hardly extending below the la te r a l lin e  and have a green iridescence cm the back*D istribu tion: Northern C a lifo rn ia  to northwestern Alaska and over to  Kamchatka*Natural h isto ry: Very soon a fte r  hatching the young begin leaving the streams fo rthe ocean. The adults return usually in  the th ir d , fo u rth , or f i f t h  year to spawn. I t  is  the la te s t  to appear during the f a l l  in  spawning schools* At m aturity the weight is  u su ally  from 8 to 18 pounds.Importance: Almost 60 m illio n  pounds were taken in  1956, most o f i t  in  A laska.Pink or humpback salmon Qncorhynchus gorbuschaRecognized by: The sm all sca le s , 170 to  229 in  the f ir s t  row above the la te r a l lin e ; the 26 to  3h rakers on the f ir s t  g i l l  arch; the heavy oval black blotches on the caudal f in . The young have no parr marks.
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D istribu tion: Northern C alifo rn ia  to northwestern Alaska and over to  Japan.Natural h isto ry: Spawning is  from la te  September to  early  November in  almost a l lcoastal streams o f i t s  d istrib u tio n . In  addition to th e hooked jaws, the males develop large hurrps on th e ir backs. The young go to  sea as fry  and mature at about two years o f age. I t  is  very abundant every year in  the rivers of A laska, but in  Puget Sound the runs of the odd years are much larger than those o f even years. The pink is  the sm allest o f the salmons, the weight a t maturity u sually being between 3 and 5 pounds, occasionally up to 10 pounds.Importance: I t  forms the la rg e st poundage o f a l l  the P a c ific  salmon in  the comm ercial catch , 102 m illio n  pounds being taken in  Alaska in  1956, only 6,000 pounds being taken elsewhere on the P a c ific  Coast. P ra c tic a lly  a l l  o f i t  is  canned. Esocidae -  pikesFresh waters o f northern parts of Europe, A sia , and North America* Only one genus (Bsox) in  fam ily and a l l  but one o f the s ix  species are found in  the United S tates.Some o f the species of pike have the a b ility  to inhabit warm waters o f the Southern United S ta te s , as w ell as the cold waters o f the north, fo r  exanple the mud pickerel found in  the Great Lakes region, and in  Alabama and Texas. None of these forms were native to waters west o f the Rocky Mountains*Mud or grass p ickerel Esox vermiculatusRecognized by: The o live  green body marked with worm-like wavy bars? the e n tire ly  scaled opercle; the 105 scales in  the la te r a l lin e ; the dorsal and anal' fin s  fa r  back on the body.D istribution: From Iowa across southern Wisconsin and Michigan in to  southern O ntario, and southward in to  the G u lf S ta te s .Natural h isto ry: The mud pfteM kerel i s  common in  slu gg ish , quiet bodies o f water,esp ecia lly  those with much aquatic vegetation; ponds, bayous, sluggish stream s, i t  i s  very seldom more than one foot in  len gth . Frequently i t  is  seen basking suspended in  the water near shore. I t  is  a voracious f is h , preying h eavily  on other f is h . I t  is  a spring spawner.Importance: I t s  sm all size makes i t  of l i t t l e  value as a game f is h . I t  wasintroduced unsuccessfully in to  C a lifo rn ia . I t s  fle sh  makes excelle n t e a tin g . Northern pike or p ick erel Esox lu ciu sRecognized by: The markings o f lig h t  spots (except in  the young); the largesensory pores, ty p ic a lly  5 on each side o f the mandible, the ventr a l pores never exceeding 10; the cheek fu lly  scaled , but the opercle scaled on upper h a lf only; the dorsal and anal fin s  fa r  back on the body; the lo n g , depressed



snoutj the large mouth and projecting lower jaw*D istributions In  northern parts of Europe, A sia , and North America north in toAlaska and Sib eria ; in  the eastern United States south to New York and the Ohio R iver; in  Europe, south to  I ta ly  and Greece; the only species of North American Esox occuring outside North America*Natural h isto ry: I t s  habitat varies throughout i t s  wide d isp ersal. In  the moresouthern lim its  o f i t s  range, the pike prefers sluggish streams and the warm weedy shallow waters o f lakes while in  i t s  northerly distribu tion  deep lakes o f c le a r , cold  water and rocky bottoms are ty p ic a l. I t  i s  an early spring spawner entering streams or moving in to  the flooded grassy margin of lakes to deposit the eggs* The young are out of the eggs in  about two weeks and grow very rap id ly , attain in g  a length of 8 to  12 in dies by the end o f the f ir s t  summer.The northern p ik e 's appetite is  in satiab le* I t  consumes enormous amounts of f is h , esp ecially  perch and suckers. I t  is  u su ally  described as a savage, so lita ry  hunte r , ly in g  m otionless amongst aquatic fo lia g e  in  wait fo r  unsuspecting victim s that may wander by.Importance: I t  is  of commercial inportance, a to ta l of 166,000 pounds being taken in  the United States in  1956. Most o f the catch is  taken, not in  the Great Lakes, but from Lake of the Woods, Rainy Lake, and Namakan Lake, which are on the boundary between Minnesota and Canada, The pike is  w ell known for i t s  fig h t when hooked, making i t  a fa v o rite  game f is h . Though bony aid  heavily laden with mucus on the sk in , which gives a b itte r  ta s te , i t s  excellen t fla v o r appears when the skin is  removed before cooking, Isaac Walton, in  flowery language, highly praises i t s  angling and eating q u a litie s . The p ik e 's introduction in to  C alifo rn ia  was unsuccessful. Muskellunge Esox masquinongyRecognized by: The ventral pores on the mandible, which always number more than ID , varying between 11 and 18; the markings which are always dark on a lig h t background; the absence o f scales from the lower part of the cheek as w ell as from the lower h a lf of the opercle.D istrib u tion : Native to a l l  the Great Lakes and certain  o f th e ir  trib u tary  lakes and streams both in  the United States and Canada; native in  the Upper S t , Lawrence R iver and in  the Upper M ississip p i V a lle y ,Natural h isto ry : A very voracious, en tirely  carnivorous f is h , even at an earlyage; one hour without something to eat is  said  to  put the muskellunge in  a very savage mood. I t s  movements are, when in vestigatin g  a possib le  morsal o f food, very sudden and s w ift. I t s  growth is  usually rap id , the young attain in g a length as great as 12 inches at the end of the f ir s t  four months o f l i f e ,  A very large population of minnows, suckers, and perch i s  necessary to maintain a few large muskellunge, which fa c t probably accounts for i t s  low populatio n  density throughout i t s  range. I t  a tta in s unusual size  in  some waters and records e x is t fo r specimens 8 fe e t long and 110  pounds in  w eight.
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Importance: The muskellunge is  rated as one of the greatest o f game fis h e s , which is  the resu lt o f i t s  size  and fig h tin g  a b ilit ie s 8 GV-Acr- C y  p r  i h Catostomidae -  SuckersThe suckers, of which there are about 100 species in  North America and only a few in  the re st of the world, are a l l  bottom dwellers of la k e s , ponds, or streams*Most of the species ascend streams to spawn in  the spring, but some lake inhabitants may spawn in  the shallows o f la k e s. The suckers are not game fish *  This fa c t together with th eir tendency to  over-populate certain  lakes and compete with desirable f is h , has given the sucker a rather bad reputation. The young o f suckers are eaten to some extent by predatory food and game f is h . Their value in  th is  respect should not be overlooked. There are many examples o f convergent evolution between the sucker and minnow fa m ilie s .Those doubtful species that may be either suckers or minnows may be id e n tifie d  by the follow ing ru le ; i f  the distance from the fron t o f the anal f in  to  the base of the t a i l  goes in to  the distance from the fron t o f the anal to  the tip  o f the snout more than two and one-half tim es, the fis h  is  a sucker; i f  le s s , i t  is  a minnow.The pharyngeal teeth are quite d istin c t between suckers and minnows,Sacramento sucker Catostomus occid en talisRecognized by:
D istribution:

The ventral mouth with th ick  lip s  covered with sm all flesh y  p a p illa e ; the dorsal f in  with 12 to 11; s o ft  rays.Widely spread throughout the streams and lakes of th e Sacramento- San Joaquin River b asin , in  the Russian R iver b asin , and in  streams entering Sgn Francisco Bay; a native fis h  of C a lifo rn ia .Natural h isto ry : Very l i t t l e  is  known except th at these fis h  are spring spswnersin  gravel beds in  streams but they may also spawn in  gravelly  lake shores* The eggs are adhesive and stic k  to  bottom debris when f ir s t  la id .The incubation period is  short and they usually hatch w ithin a few days, depending upon water temperatures. Nothing is  known o f th eir growth ra te , food preferences, or general ecology.Importance: I t  is  o f very s lig h t commercial valu e, being sold la rg e ly  by theChinese, The fle sh  is  too bony fo r most Americans.Two sp ecies, Catostomus tahoensis and Pantosteus lahontan. occur on he east slope of the S ierra  Nevada Mountains in  C a lifo rn ia  and Nevada* Both o f these are common in  Lake Tahoe, Pyramid Lake, and the Truckee River basin and apparently fre e ly  interbreed fo r  hybrids between the two are quite abundant. Another sp ecies, the cu i-u i (Chasmistes cu.jus) i s  found only in  Pyramid Lake, This sucker gets to  be of large s iz e , £-10 lb s* ,  and before the coming o f the white man, formed a large part o f the d iet of the Piute Indians residing on the la k e ,Cyprinidae -  MinnowsThe minnow fam ily forms a dominant part o f the fis h  fauna of the north temperate zone in  North America, Europe, and A sia , being found in  almost a ll  ponds, la k e s ,
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and streams in  -these areas* I t  is  perhaps the la rg e st o f the recognized fis h  fa m ilie s , containing about one thousand species* They have variously d ifferen tia te d  in  habits and in  ecolo gical relationships* Most are carnivorous, feeding p rin cip a lly  on in sects and crustaceans, a few feeding on vegetation p r in c ip a lly , and a few on mud of high organic content* Acting as converters of small arrimai l i f e  in to  protein  in  the form o f sm all fish e s such as most minnows are , they hold a very important place in  the food chain of fish es* They o ffe r  a good supply of food fo r a l l  predacious U sh  throughout the year*CarpCyprinus carpioRecognized by: The p a ir of barbels on each side of the mouth; the sin g le  dorsal f in  with a la rg e , strong spine in  fro n t, the back edge o f which has low saw -teeth; the short anal f in  with a sim ilar saw-toothed spine; the large scales*D istributions Brought to th is  country as a food fis h  from Germany in  1876 andsubsequently widely introduced throughout the United States* Very common in  reservoirs and warm—water lakes and streams*Natural h isto ry: I t  is  a very hardy f is h , able to  withstand severe co ld , but preferrin g  warm water* The carp is  mainly herbivorous, but i t  also feeds on aquatic in s e c ts , s h e llfis h , and plarkton to some extent* Most carp in  the United States spawn in  May and June* I t  i s  w ell adapted to pond c u ltiv a tio n , giving 3 to I4. times as much poundage per acre as do the various species of sunfish*Importance: Carp are taken throughout the year fo r  the market in  a t le a s t 3f>s ta te s , the annual harvest probably running around 30 m illio n  pounds* When properly prepared, such as f ille t e d  and broiled or fr ie d , or shredded in to  fis h  cakes, or smoked, the carp can be a delicacy* I t  is  best when taken from cold  w aters, When population pressures become great enough, the carp fish e rie s  as a resource fo r m illions o f pounds o f good protein food, w ill become a re a lity *  The 1956 C a lifo rn ia  carp fish e ry  amounted to 8^6,000 pounds* When carp become too numerous, they present management problems* Other species tend to be crowded out under such con d ition s. Carp are considered a trash or coarse fis h  by most C alifo rn ia  sportsmen but they are strong fig h te rs  on the end o f a l in e . The time w ill doubtless come when these fis h  w ill assume a larger ro le tw the take o f angle r s , even though they are d iff ic u lt  to catch*Black chub or greaser b la ck fish  Orthodon m icrolepidotusRecognized by: The pharyngeal te e th , which are in  one row 6 on each side or 6 on one side and 5 on the other, much conpressed, lan cet shaped, e re ct; the elongate body, not much compressed; the head f la t t is h  dors a lly  with 2 bony rid ges; the broad snout; the absence of a frenum; the m axillary not extending to  the eye; the more than 90 scales crossing la te r a l lin e * For fu rth er v e r ific a tio n , i f  in  doubt, the body ca v ity  may be opened* The lin in g  (peritoneum) o f the cavit y  is  black and the In testin e is  long, about seven times the length o f the body*
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D istributions A native only of C a lifo rn ia , found in  the Sacramento-San Joaquin drainage basin and the Pajaro River system; introduced elsewhere.Natural h isto ry: Clear Lake, a lowland warm water lake in  C a lifo rn ia , is  an example of the ty p ica l habitat of the blackfish* Unlike the other cyprinid fish e s native to the Sacramento-San Joaquin drainage, i t  is  a lake spawn- e r , the eggs being deposited on plants in  water about three fe e t deep* The spawning period i s  a rather long one, la stin g  from A p ril in to  la te  June* The b lack fish  is  very p r o lif ic , up to  35>0,000 eggs being found in  one female* The m ajority o f the fis h  spawn a t the end o f the th ird  year and most do not liv e  to  spawn a second tim e. During th e ir  f ir s t  summer, the young occupy the l i t t o r a l  zone and la te r  they leave the shore fo r deeper waters not to  return u n til they are ready to  spawn*Importance: Not taken commercially* When sm all, i t  i s  a very good forage food fo r  warm-water game f is h , thus acting as a converter o f basic food m aterials in to  a form usable by the sunfishes and basses*Western golden shiner or roach or bream Notemigonus crysoleucas auratusRecognized by: The abdomen behind the p e lv ic  fin s  having a flesh y  keel over which the scales do not pass; the strongly decurved la te r a l lin e ; the deep body and moderately large eye; the colo r: body greenish, the sides having a golden tinge*D istrib u tion : Northern range is  from 1/fyoming and North Dakota to  southern Ontario and from th is  northern lim it  south to Oklahoma and the Ohio Valley*Natural h isto ry: This f is h  is  more abundant in  weedy lakes and the quieter partso f streams; i t  is  a spring spawner* I t  can survive winters in  sloughs and ponds where decaying vegetation exhausts the oxygen supply*Importance: Like many o f the other minnows, the golden shiner plays the role o f a forage fis h  fo r the la rg e r , carnivorous fis h e s , such as the spiny- rayed warm-water fish es*Sacramento squawfish or Sacramento pike Ptychocheilus grandisRecognized by: The la r g e , p ik e -lik e  mouth with the m axillary reaching ju s t past the f  ront o f the eye; the la te r a l lin e  which is  decurved and much nearer the b e lly  than the back; the elongate body, l i t t l e  elevated* Phryngeal teeth form ula, 2 , U-5, 2 (three rows; outermost 2 , middle k-$t inner 2 teeth)*The teeth are se t fa r  ap art, subconical* The young have a black spot at the base o f the caudal fin *
_ s^JU l U  e - r*  aX~-D istrib u tion : A native of C a lifo rn ia  only, i t  i s  found in  the Sacramento-SanJoaquin drainage, the Russian R iver and the Pajaro R iver systems*Natural h isto ry : I t s  habitat is  ty p ic a lly  th at o f a slow, warm lowland or fo o th i l l  stream having frequent p o o ls. I t  spawns in  A p ril a id  May* The eggs are adhesive and are deposited on stones in  running water* In  lowland
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stream s, th e  squaw fish o ccu p ies a s im ila r  e c o lo g ic a l n ich e to  th a t o f th e tr o u t in  
such stream s. The young compete w ith  th e young o f tr o u t fo r  fo o d  and space w hile 
th e squaw fish a d u lts  p rey on young tr o u t to  some e x te n t. I f  th e  squaw fish popu- 
la t io n  i s  dense enough, th e y may a ls o  compete w ith  tr o u t fo r  " liv in g "  sp a c e . The 
squaw fish x s one o f our la r g e  w estern minnows«

Im portance: When i t  was abundant in  C le a r  Lake i n  th e  p a s t , i t  o ffe r e d  some good 
iL  , sPor^ fis h in g  during th e  tim e o f i t s  spawning m ig ra tio n  upstream .

When th e y become o v e rly  abundant th e squaw fish p re se n t s e rio u s co m p etitio n  w ith  
more d e sir a b le  s p e c ie s  o f  f i s h . v

T u i Chub
S jp h a te le  s b ic o lo r  su b sp .

R ecogn ized b y: The one row o f pharyn geal t e e t h , u s u a lly  1* o r 5 on each s id e : th e  
ä ra th ®r  body i ^ e  ra th e r  la r g e  s c a le s , le s s  th an  100 on th e

S d e s b r a s ^ 5 **** c o lo r > o liv e  green d o r s a lly , y e llo w ish  w hite v e n t r a lly , th e

D is tr ib u tio n : V ario u s re co g n ize d  su b sp ecies are found in  C a lifo r n ia . O regon. 
W ashington, and th e Lahontan b a s in .Natural h isto ry: The tu i chub i s  an inhabitant of lakes and the quiet deeperlairoo •?+ ««,, f  waters of larger stream s. I t  i s  a gregarious f is h  and in  some frequently be seen traveling in  large schools covering several acresn a iS ^  o ff  J i 6• scbo° J 111? ^  is  retained in  the spawning season, the sexes notf  qf f  b?t  aostfad n ailin g  about together while depositing and fe r t iliz in g  thein  the springi beginning in  the la t te r  part o f May when water i S  m0r? ' “ ^ co n tin u in g  through June. The mature fis h  come£ clea  ̂ waters of about four fe e t or le ss  in  depth and deposit t  e ir  eggs on submerged vegetation. Vegetation seems to  be necessary, those eggs ^ p o site d  on mud apparently not developing, (unpublished studies by J .  B . Kimseyf. One female of eleven inches yielded eleven thousand eggs#An in terestin g  problem in  evolution and speciation involves tu i chubs liv in g  in  theEvidently When an cien t, p lu v ia l Lake Lahontan covered th e ^ re a , speP -es arose, sp ecialized  fo r feeding on plankton in  the la k e . Thisfo r i S""?®1, ° f  8111 rakers At  the same time a streamTht? a te ^ d. i ? e baSi?  ? r  develoPed in  trib u ta rie s o f Lake Lahontan it s e lf  ,S in W in  io t  6V1?eni J y spec ia liz e d  fo r stream l i f e  and developed a low g i l l  raker count (10-19). As the lake and i t s  trib u ta rie s dried up, leaving such nresentaf  anduWalker lakes in  Nevada, the two forms were thrown to -. J  s°^e lakes snob as Eagle Lake in  northern C a lifo rn ia , the result has P ^ n ri?bf i ? LlS+t i 0ni c l f arJ y lo w in g a blending o f characters. However, in+ada?  ? sxn^  f e t of a g i l l  net w ill demonstrate th at there are s t i l l  f ° rms llvxn g together but not hyb rid izin g. This f i t s  thed e ^ e ^  n ? i i S i i ? n 5 *  concept ®f a f u l l  sp ecies. But we also  fin d  varyings ° f  hybridization between these two extremes in  other w aters, a fa c t which poses extremely complex problems fo r  the ich th y o lo g ist.Maximum size  is  about fifte e n  inches and two pounds but specimens over 13 inches
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Importance s The tu i chub is  one of the worst offenders toward producing “trash” fis h  populations in  lakes* Probably more money has been spent to  elim inate heavy populations o f these fis h  by chemical treatment (using rotenone or other chemicals) than has been spent on any other sin gle species* Their high reproductive p o ten tial and high survival rate soon resu lt in  immense populations* While young and sm all in  size  they serve as food fo r trou t and other game fish es*But as a d u lts , thqy become too large fo r most game fis h  to eat* These were carele s s ly  introduced in to  Diamond Lake in  Oregon in  191&. by fishermen dumping unused liv e  b a it minnows overboard* Some ten  years la te r  the lake swarmed with tu i chubs in  vast schools and chemical treatment to  remove them cost w ell over $100,000*It s  exact ro le both as a forage fis h  and as a competitor with game species has not been accurately determined. HardheadMylopharondon conocephalusRecognized by: The upper jaw with a frenumj the rather large mouth with th ick  lip s ;the dorsal f in  being inserted behind the p e lv ic s j the scales on idle la te r a l lin e  being fewer than 85; the rather lo osely  im bricated sca le s; the rather broad and depressed head; the m axillary extending to  the eye; the sm all eye, i t s  length contained about 2 1/2 times in  the length o f the snout* Pharyngeal teeth 2 , U-5, 2 , Main row molar or b lun tly rounded at apex; the teeth large*The hardhead a tta in s a large size  fo r a minnow, up to  2-3 fe e t in  len gth , and next to  a species o f Ptychocheilus found in  the Colorado R iver (P* lu c iu s ) ,  i t  i s  the la rg e st o f the native -American cyprinidae*D istrib u tio n : I t  is  native o f C alifo rn ia  on ly, being found in  the Sacramento- San Joaquin River systems*HitchLavinia e x i l i  caudaRecognized by: The rather deep, compressed body, tapering to a slender caudal peduncle; the small conical head; the rather elongate, high anal f in  with eleven to th irteen  anal rays; the small mouth, the m axillary not extending to  the eye* Pharyngeal teeth h-5 or 5-5 with broad and shallow grinding su rfaces.D istrib u tio n : Native only to C a lifo rn ia , in  the Coast Range streams from Monterey to  Clear Lake* Abundant in  Lake Anza and Lake Temescal near the Berkeley campus, by introduction*Natural h isto ry: I t  is  generally found in  lowland streams and lakes* The h itchspawns in  la te  March and early  A p ril in  gravelly  r if f le s  o f streams and is  quite p r o lif ic , a ten inch female having been found containing 112,000 eggs*With spring r a in s , the spawners move up the trib u tary  streams a few m iles, but i f  the rains are o f short duration as they frequently are in  th is  area o f C a lifo rn ia , the water le v e l f a l ls  and the uncovered, non-adhesive eggs are exposed and k ille d . Because o f low water conditions in  the streams entering Clear Lake in  191:6, there
ko



was no run of hitch and egg-bound females were found in  the lake# Recently i t  has been demonstrated that hitch w ill spawn in  la k e s .The young h itch  in  Clear Lake o ffe r a good source of food fo r the sunfishes and basses. An unsuccessful spawning year is  therefore f e l t  by the game fis h  populatio n s . The adult hitch are exclu sively  plankton feed ers. The young feed on the eggs, la rv a e , and adults of the Clear Lake gnat (Chaoborus asticto b u s) .Importance: The h itch  i s  of value as a forage fis h  fo r some game fish e s inC a lifo rn ia . They also are quite edible and frequently used as b a it f is h . Ictalu rid ae -  North American catfish es and bullheadsThe catfish esRecognized bys The deeply forked caudal f in ; the often large s iz e ; the usualcolor of lead-gray; the sm all adipose f in ; the absence o f sca le s .D istributions The M ississip p i, Great Lakes, and G u lf of Mexico drainages southward to Guatemala. O rig in a lly  not found west o f the R ockies, but now has been introduced in to  the w est. Other fam ilies o f c a tfis h  occur throughout the world* Together they make up one o f the most successful and d iv e rsifie d  groups.Importance: They form the most valuable fish ery  o f the M ississip p i basin* In  the M ississip p i River fish e rie s  in  1957 the c a tfis h  and bullhead catch was 12.3 m illio n  pounds valued at 2.5 m illio n  d o lla rs .F o rk -tailed  or white ca tfish  Ictalu ru s oatusRecognized by: The deeply forked or deeply inwardly curved caudal f in ; the long barbels, except the nasal barbels; the pale b luish color d o rsally , the silv e ry  color ven traU y, sometimes m ottled; the adipose f in .D istrib u tion : From the Delaware River to Texas. On the A tla n tic  Coast i t  is  very common in  coastwise streams and swamps* Introduced in to  C a lifo rn ia , where i t  is  the most common ca tfish  in  the Sacramento-San Joaquin drainage.Natural h isto ry: The spawning habits are sim ilar to those of the brown bullhead(ictalu ru s nebulosus) »Importance: I t  is  suspected of causing a decrease in  the Sacramento perch popula tio n  in  Clear Lake by it s  preying on the exposed eggs o f the la tte r  sp ecies. I t  is  predatory upon the eggs and young o f other f is h .



Channel ca tfish  Ictalu ru s la cu strisRecognized by: The forked caudal f in ; the supraoccipital processes some timesjoined together to form a firm  bony ridge tetween the head and the dorsal f in j body color s la ty  to  s ilv e r y , u sually black-spotted, except in  o ld  malesj adipose f in  present*D istrib u tio n : From the p ra irie  provinces of Canada and the Hudson Bay region to the Great Lakes -  S t Lawrence River basinj i t  has been introduced in to  C aliforn ia*Natural h isto ry: I t  attain s a weight o f over 1|0 pounds# I t  is  a spring spawner,an omnivorous feeder, and an inhabitant o f rapid waters o f streams and in  c le a r waters o f la k e s , avoiding the muddy water habitats o f the bullheads*Importance: The channel cat makes up a large part of the Great Lakes commercial ca tfish  take and is  used in  a r t if ic ia l  propagation*The bullheadsRecognized by: The rounded or squarish caudal f in j the yellow ish mottled or blackish  coloration; the preference fo r  mud bottoms; the adipose f in ; the absence o f scales*D istrib u tion : The dominant species are the yellow , black and Northern brown b u llheads# They are found from the G ulf of Mexico through eastern United States* Bullheads were not native west o f the R ockies, but have been in troduced widely in  the west#Natural h isto ry : They p refer a habitat o f muddy la k e s , muddy bottoms, aid qu ietwaters* They can endure a low oxygen concentration and very low temperatures and can survive being buried in  the mud o f dried out pools fo r some time# I f  kept damp and co o l, they can liv e  many hours out c f  water# The bullheads are spring spawners often using holes under banks in  which to deposit th e ir eggs. The young school a fte r the parents fo r some time# The adults are omnivorous, tra v e l about in  schools, and prey upon the young of other fis h  when in  confined waters* Seldom i s  a bullhead larger than 12-1$ inches and 1 to  2 pounds#Importance: They are among the fin e s t of food fish e s and read ily  caught byangling* Northern yellow bullhead Ictalu ru s n a ta lis  n a ta lisRecognized by: The w hitish chin barbels; the long anal f in  containing 2h to  27ray s, including a ll  the rudiments; the dorsal color of dark o liv a ceous yellow , the ventral color whitish#D istribu tion : From North Dakota to New York and southward to Texas and Tennessee#
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Natural h isto ry: A scavenger} i t  spawns in  May or June} the young school, guardedby the parents} i t  is  found in  sluggish to fa ir ly  rapid waters#Northern black bullhead Ictalu ru s melas melasRecognized by: The w hitish bar a t the base o f the caudal f in  in  adults} the pecto ra l spine without strong barbs on i t s  posterior edge} the fin s  with je t  black membranes} the sides not mottled} the chin barbels gray to black} the caudal f in  weakly emarginate} the body color varying from greenish brown to  black dorsaHy and greenish to yellow vent r a lly , never white# The pectoral spines are shorter than fo r Ictalu ru s nebulosus and the anal f in  is  shorter and higher with the rays lig h t and the membranes dark*D istrib u tion : North Dakota to northern New Ibrk and southward in to  Kentucky and Iowa} introduced in to  C aliforn ia*Natural h isto ry: I t  is  common in  shallow lakes and muddy streams in  quiet waters#The spawning habits are sim ilar to  those of other bullheads, nests being b u ilt  on shallow , sancy or muddy bottoms, the young remaining in  dense schools fo r some tim e, often tended by the male*Importance: The meat i s  firm  and ta s ty . They are e a sily  caught on crude tackle*Northern brown bullhead Ictalu ru s nebulosus nebulosusRecognized by: “Hie follow ing te s t : hold the posterior edge of Idle pectoral spine between your thumb and forefin ger and p u ll outward} i f  the grasp holds, the fis h  i s  a brown bullhead. This species has strong spines on the poste r io r  edge o f the pectoral spine (except in  old adults)} the chin barbels are gray to black} the lower sides are often somewhat mottled} no lig h t  bar a t base o f caudal fin *D istrib u tion : From southern Canada and North Dakota and the Great Lakes-St* Lawrence region southward to the northern part o f the Ohio Valley} from New England to  V irgin ia} introduced in to  C alifo rn ia  and elsewhere in  the west*N atural h isto ry: The brown bullhead is  a spring spawner, Nests 6 inches deep andup to 2 fe e t long are made in  sand or mud with the male standing by to guard the eggs* The young form large schools.Importance: The brown bullhead is  propagated a r t i f ic ia l ly  fo r stocking purposes*Gadidae -  CodfishesP a o ific  tomcod Microgadus proxAmusRecognized by: The three separate dorsal fin s} the two separate anal fin s} thep osition  o f the anus below the f ir s t  dorsal fin }  the sm all barbel on the lower jaw*
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D istribu tion : Monterey to  Unalaska*Natural h isto ry: I t  is  a re la tiv e  o f the A tla n tic  species o f cod, the haddockand pollack« Size up to 12 indies«Importance: In  C alifo rn ia  i t  is  o f minor s ig n ifica n ce , being sold only in  thefresh fis h  markets« The P a c ific  banks o f cod, located in  the G u lf o f Alaska and in  the Bering Sea, are larger and have an estim ated greater p o ten tial production than those o f the Grand Banks o ff  the coast of Newfoundland* One of the p rin cip al reasons •why these P a c ific  cod banks are not now u tiliz e d  is  th at they are located fa r  away from processing plants and markets*Bothidae -  left-handed floundersPor most species o f the fam ily , the eyes are on the le f t  side o f the body (s in istra i)«  The p e lv ic fin s  are asymmetrically arranged, the p e lv ic  f in  on the eyed side being exactly  on the abdominal ridge*P a c ific  sandab Cithariehthys sordidusRecognized by: The p e lv ic f in  o f the eyed side being exactly  on the edge o f theabdominal rid ge; the nearly straigh t la te r a l lin e  without a dorsal branch; the la rg e , lo o sely  attached scales; the lower eye being longer than the snout«D istrib u tio n : Northwestern Alaska to southern C aliforn ia*Importance: I t  forms about 1/10 o f the C a lif  ernia f la t f is h  catch and is  considered a delicacy* I t  rarely  exceeds two pounds*C a lifo rn ia  halib u t Paral ichthys c a lif  ornicusRecognized by: The high arch in  the la te r a l lin e  over the pectoral f in ; theabsence o f a dorsal branch to the la te r a l lin e ; the large jaw s, about equally developed on both sid e s; the m axillary reaching to or beyond the hind border o f the lower eye* The eyes may be on eith er the rig h t or le f t  side o f the body*D istrib u tio n : Central C a lifo rn ia  coast south in to  the G u lf of C alifo rn ia*Natural h isto ry: Early in  the spring, beginning in  February and continuing throughJu ly , the C alifo rn ia  halib ut moves from deep in to  shallow water o f about three to fiv e  fathoms to spawn. A fter depositing th e ir eggs, the adults go back to the deep waters where they remain u n til the next spawning season arrivesImportance : Although i t  is  not a leading fis h  in  commercial importance, i t  i s  one o f the most desirable sport species in  southern C a lifo rn ia , usually ranking around -third place in  the to ta l sport catches.
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Pleuronectidae -  right-handed floundersFor most species o f "the fam ily , the eyes are on the rig h t side of the body (dex- tra l)*  The p e lv ic  fin s  are symmetrically arranged, one on each side o f the abdominal ridge*
P a c if ic  h a lib u t  

H ip poglossus s te n o le p isRecognized by: The la te r a l lin e  with a high arch over the pectoral f in ;  the maxil la r y  not reaching past the middle of the lower eye; the narrow, smooth scales; the absence of a dorsal branch o f the la te r a l lin e * Hie eyes are normally on the righ t side o f the body*D istribu tion: In  the North P a c ific , from the Bering Sea to the Okhotsk Sea, and from Alaska to C aliforn ia*Natural h isto ry: Mature P a c ific  halibut are usually found in  waters, from 30 to
225 fathoms deep, though some times they are found in  as much as 600 fathoms of water*During the November to January spawning season, the mature fis h  m igrate, often from considerable distances, to w ell-defined areas in  150 to 225 fathoms o f water where the eggs are set free and are allowed to  d r ift  fre e ly  with the currents down to depths o f 375 fathoms. As development proceeds, the larvae gradually rise  to the surface where they are caught by surface currents which carry them inshore to  shallow w aters. A fter transform ation is  completed in  the early  spring, they sett le  down on the bottom in  shallow waters o f sandy bays and inshore banks* As they increase in  age and s iz e , they move gradually in to  deeper waters* Except fo r th is  movement, the young fis h  do not make any m igrations*Males may a tta in  a weight of I4.O pounds and an age of 25 y ears, whereas females may reach a weight o f U70 pounds and an age o f 35 years* The P a c ific  h a lib u t, lik e  a l l  the f la t f is h , is  carnivorous*Importance: One of the most important commercial fish es o f the P a c ific  Coast*In  1956 over 22 m illio n  pounds were landed having a value of U*2 m illio n  dollars* This fish e ry  is  administered by the In tern atio n al H alibut Commission established in  1930 by a treaty  between the United States and Canada*As a r e s u lt, i t  is  probably one of the best managed fish e rie s  in  the world today*Starry flounder Platich thys s te lla tu sRecognized by: The dorsal and anal fin s  having black v e rtic a l bands which are more d istin c t on the blin d sid e; the scattered spiny tubercles which replace nearly a l l  the sca les; the black strip es on the caudal f in . The eyes may be on eith er the le f t  or the rig h t side*D istrib u tion : In  the North P a c ific : on the west side o f the P a c ific  from Alaska south to  Korea and Tokyo; on the east side o f the P a c ific , from Alaska south in to  southern C a lifo rn ia .



N a tu r a l h is to r y : I t  i s  vary abundant alon g th e e n tir e  c o a s t where i t  l iv e s  inshallow water on sandy bottoms* Spawning occurs from la te  winter to  early spring# The young are frequently found to migrate some distances up streams# Length up to 3 feet*
In p o rta  nee: I t  i s  one o f th e f l a t f i s h  th a t  i s  im portant com m ercially and i s  

second o n ly  to  th e  C a lifo r n ia  h a lib u t in  numbers taken  by rod  
fish erm en . Serranidae -  bassesStriped bass Roccus s a x a tilisRecognized by: The seven or eight more or le ss  continuous b lack , narrow horizont a l  strip es on each sid e; the two separate dorsal f in s , the f ir s t  spinous, the second of so ft rays, except the f ir s t  ra y , which is  spinous; the eye only one-half to  tw o-thirds as long as the snout, and contained fiv e  to seven times in  the head; the one small patch of teeth on the base of the tongue* Two characters o f the Serranidae distingu ish a l l  i t s  members from those of the Cen- trarch id ae. The serranids a l l  have a row o f well-developed g i l l - l ik e  structures (pseudobranchiae) an terio rly on the insid e o f the operculum, and a sm all bony p la te , the subocular s h e lf, which extends under the eyeball from the second circum- o rb ita l bone*D istrib u tio n : I t  was o rig in a lly  found only on the A tla n tic  Coast of the UnitedStates from the St* Lawrence River south in to  Florida# The striped bass was introduced into C alifo rn ia  in  1879 when plants were made in  the waters of San Francisco Bay, I t  is  now found from southern C a lifo rn ia  north in to  the Columbia R iver, but i t  is  rare south o f Monterey Bay. I t  is  most abundant in  C a lifornia in  the San Francisco Bay region*Natural h isto ry: Being an anadromous sp ecies, i t  moves from s a lt  to  brackish orfresh water to spawn in  the Sacramento and San Joaquin River deltas in  the spring and early  summer# The striped bass is  commonly found in  shoal estu aries,  in  the su rf along sandy beaches, and around rocky headlands#Not moving fa r  offsh o re, i t  is  a coastal f is h . The distance i t  m igrates upstream to  spawn appears to be dependent on water temperatures* I f  the water in  the delta  area i s  warm enough, the fis h  spawn there and return to s a lt  water, otherwise they move up the rivers u n til the water is  warm enough fo r  th e ir  spawning requirements.From the f ir s t  two small in it ia l  plantings in to  San Francisco Bay, one in  1879, the other in  1882, the population grew rapidly and the experiment was most succ e s s fu l, Within twenty years, the annual commercial catch was over 1 m illio n  pounds#In  the spring, large schools o f striped bass frequent the mud f la t s  o f the upper San Francisco Bay, San Pablo Bay, and Suisun Bay, feeding there on p eriw in kles, sm all crab s, small crustaceans, and on small, fis h *  I t  is  known th at they feed upon bay sm elt,  but i t  is  not known to That extent* They feed on young salmon and steelhead m igrating to  the sea* I t s  introduction has not seemed to in terfere
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with the w ell-being of any o f the native f is h .Size records fo r  the striped bass go up to 112 pounds and s ix  fe e t in  len gth .S ix ty  to seventy pounders have been taken on rod and r e e l.Importance: In  1956 on the A tla n tic  Coast o f the United S ta te s , over lu5 m illio n  pounds were taken, valued at around one m illio n  d ollars to  the commerc ia l fishermen* On the P a c ific  Coast where i t  has been i l le g a l to fis h  commerc ia lly  fo r the striped bass since 1935, the C alifo rn ia  commercial catch p rio r to  1935 varied from 1/2 to 1 m illio n  pounds annually. I t  is  estimated that in  1961 over two m illio n  striped bass were caught by anglers in  northern C aliforn ia*White bass Roccus chrysopsRecognized by* The resemblance to the striped bass, but with the follow ing d iffe r ences: the high, arched back; the deep and compressed body, the depth being more than one-third the len gth ; three patches o f teeth on tongue, one at base and one on each sid e; eye nearly as long as snout, about 2 3/h times in  head; preopercle lig h t ly  serrated. Lives e n tire ly  in  fresh  water*D istrib u tio n : In  the upper M ississip p i drainage (Minnesota and Wisconsin) east through the Great Lakes drainage (except in  Lake Superior) to  the S t Lawrence River basin and New York; southward but to  the west o f the Appalachian Mountains to  the Tennessee R iver drainage o f northern Alabama and to M ississip p i and eastern Texas; introduced elsewhere.Natural h isto iy : The white bass belongs to the same fa irily  o f fis h  as does thestrip ed bass, the Serranidae, but i t  is  never found in  sa lt water. I ts  habitat is  c h ie fly  th at o f lakes and large r iv e rs , generally in  deep, quiet water over sani and gravel bottoms. I t  is  a gregarious f is h , being often seen schooling near the surface of the water*In  the sp ring the white bass migrates in to  trib u tary streams to  deposit the eggs in  shallow w aters. No nest is  b u ilt , nor does the white bass guard the eggs or the young. The food o f the young and of the adults consists mainly o f fis h  and crustaceans. Growth has been observed to be very rap id . I t  a tta in s a size  up to  18 inches and from one to three pounds in  w eight.In  reservoirs, There i t  has been planted fo r sport fis h in g , i t s  migratory habits are noticeable; in  the f a l l  season i t  tends to run to the tailw aters to gather there in  large numbers* Since some white bass w ill spawn in  the backwaters of reservo irs, successful reproduction may not require trib u tary streams fo r  spawning. The white bass responds favorably to the impoundment o f w aters.Importance: The commercial catch in  1956 produced 2.U m illio n  pounds Largely from Lake E rie .The white bass rise s to  a f ly  and takes a minnow. I t  is  a good sport fiobe



Kelp bassParalabrax c l at hr at usRecognized by: The deep notch 'which nearly separates the spinous from the so ftportion o f the dorsal f in j the th ird  and fourth dorsal spines being about the same len gth , but the th ird  spine i s  about twice as long as the second sp ine. The longest dorsal spine is  longer than the so ft rays#D istrib u tio n : From San Francisco, C a lifo rn ia , south to Cape San Lucas on the tip  
f)f Lower C aliforn ia} not abundant north of Point Conception.Natural h isto ry : Maximum size is  about 20 in ch es. I t  is  found most abundantlyin  the kelp beds, b it i s  caught mostly over sandy bottoms. The kelp bass spawn during June, Ju ly , and August.Importance: The kelp bass forms the bulk o f the "rock bass" catches on the C a lif— ornia Coast. I t  is  an important game species in  southern C a lifo rn ia , large numbers being taken there by sportsmen, the catch amounting to  twice the quantity taken by commercial fisherm en. Sportsmen catch almost as many kelp bass as they do barracuda* I t  is  one o f the important species sold in  the fresh fis h  markets o f southern C a lifo rn ia .Percidae -  PerchesYellow Perch Perea flavescensRecognized by: The two separate dorsal f in s ; the absence of canine teeth} thev e rtic a l dark bars on the sides ; the p e lv ic fin s  being in se rt- ed close together; the anal f in  higher than long; the cheeks scaled; the color on iresh  adult specimens: back .greenish, sides golden yellow with v e rtic a l dusky b ars, lower im s  red or orange*D istrib u tion ; I t  is  common in  the freshwaters o f the northeastern part o f North America: abundant in  the Great Lakes and in  the coastwise streams 

from.Noya ^ o t ia  to  North Carolina and also in  most o f the sm all lakes of the Upper M ississip p i V alley ; introduced in to  the west and elsewhere* A closely  related  species occurs in  Europe#Natural h isto ry: Though they can liv e  in  a variety o f h a b ita ts , the yellow  perch ’ most frequently found in  lak es; they avoid the rapid waterso f streams and in  lakes are u sually not present below the 100 fo o t depth* They gather in  large numbers along the weedy, shallow lake shores and tra v e l about fre quently xn schools# The d ie t, an e n tire ly  carnivorous one, consists mainly o f sm all fis h e s , aquatic in s e c ts , cra y fish , and other invertebrates*Early in  spring, in  A p ril or May, soon a fte r  the ic e  is  gone, the spawning a c tiv itie s  begin and continue fo r  from two to four weeks. The temperature o f the water is  u sually from lt5 F to $0 F , The eggs are deposited in  lo ng, strin g y , g e la tin - ous bands, adhering to s tic k s , aquatic p la n ts , and other submerged objects* The strongs are hollow, several inches wide, p la ite d , and up to  seven fe e t long in  some cases. Ten thousand to fo rty-eigh t thousand eggs may be contained in  each



ripe fem ale. The young seem to  have a high su rvival rate# In  about four years the fis h  is  approximately eigh t inches long. The la rg e st specimens are usually between 12  and 15  inch es.Importance: The yellow  perch has two very strong recommendations as a worthy f is h ;i t  is  one of the best pan fish es in  our w aters, and any person, at ary tim e, with most any b a it , can catch yellow perch. There are a few features about the yellow perch which tend to make i t  unpopular. Frequently in  summer in  warn waters and in  overcrowded conditions, the yellow perch becomes heavily p a ra sitize d . Cysts form in  the muscles and sk in . From a management standpoint, i t  is  a bad actor because i t  produces heavy populations o f stunted fis h  in  sm all la k e s . L a stly , newly planted hatchery fr y  may be heavily preyed upon by the yellow perch.The commercial catch fo r the Great Lakes in  1956 was over 1 1  m illio n  pounds, most of the fis h  being sold as f i l l e t s  in  the fresh fis h  markets.W alleye or yellow  pike perch Stizo sted io n  vitreum vitreumRecognized by: The two dorsal f in s ; the slender body; the cheeks and upper surface o f the head being nearly naked; the strong canine teeth ; the so ft dorsal being nearly as long as the spinous dorsal f in ; the anal f in  longer than high; the three p ylo ric caeca; the colo r in  fresh specimens: a large black spot present at the base o f -the la s t  dorsal spine, the wide, white margin to the lower lobe of the caudal f in , the body color o f dark s ilv e r  to  dark o liv e  brown mottled with brassy specks.D istrib u tio n : I t  is  o f wide d is tr ib u tio n , occurring from Lake Champlain westwardthroughout the Great Lakes region to  the Assiniboine River in  Canada; on the east side of the Alleghenies south to  North Carolina, and in  the M ississip p i V alley south to  Alabama and Georgia* I t  is  most abundant in  the Great Lakes, esp ecially  in  Lake E rie ; widely introduced elsewhere.N atural h isto ry : The w alleye p ike is  found in  many stream s, but i t  i s  more o f alake than a stream f is h , esp ecially  d e a r , cold  la k e s. Not a sendentary f is h , i t  ranges rather w idely. Spawning begins in  A p ril or May soon a fte r  the ic e  is  gone and the water temperature is  from 38°F. to  iiii°F. Great numbers migrate up stream s, deposit th e ir eggs in  r i f f l e s , and remain in  the headwaters three to s ix  weeks before returning to  la k e s . Many may spawn in  lakes over shallow gravel bottoms. In  the spawning migration upstream, the males usua lly  precede the females by a few days. A 3 to  3*5 pound female may have from 72,000 to  110,000 eggs.The food of walleye pike consists p rin cip a lly  o f crayfish  and minnows. Each adult fis h  kept in  aquaria at the U niversity o f Minnesota ate 10-20 sm all fis h  a day.  The walleye is  bothered very l i t t l e  by p a ra sitic  copepods, but is  often heavily p arasitized  by tapeworms. The average weight is  1 -U pounds fo r  3-5 year olds with records up to 22 pounds*Importance: The p rin cip le  commercial sources o f supply are Lake o f the Woods and Rainy Lake in  Minnesota on the border o f the United States and Canada. Regulation fo r  protection varies widely from state  to  s ta te . I t  is  considered better eating than the basses, but not as good as the yellow  perch*
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Centrarchidae -  basses, crappies, and sunfishes General RemarksThe fam ily consists o f tw enty-five species which were native to  North America and nowhere else« In  the United States i t  was o rig in a lly  re stricte d  to east o f the Rockies, except fo r  one sp ecies, the Sacramento perch (A rchoplites interruptus) which is  native to  C aliforn ia« These species are now found almost world-wide, however, as a result o f extensive introductions. In  a north-south d irectio n , the fam ily ranges from southern Canada into northeastern Mexico* I t  is  one of the most important fam ilies of game f is h . About eight species are common in  C alifo rn ia*The fam ily is  characterized by the compressed or flatten e d  bodies, the two dorsal fin s  united but appearing divided in  the largemouth bass, the p e lv ic  fin s  th o racic , the ctenoid s c a le s , and the anal f in  of 3-8 spines« Other characters which separate th is  fam ily from the Serranidae are given in  the discussion under the strip ed bass in  th is  syllabus*A H  the species are more or le ss  warm water fis h e s , preferring fe r t ile  la k e s , moderate to  warm temperature,  abundant vegetation, and sand or mud bottoms. A ll are nest builders« The males guard the nests and protect the young* During the nesting season the males are very pugnacious and w ill strik e  at other fis h  or obje c ts  which approach the nest*In  the northern states most o f the species go into a sem i-hibernation state  during winter and may stop feeding altogether* The species are a ll  b righ tly  colored, esp ed .ally  in  the spawning season* They can be divided in to  three natural groups:(1) large and sm all mouth basses(2) crappies, black and white(3) true su nfishes, tee rock bass, and the Sacramento perchThe larger in d iv id u a ls , esp ecia lly  tee crappies and the basses, are piscivorous*The size  the centrarchids a tta in , esp ecially  fo r  the su n fish es, is  d e fin ite ly  rela te d  to the amount o f food available« This fa c t , together with the tendency they have to overpopulate th e ir w aters, accounts fo r  the frequent stunting o f such populations* Elim ination o f regulations on catch or size  lim its  can help solve th is  problem* I f  tee fish in g  laws are lib e ra liz e d  so that there are no lim its  on these f is h , the harvest can be b etter adjusted so as to  reduce crowding and consequent stunting where i t  occurs* Fishery managers in  recent years, have been stocking hybrid sunfishes which are much le ss  p r o lific  spawners, to  avoid the development of stunted populations*Largemouth black bass M cropterus salmoidesRecognized by: The body depth about 1/3 o f the standard length; the dorsal f in  almost divided, tee shortest spine a t the emargination le s s  than 
1/2  as long as the longest; the anal and so ft dorsal fin s  without scales on the membranes near the base; the m axillary extending beyond the hind margin o f the eye in  the adu lt; 58-69 scales in  tee  la te r a l lin e ; the p ylo ric caeca ty p ic a lly  branched a t the base*
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The young have a black lin e  beginning before the eye and running along side to the base o f the caudal f in  where i t  ends in  a black sp o t. The adult retains th is  lin e , although i t  gradually becomes le s s  d istin ct with increasing age*D istributions O rig in a lly  found east of the Rockies from southern Canada south to  Florida and Mexico* I t  has been introduced extensively in to  most warm-water areas o f the western United States as w ell as many other parts of the world*Natural h isto ry: The largemouth black bass habitat is  ty p ic a lly  one of sluggish orstanding w ater, e sp e cia lly  weedy, mud-bottomed la k e s , ponds, and bayous* I t  does w ell in  such waters in  the M ississip pi V a lle y , the G ulf Coast, and in  Northeastern Mexico* The normal temperature fo r  spawning is  in  the approximate range of 60°F to  65>°F. I f  i t  fa l ls  suddenly 10°  below t h is , the eggs or the newly hatched fry  w ill be k ille d . The spawning season is  from May to  Ju ly  and takes place in  more or le ss  sheltered bays in  2-6 fe e t o f water* The male hollows out a depression 2-3 fe e t in  diameter and about 6 inches deep with his t a i l*  The female deposits the eggs on "the stones or other objects in  th is  nest or redd and is  then chased o ff  by the male who stands guard over the eggs and by the movement o f h is f in s , keeps water circu la tin g  over the eggs in  the nest* Deposits o f s i l t  on the eggs w ill cause the males to desert the n ests. The fry  tra v e l in  schools u n til one inch or more in  length with the male along as protector* Eggs per female number about 2, 000- 7,000 per pound o f fish *The food of the young consists mostly o f w aterfleas and other zooplankton* th at of adults mostly of f is h , esp ecially  minnows, perch and other centrarchids* Crayfish and frogs are also eaten. This fis h  grows to a larger size  in  the f e r t i le  swamps and bayous of F lorid a where a record e x ists  o f a specimen 23 1/8 pounds and 37 1/2 inches o verall len g th . In  the north i t  seldom exceeds eigh t pounds#Importance: In  the centrarchid fam ily , i t  is  second only to  the smallmouth as apopular game f is h . Great demands in  the East and in  the M ississip p i V alley are made upon the hatcheries fo r young largemouths, but they do not respond to a r t i f ic ia l  stripping and fe r t iliz in g  o f the eggs as do trout and other fish#The largemouths must be placed in  ponds and allowed to  deposit and fe r t iliz e  th e ir  own eggs* Smallmouth black bass Micropterus dolomieu dolomieuRecognized by: The m axillary extending to below the p u p il o f the eye but not behind the back o f the eye* the la te r a l lin e  scales 67- 81$ the shorte st dorsal spine always more than l /2 the length o f the longest dorsal spine$ anal and so ft dorsal fin s  with scales on membranes near base; p y lo ric  caeca ty p ic a lly  unbranched (occasionally one is  branched).The young have v e rtic a l b ar-lik e  markings on the sides and never have the lo n gitu dinal strip e th at the young o f the largemouth bass does. The t a i l  of the young smallmouth has a ch aracteristic  pattern also  distinguishing i t  from the largemouth# The caudal f in  is  yellow ish at the base, blackish in  the middle by a dark v e rtic a l band, and w hitish on the tip  o f each lobe* The spotted bass, which has a southern d istrib u tio n , has a sim ila rly  marked caudal fin *  Usually the body color becomes uniform in  the adults#



D istribu tion : Although the introduction o f the spiny-rayed fish e s in to  new areas has been extensive and was begun some time ago and mates the determination of o rig in a l d istribu tion  d if f ic u lt , i t  is  believed th at the smallmouth bass was o rig in a lly  not found in  the A tla n tic  coastal rivers* O rigin al d istrib u tio n  is  pictured as having been in  the Great lakes and St Lawrence system, and the Upper M ississip p i, Ohio, and Tennessee riv er systems. I t  is  now found also  in  New England, New York, and the Middle A tla n tic  S ta te s , as w ell as in  almost every other s ta te , in  Europe and A frica ; widely introduced*Natural h isto ry: Flowing streams and large lakes of c lear water mate up the preferred habitat o f the smallmouth bass* In  i t s  northerly range where the streams do not warm up enough fo r the smallmouth, i t  prefers the larger lakes where the water is  warmer, at le a s t near the shore and in  bays. In  the southerly part o f i t s  range, the picture is  reversed, the smallmouth preferring the co o ler, flow ing streams to ponds and lakes There the water often becomes too warm* Only the cool streams With bottoms o f g ravel, rubble, boulders, coarse sand, and th eir mixtures are to lerab le places fo r the smallmouth in  the south.lik e  the largemouth, i t  also  undergoes a period of serai-hibernation in  the north in  w inter. F ifty  degrees Fahrenheit marks the beginning and ending o f th is  period o f l i t t l e  or no feeding and l i t t l e  movement* Spawning occurs e a r lie r  than fo r  any o f the other centrarchids found with i t  throughout i t s  range. The spawning a c t iv it ie s , which are sim ilar to those of the largemouth, take place between 59 F* and 659F» The n ests, however, are made in  gravel, sand, bedrock, or rubble bottoms in  places sheltered from winds, usually in  waters 3-6 fe e t deep* The period of spawning and guarding of -the eggs and young is  a c r it ic a l  period in  the l i f e  h istory o f the smallm outh bass* During th is  time i t  re a d ily  strik es a lure* Removal of the guarding male re su lts in  high losses o f the eggs and young* I t  reaches a weight o f 10 lb s , in  the Southeast*Importance: This is  a most important game species and is  propagated a r t if ic ia l ly  in  a manner sim ilar to that fo r the largemouth*Warraouth bass Chaenobryttus coronariusRecognized by: The teeth on the tongue present in  a sin gle  patch; the three »»*>1 spines; the scales on the la te r a l lin e  39-li3 ; the supramaxilla (supplemental m axilla) w ell developed with i t s  length greater thar the greatest width o f the m axilla; the dorsal spines 9-1 1 ; m axillary reaching posterior edge o f orbit#Tho coloringj b eau tifu l in  the liv in g  fish * is  o f a dark chocolate background* tin ted  with purple and broken up by irreg u lar lin e s  o f gold or yellow* The cheek has several dark streaks radiating out from the eye and across the opercle, The opercular fla p  is  short and black with a bright purple tip *D istrib u tio n : In  the eastern United States from the Great Lakes south to  F lo rid a , Georgia, Texas; ch ie fly  west o f the A lleghen ies, as fa r  west as the Dakotas; introduced in to  C aliforn ia*N atural h isto ry : The warmouth i s  found e sp e c ia lly  in  the shallow , mud^r bottomed,very weecty areas o f la k e s , ponds, and sm aller r iv e r s . The d ie t
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consists p rin cip a lly  o f in sects and small f is h . I t  a tta in s a size  o f 8-10 inch es. I t s  spawning habits are very sim ilar to  those of su n fish .Importance: I t s  fle sh  frequently has a fla v o r tain ted  by i t s  liv in g  in  a muddy bottom area and is  therefore sometimes le ss  desirable as a panfish#I t  is  not a food or game fis h  o f any importance•SunfishesGreen sunfish Lepomis cyanellusRecognized by: The sh ort, rounded pectoral f in s , about l/k  the standard lengthj the idt or more scales in  the la te r a l lin e ; the g^n rakers long and slenderj the opercle s t i f f  to  i t s  margin, the membrane bordering i t  fa ir ly  wide and lig h t colored# The green sunfish is  not as deep-bodied as the b lu e g ill and the mouth is  larger in  the green sunfish than in  the b lu egill#  The m axillary extends back to  the orb it in  the green, sunfish and b arely , i f  at a l l ,  to  the anterio r  edge o f the eye in  the b lu e g ill.D istrib u tion : From New England and southern Ontario over to  Colorado and South Dakota, and south from the Great Lakes through the M ississip p i basin to  Mexico and the G ulf S ta te s . I t  was introduced in to  C a lifo rn ia  in  1891 in  San Diego County#Natural h isto ry: I t s  general spawning habits are sim ilar to  those o f the b lu e g ill*I t  inhabits la k e s , ponds and the pools o f small streams, being most common in  sluggish streams and small ponds# Large specimens measure 6 or 8 in ch es.Importance: L it t le  importance as a game fis h  except in  a few areas where they have a good growth rate#Punpkinseed Lepomis gibbosusRecognized by: The lo ng, pointed pectoral fin s  with the longest rays near thedorsal side of the f in j the pectoral fin s  are about one-third the standard lengthj the short and stout g i l l  rakers j the opercle (the bone, not the membrane) s t i f f  behind. The body is  very deep and compressed# The lo ng, black opercular fla p  has a bright orange spot in  a fresh specimen#D istrib u tion : From the Dakotas and southern Canada southward to the G u lf S ta te s .I t  has been introduced widely in  the w est.Natural h isto ry: This species begins building i t s  nest in  June and nesting continues throughout the summer# The parent guards the nest to  keep away other fis h  and fans the water over the eggs with i t s  f in s . The fr y  are guarded by the parents#Importance: Heavily fish ed by the young and old a lik e  j a most popular p an fish .
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B lu e g illLeporais raacrochirus macrochirusRecognized by: The pectoral f in s , long, pointed, the longest rays near the dorsal side of the f in , the pectorals being about 1/3  the standard length; the opercular bone fle x ib le  p o sterio rly ; the g i l l  rakers long and slender; the black opercular bone extending almost to the margin o f the fla p ; anal rays ty p ica lly  10 to 12 ; the black spot s lig h tly  above the base o f the posterior end o f the dorsal f in . The mouth i s  sm all, the m axillary barely reaching the o r b it.D istrib u tion : From North Dakota through southern Canada and southward to the G u lf S tates; introduced in  C a lifo rn ia ,Natural h isto ry: I t  is  found in  quiet streams, but i t  is  prim arily a lake f is h ,esp ecia lly  in  sm aller la k e s . I t  nests from the middle o f May u n til the f ir s t  part o f August, Repeated spawnings take place to  give a large crop o f young. The b lu e g ill makes i t s  nest by clearing rubbish from a c ircu la r area about s ix  inches or more in  diameter. The eggs are then deposited in  i t  and the male guards the nest and young, B lu e g ills  often tra v e l in  sch ools. With nests close together, they are rather co lo n ia l. In  feeding h a b its , the adults are omnivorous, not a t a l l  piscivorous; the young feed on entomostraca (water f le a s , e tc .Importance: With weights up to two pounds, which they some times reach, b lu e g ill o ffe r  good an glin g, fis h  10 to  lij. inches being read ily  accepted by the an g ler. In  some states they are important game fis h  fo r men as w ell as boys and are considered a very good pan f is h . I t  is  used extensively in  farm fis h  ponds as a forage fis h  fo r  bass. I t s  biggest drawback is  the tendency to overpopulate, producing stunted fish es o f l i t t l e  valu e.Northern rockbass Ambloplites rupestrlsRecognized by* The anal f in  with s ix  spines; the anal f in  base being about one- h a lf the length o f the dorsal f in  base; the teeth on tongue in  one patch; the eleven or twelve dorsal sp ines. The body o f the rock bass i s  th icker than that o f the sunfish or crappie. The i r i s  o f the eye is  a sca rle t red in  the liv in g  specimen. In  older fis h  the irre g u la r patches of brown on the sides form dark lin e s lo n g itu d in ally  along the rows o f sc a le s .D istrib u tion : From Manitoba and the Dakotas east through the Great Lakes region to  southern Quebec and the S t , Lawrence R iver; southward in  the M ississip p i V alley to  North Carolina and Arkansas; common now on the A tla n tic  slope. I t  was introduced in to  Ca l i f ornia in  187ii, but has not been recorded in  th is  sta te  fo r  a number o f years.N atu ral h is to ry : I t  in h a b its rocky streams and moderately sized  la k e s , e sp e c ia llyi f  these are of co o l, c le a r w ater. The rockbass begins spawning e a rly , in  the la t te r  part o f May, and continues spawning in to  early Ju ly  on gravel beds in  streams or on sandy bottoms in  la k e s , A nest is  made on clean , course sand near a rock or some other o b je ct. S ize  records go to over two pounds. Common food items are cray fish  and in sect la rv a e . Only occasion ally  is  a minnow taken.



Importance: Though a ra tte r  gamy f is h , i t  is  not equal to  the gaminess o f some of the o tter fis h  o f th is  fam ily*Sacramento perch Archoplites interruptusRecognized by: The s ix  or seven anal spines5 the v e rtic a l blackish b ars, interrupted and irreg u lar and about 7 in  numberj the two patches o f lin g u a l te e th .D istrib u tion : The only centrarchid native west of the Rockies, the Sacramentoperch is  found in  C alifo rn ia  idle re i t s  range is  in  the Sacramento- San Joaquin drainage and in  the Pajaro River system* I t  has been su ccessfu lly  introduced in to  Pyramid and Walker Lakes, Nevada where i t  grows to 7 lbs* No o tter centrarchid has been able to reproduce in  these highly a lk a lin e lakes#Natural h isto ry: I t  was believed th at Sacramento perch did not b u ild  nests fo rth e ir  eggs nor that the males guarded the eggs a fte r  deposition, but recent observations at Lake Anza in  Berkeley suggest th is  b e lie f may be erroneous* The population o f th is  fis h  in  Clear Lake has been d eclin in g , most lik e ly  from competition with other introduced centrarchids* Spawning takes place in  thespring when the water temperature reaches about 7f>°F* and occurs in  about 1-2  fe e t o f water over a bottom of boulders o f approximately 3 inches to  12  inches in  diameter and often  heavily covered by algae* The adults begin schooling before spawning season i s  reached and they continue schooling u n til the spawning a c tiv itie s  are over# One 10 1/2  inch long female has been recorded as yield in g £¿*,000 eggs*The young feed on zooplankton and sm all insects* The adults are mainly fis h  eate rs , young Sacramento h itch  supplying a large part o f th e ir  fis h  d iet in  Clear Lake* The Clear Lake gnat (Chaoborqs asticto p u s) is  also included in  the d ie t o f the d iet o f the adults to  some exten t.Importance: This fis h  was once very abundant in  i t s  range but is  now re stricte d  to only a few lo c a lit ie s *  I t  is  an excellen t game fis h  from both the sport and panfish standpoints*White crappie PomeadLs annularisRecognized by: The dorsal f in  length considerably le s s  than the distance from the o rig in  o f the dorsal to the eye j the dorsal spines fiv e  or s ix  in  number, but some times seven. Hie color is  usually lig h te r  than th at of the black crappie and the anal f in  has fewer conspicuous dark m ottlings than does th at o f the la tte r  speciesj the body in  the white crappie is  more d e fin ite ly  banded*D istrib u tion : From southern Minnesota eastward to southern Ontario and southward to  the G u lf Coast and north along A tla n tic  slope to North C aro lin a.I t  is  not as abundant in  the northern as in  the southern part of i t s  range* I t  has survived a fte r  introduction in to  C a lifo rn ia  only in  the San Diego area and in  Colorado River drainage.Natural h isto ry: Spawning occurs in  the la te  spring and early  summer# The a ctiv it ie s  are sim ilar to those o f the black crappie. The white
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crappie frequently attain s a weight of two pounds and weights up to four pounds are on record« I t  is  found more abundantly in  the sluggish shallower waters of ponds, bayous, and lowland streams. I t  prefers warmer water than that inhabited by the black crappie, and mud bottoms are acceptable*Importance: I t  is  a desirable game f is h , and is  quite e d ib le .Black crappie Pomoxis niero maculatusRecognized by: The length o f the dorsal f in  being about equal to  the distancefrom the o rigin  of the dorsal to the eyej th e 7 or 8 dorsal spines; the s ix  anal spines; the general color is  usually brassy with numerous dark green or black patches.D istrib u tion : In  southern Canada from Manitoba to Quebec, south to New Jersey;through the Great Lakes region, the M ississip pi R iver drainage, and across the G u lf Coast states to F lo rid a , and northward near the coast to  North Carolina; introduced elsewhere*Natural h isto ry: The black crappie spawns in  the la s t  h a lf of June. The n ests,often on a bottom muddier than is  usual for centrarchids, are placed about s ix  fe e t ap art. A female weighing 1 l/2 pounds may produce as mary as lii0,000 eggs and a 1/2 pound female may have from 20,000 to  60,000 eggs. The d iet consists mainly o f aquatic in s e c ts , Crustacea, sm all minnows, and other sm all fis h e s . The black crappie does not go in to  a state of sem ihiberoation in  ic e -  covered lakes as other centrarchids do, but continues to  feed throughout the w inter. I t  occurs le ss  commonly than the white crappie in  s i lt y  w aters. I t  competes with black bass fo r  food but spawns in  deeper water than does the black bass*Importance: I t  ranks high along with the white crappie as a game and p an fish .I t  frequently develops stunted populations when planted in  associatio n  with b lu e g iU s and largemouth black bass.A t h e r i n i d a e ----------------------—GrunionLeuresthes tenuisRecognized by: The fa c t  th at the fron t of the upper jaw (prem axillary) can be drawn out some distance to  form a tube; the two separate dorsal f in s , the f ir s t  with weak sp ines, the second with so ft rays; the absence o f teeth in  the mouth; the front o f the dorsal f in  being back o f the vent*D istrib u tio n : Central C a lifo rn ia  to  cen tral Lower C a lifo rn ia , but uncommon north o f Point Conception.N atural h isto ry: The grunion spawns from March to  August on sandy ocean beaches.The quickness and tim ing of the spawning act make i t  a spectacle very dramatic to th e in terested  observer. Approximately 35 minutes a fte r  high tid e on the f i r s t , second, th ird , and fourth nights a fte r the highest tid e  o f the f u l l  or dark o f the moon, the grunion come in  on the crest o f a wave and between the time th is  wave dies out and the next one comes in , the female digs i t s e lf  in to  the sand t a i l  f ir s t  up to her pectoral f in s ,  and with the body o f the male curved
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about her head, she deposits her eggs, which are fe r t iliz e d  by the male in  the sand. The grunion continue spawning fo r about one hour each of these nights«The eggs la id  at each spawning number about 2000 and are placed about 2 inches down in  the sand. Later washings cover them with about 3 to 6 inches of sand«Two weeks la te r  the next series of high tid es occur during which time the eggs are uncovered and hatch immediately, the young swimming to the ocean in  the sane wave that uncovered the eggs« A gitatio n , such as that caused by the waves uncovering the eggs, is  necessary before the eggs w ill hatch. Two weeks a fte r her f ir s t  spawning, a female is  ready to spawn again , and she may continue to spawn periodic a lly  on each series of high tid es throughout the breeding season.Importance: I t  is  o f minor importance in  the consnercial catch but is  o f greatin te re st to the amateur fishermen who catch large numbers of them on the beaches during the spawning season. So great have been the crowds attracted  by the moonlight nights at the beach, the fun of catching the f is h , and by the advertising o f the event by the lo c a l chambers of commerce, th at the grunion have been rapidly depleted at a number o f beaches. I t  was necessary to  make e ffe c tiv e  a closed season from A p ril 1 to  June 30.Jack smeltAtherinopsis ca lifo rn ie n sisRecognized by: The sm all, unforked teeth set in  bands the two separate dorsal f in s , the f ir s t  of weak spines and the second of s o ft raysj the fron t of the f ir s t  dorsal f in  in  front of the vent. With bright blue on top and silv e ry  below, these are lo vely  fis h  when f ir s t  removed from the water.D istrib u tio n : Northern Oregon to central Lower C a lifo rn ia j not common north of C alifo rn ia*Natural h isto ry: A schooling, f is h , occurring often with top sm elt, i t  is  usuallyfound w ithin a few m iles o f the co a st. Length to ¿bout 18 inches. The true smelt belongs to  the fam ily Osmeridae, but atherinids are often ca lle d  sm elt.Importances I t  forms about JO per cent of the C alifo rn ia  commercial "smelt® catch , most of which is  sold in  the fresh fis h  markets, sm all qu antities being used as b a it . I t  is  frequently caught in  San Francisco Bay by sport fis h ermen. Top smelt Atherinops a ffin isRecognized by: The forked teeth in  a single se rie s; the non-protractile premax- i l la r ie s j  the front of the f ir s t  dorsal f in  over the ven t.D istrib u tion : Coast of Oregon and o f C a lifo rn ia  south to Monterey.Natural h isto ry: I t  is  a very common fis h  in  the bays and has been recorded asentering fresh water in  the spawning season. I t  is  re stricte d  to the coastlin e and enters bays and estuaries to  spam . Length is  up to 12 inches*
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Importance: I t  is  of minor commercial importance, forming about 15 per cent o f the C alifo rn ia  "smelt" catch ,Mugilidae -  m ulletsM ulletMugil cephalusRecognized by: The two separate dorsal f in s , the f ir s t  usually o f h spines, the second o f so ft raysj the minute teeth) a dark horizontal strip e  along each row of scales dorsally and on the sides$ the very broad space between the eyes which i s  almost l /2 the length o f the head) the large scales) the eyes p a rtly  hidden in  front and back by a large adipose membrane.D istrib u tion : Found in  warm seas throughout the world) found on the west coasto f the Americas from central C alifo rn ia  to Chile) not common north o f Los Angeles county. I t  is  present in  the Salton Sea, C a lifo rn ia , and in  the lower Colorado R iver,Natural h isto ry: The m ullet feeds on organic matter contained in  mud with thepharynx modified to act as a filte r in g  device. Mud taken in to  the mouth i s  worked over in  the pharynx and in d ig estib le  m aterial is  ejected  through the mouth. I t  is  a schooling f is h , found in  coastal bays and lagoons.The fle sh  is  very o ily , about 1 quart of o i l  being obtained from 10 pounds of fle s h . The o i l  has a delicate fla v o r which makes canned mullet an excellen t food. I t  grows to a large size in  the Salton Sea, 2 to 2 1/2 pounds being common. I t  spawns in  marine waters tu t spends a good part o f i t s  l i f e  in  large rivers* Thus, i t  may be ca lle d  catadromous.Importance: I t  is  one of the most abundant and important of the food fish es in  the Hawaiian Isla n d s, Hawaiian kings having kept them in  pends from early  times as did also  the ancient Romans, I t  is  not the object of an important fish e ry  in  C a lifo rn ia , In Florida i t  is  highly esteemed when i t  is  smoked*Sphyraenidae -  BarracudasC alifo rn ia  barracuda Sphyraena argenteaRecognized by: The lo n g , pencil-shaped body) the sharply pointed head) the la rg e , fa n g -lik e  unequal teeth) the two w ell-separated dorsal f in s , the f ir s t  composed o f sp ines, the second o f one spine and s o ft rays) the f ir s t  dorsal and the ventral fin s  attached w ell behind the tip s  of the p e cto ra ls. The la s t  character distinguishes them from the P a c ific  barracuda (Sphyraena en sis) .D istrib u tion : Alaska south into the G u lf o f C a lifo rn ia , P le n tifu l, only between Point Conception and Cape San Lucas,Natural h isto ry: In  the warm months o f the year, March to October, the barracudatra v e l in  large schools along the C a lifo rn ia  coast as fa r  north as Ventura County, During th is  period, when fish in g  Is  b e s t, they are found from close to shore to about 8 m iles ou t, u sually about 3 m iles o u t, at depths to
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fiv e  fathom s, but u su ally  in  1 1/2 to  2 fathoms o f water* Near the end o f the year they disappear from the shallow er waters o f C a lifo r n ia , Spawning is  in  the summer in  shallow  w aters. F ift y  thousand to  £00,000 eggs are produced per female*The various species of barracuda are p r in c ip a lly  tro p ic a l and warm water f is h  and are world-wide in  d is tr ib u tio n . Only one species occurs on the C a lifo rn ia  coast and i t  is  considered harm less* The size  in  C a lifo rn ia  i s  seldom over 10 pounds* Records up to  100 pounds have been obtained elsewhere in  the world fo r  other species« The barracuda feeds p r in c ip a lly  on sm all a ctiv e  f is h e s , such as anchovies, sard in es, m ackerel, and sm elt.Importance: I t  i s  an im portant food and game fis h  in  C a lifo rn ia *  The reported commercial catch in  1956 in  C a lifo rn ia  waters was 753,000 pounds, one o f the low est on record . Evidently th is  fish e r y  i s  becoming badly depleted from the peak catch o f over 8,2 m illio n  pounds reported in  1920,Carangidae -  jack sC a lifo rn ia  y e llo w ta il S e rio la  d o rsa lisRecognized ty : The two d orsal f in s , the f i r s t  o f spines which are le s s  than one- h a lf the height o f the f i r s t  s o ft  rays; the b lu n t, low k eel on e ith e r  side o f the caudal peduncle; the absence o f sh ie ld s along the la te r a l lin e *On fre sh  specimens the re i s  an irre g u la r  yellow ish band on the middle o f the side from the eye to  the t a i l  and the t a i l  is  yellow .D istrib u tio n : C en tral C a lifo rn ia  south along the Mexican coast and in to  the G u lf o f C a lifo r n ia ; rare north o f Point Conception,Importance: Only 371,000 pounds were landed in  C a lifo rn ia  in  1?£6, This fish e ry  i s  badly depleted from the peak catch  o f over 11 ,7  m illio n  pounds in  
1918.The y e llo w ta il i s  a schooling fis h  and spawns in  the summer. In  C a lifo rn ia  w aters, i t  u su a lly  weighs about 1$ pounds.P a c ific  jackm aekerel Trachurus symmetricusRecognized by: The bony sh ield s along the e n tire  len gth  o f the la t e r a l lin e ; the abrupt curve in  the la te r a l lin e  above the ven t; the two dorsal f in s , clo se to g eth e r, and about the same h eig h t; the la ck  o f d is t in c t , separate f in le t s  a fte r  the d orsal and an al f in s .D istrib u tio n : Northern C a lifo rn ia  south in to  M exico, but uncommon in  northern C a lifo r n ia ,N atural h isto ry : I t  i s  a schooling f is h , o ften  occurring with P a c ific  mackerel orsard in es. S ize  records go up to  22 inches and U pounds. This species i s  a lso  known by the common name o f horse m ackerel.
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Importance: Over 7*5 m illio n  pounds were caught in  1956* Most o f the catch is  canned* I t  was not in ten sively  fish ed  fo r  u n til 19lj.7,Cybildae -  Spanish mackerelsC alifo rn ia  bonito Saida lin e o la taRecognized by: The oblique dark strip es on the back above the la te r a l lin e ,which distinguishes i t  from a l l  other tu n a-lik e  fis h e s ; the series o f 6 to  8 fin le ts  follow ing the dorsal a id  anal fin s*D istrib u tio n : From the northern end of Vancouver Islan d  to southern Californ ia«Natural h isto ry: I t  is  a schooling fis h  o f the open ocean and appears in  largenumbers along the C alifo rn ia  coast* I t s  food con sists p rin cip a lly  o f squids and various fis h e s .Importance: This fis h  is  taken commercially o ff  the C a lifo rn ia  coast but most o f i t  is  caught o ff  Latin America and landed a t C a lifo rn ia  ports* I t  is  important as a food and game f is h , having an excellen t fla v o r when baked. In  1956 only 128,000 pounds were landed in  C a lifo rn ia  while the record take in  19it7 to ta lle d  ever 13  m illio n  pounds*Katsuwonidae -  skipjacksOceanic skipjack Katsuwonus pelaxnisRecognized by: Hie kor 5 dark, oblique strip es along the sides and b e lly  (distinguishing I t  from a l l  other tu n a-like fis h e s ) ; the series o f fin le ts  follow ing both the dorsal and anal f in s , u sually 8 a fte r  the dorsal and 7 a fte r the anal; the absence o f scales except in  the region o f the pectoral fin *D istrib u tion : A p elagic fis h  of wide range, found on the P a c ific  Coast o f the Americas from Vancouver Islan d  to southern C a lifo rn ia  and South America, and across the P a c ific  Ocean to Hawaiian Islands and Japan,Importance: In  1956 over 120 m illio n  pounds were landed in  C a lifo rn ia , most of i t  being taken o ff  the coast o f Latin  America,Thunnidae -  TunasB luefin  tuna Thunnus thynnusRecognized by: The short pectoral f in , extending u sually only to  the 11 th  or 12th  dorsal spine, therefore shorter than the head; the series o f f in -  le ts  follow ing both the dorsal and anal f in s , usually 8 a fte r  the dorsal an d 7 a fte r the an al; the g i l l  cover with rounded margins; the round vent; no dark strip in g  on the body; in te rn a lly  the liv e r  on ventral surface appearing the same as th at fo r  the albacore* In  fresh specimens, f in le t s , though frequently yellow , not edged with black; the en tire ly  scaly  boefer.
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D istrib u tion : Probably cosmopolitan in  range$ on the P a c ific  Coast o f the Americas, found from the Columbia River to Guadalupe Isla n d , Mexico, but not common north o f Point Conception*Natural h isto ry: In  C alifo rn ia  waters the b lu efin  usually does not exceed 250pounds in  weight, whereas in  A tla n tic  waters i t  a ttain s a great s iz e , 10 fe e t or more in  length and up to 1500 pounds in  weight* The b lu efin  preys on a l l  sm aller schooling f is h , such as the fly in g  f is h , anchovies, mackerel, and bonito# I t s  only enemy is  the k ille r  whale* Much o f the l i f e  history is  unknown*Importance: Over 12*6 m illio n  pounds were landed in  C a lifo rn ia  in  1556* I t  is  one o f the world* s best game fish es* Next to  the albacore, i t  i s  the le a s t abundant o f P a c ific  tunas*AlbacoreGermo alalungaRecognized by: The very lo ng, saber-shaped pectoral fin s  reaching past the anal fin *D istrib u tion : Found along the P a c ific  Coast from Puget Sound southward to San Diego, seldom being found further south) found also  in  Japanese, Oceanic, and Hawaiian waters) also o ff  the coast o f Europe northward to  the B ritish  I s le s , o ff the coast o f A frica  and on rare occasions o ff  the A tla n tic  coast o f the United States*Natural h isto ry: The albacore feeds on sm all schooling fis h *  I t s  spawning groundsare unknown. Fish with rape ova have not been recorded from the Oregon or the C a lifo rn ia  fis h e r ie s , nor from the Japanese fishery* The Hawaiian fis h  are evidently larger and possess, in  some cases, ripening ova. I t  is  thought that the fis h  taken in  American and Japanese fish e rie s  are a ctu a lly  immature and have never spawned. Evidence seems to  show th at only a few age c la sse s , immature ones, are present in  the temperate water fish eries* This may explain a t le a s t in  part the in s ta b ility  of the C alifo rn ia  fish e ry . I t  is  quite e rra tic  in  i t s  appearance on the C alifo rn ia  coast*Importance: In  1556, over 37 m illio n  pounds were landed in  C a lifo rn ia , much o f i t  coming from waters o ff  Latin  America, I t  i s  considered the best o f the tunas fo r canning and is  the only one th at can be labeled "white meat tuna"*I t  ranks f ir s t  in  popularity with southern C a lifo rn ia  sport fisherm en.Yellow fin tuna Neothunnus macropterusRecognized by: The pectoral f in  as long as the head or s lig h tly  longer, reaching ju s t past in sertion  o f second dorsal f in  but not beyond the anal f in : the absence o f horizontal dark strip es on back or sides) the fin le ts  usually 
8,  follow ing the second dorsal and anal fin s) the oval or tear-shaped vent) the angle at the lower posterior angle o f preoperculum ( it  is  rounded in  b lu efin  tuna)) the liv e r  unmarked and of uniform color* In  both the albacore and the b lu efin  tuna, the vent is  round and the ventral surface o f the liv e r  is  ra d ia lly  striated *
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D istribu tion : Found in  waters o f Japan, Hawaiian Islands and o f the P a c ific  coast o f the Americas from Point Conception south to Peru«Natural h isto ry: It^ is  a resident o f warm w ater, having a temperature range fromoO F . to 80°F , and is  usually found w ithin a few m iles o f the mainland around islands or banks« I t  feeds on small fis h  and also  on plankton organisms, such as copepods, and the larvae o f crab, shrimp, and the spiny lobster« The eggs and larvae have never been discovered on our coast* The yellow fin weighyp ^5° Pounds> but seldom is  one caught in  C a lifo rn ia  waters th at weighs more than 125 pounds.Importance: In  1956, 11*9 m illio n  pounds were caught by C aliforrd a fisherm en. ̂ a Along with the rest o f the tuna, i t  is  a very popular game fis h  inP ra c tic a lly  a l l  o f the 1956 catch was caught o f f  the coasto f Latin  America, Scombridae -  MackerelsP a c ific  mackerel Pneumatophorus japonicus diegoRecognized by: The long separation o f the two dorsal fin s j the rather high f ir s t  dorsal and the much lower second dorsal} the series of 25-30 wavy dark streaks on -the back and sides down to  ju st below the la te r a l lin e .D istribu tion : G ulf of Alaska south to Cape San Lucas and in to  G u lf of C alifo rn ia} nob con sisten tly taken north of San Francisco} most abundant in  Monterey Bay and o ff the coast o f southern C a lifo rn ia .Natural h isto ry: The mackerel is  very gregarious and very voracious. I t  oftentravels in  great schools one-quarter to several miles o ffsh o re, feeding on sm all fish  and crustaceans, mostly copepods. Spawning occurs from la te  A p ril through Ju ly  near the shore a t depths as great as 50 fathoms in  C a lifornia w aters. As many as 1/2 m illio n  eggs, which are p elagic and hatch in  about 
3 days, may be produced by one fem ale.Importance: The commercial landings in  C alifo rn ia  in  1956, were 50 m illio n  pounds, Large numbers are caught by ocean sport fishermen in  C a lifo rn ia  but they do not consicfer the P a c ific  mackerel a desirable sport f is h .Sciaenidae -  CroakersKingfish or tomcod croaker Genyonemus lin eatu sRecognized by: The presence o f very sm all barbels on the chin} the prominent black spot at the base o f each pectoral fin } the short anal fin  with 2 weak spines and 10 to  12 rays} the tip  o f -the snout projecting beyond tip  o f lower jaw} the two dorsal fin s  connected, but with a very deep notch between them.D istrib u tio n : Vancouver Island south to cen tral Lower C alifo rn ia} not common north of San Francisco.

62



Natural h isto ry: I t  occurs in  small schools at depths o f about 30 fathoms. Thespawning season is  from November to  May. The kingfish  feeds on worms* small crustaceans and molluscs#Importance: This species usually ranks 5th or 6th place in  the sport catches o f a lfo rn ia  ocean f is h . I t  is  o f only minor importance commercially,White seabass Cynoscion nobAli«Recognized by: The s lig h tly  projecting lower jaw* the lack  o f a barbel on the lower jaw; the two dorsal fin s  being nearly in  contact with one another; the short anal f in  with two weak spines and 8 or ra y s .D istrib u tio n : Alaska south to  G ulf of Lower C a lifo rn ia , but most abundant from oanta Barbara in to  Lower C a lifo rn ia .N atural h is to ry : The white seabass frequents the kelp  beds and i s  u su a lly  found + , ,  rath er clo se to  the shore o f the mainland and around islan d s*t ? i eS P, aCe near ° r  11131(36 of the k elP beds from e a rly  March to  e a rly  w hSfahn»+T97 f S f  spawns fo r  the f i r s t  time when about 2 inches lo n g , the fem ale when about 27 inches lo n g . I t  a tta in s  a size  up to about 90 pounds but ra re lyS C t a S S S  T L  iaVerBge taken *  00- er<!ial fisherm enImportance* I t  i s  an e x c e lle n t food a  ah and la  very popular »1th  sport l-c i s  o f only minor importance in  commercial ca tch e s.Embiotocidae -  Viviparous su rf perches and sea perchesInrf S S w l i *38 are c ^ ^ t e r iz e d b y  the conpressed, e l l ip t ic a l  body, the th ic k
S ?  “ o S e l l ^ n r ^ . ” "  ° f  SCSleS ®  ^  Bide °f  % bMe ° f  dorsal fin -Strip ed  perch Taeniotoca la te r a lRecognized by: The o v a l, compressed body; the highest d orsal spine about h a lf  the x. , , height o f the f i r s t  s o ft  ray; the t a i l  inw ardly curved but notS f b l i e ^ n  S S  £Ln m th  ab°Ut 31 raySJ the lo n g ltu d in a l s tr ip e s , colored orangeD istribu tion : Northwestern Alaska south in to  cen tral Lower C a lifo rn ia ; not common in  southern C a lifo rn ia ; abundant farth er north, esp ecia lly  along rocky coasts #Natural h isto ry . A ll the marane species o f th is  fam ily ty p ic a lly  tra v e l in  schools fin  -  bfT s or fa llo w  inshore water o ff  both sandy and rocky beachesb i5^h. t o l l v !  and re la tiv e ly  large young. One sp ecies, the freshwater viviparous perch, is  found in  fresh water on ly. The members of th is  fam ily are not+̂ ngt^  fo r lhe s tr lPed Perch> «P to about 15  inch es. i T t e t n e  fo r  most o f the su rf perches, i t  feeds on Crustacea,
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Importance: The striped perch is  one o f the two leading species caught at Monterey, Along with other sp ecies, i t  i s  important as a sport fis h  in  central and northern C a lifo rn ia , esp ecially  in  su rf fis h in g . Prom a statewide aspect, they form but a minor portion o f the commercial or sport fis h e r ie s ,Rubberlip perch Rhacochilus toxotesRecognized by*. The very th ick  lip s j the spiny portion o f the dorsal f in  lower than the so ft portion, with the la s t  spine about 1/2 to 2/3 the length o f the f ir s t  ray .D istrib u tion ; On the C alifo rn ia  coast from San Francisco to San Diego#Importance; One of the more valuable of the fam ily as food. I t  forms about l/l* o f idle C alifo rn ia  surf perch catches.P a c ific  white perch Phanerodon furcatusRecognized by; The deeply forked t a i l ;  the dorsal spines, low a n te rio rly , h-igh p o sterio rly  with the la s t  spine almost or as high as the f ir s t  rayj the lo ng, slender caudal peduncle#D istrib u tion : Vancouver Island to San Diego; very abundant from Cape Mendocino southward*Importance; I t  is  the most important species o f the fam ily commercially. I t  coup rises about 1*0 per cent of the state  catch o f su rf perches#Barred perch Amphistichus argenteusRecognized by: The longest dorsal spines about 3/h as high as the highest dorsal rays; the ^p aren t d ivisio n  o f the anal f in  in to  two sets o f rays; the brassy-olive v e rtic a l bare altern atin g with a v e rtic a l series o f spots on the sides#D istrib u tio n : The P a c ific  Coast, from Cape F lattery  to  San Diego; very abundant on sandy shores#Importance: A considerable number are caught by surf fisherm en. I t  is  one o f the leading sport species o f the fa m ily .Freshwater viviparous perch Hysterocarpus tra sk iRecognized by: The 16 to 18 spines in  the dorsal f in  with the base o f the spinous portion longer -than th at o f the so ft portion; the p r o file  from snout to occiput concave; the head and mouth sm all, m axillary not reaching the o rb it; the dorsal bocy outline strongly convex#
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D istribu tion : The rivers o f central C a lifo rn ia , esp ecia lly  in  the Sacramento v a lle y « Formerly abundant in  d e a r  Lake*Natural h isto ry: Very l i t t l e  is  known about the d etails o f the natural historyo f th is sp ecies. The small mouth and the cycloid  scales distingu ish i t  from the Sacramento perch*Importance: I t  is  not a game fis h  and has no commercial valu e.Scorpaenidae -  RockfishesBecause most o f the species resemble one another considerably, i t  i s  often d i f f i -  vu lt to  distinguish readily the individual sp ecies. The fam ily is  characterized by having a bony support extending back from the lower part o f the eye across the cheek ju s t under the skin* The rockfish are sold in  the fresh fis h  narket as rock cod .  Only one s e c ie s  w ill be presented. Along with a number o f other sp ecies, i t  makes up the commercial rockfish catch in  C a lifo rn ia .The firm , white fle sh  o f the rockfish  is  quite ta sty  and o f excellen t food valu e. FaXLets s e ll  very reasonably in  fis h  markets. The rockfishes form the leading market fish ery  in  C a lifo rn ia , In  1956, 1*. 7 m illio n  pounds were caught commercially* In  volume they were the leading central C alifo rn ia  sport fis h e iy .BocaccioSebastodes paucispinisRecognized by: The greatly  projecting lower jaw; the absence o f spines on top o f the head* the large mouthj the deeply notched dorsal f in ; the 1$ rays in  each pectoral f in ;  the broad convex in te ro rb ita l space.D istrib u tio n : B ritish  Columbia to southern C a lifo rn ia ; le s s  common in  the northern part o f i t s  range.Importance: I t  is  one of the most important rockfishes in  the S ta te , esp ecia lly  in  cen tral and southern C a lifo rn ia .Ophiodontidae -  lingcodsIingcodOphiodon elongatusRecognized by: The lo n g , continuous, notched dorsal f in ; the large mouth and can in e-like teeth ; the large fle sh y  cirru s above each eye; the sm all, smooth scales covering the body and head. The fle s h  turquoise green to w hitish in  co lo r.D istrib u tion : Alaska south to  at le a s t the Mexican border*Natural h isto ry : I ts  habitat is  from near the bottom o f the in te r -tid a l zone downto at le a s t 60 fathoms, amongst kelp beds, aid  in  the re e fs , esp ecially  where t id a l movements are strong.
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Spawning occurs from la te  December to February or March# large adhesive masses of eggs are deposited by the female in  a sheltered, rocky lo catio n  below the lowest tid e  level# The male guards the eggs, fanning them with h is pectoral f in s , and driving o ff  enemies u n til the eggs hatch. The lingcod feeds p rin cip a lly  on other f is h , such as herring and flounders.Importance: This fis h  provides one o f the rich est sources o f in su lin  amongst "fee fish e s o f the world# I t s  liv e r  o il  i s  very rich in  vitam ins "A" and nDM.  I t  is  a leading sport f is h  in  central C alifo rn ia  in  number o f ocean fis h  caught. Commercial landings are also  important# In  1956, 931,000 pounds were landed and the catch has varied from over two m illio n  pounds to a low o f 139,000 pounds per year# Cottidae -  SculpinsStaghorn sculpin Leptocottus armatusRecognized by: The th ird  suborbital bone or sta y , which is  ch a ra cte ristic  o f the family# This runs back from the lower edge o f the eye across the cheek under the skin term inating on the preopercular# The body is  scaleless#The large a n tle r-lik e  spine on the preopercle is  diagnostic# The color is  mottled olive-gray with green or brown on the back, yellowish sides and white belly# A black splotch on the f ir s t  or spiny dorsal f in  near i t s  posterior border is  d istinctive#D istrib u tio n : Northwest Alaska to San Quentin Bay, northern Baja California#Common ¿Lose to  shore and in  bays# Enters estu aries and stream mouths#Natural h isto ry : Both young and adult staghorns are found in  bays esp ecia lly  overshallow areas where they feed on a variety  o f invertebrates#They spawn in  the early spring# This species attain s a size  o f about a foot#Importance: Often vised as b a it having no value as a sport or market fish# I tw ill take a p ile  worm or sm all spinner and provides fun fo r  juveniles# As with other scu lp in s, care in  handling should be taken fo r the head and some fin s  are armed with spines# I t  i s  often a nuisance when fish in g  fo r striped bass because o f i t s  a b ility  to  s tr ip  b a it from hooks*CabezónScorpaerdchthys marmoratusRecognized by: Suborbital presentj skin smooth and scaleless#  There is  a stout spine ju s t before the eye and a cirru s on the snout# These characters plus the emarginated spinous portion o f the dorsal f in  and the p a le , marbled blotches are distinguishing fo r th is  species# The color i s  quite variab le ,  depending on the lo c a lity  from which the specimen was taken# Dark brown to red, tan , gray or greenish colors are common# Ground color in  adult females is  u sually green males usually red# G enerally, regardless of sex, the body, the dorsal and caudal fin s  are n ettled  or blotched and fo r  th is  reason i t  has often  been ca lle d  the Giant Marbled Sculpin but "Cabezone" or '‘Cabezón1* is  preferred today
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D istrib u tion : Northern B ritish  Columbia to Turtle Bay, cen tral C a lifo rn ia , I t  is  a bottom dweller at moderate depths, p a rticu la rly  in  kelp beds.Natural h isto ry: The cabezon is  one of the largest o f the scu lp in s, reaching alength o f nearly thx-ee fe e t and a weight of 25 pounds. I t  is  a sluggish bottom f is h , feeding on crabs and shrimps as w ell as such fis h  or fis h  eggs as i t  can catch . Spawning takes place in  early spring or la te  winter between January and March when the eggs are deposited in  large masses on rocks. Larvae and young are pelagic while juveniles and sm all adults are found in  tid e  p o ols.As the larger size  is  attain ed , adults move o ff  into deeper w ater.Importance: An important game fis h  in  C a lifo rn ia , Commercial landings aregreatest a t Monterey but are re la tiv e ly  unimportant. These fis h  are taken with hooks and cut b a it or j ig s . The fle sh  is  considered excellen t but the roe i s  extremely poisonous i f  eaten.Great Basin Sculpin Cottus beld in giRecognized by: Suborbital stay present. This species d iffe rs  from other western specie s of Cottus in  that the margin o f the preopercular is  wholly unarmed having but one weak short spine. The vomer is  toothed while the palatin es are nearly always to o th le ss . The skin is  smooth and mottled with brown and gray patches. There are about s ix  black cross bars on the back. The ground color varies with that of the substrate on which the fis h  liv e s .D istrib u tion : East of the Cascade Mountains in  the Columbia River Basin, south to  Lake Lahontan and Lake Tahoe, and east in to  Idaho, Very common in  the Truckee River Basin,Natural h isto ry : This co ttid  is  reported only from fresh  water streams and la k e s ,not being known to enter brackish or marine conditions and in  th is  respect d iffe rs  from Cottus asper and Cottus aleu ticu s which fo llo w .These are spring spawnsrs. The eggs are fastened underneath stones and rubble in  fast-w ater r i f f l e s . The male is  said  to  guard them fo r a tim e. Ovarian counts o f 30 specimens taken in  Sagehen Creek (a trib u tary o f the Truckee River) indicated an average o f 132 eggs per female with a range from 77 to  235, (Albert C . Jones, unpublished d ata), In th is  stream these sculpins are enormously abundant. Over 2,200 were taken from a 300 foot stretch  averaging about 12 fe e t in  w idth. The maximum size  is  around fiv e  inch es. Their food is  p rin cip a lly  aquatic in s e c ts ,Inportance: These sculpins are widely used as b a it by anglers tr o llin g  fo r  lake trout (Salvelinus namavcush) in  Lake Tahoe. They are one of the main food items in  the d iet of large trout in  both streams and lakes and ecologic a lly  at le a s t , are o f vast inportance in  the economy of the waters where they dw ell. Whether th e ir net e ffe c t on trout populations is  good or bad, has yet to  be determined. P rick ly  Sculpin Cottus asperRecognized by: Suborbital stay present. This co ttid  d iffe r s  from Cottus beldingi and Cottus aleu ticus in  that the p alatin es are always toothed and '
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in  that the skin is  rough to the touch, (asper » rough). The color is  grayish o live  and is  mottled with black*D istrib u tion i Coastal streams from Alaska to Ventura County* Found in  fresh and brackish waters*Natural h isto ry: This sculpin has habits quite sim ilar to the Great Basin sculpindescribed above* The Cottus asper* however, w ill enter brachish water, estuarine areas and i s  apparently quite adaptable to  wide ranges o f sa lin ity *Importance: These too are eaten to some extent by large trout in  the coastalstreams and are also  used as b ait by anglers fish in g  fo r  steelhead*They are frequently found in  enormous numbers and but l i t t l e  is  known concerning th e ir  e ffe c t on anadromous gamefish populations*Slim  sculpin Cottus aleuticusRecognized by: Suborbital stay present. The vomer is  toothed while the p alatin e is  to o th le ss. The skin is  smooth although below the la t e r ia l lin e  i t  may be p ric k ly . The sin gle  p re opercular spine is  long and directed upwards much as in  Cottus asper* The head and body are mottled or spotted above, uniformly  lig h t  brown ground co lo r, the dark markings often arranged in  s ix  cross bars as in  Cottus b eld in g i.D istrib u tion : From Unalaska to Monterey, C a lifo rn ia » Common to co astal streams,occasional in  brackish waters*Natural h isto ry: Sim ilar to  the sculpins described above but very l i t t l e  isactu ally  known about the habits of these fish es*Importance: Used as b ait to  some exten t. Of the sculpins discussed here, only the cabezon has ary economic importance.Gasterosteidae -  SticklebacksThree-spined stickleback Gasterosteus aculeatusRecognized by: An important recognition character of th is  fam ily is  the possession of large oblong v e rtic a lly  placed bony p lates th at incase the body. These are w ell developed in  marine in d iv id u als, rather reduced in  estuarine in d iv id u als, and almost absent in  freshwater in d iv id u a ls. Sim ilar bony p lates are found in  the Syngnathidae or p ip e -fish  and seahorse. The f ir s t  dorsal f in  has two or three serrated spines and these plus those in  the p elvi.es, can be locked in  a p osition  v e rtic a l to the body. The caudal f in  i s  r e la tiv e ly  sm all fo r the size  o f the animal and is  held by a slender caudal peduncle* Their color is  v a ria b le , depending on th e ir p a rticu la r h a b ita t, being s ilv e ry  green to  bluish black in  marine specimens, and mottled brown in  freshwater specimens. Their length is  rarely  more than three in ch es.D istrib u tion : Southern C alifo rn ia  to northwest Alaska in  marine, brackish and fresh waters#
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Natural h isto ry: The stickleback is  one o f the most cosmopolitan fish e s knowntoday. They are found in  almost any conceivable habitat inhabita b le  by fis h *  Marine representatives are found in  sm all schools along the co ast, esp ecially  around eelgrass and p ie rs . Clemens and W ilby, (19U9) c ite  an instance o f sticklebacks in  the stomach o f a fU r-seal obtained twenty m iles o ff  the coast and another instance o f sticklebacks being taken in  a herring-seine from a depth of fifte e n  fathoms* Freshwater specimens have been punned from deep w ells and i t  is  supposed th at they entered from surface waters by underground r iv e rs . Males construct nests in  which one or more females may be induced to spawn. The male then drives the female away and guards the eggs u n til the fr y  are able to fend fo r themselves* Sticklebacks feed on small Crustacea and aquatic in s e c ts .Importance: These have no commercial or sport valu e. O ccasionally they are used as aquarium p e ts . In  sp ite of th e ir  spines and armour, they often form a large part o f the d iet of rainbow trout in  Canada and A laska.
k  -Si-Laboratory Exercise No, 1 .Subject: Fish measurements and external features often used in  the id e n tific a tio n  o f species*Work Program:Part I*  External Anatomy*Locate the follow ing structures on your specimen:(References: Roedel, Clemens & W ilby, Hubbs and L ag ler).F in s: 1 . Unpaired fin s j f ir s t  dorsal, second dorsal, i f  present, adipose, caudal, anal*2 . Paired fin s : p ecto rals, p e lv ic s . The la tte r  are often termedthe "ventral" fin s  because they are on the lower sides o f the body.3 . Note the p e lv ic  appendage at the base o f each p e lv ic  f in  in  salmon and tro u t.Opercular bones:Preopercle, op ercle, subopercle, in tero p ercle.Mouth bones:Prem axillary, m axillary , dentary or mandible, p a la tin e , vome-r, pterygoids* Teeth:Note the lo catio n  of the teeth on the mouth bones named above.See demonstration o f phryngeal teeth located behind the g i l l  arches in  minnows and suckers.
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Other featu res:Caudal peduncle, la te r a l lin e , branchiostegal rays, branchiostegal membrane, isthm us, the d istrib u tion  and arrangement of the sc a le s , the structure of the cycloid  and ctenoid scale (stucy these under the dissectin g microscope), g i l l  rakers, g i l l  filaments#Position o f the p e lv ic  fin s :P elvics abdominal -  means they are located in  the posterior h a lf o f the body between the p e lv ic  g ird le  and the anus* Examples: salmon and trout#P elvics thoracic -  means fin s  have th e ir  bases in  close proxim ity to  the pectoral fin s* Exanples: bass, su n fish , crappie, cabezon#Part I I » Fish measurements#A H  the length measurements such as head len gth , standard len gth , etc# , are to  be made between the v e rtic a l projections o f ithe two p o in ts, not along the curvature of the body or head. Use units o f m illim eters or centim eters, not inches# Accurate measurements are important in  fis h  id e n tific a tio n .Standard length o f f is h  -  the distance from the tip  of the snout, not including the prem axillaries when protracted, to  the end o f the vertebral column a t the base o f the t a i l .Total length of fis h  -  the distance between the v e rtic a ls  from the most anterior part of the head to th e most posterior part of the bocy including the caudal f in  with the caudal rays squeezed togeth er.Fork length -  i t  is  measured in  the same way but the distance is  taken to the center of the fork of the ta il#Length o f head -  the distance from the tip  o f the snout to  the most posterior point o f the opercular membrane#Length of snout -  the distance from the tip  o f the snout to  the anterior margin o f the orbit#Length of fin  -  1 . For dorsal or anal f in , i t  is  the distance between theo rig in  and in sertio n  o f the f in ,2 . For p e cto ra l, p e lv ic , or caudal f in , i t  is  the distance from the base to the tip  o f the longest ray#Height of f in  -  fo r the dorsal and anal f in  only, i t  refers to  the length o f the longest ray or spine in  the f in .Fin ray counts -  Rays are eith er spiny or s o ft . Roman numerals are used to in d icate  the spines, Arabic numerals to in d icate the ray s.
70



Ex. dorsal (2 ), V I - I I , 8 , indicates there are two dorsal f in s , the f ir s t  having 6 spines, the second having 2 spines and 8 rays. The f ir s t  rays o f the dorsal and anal fin s  are often rudimentary and are usually not counted.G i l l  raker count: -  The g i l l  rakers including a l l  rudiments are always counted on the f ir s t  g i l l  arch . The count is  indicated by two numbers. The f ir s t  refers to the rakers on the upper h a lf o f the g i l l  arch , the second to  the rakers on the lower h a lf and is  recorded as 8 + 13, fo r example.Scale counts.Scales on tiie la te r a l lin e : The count is  taken on the la te r a l "H,tv=> from above the opercular opening to the base of the caudal f in . Some times the row above the la te r a l lin e  is  taken when th is  row is  much easier to  count as i t  is  in  certain  sp ecies. Always make scale counts on the le f t  side o f f is h .Scales in  diagonal row above la te r a l lin e : The count is  made in  a diagonal row from the o rig in  o f the dorsal f in  to  the la te r a l lin e , downward and backward follow ing a sin gle lin e .Scales in  diagonal row below la te r a l lin e : The count is  made in  a diagonal row from the o rig in  o f the anal f in , upward and forward to the la te r a l lin e .Scale form ula.Scales 8-80-20 in d icates 8 scales in  a diagonal row above la te r a l lin e ,80 in  a series along the la te r a l lin e , aid  20 in  a diagonal row below the la te r a l lin e *For the record: (1) Sketch a la te r a l view o f a trou t and la b e l the parts o fthe external anatomy given above.(2) Sketch the tooth-bearing bones o f the roof o f the salmonid mouth on demonstration.(3) Sketch a la te r a l view of a trout or a crappie and in d icate  and la b e l the measurements given in  Part I I  above.(U) Make the scale counts lis te d  above on a crappie and record properly.Demonstrations: 1 . P alatine teeth in  rainbow, brook, brown and cutthroat tro u t.2 , Cranium and p e lv ic  g ird le o f a cabezon to illu s tr a te  the thoracic arrangement o f the la t t e r .3 . Phryngeal teeth o f caip and other minnows and suckers#
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Table 1 P a c ific  Salmon (Oncorhynchus) *CommonName S c ie n tificName D istribu tion  in  North America Age at M aturity Usual Weight Attained Recognition CharactersSockeyeRedBluebackKokanee
Oncorhynchusnerka Northern C a lif*  in to  Alaska i*-5 y r s . 5 to 7 lb s . G i l l  rakers on f ir s t  arch, 30-50, Anal rays average lit in  number, Young with large round parr marks, mostly above la te r a l lin e . Black spots appear on back and t a i l  f in  as fis h  approaches sexual m aturity.

ChumDog Oncorhynchusketa Northern C a lif , in to  Alaska it yrs 8 to 12 lb s . G i l l  rakers on f ir s t  arch, 19 to  28. Anal rays, 13 to 15. Lacks black sp ots. With 19 to 2lt scales above aid  15 to 22 below the la te r a l lin e , fewer than in  ary other P a c ific  salmon.PinkHumpback Oncorhynchusgorbuscha Northern C a lif , in to  Alaska 2 y rs . 3 to  6 lb s . G i l l  rakers on 1st arch, 27-35* Anal rays usually number lU to 35. E a sily  recognized by la rg e , oblong black spots on t a i l  (nearly round in  other species) and by it s  sm all and very numerous scales ( I70 to  231 oblique rows on side) possessing more than any other P a c ific  salmon* Young lack parr marks*# M odified a fte r  Jordan and Evermann (1896),Clemens and Wilby (191*6), and Schultz (1 935* 1936)72



Table 1 cont’ d,CommonName S c ie n tificName D istribu tion  in  North America Age a t M aturity Usual Weight Attained Recognition CharactersSpringChinookKingTyeeQuirmat
Oncorhynchustshawytscha Central C a lif , in to  Alaska it to 5 y r s , 16 to 30 lb s . Few up to 100 lb s* taken G il l  rakers on f ir s t  arch, 19 to 29* Anal rays, usually % or 17, a greater number than in  any other P a c ific  salmon, f ir s t  few rays not lengthened as in  young s ilv e r  salmonj t a i l  and back with round black spots larger than in  echo or s ilv e r  salmon* Caudal peduncle more slender "than in  s ilv e r  salmon, which i t  clo sely  resembles* Young with parr marks wider than lig h te r  colored intersp aces.CohoS ilv e r Oncorhynchuskisutch Ventura River C a lif*  in to  Alaska 3 yrs* 3 to 10 lbs* G i l l  rakers on f ir s t  arch, 19 to  Anal rays usually 13 or fis h  le s s  than four inches long with f ir s t  few anal rays w hitish near tip s and longer than those that fo llo w , which tend to be pink in  co lo r. Black spots sm aller than in  king salmon* Caudal peduncle much stouter or deeper than on k in g .
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CommonNameRainboworSteelhead

A tla n ticSalmon

Cutthroat or Black- spotted trout

S c ie n tificNameSalmogalrd n erii

Salmosala r

Salmoc la r k ii

Table 2Common Kinds of Trout and Charrs Including the A tla n tic  SalmonD istribu tion  in  North AmericaNative to  West Coast now general by- introduction

Maine to Labrador

Usual Weight or length attained6 in« to  2k i n .:  sea-run forms 3 to  8 lbs# usually

Usual size  10-30 lb s .

N . C alifo rn ia  in to  Alaska in  coast waters In te rio r forms in  headwaters o f Columbia, M issouri, Colorado and Rio Grande rivers and Great Basin waters«
1 to 3 lb s

Recognition CharactersRed strip es on sides o f body and g i l l  covers in  spawning males; with raary black spots on background of lig h te r  color« Fish fresh from sea silv e ry  with few sp ots. Lower fin s  lig h t in  color« Lacks red dash of color below lower jaw on each sid e . Teeth on vomer w ell developed.Body elongate and l i t t l e  compressed. Caudal peduncle narrower and slenderer than in  S , g aird n erii« Fresh-run fis h  from sea silv ery  with many "Xu or "XX" shaped black spots« Both males and females develop red spots on sides during spawning season. Brownish color on back. Teeth on vomer weak, l i t t l e  developed.Red dash o f color below lower jaw-bone on each sid e . Often heavily spotted with black on background o f lig h te r  co lo r. Side o f body without red sp ots, but red strip e on sides o f spawning males i f  often evident.
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Table 2 -  continuedCommon S c ie n tific D istrib u tion  in Usual weight orName Name North America length attainedEastern Salvelinus Native to eastern 1/U to  2 lb sbrook f  o n tin a lis United States andtrout or Canada south tocharr mountains o f NorthernSpeckled Georgia and west totrout Great Lakes Basin. ■Mountain General elsewhere bytro u t introduction*Great Salvelinu s Labrador to Alaska* Usual size  10-15Lakes namaycush south into New York lb s . Up to 60Trout or B ritish  Columbia to lb s . and h fe e tcharr Montana. Widely in  lengthMackinaw introduced in  su itableTogue lakes*D olly Salvelin u s Northern C alifo rn ia Usual size 5 toVarden malma in to  Alaska; east to 10 lb s ; up to 20trout or A lberta and Montana lb s*charrSalmontroutB u ll TroutBrown or Salmo tr a tta Introduced from Europe 1 to 2 lbs«* upLock Leven and generally d is to  20 lbs*Trout tributed over the U ,S ,in  tro u t waters

Recognition Characters
Red-spotted, and with w hitish spots on background o f darker co lo r; lower fin s  edged in  front with white stripe* bright red or orange behind th is* Lower edge of b e lly  bright red or orange in  spawning males* Wavy o liv e  worm-like lin e s  on back*
Large w hitish spots on background o f darker co lo r; no red spots; fin s  uncolored; general color usually dark gray. Lives and spawns only in  lakes*
Pale yellow spots on back* red spots on sid es; no wavy d iv e  worm-like lin e s  on back such as are present on Eastern Brook Trout*
General color brownish yellow ; lower fin s  pale yellow  to w hite; sides often with many large dark spots on background o f lig h te r  color; u sually few rad spots*
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Table 3General C h aracteristics o f Brook, Brown, Rainbow and Cutthroat TroutEastern Brook Trout Brown or Loch Leven Trout Steelhead or Rainbow Trout Cutthroat TroutRange O rig in a lly  only from Me. to  Na G a ., west through G t. Lakes region« Introduced in to  most o tter s ta te s .
Introduced from Europe. Now found in  a l l  states o fferin g  trout fis h in g .

O rig in a lly  only on P a c ific  slope,C a li f . Now common in  most Midwestern and eastern states by- introduction
Coast form No* C a lif*  in to  Alaska in te rio r  form in  waters both east and west o f Continental DivideMaximum safe water temperature 77°P 8l°F 85°F 75°FWaters found in Colder headwaters o f larger rivers ; prefers shaded brooks* Does w ell in  cold ponds and lakes

Permanent, warmer streams, as a rule la r g e . liv e s  in  some lakes and ponds but is  not w all adapted to cold water lakes
Streams,  preferably Coast streams and connected with headwater lakes ocean c r  with large and streams* lakes and reservoirs.Prefers turbulent sw ift water in  stream s. Well adapted to  both streams and la k e s .Time and place o f spawning F a ll; O c t.-D e c ., at very headwaters o f streams, 1-3 f t .  tólde. A lso uses spring-holes in  gravelly  lake shores.

F a ll: O ct.-D ec. in  large headwater streams, 10-30 f t .  wide.
Spring: Jan .-Ju n e depending on lo c a lity , in  sm aller headwater streams and on lake shores o ccasio n ally .

F e b .-Ju ly  depending on water temperatu re s.
Number o f eggs produced 100-5,000, depending on size  o f fis h 200-6,000, depending on s iz e . 200-9,000, depending on s iz e . 200-2,500, depending on size*MigratoryC h aracteristics Moves upstream in  la te  summer seeking cooler waters and spawning beds. Returns downstream in  winter*

Moves upstream to  spawn and downstream to  winter Runs up rivers from ocean or from lakes to  streams to  spawn. Resident riv er forms migrate to  sm all
Anadromous in  wab ers fa ir ly  close to ocean; seeks sm aller trib u ta rie s o f lakes and streams intrib u ta rie s to spawn. in te rio r  areas«



KEY FOR THE IDENTIFICATION OF YOUNG SALMONOn the basis o f observations which have been recorded and from p ra ctica l experience gained in  handling P a c ific  salmon young over a period o f years,  the follow ing key has been constructed by which the young o f the P a c ific  salmon can be read ily  ident i f ie d . The key is  fo r use only in  rapid separation o f the sp ecies, and where doubt arises as to  the d istin ctio n  between certain  sp ecies, reference to the more d etailed  descriptions contained in  the paper should be made.1 -  Anal rays, 9 to  12, Dorsal f in  with large black sp ots.Trout and Charrs-  Anal rays more than 13# Dorsal f in  with no large bladespots 2 P a c ific  salmon2 -  No parr marks present. Scale-count approximately 175(168 to 185), Fry deep blue to greenish on back in  l i f e ,B e lly  s ilv e r y . . ,  .  .  .  ,  • • • ,  * ,  * • . . .  • • • * • « Pink-  Parr marks present as v e rtic a l bars or oval blotches Scale-count 150 or le ss  « • » • • • • • , » • • .  33 -  Parr marks short, e llip t ic a l or o v a l, extending l i t t l e ,i f  any, below la te r a l lin e  • • • • • • • • • • .  k-  Parr marks large v e rtic a l b ars, almost bisected v e r tic a llyby la te r a l lin e  « • • • . . • • • • , . « • * • *  5U -  G i l l  rakers about 1 8 -*H . Scales 125 to 135* Row of d efin ite  blade spots on back. Color bluish or greenish tinge on back, no green iridescence on sides below la te r a l lin e . B elly  silv e ry  . . .  • .  .  .  .  . .  . .Sockeye,  Blueback, or Red-  G ill-ra k e rs  about lk-10* Scales 13k to litl*. Black spotson back may be present but not as large and p o sitio n  irreg u lar*Color b rig h t, m ottled, green on back. Sides below la te r a llin e  silv e ry  with fain t-green  irid escen ce. B e lly  s ilv e r y . Chum or Dog5 -  F ir s t rays of anal f in  not elongated* C olor, darkly stip p ledwith black on back. Some brownish on back and upper h a lf o f sid e s.No brassy irid escen ce. S ilv e ry  b e lly . Fins not u su ally  colored.Parr marks wider than intersp aces. . .  Spring, Chinook, Tyee, or Quinnat-  F ir s t rays o f anal f in  elongated, producing a concave outer margin to f in . Color brown to brownish-orange, sides and b e lly  s ilv e r y , tinged with brassy irid escen ce. Lower fin s  tinged with orange and tipped with w hite. F ir s t ray o f anal w hitish in  co lo r. Parr marks narrower than in tersp aces. Coho, S ilv e rFrom R , E , Foerster and L , Pritchard (1935) "The Id e n tific a tio n  o f the Young of the Five Species o f P a c ific  Salmon, with Notes on the Fresh-Water Phase of Their l i f e  H istory” ,  In : Report of the B ritish  Columbia Conan, o f F ish e rie s , 193k>pp, 106-116. 77






