


_ _ “NOTE TO READERS

This electronic document is a scanned version of the printed booklet that was very
Bopular and offered free to the public for as long as it was in print. Funds have not
een available for several years either for reprinting, or for revision. Nevertheless,
the booklet contains information on anadromous fishes that is as valid today as
when originally written. Do keep in mind, however, that the document is old, so
serious researchers are advised to consult libraries or Department of Fish and
Game staff for up-to-date information on the species described. Anglers should
consult current fishing regulations for seasons, size and bag limits, or any other
requirements for take of these animals. Many of the fishes, particularly the
salmonids that occur in California, have in recent years been afforded protection
under either the California Endangered Species Act or the Endangered Species
Act of 1973, the Federal equivalent. Other anadromous salmonids are being
seriously considered for protection under one, or both, of these acts.
Management of these species will become an even greater challenge in the future
as California's population and demands from all sectors for water and other
habitat continues to increase.

FOREWORD

Anadromous fish are those curiosities of the animal world which grow
mature in the ocean and then swim into fresh water, sometimes as much :
thousand miles, to reproduce. The general public would probably regard . the
no more than curiosities (or would refuse to believe that they really exist)
were not for the most publicized member of the group—the salmon.
salmoris publicity stems from several factors, four of which are:

1. Itis very good to eat.

2. Itis worth money.

3. ltis fun to catch. ) .

4. In manly places its movements into fresh water are far too conspicuo
be overlooked.

The salmon is not the only fish to make a success of this way of life. C
unrelated forms have developed it quite |_ndependen,tl¥i In size they range
tiny sticklebacks to sturgeon which might outweigh a hundred thous
stiCklebacks. They include some of the most primitive fish-like vertebrates
some much more advanced types. They include a good many of our finesi
fishes and one (the stickleback) which | feel sure most Americans woulc
consider as food until the only alternative was death by starvation. They in
some of our finest game fishes, and some which have no game qualitie
which serve as food for_game fishes. Finally, they include our most stu
fishes (the Pacific salmons) and some about which wé know very little.
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Donald H. Fry, Jr. was the dean dfalifornia Fish and Gae's fish
biologists. His keen interest in nature was coupled with an inquis
mind and meticulous wokmanship. A recgnized authorif on Padiic
salmon and steelhead trout, fwas also an expert
in bird identfication and wildlfe photograph

Fry’s career in Fish Biolty began with the
Department of Consevation's Division of Fish < S5
and Gane in 1928, while he was still a student at >
Starford University. Fry was appointed Assistant
Fishery Biologist at the Calbrnia State Fisheries —_—
Laboratoy on Teminal Island upon receing his
master’s degree in zoolayy later thatyear. In 1943
he took chage of the Duision’s sainon researc
in the Sacranenb ard San Joaqun Valleys, where
he initiated seerd programs tha have snce becme basc to sdmon
research anthanagjement.

In 1947, Fy was placedn chage of the Division’s central Cafornia
Marine Laboratoy, then at Staiord Uniersity. In 1957—1958, he
studied thédfishes ofLake Geoge in Uganda, under the auspicestbé
United Nations, to help thefAican natiormeet itsfood needs. Eer his
return to the Deparhent of Fish and Gee in 1958, Fy moved to
Saaamento to head the newlcreated Research Awals Section, a
position he held until his retingent in 1973.
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THE ANADROMOUS FISHES OF CALIFORNIA
INTRODUCTION

The tem anadronous” means “up runnig’ and is used to fer to fishes
which spend partfaheir lives in the ocean buatove intofreshwater to span.
Salmon are the best known anadromous fishes but tlere are many others,
including importantfood andgame fishes such as steelhead trout, gdon,
stripeﬂ bbe}ss, and shaldesseiknown and less Ighly regarded species ke the
same habit.

There are vaying degreesof anadromy. The most extrene exanples move
from hundreds bmiles at sea to hundredd miles up a wer, while sane
borderline species ogl move fran brackishwater a short distance into fres
water to spawn. We have included the latterf ia lage part & the population
regularly moves out 6 bradkish water tofreshwater at spaning time.

Many fishes are ble to @pe with extreme changesin the salinity of the water
they inhabit. The technical ters for them is euryhaline and they may or may
not be anadmous. The tem comes from eury meanirg broadyy and haline
meaning saly. Suchforms dten live in river estuarieshere tidal action results
in rapid chages in salt contentA moderatey well known California natve,
which is euhaline but not anadmous, is the stayrflounder. It is namally
maiine, but has beeknown to move mary miles intofreshwater. Much better
known, but notfound in Caliornia, is the tarpon. 3t shaks are ewhaline,
|nclud|ng the dagerous bull shd, which moves betveen theAtlantic Ocean
and Lake Nicarggua throgh mary miles d moderatey fast rver. We are
including euryhalinefishes ory if we are reasonapkure thg make a dénite
migration intofreshwater to span. So little isknown of the movement and of
the spawning habits & sane species that it is quite possible thatmay have
omitted same which will later befound to be try anadronous. For gample,
the stripel mullet, Mugil cephalus,is a euyhaline specieswvhich occurs
worldwide in wamm seas and isften seen in bs and estuariefrom Los
Angdes County south. It also enters the Colorado River. Using the geard
conflicting evidence available it is possible toake a casdor calling i
anadramous, catadnmous, ormarine. | hae not included it in this bddet.
(Catadranous is déined belav.)

Anadromy is one ype d spavning migration, but there are othensiar ones.
A brief summary:

Anadromous—Migratingfrom the ocean or brackishater tofreshwater to
spavn.

Adfluvial—Migrating fram a lake to a streato spavn. We are not includg
aspecies in this paper because it is adfluvial, but are including Wash
are adluvial in sane areas and anadnous in others.

" Pronurciation of the word bothers many. The syllables are: a nad ro mous with the acceat on e
secad. Dictionariesmark it a-ndd’ro-mus.
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Catadranous—Migratirg from freshwater into the ocean to spa. There are
no known runs ¢ catadronous fishes in Cafiornia. The bestknown
catadromous fishes are th&merican and European eels, bothwdfich
spawn in the Atlantic ocean.*

The degree towhich different species depend on an anadnes &istence is
quitevariable. For exaple, all species of trout and chars are capable of livin
whoally frestwater existence, but there amot species of saion (pink and
chum) which appear to be totgllunable to reproduce succkdb/ unless they
grow to maturity in saltwater and span in fresh.

Many spedes d fishes hae both anadmous andrestwaterforms. The latter
areoften referred to as“landlocked”, whether or not théish have a clear path to
and from the sea. Often the fish areysitally blocked fran reaching the ocea
For example, fish in a reservoir or lakeiay be unable to leave. Fish inmse
streams of the high Sierrahave a cleapassageay to the seabut no way of
returning because ofaterfalls.Goldwater fishesnay be effectivey landlocked
in the colder headvaters of a strem because taperatures are too high for ther
in the lowland parts bthat strem or in the ocean in that area. BoWarden
trout are stricty landloked in Calfornia, which is the southern tipfaheir
/ro\alna%? but anadmous forms arevery common farther north, particulaylin

a

Many fish can be rerred to as “optionall anadronous”. In the coastal
streans of Cdifornia theyourg of steelhead trout and coastal cutthroat troay
ﬁo to sea.or may remain in the strem until maturity and then span without ever

aving left freshwater. Trout near the headters of a strem are themore apt to
remain in freshwater. There is evidence that resident and amaalieforms in
the sane strean may be geneticaly different, but there se®s to be enogh
mixing of these strains so thatree young of residen parentsmay go to seaand
vice versa.

Some fish might even be called “unintentiongilanadranous”. Floodswill
sometimes washfish out to sea. In southern Galinia, for exanple, there are
occasonal violent floodswhich will fill the pools & a trout strem with silt and

ravel. When thewater recedes there are no trout to daenfland from ore to
threewinters later afew steelheadvill be seen tying to find theirway back to
the mountainsvia theLos Angeles Rver or sane other unkely-looking stream.
It is not unreasonable to supagose thahesaainbav trout had surived an
involuntary trip to the ocean, but absolute procf is lacking.

Which Fish Has Been to Sea?

Occasionalf an anglewill catch a trout that puzzlesri—has it been to sez
or hasnt it? The angler has a rignt to be puzzled.

Two gecimens of he tiue ed, Anguilla have been téen. in the Sacamento-San Joquin Delta.
One, anAmericaned A. rostratg was taken in 1964 the other, a European ed, A. angilla, in
1969. Itis highly doubtful that either got there on its own power. Attempts were made to establish
the American edl in California in 1874, 1879and 1882, bt there were no known reaveries
(Skinner, 1971).
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Young trout and sahon undego a decided chae in appearance fure or
during their seavard migration. Thg becane more silvey, red colorsadeor
disgppear, scaleget looser. Usuayl thefish grow enowh faster in saltvater so
that the difference beteen frestwater gravth and salwater gravth is quite
apparent on the scales under raicroscope. Ormost subspeciesf drout and
specief Pacific salmon the parrmarks (laige vertical oval or rounded spots on
the sideswill gradually disappeawhether or not théish goes to sea. None of
the criteriagiven are ifallible. Troutwhich enter a lake or reservoir andrgoof
thosewhich reamain in same d our larger rivers such as the Kdath will show
much the sme chages and be quite flicult to tell from a sea-run indidual.
When atrout leaves the ocean and reenfeeshwater itwill gradually regain
some of the appearance of a strei@out. In general the sea-run trout hasagro
fasterand is therefore younger than a stream trout d the same size A 1% -lb
streamtrout will tend to hae a bgger head andnouth and amore mature
appeaance. The sea-run individuatll have aface that isnore ounded and
looksmore like that & a 6-inchfish.

In our smaller coastalstreans ary trout over 1%z Ib is ahost certain to be sea-
run—a rainbov or cutthroatwould not be at all Kely to grow to that size
without going to sea.A brown trout might, but most d our snaller coastal
streams hase no brevns at all and none hasary.

In large rivers suchas the Sacranento, Klanath, and Trini, a strean trout of
2 or 3 pounds is a distinct possibjliand lager ones are not ouf the question,
but the odds healy favor a trout @er afoot lorg beirg sea-run unless its
appeaance is vely much that & an oldermore mature, strea trout. When in
doubt scrape20 or 30 scalesfbthe side bthefish abwe the lateral line flyou
have access to a M power microscope (30—5K), clean several scaldy
water so&ing them, then rubbig betveen thumb and forefinger. Mount
between two microscope slides ad find a scalehat has cirali (concentric rings)
extending outward from a vely small central disk. A largedisk means tat the
scak is a regenerated one; i.e., it is replagionewhich was lost.Look at the
circuli, starting at the center of the scale. Disregard the first 3 or 4. The |
10—30 should be quite closedgether. f there is then a sudden increase in tt
spacebetween cirali it means that fealing conditions gotmuch betterfor the
fish and this in turn usuall means that it had entered the ocean, or at lbast
eduary. Same individualswill stay awhile in the estugrand thermove into the
ocean. Siech fish may shav a two-sep increase in the spadng of the circuli. A
gradual narrowing of the spaces beeen circuli (in eithefresh or saltvater)
Indicateswinter growth, which is slaver than smmer growth. Thewinter zones
are used by fisheriesworkers to detenine the age of a fishA ragged lIne
cutting throwgh the circuli clear around the scale is a Ygpieg che&”. The
outer edge of the scalwas resorbed during the strain of thevepiag perod
and probably same circuliwere lost entirgl. Unfortunatey, not all scales are as
clear cut as the one illustratedl féedirg conditions in the strea (or hatchey)



————end 2nd year of
ocean growth

spawning check
at end Ist year of
ocean growth

end 2nd year of
stream growth

Mﬂi )WN end Ist year of
W{ g «é&&\ ' stream growth

Scale from a 28-inch steelhead near the end of its fourth year of life,
showing two years of stream life and two years of ocean life, it spawned
at the end of its first year of ocean life and was caught when returnin?. to
spawn a second time. Scales of Pacific salmon are similar but the fish
die after spawning and their scales never show a spawning check.
Photomicrograph (40X) by Leo Shapovalov.

were extra good, a chage from fresh to salvater growth may not be clear
enowh to shav when (or f) it happened.

In Cdifornia there is ordinaml no problen in detemining whether or not a
sdmon has been to sea. In generdlitiis over afoot long it hagnade the trip
unless it is living in aplace flom which it cannot reach the ocean. Noribf
California there are swe lakes and large reservoihich saimon can éass
through on their way to spavn. When theyoung aremigrating to the sea éew
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may remain in the lake ad never @mplete he migration. These are kown as
residuals In California there are no such resars or lkes with extensive
spawning areas love them, but there are a f@ placeswhich might produce
small numbers @ residuals in an occasiongdar.

Kokanee are landiéed so&eye samon which grow to maturity in lakes. In
more northern waters kokanee are soetimesfound living in lakes towhich other
salmon (including anadnmous sockges) regulagl ascendfrom the ocen.
Kokanee in Cafornia are all invaterswhich cannot beeated from the sea.

Some king and siver samon hare been planted in fiew California l&kes or
resevoirs. Sanetimes thg grow quite well, but in Calfornia the have never
reproduced well enowgh to create landlded runs, althogh they have
occasonally done so in other areas.

The ability to create both anadrmus andfrestwater populations is not
confined to he saimonids. Severalunrelated pecies, which now exist in
Cdiifornia, have both anadmous and landlded populationsThese include the
Eadfic lamprey, the American shad, the threespine stickleback and the str

ass.
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INTRODUCTION OF ADDITIONAL SPECIES
OF ANADROMOUS FISHES

Of the 20 species banadronousfishes described in this bklet, 16
arenative and 4 were introducedTwo of thesefour (the striped bass an
shad) were introducedwith the hope bestablishig them as anadnmous
fish. The other wo (bravn trout and brok trout) were introduced tc
establish them as frestwater species. In Europe the Wrotrout occurs in
both resident and anadnousforms (known respectiely as brovn trout
and sea trout). In eastern NortAmerica there are botfrestwater and
anadromous brod trout. In Calfornia afew of the bravns appear to
have developed anadroous habits but aget none 6the Eastern brook
trout are gen suspectedf dvaving done so.

Introducirg a freshwater fish to a new areais relatively easy, and at
present virtually 100% of Californias wamwater strem, lake, and
reservoir fishing is for introduced species. To establish w species it
must be released invaterswhich are of suitable meperature and pusit
thefood su§py must be adequate and themast be adequate habifar
young and adults and for spawning. Introducirg a far-rarging
anadromous species such as sah can be famore difficult and is
much less apt to succea. Not only does he freqwater habitat have to
be adequate, but so does hat of the aljoining ocean. The route from
ocean to spavning groundmust pravide clear pasgg at the tine d year
when the fish will useit, and thefish must be able tdind their way
home at the correctrtie ofyear and through ocean currentsich their
ancestors neer encountered.

All efforts to introduce anadmwusAtlantic sainon (Salmo salar}o
the Pacffic Coast hee failed, althogh a landloked strain has bee
edablished in Oregon. fEorts to introduce Pacific samon
(Oncorhynchus) to SouthAmerica hae been unsuccdss, but there
have been sme long distance saion transplants which succeeled. In
New Zealand,king samon (Oncorhynchus tshawtscha) are well
established, but skeye saimon (0. nerka)of a nomally anadronous
strain hae mangied to aoid extinction by becaning landlodked.
Russian fisheriesnen have succeeded in establishRagific samon in
same Arctic streans d European Russia.

In at least three areas introduced trout have prospered asvéttest
fishes and later started to delop or redeelop the anadmous habit.
The European bran trout, Salmo trutta,has done this on oWracific
Coast and the rainbw trout, S. gairdnerii(a natve o western North
America), has apparemtestablished an anadnous run in the Eerst
River in SouthAfrica and possilglin sane nearly streans aswell. Both
of these species have established amaous runs in extree southern
SouthAmerica.

12



WHY LIVE ANADROMOUSLY?

There obviously must be some important advantages in living an anadrc
existence or the habit would not have developed independently in such v
differing creatures as lampreys, sturgeon, shad, salmonids, stickleback
strldped bass. The advantages must be great enough to pay for the extra

risk involved in the migration from fresh to salt water and back a
Greater safety for the eggs in fresh water and a better food supply in the
appear to be the chief benefits for the salmon.

At some time in their lives all anadromous fish must be able to move
fresh to salt water and at a later date they must move back again. Most &
creatures cannot adjust to any great change in salt content (such spec
called stenohaline). The bodies of all fishes have a higher salt content t
fresh water and fresh water tends to permeate into their bodies through gill
and skin. The amount of fresh water which would enter the body would so
fatal if there were no mechanism to eliminate it. Freshwater fishes cope wit
problem by producm% large quantities of very dilute urine. This water rerr
requires energy which, in turn, requires additional food. Most saltwater f
have the opposite problem. Bony fishes have a salt content much lower th:
of the ocean water and, if there were no mechanism to prevent it, the we
their bodies would permeate outward until the body salt content was in be
with that of the ocean. (In thisoonotation the term “salts” includes the st
total of all salts—not just sodium chloride.) Such fishes have to drink sea
to overcome this dehydration, and have to have a mechanism for getting
the excess salts. The process is complex and energy consuming; it in
special salt cells in the gills and mouth lining, and a kidney which can ex
very concentrated urine. Sharks and hagfishes solve the prc
differently—they do have a salt content which is in balance with ocean wat

To be able to live in both fresh and salt water a fish must obviousl
equipped to cope with either of the two sets of problems outlined abowve
must be able to shift physiological gears as often as habits and circums
dictate. The requirements are severe, but there are rewards. There is a gr
of estuarine habitat which changes salinity with the tide and the only fi
which can make extensive useitcdre those euryhaline forms which can thri
in rapidly changing salinity. Furthermore, freshwater fishes which can withs
an ocean excursion are able to move from stream to stream, and their pi
quickly become established in nearby coastal streams, some of which
otherwise have no fishes at all.

Even though an adult fish may be able to adjust to changes in salinity, it
and newly-hatched young usually lack this ability; thus, the anadromous p:
require a freshwater environment at spawning time.

Because anadromous forms have evolved separately in various unr
families, it is not likely that the habits shared by them could develop in ex
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the sane way in all of them. Such eolution could occur alom sanewhat the
following lines:

1. A frestwater species w@rpopulates its efronment andfood becoes a
serious proble. (Mostfish over-reproduce andeach his condition quidly.)
The older (and lager) young appropriate the beseedirg spots and perit no
trepass by smaller indviduals,who areforced tokeep loking. Mary arrive at
the upper linits of brakish water.

2. Some individuals are able to endure bkésh water better than others an
penetrate short distances into the espuarfeed, es,peu?flat critical tmes. This
gives hem an alvantagewhich enables hem to survive whenothers starve.

3. Descendarst of these individuals inherit the abjlitto withstand brackish
water and throwh thousands fogenerations théish with the most such ability
survive best and penetrate into aredsch aremore saline andnore extensive.
The fish have graduglbecane euyhaline.

4. Someindividuals spendnuch d their time in bra&ish or saltwater but hae a
regular migration intofreshwater to breedThey have naw becane anadrmous.

5. Salwater exarsions are exteded and now include the ocean.

6. Oceanmigrations increase in length, butadults al return to the streans to
spawn.

7. The length and seveyiof the journg results in senary deaths that relatively
few suwive to span a second mne.

8. Those that put the greatespart of their fat and energy into egg ad germ
prodiction on the averag@roducemoreyourg and on theserage are less apt to
survive to gpawn agai.

9. Eventually, suriving to spavn a second tiie becenes too unusual to be ar
importart factor in gg production, and thé&ésh which put all their engy into
spavning once produce theostyoung.

10. Death after one spaning becanes universal for that species. This exiee
adaptation isypnomeans uniersal anong anadronousfishes.

Survival Advantages and Disad vantages
of the Anadromous Habit

Some of the habits of anadmmus fishes areniportant advantages tdet
species, but there ar§f setting disadvantages.

~ The need tomake lorg spavning migrations irflicts obvious hardships on the
fish. Sanetimes the beriés far outveigh the hardships and tlish prosper, but
the very existence 6 the populatiorwill be threatenedfithe razards b the
journey beame increasingly great ad too few spawners are ble to @mplete he
trip.

For a speciesvhich must span in freshwater an obvious advantage in rhgei
anadromous is thafar morefish can span in a strem than could possiglfin
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enough to eat there. Salmon take full advantage of this; adultsfded after
they have entered fresh water on their spawning migration.

Most young silver salmon remain in their stream until they are a little ov
year old. They migrate to sea in the late spring after they have grown
enough to greatly increase their chances of survival in the ocean.a®er the
seaward migrants have left, many of our small coastal streams and tributar
larger streams dry up to a mere trickle or become intermittent and the rec
hatched young which remain behind may become badly crowded or
stranded before the summer is over. Mortality is often high and would be w
if any large number of yearling silvers were also to remain in the stream.
yearlings would not only have a hard time finding enough to eat, but would
consume large numbers of the young of their own kind and would cons
much of the food that would otherwise be available to such fry and fingerli
(In some areas young silver salmon are serious predators on the smaller yo
other salmonids.)

The migratory pattern of fall-run king salmon in the San Joaquin Va
enables them to make use of streams which, during the summer, are mu
warm for any salmonid. The kings enter these streams in the fall after the
has cooled, and their young leave in spring before it gets too warm. S
salmon and steelhead dbhave a chance In this area because tloeing must
spend a full year in the stream.

Migrating fish are relatively easy targets for predators because the latte
wait for the food to come to them. Young salmon partially counteract this
making their seaward migration usually at night and staying near cover di
the day. When the water is muddy, young salmon will migrate day or night.

Not all predators which eat migrating anadromous fishes are resident il
stream all year. Some have developed feeding movements of their own. E
seals, eagles, gulls, and humans are among the more obvious ones.
sturgeon take advantage of spawning eulachon in the Klamath River, but
eagles and gulls) probably do more scavenging than actual preying.
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CLASSIFICATION AND NAMING OF FISH
AND OTHER ANIMALS
~ The animal kingdan includeswell over amillion diverse forms which fall
{rﬁto thevarious lessegroups.Thefollowing divisions are nev used to clasky
em:

Phylum
Class
Order
Family
Genus
Species

Appropriate sulgroups (seh as subspdes) or sugrgroups (seh as
supgpan[ijlies) may%]e uged t(o increase themner)d divisio%rg. Ps

The phylum is the lagest basic diision d the animal kingdom; about 23 are
usually recognized. Each glum contains amnals of basicayl similar structure.
Five d the more familiar ones are:Protozoa (one-celled amals), Porifera
(sponges), Mollusca (snails, , squid, etc.)Arthropoda (insects, spiders
crustaceansetc.), and Chordatd@he Chordata or chordates areided intofour
subphyla, d which the Vertebrata or vertebratesm one. Vertebrates in turr
are dvided into seenclassesasfollows:

Jawlessfishes; i.e., the lgfishes and lapreys. Manbers & this group hae
cartilage skeletons and nows. (Two species bCalifornia lanpreys are
anadranous and are described in this paper.)

Cartilaginousfishes; i.e., the shks, kates, rgs, and chinaeras. Mebers of
this group hae javs and cartilge skeletons. No Calornia_species is
anadranous and It sees possible that no speciesyamere is. Sme dogo
long distances intéreshwater, butwe know of none that do so tgive birth

to yourg.

Bony fishes. They have jaws and all adults ke sone bone in thekeleton. (In
same primitive forms the ory bone is in the laill; the remainder ¢ the
skdeton is cartilage.) Bonfishes include the vastajority of the creatures
we ordinariy think of asfishes.

Amphibianswhich includefrogs, toads, and sateanders.

Reptileswhich include turtles, lizards, crocodiles, and snakes.

Birds.

Mammals.

Bony fishes are dided (by samne authorities) intanore than 20 orders an

several hundredamilies. The anadromous bory fishesfound in Calfornia are
corfined tofive orders, afollows:

Acipenseriformes. This is by far themost primitive group d bory fishes
treated hereThesefishes have skeletonshich aremostly cartilage, but true
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boneis found in the kull and shouldemirdle. The group includes the
sturgeons family Acipenseridae),wio members ¢ which arefound in
California; both are anadmwus.

Clupeifor mes. Includes the herrigs family Clupeidae), bwhich one specie
found in Caliornia is anadnmous.

Salmoniformes . Includes severdamilies, wo o which include themajority
of the anadrmous fishes found in Caliornia. These families are the
(Salmlon)ldae (includig samons, trouts, and chars) and then@sdae
smelts).

Gasterosteiformes. Includes the sticklebacks (fidy Gasterosteidae); the or
spedesfound in Calfornia includes anadneous andrestwater subspecies

Perciformes. (perch-likefishes).This is the largest ordef @ishes; it includes
over 100families and seeral thousand species, but yrdne Caliornia
species is anadnwus.

Common and Scientific Names

All languages hae nanesfor the canmon anmals and sme animals may
aquire sereral nanes. The tem “salmon” is prety well understood alanthe
Pacific Coast, butvhenwe tiy to pin davn a particulakind of saimon we may
have problens. For eample, one speciesfasamon is known, among other
things, asking, silver, sprim, dag, bladkkmouth, ¥ee, chino&, and quinna
sdmon. A second species also includesVsit’ on its list d aliases, and a thir
species is often cdled dag samon. The use of “official” common rames is one
good way to reduce sich mnfusion. The California State Legislaire selectec
king saimon as the fiicial conmon nane for one species and has used it i
good many places in the la. Later, the othePacific Coast states and Calsa
selected “chinok samon” for the sae species. Ne Zealand which
introduced the specidsom California waters) calls it quinnat. For arificial
common name to be of any realuse itmust be accetable to he public and in
most instances should fer to a sigle speciesAny of the three fficial common
names listed for theking saimon can quafy on both counts. Gomon nanes
based on the English languagemight not be redlily accgted in Russiaor Jgpan
andviceversa. Scientific nanesget around this diculty. The scienfic nane of
the king samon is Oncorhynchus tshawytscha&his name will definitely
identify it arywhere in theworld, but is not apt to beow popularwith the
public. Scientiic names need not be this unproneesble. Many arenct, and
some have, on occason, beamme geerally accgted ®mmon names. The
sdentific name is intended to shw relationship asvell as to idenfy. As a
result, f a speciesfdish is shavn to bemoreclosel relatal to thosein another
genus it may be placed in bat gewus axd the scietific name danged
accordingly. This canbe mnfusing even to fikeriesworkerswho are keping up
to date in their field. Such disadvantages are a relayiveihor ﬁrice to py for
the g/stan of names that has braght order out & what was headig toward
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absolute chaos. Before the presentstsm was developed, amals were
sdentifically known by descriptve phrases, sentences, or short gragzhs.Try
to image appling such amethod to themore than amillion specieswhich we
now remgnize.

The accepéd strting point d modern zoologicd nomenclature is Linnaeus
monumentd Systema Naturagenth edition, 1758Linnaeus established th
system of binomial nomenclature wherein each [ecies is givenvio names,
consisting of the nane d thegenus towhich it belorgs, followed ky the nane of
the species. Suetimes there areninor variationswithin a species and a thir
(subspediic) name is added.The steelhead rainko trout is naned Salmo
gairdnerii gairdnerii and the Kanloops rainbav trout is Salmo gairdnerii
kamloopsThe use bsubspedic nanes is considered optional anwst authors
awoid them except where tey are realy needed

The first time a publication bgins a description or detailed discussiohao
spedes it is custmary to include not onyl the scienfic nane but also the mae

of the authorwho published the gginal description dthat species; addjthe

date of ﬁubllcatlon is optionalThus, the bran trout isSalmo truttalinnaeus,

173. The gewus Salmoincludes other trout and th#lantic samon; the species
trutta refers ony to this speciesfarout; it was described)bLinnaeus and the
desciption was published in 1758. Quiteften, dter a species has bee
descibed, a later authowill conclude that it should beoved to anothegenus
(frequenty to a nevly createdgenus).The nane d the orginal author is usually
retained but placed in parentheses; thus, the kimgpsatas firsthaned Salmo
tshawytsch Walbaum, 1792, but latewvasmoved to a ne genus and is nov
Oncorhynchus tshawytsclf@/albaun. 1792).

As can bemagined there is rom for innumerable disgreements inmatters of
classification and noenclature.This bodklet does not avays agree with the

“American Fisheries SocigtSpecialPublication No. 6 A List of Canmon and

Scientific Names d Fishesfrom the United States and Canadajrd Edition,

1970". That publication is so valuable tmaany American fisheriesvorkers are
using it as a court bfinal appealwhich it was neer intended to be. $®

authorities disagreavith certain & the nanes and spellings used Ithe AFS.

Both before and after the appearance of tAES publication, suck
disagreenents created instancesvimich wo scientfic nanesfor the sane fish

were both in such common use hat eiher could be regaded as orrect. The AFS

has greaty improved this situation but cannot bexpected to efninate it
entirely. This is epecially true in a fieldwhere alditional evidence isbeing

rapidly accunulated.
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USE OF THE DISTRIBUTION MAPS

A distribution map shevs thefrestwater habitat bthe anadrmousform of
eachspecies or subspdes described. When a fish has bothanadromous and
frestwater populations owlthe ramge o theformer is shavn. There is namap
included for the Eastern bréotrout which is sanetimes anadnmmous on the
Atlantic Coast but neer in Calfornia. We have discussed the species Hye
The Dolly Varden has aery limited distribution in Cafornia and is neer
anadromous here. Because it is our pmative char and isbaindant and
anadromous farther northwe have made an exception and shavn its freshwater
distribution in Calfornia.

The maps shw only those areaswvhere the species appeansth fair
regularity. If a species igery abundant in soe areas and quite rare in others,
mapmay not shav the areasvhere it is rareThis has required sme subjectlve
decisions and splittingfdairs. Usualf such situations are discussed in the te

Distributions given in thema p and tet are intended to be as up to date
possble (1972). ams and fish planting programs ke modifying the
distribution d anadronousfishes—especiallsamonids.

KEY TO THE FAMILIES OF
ANADROMOUS FISHES

The purpose 6 this ke is to help the reader idefitifish he suspectsay be
one d the anadrmmous ones described in this Wdet. It is not intendedior use
inidentifying any of themore than 600 nonanadnous speciewhich have been
recordedrom Californiawaters.

Suppae you have a stirgeon and a $iark and want to try out the key. Read he
first statement. Whenever he statenent is true axd doesnat identify the fish go
to the next number. When the statenent is not true go to he “altenate doice”
which may be the net number ormay not. Thefirst statenent reads, “no jas or
paired flns etc.” Each fish has paired fins anavfa Go to the “alternate choice
No. (2) ..jaws and pairedins presentgills covered ly an opercle (bongill
cover).” You have reached a pomtwhlch no description fits the shark It h
pairedfins and javs but no opercle. Your “alternate choice” is No. 1, “...vasj:
etc” Thereare no anadromous starks in Glliforniaand no shrks are described
in this bodlet. Your stugeon stillfits—it has an opercl@henext statenert is,
“...sides with five rows of isolated bory plates...stigeonfamily ..." Thisfits, it
identifies the fish as a stgeon and gives he page referace.
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Description
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N OO

10

11

20

2)

(1)
4

9

®

No jaws or paired fins. Mouth a sucking disk. Seven
gill openings on each side of the head. Lamprey
tamily, Petromyzontidae. Page 24.

Jaws and paired fins present. Gills covered by an
opercle (bony gill cover).

Sides with five longitudinal rows of isolated bony
plates. Mouth on underside of head, well back from
tip of snout. Upper tail lobe much larger. Sturgeon
family, Acipenseridae. Page 32.

Not as above.

Dorsal fin single, soft rays only.

Dorsal fin base long (over 16 rays). Many California
species, non anadromous.

Dorsal fin base short (7 to 16 rays), some part of its
base directly over the midpoint between tip of snout
and fork of tail. Base of ventral fin beneath base of
dorsal. Mouth small to moderately large, maxillary
never extending far behind rear of eye. No photo-
phores (luminescent spots) on body.

Adipose fin present. Eyes not directed upward.

Scales relatively small, more than 100 in first row
above lateral line. On fish over 3 inches: scaly ap-
pendage at base of ventral fin. On fish under 4
inches: parr marks always present (except on pink
salmon, Oncorhynchus gorbuscha), snout rounded
and slightly overhangs lower jaw. Salmon family,
Salmonidae (includes salmons, trouts, and chars).
Page 43.

No scaly appendage at base of ventral fin. Snout
pointed or lower jaw projecting beyond snout or
both. No parr marks. Scales moderately large, fewer
than 80 rows on side. Eye smaller than gape (open-
ing of mouth). Smelt family, Osmeridae. Page 85.

Adipose fin absent.



LAMPREY Dorsal Fin

Gill Openings
Sucking Disk Cauda! Fin

STURGEON Bony Plates
[~

Dorsal Latera! Ventrolateral +
~ Dorsal Fin

“-‘_‘,

V Mouth Anat Fin
Barbels Pectoral Fin Ventral Fin Caudal (Tail) Fin
Opercle (Heterocercal)
Dorsal Fin Adipose Fin
SALMON Caudal Peduncle

Lateral Line Caudal (Tail) Fin
- Head Length (Homgcercal

Preopercle

Scaly Appendage

Fork Length )
Total Length |

Diagrams naming some of the external parts of lamprey, sturgeon, and salmon.
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(13)

(12)

(8)
(16)
8
(19)

(18)

(17)

Scaly appendage at base of ventral fin, belly with
scutes, serrated. (The scutes feel sharp if you run
your finger toward the head.) Herring family, Clu-
peidae (includes the American shad, Alosa sapidis-
sima). Page 40.

No scaly appendage at base of ventral fin, belly with-
out scutes. Many California fish fit this descrip-
tion; none is anadromous.

One or more dorsal fins and one or more dorsal spines,
which may be part of the fin (or fins) or may be
isolated.

Spines or spinous dorsal fin broadly connected to soft
dorsal by membrane. Many California species fit
this description, none is anadromous.

%pinous and soft dorsals not connected as above.
wo dorsal fins, separated by a narrow gap; first of
spines only, second of soft rays preceded by one
attached spine. Second dorsal not followed by de-
tached finlets. Back with six to eight horizontal
stripes.

Stripes blackish, eye small, less than Y, head length;
pectoral fins not reaching tips of ventral fins. Genus
Morone (of the family Percichthyidae). Palge 97.

Stripes orange brown, eye large, about 14 head
length; pectoral fins reaching past tips of ventral
fins. Salema (big-eye bass), Xenistius californiensis.
Marine, not included in text. A small fish, some-
times mistaken for a young striped bass.

Dorsal fin preceded by three spines. The first two or
all three 1solated. Ventral spine strong and serrated.
Stickleback family, Gasterosteidae. Page 93.




STICKLEBACK

Isolated Spines

Soft Dorsal Fin

‘ov
Ventral Spine Anal Fin
Bony Plates

Spiny (First) Dorsal Fin
Soft (Second) Dorsal Fin

Pectoral Fin

Lateral Line

Diagrams naming some of the external parts of stickleback and striped bass.
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THE LAMPREY FAMILY
Petromyzontidae

Lampreys are members of a primitive class of fish-like creatures,
cyclostomes, which are not true fishes and although eel-like in shape are
way related to the eels (which are true fishes).

Cyclostomes have a simple, ribless, cartilaginous skeleton. They ha
paired fins, but do have a median fin fold, the posterior part of which form
tail fin. The gills are in a series of pouches aleagh side of thbody. The gill
pouches areupported by a network of cartilage (called the branchial bas
and each has an Oﬁening through the skin. Water is inhaled and exhaled t
these openings. There is a single nostril on the midline. Cyclostomes he
jaws. In the adult form the mouth is surrounded by a sucking disk; ther
numerous horny teeth on the disk itself and on the tongue. The suckin
enables a cyclostome to attach itself to any solid object and especially
fishes which form its prey. The teeth rasp their way through the skin and in
flesh of the prey. This way of feeding has been called predacious by
authors and parasitic by others. Some degenerate species do not fee
reaching the adult form.

Cyclostomes are divided into two groups: hagfishes, all of which are m:
and lampreys. Some lampreys are anadromous, one little known spe
marine, and the remainder dwell in freshwater.

Lampreys have an odd life history. The young (known as ammocoete:
blind; they have no teeth and no sucking disk. They live in streams, burr
the mud, feed on ve%(etable matter, and live a somewhat worm-like exis
(Like worms they make excellent bait.) After some years they metamory
into the adult form. Eyes and teeth develop and the wormlike life is aband
The anadromous lampreys become predacious and descend to the ocear
they feed on a variety of fishes. As they approach sexual maturity they ret
fresh water, but apparently not always to the same stream. They are pel
and effective in working their way dpast low waterfalls, low dams, fast raj
etc. A lamprey lacks the speed and jumping ability of a salmon, but more
makes up for it by efficient use of its sucking disk, with which it can hold or
rock and rest in fast current, then make a quick spurt of a few feet anc
another rock. In the worst places it will hold onto a rock, contrabbity into a
series of "S" curves, then quickly release its hold and snap its head forwa
reattach itself. At some dams lampreys will leave the water and work thei
up a wet vertical wall by this method. The lamprey engaged in wall clim
will have a short spasm of violent activity involving numerous mouth-hold
the wall, each one a fraction of an inch higher than the last. iTheéth hang
limply for a bit of well-earned rest. Frequently when there are great mas:
lampreys working their way past an obstruction, one will lose its hold, ki
several others loose, and all will fall or be swept downstream in a tanc
squirming bodies.
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Lampreys spawn where there is flowing water over a gravel bottom. They k
nest by using their sucking disks to move some of the rocks and form a s
depression with the displaced rocks at its downstream edge. The female e
her eggs into the depression, a waiting male fertilizes them, and the eggs se
the cracks between rocks. After spawning all adults die.

LAMPREYS FOUND IN CALIFORNIA

In California there are two anadromous and one freshwater species of I
in areas which are now reachable by anadromous fishes. The two anad
species are predacious. The freshwater species is a somewhat degenerat
which has lost both the anadromous and the predacious habit; it is call
Western brook lamprey,ampetra richardsonVladykov and Follett, 1965. Afte
attaining the adult form, the brook lamprey does not feed at all, but may li
months before becoming sexually mature, spawning, and dying. A s
nonpredacious freshwater specieampetra (Entosphenus) lethophagtubbs,
1971, has beerecently described from the Pit River in California and upper
Klamath River system in Oregon. Both areas are now out of reach of anadr
fishes because of high dams.

KEY TO THE LAMPREYS OF CALIFORNIA

(Pit River Excluded)
Characters|
being | Alternate
described | choice Description
1 (4) Teeth sharp, strong. Dorsal fins separated by a wide
space.
2 3) Upper (supraoral) tooth plate with three well devel-
oped teeth.* .
Pacific lamprey, Entosphenus tridentatus. Page 27.
3 (2) Upperh(iupraoral) tooth plate with two well developed
teeth.
River lamprey, Lampelra ayresii. Page 30.
4 (1) Teeth weak, dull, lateral teeth reduced in size and
number. Dorsal fins separated by a narrow motch.
Western brook lamprey, Lampetra richardsons. This
is a small nonpredacious, nonanadromous forn} and
is not described in the text.

* To get the best view of the upper tooth plate you should point the lamprey away from you
and look into its mouth from an acute angle from near the tail.
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SUCKING DISKS OF LAMPREYS

AN Rl M WESTERN BROOK LAMPREY
gsﬁ!ﬁlt u?‘m hﬁgqﬁ!}lr Lampeten richardcont

Sucking disks and teeth of three California lampreys. The Pacific and river
lampreys are predacious and have sharp, well developed teeth for rasping into the
flesh of fishes. The western brook lamprey has last the predacious habit. Its teeth
have degenerated and are small, weak, and dull. Redrawn from Vladykov and
Follett (1965 and 1967).
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PACIFIC LAMPREY

Entosphenus tridentatus (Gairdner, quoted in Richardson, 1836)

OTHER NAMES

Lamprey. Often mistakenly called “eel”.

RELATIONSHIPS

Not a true fish. Belongs to the lamprey famiBgtromyzontidae (see page
24). This is the largest and by far the most common lamprey in California
the Pacific Coast. There are three other species of lampreys in California,
which is anadromous.

DESCRIPTION

Slender and eel-like (but is not an eel), roughly cylindrical forward, slig
compressed (flattened side-to-side) posteriorly. Has no paired fins and no
The mouth is a sucking disk with numerous rasping teeth. Upper (supraoral)
plate has three well developed teeth. There are seven gill openings on eac
close to the head. There is a single nostril on top of the head just forward
eyes. The two dorsal fins are high and well separated. The anal fin is a ver
broad ridge which may resemble a mere thickening of the skin at its forwari
near the vent. On some individuals mostt @fould be undetectable from a sic
vievx(/Ji aIII]E_hough it is readily seen from below. There is no gap between the an
caudal fins.

Color: dull brown, blue gray, or mottled.
Length: to about 30 inches.

DISTINGUISHING CHARACTERISTICS

The three conspicuous teeth on the upper (supraoral) plate on the roof
mouth (hence the namddentatus). The middle tooth is the smallest of the
three (page 26). Any lamprey more than 14 inches long is this species.

DISTRIBUTION

This is the common lamprey of the Pacific Coast. Its usual range is
southern California to the Alaskan peninsula, but it has been recorded off
California, in the Bering Sea, and off Japan. From the Ventura River northwv:
enters most California coastal and central valley streams that are not blocl
low flows or barriers.
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HABITS
Some habits of this species are as described under “lamprey family”.

The ocean movements of some individuals, apparently, are quite exte
but detailed information is lacking.

The Pacific lamprey depends strlong?ly on an anadromous existence. |

spawn in iresh water, where the young

develop. Landlocked runs are not found in m

PACIFIC |olaces. When a dam blocks a run the Pa

LAMPREY lampreys above iisuallydie out comEIeter, bu
INLAND HABITAT in some instances runs of landlocked lampi

sEa RN TAPREYS have developed above the dam. The Klan

River above Copco Dam is an example. Tt
appear to have been some dwarfed landlo
Pacific lampreys in the Klamath before the d
was built, but we do not know if they were par
a genetically distinct landlocked population ol
they were descendants of sea-run parents.
dwarfed predaceous form is also found in
upper Pit River drainage.

Apparently it is the small form of Pacifi

lamprey which is responsible for most of f

lamprey attacks on salmon and steelhead in the Klamath River. The

(anadromous) form rarely or never feeds when on its spawning run but the

sometimes do so when migrating downstream. Downstream migrants abc

inches long demonstrated this by attacking and killing young king salmon «

shorter but much heavier than themselves when the two species were ¢

together in a live box. Adult salmon are sometimes found with scars me

Pacific lampreys and usually seem little the worsétfbut obviously we are nc
apt to see salmon that are killed at sea.

IMPORTANCE AND INTERESTING FACTS

Lampreys are now a little used resource in California, but would n
available in large commercial quantities. They are an excellent food fish if
at or near the river mouths, but deteriorate rapidly as their spawning
approaches. California Indians found them fine eating and exceller
preservation by smoking. A different species of lamprey is regarded
epicurés delight in parts of Europe.

There is strong prejudice against lampreys in this country: their feeding
and appearance are both held against them.

~ Lamprey larvae (ammocoetes) make good live bait and may legally be s
in waters where they occur naturally.

A major fisheries disaster occurred in the upper four Great Lakes when t
lamprey,Petromyzon marinugound its way into them. Lampreys of this sEe(
had already become landlocked in Lake Ontario but Niagara Falls had ke
from getting farther. When the Welland Canal was built they worked theil
into the other Great Lakes and demolished the lake trout fishery in
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Catches in Lakes Huron and Michigan dropped from 10,000,000 Ib per y
less than 2,000. An expensive crash program is brlnglng this problem
control. People ask if our species is apt to do similar damage to Pacific
fisheries. The answer i@! Our fishes and lampreys have been living with (:
on) each other fohbusands of generations and are well adjusteddb other.

Pacific lampreys attached to the walls of a fishway. Photo by author
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RIVER LAMPREY

Lampetra ayresii (Gunther, 1870)

I AL

T ERIT

kil
.

=

OTHER NAMES ] . ) )
La_mi)rey, often mistakenly called “eel’. The American Fisheries Soc
Special Publication No. 6 (1970) ends the nayresiiwith a singld.

RELATIONSHIPS )
Not a true fish. Belongs to the lamprey famigtromyzontidae.

DESCRIPTION

Slender and eel-like in shape. Roughly cylindrical forward, slightly c
pressed posteriorly. Has no paired fins and no jaws. The mouth is a suckir
with numerous rasping teeth. Upper (supraoral) tooth plate with two
developed teeth. There are seven gill openings on each side, close to th
There Is a single nostril, on midline slightly forward of the eyes. The two d
flhns areI well separated, the caudal fin'Is continuous with the second dors
the anal.

Color:  metallic blue-black above, pale to silvery on sides and belly.
Length: to abouta foot, but seven inches is more typical.
DISTINGUISHING CHARACTERISTICS

The upper (supraoral) plate on the roof of |
mouth has only two teeth (three in the Pac

,_m’p%'}y lamprey). Teeth are sharp and strong, those
INLAND HABITAT nonpredacious (and nonanadromous) species

SEA RUNOEAMPREYS weak and dull.

DISTRIBUTION

From San Francisco Bay to Taku River
Southeastern Alaska. It has been recorded in
Sacramento River system upstream to Mill Cre
and in the Delta, but not in the Klamath River
other California coastal streams.




HABITS
Anadromous, uncommon, and poorly known. Feeds in fresh wate
“lamprey family” and “Pacific Lamprey”.

IMPORTANCE o
Of no importance to sportsmen or commercial fishermen.

Lamprey scars on salmon. Photo by J. H. Wales.




THE STURGEON FAMILY
Acipenseridae

All sturgeons are either anadromous or freshwater. There are two P
Coast species, both anadromous. Sturgeons include the largest fishes
found in fresh water and some are among the I_ar_gest of all fishes. Largest
sturgeons is the Eurasian belugaso husoAn individual of 14 ft 2 inches and
2,250 Ib is the largest on which we have both length and weight. Tsepkir
Sokolov (1971) list some bigger ones but do not 8lve any weights. Accordir
these authors ~ three belugas 400, 490, and 490 cm Iong g\l/l ft 1% inches
1 inch and 16 ft 1 inch) were caught in the North an iddle Caspial
1937—1940; their ages ranged from 91 years to 118 years. The largest b
known was caught in the North Caspian in 1940; the total length of this fish
576 cm (18 ft 10% inches)”. If this gr=ant was the same shape a2,280 b
individual mentioned above it would have weighed roughB00Ilb. By way of
comganson_ there are records of white stur enser transmontanuspm
the Columbia River weighing 1,387 ah@®85Ibs; the latter measured 12.5 fee
Again, there are unsubstantiated stories of much larger ones. The smaller F
Coglsé species is the green sturgeon, which is reputed to reach a weight of

Sturgeon are very long lived, as demonstrated b¥| the 118-year-old b
listed above. When the big, old individuals are caught it takes a long time
small ones to grow large and replace them, and if the fishing pressure is
very few will live long enou?h to grow really large. In many parts of the wc
foresters have harvested all the virgin timber and are now having to “make
with much smaller second growth trees. A similar situation exists in n
sturgeon fisheries.

Sturgeon are good eating. In cleaning one, some authors warn you to
remove the notochord without cutting it as its contents are quite bitter. (
writer has used a quick rinse after cutting the notochord and has notice
objectionable taste.) The notochord is a smooth flexible rod-like structure w
in 'some primitive animals serves much the same functions a backbone di
vertebrates. The sturgeons have retained the notochord as a rod whicl
lengthwise through the backbone. | have read that an easy way to remove
cut a few inches ahead of the tail and carefully sever everything excep
notochord, then Erab the tail and pull. According to an old French cookb
attempting to cook an entire sturgeon will produce very unaesthetic results
notochord is left in place— the chord lengthens and greatly distorts the
This is not apt to become a problem unless you are a pit barbecue enthus
have a much bigger oven than mine. Roasting a section of sturgeon will res
a surprising amount of notochord projecting eath end of the roast. It make
an interesting conversation piece.

THE CALIFORNIA STURGEON FISHERY

There are two species of stur%_eon in California, the wieipenser
transmontanusand the greeifA. medirostris) Little has been recorded abou
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the early history of the green sturgeon except thaivis considered definitel
inferiorto thewhite.

When salmon gill nettingwas started in central Cirnia, sturgeon daaged
nets andwere destrged by commercial fishemen at eery opportuniy. Until
1870, or thereabouts, ory the Chinesdound then of value. Thesefishemen
often utilized ory the notochord. Up to thante stugeon had been abundant

The westvard movement brought Easternergith appetitefor sturgeon an
caviar to thePacffic Coast About the sae time, stugeonwere becmln? scarce
on the Atlantic seaboard. These factors served to createra general deand
for the species.

The commercial sturgeoriishely was short-lived. Fishingvas principayy by
“Chinese stugeon lines”, loiy lines suspended weral feet abwe the botton
from which large unbaited barbless hkewere “dropped”A cruisirg stulgeon
would run into a dropper lineget impaled on the hdq struggle andget caght
on more hods. Gill and trammel nets also tdomary, but such catchesere
usually madewhile fishing for other speciesThe suppy of stuigeon declinec
rapidly, and in 1901when theLegislature tenporarily” abolished thdishery,
white sturgeon were claimed to be on theverge d extinction. The fishery
remained closed until 191Qyas _reogenetﬂor two years and then closed ur
1916. In1917, thefishely was @ain abolished pthelLegislature, and the king
or possession fosturgeorwas canpletely prohibited until1954,at which time
the fishery was reopened for Sé)ort fishing only. The fish hed shavn an
encouraging increasaluring the 35 yearsof complete cbsure.

Angling is heaiest in Suisun and Sdrablo bas but sme stugeon are tken

well up_the larger rivers. Catches are relagivahall but variable since th
population apparentlundegoes lomy-term fluctuations.
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WHITE STURGEON

Acipenser transmontanus  Richardson, 1836

gy o S T R g A 0 i e

OTHER NAMES
Sturgeon.

RELATIONSHIPS )

Belongs to the sturgeon familcipenseridae.
There are two members of this family on the Pacific
Coast. Both are found in California and both are =
anadromous. The white sturgeon is the larger, more ;
common, better known, and better eating of the two. ‘

DESCRIPTION o
The body is long, roughly cylindrical, and has a

gradual taper to a thin caudal peduncle. The tail is

strongl?/ heterocercal (the backbone extends into the

much larger upper lobe) The snout is short and . .

broad. The mouth is toothless, protrusile, and sucker ;*"# =" =, ==

like; it is on the ventral side, beneath and a short ™"~ )

distance behind the eyes. There are four barbels on

the underside of the snout, nearer to its tip than to

the mouth. The skin is smooth, but there are longitudinal rows of heavy

plates, each with a sharp spine. (Sometimes the S|o|nes are worn away in\

individuals.) The lateral rows each have 38 to 48 plates.

Color: gray overall, but with some spots of paler gray.

Size. There are confirmed reports to 12.5 ft and to 1,387 Ib (not the same
and unconfirmed reports to 20 ft. Most white sturgeon taken by anglers a
than 6 ft, but a 9 ft, 405 Ib individual was caught in the Sacramento Rive
the mouth of the Feather River in April 1972. It was more than 40 years old

DISTINGUISHING CHARACTERISTICS

Sturgeons can be separated from sharks by the presence of an oper
cover), a single gill opening on each side, and five rowsoay plates. (Shark
have no opercle, no bony plates, and have five to seven gill openings o
side.) The white sturgeon can be separated from the green by its gray col
its 36 to 48 bony plates in the lateral row (the green has 23 to 31).
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DISTRIBUTION

At sea, the white sturgeon has been found from Ensenada, Baja Califor
the Gulf of Alaska. It is rare south of Monterey. In California, it is most abun
in the Sacramento-San Joaquin River system, particularly San Pablo Bay.
been found in the Russian and Klamath Rivers.

v T WHITE
HABITS ) N8V s - STURGEON
There is some question as to whether all knowng: INLAND HABITAT

self-maintaining populations of white sturgeon are
anadromous. Some sturgeon have been cut off fromg
the sea by the construction of large dams. Shasgta
Lake, for example, was created in the early 1940
Young sturgeon have been taken there but wétdo
know whether these youngsters are the children ¢r
Prandchlld.ren. of sea-run fish. Sturgeon are so long N
ived that individuals that were above the dam i T p)
the early 194G could still be reproducing, but s
there has also been enough time for a landlocked 2
generation to grow to maturity in or above the
reservoir. A  different situation involving
landlocked, but presumably not-reproducing, white sturgeon is in the forek
San Luis Reservoir. The water in this reservoir is pumped from the San Jc
Delta and then flows by canal to the forebay. Some small sturgeon evidentl
through the fish screen and get as far as the forebay. It would seem quite
that some will be (or have been lifted by pump from the forebay into the
San Luis Reservoir. Neither the forebay nor the main reservoir seems suita
natural reproduction by sturgeon.

SEA RUN FISH

~ Some white sturgeon travel long distances at sea, as demonstrated
individual taken at Ensenada. This fish could not have come from any river
of the Sacramento-San Joaquin system.

Department of Fish and Game studies indicate that in late winter and :
adult sturgeon migrate ugstream into the Delta, using both the Sacramen
San Joaquin channels. Some are taken well up the Sacramento RIVEI’E
mouth of the Feather River. By summer most have returned to the bays. S
fish (under 40 inches) are present in the Delta the year around.

Recently hatched sturgeon larvae (averagingnch long) have been take
from late February until early June. Apparently most, if not all, of these Iz
were spawned in the Sacramento River system above the mouth of the |
River. There was no proof of spawning in the San Joaquin system. It could
determined whether these larvae were white or green sturgeon, but the v
far more abundant in this area.

Actual spawning of either white or green sturgeon has not been desc
Other species of sturgeon are known to migrate upstream and spawn in &
fast water and coarse gravel bottom. Sacramento River sturgeon may Sﬁ
both gravel bottomed areas and in areas with hard, smooth bottoms. T
settle to the bottom and are adhesive; i.e., they stick to rocks and debris.
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is nothing known about white sturgeon which would suggest that they d
behave in much the same way. Hatching time for some other species of st
ranges from two to five days, depending partly on the species and partly
water temperature (hatching time is less in warmer water).

Sturgeon feed by cruising close to the bottom. The barbels ahead of the
are sensitive to odor or taste. When something edible is detected, the Frc
mouth droPs down and the food is sucked in. Gresins make up the bulk
%_h% food of young sturgeon; larger sturgeon feed on clamsaceasts, fish, ant
ish eggs.

IMPORTANCE

_ The white sturfgeqn supports a moderately important sport fishery for trc
sized fish. The fishing is largely confined to the area from San Franci:
through the Delta, and the Sacramento River upstream to Colusa. More
are |n%I121ded under “Habits” above, and under ‘The California Sturgeon Fist
page 32.

White sturgeon caught in a trap operated bg Fish and Game personnel to take

smaller species for tagging. Weight 462 Ib, age 45-47 years. August 1955.
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GREEN STURGEON

Acipenser medirostris  Ayres, 1854

e
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OTHER NAMES
Sturgeon.

RELATIONSHIPS ] ] )

Belongs to the sturgeon familgcipenseridae. This species and the larger a
mor? common white sturgeon are the only two members of this family o
Pacific coast.

DESCRIPTION o

The body is long, somewhat cylindrical and
gradually tapers to a thin caudal peduncle. Tail is
strongl¥ heterocercal (the backbone extends into the e
much larger upper lobe). The snout is pointed, ‘,}
narrow, and depressed. The mouth is toothless,
protrusile, and sucker-like, it is on the ventral side 11
and beneath the eyes. There are four barbels on the
underside of thermut. There are five rows of bony :
plates, each with a sharp spine. The lateral rows have
23to 31plates.

Color: olive ggeen with three longitudinal olive — Hri=r=ds o heac.
stripes on the body toward of the anus, one is on the ™= pemte s
midline of the belly, and one on each side.

Size: said to reach350 Ib, but most are much
smaller than this.

DISTINGUISHING CHARACTERISTICS

Sturgeons can be separated from sharks b% the presence of an opercle (gi
and single gill opening on each side, and by the five rowsy plates.

The green sturgeon can be separated from the white sturgeon by its colo

green with three olive stripes as compared with gray and no strlpesg, by its

ony plates (23—3 1 in the lateral row as compared with 36—48), and |
pointed snout.
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DISTRIBUTION ) |
At sea the green sturgeon has been taken from Ensenada, Baja Cal
to the Bering Sea and Japan. It is rare soutl

GREEN Monterey, and is not a common species a
STURGEON where. It is found in some of the larger rive
INLANG HaSITAT from the Sacramento-San Joaquin system nc
SEA RUN FISH including the Eel, Mad, Klamath, and Smi
Rivers in _California. It has also been record
;:\\ from the Columbia and Fraser Rivers.
N
Q \\ HABITS ) ) )
A\ N The habits of this species are even less un
by N, stood than those of the white sturgeon (page
% ; Presumably the two are basically similar in'm
=~ respects.

Tagging studies have demonstrated that s
green sturgeon travel long distances at sea. |
individuals tagged in San Pablo Bay were

covered at the mouth of the Columbia River, a trip of over 600 miles, An
was recovered in Winchester Bay, Oregon. The longest movement of a
shown by one tagged in San Pablo Bay in July 1967 and recovered 21 r
later in Grays Harbor, Washington, a distance of over 650 miles by water.

In the Sacramento-San Joa%uin River system, the green sturgeon is mu
common than the white. It has been recorded upstream as far as Red Bluf
Sacramento River on spawning migrations.

Green sturgeon are found in the larger rivers of northwestern California
in the past, most references to sturgeon in that area failed to mention the
and some reports referred to the white sturgeon as being the more abunc
complete disagreement with this, recent and moderately extensive fi
investigations in this area have positively identified good numbers of stur
every one of which was a green. Most of the fish involved were from
Klamath River system, but some were from the Eel, Mad, and Smith River:
some from Humboldt Bay. We are puzzled. Were the whites formerly the
common species, or did writers merely assume that white sturgeon were
common, pQSSIb|¥ because they are the dominant species in the Sacrame
Columbia Rivers*

~ In the Klamath and Trinity, green sturgeon have been taken well inland
individual which had been tagged in the Klamath moved upstream pas
Pishi Falls and was retaken at Happy Camp. This is near the upstream Ii
their known distribution. The presence of very small green sturgeon
upstream in the Klamath system suggests that adults go well inland to s
(Some other better studied species of sturgeon are known to do this
spawn in fast rocky rapids.)
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Small young green sturgeon have been taken in the Sacramento Rive
Hamilton City and in the Sacramento-San Joaquin Delta, indicating that s|
ing takes place in the system.

IMPORTANCE

The green sturgeon is not common enough to be of importance to ang
the Sacramento-San Joaquin system. In the Klamath, anglers are lear
gaﬁch them and the fishery is beginning to interest some of the more
ishermen.
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HERRING FAMILY (CLUPEIDAE)
AMERICAN SHAD
Alosa sapidissima (Wilson, 1812)
Introduced

OTHER NAMES
Shad.

RELATIONSHIPS ] ) . . . o

Belongs to the herring family, four species of which are common in California:
American shad (anadromous and introduced), threadfin sBadpsoma
ﬁete_nense(freshwater and introduced—it can withstand salt water); Pacific
(errlng,)CIupea harengus pallas{imarine); and Pacific sardin8ardinops sagax
marine).

DESCRIPTION

Dorsal fin single, situated about the middle of the back. No adipose fin. Ventral
fins directly below the dorsal, each with a fleshy appendage at its base. Mouth
moderate, the rear of the maxillary being beneath the eye (with mouth closed?.
Head and body strongly compressed (flattened S|de-to-5|de?_, ody deep. The belly
is sharp-edged and serrated f(saw-toothed). No lateral line. Scales large and
d%uduous (easily lost). A row of black spots on the forward and dorsal part of the

sides.

Color: metallic blue above, sides and belly bright silvery.

Length:  to about 2% feet. Females considerably larger than males.

DISTINGUISHING CHARACTERISTICS

The sharp-edged and saw-toothed belly will separate it from the herring and
sardine. The row of spots high and forward on the side will separate it from the
much smaller threadfin shad, which has a single spot and a greatly elongated last
ray of the dorsal fin.
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DISTRIBUTION

At seafrom Ensenada tAlaka and Kanchaka. Not cenmon south of
Monterey. Has established it$ein mary of the
larger strems from San Francisco north, I
Cdifornia thegreatest nmbers are encountered |
AMERICAN the Sacrmento River, its delta, andmajor

SHAD tributaries. There arefewer in the San Joagui
River system. There arggood runs ©shad in the
Russian Klamath, and Eel Riers, but appear tc
l%e no more than occasional sy in the $nith

iver.

INLAND HABITAT
SEA RUN FISH

Introduction of Shad ]

Shad are native to thétlantic Coast.They were
first planted in the Saargento Rier in 1871, and
additional _Plantsyvere made for several years
theredter. They did rema_rkabiﬁ well: by 1879,
th(a/ were being taken imarketable quantities
and by 1880 had spea as far as the
Columbia River.

HABITS

Shadare very strongly anadronous. The adults can surviwhen landlocked,
but we know of only one landloked population that is reproduginShadfry
were unintentionafl includedwith striped bassvhich were beig introduced
into Millerton Lake (above Friant Da). Several plantsvere made beteen
1955 and 1957, andjain in 1965 Presunably these shatly had neerbeenin
sat water but they are reproducig sicces$ully. There is nav (1972) dfishery in
the nge. The dhad arehard to find, but once located hey canbe caight in large
numbers.

Shad spawning runs ar€rom late April to early Jug. In mary of the spaning
streams some shad go as far upstreas thdg are able, but unlike sabn, shad
do very poorly at ascendig fishways and are apt to be stoppedee by a
relatively low dam with a fishway that would be ecellent for samon or
steelheadFomerly, shadascendedhe SacranentoRiver to Redding, at least ir
some years. Since the constructioh Red Bldf Dam, most d the run stops a
that point. A few do get throwh thefishways at that dan, butwe are not sure
how much farther upstrem they are nev going.

Spawning takes place where tere is @od current in tidafresh water or
farther upstrem. In Calfornia most d the spaning is over gravel or sand
bottoms and well abore all tidal action.A female may lay from 120,000 to
650,000 ggs. Mary shad die fier spavning.

After fertilization shad ggs are abouts inch in dianeter, transparent,nd
pale pink or amber in color. The eggs are not adhesive and are slightvier
than water; thg drift with the current near the botto Hatching is usuallin 4
to 6 days butmay take from as little as 2 to as lgras 17 dgs, dependig on the
temperature.
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Some young shad move downstream into brackish water soon after he
but large numbers remain in fresh water into November; i.e., until th&ycaré
months old. By December most of them have left fresh water.

Judging from studies in other areas we would expect to find that in Cali
most male shad mature in 3 or 4 years and most females hy&&os.

SHAD FISHING METHODS AND IMPORTANCE

In earlier gears, commercial shad fishing was done with q:ill nets ir
Sacramento-San Joaquin Delta. The fishery continued until 1957 when :
netting was prohibited in the jnland waters of California. The closure
primarily intended to protect striped bass and salmon. The shad dédu the
protection and for some years they were underutilized, but sport fishing fo
increased as more and more people discovered that they are an excelle
fish and are delicious when smoked.

A very popular métod of angling for shad is wet-fI?/ fishing in waters that
be negoatiated in waist waders. It takes a powerful fly rod and the ability to
long line. Spinfishing from boat or bank is also popular. Shad “bumping” h
devotees among men who want fish in quantity. As usually practiced
requires three men, a boat, an outboard, and a long-handled dip net with .
shaped “bag” of chicken wire. Bumping is done at night. The outboard i
downstream dead slow and is kept tilted to create a commotion on the sur
man in the bow steers with an oar. The netter holds the net just behi
propeller and with the opening towards, the boat. The shad are attractec
propellefs commotion and when one bumps the net it is lifted aboard. At
the action is very fast and catches are large. Virtually all the shad tak
bumping are males.

The importance of shad fishing has been greatly enhanced by its proxir
centers of population. The extreme example is in Sacramento, where
residents can drive to good shad fishing waters in 10 to 20 minutes.

Shad feed on animal plankton. In the Sacramento-San Joaquin Del
study found 86% of their food to be the tiny opossum shi@pmysisTwo
other types of small crustaceans (qoges and cladocerans) made up most of
remainder. Over 4,000 opossum shrimp were found in one shad stomach.
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THE SALMON FAMILY

Salmonidae

Three genera of salmonids are found in California: the ti(&dasmo),chars
(Salvelinus)and Pacific salmon@®ncorhynchus).

The family name was derived from the Atlantic salmon, which was given
scientific nameSalmo salaby Linnaeus in 1758.Salaris derived fromsalio
to leap.) Trout were placed In this same genus. When English speakin% S
reached the west coast of North America they encountered fish resemblir
Atlantic salmon, which, like it, migrated upstream to spawn. It was only nat
that they also called these fish salmon. The scientific description of the P
salmons was by Walbaum in 1792. He put them into the ggainso.In 1861
a paper on salmonids was published by Dr. George Suckley, who
concluded that the Pacific salmons differed too much from the trout
Atlantic salmon to be retained in the same genus. Accordingly, he descrik
new genusPncorhynchusin which he placed the Pacific salmons. This not t
easily spelled or pronounced name means ‘hook snout”, which aptly des
the spawning males of this genus.

All members of this family have a prominent adipose fin. Ventral fins
abdominal and each has a scal?/, fleshy appendage at its base. The rays
dorsal fin are all soft. The lateral line is prominent. Scales are small and cy
(cycloid scales have concentric rings but no cluster of sharp points nea
posterior edge).

In the inland waters of California, trout are by far the most widespread
most numerous of the salmonids. They occur naturally in many waters and
been planted in almost all other suitable places and in a great many unsi
spots as well.

Trout are in a process of rapid evolution. In California, they formed m
local races or subspecies in waters that had been isolated long enough or
happen. Years of indiscriminate planting have resulted in crossbreedin
these native stocks with hatchery fish; some subspecies have been crossb
of existence. Hatchery stocks are now of somewhat uncertain ancestry.

In_California, there are four sgecies of true tr¢8almo)and three of the
similar and closely related cha(Salvelinus).The former include the brown
trout, Salmo trutfa; cutthroat trout, Salmo clarkii; rainbow trout, Salmo

gairdnerii; and golden troutSalmo aguabonitaThe chars include the Dolly
Varden,Salvelinus malmaEastern brook trouSalvelinus fontinalisand lake

trout, Salvelinus namaycush.

The brown trout is an introduced species, and the different strains now i
State have interbred to such an extent that they can no longer be conside
separate subspecies. The golden trout (a native) is found only at high alt
and hence is never anadromous.

Cutthroat trout are native and three subspecies are recognized: the c

cutthroat,Salmo clarkii clarkii;the Lahontan cutthroa§. c. henshawind the
Piute cutthroat, S.c. seleniris. The coastal cutthroat is anadromous; tl
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other two never get a chance to be as they inhabit waters which drain ir
deserts east of the Sierra.

Rainbow trout are also native; six subspecies are recognized. Of thesi
the steelhead rainbow troutSalmo gairdnerii gairdnerii, is normall
anadromous over most of its range. It inhabits the coastal streams and thi
parts of the Sacramento River system. Three subspecies inhabit water
which they cannoteach the ocean: the Eagle Lakebaiw, S. g.aquilarum;the
Kern River rainbowsS. g.gilberti; and the royal silver rainbovs. g.regalis..
The last was described from Lake Tahoe but may not be a valid subspecit
Shasta rainbows. g.stonei,was originally from the upstream parts of t
Sacramento River system, but it has been hatchery reared, planted all ©
State, and often crossed with other subspecies (including steelhead). T
little doubt that many individuals in suitableapes have descended to the oc
and returned as steelhead, which no one would be likely to distinguisisfron
Ealrdneru, except on the basis of stream of origin. The amIooBs rainSog,
kamloops,is a subspecies from British Columbia, which has been introd
into various waters including Shasta Lake where it crosses with the Shast
bow. Some marked Kamloops have passed through the turbines of Shast
migrated to sea and returned to the upper Sacramento River as “steelheac

Of the three chars found in the State, only the Dolly Varden is native. |
the brook trout are both anadromous in parts of their range, but ne
California. They will be discussed only briefly. The lake trout is ne
anadromous anywhere and will not be discussed further.

Five species of Pacific salmon (%enﬁ)sccorh nchuskare native in North
America and six to eight in Asia. Authorities differ on the validity of two As
species. In California the kin ﬁghinook) salm@mncorhynchus tshawytsch
and the silver (coho) salmo@, kisutch,are abundant. The pink salma,
gorbuschajs uncommon and erratic in its occurrence; the chum salndeta,
IS rare; and the sockeye salmOnnerka,is exceedingly rare in its sea-run for
but a landlocked form, the kokane, n. kennerl |?1as been introduced int
numerous coldwater lakes and reservoirs throughout the State and is reprc
satisfactorily in some of them.

In North America, as a whole, the order of abundance of the five saln
altogether different from that just given. Pinks are the most abundant, folls
in order, by sockeyes, chums, silvers, and kings.

REQUIREMENTS AND HABITS OF SALMONIDS )

Salmonids have many basic habits and requirements in common. All r
cool or cold water. Prolonged temperatures higher than 70 F are u
detrimental and 80 F is usually quickly lethal to most spécies. The tempe
at spawning time is_even more critical; with even the more tolerant species
is about the upper limit which eggs can survive.

All salmonids spawn in fresh water because their eggs will not su
anywhere else. Most kinds can, and do, spawn in streams and son

Rainbow trout have been known to withstand 86 F.
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also spawn successfully in lakes. Of the salmonids found in California, or
lake trout is almost exclusively a lake spawner. Pink and chum salmon eg
withstand belngr submerged in salt water for short periods; these two spe
spawn successfully at the mouths of streams in areas that are covered \
water at high tide. This does not occur in California.

_The eggs of salmonids are larger than those of most fishes, the averag
different species being roughly from 4 to 8 mmél/%tm_ches) in diameter. |
general, the larger species have larger eggs. Salmonid eggs are yellow,
or red, and are spherical and heavy enough to sink fairly rapidly in wat
every trout fisherman knows, they are readily eaten by trout. Various
fishes, amphibians, birds, and mammals (including some humans) also
them as delectable morsels. Since the incubation period is quite long
obvious that not many would survive to hatch if they were just left lying o
bottom. The standard salmonid way of protecting eggs is to bury them ir
gravel. The lake trout is again the exception. It releases the eggs ovel
areas or gravel beds and lets them settle into the spaces between rocks.
salmonid species the females dig redds (nests), spawn in them, and cc
eggs with gravel. Smaller fish use finer gravel. The technique is much the
for all and Is described in moderate detail for king salmon on page 76. E
water circulates through the gravel to ﬁrowde the oxygen needed by th
and newly-hatched fry. The fry hatch with much of the yolk in a large abdo
sac, which gives them a somewhat tadpole-like shape. As the yolk is ab
over a period of weeks, the young wriggle their way upward through the ¢
between rocks and usually emerge from the gravel about the time the y
been absorbed and the fish are ready to start feeding.

_Once the young have emerged from the gravel, there is a treme
difference in the habits of salmonids. Some species are never anadrol
every individual spends its entire life in fresh water (lake trout and golden
for example). Many spend from one to several years in fresh water |
migrating to sea gAtIantic salmon, most anadromous trout, silver sa
soc.keKe salmon). King salmon mréy r_nllg(Jrate within a few months or may
until they are yearlings. Chum and pink salmon invariably migrate quite
after leaving the gravel.

The food of salmonids is animal material of a size suited to the fi
9uest|_on. To a large extent they are opportunists and take what is most av
uveniles in fresh water dine on insects and their larvae to a large extent, |
take young fish, including their own smaller relatives. Young sockeye s:
differ 'the most from the remaining salmonids. They are lake dwellers anc
of their food is animal plankton, such @gclopsandDaphnia(water fleas).

In the ocean even the bigger salmonids eat quantities of plankton s
euphausiids (krill), copepods, amphipods, and crab larvae. Squid and f
also taken in quantity. Again, the sockeye salmon is the aberrant spec
long, fine, gill rakers are especially well adapted for straining
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the smaller forms of animal plankton out of the water; hence, the sockeye
more on plankton, less on fish and squid.

IDENTIFICATION OF SALMONIDS - _ o

~ Anadromous salmonids are among the more difficult fish to identify bec
in growing from a fingerling to an adult each individual goes through a |
confusing series of changes in appearance. When in the ocean all salmoni
pretty much alike, but donhlook at all like the parr-marked fingerlings the
once were, or like the spawning adults they will soon become.

To assist in identification, we have included two keys: one for juver
(fingerlings), the other for larger fish including adults in spawning condition

The adult key assumes that the user has the fish, dead and in hand, pre
complete with gills and viscera.

The juvenile key will be easier to use if the fish is dead and in hand, but
a sufficiently sure’identification can be made without killing the fish. Someti
I_t cannot, but if you do kill the fish, it will be counted as part of your daily |
imit.

Attempting to identify juvenile salmonids can be an exasperating experi
There may be puzzling differences between a 2-inch and a 4-inch individt
the same species, or between either of them and an adult. Variation frol
major watershed to another can be enough to confuse a careful observe
fish from a dark, clear, and densely shaded stream will be quite different
those in an open, sunny, or slightly murky area.

To make identification easier, consider what species ate present in the ar
familiarize yourself with the characteristics that separate them. In a cc
stream in Mendocino County all you would normally e>((ipect would be steel
trout and silver salmon. With a little practice you should be able to identify
the juveniles without catching them—if the water is clear and if you car
really close. (Field glasses are a grgeat help if they will focus close.) If
suspect something unusual you will have to have the fish in hand or in a d
basin. Remember that larger juveniles are easier to identify; some characte
that will easily identify a 4-inch fish simply havénappeared in 2-inct
individuals. Separating fingerling steelhead and cutthroat can range from e
impossible, depending on the size of fish and the waters they came from. E
have been known to go so far as to rear a few small fingerlings until they be
iﬂentifiaPIe_. Rainbows and cutthroat will crossbreed in nature, which may a
the confusion.
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STEELHEAD TROUT ’“,,L

S

ANAL FINS OF TROUT AND SALMON

On a salmon the base of the anal fin is longer, and there are more fin
rays than on a trout.

dl
QL FILAMENTE e

Salmon gill rakers. King salmon (left) have fewer and shorter gill rakers
than the kokanee (right) or the very similar sockeye (not shown). The
I%tter two are better adapted for straining small food organisms out of
the water.
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KEY
ADULT SALMONIDAE

Trout (Salmo), Chars (Salvelinus), and Pacific Salmon (Oncorhynchus)

This key includes only those salmonids which are found below an altituc

4,000 ft in'waters draining into the Pacific&n.

To use this ke
(Anal fin rays, 1

read statement numbernder “character being describec
to 19). If the statement is true move to number 2. If
statement is not true move to the “alternate choice”, in this instance numb:

Continue until the species is identified.

Characters,
being | Alternate
described | choice Description

1 (10) Anal fin base long, 13-19 rays. PACIFIC SALMONS,

enus Oncorhynchus.

2 3) Gill rakers on first arch 28-40, long, slender, and
rough, (Include the much smaller rakers at each
end of the arch.) Adults with fine speckling but no
black spots. Large young may have spots.

Sockeye salmon, Oncorhynchus nerka, page 82.

3 (2) Gill rakers on first arch 18-26, short.

4 (5) No black spots other than fine speckles on body or
fins. Chum salmon, Oncorhynchus keta, page 80.

5 (4) Distinet black spots on body or fins.

6 ) Scales small, 170-229 in first row above lateral line.
Pink salmon, O. gorbuscha, page 67.

7 (6) Scales larger, fewer than 170 in first row above lateral

ne.

8 (9) Mouth lining dark, including the gums next to and
around the teeth. Pyloric caeca 140-185. King salm-
on, 0. ishawytscha, page 74.

9 (8) Mouth lining of lower jaw with a conspicuous pale
band which includes the teeth and gums. Pyloric
caeca 45-83. Silver salmon, O. kisulch, page 70.

10 (1) Anal fin base short 8-12 rays.
11 (16) Black spots present. Scales relatively large for this
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group; under 180 in first row above lateral line.
Teeth on head and shaft of vomer. Trout, genus
Salmo. (Continue with key to identify species.)



Silver salmon (left) have white gums around the teeth, while the

inside of a king salmon’s mouthis all dark. The silver salmon has
the silver (gum) lining.
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Trout have teeth on the tip and shaft of the vomer, but chars
have them only on the tip. All trout have teeth on the tip of the
tongue; only cutthroats have them on the base.
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Characters
being | Alternate
described | choice Description

12 (13) Teeth on tip and back of tongue. Yellow to red streak
on underside of jaw (this may be absent in fresh
sea-run individuals). Black spots large and numer-
ous, without halos. No red spots. Coastal cutthroat
trout, Salmo clarkii clarkii, page 62.

13 (12) No teeth on back of tongue, no red streak on under-
side of jaw. .
14 (15) Black spots small, up to about }¢-inch diameter, none

with red or pink halos. No red spots. Lengthwise
red stripe on side; this may be lacking on fresh sea-
run individuals. Steelhead rainbow trout, Salmo
gairdnerii gairdnerii, page 58.

15 (14) Black spots on sides large, often with red, pink, or
pale halos. Red spots sometimes present. No red
stripe on side. Brown trout, Salmo truita, page 56.
16 (11) No black spots. Red or yellow spots sometimes pres-
ent. White or yellowish white spots present. Scales
small, over 185 in first row above lateral line. Teeth
on tip of vomer but not on the shaft. Chars, genus
Salvelinus. -

17 (18) Distinct wavy lines on back and dorsal fin. Red spots
usually present, but may be indistinct on individ-
uals from lakes. Yellowish white spots on sides. May
be very brightly colored, especially at spawning
time. Brook trout, Salvelinus fontinalis, page 65.
Sometimes anadromous on the Atlantic Coast, but
no sea-run individuals have been reported in Cali-
fornia.

18 17 Back and sides olive green to muddy gray with no
wavy lines or, at most, some very faint ones. Dorsal
fin without spots or lines. Scattered white or pale
yellowish spots on body. Some red or orange spots
usually present on lower sides. Dolly Varden, Sal-
velinus malma, page 64. Never anadromous in Cal-
ifornia, but often anadromous farther north, espe-
cially in Alaska.
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KEY
JUVENILE SALMONIDAE

_Use this key for salmonids which are still in fresh water and which still 1
distinct parr marks. Salmonids smaller than 2 inches will not always
developed enough to make this key usable. Few of the characters given h
]E_rur(]e in ta)lll P]sh from all areas. If in doubt, use several characters or examine
ish or both.

To use the key, read statement number 1 under “Character being des
(Anal fin with 13—19 rays). If the statement is true move to number 2. |
statement is_nor true move to the alternate choice, in this instance num
Continue until the species is identified.

Characters
being Alternate .
described | choice Description
1 (10) Anal fin with 13-19 rays. PACIFIC SALMON (genus

Oncorhynchus). See drawings, page 47. On all species
(silver salmon sometimes excepted) the anal fin
base is distinctly longer than the longest rays of the
anal fin. No spots on dorsal fin of salmon under 4
inches except that some kings may have a single
small spot at the forward edge of the dorsal next to
the botfy. Seven-inch kings and silvers usually have
spotted dorsals.

2 3) No parr marks, no spots. Pink salmon, Oncorhynchus
gorbuscha. Rare in California. Migrates to sea before
or immediately after absorbing the yolk sac; i.e.,
when less than 2 inches long, page 67.

2) Parr marks present.

(7) Parr marks large, tall, divided roughly in half by the
lateral line.

5 (6) Parr marks tall and usually narrower than the spaces
between. Adipose fin finely speckled with gray,
usually all parts are about equally dark, but a few
individuals may have a darker margin or a clear
area. The first 2 or 3 anal rays are usually longer
than the others, giving the fin a concave edge (espe-
cially on smaller fingerlings). Lower fins usually
tinged with orange Forward margin of the anal fin
usually white. Pvloric caeca less than 90*. Silver
salmon, Oncorhynchus kisulch. Abundant in many
coastal streams from Santa Cruz County north,
rare in the Central Valley, page 70.

M G
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Juvenile salmon. The first anal rays of small (2 inch) juvenile silver
salmon are much longer than shown here. Large juveniles (4—5
inches) are as shown.
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Characters
being
described

Alternate
choice

Description

10
11

12

(5)

)
9)

(8)

(6]
(16)

(15)

Parr marks oval, usually wider than the spaces be-
tween. Adipose fin with dusky or black margin
around tip; remainder of fin may be clear, finely
speckled, or speckled with a clear area. Dorsal fin
of fish under 4 inches unspotted or with a single small

spot at forward edge of fin next to the body. A 7-

inch fish will usually have a heavily spotted dorsal.
Lower fins usually uncolored, first rays of anal fin
not usually longer than those following Pyloric
caeca more than 120*. King salmon, Oncorhynchus
tshawylscha. Abundant in the Sacramento-San Joa-
quin River system and in some of the larger coastal
streams. Occasionally found in some small coastal
streams, page 74.

Parr marks smaller, mostly confined to the area above
the lateral line.

A row of distinet dark spots on back. Back bluish or
greenish, Gill rakers slender, 25 or more on first
arch. Sockeye salmon, Oncorhynchus nerka. Very
rare in California, except as kokanee (0. nerka
kennerlyi), a landlocked form which has been in-
troduced into lakes and reservoirs, page 82.

Parr marks similar to those of sockeye (above) but
less distinet. Dark spots on back smaller, less reg-
ular, and may be absent. Back mottled green. Gill
rakers thicker than on sockeye, fewer than 25 on
first arch. Chum salmon, Oncorhynchus keta. Rare
in California. Migrates to sea before or shortly
after absorbing the yolk sac, i.e., when less than
2-inches long, page 80.

Anal fin with 9-12 rays. The fin base is shorter than
the longest anal rays.

Sharply defined black or brown spots on back and
dorsal fin. Teeth on tip and shaft of vomer. TROUT,
genus Salmo. See drawings, page 49.

Small distinet black spots on dorsal fin. Adipose fin
with black spots, black margin, or both. Never any
red spots on body or fins.

* This gives a positive identification but counting caeca in small fish is very difficult and
time consuming. Cut them off as you count them.
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Charax:teJ
being
described

Alternate
choice

Description

13

14

15

16

17

18

(14)

(13)

(12)

(11

(18)

(17)

Teeth present on tip and base of tongue on fish over
4 inches. Parr marks tall, straight sided, and almost
rectangular on fish under 4 inches, but may be small
and round or oval on larger fish. Red or orange
streaks usually present under jaw, except on smallest
juveniles. Coastal cutthroat trout, Salmo clarkii
clarkii, page 62.

No teeth on base of tongue. Parr marks oval or
nearly round on all sizes of fingerlings. Usually no
red or orange streaks under jaw. Steelhead rainbow
trout, Salmo gairdnerii gairdnerii. Abundant. The
most widespread sea-run salmonid in California,
page 58.

Parr marks large, much wider than the space be-
tween. Sharply defined pale round spots near lat-
eral line. On larger fingerlings some red spots and
some black spots with halos. Black spots on sides
fewer and more uniform in size than on steelhead
or coastal cutthroat. Brown trout, Salmo irutla,
page 56.

No small distinet black or brown spots. Teeth on tip,
but not on shaft of vomer. CHAR, genus Salvelinus.
See drawings, page 49.

No pale spots on back Vermiculations (wavy lines)
on backs of large fingerlings. (These are present on
many 3-inch fish.) Pale spots on sides near lateral
line. These have appeared on many 2-inch fish.
Parr marks large, some a little wider at bottom
(pear shaped). Eastern brook trout, Salvelinus fon-
tinalis. Introduced, widespread in California. Not
common at lower elevations. Not known to be anad-
romous on the Pacific Coast, page 65.

No vermiculations. Pale spots on back as well as sides
of larger fingerlings. Parr marks usually crowded,
but quite variable in shape and in degree of crowd-
ing. Dolly Varden, Salvelinus malma. Native in
California, but confined to the MeCloud River, not
anadromous in California, page 64.




COASTAL
CUTTHROAT TROUT

Juvenile trout. Parr marks on small {uvenile cutthroat (under 4 inches)
are about as shown; on larger cutthroat they more nearly resemble

tr;]ose of rainbows. Technically Dolly Varden and Eastern brook trout are
chars.
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SEA-RUN BROWN TROUT

Salmo trutta Linnaeus, 1758

or
o

2ty

OTHER NAMES )

Brown trout, Loch Leven trout. (Ancestors of some of Califdstarown trou
came from Loch Leven in Scotland, but the strain has been hybridized u
longer recognizable.) In Great Britain the quite appropriate term “sea trout" i
for the anadromous brown trout.

RELATIONSHIPS o )

The brown trout is of European origin and is most closely related to our ra
and cutthroat and to the Atlantic salmon. To some extent the sea-run brown
the European equivalent of our steelhead.

DESCRIPTION )

Anal rays 9 to 12 as in other trouts. Teeth on head and shaft of vom
developed (more so than those of steelhead). Teeth on tip but not on
tongue.

Color: Nonanadromous brown trout have large dark spots on the sides an
smaller ones on the dorsal fin. Black spots on the opercle are larger an
conspicuous than on steelhead (which may Inave2). The spots on the sides h
conspicuous pale halos. There are sometimes red spots with pale halos
lower part of the sides. The sides have a yellow-brown cast which gives the
its common name. Sea-run browns turn pale and silvery and more nearly re
steelhead. Theed spots may disappear completely and the black spots be
much less conspicuous. With the fish in some positions the silvery shee
obscure many spots. If there are both black and red spots present, the
definitely a brown trout. There i longitudinal red stripe on the sides (as in n
steelhead), no red dash under the jaw (as in nearly all cutthroatjo lines
on back or fins (as in the brook trout).

Size: In Europe sea trout of over 26 |b have been recorded, In California n

those examined have been frano 4 Ib, but larger browns have been take
coastal drainages and may or may not have been anadromous.
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Juveniles . Parr marks are large and are much wider than the space bet
There is a row of pale round spots on the sides. There are few, if any, black
on caudal and adipose fins and there is no black margin on the adipose. A
fin is tinged with orange. Black spots on back are fewer and more uniform in
than on rainbow or cutthroat. On larger fingerlings some black spots may
halos and there may be red spots, small fingerlings may lack the red. The
and back are tinged yellowish or brownish.

DISTINGUISHING CHARACTERISTICS

_Any California salmonid which has both black and red spots or black s
with conspicuous pale halos is this species. Fresh sea-run individuals me
show any red. Brown trout never have a red stripe on the side or a red dash
the jaw. No teeth on back of tongue. Fln?erllngs can be_identified &
combination of black spots on the back and pale spots on the sides.

DISTRIBUTION )

Sea-run brown trout have been reported from the Sacramento River s
north to Vancouver Island, British Columbia. |
California they have been reported in tf
SEA-RUN Sacramento, Klamath, and Trinity Rivers in ve
BROWN TROUT small numbers. In addition to the above, ol
INLAND HABITAT brown trout that was probably sea run w

SEA RN FISH reported from Scott Greek and one from the S
Lorenzo River, both in Santa Cruz County (Le
Shapovalov, personal communication). Nonang
romous browns are widely distributed in Califo
nia.

HABITS

In America, young brown trout show les
tendency to enter salt water than do the c
scendants of steelhead and apparently do
migrate as far at sea. Many browns remain in ri
estuaries or only go a short distance to sea. L
steelhead they usually spend one or two years |
_ stream before migrafing to sea. Some return
fresh water before maturity. The age at maturity of sea-run browns in Califc
is probably three or four years.

IMPORTANCE

Sea-run brown trout are too rare in California to be of importance
sportsmen. The habits and greater caution of brown trout make them har
catch than our native trouts.
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STEELHEAD RAINBOW TROUT

Salmo gairdnerii gairdnerii Richardson, 1836

OTHER NAMES ] ) .

Usually called “steelhead” without any embellishments. Small immature
run individuals returning after less than a year in the ocean are c.ommo.nIP]/
“half-pounders”. The usuallm weigh from %z to 1% Ib. The American Fishe
Society Special Publication No. 6 (1970) ends the ngeirelnerii with a single
i.

RELATIONSHIPS ) o

Belongs to the familgalmonidae which includes all salmon, trout, and cha
I\/}lost closely related to the other subspecies of rainbow and to the other s
of trout.

DESCRIPTION ] )

Anal rays 9—12 (rarelé 13). Teeth on tip and shaft of vomer. Teeth on ti
not on base of tongue. Gill rakers on first arch 17—21. Scales in first row ¢
lateral line 115—180.

Color. At sea, steelhead are steel blue above with bright silvery sides and
Sharply defined black spots on back, head, sides, dorsal, and caudal fir
spots are small, rarely over %-inch diameter, and highly variable in number.
entering fresh water, steelhead develop a broad pink or red stripe on each
the body. This stripe fades away at the edges rather than being sharply ot
In_fresh water steelhead gradually rake on more of the appearance of a
rainbow; the back gradually becomes olive lggreen and the sides and belly b
less silvery. Steelhead lack the red streaks beneath the jaw which characte
cutthroat. The mouth lining is white.

Size and Age. Most steelhead weigh less than 10 pounds, but a 23-lb
individual was recorded from the Smith River, California, on Janda®971,
and a 42-lb fish was taken by an 8-year-old boy fishing alone in a rubbe
near Ketchikan, Alaska.
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Fisheries workers in several areas have found fish seven years of age t
oldest they have encountered, but two steelhead have been recorded wh
older than this. The latest was netted at sea off Alaska in September, 1
was a 33.7-inch female that had spawned four times, had completed eigl
of life and was well into her ninth.

Juveniles. Mouth moderate, the jaw bones neaching past the rear of the e
Teeth on tip and shaft of vomer. Teeth on ligt not on base ofongue.
(Cutthroat over 4 inches have teeth on the base of the tongue but
individuals may not.)

_Parr marks small and oval or nearly round on all sizes of juveniles.
sides, and dorsal fin with small black spots. Caudal fin sometimes spott
red or pale spots. Steelhead usually’tigend cutthroat usually do) have a
of red or orange streaks on underside of jaw.

DISTINGUISHING CHARACTERISTICS

A broad red stripe on the side will identify the various subspecies of rai
but fresh sea-run individuals may lack the stripe. -Has no red dash unde
and no teeth on the base of the fongue. Black spots are small, usuallysug
inch diameter. (Both cutthroat and brown have conspicuously larger spots
subspecies can best be separated from other rainbows by habitat. Coasta
usually have pure or nearly pure steelhead. The Sacramento River syster
the big storage reservoirs has steelhead with some minor dilution by
strains of rainbow.

DISTRIBUTION

At sea from northern Baja California to the Bering Sea and Japan
occasionally enters the Ventura River (which used to be a good ste
stream). Regularly enters most suitable streams from San Luis Obispo |

northward.
HABITS
S D The steelhead is a subspecies which has
TROUT more migratory urge than some other strain

INLAND_HABITAT rainbow. It does nor depend on an anadron
SEA RUN FISH existence. Even in our coastal streams (whert
migratory urge appears to be strongest) there
some individuals which mature without ever go
to sea. Steelhead which are planted in a lake
grow to maturity and then spawn in stre
tributary to that lake. So will other kinds
rainbow.

L

The great majority of steelhead are of a si
type but are known as fall-run or winter-r
steelhead, depending on when they enter
stream on their spawning run. Fish of this t
enter the stream and spawn during the same season. The time of the r
varies from stream to stream. If a river is big enough and cool enough t
may enter in late summer
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or ealy fall. Runs start later in themary small coastal straas which have a
sandbar across tmeouth durirg the drier part btheyear No migratoty fish can

enter until the rains heae increased thBow and the strem has bréen through
that sandbarWhether thdirst steelhead start upstrean August or in January
the run is apt to continue until March Aypril.

A basicaly differentmigration pattern is thatfahe sprimg-run steelhead (alsc
cdled summer-run steelhead or surer steelhead). Thes$esh difer from other
steelheadn that they enter strems in the spring or sumer andwait through the
dry season and until théollowing sprirg before spwnlrég. They move well
toward the headaters 6 the larger and cooler strea andwait in deep holes.
Spring-run sedheal are found in ony a few places and are notbandnt
anywhere in he State.

_Steeheadspawning resembles thet of salmon (pages 76and 77).The urge to
migrate sems to be size-related and in Galinia yourg steeheadnost dten
migrate to the ocean féer wo seasons irfreshwater. F aster gming fish
migrate after one season and sl@rowersmay notmigrate until en in three, ol
sametimesfour, seasons ifreshwater.

After reachig saltwater, steelheadrow rapidly and usuajl return to span
in their hane streans dter one orwo seasons in the ocean. Unlikensa,
steehead do not necessaritlie dter spavning. The rigors d migration and
spawning do causenary deaths, butish that hae spavned tvo and three thes
are not uncmmon.

IMPORTANCE _ _
Steelheadhre the mostwidespreadind one of thenost important anadnmous
game fishes in California. are probalyl the Klamath Rivefs greatest

attraction and are keen all th_ewejy from the mouth to IronGate Dam. The fall
run starts enterig the river in Juy and continues thrgh Septenber. Haf-
ounckrs and afew larger fish come first; the former seldom move more than a
ew miles abae Hapyy Camp. Larger fall-runfish are notar behind and usually
reachthe upper wer about OctobeWinter-run fish follow and fishing may
remain good throwh the winter in the lg)ﬁer vier. Sprig-run fish are not
abundant.They start enterig in March and hole upybsummer in sane d the
Ilgrger and cooler tributaries. One is Woolen Creek, a tripwhithe Sanon
iver.

Smith River is known as a producerfaexceptionaly large fall and winter
steeheal.

Mad River has fall, winter, and sprig runs d steelhead but isften too
muddy to befishable.

The Eel River has a h&lpounder run in the late sumer and eayi fall. It gets
aboutas far ugstrera as thanouth of theVan Duzen River. Bigger steelhead a
avdlable in the laver Eel in thefall, and throghout the wer g/stem in the
winter. Spring- (summer-) run steelhead afeund in parts bthe Van Duzen,
Middle Fok, andmain Eel.

The Russian River is eagiliccessible fnm the San Francisco Barea and is
a very popubr stream. About 100miles d it is_open towinter Tishing. The
steelhead entérom November through Februgr The strem is party regulated
by Coyote Dan on the East Fork near Ukiakfter the
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first heavy rain the water behind this dam becomes very muddy, and stay
way for many weeks. When water released from Coyote Dam provides a
part of the flow, the river may be too muddy for fishing. When flows from ot
trlbult(an%s are adequate, the flow of muddy water is cut off to give a clear rivi
weekends.

The Sacramento River provides very good steelhead fishing in Octobe
November. Except at the mouth of the American River, steelhead seldom |
hook uriil they are 30 miles or more upstream from Sacramento. Most steel
fishing is done between the mouth of Deer Creek and Redding. Many stee
enter Battle Creek and provide excellent flshlng.. By January (or Somet
earlier) most of the fish and fishermen have moved into tributaries such as
Deer, and Mill Creeks. There is fair steelhead fishing in the Feather River.
American River is usually fair, but has short spells of really good fishing.

Steelhead do not enter the smaller coastal streams until after the first fall
Good fishing may only occur for short periods when water conditions are
right. Local fishermen do very well, but the visitor from a distant metropol
area is all too apt to have difficulty timing his arrival with that of the fish.

Steelhead fishing is too involved an art to be described here in any deta
prevailing techniques differ from stream to stream. Bait fishing is popular
effective; salmon egi s or clusters of roe or nightcrawlers are drifted down ri
pools, and especially where a tributary creek joins a larger stream. Spinne
other lures are popular. When the water is low and clear, flies can be
effective. Most steelhead fishing is done from the shore or when wading
drifting in boats is quite popular in the larger streams.

Boats anchored at the mouth of the Smith River. The outgoing tide
activates the anglers' lures.
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COASTAL CUTTHROAT TROUT

Salmo clarkii clarkii  Richardson, 1836

RELATIONSHIPS

Belongs to the family Salmonidae, which includes all salmon, trout, and c
Most closely related to the nonanadromous subspecies of cutthroat found
Sierra and éastward. Closely related to the rainbow and other trout. The Am
F,lshlerles Society Special Publication No. 6 (1970) ends the olamké with a
singlei.

DESCRIPTION _ )

Anal fin rays 8—12. Teeth on tip and shaft of vomer. Teeth on tip and ba
tongue. Mouth large; awboneeachd)ast rear of eye even in juveniles. Scale
first row above lateral line about 120—180.

Color. Olive green on back, lighter on sides, and silvery on belly. Fresh se
individuals are more silvery on belly and sides, and more bluish on the
Heavily spotted with black spots on head, back, sides, and unpaired fins. Sp
without halos. No red spots. There is usually a pair of red or orange si
beneath the jaw (the cutthroat mark). On fresh sea-run individuals the cut
mark may be faint or absent and the black spots less conspicuous.

Size. Sea-run cutthroat to 17 Ib have been taken but cutthroat usually av
smaller than steelhead, relatively few being larger than three or four pounds.

Juveniles. Cutthroat juveniles less than 4 inches long may lack teeth on the
of the tongue or the teeth may be so small as to be undetectable.

On juveniles less than 4 inches, the parr marks are usually moderately t
straight-sided and are almost rectangular; on larger juveniles they may be
smaller and almost circular, resembling those of steelhead Cutthroat marl
usually present on all but the smallest juveniles.
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DISTINGUISHING CHARACTERISTICS

Cutthroat are more variable in appearance than steelhead, and
cutthroat often resemble steelhead. The pair of bright red or orange “cu
marks” beneath the jaw is the easiest and most commonly used character,
run fish and some others may lack the mark. The presence of teeth on the
the tongue is the most certain character for fish over 4 incheg long . Smal
may lack the teeth but can be identified by their straight-sided almost recta
parr marks.

DISTRIBUTION
The coastal cutthroat is found from the Eel River north to southeastern A
It is more common from the Mad River north. In California this subspeci
found in coastal streams and is usually quite ¢
to the ocean, except in the Smith River wh
COASTAL both anadromous and resident individuals
CUTTHROAT found throughout much of :he drainage.
9

(‘ INLANDOI;ABITAT HAB'TS
é\sm RUN FisH Optionally anadromous. Most individuals do
. to sea, but many elect not to. Spawning is usL
=\ in small streams in late winter or spring. T
h young may move downstream to larger water:
they grow and usually migrate to sea when 2
years old. They actually return to the estu
within a few months and move upstream in |
[ fall or winter. spawning is not necessarily fatal
= this species and many fish spawn more than o
— Many cutthroat spend much time in the estua
and apparently the species does not migrate f
sea.

Food habits of cutthroat are similar to those of most trout. Insects a
principal item when they are small; later, fish become a part of their
Apparently cutthroat consume somewhat more fish than most trout.

IMPORTANCE .

_Coastal cutthroat trout are taken by relatively few sportsmen, but the
h|ﬁhly regarded by those that do fish for them. Like all California trout, the
fully protected from commercial fishing.

Fishing. ~ Sea-run cutthroat_are taken in Redwood Creek and in the
Klamath, and Smith Rivers. There is goo_d fishing in the fall, usually afte
first heavy rain. Near the mouth of the Smith and Klamath Rivers fishing is
good as late as April.

i On fish over 6 inches run your little fingeently over the base of the tongue, and feel for tf
On fish small enough to crowd your finger in the slightest you may mistake gill rakers for
or scrape off the teeth. The surest technique is to cut towards the tail from the angle of
Iand remove the top of the head. Then feel gently with the tip of the little finger or use |
ens.
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DOLLY VARDEN *

Salvelinus malma (Walbaum, 1792)

OTHER NAMES
Dolly, bull trout.

RELATIONSHIPS ] ) ]
A char, belongs to the salmon family, Salmonidae. It is most closely relat
the other chars, less so to the trout.

DESCRIPTION )
Anal ragls about 9. Teeth on tip but not on shaft of vomer. Scales small,
185—225 in first row above lateral line.

Color: Olive green to dark brownish gray. Scattered yellowish and pin
yellow spots on back. Sides with small orange or red spots. No black spots
without sgots or bars except for some small pale spots near the base of the
(tail) fin. Sea-run individuals are silvery (but are not found in California).

Size: t0 91b 1 oz in McCloud Reservoir and to 32 |b in Idaho.

Juveniles are slender, have large, crowded parr marks with narrow sp
between. No dark spots on fins. Larger juveniles have pale spots on sides.

DISTINGUISHING CHARACTERISTICS
DOLLY This is the only char with no dark spots or mar
VARDEN on the fins. The ﬁresence of teeth on the tip but
on the shaft of the vomer will identify it as a ch
MC CLOUD RIVER (genusSalvelinus).
BASIN
INLAND HABITAT.
OT ANADROMOU:!
IN CALIFORNIA

DISTRIBUTION )
Wldelly distributed from Oregon to Berin

Sea, In Californiét is confined to the McCloud
River system (above Shasta Dam).

HABITS _ )
Anadromous in the northern part of its range, I
never in California. It was not anadromous he
even before the construction of Shasta Dam.

1 . . . .
A 1978 revision to the taxonomy of the chars shows another sggciesnfluentus) the bull trout, also inhabited the
McCloud River.
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EASTERN BROOK TROUT
Salvelinus fontinalis ~ (Mitchill, 1815)

(Introduced)

OTHER NAMES
Brook trout, spekled trout, spelded char.

RELATIONSHIPS . )
A char. Belongs to the gabn family, Salmonidae. It is most closey related to
the other chars, less so to the trout.

DESCRIPTION )
Anal rays about 9.Teeth on tip but not on shieof vomer (paje 49). Scale:
small, about 185—225 ifirst row above lateral line.

Color. Back isolive green, distinct wawy lineson back and dorsal fin. Yellowish
white and usually red spots on sides. No bkaspots. Favard edjes d anal and
ventral fins are usuaglwhlt_e. At spavning time there is a horizontal red-ogen
stre& onthe belly. A beautiful species. Males are timere brighty colored. Sea
run brod trout are siery and tend to lose the red spots.

Size. The California record is 9 Ib 12 oZrom Silver Lake, Mono Coury, on
Septenber 9, 1932A 14%fishwas t&en in Ontario, Canada, in 1916.

Juvenil es have large pammarks, sone d which may be a littlewider tavard the
bottom (slightly pear-shaped)wo-inchfish have nowavy lines on the bdcand
may have no pale spots on sidesyBhree inches thewill have the spots anahay
have thewavy lines.At four inches thgwill usually have both.

DISTINGUISHING CHARACTERISTICS

Fish over 4 incheshavedistinct wa\%linespn the back. Thoseover 2% inches
have pale spots on sides but not onkbd¢o size has bl&cspots.
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DISTRIBUTION ) o
Widely distributed in California but never anadromous here.

HABITS
In Californiait does best at altitudes above 5,000 ft. Sea-run strains are |
only on the Atlantic Coast, where they are native.

King salmon climb the fishway from the American River into Nimbus
Hatchery in front of an appreciative audience.
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PINK SALMON

Oncorhynchus gorbuscha (Walbaum, 1792)

SPAEMING EALE

SPUEMING FEMALL

OTHER NAMES . .
~ “Pink salmon” is a name used by canners to describe the flesh of this spec
is also called “humpback salmon”, which aptly describes the spawning males

RELATIONSHIPS ] ] ]
Belongs to the familgalmonidae, which also includes the trouts and chars. |
closest relatives are the other species of Pacific salmon.

DESCRIPTION ) ]
Anal rays 13—17. Gill rakers 24—35 on first arch. Scales smaller thar
other salmon, 170—229 in first row above lateral line. Pyloaiecal 65—195.

Color. At sea the pink salmon is metallic blue above, silvery on sides and bell
has large elongated black spots on tail and black blotches on body, the latte
disappear at spawning time. Males at spawning time develop an exagge
hump between the head and the dorsal fin and
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become reddish to yellowish on the sides. Females become olive green
sides and do not develop the hump.

Size. Average weight at maturity is 3 to 5 Ib but individuals up to 12 Ib k
been taken. This is the smallest of our salmon.

Juveniles. Pink salmon juveniles are the only salmonid juveniles which hav
parr marks and no spots. They are deep blue to greenish on the back, :
noticeably more slender than trout juveniles. As on all juvenile salmonid
snout is rounded and slightly overhangs the lower jaw. Smelt also lack
marks and have the adipose fin but the snout is more angular and do
overhang the lower jaw. Pink salmon migrate to sea at a very early age. .
they soon develop scattered black spots on the upper half of the body.

DISTINGUISHING CHARACTERISTICS )

~ The large, elongated black spots on the tail and the small scales (170—
first row above lateral line) will identify this species. Fingerlings are ee
distinguished by the absence of parr marks.

DISATRIBUTIQNk | H b ven f
t sea, pink salmon have been taken from
'ﬁL{‘ij‘;,’:‘g" Jolla, San Dledgo County, to northwestern Alas
sea S rism and eastward along the Arctic coast to f
Mackenzie River. The southernmost runs of
importance are in streams tributary to Pu
Sound. There appear to be vestiges of runs ir
Sacramento River and in the Russian Riv
Pinks have been recorded in several ot
California streams from Santa Cruz_ Cour
north, but it is probable that these fish we
strays.

HABITS .

Pink and chum salmon are entirely depend
n an anadromous existence. There are no kn
) landlocked strains of either. The eggs must
deposited where the water is fresh if they are to survive, and the growth m
in the ocean if the fish are to regluce.

On the average,.Pink salmon probably migrate shorter distances into
than any other Pacific salmon. Some pinks even spawn in tidal areas of s
at low tide, where the gravel is covered by fresh water at low tide and by <
brackish water at high tide. Nearly full strength ocean water (up to a salin
about SOOParts pehousand) doesach the eggs, but is quickly washed away
the tide drops. Egg survival, at least in the upper half of the intertidal -
appears to be fully as good as in fresh water. Although most pinks spawn
a few miles of salt water, there are some streams in which the travel consic
distances to reach spawning areas, such as those o[ Babine La

68



the upper Skeena River in British Columbia. In the Sacramento River s
pinks have been found in Battle Greek, which is over 200 miles frontdamo

Pink salmon are unique in that all individuals mature at the end of
second year. It follows that any stream which supports an annual ru
supports two independent populations. In many streams, there is &
spawning run one year followed by a small one the next, and sometimes «
or the other is nonexistent. In North America the southernmost pink s
fisheries of importance take these fish in large quantities only in odd-nun
years.

IMPORTANCE

The pink is the most abundant salmon in North America but in Californi
of very minor importance. A few are taken by commercial fishermen
sportsmen, usually while they are looking for king or silver salmon. Most ce
are made in odd-numbered years. By far the largest recorded catch in Cé
was 30,000 in 1967. It can be assumed that the bulk of Califermiaan-caug|
pinks come from farther north— our streams are not producing even the
numbers taken in our ocean catches.

You can make a hook releaser like this one out of coat hanger wire.
When you wont to release an undersized salmon or some other fish:

1. Hook the releaser around the shank of the hook (left photo).

2. P#II d)own on the leader, thus turning the hook upside down (right
photo).

3. Shake the fish off.

A gaff can be used to release fish this same way. Photos by author.



SILVER (COHO) SALMON
Oncorhynchus kisutch  (Walbaum, 1792)

OTHER NAMES

In California the “official” common name is “silver salmon”. In the rest of
United States and in Canada it is “coho salmon”. The California State Legis
had declared “silver” to be official before there was general agreement else
and that name appears in various Fish and Game Code sections.

RELATIONSHIPS

A member of the salmon familgalmonidae. Most closely related to the othe
Pacific salmons, all of which are also in the geBusorhynchusLess closely
related to the genuSalmo which includes trout and the Atlantic salmon.

DESCRIPTION

Anal rays 13—16. Gill rakers rough, 19—25 on first arch. Caudal pedt
averages a little thicker than in other salmon. Scales in first row above the |
line 120—145. Pyloricaecae 45—83. At spawning time theper jaw of the
male becomes enlarged and distorted, often being curved under to form a |

Color . At sea it is metallic blue or blue green above, becoming silvery on !
and belly. There are small black spots on the back, dorsal fin, and the upp¢
of the tail. The lining of the mouth is dark (less so tihahe king salmon), but
the crown of the gums where the teeth pro/&ect is much paler, thus forrr
whitish strip through which the teeth project. At spawning time the mature r

become brick red or even a brighter red and the females a dull bronze.

Size. The average weight at spawning tim& i® 12 Ib and individuals over 1!
Ib are uncommon. The record anadromous fish was one of 31 Ib tak
Cowichan Bay, British Columbia, in October 1947. A 33-lb landlocl
individual was taken in Michigan in October 1970. The largest recorded
California stream was 22 Ib and was taken in Papermill Creek, Marin Coun
January 1959. Some salmon reported as “record-breaking silvers” have |
out to be kings.
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Juveniles. Back brownish to brownish orange (bronzy). Sides and belly w
brassy sheen. Fins unspotted and usually tinged with orange. Parr mark
narrow, and divided roughly in half by the lateral line. The space betweel
marks is usually slightly wider than the marks themselves. The first three r
the anal fin are usually longer than the remainder, especially on si
juveniles. This gives the fin a concave rear edge. First anal ray is usually
Adipose fin usually finely speckled to give it a uniform gray shading, rarely
a darker margin around the tip. Dorsal fin usually unspotted but 5-inch fist
show spots and 7-inch individuals usually will. Except for hatchery fish, 7-
silvers are rare in fresh water. Yearlings (about 5 inches long) have usua
much of the distinctive brown and orange coloration and some may be h
distinguish from king salmon. As a last resort, count the pyt@éra. Silvers
have fewer than 90.

DISTINGUISHING CHARACTERISTICS ]

The presence of black spots on the back, dorsal fin, and upper lobe of t:
separatet from the chum and socke?/e salmon; the low pyloric caeca ¢
(45—83) will separate it from any salmon except the sockeye. The white
line fth_rough. which the teeth project) will separatérom the king salmon
Small fingerlings can often be distinguished in the stream by their high, n
Ee_trr marks, brownish or bronzy bodies, and o_range-tlnge_d fins. Yearlings |

|nﬁhes) have usually lost much of the coloring but retain the high, narroy
marks.

DISTRIBUTION

SILYER, Silver salmon have been taken in the oc
INLAND HABITAT from about 100 nautical miles south of t

Mexican line north to the Bering Sea and so
along the Asiatic coast to Japan. The specie
rare south of Monterey. It spawns in coas
streams from the northern part of Monterey E
northward.

SEA RUN FISH

\ Before 1956, silver salmon were absent fr

the Sacramento-San Joaquin River system ex
as rare strays. Attempts to establish the speci
the Sacramento drainage were started in 1
Hatchery fish returned in large numbers &
spawned naturally, but were not able to mainta
natural run, and the species is again rare in
Sacramento, though not as rare as formerly. They do not enter the San .
system.

HABITS

Silver salmon very rarely establish landlocked populations but the ones
Great Lakes have been such a resoundingess that they disguise that fact
far more typical result of planting silver salmon in reservoirs or landlocked
is to have the young grow, provide good fishing, then mature and spawn
total lack of success.
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The spawning habits of silvers are quite similar to those of king salmon
76). Silvers prefer somewhat smaller streams, but many areas are used |
species. Young silver salmon prefer small tributaries and in somcespthey
will actively migrate upstream into such streams.

_Young silvers usuall¥ enter theean when laout 5 or 6 inches long and
little over a year old; a few wait another year but in general these are ones
had poor feeding and are about the size of a normal yearling.

Because silver salmon must stay at least a year in fresh water, they are
to survive in waters which get too warm for them in the summer. Tempere
over 70 F are detrimental to salmon and 80 F is quickly lethal. Sur
temperatures in most Sacramento and San Joaquin Valley streams use
much too warm for salmonids. Since the construction of storage dams,
waters have been released into some streams during the summer. In spite
apparent improvement in habitat, silver salmon have not been able to mz
their numbers in valley streams even though substantial numbers have
planted there (se@ISTRIBUTION, above).

Silver salmon enter the streams in the fall and early winter, shortly b
spawning. There are none which remain several months in fresh water
spawning. Migration into individual streams depends to a large extent o
time when fall rains make it possible for silvers to start their migration. M
small California coastal streams have a sandbar across the mouth until ai
first fall rains. In general, the period from October into February covers the
of migration and spawning in most California streams.

Age at maturity. A number of male silver salmon mature at about two years
at about 2 pounds). In California nearly all of the remainder mature at the ¢
}helathlrd year. The few four-year-olds are fish that spent their first two yee
resh water.

IMPORTANCE AND INTERESTING FACTS

In_California _the silver salmon ranks second to the king but along the ¢
Pacific Coast it is taken in larger numbers than the king by both comm
fishermen and sportsmen. Coastwide it is probably first as a sport salmo
commercially it is fourth, behind the pink, sockeye, and chum.

Before 1963, silver salmon usually made up 10% or less of the total Calif
ocean salmon catch. Starring in 1963, there was a rapid increase in
catches, which peaked in 1966 and 1967 aadhred 50% of the catch; after tt
there was a decline, but in 1971 catches were back almost to the 1966—6
Much of the increase in silver salmon catches in California ag:)%ars to be |
a large hatchery and management pro%ram in Oregon an ashington
silver salmon caught in California come from Oregon and Washington stre
This was true both before and after the increase started in 1963. The nc
silvers are present in California waters in numbers in the spring and
summer. By August they are leaving and in September or later any silver s
taken in California was probably born there.
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A typical silver salmon grows very rapidly in its third and last year of life
April and May there are few which measure more than 25 inchestotal lengt
commercial size limit in Callfornla?vlbut b¥ July the average is up to 27 in
and very few are under 26 inches. Most of Califdsi@mmercial silver salmor
harvest is of necessity from mid June to early August. Before that period s
are too small; after it, most of them have left the State.

The sport size limit is smaller than the commercial, so, in theory, sport:
could take silvers earlier in the year. In practice there is not much sport s
fishing before summer from Fort Bragg northward, and in most years ther
not many silvers taken from San Francisco southward at any time. Spor
also have the opportunity to take silver salmon late in the season when tt
are entering the streams.

. Silver salmon can be hatchery reared with good results. The young nor
live about 14 months in a stream before migrating to sea. If this time is sper
hatchery the losses are quite low. The fish can then be turned into the ¢
when they are ready to migrate. If this is done they quickly migrate to se
planted too soon they must feed for some time in the stream and may sel
oyl%r(f:_rohwd it. Such overcrowding can result in serious losses of both plante
wild fish.

Mad River Hatchery near Blue Lake, Humboldt Count%/. Steelhead, coho
salmon, and chinook salmon are raised here. Photo by C.S. Kabel.
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KING (CHINOOK) SALMON
Oncorhynchus tshawytscha  (Walbaum, 1792)

SPAWNING MALE

OTHER NAMES ) ] )

_ This species has a confusing number of common names. King salmon is ©
in California but chinook is official elsewhere in the United States and in Car
Spring, tyee, blackmouth, and quinnat have all had wide use. Quinnat has g
acceptance in New Zealand.

RELATIONSHIPS . . .
Belongs to the salmon familgalmonidae, which also includes the trouts an
chars. Its closest relatives are the other species of Pacific salmon.

DESCRIPTION

Anal rays 13—19. Gill rakers on first arch 18—30, rough, and widely spa
Scales in first row above lateral line 140—153. Pyloaecal40—185. Jaws anc
teeth of males become larger at spawning time and the jaws may be son
distorted (less so than the jaws of the silver salmon).

Color. At sea the king is bluish to gray on the back and silvery on the sides

belly. Numerous black spots on back ‘and dorsal fin and usually on both Iok
the tail. The spots on the back are sharply
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defined; the area under a scale is usually all black or contains no black
Characteristically a spot includes two to several scales in one diagonal lir
may turn and include a scale or two on the other diagonal. The lining c
mouth is dark and there is no lighter area on the gums next to the teeth.
they enter fresh water, king salmon gradually lose their silvery color and
darker. Females turn blackish. Males, especially the larger ones, often
blotchy, dull red sides. Smaller males tend toward dull yellow rather than r

Size and Age. Average weight at spawning time is about 20 Ib (less in
Klamath); some exceed 50 Ib and the record i2#Ilb individual that was
taken in a trap in Alaska. The California record is 85 Ib, Feather River, Oc
1935. King salmon taken in the@an are immature and average smaller t
mature fish which have entered the rivers to spawn.

The greater part of California king salmon mature when three or four
old. Five-year-olds are much less common, sixes are rare, and sevens are
unknown’in California aIthc_)uth they do occur farther north. Large numbe
precocious males (called “jacks”, “chubs”, or “grilse”) mature at two year
age; these fish weigh about 3 Ib. Relatively few females mature at this siz
aq(e. Male grilse of undetermined age and weighing less than a pound hav
taken

Juveniles, The back has little or none of the brownish color of silver saln
Sides silvery. Fins clear or slightly greyish. Parr marks tall, oval,

approximately bisected by the lateral line.” Parr marks usually wider tha
spaces between. First 2 or 3 rays of anahfillong enough to give the fin
strongly concave edge. Adipose fin usually with a dusk?f or black margrn ar
the tip. The remainder of the fin may be clear (usually on the smallest
finely sEeckled with a clear area, or finely speckled throughout. On juve
under 4 inches the dorsal fin may be shaded or may have some black
margin. It is usually unspotted but may have a single small black spot
forward edge next to the body. In fresh water Jluyenlles of 5 inches may sl
faint spotting and the relatively uncommon 7-inch individuals usually
heavily spotted dorsals. Pyloric caeca more @ (This count is difficult anc
usually unnecessary.)

King salmon in California usually migrate to sea when a few months olc
under 4 inches long, In streams that remain cool all summer some king
remain and migrate to sea in the fall or even in the following spring.

DISTINGUISHING CHARACTERISTICS )

Numerous black spots on back, dorsal fin, and both lobes of the cauc
plus a relatively low scale count (140—153 in first row above lateral line)
usually separate the king from any other salmon. If any doubt remain:
blackish pigment in the mouth extending clear to the bases of he teeth
hlqh pyloric caecaaunt (140—185) will separatefrom he silver salmon. King
salmon juveniles can usually be easily identified y the high, wide, and ova
marks, plus the silvery color, and dark margin on the tip of the adipose fin.
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DISTRIBUTION

In the ocean king salmon are found from San Diego north to the Berin
and south on the Asiatic coast to Japan. Abundant from Monterey nortt
Enters large streams and occasionally small
from San Francisco northward. Once. in fri
water it may enter some astonishingly sn
tributaries.

KING SALMON

INLANDO;IABITAT
SEA RUN FiSH

Californias largest spawning |gopulations i
in the Sacramento-San Joaquin River system.
species is also abundant in the Klamath, Sn
and Eel River systems. Smaller runs occul
Redwood Creek, Mad River, Mattole River, &
some other coastal streams. This species a\
most of the smaller coastal streams. A small
in the Garcia River appears to be extinct an
not shown on the distribution map. Kings hs
been planted in the Russian River and g
numbers of adults are returning but it is to soo
know whether natural reproduction will be able
maintain the run. The run into the San Joac
River below Friant Dam has been reduced to near zero and occurs c
occasional wet years, when there is an adequate flow below Friant. It
shown on the map.

HABITS
King salmon are very strongly anadromous.

Self maintaining landlocked populations arc very rare. When kings are p
in a lake or reservoir they sometimes survive and grow very well but usua
to reproduce with enough seess to maintain a population. There is no ¢
maintaining population of landlocked kings in California, but strangely ther
at least two such populations in New Zealand lakes. New Zealand kin
descended from Sacramento River ancestors. The “landlocked” ones de
have the opportunity to go to sea, but elect to remain in fresh water.
landlocked kings are much smaller than anadromous individuals—3 ol
seems to be the usual size of a mature landlocked fish. To the best
knowledge only one self-sustaining population of landlocked kings exis
North America. This is in Lake Cushman, a reservoir in Washington. Apga\
these fish mature in the vicinitz of 8-40 Ib—larger than those in New Ze:
but smaller than anadromous kings. After several earlier failures large nu
of kings were planted in streams tributary to the Great Lakes in 1967. The
matured at large sizes and in large numberstligitoo early to determine tt
success or failure of their reqtuction.

Spawning. King salmon spawn in cool or cold streams where there is a ¢
bottom. They prefer gravel in which most of the larger rocks are about 6 |
in diameter or a little smaller. The preferred spawning area is the lower er
pool where the water is beginning to pick up speed, just above a riffle;
themselves and long glides are also used.
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At spawning time a female selects a spot and digs a nest. To do this sl
on her side on the bottom and with a swimming or pumping motion move
gravel downstream, and leaves a pit in which she deposits some eggs wt
immediately fertilized by a waiting male. The female then moves upstre
short distance and resumes her digging, thus covering her previously dej
eggs and extending the nest farther upstream. More eggs are deposited
process repeated until she is spawned out. After spawningdalli Pacific
salmon die, whether they are male or female. A few may last a week, o
two, but none lives to spawn again. The only kings which survive spawnir
a few precocious males which ripen and spawn at a length of a few i
before they have gone to sea.

King salmon in California are all stream spawners, but lake spawnin
been reported farther north. The fish are reported to select a gravel bottc
dig a nest as they do in the streams.

E%gs hatch in 50 to 60 days at California temperatures, and in the next
weeks the young wriggle uP through the gravel to the water above. When
hatched, the young have a large pinkish yolk sac Whlchdqwes them a tadpc
shape. They live off this yolk until it is absorbed an
minute forms of life in the stream.

then start feedir

In California most ﬁ/oung king salmon migrate to tloean in their first few
months of life, A small percentage wait in the stream till they are over a ye
before migrating. Such fish are often taken by trout fishermen, many of \
aSSLi_me the fish are trout. North of California’somewhat more kings migr
yearlings.

In the ocean, many king salmon apparently stay relatively close to the |
of the river in which they were spawned, but many others migrate
distances. Salmon from the Sacramento River move down Cali®wcoast in
quantity to Monterey Bay and smaller numbeii tnavel another hundred mile
south. Good numbers move as far north as the northern part of the S
Washington, with relatively smaller numbers going clear to Vancouver Is
Canada. Of the salmon taken in the vicinity of the Golden Gate, over 90
fish from the Sacramento-San Joaquin River system. Farther nort
percentage drops off, but even in the northern part of California more tha
of the kings taken in the commercial catch are Sacramento fish.

When a salmon approaches maturity, it returns to the stream from wt
migrated to the ocean. Relatively few salmon will ascend any other river s\
“Straying” into the wrong trlbutarr is somewhat more common, and it has
demonstrated in the Central Valley of California that salmon which are b
Iﬂr one tributary will ascend another if their home stream is not accessi

em.

In exceptionally wet years some kings will leave their regular spaw
stream and enter small tributaries which are not ordinarily large enou
af:commodate them. This habit leads to the appearance of kings in some
places.
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Most king salmon migrate into fresh water in the fall; the exact time v
from river to river. Fall-run salmon normally enter a stream late enough so
suitable supply of cool water is available for spawning. Spawning is us
between October and January.

Some king salmon enter rivers in the spring. These spring-run fish
upstream until they find a cool area, where they remain throughout the st
to spawn in the fall. Time of the spring run corresponds with the snow me
spring runoff, which provide fish an amplapply of cold water in which tc
reach the upper parts of a stream. In streams which are too warm for ¢
during the summer there is no spring run, but there may be a good fall run
which enter after the water has cooled.

In the past, spring-run salmon were able to go far enough up their spa
streams to be assured of cool water during the summer. Dam constructi
blocked many such streams and confined the spring-run salmon to the low
warmer areas. If the summer flows are greatly reduced the water is apt
temperatures lethal to salmon. California has lost most of its runs of sprir
salmon through such chains of events.

In the Sacramento river system, in addition to fall- and spring-run fish,
are late-fall and winter runs of king salmon. Late-fall-run fish begin arrivin
the upper river, near Red Bluff, during November and spawn from Ja
through early April. Winter-run fish begin arriving in the upper river in Jan
and spawn from the middle of April through early July.

Before the construction of Shasta Dam the winter run was very sma
spawnin a#pears to have been confined to the McCloud River. The de
these fish off from their ancestral home, but provided a large flow of cool
through the summer. Somehow a few winter-run salmon survived the per
dam construction and their descendants adapted to the downstream area.
Paﬁ_ increased from a few hundred fish to about 60,000 and provides ex
ishing.

IMPORTANCE AND INTERESTING FACTS

The king salmon is California most important salmon to both the sportsr
and the commercial fisherman, but on the entire Pacific Coast of North An
it raﬂks last in commercial salmon landings and is probably second in
catches.

Before 1963 the salmon catch of California was usually over 90% k
Silver salmon are now taken in much larger numbers than formerly but
still dominate the fishery.

All commercial salmon fishing in California is by trolling. A typical salm
boat is 30 to 45 ft long and fishes with six stainless steel lines, each we
with up to 50 Ib of lead and carrying four or more hooks. Spoons, plugs, c
are used. Power gurdies arc used to pull the lines. Much smaller boats are
commercially by men who are salmon fishing to help finance a vacation.

Formerly there was gill net fishing for salmon in several rivers. The las

fishery (in the Sacramento-San Joaquin River system) was closed
Legislature in 1957.
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Sport fishing in the ocean is also bylling. Sinkers of 1 to 3 Ib or diving
devices arc used to keep the bait or lure at the proper depth. A rel
mechanism drops the sinker when a heavy fish hits.

Both private boats and party boats are used for salmon fishing. The lal

art of the salmon Bartyboat leet fishes out of San Francisco Bay ports.

oats are operated by men who know their business and show their passe
how to catch salmon.

In the rivers when salmon are bitinﬁ well they are pursued by hordes

anglers fishing from shore and boat. The latter are usually more successf

the mouth of the Smith River the boats line up and anchor side by side in |

that extend almost across the river. Lures are kept in motion by the outg

tide. Heavy tackle is a must but even when it is used a fish is apt to ta

soevetr)al lines. The best fishing is for king salmon and is in late September
ctober.

Anchoring at the mouth of the Klamath used to be exceedingly popular
has been prohibited. Formerly an occasional boat was swept into the surf a
occupants drowned. The Coast Guard struggled with the problem for years
finally decided the best solution was a ban on all anchoring at the mouth
present many anglers fish there by keeping the boat motor running just
enough to hold a fixed position in the channel; many others troll in a m
normal manner farther upstream. The best fishing is for king salmon and
August and September.

In the Sacramento River system most salmon are taken above Sacramen
there are very few caught below the Delta. Fishing is best from October thrc
March. There are numerous boat rentals in the upstream areas.

The 475-foot-long Glenn-Colusa Fish Screen at the entrance to the
largest irrigation “canal leading from the Sacramento River. Huge
numbers of juvenile chinook salmon pass by here during the irrigation
season. Photo by C.S. Kabel.
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CHUM SALMON
Oncorhynchus keta (Walbaum, 1792)

FaWMIMN LT

OTHER NAMES )

The official common name, chum salmon, is well accepted but the spec
also known as “dog salmon”. Two possible reasons for this name have
suggested. In some northern areas its chief use is as food for sled dogs. M
spawning time develop large “dog-like” teeth (but so do males of some c
other species).

RELATIONSHIPS ) o
Belongs to the familgaimonidae, which includes trouts, chars, and the otf
species of Pacific salmon.

DESCRIPTION ) ) _

Anal rays 13—17. Scales in the first row above the lateral line 130—
(This will not separate it from any salmon except the pinkl)r&kers on first
arch 18—26, short, smooth, and widely spaced. Pyloric 34 86.

Color. Sea-run fish are metallic blue on the back, with fine black speckling;
no bIack_sEQts. Pectoral, anal, and caudal fins may be dusky at tip, especi
males. Fish in spawning condition are blackish on the back, and their side:
irregular vertical blotchy bars of reddish or blackish with paler dull gree
spaﬁes between. Males have more contrasting colors and develop large
teeth.

Size. Chums up to 33 Ib have been taken, but 10—15 Ib is typical.
Juveniles. Chum juveniles are quite slender. They migrate to sea at an
age, so large ones are not encountered in fresh water. Parr marks are

confined to the area above the lateral line and some tend to have rather inc
edges. Back dark mottled green, sides with a greenish sheen.
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DISTINGUISHING CHARACTERISTICS

This species and the sockeye are the only two salmon which have no
spots other than fine specklings. The chum has 18—26 short, smoot
rakers while the sockeye has 28—40 long, slender, rough ones. At sps
time the blotchy vertical bars on the sides are characteristic. Flngerlln%c
can be identified by their mottled green backs, a greenish sheen on the
and parr marks almost entirely above the lateral line.

DISTRIBUTION

_At sea, chum salmon have been taken from southern California (lowe
Diego Bay near Chula Vista) to northwestern Alaska, and south on the A
side to Kamchatka. They are rare off California and abundant off Canada
Alaska, In California they have been report
CHUM SALMON)  from as far south as the San Lorenzo River S:

NLAND HABITAT Cruz County) but the only known regul:
SEA KON Fisw spawning run is a very small one in tl
Sacramento River.

HABITS

All chum salmon are anadromous. There are
known landlocked populations anywhere. M
chum salmon spawn close to the ocean and s
even sgawn at the mouths of streams in gre
beds which are covered by fresh water at low 1
and by salt water at high tide. The eggs
submerged in salt water for a part of the ti
cycle. Egg survival is good. By way of contra
) there are streams in which the chums migrate |
distances from the ocean. Some chums in the Sacramento River go mo
200 miles upstream and some in the Yukon River go 2,000.

Most chum salmon start their seaward migration soon after emergin
the gravel. All have left by late spring or early summer. Chums trave
distances at sea and their food consists largely of free-swimmingazans.
They usually mature in three or four years; some take five.

IMPORTANCE _ _ _

In North America, the chum is usually the third most important spe
commercially; it ranks behind the pink and the sockeye. It is usually take
purse seines or gill nets. It seldom takes a hook and is of little interest
angler or the commercial troller. In California, the?/ are so seldom seen tha
are of no importance to sportsmen or commercial fishermen. When taken
chums can be good quality fish, but they deteriorate rapidly as spawning
approaches.
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SOCKEYE SALMON
Oncorhynchus nerka (Walbaum, 1792)

o e e LT

—
L3

OTHER NAMES

Throughout the Pacific Coast, sockeye salmon is the official common name
anadromous form of this fish, hut “red salmon” and “blueback salmon” are
used. The landlocked subspecies, n@rka kennerlyi,is nearIP]/ always calle
“kokanee” in California but has additional names in ‘more northern waters.

RELATIONSHIPS ] o
Belongs to the familysalmonidae, which includes trouts, chars, and the ot
species of Pacific salmon.

DESCRIPTION

Anal rags 13—18. Spawning males have the teeth well enlarged and jaws s
hooked. Scales in first row above lateral line 125—145. Gill rakers on first arc
40. Pyloric caecae 60415 (fewer than in any salmon except the silver).

Color. Sea-run fish are a metallic blue-green on the back, and silvery on sid

belly. There are fine black specklings on the back, but no black spots on |

fish; partly grown individuals may have some. Spawning males have a gree

glnd ﬁ grlggt red body. Spawning females are similar but the body is a
otched red.

Size:  to about 15 Ib but usually 5 to 8 Ib.
Juveniles. Parr marks are uniformly spaced, relatively small, and largely or en
above the lateral line. Sides silvery, back olive to grassy green, not mottled.

salmon juveniles are similar but are mottled on the back, and show a green sl
the sides.)
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DISTINGUISHING CHARACTERISTICS

Any salmon with 28 or more gill rakers on first arch is this species (Coun
small rakers at each end of the arch). Juveniles with parr marks sce
extending below the lateral linend with no mottling on the back are thi:
species.

DISTRIBUTION o

Sockeye salmon are found at sea from southern California (Los Ang
Long Beach H arbor) to the northern part of the Bering Sea and south t
Kamchatka Peninsula on the Asiatic side. In North American streams they
been reported from the Sacramento River nortr
the Yukon, but are abundant only from tt
Columbia River to the southern part of the Beri

SRCKEE Sea (Bristol Bay). They are tare in California. Tt
INLAND WABITAT only known anadromous “run” in_the State is
SEA AN FiSH minute one in the Sacramento River. Jordan &

Evermann (1896—1900) mention the Klama
River as the southernmost stream used b
species, but since 1917 there has been on
sockeye recorded from the Klamath. Most socke
ascend streams from which it is possible for the
to enter lakes. Before the construction of Cop
Dam in 1917, salmon couleach Klamath Lake
(Oregon) via the Klamath River, and the rive
system may have supported a sockeye run.

HABITS
_ More than any other salmon the sockeyes have retained their ancestral
like abllltg to survive and reproduce without ever entering salt water, They
the only Pacific salmon with a large number of landlocked populations.

Although landlocked sockeye are far more numerous and widespread the
other landlocked Pacific salmon, they are far outnumbered by the sea-ru
individuals of their species.

Landlocked sockeye are of two types: the kokanee, which is regardec
distinct subspecies, and the so-called residual sockeyes, at least some of
have anadromous parents, but remain in fresh water while their siblings mi
to sea.

When they leave the ocean on their spawning migration most mature soc
move upstream until they are close to a lake. Some swim through the lak
spawn in a tributarystream above it, some spawn in the lake on gravel bott
near shore, and some spawn in streams a short distance downstream from
Relatively few spawn in streams such as the Sacramento River, where no
are available to them. A few of the young migrate to sea soon after eme
from the gravel, but the majority spend one to three years in a lake b
starting on their seaward mi%]ratlon. Those which hatch upstream from a
drop downstream into it, those which hatch in the lake remain th
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and those which hatch below the lake work their way upstream and into it.

When in the lake young sockeyes are plankton feeders; they subsist mai
small free-swimming crustaceans, In British Columbia most of the yc
migrate to sea as yearllngs averaging about 3% inches long. Farther nortt
is a higher proportion of 2- and 3-year-old migrants.

In the ocean, sockeye feed primarily on plankton (again free-swimr
crustaceans are the most important items )but some squid, small fish, anc
items are taken.

IMPORTANCE

In North America, sockeye are the second most abundant species. Th
canned in huge gquantities and make a very valuable pack because of th
red flesh. Most of the commercial catch is made with gill nets and purse s
Commercial trollers and sportsmen take few. Because of their plankton fe
habits sockeye do not take a hook readily. In California, sea-run sockeye
rare that they are of no importance whatever to either commercial fisherm
sportsmen, but kokanee do support sport fisheries in a good number of
and reservoirs.

Dipnettin eulachon on
Redwood Creek, Humboldt
County. Many fishermen
use larger dipnets. Photo
by Don A. LaFaunce.
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THE SMELT FAMILY

Osmeridae

The smelts form a family of relatively small fishes which are related t
salmonids, and resemble them in enough ways so that at one time the
placed in the same family. Some of the most obvious resemblances are tf

roups have thin cycloid scales, an adipose fin, and no spines in th

me tsl, f(_Jln‘fer from salmonids in having no fleshy appendage at the base
ventral fin.

Smelts tend to gather in Iarge schools, are relatively easily caught by
fishes and human beings, and are excellent food fishes. Spawning is_us
relatively shallow water over fine gravel or coarse sand. The eggs sink
bottom "and adhere to pebbles or sand grains. Ten species are rec
(McAllister, 1963). They are found in arctic and subarctic waters o
Northern Hemisphere in lakes and streams, and in marine waters
continental shelf (waters less than 600 feet deep). The southernmostedaci
southern California. Some are marine, some anadromous, and some fre:
Of the 10 known species, 6 have been found in California, and of these ¢
marine and 3 anadromous. One species is represented by 2 subspeci
American and the other Japanese. The Japanese subspecies has been i
into several inland waters in California, wheris now landlocked.

Four members of the silverside fam{itherinidae) occur in California an
two are commonly called “smelt”, although they are not closely related
true smelts. These are the jacksmditherinopsis californiensisand the
topsmelt,Atherinops affinisBoth are native and marine. The other 2 mem
of the family are the California gruniobguresthes tenuigative and marine
and the Mississippi silversideéylenidia audensjntroduced and freshwate
Some obvious differences: silversides have much smaller mouths, they I
adipose fin possessed by all true smelts, but they have 2 short dorsal f
first of weak spines, the second of rays. True smelt lack the spines.

X Cycloid scales have concentric ridges (circuli) but do not have a cluster of small poir
(“teeth”) near their posterior edge.

Characters
being | Alternate L.
described | choice Description
1 (8) Mouth moderately large. Maxillary reaches to or
beyond rear edie of pu-
pil of eye (with mouth
closed).
2 3) Strong concentric striae
(fine lines) on opercle
and suboperc]lf. l?i ; lf.iak;
ers on upper half of firs Eulachon
arch 4-6. Eulachon, Large mouth, strong
Thaleichthys pacificus. Page 89.strige on opercle ond

subopercie. 85



Characters

being | Alternate
described | choice Description

3 (2) Striae on opercle and subopercle few or none, weak.
More than 6 gill rakers on upper half of first arch.

4 (5) Vomer with an enlarged canine tooth on midline,
Pyloric caeca 0-1. Pectoral fin short, extending half
to 24 of the distance to the ventral fin base. White-
bait smelt, Allosmerus elongatus, a marine species,
not described in this paper.

5 4) Vomer without enlarged canine tooth. Pyloric caeca
4-8. Pectoral fin reaches more than 24 of distance
to anal fin base.

6 7 Pectoral fin long, measures 84 to 1289, of the distance
to ventral fin base.

Longest rays of anal
fin 45 to 709 of the : @
distance to ventral fin h)))
base. Longfin smelt,
gpirirgtus thaleichthys.

age 87. :

7 (6) Pectoral fin intermediate LLongfmmS ":e.”
in length, reaches 72- g o e
84%, of the distance to :
ventral fin base. Longest rays of anal fin 32-409, of
head length. Night smelt, Spirinchus starksi, a
marine species, not described in this paper.

8 (1) Moutl;lsmall. Maxillary does not reach past center of
pupil.

(10) Scales large, 41-48 along midline of side. Longest anal
rays 20-39% of head length. Surf smelt, Hypo-
mesus preliosus, a marine species not described in
this paper.

10 (9) Scales smaller. 53-60 along
midline. Longest anal -
rays 44-50%, of head @
length. Delta smelt, Hy- )

pomesus _transpacificus

transpacificus, or pond

smelt, H. t. nipponensis. Delta Smelt
Page 91. Small mouth, no striae.
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LONGFIN SMELT

. (Sacramento smelt)
Spirinchus thaleichthys — (Ayres, 1860)

OTHER NAMES ) )

At one time this species was known as the Sacramento smelt in the Sac
San Joaquin River system and as the longfln smelt in other areas. The Sac
form was considered to be a different species. Wheas concluded that on
one species was involved, the name “Sacramento smelt” was dropped.

RELATIONSHIPS ] o )

Belongs to the smelt family)smeridae. Its closest relative is the night sm
Spirinchus starksia marine species which spawns in the surf at night off <
beaches from central California northward.

DESCRIPTION
See also undeMELT FAMILY (page 85).

Mouth large, maxillary reaches to rear edg@ubil or bePlond. Maxillary an
lower profile of head curve upward, giving the fish a blunt snout. Teeth
none enlarged. Striae onl®percle 0—3, not concentric. Sometimes has \
concentric striae on opercle. Gill rakers on uEper half of first arch 10-13. P«
fins measure 84—128% of the distance to the base of the ventral fins. A
measure 45—70% of head length. Rays of dorsal and anal fins, and first
pectoral and ventral fins, are larger and stiffer in males. Scales along mi
side 54—63. Lateral line incomplete; only the first 14—21 lateral line scale:
pores.4Th|g may be hard to determine If the fish has lost many scales.

caeca 4—-6.

Color. Back light greenish brown with black speckling. Sides and belly silve
Length: to 6 or 7 inches.
DISTINGUISHING CHARACTERISTICS _ _

Any California smelt with the pectoral fins reaching more than 84% of the

to the base of the ventral fins is this species. (Usually the pectorals reach
base of the ventrals.) The mouth is large and the lower profile curves upwa
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DISTRIBUTION _ _ .
At sea from San Francisco north to Prince William Sound, Alask
California it has been reported in the San Francisco Bay complex ar

|
Sacramento-San Joaquin Delta, in the lower Eel River, Humboﬁjt Bay

Smith River.

HABITS ]
LONGFIN The longfin smelt appears to be rather we:s
SMELT anadromous. In the Sacramento-San Joa

INLAND HABITAT

River system it migrates from the San Franci
SEA RUN FISH

Bay complex into the Delta during the win
and spawns in midwinter and early spring
does not appear to move upstream above
Delta. Young longfin smelt averaging less t
1 inch nay be found in the western Delta
January and February. Generallg, theg o]
downstream as far is Carquinez Strait by n
May. By the following March, this same gro
is sexually mature and averages about 4 in
in length.”At that time, no older group appe
to be present. Hence, these fish apparentl
not survive to spawn a second time.

IMPORTANCE AND INTERESTING FACTS ] )
Occasionally marketed as “whitebait”, but most of the whitebait catch

related species. Of some importance as a forage species for larger ?am

Some sportsmen fishing in the Eel River estuary found these fish cou

in numbers by fly fishing with a minute trout fly.

d be

Eulachon on a spawning migration in Redwood Creek. Photo by Don A. LaFaunce.
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EULACHON
Thaleichthys pacificus ~ (Richardson, 1836)

OTHER NAMES

_Eulachon is now official wherever the species occurs. The name is of |
otlc?ln and various other spellings have been used. “Candlefish” has also re
wide use (see unddMPORTANCE AND INTERESTING FACTS” below).

RELATIONSHIPS ) )
Belongs to the smelt familyDsmeridae, along with the delta smelt, th
longfin smelt, and three marine ‘smelts found in California.

DESCRIPTION
See also undeésMELT FAMILY" (page 85).

Mouth moderately Ia(?e; maxillary extends beyond rear edge of r
Maxillary and lower "profile straight (not curved upwards). Teeth small
Pomted; vomer with two moderate canines. Spawners, especially males, t
ose their teeth. Strong striae in a concentric pattern on both opercls
subopercle. Gill rakers on upper half of first arch 4—6. Pectoral fin extends
% of distance to ventral fin base. Scales along_lateral line 70-78. Laters
complete; i.e., all lateral line scales have a pore. This may be hard to deter
the fish has lost many scales. Pyloric caecae 8—11.

Color: back blue gray with some fine black speckling; sides and belly silven
Size: to 12 inches, but anything over 8 inches in length is large.
DISTINGUISHING CHARACTERISTICS o _
Can be distinguished by the strong striae in concentric patterns on bc

opercle and subopercle, or by the low number of gill rakers on the upper |
the first arch (4—®6), or by the complete lateral line (all scales with pores).
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DISTRIBUTION o _

Has been found at sea from off Bodega Bay, California, to the Bering S¢
fresh water from the Gualala River: California, northward. The Klamath Rivel
Californias largest run.

EULACHON HABITS
INLAND HABITAT This species is stronglly anadromous in tha
SEA RUN FisH goes from the ocean at least fapegh upstream

In fresh water to find clean bottoms of coar
sand. In the Columbia River system there is he
spawning in the tributaries, much of it is mo
than 50 miles from the ocean. In the Klame
River, eulachon are known to go 25 mil
upstream and may go farther. In California t
_slpawnlng runs are mostly in March and Apr

he eg%s are laid in flowing water over coar
sand. They have a double outer membrane,
outer layer of which ruOPtures and becomes pa
detached. The torn edges of the outer layer
very adhesive, and stick to grains of sand
whatever else they may contact, thus anchoring the egg. The newly hatched
are about % -inch'long and are feeble swimmers. Apparently they are soon ¢
to sea by currents. In British Columbia most eulachon return to spawn whe
years old; a few are three. Most die after spawning and few, if any, live to sp
second time. The average female produces about 25,000 eggs. At sea, t
evidence available shows that eulachon feed on euphasiids; these are sma
swimming, shrimp-like crustaceans. Presumably, other forms of animal pla
are taken at times.

IMPORTANCE AND INTERESTING FACTS

Eulachon are considered by man_Y people to be one of the best eating of
The flesh is exceedingly rich and oily and of excellent flavor. This species
importance to Indians and local residents from the Klamath River north Al:
and is used both as human and animal food. Indians fishing some of the
northern rivers dry many thousands of these fish on racks. Commercial fisl
for the species are of little importance. In California, eulachon support rela
minor sport fisheries near river mouths, the Klamath fishery being the larges
nets are used.

_ As a forage fish, the eulachon is important to numerous larger animals.
lions take large numbers of them when they congregate off river mouths
sturgeon in the river consume the spawned-out carcasses.

_ No discussion of this %pec_ies can be complete without mentioning that
time these fish were dried, wicks were inserted, and they were burned as c:
Quite logically, they were called “candlefish”. Needless to say, technolo
improvements in methods of illumination have rendered this practice obsol
most areas.
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DELTA SMELT

Hypomesus transpacificus transpacificus McAllister, 1963

OTHER NAMES

There are two subspeciestdypomesus transpacificuthe anadromouselta
smelt, H. t. transpacificus which is found only in a small part of centr
California, and thevakasagi , H. t. nipPonensi,SNhlch we (and some other?i) a
calling thepond smelt; it is native only to Japan but has been introduced in
few freshwater areas in California. (A Russian author, V. A. Kljukanov, refe
these two forms as full specié$: transpacificusandH. nipponensis.)

RELATIONSHIPS ) S o

Belondqs to the smelt familypsmeridae. Its closest relatives in California ar
the pond smelt (introduced—see above) and the surf dfyglgmesus pretiosus
which spawns in the surf of sandy beaches from Monterey Bay north.

DESCRIPTION
See also UNdSMELT FAMILY (page85).

Mouth_small; maxillary does not extend behind middle of pupil with mc
closed. Teeth small, pointed; none enlarged. No striae on opercle or subo
Gill takers on ugper half of first arch 9—1I0. Pectoral fin extends half to 70
the distance to the ventral fin base. Longest anal fin rays 43—50% of head |
Scales along middle of side 53—60. Lateral line incomplete; only the first 4
scales have pores. This may be hard to determine if the fish has lost many
Pyloric caecae 4—7.

Color: silvery.
Length: under 5 inches.

Separating the delta smelt from the pond smelt. In California the native anc
introduced forms can be separated easily and reliably on the basis of habit
DISTRIBUTION). McAllister demonstrates that anatomically they can usually
separated by fin ray counts (see below):
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Dorsal Pectoral Anal

rays rays rays
Delta smelt (H. &. transpacificus) ... ____ 9-10 10-12 15-17
Pond smelt (H. . nipponensis) ... ... 7-9 12-14 13-15

DISTINGUISHING CHARACTERISTICS , , o
~ The small mouth (maxillary not reaching lbeg middle of gupll will
identify the genusHypomesusThe relatively small scales (5 3—60 alor
midline of side) and the longer anal rays (longest 43—50% of head length
separate it fronH. pretiosus.

DISTRIBUTION o ]

The species has a very unusual distribution. The American form (delta <
H. t. transpacificushas been found only from Sa
Francisco BaB ulpstream through the ‘Sacramel

e

San Joaquin Delta to Stockton on the San Joac
DELTA SMELT |  River and to within 10 miles of Sacramento on t

oF Sacramento_River. It has not been recorded fr
ANADROMOUS FORM South San Francisco Bay. The Japanese form
pond smelt,H. t. nipponénsisis native only in
Japan but has been introduced in Freshw;
Lagoon, Humboldt County; Dwinnell Reservoi
Siskiyou County; Spauldlnlg Reservoir, Neva
County; Jenkinson Lake, EI'Dorado County; a
some other inland waters. In JaJJan the pond St
occurs as a freshwater form and as an anadron
form. It was the freshwater form which we
introduced in California.

HABITS

The California form (delta smelt) appears to
) ) rather weakly anadromous in that most of
migrations are between brackish and fresh water, but because these mig
do involve enterlnlg fresh water at spawning time it is being listed her
anadromous. McAllister lists it as euryhaline.

. The delta smelt appears. to move out of the San Francisco Bay comiglle
into the Delta during the winter, with a few moving up the Sacramento Riv
least as far as Freeport. Spawning seems to be in late winter and spring.

Length measurements made throughout the year first show the young ir
at a length of a little over 1% inches. By the time they are ready to sp
9—12 months later, they average a little over 3 inches. During the summe
age class disappears and does not reappear. This suggests that few, if ar
smelt live to spawn a second time.

Youn% Delta smelt averaging less than 1 inch begin appearing at the wi
edge of the Delta in late March or early April. They remain as late as July \
large concentrations of 1%—2-inch” smelt often are found in the "Ic
Sacramento River near Decker Island.

IMPORTANCE _ ) _
Of some importance as a forage fish, but is seldom of direct use to man.
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STICKLEBACK FAMILY (GASTEROSTEIDAE)
NORTHERN THREESPINE STICKLEBACK

Gasterosteus aculeatus aculeatus Linnaeus, 1758

Threespine sticklebacks, Gasterosteus aculeatus.

TOP: Northern threespine stickleback, G. a. aculeatus It is fully armored and often
anadromous.

CENTER: West Coast threespine stickleback, G. a. microcephalus. It is partially
armored and is not anadromous. It is widespread in California.

BOTTOM: Unarmored stickleback, G. a. w illiamsoni. Not anadromous. Found in
southern California streams. It has been classed as rare and endangered.

Drawings by Martha B. Lackey, Museum artist, University of Michigan. First published

in Copeia (1969) in an article by Robert R. M ller and Carl L Hubbs. (see
REFERENCES).
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RELATIONSHIPS

Belongs to the stickleback familasterosteidae. There are 7 genera ai
about 1 sgeues of sticklebacks.” One species and 3 subspeciesratent
California. Only one of the subspecies is anadromous. The nearest relat
sticklebacks include tubesnouts, pipefishes, and seahorses.

DESCRIPTION

A small fish with somewhat flattened sides, a pointed snout, and a ver
caudal peduncle. Three strong serrated spines are forward of the soft do
The first two are always isolated, the third sometimes is. The ventral fins
have a stron]q serrated spine. All of these spines are erectile and cap
being weakly locked in place.

Color: variable. In fresh water sticklebacks are usually mottled brown al
grading to silvery on the lower sides and belly, the young are more silve
salt water they are silver gfreen to bluish black. At spawning time the |
have a scarlet throat and belly, the females a pinkish throat and belly.

Sticklebacks occur in three forms, referred to as “fully armored”, “part
armored”, and “unarmored”. The “armor” consists of bony plates on the :
These forms appear to be genetically distinct, although some hybrids do
They have been classed as subspecies.

The northern threespine sticklebagk, a. aculeatuss fully armored. It has
28—35 bpn%_ﬁlates osach side, from just behind the head to the forward
of the tail. Those on the caudal peduncle form a lateral keel. Anadrc
sticklebacks are of this subspecies, but not all individuals of the subspec
anadromous.

The partially armored and unarmored subspecies found in Californi
freshwater forms. They are known as the West Coast threespine stickigb:
a. microcephalusGirard, and the unarmored sticklebag¢k, a. williamsoni
Girard. The west coast form may have 5 to 25 plates and has no keel or
a”very weak one. The unarmored form may have 2 or 3 anterior plates or
all.

Size: length to about 4 inches, but a 3-inch stickleback is a big one.

DISTINGUISHING CHARACTERISTICS

This species can be distinguished by its three strong, serrated dorsal
the first two of which are always isolated; and by the strong single spine o
ventral fin. The anadromous subspecies is the only one which is “fully arm
and has its posterior plates ridged and forming a lateral keel.

DISTRIBUTION ) ] o )
The threespine stickleback is well distributed over the northern hemis
from Mexico and North Africa northward. The armored form— the nortl
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threespine sticklebaclG. a. aculeatusis found

NORTHERN at sea from Monterey Bay north to the Bering
THREESPINE and is also found in Lake Ontario, in parts
STICKLEBACK Europe, and in Japan. Individuals in fresh w
| INLAND HABITAT close to the ocean are usually anadromous

1 SEA RUN FiSH those found well inland are landlocked.

California it occurs in coastal streams from
San Lorenzo River, Santa Cruz Cou
northward, and there appear to be small, iso

oPuIatlons in the Sacramento and San Joe
Valleys. Along the coast it is_usually anadrom
in the valley it apparently is not. The partic
armored form is widespread in California, botl
coastal and in inland streams. The unarm
form is found in southern California and is lis
as a rare and endangered subspecies.

HABITS

Schools of anadromous sticklebacks are common in shallow bays, parti
where there is eel grass. They have also been found in the ogemia larg
numbers. They enter streams and spawn, usually within a few miles
ocean. Spawning in California is in the late spring and early summer. Gr:
weedy areas are normally chosen. The male builds a nest, usually of fr
of vegetation, which he fastens together with secretion from one of his ki
He forms a tunnel-like opening through the nest. When construct
completed he induces one or more females to lay eggs in the nest, the
each one away and guards the eggs until they hatch. For a short perioc
pick up any young that fall or swim out and spit them back into the nest.
soon they are on their own. Aﬁpa{ently most, if not all, adults die withi
next two or three months. The life Span of the anadromous form |
Netherlands was determined to be about 16 months.

Anadromous (fully armored) and freshwater (Partlally armored) stickle-|
are known to breed in some of the same small coastal streams with ve
hybridization. In a carefully studied stream the anadromous form nearly :
stayed close to salt water, and the freshwater form normally staye
upstream. Few sticklebacks of either kind used the intermediate areavas
only there that crossing occurred. An additional mechanism that helped k
two groups from mixing was a distinct difference in the type of nestin
chosen by each (HagetR67).

IMPORTANCE AND INTERESTING FACTS

The stickleback is of no direct importance to the sportsman or comn
fisherman. It is probably of minor value as a forage fish (larger fish do ea
in quantity in spite of their needle-like spines). In California it is probabl
abundant enough to be an important competitor
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with the young of other fishes. Even in Alaska where it occurs in far I
numbers, the evidence on this point is not at all clear cut. In parts of Alask
used to a minor extent for dog food and even human food. In par
northwestern Europe it has been used, to some extent, for human food
preparation of fish meal.

Sticklebacks have been used for mosquito control but appear to b
satisfactory for this than the mosquitofi€ambusia.

Some interesting information on stickleback behavior was the by-produc
salmon and steelhead study in Waddell Creek, Santa Cruz County. This .
is within the range of the fully armored anadromous sticklebacks bu
partially armored freshwater form could also be expected there.

In 1933, a small dam was built across the creek abiduiniles above the
mouth. All fish using the fishway were counted until 1942. Sticklebacks c
not climb the fishway so no anadromous individuals could reach the w
above the dam. Neévertheless each year numbers of sticklebacks |
downstream past the dam. It is interesting to conjecture whether they wer
definite seaward migration in spite of the Tact that their parents had nevel
to sea or if they were merely moving downstream, possibly to es
overcrowded conditions above the dam. Unfortunately the fish were
examined to determine whether they were fully or partially armored
Shapovalov personal communication).
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THE TEMPER TE BASS FAMILY
Percichthyidae

There are only 6 North American species in this family. They occur in fre
salt water in temperate climates. Three species are in California. One is the
ﬁlant sea basStereolepis gigawhich is strictly marine and will not be discuss

ere. The other two are introduced and both belong to the démmasme. They
can be separated as follows:

Body relatively slim, not noticeably compressed, depth less'thaf length
to base of tail fin; second anal spine atﬁqﬁghead lengthStriped bass , Morone
saxatilis:introduced, anadromous (page 98).

Body deeper, compressed; depth exceldof length to base of tail fi
second anal spine abodts head length.white bass, Morone chrysops
introduced, freshwater, not included in text.

Returning a tagged striped bass to the water. Photo by John E. Riggs
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STRIPED BASS

Morone saxat ilis (Walbaum, 1792)
(Introduced)

OTHER NAMES o -
Striper, rockfish. Some authors use the scientific nRmecus saxatilior
striped bass.

RELATIONSHIPS ) ) ] ]
The striped bass is a member of the temperate bass family (Percichthyid
closest relatives in California are the introduced white bdssone chrysops
(freshwater), and the native giant sea b&sseolepis gigaénarine).

DESCRIPTION

The striped bass has seven or eight conspicuous horizontal blackish stripe:
back and sides; the lateral line is in one of them. The eye is small, ledé thar
length of the head. The pectoral fins are relatively short, not reaching past t
of the ventrals. (In southern California the much smaller salema is some
mistaken for a young striped bass; it has oran(};e-brown stripes, a much lar
(roughly'/s head Iength%, and a longer pectoral fin.) The ventral fins (of the st
bass§ are inserted a little forward of the dorsal, and have 1 spine and 5 rays
are
rays.

dorsal fins, the first with 9 spines, the second with 1 or 2 spines and |

Size: Fish of 5 to 10 Ib are typical. The California rod and reel record is 65 It
one of 83 Ib was netted in the Sacramento River in June 1949. The world
fish was 125 |b and was taken in North Carolina in 1891.

DISTINGUISHING CHARACTERISTICS

In the salt waters of central California or in the lowland parts of the Sacran
San Joaquin River system any fish with 7 or 8 horizontal blackish stripes c
back is almost 100% sure to be this species. All
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doubt is removed if the eye is conspicuously shorter than the snout, and the
is relatively slender (fork length%/3 times the body deﬁ_th or more) and is n
_notlceablx compressed (flattened side to side). The white Massne chrysops,
is a freshwater relative of the striped bass which has been introduced
(California and may spread through the Central Valley. It differs in be
compressed, deeper bodied (fork length less than 3% times body depth
having the back conspicuously arched upward immediately behind the heal

DISTRIBUTION ) )

Striped bass are native to the Atlantic Coast from the Gulf of St. Lawrenc
the eastern part of the Gulf of Mexico. Since being introduced into the
Francisco Bay complex in the last century the
have spread and have been taken from Vancou
Island, Canada, to 25 miles south of the Mexic
STRIPED BASS | border. They have established populations in Cc

A Bay, and in some Oregon streams. In California t
%reat bulk of the striped bass population is in t
acramento-San Joaquin River system, includi
the San Francisco Bay complex, the nearby oce
the Sacramento-San Joaquin Delta, and the lar
tributary _rivers downstream from the impassab
dams. "Relatively small numbers are taken
Tomales Bay and the Russian River. Outside of t
areas just named, sea-run striped bass
uncommon in California. At times they have er
tered most of the larger estuaries from Monter
Bay northward. Presumably the habitats ha
proved unsatisfactory becaupep-ulations have
not built up.

In the lower Klamath River small numbers of stripers are present in the sp
Few sportsmen fish the area at that time of year and their total striper ca
near zero, but the &Iegal) Indian gill net fishery below the mouth of the Tril
River does take a few. At one time there was a fishery in the estuar¥ 0
Salinas River, but the fish have abandoned that area, ﬁresumlahysb of a
combination of reduced river flows, draining of some channels, pollution,
general habitat deterioration.

There are landlocked striped bass in Black Butte, Camp Far West, Mille
Modesto, San Antonio, Santa Margarita, and Success Reservoirs, Lake M
cino, and the Colorado River system. Stripers also are present in the fe
Central Valley Project, State Water Project, and the Contra Costa County c
and reservoirs using the Sacramento-San Joaquin Delta as a source.

Introduction of Striped Bass. Two small plants of striped bass from the Ez
Coast were made in California. The first release of 132 small fish was made
Martinez in 1879 and in 1882 an additional 300 were released in lower St
Bay. Within 10 years a commercial fishery had developed and did wellitun
was closed in 1935 in an effort to build up the sport fishery.
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HABITS

Striped bass appear to depend rather strongly on an anadromous ex
Although planted fish will often grow well in fresh water most attempt:
establish breeding landlocked populations have been failures. Landlocked
bass succeed in breeding only in situations where there are riversn €
and with sufficient flow to keep the eggs suspended until they hatch (abo
days). An outstanding success has been in Santeepe€ Reservoir in Sout
Carolina. Other successes have been in Millerton Lake near Fresno a
Colorado River system in California. San Luis Reservoir in western Me
County has a Iargpogulation of striped bass but there is no sati.sfactor?/ We
determine if any of the young fish there were actually spawned in the [ake
water for the reservoir Is pumped via canal from the San Joaquin Delta
every spawning season, large numbers of very small striped bass pass thrc
fish "screens and pumps and arrive at the reservoir. The stripers in
Mendocino and San Antonio Reservoir were planted there and provide fi
but have not shown any evidence of successful reproduction.

Reproduction. ~ Striped bass begin spawning in the spring when the v
temperature reaches 58 F. Most spawning occurs between 61 and 69 F,
spawning period usually extends from April to mid June. They spawn in
water where there is moderate to swift current. The section of the San J
River between the Antioch Bridge and the mouth of Middle River, together
the other channels in this area, is one very important spawning ground. Ano
the Sacramento River from Courtland to Colusa.

Female striped bass usually spawn for the first time when they are al
years old and 24 inches long. Many males mature when two years old an
about 11 inches long. Most males are mature at age three. A 5-Ib female
about 200,000 eggs in one season and a_12-Ib fish is capable of producin
about one million eggs. The eggs are quite small when in the fish—abou
inch in diameter—but after being spawned th%y absorb_water, triple
diameter, and become transparent and very hard to see. This is a gooc
measure. That which is not seen is less likely to be eaten. The eggs al
slightly heavier than water. With moderate current they are held suspendec
developing. Without any water movement they sink to the bottom and die
larval bass are hatched'in about two days, the length of time depending uy
temperature. Warmer water, causes faster development.

Survival of Young. The abundance of legal-sized striped bass in the Sacrar
San Joaquin Estuary appears to be largely determined by survival in th
months of life. Variation in survival of young bass (less than 1 % inches lol
affected by the magnitude of water diversion from the estuary and magnitt
river flows passing through the Delta. Diversions remove many young urir
first few months of life (May, June and July) and river flow probably aff
survival, at least in part by controlling the transport of young bass to su
nursery areas. It takes stripers three years to reach legal length (18 incl
good fishing depends upon precipitation and upon water management ¢
years earlier.

Growth. Striped bass are only about 1/6 inch long at hatching and average
? inches at a year, 10 inches at two years, 16 inches at three, and 20 ir
our.

A 20-year-old striper will be about 48 inches long and weigh about 40 Ib.
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Food. Striped bass feed on many forms of animal matter. Crustaceans al
make up the bulk of their diet. Small bass consume large quantitiE=afysis
a small opossum shrimp which is abundant throughout the Delta. As they
the bass start adding larger items to their diet. Anchovies, shiner perch, S
and herring are among the items taken in quantity. In the up-river are
young of their own kind and threadfin shad are often taken.

IMPORTANCE ) o
Striped bass support one of the most important sport fisheries in the State
San Francisco Bay region, the Delta, and the lower part of the Sacramentt
it is definitelythe most important.

Fishing methods. Because of strong currents and the need for heavy sink
rod for striped bass fishing should be heavier than a ty#olcal bait casting rc
aside from this restriction, almost any boat or surf rod will do. (_?
assortment of sinkers is needed. Most bass fishing is with bait. The use o
at least/2- inch from point to shank is advised. Small bass are apt to sw
smaller hooks and be killed in the unhooking process. Since bass un
inches total length may not be kept the use of small hooks can cause n
waste.

In the Delta and rivers, most bass fishing occurs from anchored boats and
variety of baits. Usually, pieces of sardine, anchovies, threadfin shad, |
worms, pile worms or ?host shrlmf) are used. The bait should be fished
bottom. At times, trolling with plugs and jigs can be productive. In
Francisco and San Pablo bays, this is a common method. Drift fishing wit
bait, particularly anchovies or shiner perch, is generally the best method
Francisco Bay. Staghorn sculpins (bullheads) and yellow fin g
(mgds_uckers) are preferred baits in San Pablo and Suisun bays during
and winter.

Many boat operators in the Bay and a few in the Delta make a business of
anglers striped bass fishing for a half day or day. A trip on one of these
boats is one of the best and quickest ways to learn the fundamentals of
bass fishing.

Fishing season. Fishing for this species is legal all year. In the winter the
are well scattered in both fresh and salt water but do not bite well until the
begins to warm up. By March the adult fish are moving into fresh water; fi
in the Delta and in thé Sacramento Rlverdgets much better. By mid-June r
the legal-sized bass have spawned and are on their way back to salt
During the summer, fishing is best in San Francisco Bay. Treasure Island
traz Island, and Raccoon Strait are often very good. A consistently good !
the area around the south tower of the Golden Gate Bridge. For up-t
bminllite information, visit or phone a bait shop. They are found in the p
00K.
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LIFE HISTORY SUMMARY TABLE

Anadromous Fishes Found in California

> a a
ElElElEE
g & El 5 z 2
= | BE|2|2|§]|¢s
£l s |25 |%5|¢&
gz |2 ¢ 2
slelsl18)2)4
NATIVE (N) OR INTRODUCED (I) IN CALIFORNIA N N N N I
IN CALIFORNIA ANADROMOUS INDIVIDUALS ARE:
Common (C) uncommon (U) rare (R) or absent (A) C U C U C R
ANADROMOUS ADULTS COMMONLY SPAWN IN
(a) Upstream arezs of large river systems. Yes | Yes | Yes | Yes | Yes | Yes
(b) Deltas or slower flowing parts of large rivers. No| No | No | No (| Yes | Neo
(c) Short coastal streams. Yes 4 4 No No | Yest
SPAWNING HABITS
Adults prepare nest or bury eggs in gravel. Yes | Yes No No No | Yes
Eggs sink, but are not buried. No No | Yes | Yes No No
Eggs adhesive, stick to sand, gravel, ete. Yes | Yes | Yes | Yes [ No | No
Eggs free-floating or sink very slowly. No | No| No | No | Yes No
Adults die from effects of spawning. All | Al No | No |Many| Few
YOUNG MIGRATE TO SALT OR BRACKISH WATER:
(a) Before or soon after egg yolk is absorbed. No No | Some ? No No
(b) Within a few months. No No | Some ? Yes | Few
(¢) After one or more years in fresh water. All | Al ? ? | Some | Most
OCEAN MIGRATIONS OFTEN EXCEED 500 MILES Yes ? Yes | Yes | Yes | No
SELF-MAINTAINING LANDLOCKED POPULATIONS
ARE KNOWN:
In California. Yes | No | No | No | Yes | Yes
Anywhere. Yes No No No | Yes | Yes

! Not known to be anadromous on the Pacific Coast.

2 Landlocked individuals are found far upstream in large river systems.

3 Usually north of California in stream systems with lakes which are used ag rearing areas by the young.

¢ Not in California.

s California’s native subspecies is anadromous. An introduced (Japanese) subspecies is Jandlocked.

s Eggs placed in a nest of plant fragments.
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GLOSSARY o

ADIPOSE FIN—small fleshy fin on the back between dorsal and tail fins.
AMMOCOETES—Dblind larval stage of lampreys. )
ANADROMOUS—up running, refers to fish which migrate from salt
brackish water to spawn in fresh water. ]
ANAL FIN—unpaired fin on the underside of a fish between anus and
ANNULUS—mark or zone formed once each year on the scales or othel

arts of fish or other animals. )

ARBEL—a slender spaghetti-like organ near the mouth. It is capabl
detecting odor or taste.
CANINE TEETH—Iarge pointed teeth. ] ) )
CATADROMOUS—down running, refers to fish which migrate from fre
water to spawn in brackish or salt water.
CAUDAL FIN—tail fin. ) o
CAUDAL PEDUNCLE—narrow part of the body just forward of the tail fin.
CIRCULI—concentric rings on fish scales.
COMPRESSED—flattened from side-to-side, deeper than broad.
CTENOID—scales with small sharp spines.
CYCLOID—scales without spines. )
DEPRESSED—flattened from top to bottom, wider than deep.
DORSAL FIN—un p aired fin (or fins) on the midline of the back. Exclude
adipose fin—if present. ) o _
ESTUARINE—refers to fish or other forms of life which live chiefly
estuaries. ] o )
EL{R)YHALINE—toIerant of a wide range of salinifgury = broadly,haline =
salty).
GIL{ ARCH—bony support to which gill filaments and gﬂll rakers are attacl
(r31ILL FILAMENTS—delicate red parts of the gills which absorb oxygen fr
the water.
GILL RAKERS—rod-like structures opposite the gill filaments. Rakers ser\
retain food which would otherwise be lost through the gi
HETEROCERCAL—refers to a tail fin in which the backbone ends in the u
(and usually longer) lobe. o )
HOMOCERCAL—refers to a tail fin with backbone ending at the base of
tail and usually with the two lobes of roughly equal length. ]
(EEL—Ilengthwise ridge, usually on the side of the caudal peduncle or tail.
LARVA (AE)—immature stages which differ greatly from the adult.
L%TEI](?,?]L IFIIPI]E—a lengthwise row of sensory pores which form a line on
side of the fish.
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MANDIBLE—lower jawbone. .
MAXILLARY—the hindmost and usually largest of the upper jawbones.
METAMORPHOSE—change from lanai to adult form. .
NOTOCHORD—a longitudinal elastic rod which forms a body support ir
lampreys and other prevertebrates. Sturgeons have both notochol
vertebral column.
OPERCLE—yill cover. . . o
OIEI%IN OF A FIN—farthest forward point at which a fin is attached to
ody.
PARR MARKS—high oval or oblong blotches on the sides of %oung salmc
PECTORAL FINS—fins on the sides, just behind the head; they corresp:
the arms in humans.
PELAGIC—free-swimming in open waters. o
PLANKTON—very small plants or animals which drift with the currents of |
or ocean.
PREMAXILLARY—farthest forward of the upper jawbones.
PROTRUSILE—capable of being extended. ]
PYLORIC CAECA—blind tubes which open into the alimentary canal ai
junction of the stomach and intestine. o
RAY—bony sqagmrts in the fins of fishes. Soft rays are jointed and not sh:
the tip. See “SPINE”. ) . )
REDD d—a nest excavated in the stream or lake bed in which eggs ¢
osited.
RESIDUAL—when anadromous fishes migrate to sea those that remain |
in fresh water are referred to as residuals. ]
SCUTE—a horny or bonyJ)Iate which is often spiny or keeled.
SERRATED—saw toothed. . . . o o
SPINE—(or splnP/ ray) a bony support in the fins of some fishes, it is unjo
stiff, and usually sharp pointed. )
S'LEE\_lOHALIINE—toIeratlng only a narrow range of salin{sten = narrow,
aline= salty).
STRIAE—fine I)ines or ridges, as on the gill covers of fishes.
SUCKING DISK—the Iampr(\aqu jawless mouth, surrounding lip-like mus
and leathery appendages. With its sucking disk the lamprey is able to at
rey or to rocks, etc. ) o
VENTRAL FINS—the paired fins nearest the mid-line of the belly or th
(chest) of most fishes; they correspond to the rear legs of land dw
vertebrates.
VERMICULATING—wormlike markings. )
VOMER—a bone on the forward part of the roof of the mouth; in some sy
it carries teeth.
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INDEX OF COMMON AND SCIENTIFIC NAMES OF FISHES

Major references in bold face.
Acipenser medirostrjs32, 37—39, 102
Acipenser transontanus32, 3436, 102
Acipensridae, 17, 20, 3233
Allosmerus elongatus36
Alosa sapidissna, 12, 22, 4042, 102
Ammocoetes, 24, 28
Anchovy, 100
Anguilla anguilla,8
Anguilla rostrata8
Atherinidae, 85
Atherinops affinig85
Atherinopsis californiensif§5

Bass, bigye, sseSdema

Bass, giped, 12, 22, 23, 97, 98—101, 103
Bass, émperate, family, 22, 97

Basswhite, 97, 98, 99

Beluga, 32

Bullhead, 101

Candefish, e Euacton

Cha, 43, 44. 48, 49, 50, 54, 55
Clupea, harengus pallass#40, 100
Clupeidae, 17, 22, 40

Dolly Varden, 43, 44, 50, 54, 55, 64, 103
Dorosama petenenseiO

Eel, American, 8

Eel, Europan, 8

Entosphenus tridentatug5s, 26, 2729, 102
Eulacton, 85, 8990, 103

flounder, stary, 7

Gaserosteidae, 17, 22, 93, 94

Gasterosteus aculeatus aculeaf8—96, 103
Gasterosteus aculeatusicrocephalus93, 94
Gasterosteus aculeatus wiltigoni, 93, 94, 95
Grunion, Cdifornia, 85

Halfpounders (immatue sea-run sedhead), seeTrout, sedheadrainbow, 58, 60
Herring family, 17, 22, 40

Herrin%, Pacific, 40, 100

Huso huso32

Hypamesus pretiosusb, 91, 92

Hypamesus transpacificus nipponensts, 91, 92

Hypamesus transpacificus transpacificl#s, 91—92, 103

Jacksmelt, 85
Kokanee, 11, 44, 47, 53, 82, 83, §deedso Sdmon, sockeye)

Lampetra ayresi5, 26, 3631, 102

Lampetra (Entosphenuslethophaga25

Lampetra richardsoni25, 26

Lamprey, 21

Lamprey, brook western, 25, 26 109



Lamprey family,20. 24—25

Lamprey. Pacific, 25, 26, 27-29, 102
Lamprey, river, 25, 26, 30-31, 102
Lamprey, sea, 28

Leuresthes tenui§5

Menidia audens85

Morone chrysops97

Morone saxatilus12, 23, 97, 98-101, 103
Mugil cephalusy

Mullet, striped. 7

Oncorhynchus, 90, 12, 43, 44, 48, 51, 52

Oncorhynchus gorbuschd4, 45, 48, 51, 52, 67-69, 103
Oncorhynchus keta4, 45, 48, 52, 53, 80-81, 103
Oncorhynchus kisutcii1, 44, 45, 48, 49. 51, 52, 70-73, 103
Oncorhynchus nerkd,1, 12, 44, 45, 48, 52, 53, 82-84, 103
Oncorhynchus nerka kennerlyi 11, 44, 47, 53, 82-84
Oncorhynchus tshawytschal, 12, 15, 44, 45, 47, 48, 49, 52,
53, 74-79, 103

Osmeridae, 17, 20, 85-86

Perch, shiner, 100
Percichthyidae, 22, 97
Petromyzon marinus, 29
Petromyzontidae. 20, 24—26

Roccus, 22, 97
Roccus chrysopsgeMorone chrysops
Roccus saxatiluseeMor one saxatilus

Salema, 22

Salmo,9, 43, 48, 53-55

Salmo aguabonita43, 45

Salmo clarkii, 943, 46, 49

Salmo clarkii clarkii,43, 50, 54, 55, 62-63, 103
Salmo clarkii henshaw#3

Salmo clarkii seleniris43

Salmo gairdnerii9, 12, 43, 46, 59

Salmo gairdnerii aquilarum, 44

Salmo gairdnerii gairdneriil0, 15,44,46, 47, 50, 54, 55, 58-
Salmo gairdnerii gilberti, 44

Salmo gairdnerii, kamloops, 44

Salmo gairdnerii stonei, 44

Salmo gairdnerii regalis, 44

Salmo salar]l2, 43, 45

Salmo trutta, 912, 43, 50, 54, 55, 56—57, 102
Salmon, 9, 10, 12, 15, 21

Salmon, Atlantic, 12, 43, 45 )

Salmon, blackmouth, see Salmon. king
Salmon, blueback, see Salmon, sockeye
Salmon, chinook, see Salmon, kin

Salmon, chumé4,45, 48, 52, 53, 80-81, 103
Salmon, coho, see Salmon, silver

Salmon, dog. see Salmon, chum

Salmon family. 17, 20, 43-55 )

Salmon, humpback, see Salmon, glnk
Séalmon, king, 11, 12, 184, 45, 47, 48, 49, 52, 53, 74—79,

103
Salmon, Pacific, 9, 10, 12, 43, 44, 48, 51, 52
Salmon, pink44,45, 48, 51, 52, 67-69, 103
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Salmon, quinnat, see Salmon, king

Salmon. red, see Salmon, sockeye

Salmon, silver, 11, 15, 44, 45, 48, 49, 51, 52, 70—73, 103
Salmon, spring, see Salmon, king

Salmon, sockeye, 11, 12, 44, 45, 48, 52, 53, 82—84, 103
Salmonidae, 17, 20, 43—55

Salvelinus43, 44, 48, 49, 50, 54, 55

Salvelinus confluentus4

Salvelinus fontinalisl2, 43, 44, 50, 54, 55, 65-66, 103
Salvelinus malma, 434, 50, 54, 55, 64, 103
Salvelinus namaycus#3, 45

Sardine, Pacific, 40, 101

Sardinops sagax0, 101

Sculpin, Staghorn, 101

Shad, American, 12, 22, 40-42, 102

Shad, threadfin, 40

Shark, bull, 7

Silverside, Mississippi, 85

Silverside family, 85

Smelt, delta, 86, 91—92, 103

Smelt family, 17, 20, 85—86

Smelt, longfin, 86, 87-88, 103

Smelt, night, 86

Smelt, pond, 86, 91—92

Smelt, Sacramento, see Smelt, longfin

Smelt, surf, 86, 91—92

Smelt, whitebait, 86

Spirinchus starksig6

Spirinchus thaleichthy®6, 87-88, 103

Steelhead, see Trout, steelhead rainbow
Stickleback, 23

Stickleback family, 17, 22, 93

Stickleback, threespine, northern, 93-96, 103
Stickleback, threespine, unarmored, 93, 94, 95
Stickleback, threespine, west coast, 93, 94

Striper, see Bass, striped

Sturgeon, 21

Sturgeon family, 17, 20, 32-33

Sturgeon fisher, 32-33

Sturgeon, green, 32, 37-39, 102

Sturgeon, white, 32, 34-36, 102

Tarpon, 7

Temperate bass family, see Bass, temperate, family
Thaleichthys pacificug5, 89-90, 103

Topsmelt, 85

Trout, 9, 43, 48, 53-55

Trout, brook, eastern, 12, 43, 44, 50, 54, 55, 65-66, 103
Trout, brown, 9, 12, 43, 50, 54, 55, 56—57, 102
Trout, bull, see Dolly Varden

Trout, cutthroat, 9, 43, 46, 49

Trout, cutthroat, coastal, 43, 50, 54, 55, 62-63, 103
Trout, cutthroat, Lahontan, 43

Trout, cutthroat, Piute, 43

Trout, Dolly Varden, See Dolly Varden

Trout, golden, 43, 45
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Trout, lake, 43, 45

Trout, Loch Leven, see Trat, brown

Trout, rainbow, 9, 12, 43, 46, 59

Trout, rainbow, Eagle Lake, 44

Trout, rainbow, Kamoaops, 44

Trout, ranbow, KernRiver, 44

Trout, rainbow, royal silver, 44

Trout, rainlow, Shasta, 44

Trout, rainbow, siedhead, 10, 15, 44, 46, 47, 50, 54, 55;&8B 103
Trout, sea, see Traut, brown

Varden, Dally, 43, 44, 50, 54, 55, 64, 103
Wakasagi, see Snelt, pond

Xenistius californiensi2
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