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{)JI April ], 1.q54, for tim flvst tim~, i~l 35 )-~,ars, it became legal
lake sturgeon (Acipc~ser h’~smo~ht~ts and xt. medirostris) in Calf
f’~)~’nia waters. /leavy (,(mm~ercia] ~]shi~’ hml h,d.to serious depletion by
1~)()0. Earlier, they had been abundant enou~’h to have bee~l considered
a nlliSallce.

The commercia] fishery was vlused in 1901, reopene(l ’to a limited
~.xtent iu 1910, and then closed (’Umlfl(’l(’ly in 1917.

~.<mtmissi(m (+stablish(.d a Slmrl iishcry in 1954, With a
ha,~ limit, a 4(}-in<+h minimum siz(, limit, and ~to ~.lom<,d

In order to gatht’r illP()rllla+~Oll llet+t’~mtll’)" for t]l(~ flltttl’e

,~t’ this new s]mrt fishery a. life hish)ry slu(ly <~t’ the while sturge<m,
tuum+ important species in the fishery, was be~’m+ in July of ~954. The
immediate objectives were to observe the growth of the new fishery,
and to learn enough ()~ the life history to evaluate and improve +he
l~r(’s<q~ regtflations.

Work was ceut(,rt’d in the Sacramt,nio-~an Joaquin Delta aml
]’+fl)]o Bay, where sturgco+t are moni ahtmd+mt.

MBTHODS
To measure exploitation by fishermen, intensive tagging of sturgeon

was carried on in San Pablo Bay from August.to November, 1954. Fist~
were captured with salmon trammel nets 225-250 fathoms long and 5
fathoms deep. hlesh sizes ranged from 7~ to 9~ inches stretched meas-
ttrement, with trammel meshes 31 inches stretched meamtrem(mt. The
nets were drifted across mud flats in the north half of San Pablo Bay
in 6 to 12 feet of water. The 28-foot research vessel STmPE~+ was used
for this work.

It was found that schools of sturgeon conld be lo(,ated by scouting
for concentrations of jumping individuals. Six-foot fish made splashes
that couhl easib" be seen a mile away.

When a school was located, the net was drificd over it. As soon as
~hree or four fish were seen to hit the net, it was reeled in. Usually
:Ill or more sl.m’geon +vote eaughl:, and one drift took llS+ Most <>t’ tllenl
w~,r<, hehl mt~curely (’nott~’h i<> pull iu ov(+r l,he ml.c~’n r<fllcr wilh the nei
(Figure ]). VoLv large si)eeimen~ had In he ]assoed arotmd the caudal
:Submit~ted for publication ,Tune, 1955. This ~t’+~r]¢ was 1)erft~rmed ns part of

Johnson ]’roj(,et ~aliforni~ 1e-9-1~, "A ~/udy of Sturgetm and Strilmd J~nss," sup-
ported by ~ethq’al Aid to O’ish l{estoration funds.

: Formerly Junior Aquatic Biologist, California DepartmvnL o[ Irish and
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anglers and party boat operators. Total hmgth measm’ements are nsed      0
throughout this discussion because the data from anglers were in this
form.

Fi~ rays wcrc air-dried aud cro~s-n(,cti(mcd with a thmd(~)th~,d
jeweler’s saw. The sections were polished on o~m side, glued to e(,l]ulosv
acetate slides with "])uco" cement, and ground down to ahout 0.0]5
hwh on silic(m carbide paper (Pycha, .1955). They were examined
tamer a dissecting microscope, using either transmitted or reflected
light. Most sections showed ammlar rings clearly.

(~uerrier (~951) shows several examples of iin rift sections of lake
~turgeo~l (A. fulvcsce.r~s) much like lhose of white sturgeon.

~(,ctions from 125 fish were damaged or wcvc too questiomtb/e to b(~
imduded in the results, leaving a total of 395 sections aged with cm~-
tidence. The quegtionable sectious came from fish scattered throughout
nearly the entire size range. All sections were aged a~ ]east twice with
independent determinations.

LENGTH-FREQUENCY OF SAN PABLO BAY STURGEON

The fish tagg~d in San Pablo Bay ~anged ~rom 31 to 94 inches
h)ial length (Figure 2). ]t is believed that those over 40 inches wer~

FIGURE 1. Newly togged white sturgeon in the well of the STRIPER. The stern roller is in
right background, photograph by Will’am Ofllinger.                        ~00

pedu~mle and hauh,d in by twoor thr~c men. The two largest indi-
viduals, 92 and 94 in(’h(’s hmg, w(,r(~ estimated to weigh hi)proximately
300 pomMs. J ~ l ~_=_~_.. -

The fish were laid on their bellies in the well of ?,he boat, measured
with a sie(’l lape, tagged, and titan turboed on ~heir side while a oue-incl~ ~ , ’ i

section of the iirst pectoral ray was remoxed with a small hacksaw and
knife. They were reasonably calm as long as they were kept upright,

i :

but could be held still oMy with difficulty when turned on their sides. . : ~ I

SeverM types of tags were used iu tagging method experiments,
120 .....

~ ~                                       --

including Petersen disks and stainless steel wire (type 302) on the ~. j .

base of the upper lobe of the caudal fin, plastic "spaghetti" type
G tags inserted between two dorsal scutes, tantalum wire disk-dangler ~ ’ : I
tags belo~v the dorsal fin, aml disk-dangler tags on the upper lobe of
the creedal fin (Table 1). Most fish were double tagged,

o ,

TABLE I
~ ’

Humbers of Various Types o,f Tags Used on 1,00~ While Sfurgeon
7’!/P¢ of lag and position

~’umber ~ 40 ...... ~    ~ -
l’etersen disk ozt caudal base ..................................SN(i
PlasUc "Slmghetti" b~tween two dorsal scutes ................ 641

Disk-dangler below dorsal .................................. 211
Disk-dangIer on caudal base ................................. 62

Total ............................ 1,800 0 ’--" ,

All(>gether, 1,003 iu<lividuals were ~agged. q O ~ q Q q Q q q q q q q q ~ q q q q q q q
FJ)) ray s(,(,tious wore v(,umvcd From a Iota1 el 520 tlsh. Of these, 443

wore uet~ed, 45 were ol)l.aine(I frown anglers, aml 32 small fish rangh~g LENGTH INTERVAL - INCHES
in lm)ff~h from ~ ~:() 1~ i))(,))(’s were l,ak(’n at the fish screens el ~lm Tracy
])groping Plaut.. ]jengths and weights of 363 fish were obtained from FIGURE 2. Length frequency of white sturgeon tagged in San Pablo Bay.
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fully vulnerable to the nets used. The small number of fish between o
42 and 51 inches is therefm’c probably ~’epresentative of the lmlmlation.
Angling records from San l’ablo 1lay and the entire 1)elLa area also
show very few fish o1~ that size range caught. The implieatiolm of the
length-frequency distribution will b~’ disc~{ssed in a later section.

SIZE OF SAN PABLO BAY WHITE STURGEON~ POPULATION
¯ August- DecemberEnough tagged tish were. revaplm.ed din’inca’ l.he m~tting Olwrat:ion to

~ ~ & December-Juneestimate the stm’geon lmpulai,iou in 8an Pablo Bay in the fail of 1.k~4.
A t.olal ot~ 966 was tagged, a.d 45 were reeapture(l (Table 2). The I June-JuDy
I)olmlation estimate is:

( Each symbol represents-
~ ~ (AB) 501,936 approximately I0 sturgeon)P                ~ 11,154-- E (J 45 --

whvre 1’ = estimated lmpulation
,.1 = nmnl)er of tish lagg(,d on a given day
B = munber of tlsh lagged prior’ to Um given day
(.~ = nmnber of r(’eaptured fish in a givm~ day’s samph~

TABLE 2
Data tbr Estimali0n of White Sturgeon P0pulati0n in San Pabl0 Bay

reeap~urt~d

6th 50 18(~ 3 ..............
7th ,tg 233 I
Rib 31 279 1

1 (It h l’I :fig (I

15th ’2’2 ,11) I (}

I St h 7 57.I
19th fir 5~1 ’2

2.fth .12 898
251 h :~5 9"6 5gill h :lfi iI(;G I O I0 ~0 MHes

Scale

The 95 Im~’ceul: biumnia[ confi(lenee limits are 8,80(; and 15,734. The
recapture by cmnmm’vial fishermen of two l,~tgge([ fish that lind migrated F=OU~E 3. Locations where anglers caught sturgeon during the period April I, 1954, to April

out o~ Salt J.’ablo Bay while tagging was still in progress indicated the I, 1955. (Data from newspaper reports, Fish and Game warden reports, personal interviews,

t’Stilllltle 111~1}’ l)(~ {,00 l~l.t’g’e L)(’tqtllSe of Illigr~ttiOll o[ tagged fish fUOlll {hi~ and communications.)

iishing area. I[owever, the time intervals at large of the recaptured fish







group because one growth season was. presmnably completed after              ’~
the last annulus. An approximate growfl~ curve was then "faired-in" /(TaMe 3).

Annual length iuerements are large for the first fore" year~, but I
decline to a nearly constant increment ot~ 2.1 to 2.6 inches after the ’~
eighth year (Table 3). Althongh some differences in growth rate /tween the sexes might be expected, data were insufficient to clarify
this point. ,oo

Sturgeon begiu to reach ~hc 40-inch miuimum legal length iu the /scve~th growb~’ season, and almost all of them do so by the ninth
growing scasou.

I~ growth ia hm~’th (.(mtimws at a similar ra[e al~h,r ~.]le thirtieth ~ 80 ~ ~--
year, the 1~- to ]GJoot ~peeimon~ reported in the e~rly Oay~ o~ the
fishery must have been ~0 to 75 years old.

The to~al leugths mtd weights of 163 s[.urgeon ea~ght by anglers, ~
and o~ severM small fish lakcn at lhe Traey I’mnpin~ i’lan~ screens, ~
were ph)ttcd lo determine the length-weight relatio~ship (Figure 5). ~ 4o
The regression lMe did not apl)ear to be a simple c~rve, so au approxi-

3,) im~he% afterWeight increases slowly until the fish are abont ’ ~

which it speeds up. It slackens again between 50 and 60 inches, in- 2o ....... /
creasing again beyond that length.

The unusual change in slope of the regression curve betweea 40 and
55 inches should be noted. Most fish in the 50- to 53-inch range weighed / ~
between 35 and 50 pounds, while those in the 40- to 43-inch range, 2 4 6 8 ~o ,~ ~4 ~6 t8 zo ~2
weighed only 12 ~o 20 pounds. AGE ~N YEARS

FIGURE 6. Growth in weigM o[ whffe sturgeon.

/ A c(mmwrehd st,rR’,,(m fisherman on the (]olumt)ia ]~iver
j .......... lh(, a.th(,r lhat the smalh,xi f(,mah, xllll’g(,Oll with ril)(~ (,RVs he had
/ seen weighed about 35 pounds, it is therefore possihh~ that the iMh~c-~ thnt iath(’ h,ll~’lh-w(,i~’ht r,,gr(,ssi(m is (.ouu(,(,t(,d in some way with
, I . ._ sexual real.ratio..

6). Wei~])t i)wr(,ases slowly d.riug the lir~t 6 v(,ar% inerease~ ral)idly

~
i I between 6 and about 12 years, i,eroascs more slowly ~rom ]2 to about

~

{’=~" .. ~;," "

L .
20 years, a.(l in(~reascs very ral)i(lh- a~aiu past; 20 years.

~sc ~ . ".v:: . The largest M.rgt,on w(,ighed in ]954 was 102 inch(,s hmg
~ z:r." I." I weighed 277 pounds.

) nc , MANAGEMENT IMPLICATIONS OF THE STUDY

I m,s~, a.d ex(~e]](,nt tab](~ qualiti(,~ oI’. M,urgc(m have (.’eat,ed much
LENGTH IN INCHES interest among sportsmen, and a few individuals have learned how

to catch them in some numbers. The commercial gill net fisheries also
FIGURE 5. Length-welght relationship of while sturgeon.
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kill a~ u~t(lelermitwd lllllllher O~siurgeoll eac}l year while fishing’ for Under proper ma~agemc~t, the (’,aliJ’ortlia slul’~eolt [)Ol)tllatioll

salmo~ and shad. should provide recreation for considerable l/umbers o[ fisbcrme]~, ahmg

The general dei)lctio~t of mos~ sturgeon .fisheries in the wcsterii wifl~ the rare opportunity of catching a really large fish in inland

hemisphere is a w~tr~i.g that (,aretul mam~gement of these fish is waters.
necessary. ACKNOWLEDGMENT

The angling regulations established iu 1954 were based on tile best The invahmble assislailee of Vin(’(mt (’aiania, Nei, hla~ a~td Boat-
informati(m available at that t.ime. ]~esults of this present study indi- swain, in carrying out the field work is gratefully acknowledged.
care that they were l.oo liberal in some respects.

Fish of the I)resent 40-inch minimum legal leugth are about eight SUMMARY
years old at~d weigh only about 15 potmds. A 50-inch fish weighs 38 After 35 )’ears of complete clom~re, a spor~ fishery for sturgeo~lpounds or more, and is ouly f(mr or five years older. Moreover, Om - "
game qualities ot; s~urgeo~l are mediocre m~til flmy reach 50 inches. A (Acipc.ser lr~,smo,t~¢,~s ,tml .i. ~cdiro.~lri.~) w~ts esi,fl)lished in Cali-

(i()-incl~ fish is a re,d challc~ge to the ,~ugler. fornia in 1954. A life history study of lt~e former was bcgtm ~o evahlate

The sturge(m tlshcry sl~ouhl be ma~mged so as to mainiaiu a sizable
the ou(~-fish-1)(’r-(l*ly-bag limit, 4()-i.(,h size limit, and the no closed sea-

reservoir o[ large fish both as ~l Sl)aW~fit~g slo~,k aml a tmlI’cr Sul)ply J’or son regulations.

periods of low reeruiim(~t~t.. This’should ~lso provide ~laximum recrea- A total of ],()()3 sturgem~ ra.git~g ht size rrmn :U. *o’ 94 h~(~hes

tiotial he,milLs..It is l)arti(*~flavly imi)ovta~fl, to lWOicc~ the broodstock o~ eal)tured wiih trammel ~lcis i. ~;t. I’al)lo B~ty, i~tgged, a~ld

a species suelt as this which does not begin to spawil until a fairly ad- l?ectoral spine sectious were eollect(’d from fl~e fish tagged and from

~anced age, al~d which appears to produce a strong year class only fish taken by anglers ~or age stmlies.

about every 10 years. . The recai)ture of 45 fish while ,,~,,,,~h~,~ total t)oimlati(m

While age at sexual maturity has not yet been determined in Call- mate of ]],154 fislt in Sa~ I’~b]o Bay. ]n the first five months

fornia, the awfilable evidem~e from (Jolumbia River fish suggests that taggiug, only six tags were turned i~ by anglers aud five by commercial
fishermen. Only two fish w(,re rc(,al~turcd upstream i~l the Sacrame~iothe females are 1)robably not mature before 11 to 12 years.

Si~lce several fish over ]00 l)ou~)ds a~d one weighing 277 pounds were River. The frequency of a,~gler ca.l(~hes sugg(,sis a winter or spri~lg

takeu iu 1954, atu] since anglers (m the Columbia River take sturgeon stream migration and sttmmer flow~stream migration of large fish.

weighing well over :~()0 pounds, it appears that large sturgeon can be Small fish appear 1o he nomnigratory.

harvested by angling. The fin ray method of age determination. ~q-)pears to be ~,alid. Fish

The present sturgeon sport fishery appears to be supl)ort.ed prin(~i- from 0 to 30 years old were ag(~d, witll age groups V[ atld XVI

lmlly l)y lhe 19:17 throt~’h 1940 3"oar ela~x(,x, with l.h(, 193~ yem" .],~s~ prising about half ot’ all fi~h taken. ]{e(~ruit,me~t was ~,ery poor

maki~g ~q) the greatct, part o1’. the I)rodu.tiom The ~mxt stro~g year
to 1936 a~d from 1~4(} to 1947. Anofl,er ]ar~a ~ro.l) of y,)..~ fish

class w~s s~,~w,(~(1 i~ ]948 ~,,~(1 is .i,,st (.~l(,ri~g ihc fishery. Tim fish(,~’y is just c~teri~g t.he fishery.

lher(,fore dt,i)t,~t(h,nt: ul)(m ~l very I’ew widely Slm(’~d ye~tr (,lasre~. [ltt(h,r Sttwgeo. attai, a ]e~lgth el’ 40 ira,hen in the ~dghlh y(’;~r, 50 i./.h.~

he,try eXl)loitat.iot~, wide flu(~tmtlions iu abtmdam,e of legal-sized fish in tim ]3th year, a~td 94 itwht~s in the :~()lb ye,lr. Weight

couhl bc exl)e~le(l, llcavy (~xploilation is 1)ossihle, as (h~mo.str~(’(1 by slowly with h,,glh Ul~ 1o :~5 it~ehes, hmreas~s rat)dly bet.wee. :15

the taking of 194 sturgeon in San ])able ]~ay by (me party boat betweeu 45 i~(,bes, sl~wk(,us ~omt,whai betw(’e,~ 50 a.(l 60 i.(,hes, aud

September 23 al~d November 28, ]954. An even greai(~r ~llmher wa~ rapidly bey(rod flint length,

taken prior to lhis period by Irolli.g with mmggi~g gear. Trolling ha~ Exploitation of sturgeo~t is still al: a lo~, level, 1)~ ~s incre~lsi~g.

siuee been nmde illegal, cause of the great im~rease i~i weigbL [)etween 40 ~lnd 50 ineh(,’~,

The size or the Sl);tw~tit~g stot,k ii(,(,(,ss~ I’y to m~li~i~ti~ the (~lirot.~i~ be(~ause of the wide year cl~tss fhtt~i.M,io.s, a 50-i.(,b size limiI is

" e met~ded Io l)rovi(le a ht~ft’er sio~’k or I,trg(~ fish rot attglers ~ll(I losturgeou flshe~.y ix ~of kuowt~, lh 40-i~eh size limit (,ould possibly
lead to reduction below the optima[ level, maiutenanee of an nde(luale Slmwni~g stock.

]t is therefore vecommemled that the minimmn size limit be raised to REFERENCES50 in(:hes. The fishery del)(~nfls, ~t. I)r(’seut, primarily (m fish larger than l~jk,,~.. A. ]).
50 im, hes, so little imumdiale re(hwiiot~ hi total (,at(,h is 1o I)(~ (,Xl)(,~ied., l!)51. Migr:lli~m of while, uLurgeou (.l*’ilwn.ucr l,’a~is~aovl~t~ts) ill (h(’ (hduml)i:t
]Iowever, lhe hll’ge existi~lg t~rop or fisll lmd(~r abolll. 45 ill(~hos wollhl b(, ’ River. Fish (’~mm~. (h’(,g,m, Fish (~omm. ]O,s. lh.iefs, v-I. :~, n~,. 2, p. S-21.
l)roteeted aud allowed l.o gr.w to a size worlh (*aie]lillg. ] (~.errier,

species of fish. Onnndinn Fish Oullurist, no. 11, p. 10-1~.
average size ,,E the catch sbou](l I)(, mai.~ai.ed well above 50 inches.~ Pyeh., Richard L.
A 4et~l’oaso ill ~lV(~l’~l.ge size Lo a l)ohli iloar 50 ille]lgs will illdicate over- 1955. A quick method for l)l’elmril~g ])elqll~lllOll~ fill-l’~ly llIH[ spi~w S~’vlions.
exl)loitalio~. The a~gli~g e~.tch sho~fld lhe~’e!’or(, 1)e saml)led regularly I"ish-(’ullurlst, vol. 17, no. ,t, I’.
iU the fuLure to follow trends in average size. S(,hmfl~[d, Zoe E.

The esiimation of to~al tlsl~ popul:~tion of a l~fl~e. ~mer. Math. Monthly,
vol. 45, no. 6, p. 348-352.


