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(Aginnnng: ::nnaman;ann;) were eollacted from 252 fish in
" the San Franeisco Bay and Sacramento San-Joaquin River Delta

from 1884 to 1988. The fin rays wers thin-sectioned'and'

"'Soction: fron pectoral fin rays of whito sturzoon'

-counts of bands asnumed to be annual were mads by thrae

_independent readers far 244 fish. Errors in age

determination were evaluated in navaral vays. P&irwiae _
agreement on ages assigned by each possible pair of readers
avaraced 50 pércent All three réader!, howaver, agrsed on -
only 81 out of 244 fish aced (33 %). Errors in age
datermination did not 1ncraaso with age.

Simulated error rates were applied to a hypothetical

.age dintribution to show how errors in age determination

distort these distributions. As errors in ;ze determination
increase, peaks in .he_distribution beéam§ shorter and wider
while valleys #i11 in. | | | o
An estimate of the tze.distrihuiion was formed from
2ish on which_at'ioast two out of three readers agreed and
fish §n ﬁhichhthd three readers assigned thraq'consactutiVQ
itqs fthe niddle'aga’wag assigned),. U31h: this rule, ages
were assigned to 216 out of 244 orISE X of the fiah.éged.

Similar age distriﬁutions were developed from past age data

from other sources. These age distributions were used to

, baak-calculate recruitment by accounting for gear

selectivity and mortalitr. A pattern similar to the acho



ffcct aan bc noau in ths rocruitaont tinq :oriol devuloped-
rbu fiih ¢lptuttd iu 1954. 1965-1988. 1973 1978 tnd 1984-
”16!8 A Inrgt yoar cllnn in the unfished population in 1938

.p’°d“°’d another set of large ronr claszes in the early

_1950'9. As tha 2ishary 1n¢reased these repeatint doainant

year classes were danpad._

Resruitment since tho mid 1950 s has baan less variahle

and may be depandent on river flow ratos._'Correlation_of

apring and oarlr sumner Bacramento Rivar Dalta'outflow ﬁith-

'rdcruitmanﬁ tros'tsss td 1375 at ‘several lags whre

evaluated. The highest correlation z2 = o0, 44) was
calculated for recruitment with the-conbinod flow of the

}- . same yeaf-ahd the pravious yeaf. Prc-spaunlng adult food

(A ~ supply and juvenile habitat and food supply are possible

m&ahanisms controllin: recrultment.

v'i.
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Tha population of whito atur:oon (Agingnag:

ﬁzgngngn:ann;) in the Sacramento-San . Joaquin River Dslta and

San Francisco Bay has undergone major changes in the past
hundred years. Prior to the devalopment of a commercial
fishery in the late 1870's, only Chinese residents utilized
central California stur;eon to any. extent. Their use was
limited to removing the notochord and discarding the rast
of the fish (Cuanang 1964). The destructive comme:cial

fishery that 1§tor deéélopéd &gs fér caviar only and gilil

‘nets and set lines killqd'lﬁr‘e numbers of immature as well
‘as mature fish. foliowing h uubst&ntial reduction of the
_population in tha late 1800'3 (Kohlhorst 1980) the

__cqmmercial sturgeon fishery was closed in 1801 (Pycha 1856).

ft wap reopened to limited fishing'fbr eight years from_LBIO
to 1917. then closed completely to al’ fishinf (Pycha 1858).
By tho early 1950°s, sturgeon were again fairly abundant and
on Aprii-l. 1984 California Department of Fish and Game.
(CDFG) opened an all-year_spprt-fishinz season (Chadwick
1959). Initial regulations vers a:pné.fish per day ﬁac

limit and a minimum size of forty (40) 1§chok tot&i length,

Also,_in'ordér to'lenrn'nara about the 1life htstory'df white

'stuffeon.in thié'systen ahd to évaluafe and improve thé
'fishing regulations, CDFG began a sturgeon life historr
‘study in July, 1954 (Pycha 18586).

e



tinatdlfithint i:ploitation. Boctions of thn lntorior or
| 'Iudi.nc £in ray af thc pcetoral £in were mowd. fron 443
- io£ these fish and frun 45 fish caucht by fishermen.’ Theso g

fin rays wers croas*soctionod_&nd polished and counts of

'depbsitional'bandc assumed to be annual annuli were made.

The number of fish in each aci class Qhowod tremendous |
'va:;abiiitylkfignre.l). Assuming ;hat all of the assigned 1;;{

 ages are true ages of tha-fish and that this is a random )
555915 otlthe'pO§ulntiou. the sturgeon populaﬁicu_iu 1954

was dominsted hy-is year old fish, with a fair'nuabir of B,
_15,'and-17 yoar old fish. Aiso, assunin‘ that mortality 1:

' ralativaly constant over tine and is similar for all age
classes, the recruitment into the population appears to have
-baan axtremely variable in the 1930’3. For many roars there
was essentially no recruiteent, and then in years like 1938..
ralntivcly large nunbcrn of fish were recrulted.

S U o Considerablo variatiou 4in age class strentth continued

. to be seen in population samples collected by CDFG in 1985
_throuth 1970,_&nd 1973 through 19?6 (Kohlhornt et al. 1980).
However, the variabilit} in nunbéfs in different ages classes
?ﬁ; was not as great as that seen by.Pyﬁha (1958). Catch per

’g* unit effort by Spo§t.fi§hern§n on party bonts and CDFG

: during sturgeon tagcing was relativaly low from 1967 to 1974

~ due to low recruitnent in the late 1950's and early 1960's

- (Kohlhorst 1980). Degradation of_Juvenile habitat, 1ncreased_
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rcﬂiuggw:tod li llkuiy cauzcu o! poor racruituant'durint
thic :m-iod (xohlhorst 1980) e , |
i Freshwatsr sutflow was identified as a patcntialeﬁ,ﬁ

"'influoncn on juvanile hnbitat and therefors, firat year
 surviva1 Freshwater outflow is thought %o 1n£1uance the
survival of Juvenilel of several other anadrouous fish
species including chinook salaon (Qnggxznghng n;hguzjgghg)
'(Stevens and Hillor 1983) and striped bass (ugxgng |
‘lﬂ:&iilia) (Stevens et'al 1985) in the Saeranento-San

; | Joaquin system and may also aftect sturgnon recruitment. As
i  pointed out by Eohlhorst (1980), Pycha's 1354 data tend to

' support this idoa._ Prchn observed ralntivoly high |
.rocruituent in 1938 and 1948, and late spring and early

"sumngr fiows were high in both those years. Also,

~ freshwater outflow and-siur;aop recruitment were relatively
'fgf;' low from 1858 to 1962. | | |
o | The rolationship between sturteon recruitment and
-outflow 19 atill pootly understood because past racruitment
is difficult ta_daterline. Using age distributions to
backeal-ulate recruitment ‘requires a random. sample of the
populttioﬁ and aécufate age determinations.. Since neither
of these conditions were met in paat studiss, only ¢aneral

statements about trands of rucruitment and flow could be

'ﬁadq;




_(Kohlhorat 1980 and Hillir 1972), nnd'population abundanc
' "of catchable fish (Pycha 1958, Kohlhornt 1980. and Hliltr
1872}, The population estimates are of limited vulno;aineq_

mark-recapture was dochin'a relatively small area and tho.
_ marked fish most likoly did not mix with the rest of the

population be!ore they were recaptured Howevar, the

population was similarly sampled in 1254 and 1967 and the

4 cstimateslincraasqd from about 115000 ts over 100,000

5._ | _(Kbhlhbrst'lgBojl It can probablr be safely assumed that
DR the population did 1ncrease significantly during this time. 
| Kohlhorst et al. (1880) utilized_threa 1ndapendant

readers to determine the ages of fish in the 1965-1970 and
19?3-1976 samples. When two out of three readers agreed on
1 £he Q;g of @he-fiih this age was aﬁsi(nad.tq th’,:i’hf U!ihz'
P this two-thirds rule, Kohlhorst et al. (1880) were able to
?'-. : : aqtigﬁ.agas'to 74 3 6£ over 2000-fish_a¢ed; Aﬂtﬁ&mgnt on
o the ages of tish 10'r§ara old and older, however, was oniy
3%, | |
The true age of any £ish is gtiil'unkovn'evaﬁ when all
.thrﬁo_rtadors agree on the ag&. _Indapendeﬁt validation by
mark-recapture or use of known age fish is required to
validats age determination methods (Beamish and McFarlane

_1983).' Preliminary rosults bf'currdnt mark-racaptﬁro

atudien with aturgeon 1njectod with tetracycline indicate

that the b is counted fur age determlnations ara. in fact,




(Bronn-n 1937) Tutracrclin 18" takan up- by

;aulcitrin: bant.lf the tino of 1nJect1cn and thi__“

;1;£;r tluor&sac under uitravialtt 11¢ht;;=Thit !luaruicanca
| djn then be uscd aa a rcferenco mark for vorifieation of how;
depositional bands ralato to time when the fish is cautht

after several months or years. For thia study. annuli are
asﬁuﬁed to be annﬁal |
The purpose of this study was to collect a random
 sample of the white sturgeon population and estimate the
ourrent age distribution. - From this, relative rearuitment‘

in past years was estimated and statisiteal relationships

with river flow rates in late spring and aarly summer were
evsluated. Other uime ‘series of estiuatcd recruitament from

age datu colleﬁtod by CDFG in tho.past waro'also developed.

These series were compered with each other and with the new
rtcruituent tino sarios to uee if a lonc tern recruitment

| timo serien could te devnlopod Additionally. this study
-fﬁi_ | .-provides turther analysi: of acing acreenent bctween readers
jand the effects that errors 1n age deterninations might have

on ags distributions. 31nco the true age of fish is unkown,

accuracy in agu determinations can. not be.evnluated. |
Pracilian. however, as evaluated by looking at acreenant

'.betwaen rnadern also ¢ivas some indication of how good thia

nathod of deterninint sges is.




2.1, POPULATION SAMPLING:

b g e -

o s i e -
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Pbpulhtion sampling was conducted in February'shd

March, 1984 and 1985 and May 1886 in the San Francisco Bay
. neAr’ Candlestick Park, Tiburon and Carquina: Straits (fi:ure

2y, In 19684 and 1985 1arso groups of fish were located by
sonar in Areas where they ware concre¢atin¢ and foedin: on
herrin¢ roe. They were caucht by an‘lin‘ with pleces of
herring or by snagging with large t:eblq hooks pulled

'thrdazh groups of fish;._All'tish'caught weres brought alive

to a processing station either on a boat”nqk:'thg-tishinl
site or on shore. At the p-ocessing stdtion total'langth
(TL) and fork length {FL) wora neasured to the noarest
millimeter and most af the fish were sexed by makin: a 2-3 -
em. ineison on the vontral'surfaca near the polvic tins.and
examining the gonads as described by Doroshov et al. (1983)

After tha incison was sutured the fish wers placed on their

.sides and a 2-5 ca. piece of the narginal (anterior) fin ray
was relovnd by either sawing through the ray at each end of

the section with a snall hacksaw or by clippin‘ throu(h it
with pruning sheers and then separatinc the ray section from

the rast of the fin with & scalpel The sections were takan_

" as eclose as possible to the articuiation to insure inclusion

of the Zirst annulus of the fin_ray._.Sactions ware not
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Figure 2. L&w§r Sacranén£6 Rivef Deita and San Francisco
: Bay. 1984-19686 population sampling was conducted
near Tiburon, Candlestick Park and San Pablo Bay.




iystama-ically tak.n trou aithar thc 1o£t or rightmpectoral'
Iin, and thd choicc was oftcn nadc wh.n tho fiaﬁ_filppcd

._j. A
- .

“urthr anto one tide or thc other. |
' In May, 1986, entire fins were ronoved from 24 dead
£4sh cau‘ht at & lturgton derby h.ld at Glen Cove Marina,

near Carquine: Straits. Total length of all fish cauzht waa

'maasured to the nearest uillinetcr and £ish were weighed to

" the neavast pound. |
- Fin. rays wers collectad fra- 252 tish in 1884, 1985,

. and 1988, Acaa were not assigned to 38 of these tish.

I
5

because tha £in ray. section was cut too far away from the

body to 1nc1ude the first raar s nnnulus or ¢ronth bands

)  were too.indistinct to count. The remaining 218 fish are
¥ | 1isted in table 1 by date of capture, location and asaigned

sample identification number.

2.2, FLB RAY SlCTIONIﬂG‘
| The 2in ray sections and uhole fin rays were

thoronchly air dried and -ounted with cloar epoxr onto | )
pioces of wood approxinately 2" x 3/4" x 174°. A Buehler
| Isomet low spaod saw nith diauond—coated circular blades was
used to loction the fins. This saw has adjustments ‘for the
width of aaparation between the blades and the spead at

which thar rotate. The smnpla is -ounted on a lever arm
which lowers the naterial to be sectioned onto the top of
the ratatinc blades with an adjustable amount of neight
applied to the sample. The bottom of the blades turn




_‘hblo 1. Dates, locttion. nunbor of fish caught.
~ . identification numhers and location of capture for
218 lturtoon 1nc1ud-d in 1984-1988 age data nt.

| " NUMBER saurnx I capfun: :
DATES = OF FISE  NUMBERS ~ LOCATION

Feb-Mar, 1884 12 f1o4o—iossujf7_cannnmswzcx panx

‘Feb-Mar, 1684 - 21  1070-1094  SAN PABLO BAY
Feb. 1985 86  1150-1267.  TIBURON
Feb-Mar, 1985 71  1268-1356 7'cannnnsr:cx PARK
May, 1986 24 1123-1148  BAN PABLO BAY

.ﬁﬂ-h-.--l---ﬂﬂ--ﬁﬁp-‘-ﬂ-ﬂ‘n---‘n-n-----n--.n‘-nn-“&--“




\hrouth & mild.soap bath A variety of sattincs of blade:*
-aééaratian width, rotation apeed. and weicht unre used to’
u@éiion the fin rays. In ¢enerul heavy wai:ht and faat.:
rotation speeds make growth bands 1n the aactiana less
clear. Loyer speeds_and less weizht providaa a more evenly
cut Qnd finely palished_sgctidn with more interpretable |
Zrowth bands. The amount of time it-takas.to cut a section
ianeases as rotatioﬁ speed and weight decreass and as the

amount of wear on the saw blades incrbases, Most secticns -

wers cut with the saw set near 200 :evolﬁtiona bar minute, .
and with hpﬁrbximatoly one dunce of weight on top of the fin
ray it took between eight and thirty minutes to cut a

ssction. Sections wers takan_trom-as_dlosq to the
articulatior. as possible té insure inclusion of-the first

anhulus,‘but far esnough from tha'articulation to'ivoid tha

mors curvad area of the fin ray where dapositional bands are

less distinct whan sectioned porpendicularly to tha 1on¢

axis of the fin ray {figure 3). Sections ranged in
- thickness !roﬁ'o.ésnto“o;Ts mm and-many'fin.rayg had several
:aections_o£ d1ffgren£ thicknessaes prép#rad when thé.bands_
._iﬁpearéd'indistinat. Cut sections were mounted on microscope
slides with clear fingernail polish both underneath and on

'top of the sections,

By way of comparison, Pycha (1955) glued sections
sanded down to 0.015 inch (0.38mm) thick onto celluloso
‘scatate slidex with "Duco” cement. California Deaprtment of
Fish and Game (CDFG) samples.frqm 1865 through 1970 wer§
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Figure 3. Pactoral f£in ray. Sections for age determination

' are taken as close to the articulation us poasible
to include the first annual annulus, yet far
enough away from the articulation to aveid the
curved area of the fin ray. :




sectioned with saw bladu mounted 0.9 ma apart and thlm t.he_'f
tcctioﬁtgwo;o pollshod nith tiac :andpapor. CDFG -anplu
;ffrol 1973 thrauth 1978 were not polinhtd becnulc tht ra
. wete soctianod with blades -ountcdﬂa 5 am apart and annult
were viniblc without polishing. All fDFG samples were B
_nauntcd on plastic or glass -1croscop¢ nlidas with clear

fing.rnlil poiish.

2.3, AGR D!TIRHINATION

- Tin ray sections wars projocted onto a pieco of whltn'_f

3.
j .

cardboard usint a Lietsz ﬂatzlar Nao-PRDHAR microprojector

(model #$ 31.047.500). Projections ranged in size from about

S eepndd e

' one?half to one meter in diameter dependin: on the size of
the fin'iay section. Initial 1nstructions to three readers

- were limited to & group examination of about 3 sections to
oriant readers to tho general patterns of bands on the
sections Ho apecific aging criteria were establiahed prior

to tho first scﬁ of agn doterninations--readers uara told to

start in the aiddlo and count ‘the narrow light or
t.anslucent bands that nppear with trannnitted lilht. Thasa
bands are thoucht to be laid down during perioda ot slow

Miobgrinma L e IR

growth (Kohlho:st et al. 1580) and are 1nterprated as annual

annuli for this study. Tha projeétions ware then

independently axanined from betwean ons and three metars

away by three resaders whd will be referred to as Readers A,

B, and C. A total of 224 sections wera aged.

o Memeeseae




Afte: notin‘ lubstnntial disa:reoment on ngag among
F(spo rasulta) ageing criteria uoro eatablinhsd to "

ra&ucc nubjeativt dccilions.' Rcadcrs wore ;nstructod to

,foiiow these. :pocific rules: K
" 1, 1dentify the first yur'. annulus: The first
yenrs s growth iz dark lnd has a mottled, irreculnr or .

"sporiga~like” Appearance. Tha central. ‘triangular

_ragion should have this type of texture and is bordarad;;

| by a-distinqt Iitht band. Pariodu of rapid growth -
after this first year are also dark, but solid and

”%“ ; | | | smooﬁh in appearance, never textured like the cantral

 €. - . part. Tha first year’s annulus must be claarly

identifiable for a count to be made.

-2, Count the licht bands only: The bands should

[EEN

appear clearly on both major lobes of the sgctiohf

Frequently, light bands are arranged in pairﬁ with two

N ._;f_tn,-.w.r,a-; L

_ _ light bands very alose togethgr saparated from_;nother
{ - : such bﬁir.by a much thicker dark Bsnd.'-When two light
bands are very closo together like this, it might
reprasent either ona or two yearn of ¢routh. Kohlhorst
et al. (1980) used a rule that bands must appear in

: . both the major lobes and also 1n;tha dorsal and-ventral
f $~ . ' _-portions to be counted. Thus "false"” annual annull -

" which show up in the lobes are not counted aince tho

'__pairs usually join tocether in the dorsal or ventral

areas. Since bands are more difticult to 1nterpret in




halt dorgal lnd ventral areas. acuin: 1n this study 1

rtitrictcd to thc najor lobo-. Hhon twa light bnnds X

are very close together ‘they should bc counttd at two;
only when a continuous dark band separates tho.licht
bands throughout the major lobes. | | |

3. 1f the outermost band is dark, add oﬁo.year'to the
count. If it is light, it is ﬁho_laat band counted.

The fish in the 1984 and 1985 sawples wers all caught

'in January, February or Harch and should have been

laying.doun s light band. Fish in the 1988 sample, on
- fhe other hand, were caught in Har and should have been
~ laying down a dark band. Kohlhorst et al. (1380)

asuisnad a mar:inil annulus if'one was hot'visxble on

fiah caucht botuoen April 1 and July 1. This was

necassary because annuul annuli forned in the spring

ware not usually apparent until after mqra rapid ¢rpwth
resumed. By July 1,_th; Qpring annulus was visible
n&ﬁg the edge of the section and it was the final one 3
counted. _ | _ _. : o - .: |
In 1886, two of the readers from the ftrst:réadingh
(readors B8 and €) and one new reader agad 244 tin ray
sections follouina thess rules. Tuentr-four new sections
ware fron Har 1948 sanpltng at a sturgaon dorby at Glen Cove
Marina and eight 0ld sections tron the 1985 aging were
omitted because the séctidns did not 1nélﬁde the first

annulus,
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2.4.1. AGIING AGRI!H!NT B!THEEN PAIRS or RtADERS
Ages were compared pairwise between rnadoru._a B. B-C.

'-hné-A-C for both the 1985 and 198¢ sets of ages. To

dateriine whether one reader generally assigned hichor:or,
loweyr &sas. the nun of differencas ind the average.

difference between ages assigned by aach possiblea pair of

readers was calculated. The sum of absolute differences and

the average absclute diffaranco botneen ages aasitnad by two_

,gf, readars were also calculated. Nunbor and percent of exact

azreenents. agreements within one year and acroenenta within

' two years were calculated for each pair of roqdera Of the'
£1ish that were aced twigc-by-roadars'n and C, the atoa_trom-
1985 were plotted alainst thbsa'tron 1988 to 22e how

cahsistent aach-rouder_wan-fron”one year to the next.

? 2 4.2. AGEING AGREEHRNT AMONG THBEE READERS :
;_ - The agreement betnaen all three readers 1n the 1985 and
3 - 1988 atuinz was avaluatad by determining the number and

percent of tines that (1) all 3 readers_a;raed_exactly on

S MR

the age of a fish, (2) two out of three readers agreed or
“all thrqo rdaders'a;reod._(3) two out of thres readsrs
agraed or all'threo readérs acreedfor the £hrue ;aaders

b o T

asaigned three cansecutiva azes Sats of A(es that did not

)

_fit into any of these categories were ¢rouped togather in a

7 .
[ PE—

poor-agreement category Fish with such poor acreement of



';dist?ibution sinco their sges are 30 uncortainﬁ;
]jibcttor but not o:oct a:raonont botwoon the throu roadors had
an age assigned to them so that they could bo_inoludod in

When two out of three readers agreed, that age was asoignod.,;

_ (cf. Kohlhorst et al. 1980). Also, for the 1986 ageing, when

| age of tho fish.

atoa onong roadors uoro not used in canoratinc an azo g
. riah with

the age dLstribution_olont with fish'wiih oxaot:atroomont.'

tho three roadors assignod three consecutive ages, tho

' middio age was considered to be the true a:o.

2.4.3. DISTRIBUTION OF ERRORS IN AGE DETERMINATION:

. The ovofago age of the three reader’s ages was
calculated for.oach of 22i fish f:oo the 1985 atoing and 244
£1sh from the 1986 ageing. This average age was then
subtracted from each roador s age, and the rosiduals were

plotted a‘oinot the average age of tho fish to dotormino how

orrors in a:o doteruiontions are distributod with age. Tho )

squaros 6f the rooiduain were rogroosod against the avoraze

2.4.4. EFFECTS OF ERRORS IN AGE BETERHIHATION ON “THE SHAPE

OF AN AGE STRUCTURE

To doternino qaalitativeiy how errors in age
detornination chan;o an age distribution, sovornl diffarent

similated error rates wers appliod to a hypothotioal “true”

 age distribution. For thio hypothotical age distribution, I



subsanpz ‘of £ish ages 9 thru 19 fran tho”1ses
_ ﬁt&t'wtro siaulntad an followt
!li;i Ondﬁthlrd of the tilh in oach ngt olani w.ro novod

fup:onc Il' cia-s. ono-third were -ovtd doun one aat elnac

innd one-third were left as assigned. _.ﬁ'f;:aw;fdﬁff
'.é Casa 2: Ona-fitth of thc fish in each age class were moved
N up one age class. onc-!ifth were nuv.d down one ag. clnsa .
‘and three-?ifths were left as assigned. :

' Case 3: One-tenth of the fish in each age class were moved ” f 

up ona age class, one-tenth wers moved dawn oneé ato clnsl
' fand four-fifths were left as assigned.
Case 4: 18 % of the fish in each age class were moved up one
age clasn. 18 X were moved down ono age clasa and €8 X wero 
left as assigned. |
“he lnst error rat. was ettinated frou rates of
Ipairwiso ugreenent fron the 1988 ageing. Tho avarnco
percent of exact agresments. sgreements within one year and
agreements within two years between pairs of roaders were
‘used as probabilitios of a readar ansigninc the correct age
_to a fish. For exawple, pairs of readers assigned the same
age to approxisstely 50 X of fish aged in 1968 (see
- results). Therefore, it is assumed that each reader has a
. probability of'o.sa of assigning the'coirect itc to a fizh.
- Cbﬁﬁiaatiohs of probabllities tha£ would yield an assigned
age (an age could be assigned when at least two out of three.

__re&ders agree or the three readers assign three consecutive

agas) to bé axgct'or-off by one year weres calculated.




Det ils cf thesea calculationn are presented 1n appendix-& 1.

-The rasultinz probability of an assizned aga baing off br

one year from the correct age was 32 x. and therefora 18 x
of fizh asaicned t6. sach age class were movad up and down |
one agu class. Since the probabilty ot an assigned age
beint off by two years from the correct age was only 6 %,
this uas ignored in estimating an error rate. 88 % of the

£4ish assizned to each ags class were, tharefore, left as -

_qssigned. Numbers of 8 and 20 year old fish in the

unadjusted age distribution were alsc needed to caleulate

the new numbar of 9 and 19 year old fish. The old and new:

age structures wers then compared.

2.5, AGE DIBTRIBUTIONS FROM AGEING" DATA'
Aze structures wera ¢enorated from 1986 agein: of 244
fish for the following subsets of ageing data:

1, Fish'dn which all three readers agreed,

2..Fish on_which'at-lqast'two out of three re@dera
azraed | |
3. Fish on which at 1east two out of three readors
agresd or three oongecutiva ages are assizned (the
middle ona'is_uéed). |

4. Poor agreement fish (those not in 1-3 above).

§. Reader A's ages only.
6. Readef B's ages only.

7. Raader C's ages only.
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Thcse'scvan a‘d structurts uuro caaparod for ¢nnorai

and{simiiarity _ o
| Thd age data set 1nc1udin¢ exact a;rteaentu. two out'aQ:
three agreements and tho middle of threo consescutive acna T
will be referred to as tho 1984-1968 raw age data and isn

'used to backcalculate recrnitaent This data met is

rolativaly large and simulations 1ndicate conputad arrors in
age determinations cause relatively littie distortion of the
ags distribtuion A¢e distributions of this ‘sanple (n=2186)

and the poor-a‘reemant fish (n=28) and both combined (n—zua.'

"were compared to sea 1f the ages of the £ish throwm out were

distributed similarlr to those included in the sample. The
average age of the three. readers rounded down to the next
lowest inte‘er (. intezer average age) ‘was used for thaso
three age atructuras because the poor-ngrae-ent fish do not
have assisned a:ea A Koluogorov-Suirnov non-paranetric
test for observod distributions coming fro- the same
population were performed for the total sample (n = 244)
with-tha good agreement saﬁple_(n_é 2165 And the ﬁodr
agreement_sémplo {n = 28). -Kol-ogq;dv-Sairuov tests wura'
alao used to compare distributions of ages assigned by each

reader,.

2.6. OTHER SOURCES OF DATA:

The oldest sat of age and length data was from fish
caught by anglers in the bay and deltsa and by California
Departmenttof_Fish ‘and Game (CDFG) stucgeon tagging




opcrationssin San Pnblo Bay in the fall of 1954 (Pycha
 W?5'i; rays wort rtaovad from 520 fish and 125 tin
\ loctioal were danazod or conaidcrad to be too qutstianabln
‘to be included in the results. ' These 125 tins were roported
.to coms "from fibh scatteraed thrcughout nearly the entire

size range.” The set of 335 aged fish were then considered
a random sample of the population of fish large enough to be

caught in the trammel net used for sampling, or large enou¢h ” 

to be kept by an angler. The trammel net was
Lo SR 7 1)2 - 8 1/2" mesh and fish over 40" total length were.
thought to be: fully vulnerable to capture. |

Data fron CDFG survays in 1985 1868 and 19731878 were

used to ceneratg age distributions in the 1960's and 1870's.
These fish were collected by trammel nets in San Pablo Bay,
by sport fishoraen on party boats ﬁhrou;ﬁout'thﬁ-baf and
“delta and by other CDFG netting operations in the bay and

i dalta. Bize data collectad during sturgeon tagging 1n San

| _Pablo Bay in tall. 1984 by CDFG was used to develop a

L " current size dlstribution. Table 2 shows the number of fiah'_

by year used to generate age distributiona..'
2.7. AGE DISTRIBUTIONS OF FISH CAPTURED AT DIFFERENT

LOCATIONS: |
The 1984-1986 raw age data were furthor_brokbn down by

so oecwemdl L Mpaiedie

capture location to determine whether the age_struéturéa
zenérated by sampling at dif!erentllocations are similar.

" The integer avéréga ages were adJuste&'for fish collected in

{
H




distributions '
listed by year -

-Hﬁnbit_bi.filﬁ'ﬁsod to ¢§n¢ra£d iji
- :for 1954i:1985*1983 and 1873-1978,

R N e o e o gy i i i O e i e b-a"--a-----ﬁ-----b--‘-----'--&u-----n

1978 R
1974 o aes

1978 o2y ;

1978 . sse |

.-&ﬂ-ﬂu‘--‘ﬂﬁﬂﬂﬂ-----ﬂbﬂﬂ-------h--ﬂﬁ--ﬁ---“‘ﬂﬁﬂh-.ﬁﬁﬁﬂﬁﬂ&.




tnd 1988 (ont ytlr addad to and aubtrnctad !rom.

: rospiativulr) to nakt th‘ ttta tquivalent to those of the'yf
_ majority of fish captured in 1985. The fish were divided

inte thra« groups!
i. 88 fish captured near Tiburon

TREl

T e T

2. 45 fish captured near San Pablo Bay and Carquinez '
Straits.
3. 83 fish captured near Candlestick Park.
Age structures for these threo subsamples of ‘the 1934-1988 _
fish caught at different locations were comparad for caneral

shape and mean age of each sample ware eonpared. A

- Kelmogorov-Smirnov test (Hogg and Tannis 1983) was done for
'the_thrae pairs of locations to ﬁec 1f the obsarved age '

distribations-c&ie from the sana'popuintion with a specified
distribation. | | | | S
Combining samples from differont years to givo an
effectivuly larger sample is valid only when the population
is being randomly :nnplod each time. The CDFQ samples from
19685-1968 and 1973-1978 include fish caught by several

' methods at different locations To assess the randomness of

samples collectad at differant locations, ate distributions
of fish collacted in 1973, 1974, 1875 and 13?8 were

_neparated by capturse lJocation. The age distribution of fish

¢ollected in San Pablo Bay and Carquinez Strnits each year
was compared to one of fish collected in Suisun and Grizzly

Bays the same year. Kolmorogov-Ssirnov tests were performed
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| 1_-é.e. BACK-CALCULATING RECRUITHENT_FROH AGE_STRUCTURES;

Assuming that post-recruitment haﬁural mortality is

not’ time-varyins and - harvest rates are known. an age

structure canorated from a random aample of a population can

be used to estimate recruitment in the past. Saveral ateps

are taken to ad just current age distributions to reflect

_rccruitﬁent in the past. Fifst, samples have to be adJuated _

for capture mathod, so.that only fish fully vulnorabla to .
tho capture method ara included in the aampla. Diatributions

from aaveral years are ‘combined to make one large sample,

.and then adJustngnts nead to be,mgde for differential

mortalii& from both fishing and natural causad.e#perianqad

by fish of different age classes

2, 8. 1. ADJUSTHENTB FOR SELECTIVITY OF CAPTURE GEAR AND

_-COMBIRING SAMPLES:

1t is aasuned that in 1984, 1985 and 1986, fish over
the ag» of 9 were fully vulnerable to-capture since only age

8 und'aéér ware cau¢h£ 1n'lar¢e numbéra - One year was added

to the assitnod ags and aubtraatad from the ansisned age of

£ish captured in 1984 nnd 1988, raspectively to maka thom
equivalent in age to the majority of fish caught in 1885,

Assignéd age was then subtfibtpd from 1985 to give the ysar
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'were applied to u_-' distributions from CDFG data from 18965-.
1968 and 1973-1976. Pycha’'s (1956) 1954 collection waa

.'-_;djusted to exclude fish 6 years old and younger. 7 year

f recruttment.  For example, 10 year-

':$1miiir age cut-off points for capture iear salééti?ity

old fish had an average léngth of 39.8", and Pycha
conaidered £4ish over 40 inches tully vulnerable to the net
used to collect fish in 1954. Assignod ages ware subtracted
from 1954 to give the year of recruitment. ) |
'__FLSh'frdm CDFG samples from 1935.'1988; }987, and 1983
ﬁ&ra cut oft'td includ§"7 8, 9, and 10 yeaf-olds and oidar

fiah,'raspoctivali. The samples had 1 year aubtracted from

the assigned ages of fish captured in 1968. and one and two

years added to the assigned a;as ‘of fish cnpturad in 1885

'and_1988,_respectivelr to make them equivalent in age to
- £ish caught in 18687. Year of recruitment wgﬁ_calculited by

subtractinz assisned ates from 1987

CDFG samples fron 1973. 1974, 1975, and 19?8 waro cut
off to include ages 3, 7, 5, and 2 yaar—olds and older.

respectively. Theses cut off ages were based on the size of

 the nets used tor capture in different yaars. and the age
classes that were caught in large numbersa. For example, in

1873 and 1978 ‘fair numbers of sturgeon botween the ages of

2 and 8 were captured in 3111 nets set up to sample striped
bass and salmon. One year was added to the asaizned ages of

the fish captured in 1873, and 1 and 2.yagrs,_repeccivq1y




.wera subtracted fron tho assicned ages of !1sh captured in

'caught in 1874, Year of recruitmont was calculated by

subtracting assilnod a;eu fram 1974.

L mermrndd ey :.‘LVT..,_I._. T b
‘

1975 and 1978 to uaka them QQuivalent in age to tha !1sh

The samples from different years for 1885 throu:h 19688
and 1973 through 1878 were combined by addition and |
weiﬁhtin‘ The number of fish recruited each yvear from
samples collected in 1865-19868 are combined, and those
collected in 1973 1978 are combined The total number of

fish recruited each yoar {s tha sum of tho numbot of fish

recruited aach year froa each sample divided by the nunbar

of samples that include fish of that age class For_

| example; in the 1973-1978 samples, fish recruitad in 1988-

1870 were reprasented in only threa of the four samples. In
1974, ralatively younger fiah nare not captured. The number

of fish recruitad theso yaars is the sum of the number ftom

- each samp.e divided by three. For fish recruited in 1987

and earlier, however, all four samples include these age

groups and tha'sum is divided by four.

2. 8.2. ADJUSTMENTS FOR MORTALITY:

Chadwick (1959) estimated annual fishing mortality for
catchable sized fish at between 2 % and 10 %. Miller (1872)

later estimntad annual tishing mortality of 7.3 ¥ in 1987

and 8.5 % in 1988. In 1974. Kohlhorst (1980) estimatad an_
explojitation rate of 5.8 X. .Be also reported an annual

survival rate from 1967 to 1074 ranging from 84 % to 88 X.
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;colioctadiin 1954, 1965~:9sa. 1873-1976 and 1954-1933 for
differential natnral and rishinc nortality were made uuins &

~'constant 1nstantun¢oul natural mortality ratu of 0. 08 and l'

- while the natural mortality rate of 0.08 correaponds,to-iﬁ

’Adjuatacnts to th- four rocruitannt tcriqa tron data.

constant instantaneoul fishing aartalitr rate o! 0.07
spplied to fish aftor their eighth yoar nhen most become
vulnerablo to capture. An 1n:tautancous fiahinc uortalitr

rate of 0. 07 corresponds t6 an annual harvast of 8. 8 x,

annual aurvivnl_of 92.3 x._'Thda. coﬁbined raiqu of natural
and_fishink noft@litr correipqnd to hn-annual;qurvival rat@i
of 86 %. Bince the age data have already been combined to
makcfona recruit&ent_n&fieu from s#voral years.of_data. thﬁ'
mortnlity adjustments uuro.hhdo tdﬁall_tho_figh'in a series
as if they were capturod in the same year. For the 1§85- |
1868 samples, all f£ish were asnuned to have been captured in

1967 and for the 1873-1978 samples, 111 fish were assumed %o
have besn captured im 1874. Fish from the 1984—1986 sanples |

" were dssumed to have been captured in 1985.

2.8.3. ccunxnxnc DIFFERENT TIME SERIES OF RECRUITMENT:

Time series of recruitment developed from tha four
samples from 1954, 1965 1968, 1873-1978, and 19841988 were
plétted on the same axis to daternihe the degree of overlap.
Estimates from fish over about 20 ye#r# old were omitted

from these time series because of the small sample size of

these older fish. Thus, the recruitment series from fish




. _éutﬂaff at 1934, 1946, 1954 and 1985; rosptctivoly.p:

, roarn when recruitment was a-tinntod from two samplea. tha

'Gollddtcd in 1954. 1985 1988. 1973 1978 and 1954-1958 wo

two estimates ware couparod. For sach year the aatimatas_

. overlapped, ratios of the estimate from the oldqr'sampii to

the estimate fron'the more recent zample uéra_calculated.
Geometric means of these ratios for sets of overlapping
years were calculated and used to waight the four

recruitment'seriés.. In ycart of overlap, the two estimates

ware avora;ed and a long time series was davelopad from the

four weighted recruitment series.

2.9. BI2R DISTRIBUTIONS:

Your data sets were used to generate four aise

distributions from fish collected in 1954, 1985-88, 1873-74,

and 1964. Fish ware grouped into three~inch size classes 30
te 32.9 inches, 33 t§_35.9 1nches.'étc; .Siio distributions
of the number of fish in each of these size classes'were ‘
compared to see haw the aize distribution has changed
throuth time. The general shapes of tho size and age

'-distributions of each of the samples are also compared,

.Agsiinqd'tla-versug total Iength was.plﬁttad for 218 f£ish in

the 1964-1986 data set. This plot and Pycha's (1956) age-
length table are used to estimate the age at which most fish

'eﬁtgr the fishery.

2.10. CORRELATION OF ESTIMATED RECRUITMENT AND FLOW:



ioni bctwton tina tlritl\
itiuatcd fron date collected in 1984-19&8 nnd Sacrnnonto‘
_ Rivur outflow fron January through Juno were bonputed tor-
1968 to 1975. _Average nonthlr outlfow of the Sacrnmento
‘River at Chipp’s is;and (nource: L. Miller, peraonal comm. )
v&ra'corfélated with racfuitnent th§ same year, one and two
years before and one and two years later. ‘Sinca relatively i

nigh correlations were observed for recruitment with flow

1.
&
3
)I'_

the same year and the preavious year, a multiple linear

re:reasion'of recruitsent on these two variables was

computed Estinatad rncruitnent. outflow the same year and

outflow the previous year wers also plotted a;ainat time.
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.1;1. AG!IﬂG AGR!EHI?T Bt?ﬂttﬂ PAIRS or R!ADERB
d  i_ Agreement between pairs of readers was highor in 1988
.than in 1985 ttablo 3. In 1985 the total sum of '
differences bctutcﬁ ages nlltgnod by readers A and B was
-222 out of 244 fish aged, or reader B assigned ages an |
averags of 0.99 year higher than reader A.. Readars A and c :
_ had sinilar biss but neither B nor C assigned consintontly
 higher or lonur ages than the other. In 1986, the total .

F
I
) ; -
;-
\I.- .

'?7 " | .of eaders wers s-allor. rantinc from 27 ¢o 79 The largest

'sums of di!ferencas batﬂoen ages assicned by 111 three palrs

average difforenco betwten sges assigned by a palr of
readers was 0.32 years between readers A and ¢. 1In 1988,
 the percent of exact agreements betueen paira ot readorn
ranged from 43. 9% to 52.0%, which is approximately twice the
1985 values ranxing from 18.8%X to 25 sx.- Tho ages assigned
to the 244 fish by roadcrs A, B and c in 1988 are listed in

Appcndix 8.2,

~In 1985, pairs of readors atread aithar exactly. or
within 1 or 2 years for 70.1%, 71.8% and 80.3% of tha 224
fish aged by pairs A & B, A & C and B& C,-respectivelr. In

¥ : B s .Al-l.‘ - v
oy LR F AT T g

'1988, pairwise agreement within 2 years ranged from 80.1% to
94.3% for the 244 tish aced Raaders B and C agad 220 of
. the same fish in both 18858 and 1988. The same age wasS

assigned to 37 % and 30 X of the fish a(ed br readers B and

¢, respectively. Correlaticn coefficients of ages assigned

;- .
s _."““‘“"“'.“... o ome s




ndﬁ'ﬁ’.d-uﬁu-d-ﬂ‘-da'lli'--f-n'bdl'dl-i-o‘-‘i-uuh--n—uﬁ-mnnuua‘-nﬂbbﬁ---h

1965 Age Differences in ages  Abaolute dafferences

D.t.ﬂin.t,.“ D - - - . T S G A O My W

A-B  B-C  A-C [A-B] . [B-C)  [A-C)]

-nﬁ--ﬂ&--n-“ﬂﬁ-ﬁ., Y A O B e .

g of L . | LA
diff.rtnces -222 -11  -223 450 341 - 509

" Avarage ' : o o
. difference -0.99 -0.05 -1.04¢  2.01 1.2  2.27

Agreesent: _
: (1) Exact: ' . : o
~ Nurmber: ' S - 80 S 64 42
: Percent: _ - o 22.3 28.8 18.8
(2) 1 yoear apart: L
Number:: _ o 83 a5 71
Percent: o ; 28.1 371.9 1.7
(3) 2 years spart: - - : - _
- fumber: _ o o 48 i - 44
Percent: . 21.4  13.8 19.8
(4) Percent acreo-nt ‘ L _
within 2 years: _ : 71.8 80.3 70.1

: n»dh&-ud-&‘ﬂ---nﬂﬁ-‘&ﬁ‘b-‘-------‘--ﬁb-----ﬁﬂ--‘-----ﬂﬂ-----.

.-ﬂﬁ-'-----‘&ﬁ---*--‘“----“‘ﬁ‘-‘ﬂﬂ-“---ﬁﬁ----‘-ﬂﬁ--‘--“--‘-

1986 Age Differences in ages _Ahsolute differences
Deternination e-rewccecccccovcsresr wncccscacaanccsamsnuenss
A-B  B-C. A-C {A-B) [B-C] - [A-C}
Bum of ) o - : o _
differences 52 27 79 - 184 213 233
difference 0.20 0.11 0.32 = G6.75 0.87  0.985
(1) Exact: : : 3 .
Number: 127 123 107
 Percent: o : 52.0 50.4 .43.9
(2) 1 yesar spart: ' - :
: Nuomber: A ' _ a7 88 - m
i ~ Percent: ' ' 27.5 27.0  31.6
2 {3) 2 years apart: ' -
Rumber: : - 38 ) S 40
- Percent: . _ 14.8 12.7 i6.4
’ {4) Parcent acreeacnt o - : _
i _ - within 2 years: - 94.3 90.1 - 91.9

&Qn--‘-‘-‘-ﬁ—-—-----ﬁ-—--sﬁ-ﬂ-ﬁ-ﬂﬂ‘----—‘------------Q----&-.
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'3.1.2. AGEING AGREEEMENT AMONG THREX READERS:

In 1988; alil three readers sssigned the same age to'BI

of 244 tiih.'whilc in 1865 all three readers agreed on the

ages of only 19 out of 224 fish. Tibla 4 summarizes the
number and percent of fish from the 1885 and 1986 aging that
eiﬁher {1) all three readers a(rqed on the age, (2) only two

fout-of.thrée readers agreed and (3) the three readers

assigned three consecutive ages. 'Agrﬁeﬁent was considerably

_ better in 1986 when only 11.5 X of 244 fish aged fell into

nqna'of‘the abov..thrao'cqtcgorias. compared to 34.4 X of
224 fish aged in 1985. o |

In 1988 80 X of 244 fish aced had at least two out of
three readers agree on the age while in 1985, onlr 52 z of
224 fish aged had this much agree-ent.

'3.1.3. DISTRIBUTION OF ERRORS IN AGE DETERMINATION:

Errors in age determinstions increased with age in 1985
bgt not in 18886, This'is denonstraﬁgd hy.résidual plotu.of
average assigned age subtracted from each reader’s assigned
age ag&inst av&ra‘u-ass;zned aga (figure 5).. In 1885, the
absolﬁta value of tha reaiduals-in¢reased with ago and the
plot was consequently trianzular The 1988 plot. on the

other hand, was essantially rectangular. The squares of the
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Pigure 4. Plots of ages assigns
same fish aged twice
 Correlations were 0.8
¢, respectively.

d in 1985 and 1988 to the
by reader B (above) and C,
6 and O.Qz,for raadars B and
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" Humbeir and percent of fish aged in 1988 on which
7 @ither all three readers agreed, only two out of .
three readers agreed or the rsaders assigned three
consecutive ages. Other combinationa of ages are
'¢roup¢d into & nono of th. abovt catocbry.a :

--q&“d-n-‘n-‘----nﬂﬁﬁ------—ﬁ------------ﬂ“---ﬁﬂ--ﬁﬁﬁﬂﬁ----

3 readers agreed 19 8.5 81 33.2
2 of 3 readers agreed 98 43.7 114 48,7

Readers nnnitnéd three : o _
consecutive ages 30 13.4 21 8.8

None of the above 17 3.4 28 11.5

Total . 22¢ 100.0 244  106.0



(AGE ASSIGNED BY EACH READER)-(AVERAGE AGK)
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 VIRRGE A OF FIWY
URUORS ¢+ REDRC ¢ REORA

Flgure 5. Residual pldti of average assicnad.ngo subtracéad
frznigggh-roader'n assigned age in 1885 (above)
and . ' :
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uith thc foliouins uquttions

il

uals regrcssed a;ainst avaragc ussicned uso cavu 1ino
o R 2

1965' y =0, 50x - 5.09

~ 1988: y = 0 08: - 0.38 _ ‘

The nlopes of 0.50 and 0.08 rtflect that .rrors in age

detqrminations increased (p < 5 X) with age in 1985, dut not

in 18886,

3 1 4. EFFECTS OF ERRORS IN AGE DETERHINATION ON THE SHAPE

| OF AN AGE STRUCTURR

Plots of a hypothetical assunad "true” agr distribution
and resultant age distributiona after four error rates were
applied show how errors in age daternination 1ike these
affect an age distribution (figure 6). As the error rate
increuséd, the age distribution flﬁttenod out; the peaks

were reduced and ths valleys ware ‘filled in. Tho age

: distribution aiter the astinnted 1686 errur rate for a;a

daterminationa was applied was still similar to the original
distribution in the sense thnt rank order of the aga classes
was prassrved. For the exanpla where the error rate left 60
% of the fish ns_assigned.-hogever, the rank order of age
classes changed (figure B8d). |

3.2, AGK DISTRIBUTIOHS FROM AGEING DATA: -

Distributions of ages asai:ned by each reader to 244
fish in,1988 (figure 7) were quito similar. Kolmogorov=
Smirnov tasts.shoﬁed (p < 5%) that these three diséributions
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Figure £. Age distribution of 9 through 19 year old sturgason
‘in 1986 (a). Same distribution after four _
increasingly large error rates were applied (b-e),
First, 1/10 of the fish in each age class were
moved up and 1/10 were moved down one age class
{(b}. Similarly, 18 X, or the estimated rate from
1986 ageing, were moved one year each way {(e),
1/5 were moved each way (d4) and 1/3 were moved
each way (e). o L :
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'“' :coma from the same distribution.“ Simllar numbers

:distributions.' Tha age distributions of raader A and B had
'iédiatively fever 18 year old fish thnn 15 and 17 year ald
I SR ‘ish, while reader C's distribution had about the same ~
.;Ei;_w*' . number of 15, 16 and 17 year old fish. -

o Ags distributions for (1) Bl.fish on which all three
readers agreed in 1888, (2) 185 fish on which at least tuo
: out of three readsrs agreed, and (3) 2186 fish on which

,E} g . either at least two out of three readers agreed or the thraé_
_ raaders nasi‘nod three consectuive ages had the same - general
A : -ghapa ith similay relativn numbara in each age class

. "ffigura 8). This was, of course, expected when the second

. ﬁnd third distributions were compared Bince they differed by'
only 21 fish. More importantly, relative age class '
streangths of the first and third distributions ware quite

'simi;ar-for age classes § through 16, Relative numbers of

18 through 18 year_dld £ish were also somewhat simila;.

‘When ineluding f£ish on'which_nll three readers did not agree
into the age distribution of fish on which all three readers
agreed by assicning an age according to partial a;reoment,

the sampie size ot tha distribution 1ncreaped from 81 to 218

I . - .
_-_va:_.n-a?.w o . it ok

fish., , _ _
| Kelmogorov-Smirnov tests showed (p < 5 X) that the poor

LS

ncreemént fish (n = 28) and the good agreement fish-(n 2

218) could have both been from a sample with an age

e N distribution like that of the 244 fish sample. Since the
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subsampla af 216 of the 244 fish randonly cau:ht inIIQB

,through 1986 was used in backcalculatin; recruitaqnt. the

J{ ages cf the 28 £ish oxcludod from the recruitment aublamplc

were examined to see how omitting these fish might bias the

resultant age-distribution. The average bf the assigned

'azos of the three readers rounded down to the next integer

was used to maks tha age distributions for all 244 fiah. and
the 216 and 26 fish subsamples shown in figure 9. 18, or
over 50 % of the fish thrown out were 18 yenrs old and older :

while this age group made up only 30 x of the sample of 244

-fish. Omittin‘ these poor agreement !ish raduced the

relative numbers of oldcr tiah in the distribution

3.3, AGE DISTRIBUTIONS OF FISH CAPTURED AT DIFFERENT
LOCATIONS' '

A Kolmorogov- Smirnov non-parametric test for observed
diatributions comin: froa the same population showed (p < 5
% ) that the Tiburon distribution came from a significantly
different population than the other two (fi;ure 10)
Clearly, relatively younger #1sh dominate the Candlastick
Park, Carquines Straits and San Pablo Bay distributions.
Only three fish over 20 yoars old wers captured near
Candlestick Park and only two were captured in San Pable

Bay. The Tiburon age distribution, on the other hand,

~ included 34 fish 20 years old and older

A Kolmogorov-Smirnoy non~parametric test tor absarved

diatributiona showed { p ¢ 1 % ) that in both 1873 and 19786,
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Tiburon

45 fiash caught near
and 88 caught near

Straits (b)),

(e} in 1984-1986,

Candleatick Park (a),
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. Age distribution of 83 fish caught near
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Figure 10




tdistributions of fish cupturod at di!fcrtnt 1ocat1onn camo
Q!roﬂ diffarunt poﬁulatioaa. In 1973, 90 £ish 1n tho sanplo
' -bttwuon the ages of 3 lnd 21 wers e-ptured in San Pablo Bay B

: and Carquinez Straits nnd 127 botwtcn the ages of 2 and 20

‘weare captured in Grissly or SuiSun Bars. Plota of these a:o' -

distributions (figure 11} show that relatively few old tish
ware captursd in Baisun and Grizzlr Bays. In 18?6. similar
distributions were observud at the two locations. _ '

3.4. RECRUITMENT TIME SERIES: |
| The earliest recruitment time series ¢en§rat§d £roa7
fish captured in 1954 showed a spike of rtéruitnént in the
-~ late 1930’8 and relntivuly low recruitment at other times
{figure 12). Tho tino series generated fron the 1965- 1988
samples showtd a similar, but slightly wider peak of
) recruitmont 1n tho early 1950' The recruitment sories
- from fish captured in 1973 ~1978 shouod three peaks of
recruitment in the nid 1850’s, middle-late 1960 s and in
1974. The most recent recruitment series from fish capturad
in 1984-19886 also showad a larce aunber of £4sh recruited in
1974 and re;ativoly high recruitment in the Iate 1960’3.
When these four recruitment series were cut off to
1nc1nde only fish 20 years oid and younger at the time of
capture and plotted on the same axis, peaks of recruitment
appaared in tha late 1930°s, varly 1850°’s late 1980'3 and
1974 (figure 13) The relative nagnitude of these pesks,

.howevur. is unknoun since ‘the four time serios uere
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:generated frou dif!artnt sized samplea collectad in a :F .

ivnricty'of wayt.- ,”J. e
E Holativa yaar class strencths estimatad from two

"sanples ror yoars with ovarlappinc rocruitment eatimates

_were not consistont. This is demonatrated by a wide range
of ratios of the older recruituents to the newer recruitment
estimatesn for each set of overlapping yanra (table 5).

The long time series developed from ueithting thc tour
recruitment series with the geometric means of these ratios
and averaging ovarlappina estimates showed much higher
recruitment in the late . 1930'3 and early 1950's thnn anr

year since (fisure 14).

3.5, 8IZE DISTRIBUTIONS
_ When tho size distributionn of fish captured in 1954,
-  1965-88, 1973-74 and 1984 are compared, the 1954
o 'distribution had a largo fraction of large #ish and a
L distinat peak near ‘80 inches, which reflectn the larce year
L | ciasses of 1938 (figure " 15) The other three distributions
| from !1sh capturnd aftar the opaning of the sport £ishery
have smaller fractions of larger fish. '
When assigned ages ara plotted againat total lencth for

{ . the 218 fish sged with good a;reomant in 1986, all of the
1 | —_— fish 8 years and'older included in the sample were over

101. 6 cm total length and were vulne*abla to capture (figure
'18), From Prcha s (1954) and our. two 1986 aamplea it appears B
- that most fish anter the fishery by aga 8 or 8 (tablo 8) |




1965~1968

1966-1968 &
19731976

1973-1976 &
1984-1988
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Table 5. Ratios of older recruitment astimates to newer
: recruitment estimates from fish collected in
different samples, and geometric means of these
ratios calculated for sets of overlappink
- astimates. - :

A e A i e A e A A

Recruitment Estimate Geometric
Year = oldar nawer older:pnewer .. lean
1848 38 89 .57
1947 23 12 1.94
1955 - 88 81 1.07
- 1858 89 109 81
1957 111 116 .86
1958 51 84 .81
1985 88 - 95 .70
1986 . 58 81 .68
1987 .84  TO .82
1968 50 112 AB
1969 54 96 .58
1970 30 110 .27
1871 41 71 .57
1872 27 45 .60
1973 46 38 1.24
1974 91 114 .80




MUMBER OF FISH
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Fi:ur.' 14, DP:.-iY . .4 cCime series developed from four
- weighted rocruitaent series.
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' good agreement in 1988,
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Figure 168, Age-length relationship for 218 fish aged with
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3.6. CORRELATION OF ESTIMATED RECRUITMENT AND FLOW:

taents ta r.cruitncnt ncrial for fish1n¢ nortalitr -
--tharaforg. appliod t6 tish aft.r thoir tizhth ytar

The correlation analysil of estimated roaruitmont and

flow durin¢ tht Same year, previous tuu years and subsequent'

two years froa.1985 to_1975 produced the highest

¢  "elations of 0.44_and 0;38.whén recruitaent and tlows_one

and two years befors, respectively were correlated (table

7). Hone of these correlations, however, were significant.

A multiple regression ot.recruitnént with flows from tho

. game year and previous year had a much higher correlation (r

z 0.88) than recruitaent with flows in any single year or
other combingtion of 2 years. 'Thc.rosultinc regression
equation; ' B

y = 0.40 (rlow at lag ¢) + 0. 45 (Flow at lag -1) + 87777
was significnnt at the 90 X leval (-p € 10 X ), but not at
the 95 X level.: -Recruitment, flow the same year and flow
the previous year plotted along the same axis demonstrates .

this correlation (Zigure 17). Since the correiation is poor

' prior to about 1870 and these estimates are less reliabla

becauss these older fish ¥ere from a smaller sample,
correlation of recruitnent and flow of the same year and
previous year from just 1870 to 1975 was parformed. Thin
fesulted.in an sven higher correlation coefficient of 0.88,

while the level of significance (p = 10 %) was similar,
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4. DISCUSSION

The weak positive correlation of aturzeon raaruitment

beraraimodd

e yara st

and flow the same year and pravious year aug:osts & possibla__

depandency cof racruitment on flow, Determination of wheathey

this raflects a true causal influence requiras axamination

of the samplin: and ageing procedures used to generate

eatimates of past recrultment. It individual mortality

rates are not time-varying, an aceurately aged random aample

of the population will reflect past racruitmant. The

-follouin: discuasion tirat addrasses errors in age

determinations and the randomness ot aamplas, then examines

‘the relationship of recruitment with flow, and finally

sﬁg:eata how'thia relationship couid ba further studied.

4.1.1. AGEING AGREEMENT BETWEEN PAIRS OF READERS:

Huch of the increase in pairwis§ agreemént of assigned
agas from 1985 to 1986 may be due to the replicement.of -
reader A uhd asaitned'consistently higher ages than rea&ers
B and C. Also, aging criteri. were incorporated for the
second round of aging. Finallf. eight fish ﬁefe 6mitted
from the 1966 reading because the sections did not include
the Zirst annual annulus, and twenty-four new ssctions from
£ish captured in May 1986 were included.

Kohlhorst et 31.'(1980)'cbmparad.pairﬁise azfeamﬁnt
betwaen readers for 40 ?ish selected randoml? from tish.

_collected_by'CDFG in 1965-1970. Thraa of five raaders aged



. th _fish both befor@ and after aging criteria vert i
“established. . These aging criteria 1nc1udod rulus abont
7”assignin¢ a marginal annulus and counting pairs of bands as

'ono or two yaars growth. Pairwinc agroanant increaaod fronm

§ % 13 %, and 33 % to 15 X, 40 %, and 40 X for pairs of
.readers A& B, B&C, and A& C, respectively. -

a Pairwinc agreement within two years was over 80 X for
*f': .all three pairs of readers in 1986, but avara:ed only 74 X
1 in 1985, For the 40 fish aged by readers 1, 2 and 3 in
- | Kohlhorst ‘et al. (1980), pairwise agreeement within two
iE_  ' years increased froa 28 X, 50 % and 78 %X, to 83 %, 85 X and

98 % after aging critaria were established ' '
| Althou(h the use of noro expicit ageing rules 1ncreasod
agreement between :egders. the results of such a(inc_studies
- may be biascd:due t6 assumptions in developing the.a(int
H‘;_ |  eriteria. Tha results are uore'consistent._but'nqt

'necessarilr mora accurate

35. The question of how many years of trowth ths annuli |
reprasent wiil be answered throuch field grow~out or hard

j part analysis Ongoing -ark-recaptura studies with sturzeon
!i. injected ‘with tetracylcline will help validate the ¢eneral
Q‘l_- aging method Preliminary results of this study 1ndicata

-% o that our 1nterpretat1on of annual annuli is valid (Brennan,

| 198?! Validation of any aging method, however, requires.
validation in all age classes in a population (Beamish and
MeFarlane 1983). Also, nany £in ray sectiona have features

E ~ like pairs of bands or faint rings that will require
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- age to the same fish f:om one year to the next. Although

axtansive mark*recapturo studies to validate thairég T

1nterpratation. D :
- Raadars B and C did not consistently assicn the same

each reader assi;ned_two fqirly clpse a:es to the same fish
as_dembnstrated by high correlation coefficients (0.96 and

0.92), the number of exact agraements was low. Some of this

_variation is due to the establishment of aging criteria, but

‘much of it 1is probably -individual variation in

interpretation of annual annuli.

4.1.2. AGEING AGREEMENT AMONG THREE READERS:

Improvements in the 1888 agreeﬁents between readers may

| be due to'several factofd. 'Eirst. fin rays from many fish

which had ral;tiyely poor ﬁgréément in the 1985 aging had

more sactions (some of different thicknesses) prepared for

the 1986 readings. Second, reader A, vwho agreed poorly with
both readers B and C was replaced Third,_oigﬁt tish from

the. 1985 aging were omitted in 1986 because the aection may

not hava included the first yaar P annulus Fourth, readers

B and C ware mora experiencad the sacond time around and the

new reader A had some prior expsrience in aging aturzaon.
Finally, the aging rules established after the 1985 aging

probabiy improved the agreement.

4.1.3. AGE DISTRIBUTION OF ERRORS IN AGE DETERMINATION:



Urtinma el -
P

R

[-—

[

Rt

Errors in age dcterminatioh_1nc£aasad”;ith age in 1985, -

but not in 1988, Similar variability in the age
distribution of errors in age detorminations was also seen
by Kohlhorst et al, (1880). He dividod fish in the 1985*'

1970 and 1973-187¢6 samplas into S-year aca clazses ases 0 to

4, 5 to 9, ete. Since the true age of these fish is-
unknoun._somgftypa o#_intezar average age must have been

‘used to assign fish to these age classes. Although

residuals like those calculated in 1986 were not calculated
for these fish, the paréént of times that at least tﬁd_out
of three_readars agreed on the age of the fish was |

calculated. This percent agreemeht_decraased for ﬁlder age

classes for the 1873-1978 fish, but not for those in the

1965-1970 sample. For example, for the 1973-1978 sample,
readers agreed on 72 x'of fish 10 to 14 rears'old, but only
55 X of fish a:ea 15 to 19 years old and 52 x of fish aged |
20 to 24 year; old. For the 1865-1870 samplo, readers
agreed on the ages of 65 %, 56 %, and 87 X for age clasees .
10 to 14, 15‘to 19, and 20 to 24 years old, respedtively.
For a sample of sturgeon fin ray“;ectiﬁns. whether
errors in age determination increass with age sesms to be
both:i function of the collection of specimens which have
been prepared in different ways and of the readers aging the.

sactiona. Also, it is possible that at low error rates, an

increase of errors in_n:a_dtarminationa may not be detected.



el

[

s

Ferrmmsaisad

4.1.4. EFFECTS OF ERRORS IN AGE DETERMINATIONS ON THE SHAPE

- OF AN AGE STRUCTURE:

Errors in age determinations_htfoct_the age structure

in Qomewh&t prédictable'uays. Peaks of recruitment spread

out and flatten more'or are lost as the a:rbrs in age
determinations increase. Valleys, on the other hand, fill
in. - As errors in ﬁ;a determinations incrdaae. m#Jor
features become less distinct and age structures Zlatten
out} It follows that. srrors in age dotorminations. it lnrgc
enough, could alter the age structure enou:h that
backcalculation of rocruitment is essentially maaningloss.
Assuming that errors in a:e doterminations 'in 18886 are

similar to those estimated. the age diatribution ¢eneratad

'from the fish uhich at least two out of three readers had

agreed upon the ages of or the threae readers had assixned

_three consecutiva ages reflacta relativo age class strongtha

for 8 through 15 ygar old fish. Fish age 186 years and

oldaf..on tha other hand, were captured in such gmall
numbbrs that when the assumed 1988 error rate was aﬁplied;
differences in relative age class sizes were reduced. The

1986 age distribution which generated from assigned ages

.nhen at least 2 out of 3 readers agree or the readers assign

'3 consecutive ages is, most likely, a slightly distorted

version of_the true ags distribution bacgus§ the error rate
has already been applied. Since similar age distributions
with similar relative numbers of fish in each age class were

also :éherated by using approximately'lo % higher'and lower



,crror ratul. amall chanxoa in error ratoa :oan ta havu i{f

littlo a!foct on an ase structur.

Prcha (1958} estimated that 1538 was an extrenely :ood g

year for recrultment and 1837 and 1839 were also rolatively '
good based ‘on number of 17 18 and 19 year old fish in his
1954 sample. Assuming that acint arrors by Pycha are
_sinilar to thoac in 19886 (they were probably :reatar ainc-

'_.only one reader aged the fish), all the recruitment he

[—
PR .
T

assumed to have occurred in 1937 and 19239, ﬁight have taken
place in_1938. Additionally, moderate rgcruitment.ansuned
to have taken place in 1936 and 1840 might also have been

T
T el

_ due to fish erroneously aged. Thus th& late 1930°'s spike of
i 1 peeruitment noted by Pycha (18956) may have been caused by a

single strong year claas.

4.2. AGE DISTRIBUTIONS FROM AGEING DATA:

Includinj fish on which only two readers a(raid or the

three readers assigned three consecutive ages increased the
sample size nnd.maintained'tho ghmo~rq1dt1vo age class _
strangths of fish up to the age of 15 years. The increased

 uncertainty of the ages of a larger percent of the fish

o captured over tbt u@ol of about 20 years and the small

- sample size of these older fish limits the concluaions about "

‘relative year class strenjth of thesas older fish.

Confidgnco in relativc jaar class st:qngth of tiah_f:om

about 18 through 18 years old is similarly limited.

tr
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_W‘a, AGE n:srn:aur:ons OF FISH caprunxn AT nzrrmnssr
ﬁ'nocar:ous= | | | | _
T Sanpling in dif!eront aress in the bay and delta

'resultl in samples ancompaasing ditterent age :roups of

fish. 'Relatively young age ¢roups have been captured in

.Suisun and Grizzly Bays and near Candleatick Park, while
‘older age groups hava besn captured in Carquinea Straits Andl
San Pablo Bay. The oldest age groups have been captured
near Tiburon. Since the-sturcﬁon population 1n th§ bay and
| delta is separated into these different age groups of fish .
S ~ * in different locatlions, some type of utratitiod.shmplihs is
| " needed to determine relative year class strength of the |
antifo bopuiétidn. _Eqr'this study; gamplaa from ali_caﬁture-
locations are simplf combinad'#ithout any'weigh@ih: and the
rasuliant age distributions ara'gssumgd to be regresantative
of the population. _Tﬁia is fairly reasonable aince the.San
'P@blo.Bhyqand Candlgstick Park samples include ral;tivolr' 
youhger_fish. and the Tiburon sample included older r;;h!
1 thres subiamplos_havo peaks in the age diatributioné ot.
- fish near it and 15 years old. When the thre - diatributions
are combined, thcs. poaks ‘remain. . Major trends in |
s recruitmant nhich_ahow up in each subsample are still
__appnrtht when the nnmplﬁl are simply combined. _
Combining the age distributiona of tish.cnptnédd in
different locations in the same year by CDFG in 1965-1968
and 1973«1978 also gives age distributions which show some

major trends in relative year olnﬁa atreﬁsth. By combining

e EIET
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-data tron sov.ral yeara. mora fish trom ditterent cnpture.  
”lbcations aro inoludad and thorefora more ase classes are
represontcdl Thus, major trenda in year class strength
‘should show up for groups of fish of similar ages in these

'relativély large nanpies.

"Age distributiona developed by combining samples

" including different ale groups, howavar. may or may not show
" relative age class strength between different groups of fish
collacted in different locations. For example, in the CDFG

'1973*1978-a:e'distfibution. old and young fish were captured

in different greas,' Since one area may have bgan_more
intensively sampled than the other, relative numbers of old

and yonnc fish can. not be-comparqd.

4.4, RECRUITHENT TIHE SERIES:
Since feu fish over the age of 20 yaara ware captured

in Pycha s 1954 aample, no concliusions about recruitment '

_prior to 1934 should be draun Also, not much can be

'concluded about recruitmant in. the late 1940 s since thesa

fish were too young in 1854 and too old in 1985~ 1988 to be
capturod in large numbera. Pycha (1958), however, captured
a relativcly large number of 8 year old fish in 1954 and
these are not inoluded in the recruitment series bacause

they vere lssumed to be too small to be fully vulnerable to

- the capture method. It is probably safe to aasume that

these 8 year old fish reflected & sp;ke o recruitment 1n
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:f1948 uhich vas not as bit as thosa of tho late 1930’: and
"Tearly 1950' s | IR

From tho Tour recruitmont time series. given that the

v

)
;

data wares collectqd in different uays.' .few concluuionn
can | | | _ | :
be made about past trends in recruitment " First,

| recruitment has been variable for the past B0 years,
Second, the extrema highs and lous in recruitment of the

1830'as are no lonser seen. The poqsiblo single atronc yaar

At syl

'élass of 1838 after near depletion of the fishery may have

given rise to another sat'of atrong yaar'claaaos in the

T s L

| early 1950's . Since the ags of £irst spawning has baan
shown to be variablo in sturgeon and different batween the
sexes and they can apaun more than once (Semakula and Larkin
é 1968), repeated dominant year classes produced by a previous
| one woutld not be expectad to continue for more than a
generation or two zfter the production of a larze ago alaﬁa;
; _‘ Kohlhorst (1980) claimed that 14 years is approximately_
) the ;ge of first spawnint for temale white sturgeon.
Doroshov at-al. (1983) apawned fish ranging from 18 to 24
; years of age. Hany of these fish were probabl) apawnin;-for
5 & second or third time. The varinbilty in age of maturation
- would cause 'a dominant year class like the one produoed in
1938 to produce offsprint over a ranga of years, The result
would be a more ‘spread-out recruitment peak similar to the

o one of the early 1950’s which was backalculatad trom the
ét ' _ CDFG 1565-1968 samples, Fish trom_a wide recruitment peak
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: like this one of the late 1950's, and fish trom the 1938 age

J c1asa gpawnin‘ for a second time would produce offsprinl

_clasaea resulting from previocus dominant age classes would

over an cvon.widor numbcr of ysars. Repeated dominant l(e.t

thera:bre,:continua_for only a few generations. This

"(eneration éffect" by'which a surge of births at one time

{(followed by sur?ival to reproduction) is echoed in a surge

of bir;hs ocne generation later has been observed in many

3popu1gtions_that have undergone disturbances. The amount of

tiﬁq it.takes-thg:e qéhoinz oscillations to settle back to.

- equilibrium depends ﬁarﬁial;y on the synchronicity of

reproduction in a year class. A larger time ransé of first

reproduction would-rasult in shorter and wider echoing

recruitment peaks that would be quickly damped (Keyfitz
_1972)

Estimatas of recruitment for the same year that wera

 developed from age distributions_of fish captured in

different years were not consistent as demonatrated by
variability in the ratios of ‘he estimates. This is not

surﬁrisini since the recruitment saries were developed from

" non-random samples. 'Also.'aince £ish over a rance"of'only

about tén years (ages 9 through 19) wer§ affectively
aampléd. tgkihx aampias_&#ery teﬁ years is not freﬁuont
encugh to develop a éontinuéuq recruitment time series. It
follows that a realistic'loncjﬁime:aeriea of renruitment can
not be made by combining these four recruitment time series.

I# truly random samples collected aeveralnyears apart '
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jthrouch some type of stratified eempling were used to“

*-develop recruitment eeries. retioe of estimetee of

developed by weighting the four series suggest that

recruitment fron two nemples for the same year should be

reletively constent.' The long-term-recruitment time series

recruitment in the lats 1930’s and early 1950'e-wes much

higher than any time since. This time seriee. houever. was

developad ignoring the fact that the three oldest
recruitment series were from non-random pepuletion'eanpling.

Thue, strong'conclusione can not be drawn t:om.thie time

" marioes.

4.5, 812E DISTRIBUTIONS:

Size distributions of aturxeon captured in 1954. 1985-
1966, 1973-1974 and 1984 demonstrate the effecta of angling
on a population. The earliest distribution of fieh captufed-

the same'year:the fishery was opened'hae a large fraction of

- large catchable fish, partly due to the 1938 year class.

Subsequent fishing pressure and fawer large year classes,

however, shifted the size dieﬁribu@ion 26 that there are

relatively few large catchable fish. Currently most £ish

caught by anglers have just entered the fishery, and few

‘anglers catch large fish. The implication of this shaped

h eize distribution is that only a small percent of the -

population iives 1on¢ encugh to reproduce, Since fecundity
in sturgeon is so high that the eggs froﬁ a single female

can number in the millions, this small fraction of old fish
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__This is furthor supported by tho increasad abundanoo o!

'sturcoon during the thirty years that this shnpe nizo

-
a.
Fa

inwthe population probably doos not limit yoar class sizo.l

distribution has cxisted._

4.6. CORRELATION OF ESTIMATED RECRUITMENT AND FLOW:

Weak, yet positive correlations of rocruitmont and
sprinz and oarly summer outlfow sug:ast that flow might bo
important in determining year claas size. Long~term

correlations were not feasible due to past non-random

samples of the population. The highest, but non-

significant. cofrolation was observod for recrultment and
combined flows from the same year and previous year. _
Possiblo mechaniams could include pre-spawning adult food
supply and Juvenile food supply and available habitat,

This correlation increased from O, 88 to 0. BB when only

six years (1970 1975) were included in tho analysis This

could be due to one of two factors: (1} rocruitmont and flou

hight not be'stronglr correlated and the higher correlation

-for a ahortcr time period is Just chancc. or (2} our

recruitment oatimatoa for fish over the age of 15 yoaru at

+the time of capturc are not accurate. The ralatively amall

' sample size of these older #ish and limited accuracy of
" recrujtment ostimatos discussed previcusly support this

sacond possibility

Tc understand the rolationship of sturgeon recruitmont

and flow would require extansive population sampling. Thia




samplint would need to be stratified by area so as to

include all ages of fish. The total numbers of fish in each
area uould also noad to be known to proparly waight the
aamﬁles_whan they are combined. Catch per unit etfort, size
of sach area and diatribﬁtion of fishliﬂ'the area could be
used to.estimate the number of fish iﬁ each aea,

Fin ray sactions or other hard parts used for age
determinationa would need to be collected from large numbars

of fish._ However, collec \on of fin rays from live fiah in

'the manner dearibed above (sea methods) has been shown to

cause up to 50 % mortality (Kohlhorst 1878). ﬁilling large

'_numbqrs of sturgecn to determine whether flow is impoftant_

in controiliﬁ( recruitment is probably not_duétifiable-as
long as the population maintains itself at current levels..
Further studies on thﬁ'cffects of fin ray removal and

development of alternate techniques for collecting hard

_parts'uhile'reducin‘ mortality ahould be evalugtgd.
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8. APPENDIX

8.1, Calculation of estimatod'leae.errcr rate. _
The probgbility of any reader aasigning the irue age io

'a fish was calculated from rates of pairwise azraémant in

1988 (eq. 1)}. The probabllity of any reader assigning an

age either one or two years higher or lower than the true

age was si@ilarly éalcuiﬁtad fromltho rates of pairwige

disagreements by one or two years (eqs. 2 and 3,

respactivqu}.
P(0) = = 12741234107 = 0.48 (1)
3(244)
P(1) = n(A-Bz1)#n(B-Cz11+n(A-C=1] = B7+86477 = 0.29  (2)
N . 3(244) __: _

P(2) = n(A=B=2)+n(B-C=z2)+n(A-C=2) = 36+31+4¢ = 0.15 (3).
' aN ' 3(244) '

where{ | | |

.P(O) = probability that any reader assigns the true age to a
"P(1) = probability thst any reader assigns an age 10 &

' fish that is ona year higher or lower than the true
' age. _ o
P(2) = probability that any reader assigns an age to a
fish that is two years higher or lower than the true
age. - : o
n(A-Bz0) = number of times readers A and B assigned the same
age to a fish. : _

n(A-B=1) = aumber of times readers A and B asaigned ages one
- year apart to a fish. :

n{A~B=2) = number of times readers A and B asqigned ages two

years apart to a fish.

n{8-C= 0, 1 or 2) and n(A-C= 0, 1 or 2) are similarly

calceculated.



Balod on thns. probabiliticn and u-int the rules that

" an age is assumed correat when at least two of tﬁroc raaderl

agrea or when +he three roaders asaitn three consecutivo

et T

ages the middle age is assumad corrcct the probability that
an assumad corract ags. is the true ags can be estimated as
follows: |

P(assumed correct age is true age) =

:0.113

! .

P o ~ P(O)P{0)P(0) = (.48)(.49)(.48)

S t +P(1)P(0)P(0) = (.28)(.49)(.48) =0.070

| +P(0)P(1)P(0) = (.49)(.28)(.49) =0.07¢C

P +P(0)P(0)P(1) = (.49)(.48)(.29) =0.07V
P -  +P(2)P(0)P(0) = (.15)(.49)(.48) =0.038
o O +P(0)P(2)P(0) = (.49)(.15)(.48) =0.036
) |  +P(0)P/0)P(2) = (.48)(.49)(.156) =0.036
L +P(0)P(1)P(1) = (.48)(.29)(.28) =0.041
: +P(1)P(1)P(0) = (.29)(.29)(.48) =0.041"
J +P(0)P(1)P(1) = (.48)(.29)(.29) =0.041

| . | . ime-

. 0.58

-  The first seven combinations of probabilities raflect cases.
where the ago is aanumed correct nhen at 1oast two out cf
5 ' -'_ thraq readerg\azrea.f The last threa combinations raflect f'

cases where the three readers aspi:n three consacutive a:as

P(assumed corruct'#;. is off from true age by one year) =

b 'Ptl)Ptl)Ptl) = (.29)(.19)(.29) =0.024
. +P(1)P(1)P(0) = (.28)(.28)(. 49) =0.041
; CAP(OYP(1IP(1) = (.49)(.29)(. 29) =0.041
i +P(1)P(O)P(1) = (.29)(.49)¢(. 29) =0.041
+P(1)YP(1)P(2) = (.29)(.29)(.15) =0.013
+P(2)P(L)P{L) = (.15)(. 29)(.29) =0.013
+P(1IP(2)P(1) = (.29)(. 15)(.29) =0.013
+P(OYP(L)P(2) = (. 49)(.29)(.15).= .02% .
+P(OYP(2)P(1) = (.49)(. 15)(.29) =0.021
! +P(1)P(0)P{2) = {,28)(.48)(.15) = .0zl
. +P(1)P(2)F(0) = (.29)(. 15)(.49) =0.021
: +P(2)P(L)P(0) = (. 15)¢(.28)(.48) =0.021
i C+P(2YP(O)YP(L1) = (. 15)( 49)(.298) =0.021
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The #irst seven combinations of probabllities reflect cases

vhere the a:alis_hlsiined-ﬂhen.nt least two out of three
readard a¢reo._ Tha_lalt six combinations reflect cases
where the three readers assign thtoi ponScht;ve ages.
 Since 31 % of the ages assumed correct are one year too
high orlloﬁ. 16 X the fish in each age claig are moved up..
and'doﬂn one age class. Th@'remginint 68 X in each afs.
class are léft as assigned. This may be céﬁaarvatiyi since
only 58 ﬁ_of_the assumed correct ngés ot'tho'fish were
astimated io be the true ageas. _The:remnining une*plainqd 12

X were included here for simplicity.
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SAMPLE

ID #:

1040

1041
1042
1043

1044

1045
1046
1047

1048

1049
1081
1052
1065
1072
1073
11074
1078
1078
1077
1078
1079
1080
1081

1082

1083
1084

1086
1086

1087
1088

1089

1090

1091 .

1082
1093
1084

1181

1986 STURGEON AGE DATA SET

AGE ASSIGNED

BY READER A:

14
15
15
15
15
18
13
19
12
10
14
8
17

g

10

10

11

13

- 10
9
10
10

17

10
10

8
13
B

- 10

g
R
12

10

22

-'8.2; Ages assigned to each fish by anch roader in 1888,

AGE ASSIGNED AGE ASSIGNED
BY READER B: BY READER C:

14
16 .
15

15
14
15
11
21

11

11

14
9..

17

10
10
11
13
10
9
10
10

18

10
10
8
9
12
8
11
- 9
R
11
10
g
8
22

14
15

18 -

15
15
13
11
12
10
13
9
18
L
10
10
10
13
10
8
9

10

13

10
8
8 .

11

- 8

11
9
8
8
10

7
21

18
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20
17
15
15

14

18

12

10
17
23
T3
20

18
15
19
21
21

- 18

18

21
17
19
20
25
18

18"
15
17
15

13 -

17
18

17
23
15
20

16

15

. 18

24

21

14
19
18
21
19
19
20
25
17







1282 ..

1288 0
1284
1288

. 1286

1287

7 1288
1289
1290

1291
1293
1294
1295
1296
1287
1298
1299
1300
1302
1303
1304
1305
1308

1307
1308

1308
1310
1311

1312 -

1313
1314
1315
1318
1317
1318

1319

1320
1321
1322
1323
1324
1325
1328
1328
1329

1330

1331
1332

1333

1334
1335
1338
1337
1338

1338

13

10

14

10
11

11

13
18

12
11

18

10

11

21

20

17

15

12 -

10
15

10

11

15

11
10

13
15

10

20
17
18

11

11
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0 1345

1348

1348

1350
1351

13562

1353

1354

1355
1356
1123

11124

1125
1126
1127
1128

1128

1130

1131

1132

1133

1134
1135

- 1136

1137
1138

1138

1140
1141
1142
1143
1144
1145
1148

12

17

13
15

. 18

24
10
18
12

11

11
28

17
23
15

18
ié

11

15
10
11
156

11

12

- 20

15
10
18
10
19
17

12
19

11




