


















~EI.lt-;m,ITY OF SEASON DETERMINATtON FROM OTOUTHS

tocol that utilizes a validalcd sci of otoliths from the species. or perhaps family.
in questilln. Ten gl:l1cra have been recoven:d from middl:lls of ..xntral California.
of which. embintodds ,Ire common ncarshnrc Sl'l<.:cics cnfllillonly found in lllid­
dcns (Gubalct and Joncs 1995). In our study. thl: Ilwdern cmbiotm::id otoliths wcre
correctly identitied to season. The l"ombination of ,Ivai lability of eillbiotocids in
the archaeologiCill record. abundance ncarshore. and the pOlCl1Iial 'll"CUr;u.:y of
se'lsof\-(If-o.:'lpture dctenninalilln IHakes thcm a stnmg candidate fIll' future sea­
sonality work: however. the high degree of sllbjel:tivity in all dcterl11ination.~ of
se'l...on-of-l"lplUre from otolith m,lrgin <lll,l1yses because of thc inhcrent variability
of growth zone formation and altcratioll of the otolith matrix hegs o.:aution when
interpreting the results. This study has called illlo question the validi ty of protoculs
Ihat do not lltilizc age validated otolith col1cl:tions.

The need to validatc any age dl,termination procedurcs has been stressed by
num...rous authors (Llgler IlJ69: Chillon and Bcamish Il)S2: Be.Huish and Mc­
Farlane II)S~: Baltz 191)0: BUs'lck...ret 'II. 191)0). Validation is having comparativc
section...d otoliths from thc species in qucstiun from tbe S;Ulle loo.:ality with knowll
dates of death for compmisoll. Chilton ;md Beamish (19S2) stipulate tlwt vali­
dation pnll'cJures should be applied to alt agl: dasscs in a population of a speo.:ies
.lIld to dillercnt populatiolls of the same species. The pnxxdures lIs...d for young
members of a species !Hay not apply 10 old members of the same spel.:ics .md
each spcl"ies must be independently validated. Se,lsonality determinations using
otoliths should be IlO different.

Higham ;lIld Horn (2000) publish ..xl the most thorough seasonality study b,lsed
on otuliths recovered from an archaeological site III datc. Their validation samples
l:onsistcd of over SOD sectioned otoliths of red cod from the waters ncar thc
middell ill Ncw Zealand. The d,l1e of rish de,lth of each individual !ish \Vas known
for all comparative otoliths. The same rigor needs to be applied to othcr slUdies
uf se,lsonality based on growth in skeletal parts. This is d,lulliing considering the
number uf possihlc specics tlJilt may be l:Oflllllolily elll'otlfllered and the nUlllhcr
of locations where archaeological investig,ltions arc underwkell. In coastal o.:entr;ll
California the lltllllber of sperics recovered from middens eXl.:eeds gO (Gobalet
,llld Jones IlJlJ5). III addition. therc needs to be further consideration 10 possible
changes in thc lish asscmblage. lishing tcchlliques. and lishing pressure during
site llrcup'ltion. Dcvel<'ping comparative otolith cllliections for particularly l"(lm­
mOil species would be a sl:lrting point ;lIld til... results for embiutocids in this study
provide ,~ome gruunds for optimism in future stuuies of archaeological sites ill
coastal California,

A c knnw Icdg mCllI s

This study was funded by the California Departmellt of Tl"illlsportation (Cal­
trans) as part of archaeological investigations ;It CA-SLO-179 and CA-SLO-267
pursu.ult to thc stipulations of COlliraet 55004863 between California PolytedHlic
Sliite University. San Luis Obispo 'H1U Caltrans. Jennifer Ferneau and Valerie
Lcvulclt were instrulTlental in oblilining funds to SUppllrt the research. Supplied
fUfllJing .uHI helpful information or contributions were provided by Gregor C;lil­
liet. Kalie Hardin. Lorinda Miller ;md thrce .uHlllnymllus rCVlcwers.



7(, SOUTHERN C,.\UFOKNIA ACADEMY OF SCIENCES

Liter.tlme Cited

Allen. 1_ G .. T. E.. H,l\'("}. l\l. S. L.we. ;....... J. 1: Smilh. 1'1'15. 'nk" lif.. t" ..,u.)' or II><.- "PCIII~"'" "",...1

1>;" .. ll'"mf"l>mx """.,,'''',>/<,....;,,/1'.> I "ilhin 11K' ......lIhi:"m C"lif"mi" bi~llI. C"ICOFI Rep. .\(.:
1'.1.1-211.1.

U:J IlJ. D. M. 19l4. Ufe hi~h"') ,';,ri:lli"n :IIIM'IIl,; fe"1;I'e ~urfpcn.:ho:.", (I\:.-.:;f"..m..-,: Embiow.:kJote). 10.11'.
Bi".l"hhc..., 10131: I.W-171.

---. 1'1')(1. AUll...-olog). Pp. 5K5-b07 i" ~Ic,h..d... fur f'i,h Biol.'I;). Ie. Ii. S.:hn....·.. :mcJ P. B. Muyk.
E.hl. Ank'ric"n Fj ..hcric, St-:icly. !:k',hc.vJa. M"ryl:md.

n ..,un;.h, R. J. 191<)_ Differ"'.........' in II...: ag..- nr '>:lI:ilk h.1kc- tM ..rl",",';,,-, f'r"tI,...",.• I u,ing '" "nle "",Ii,h,
:md .....·.:1 inn... nr ,,1001 ilh" J. Fi,h. Rc... U":lI'l.l Can.."K,: '''1-151.

----. :11I<1 G. A ll,ld'..rlanc. ItJIO. 'Ille r"rl;"uen I"<:'luin.·"lenl f"r "ge ,·:.Ilid"i"" in t;~lICrie~ bi"I{,!!}'.
Tr.m,. Aill. Fhh. S"e. II!: 7-'5-7,0.

Ikdm:lIl. D. W.. ml<! C. A. Wil"'''I. I'N5. 5""-,,,>11,,1 liminl; "r 'Ifl'''l''e /"I1C f"rnl"li'''1 in li~h "h,lilh~.

PI'. !7-·B ;11 Rn"Cnl ..klc·l"pmcnh in li._h oUllilh rc_c"reh. (1).11. s..:~"r. J.I\'I. 0..:.111 and S.E.
('amp"nal. Bcllc W. llaru",h Lihr;"y in I\hril1C 5",iclll;C Numh.:r 1'1. Uni>'o:r~ily "f S"ulh C;or·
"Iin;l l'rc~s,

nen iI1l;er. R. L. I')<) I. 1IIlIl1er·Galherer._: 1\ n:h:le"i< 'g ind :lIld Ev, ,1111 i, 'Il:or)' Th.·, '1')'. l'l"num I',.."s, New
Y"rk, 2~7 Pl'.

1I, ..:hl,·rl. G. W.. "nd R. F. K"pp.'rlillan. IWIIL Vari:ui"n "f grnwlh wilh laliliide ill I"'" ~llC"ie~ "f
r".'I.ti~h (S"'>lIS/,·., d;/,/",,,.,,,, ;lIld S. /';"";1:<'rl fnlln Ih" ""nh""_1 !"I,·ilk o..''':lIl. Mar. 10",,1. Pnll;.
Scr..\: 1~1O.

1111""""1'. G. I~. 1. R. AJdm:m. ,mJ E. M. G... ,li,h. IIJ"}(I. (;rn"lh. PI).•\6-'--'K7 i" I\klh"..1.- r"r Fj_h
Bi"I"I;)·. (c. B. St.·hn....·1; ml<! I~ B. M,,> I". ,cdq. A lll<'fi"':lIl Fi_ho;r;"~ S".:i"ly, 1I"lh",,",," l\1:lryl:lIld.

C:.illiel, G. 1'.1 .• A. H. AntJrcws, E. J. Hun"n. D. L W"II"""'. D. E. Klin...·, ,,,,,I 1_ A. F"n-}·-Gr..h:llll.
!IMII. Af.· J"I"rrnin"li"" :1Il<! ,,,lid"l i"n ,I"di...", "r III,,,;,,,, fi,I,,·,: 0., ,....,p·d""II".... Ii ...... I..ng..·...!
E'\p. ('"",nonUlk,!;,}. -'6: 73'1-7M.

CamJl'l'''', 5. E. 2(XII. A..·..:"r...:), pr.:...·i_i"" :md 4"alily n.mnol in "I;" u.,1...nllill"l iu", in,'luding a""', i""
uf Ih", ",.,... :m,J aoo.", uf "g..' ""lid"li"n n....lh....k J. ",~h Hi,... 5'1: 1·J7_!4!.

C"_I,"'1. K. W. 1'11t>. I::"h ,..,nlO,in' In ;In.·h:........I,'!;') .md pak..·"", irUnnlClIl:l1 'lUd;.:_. AlOl<k:m.... Pn:",~.

1140 pp.
CCfTl:ln, R. I?J!. Toc impli,·"lin'h ..f '""'-""',;,,d .... I;R''''lh ill hh·"ln"", 1'''1' 111.......• """""ll:Jlil) n...·lhn'l­

u ....'d h) ","'IIII.-rn C"lifnr"i:, ,,"'h....·..l<~i_h. J"<lm:J1 nf('""lir"mi" :l11d G"":l1 1I,,_in A"lhlllp..I"I~)
14: !1h-2.\J.

Chil""I. O. E. ;lIld R. J. B""l11i_h. 1"X2, ,\g" ocl"nnin:ltiun n""I"J<-" f"r li,lIC, _ludkd hy Ill<' I;R"',IIJ­
fi,h pr,~mm " II...· P;II:il.... lIi"Io'I;;,',,1 51:ui"n. ('",...,lIJi:", 5".....·;,,1 l'uhlie"I;"n ..r Fi~ocr",~ ,,,l<!
'\\III"t;" S..:i,·,,,·,,, fol).

Chri_I"n.....·n. J. i\l. I·K>4. Burning "I' "1"lilh,. " 1,,<;1"';t.jll<· r, ... "g" o...l,·nni""li"n "I' ,,,I,,, and "th..:r Ii_h.
J. C""dnt. EXl'lor. l\1<'r. 2'1: 7-'_XI.

Cr:.ig. J. E 1"X5. Aging ill Ii_h. C:U1. J. Z""i. (,J: I-K.
I)arl.. T A. 1'J75. Agc ,,,,,I gn''''11i "I' 1":o"ili,·I1:,~". M"r/,It·'-;/t,"I'I'od"'·I/"'. I'i_h. Uull. 7J(!I: J.\()--'~~.

El"laml-,,". J. 1\1. I<)')~. E"rly h,,,ucr.g:,IIo,,r,,,,, "I' Ih" C,dir"rui" ,',,;,,1. 1'1,'llum I·r.·,~. N,,'" Y"r~.

I'ril/"·h,,. R. A .. R. H. Chamll<'d.. il1. ami K. A. Fi,_h"r. 1'Jl\~. Sp,:,'ic_ pr"'il,,,. lir.: hi.,Io,rj", :lml
""vir,,,,,",,ntal ""'luirclll"I1l' "I' "":1'1,,1 li._h.·, :md in<'"nehral"_ (I'a"il"" SOllth""_I)_C"lit,,rni:l
Gnmi'll1. U.S. Fi_h Wildi. SCI'\'. Bi"i. R"p. Xl IIL1Xl U.S. J\rlll)' Cnrl" "f Enginca~.TR EL­
x2 4. 12 PI',

Glln",. C. E. 1'J67. E..:nlngy (,f Ihe 'Irifl"d ~"rfp.:n:h. £m";%<"<, IIII"I~I/i,' in Ya"luin:. U"y. 01'''1;'''''
M.S. ·n...·,.i~. 01'''1;'''' SI,"" Uni ....·r";ly. C....".lIi". 5J 1>\).

(M....."'1. K. \V. I"X'I. R...·Ill"in._ "I' liny fi"', fmlll a l:ot" pn.·hi _Inri<: 1'''111'' ~il,' n.':1f C ...."r 1..;.1;". C"lif"mi".
J. C"lif. C,..,,,, lla_in AlIlh. Ill!): !,\l~1J'J.

----. 211111. A "rilkJU" <If f,,,,n,,I"II,,I)',i,: i""·","i,I...·'...·) ""....'1; "'I....n" III hli ..... IC~I~_ J""m,,1 "I'
Arc..........l");..,,,1 St.·i""".., 2X: .\77--'14•.

----. :11><1 1: L J""...._. 19'15. Pn:hi-r,,..ic 1\""li...... A,rocrl<:"n Ii"'.....;..·, of II.......... Ill .....l Calif"mi:l e."'~I.

Tr:llh. Am. f"i,h. .so.... 11-1: 111.\-1<1.\.
G"kl""·I"I;. S. R. 1976. Se"",,,,,.1 ,po."ning \')'dc_ "f IOC "':'i""nid fi,'...·, G,·",·m...""" li"....IIII.'· :u....

S.·rttf>i,i.• /",/;1/,.,. Fi,h. B"lI. 7-1: '11<.\-'11<-1.



KELlI\UII.lTY OF SEASON DErEK1>.'lINI\TION FRO,\I OTOLlTlIS 77

Gn·~"I'"). I~ '\..•"..1 T. J..". 1'J7t>. '111<: , .. li,lily "r ..."Iilh~ ,,,. in"'i'·'I1"" "r u~e .. f pelrolle .",k (""m
c..lir"mi... C"lif. Fi,h uno G'lI1l<: 62: IV-I.llI.

lI"rH·). J. T. T. K. L..ughlin. M. 1\. I'ere/:. all<l D. S, O'II1:u!- 2("). Kdali...hhip tx·I"" ...·" Ihh 'lIt·
,m.1 ..."Iilh k'nglh r"r bJ ,.,........." "r 'i,llI.·' r""" Ilk: c,,~,,'m n"rth P:K.'llk (),;can. NOAA T,...·II.
R,·p. N.\II;S ISO..~ pp.

IlIglwlII. '1: E G .. an'" I~ L II<'nI. 2U(KI. S.:a".ual ,I",ing '''inl; Ii,.., ... ,,1111'0,: re,ul" r....." lhe Sh"l;
Rher u"".l1h .,i'e. Nc,", 7.A.""I'm,l. J. ,\n·h. St.·i. 27: ~J·'-""'X.

IhloJd"l':ln,h. W. K. I·J'}.'. I'reh"I....k hUnl ing poIIl"n" a..... raun..1arwl) 'I'. l>p. 21 :"-:'2(. ;" 1nc "Ill"' ....
,i,c: M1\'T-J"1 a hu.",.1 'lIC "f Ihc carl) perinoJ. fRo Carticr. ,...1.1. s.......I~ Valky H'"u ,..-"I

StIl:,,·I). Sc,,"., V"II..-). Calif...."i".
/1....." ....1. II. 1')2". The ;o,if"uu" ..f En....r)\ille ,ll<:llrn..unJ. U... i" .....") "f C"ltf"rni" I'''hl",,,ti,,,,' in

?"..It,!:) .12: JOI-J·N.
IIUOtJIe'U"l. R. W. I·)loil. Fbh n·",,,ilh fr"l1l 'ill " :h"e..l..gicul ,ile (0r:"I'J.1) m NC"I"<,n Ba). Or.m);.·

C""l1Iy. C"li1"..",i".I'''cil''' C""" A....·ha' I..gil·,,1 S...:i...ly Qu"ncrl)" 17: 127-I.W.
HlIyglll.·h....·rt. B .••11I.1 D. 1\""IF. 1'}7'} "n "uu,,,,,I..-.1 t>it>li"gr:ll'hy "I' 1'"1,·,ml,,I..);i,·,,1 'lild 'y'I"'I11"li,'

pal":" ,," li'h ,lh,lilh'.l'uhli,h..-d ,i, ...·,· 1')I,loi. fo,-1c,k.... Wal.gr. ·I~rl. G..-"I. II,: IJ'J-170
J,'ne,. 'J: I... K. I),,,i,. G. Fal'ri,. 'l: FUl1g. S. (;r"l1tl1"l11. ,m.1 B. Ri'cr~. l'J'N. ·1i'"",,nl'l I'rchi~u"." ,.f

M"rn! Bay: Phaw IJ AI"... hac"I"~i...- ..IIIl'c'lig;'li,,,,~ 1.11 Ihc Hi~hway -II Wid... n'ng p",jc... l. C,I·
1",,1' E""in""''''IHal I)i\'i~i,,". M;IlIlI ....·ripl "" Iii ... C"I1I'''''_. Er",imllul"lu,,1 Di\"i_i"n. San Lui,_
Ohi'I)<'. C"lir"rnia..

----.. "ml J. A. F,·rnc'lll. 200:!. Pr..-hi'l"r)" al S"n Sil11..."n red': "n'h"..."I"gi...-:ol d"I" rn'''''''r)":" CA­
SLO-17'} "lid -21,7.5"" Lui, Ohi'I'" CUIIIH)·. C"lif.,rni". S"" Lui, Ohi'I'" C'>llIlI,/ Al'o:h","'­
I<'gi...-"I S" ....CI) ()',:~·:"i'>I1:l1 P:lp... r II,.

----.• T V,m Ii"cren. S. Cr:llHh'"ll. J. II"LlJk",n. ,m.1 T. W. Fung. 1'1',1(,. A..... h,...~,luGi,·,,1 Te'l
E,..."'''li,... , rur the SI:ll.· High,,",,) I Widc"i,,~ Prnjn·t "e"r C",""'ilk. o\I"m'·...:y 0 .."'1).
C"I'I';II" En,i ...... I'....nl:11 l)j,.~i'>n. 1>.1:ln"",·,i", .m lik C"IIr:,,,,. En,i"''''l'K.·nl,,1 Di,','...,. S:lU

Lui, Ot>i~p'" C"lif"rnia..
Kell). R. L I·J'}5. TIl<: furdgin}: 'pl....·lrum. Smilh"M.i:m III'>tilll11'''1 l'n"~. \\':,,","gI<M' D.C_ .....6 pp.
KCrlIlI.·u. D. J. 2tlO~. Appt"rnJi.' I O')~en ;"''''1f'C an"I),i, "fCalifnr"i" lIlu, .....1 ,1011"/,1.., ""'ifi,m;",,,,,)

,1 11- 1'.....11 CA-MNT-:":!l. St"m. 1217. -123-' ami C;\·5LO·2(,7. I'". :!:"'J_27X ;., PTdll'-

I · Human &·"I.)<~~ "I' till.' Il'g Sur "'1;,'1. C.. lif"rni". cr. I.. J"",-". ,-d. I. C'''lIrihuli,,,,~ <If 111.:
UmW"il) ..I' C.llif"mi" 1\ n:I1....·..1,,11;.:,,1 F,...·; Iil) N... b I. lk",~c1c).

K,llmgley. J. 5. I·Jll(I. Sc""",wlIl) "I' m"Il",1. ,·..I1''''·ling ..il:t'·nnlrk..... r.....n O-)loi pn,tilc' "r millLlc"
,Ik:lk An....ric..n An1i<juit~ ~(,: 1:"2 ISX.

Kimurd. I). K.. R. R. Man"'"po". ,,1..1 S. L. (hl.....o. 1'J7"1. fo,klht ..... ':Ih"'il~. ",ILl "Iri"hllil)' in It>..- "1;'"
"',·le(l11ln:1I i"" .. f ) ..-11,," I"i I .......1. thh t S.-I"""" jI""it/"., I ,,~ing 'M..I"h~. J. I:hh. R.·,. 1:I.."nI. C"".
.lh: .\77-.1IoU.

l.'lgler. K. E I·HW. F,e,h", "I,'r Fi'llCr) lIi"I"g). Will. C. B...",,, Dul'u<I"C. I""'a. "'21 pp.
1,:"'gen",,lIcr. P.E. II. and R. W. Hu..klle,l ..u. IOJ'H. V,·nchr"'le Allinmll{~ln"in, fr"m CA-MNT-12<J.

" I.,IIe I'cri,,'" C":"1:11 Ahal,,,,<' I'rn,:e,~illg Sil,' "" lh... l\'I"nlerc) 1"·l1in,,,la. C"lif"rni", C"y"I,'
I'r... " Ard' i, ,:~ "f C:llil' lI'n i:, Pn.:hi 'I"ry..l.lA5-(,( I.

----.. II. R, l.. R~YH"I,k B. 1.1""' ..... r. "ml R. W. Hliddl...MIlIl. l<Jloi'J. V,:n"'hl'al~ animal r..-m:llrl' r",,,,
CA-MNT-1Clloi. an E"r1y h:l"i,,,1 "";lmc,,I"gi... ,,1 Sil<' ,m 111... M,lI""-I·c)" 1'<,,,i,,,,,I:I. C:,lil"rni",
e")'''I<, Pn..,s 1\ n'hi " ' "I' Cal iI"mi" I'reh i,tory. 2":1)7_1 21l.

Ly"n" E. E. I'J7 ii. A ~1:11 i'l i I metll, ..1"I' ,<,a~"r1alit)" t1"'I ... ,mi ":11 i,," fr"l11 C/ri",,,, ""d,ul'//" t S"werh\' I.
Paci Ii..- C".,~t J\ ...:tM<,,,I"gi..-,, I S, ..:i,·I) QII"n..-rl)" I-I( -I1:.1J--I1 .

l\1"t'liIl. S. 1\. 21K12. i\1'PC,...Ii.~ 11: Ccmellllllll :1I111"li "'a""I:,lil) a""ly,i, "I' (),f,,,'O/I,·u.I l"'I/Ii""".,·I",'tl1
f,,,m ten ,i ...., "" Ihe Hig Stir .....a'l. I'p. :!7'1-2loi:" i" Prehiq"rie Ihllll:'" E""I,,~)' "f IIIC Uig Slir
.....:,,1. C..1i I.It'llil'. n: L J""e_. e,l, '. C.","ihll""'" "I' Ilk' Uni ,,·n.il) ..I' C"lif"mi" A..... h:l'....jog i<::,1
......:;Iil) N". 61. Ikrel.cle)",

"I",,"'. G, G. I"JXI. Sc"",,,,,,lil) ~h"li,". 1'1'. 177-24(1 ill Ad""lI.·~·' in "n·ha~....I"gieal ......11....1 :1Il'"
llk:"r). 1\\1. B. St.·hiff,·r.....1.1. V"I.~. A,·a<!.:mic Pre,,,. N,'" Y"r~,

N,ikr. I~ I~ 1·J77. One t1i"K"n~i"n,,1 n......d, "I' th.: l ••:a","",I lhen"oo:li,..... PI'. "J7-I I:" '" TIll.' .....-a: i.....",
:",d ........'1"'"li",,~ 'M'< pn~"''' III Ihc , ...1<1) nf II.... ~a~. IE D. (;'.I<ille,g. I. N. .\·kC,,' .... J. J.
O'II""u ",1(\ J. H. Sic""". ,.... ,.J. V..h>lllC tI. "I"",,,: M"oJding. John \'lilt:) anoJ s...". N~'''' y ....~.

N..lf. D. I·)ii:". o."hth' pi ....·'um. I" til. I~ S.:h"lu... ' 1 11"'1(\..... >1. of l'al~... ,...·lll")·"I.'t:). V"I"",... 1lI.
C"'I'" Fi,lk:r Verbg. SluUg.lrl &. N,'" Y....I.. 1 .5 p.



SOUTHERN CALIFORNIA ACADE~'YOF SCIENCES

O'Uril:lI C. J. 20111. Sca,unOllily "IUlli<:, ",lll ,ker leelh: Oln illlnll.lu.:li,," I" ...... nl,,1 in... rcnlO:llI mmly"i,
in Calirurnia. S.""i....ly rur COllir..rni .. Al'\:hOl.....I..g}· N<:w"lcu..... 3S; 2J-2(•.

l';u>llO:tla. G. lI)lW. Gm"'lh pall<:rn, in Ii,.., ""gillac. Pp. 511)-560 ill Sld....lall1m.. lh in :>quOlli.... urg;ln­
i",n~. (RhI..,rJc" & R. A. LulJ cd".). Plenum l"uhli>J1ing curl'.

Rubin,. C. R.. R. (I..L HOliky. C. E. l)"nd. E. J. R. Bmo'-er_ A. Lach,,,,,r. R, N. Lea. ,md W. B. 5,:,,".
1'.1")1. C'MllrnOn "lid "icmilk n:"n....' "r fi,he" rllMn I...... Unil.."t.l SI,,'CS arlll Canad:l. 5,h .."t.li,i"n.
Aml.·ri,:an Fi,JteriC"'< S.,,:i<:ly Spt."t:ial l"uhlio:ali"n 20.

S"lh. R.• R. Iluddle_'l'm. Oloo D. IJlciIJ-Sanhurg. 1I)l'l9. The pn:hi,t'K"'''' Ih ...... ry :11 MUl"Tu Creek. SOln
l.ui" ooi"",•. Calif..rnia. UnP'llhl."I......1 m.anu".;ript nn file al Clay Singer and A,,,,,,,,:i:ue~. Cam­
I>ria. CA.

Si.\. L. 0 .. :ulll H. " 1-I"rllKl. 1"77. An,II)""" ..r age rJc.ermin:uiun " .....lhllI.I" fur yell""lail n",:klhh.
,,'W>:lr)" n-..:lli,h. ",,,,I b.....·'- n ....Uhh uff O"'-I1"n_ Fi"h_ HulL. 75:"IlS-·"".

Sm,,"". ,\1. J.. G. Wal"un, mlll T. Hed.,. 1''''5. QI"lilh ..II .." of ,,"'lIllcrn Afri<:ml m.. ril...· li",t<...,.. khlhy­
..lugi,,·:,1 M"nu~r;'l'h". numller I. J.L.Ii. Smilh In.'lilllte ..f IduhY"'''I1)". Gr;,h:"""ltlWn. Snmh
Afric:•. -Itl21"

Smilh. I-I. A. 1"1'13. lkterminali'1Il "I' ...... a"lIlarit)" in :,rch:le"logkal ,ile, ltlr<'"gh e:o.:I1l.ina,i'\Il ..r li,h
"t.. lilh". J. Field Arcll .. Ill:-I'JK_5lJll.

Sl'rall. J.D. I'HI, The :l1l1a"iltg grunion. M:,r;lw R,·"'''''....e.' Lcallcl N". ~. Depl. "r Fhlt and Game.
161'.

Th, 'llIP","., K, R., "nd D. W. tkd: man. I'NS. Validat i"lI (,I' age e"l i,n:ue, fro'n while M,der ..l<,1 ilhs,
Tr:m". Allier. !'i,h. So,:. 124:(•.'7-(,)1).

Warc~. I~ G. 1971. Biology or Ihe pile p.:rdl. HI"",,,,.·I,if,,.' ,...,.,... ill Ya'lllim, Bay. Oreg"n. U.S. Fi,h
:trId Wildlir" Savin' TedmiGoi l"II).:r 57.21 Ill'.

Walll·"". D. L. 19',l.l. Age delerminal iun :md ",ulllirm"l ion fml1l "",I i, h" "r the h:ml melli_,h. Sd", <1('.\

nifro.\· (Scurp;lcnid:t<:J. M.S. n ...·,i". C,lIif"mia Stall.'" Un;'·c,-,.ily. S:ln J"...... M,,,,, L<mrJing. M:.rinc
L:d.... ,r:u"rj,;,·". 51) l'(l.

William". T.. and 8. C. lJl..'<ir..rd. 11)74. '1 ..... u...... "r "lulilh" r..r age do..·ll.·rmin'lli,,". I'p 11.J-123 ill The
pruc.........ing" (lr an internal;....,,1 ,ym",,,,iul11 un agl-ing. "r fi,h. f:'Ii,(",II,,' Tn. lI:ogeo:ll. Un.. in
n ......hcrs Limill."t.l. The Grc-,ham ,'n....,. Old W,,'-ing. Sum:). England.

Ye. Q. lIN). A "lUdy of age and g...."'th "I' g...."nling in .""'''lal ..~.. l"""" "I' Qingd:.o. J. O,:ea" Uni,'.
Qingd..". Quingd.." Ibiyanl1 D"x.... Xcul);,.". 23:59-blt.

,\cccpl.."t.l f'K" puhlicalioMl 15 O<:I"I,,;-r 2(X)2.


